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ABSTRACT

Background. Advances have been made in the management of
pregnancies in women receiving dialysis; however, single-
centre studies and small numbers of cases have so far precluded
a clear definition of the relationship between dialysis schedules
and pregnancy outcomes. The aim of the present systematic re-
view was to analyse the relationship between dialysis schedule
and pregnancy outcomes in pregnancies in chronic dialysis in
the new millennium.
Methods.Medline–PubMed, Embase and the Cochrane library
were searched (1 January 2000–31December 2014:MESH, Em-
tree, free terms on pregnancy and dialysis). A separate analysis
was performed for case series (more than five cases) and case
reports. Meta-regression was performed in case series dealing
with the larger subset of haemodialysis (HD) patients; case re-
ports were analysed separately [according to peritoneal dialysis
(PD) versus HD; conception before or during dialysis].
Results. We obtained 190 full texts and 25 congress abstracts
from 2048 references.We selected 101 full papers and 25 abstracts
(36 series; 90 case reports), for a total of 681 pregnancies in 647
patients. In the case series (574 pregnancies in 543 patients), pre-
term delivery was extremely frequent (83%). Meta-regression
analysis showed a relationship between hours of dialysis per
week inHD and preterm delivery, andwas significant for preterm

deliveries (<37 gestational weeks: P = 0.044; r2 = 0.22) and for
small for gestational age (SGA) (P = 0.017; r2 = 0.54). SGA
was closely associated with the number of dialysis sessions per
week (P = 0.003; r2 = 0.84). Case report analysis suggests a
lower incidence of SGA on HD versus PD (31 versus 66.7%;
P = 0.015). No evidence of an increased risk of congenital abnor-
mality was found in the retrieved papers.
Conclusions.Data on pregnancy on dialysis are heterogeneous
but rapidly accumulating; the main determinant of outcomes
on HD is the dialysis schedule. The differences between PD
and HD should be further analysed.

Keywords: haemodialysis, maternal–foetal outcomes, periton-
eal dialysis, pregnancy, preterm delivery

INTRODUCTION

Dialysis is unique in the field of medicine as it represents the
only possibility to substitute the lost function of a complex
organ for the rest of one’s life [1, 2].

In the era of transplantation, the technical miracle of dialysis
has sometimes been overlooked due to the obvious advantages
of a ‘natural’ substitution of kidney function via a functioning
kidney graft: pregnancy outcomes have historically been con-
siderably better in women with renal transplants, a population

© The Author 2015. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.
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in which fertility has been at least partly restored. Indeed, even
though one of the first papers reporting a successful outcome of
pregnancy in a 35-year-old woman on twice weekly dialysis for
2 years dates back to 1971 [3], in the 1980s and 1990s, the idea
that transplantation would solved the clinical problems of all
young dialysis patients led to greater attention being given to preg-
nancy after kidney transplantation, while the issue of pregnancy
on dialysis was relegated to the role of clinical exception [3, 4].

However, both the shortage of organs and the great advances
in chronic dialysis are creating a different scenario: the limited
availability of kidneys for transplantation may lead to pro-
longed waiting times, often too long to be compatiblewith preg-
nancy in a woman with end-stage kidney disease who is already
in her late 30s.

It must also be kept in mind that the guidelines suggest wait-
ing at least 1 year after transplantation and then starting preg-
nancy with stable, and whenever possible, normal kidney
function, which is not always attainable, and above all remains
unpredictable [5–7].

The advances in dialysis treatments, together with increasing
experience with long-hour, quotidian haemodialysis (HD) and
the diffusion of dialysis in countries where the local culture
strongly supports large families has led to a growing number
of case series of pregnancy on dialysis in the new millennium
[8–43].

A previous systematic review on pregnancy on dialysis re-
garding the period between 2000 and 2008 collected series of
at least 5 cases and included 90 pregnancies [4]. Only 6 years
later, for the present analysis, which covers the period between
2000 and 2014, we collected >600 cases. This may be a reflection
of the dramatic increase in the interest towards dialysis and
pregnancy, enhanced by the better neonatal outcomes and by
the different approach towards ‘high-risk’ pregnancies; a fur-
ther role may have been played by fertility treatments and by
publication bias favouring reporting the more frequent positive
results. This remarkable increase in available data allowed us to
take ameta-analytic approach to identify which dialysis policies
correlate with the best outcomes.

The aim of this study was to systematically review the litera-
ture on pregnancy on dialysis in the new millennium in an
effort to clarify the major risks, outcomes and treatment sug-
gestions and to identify optimal regimes associated with the
best pregnancy outcomes, with minimal adverse consequences
for mother and neonate.

The results may also be of interest for their application in the
advanced phases of chronic kidney diseases or in patients with a
failing kidney graft who become pregnant, since the decision on
dialysis start is also crucial in these cases.

MATERIALS AND METHODS

Study design

The analysis was performed separately for case series,
defined as those including at least five cases, and case reports,
regarding one to four cases.

The PICOS criteria were applied as follows: P: patients on
chronic dialysis in pregnancy; I: interventions: dialysis schedules;

C: control groups were included when present in the papers; O:
maternal outcomes; foetal outcomes; S: side effects.

Owing to the ethical constraints, no randomized studies
were available and only few studies compared different dialysis
schedules; therefore, a meta-regression design, regardless of a
control group, was chosen to combine the data. Owing to the
higher prevalence of HD patients, and to the wide dispersion
of information on peritoneal dialysis (PD) schedules, the
meta-regression was limited to HD patients.

The analysis of case reports was performed by entering each
case report as an individual patient into a dedicated database;
case reports were subdivided into: HD, conception before dia-
lysis start; HD, conception on chronic dialysis; PD, all cases.

Search strategy

The search included papers published between 1 January
2000 and 31 December 2014 and was built on Medline–
PubMed, Embase and the Cochrane database. The following
terms were used as MESH, Emtree terms or free terms: preg-
nancy or pregnant or gestation and dialysis, or HD or renal re-
placement therapy.

F.M. and G.B.P. independently performed the search,
screened abstracts and titles and selected the papers in dupli-
cate. Complex cases were discussed, with the supervision of E.V.

The selection criteria included: pregnancy in chronic dialysis
patients; only patients who started dialysis within the first
20 weeks of gestations were included; in an attempt to reduce
reporting biases, in case reports (often reporting only on the
successful outcomes) and in series (in retrospective studies,
early losses may be missed), pregnancy interruption before
the 24th gestational week (‘abortions’) was also excluded [44].

Duplicate publications

When several papers dealt with the same case series, we
chose to analyse the most recent and/or larger series. In case
of partial duplicates, or incomplete overlap, we chose the
paper dealing with the selected outcomes and covariates; if
data were available in two or more papers, the most recent
and/or larger one was selected.

In case of papers that were not available as full texts, wemade
every effort to obtain the data from the authors; otherwise, we
employed the abstract as the source of data.

Data extraction and main definitions

The following data were extracted: baseline: title, author, ob-
jective, year, journal, period of study, prospective, retrospective
or registry study, country, type of study, number of cases, con-
trol group, maternal age, subcategories, parity, type of dialysis,
dialysis schedules, support treatment.

Maternal and foetal outcomes included were hypertension,
gestational age at delivery, birth weight, preterm delivery (<37
completed gestational weeks); early preterm delivery (<34 com-
pleted gestational weeks); very early preterm delivery (<28 com-
pleted gestational weeks); birth weight; gestational week; small
for gestational age (SGA) baby (SGA: birth weight <10 percent-
ile according to the international standards—IneS charts) [44,
45], malformations, stillbirth/neonatal death, SGA, admission
to neonatal intensive care unit, other neonatal complications,
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and maternal and foetal follow-up. All available data on long-
term results were also extracted.

Since the definitions of pregnancy termination, stillbirth,
abortion and neonatal death were non-univocal, we tried to
reclassify the data according to the following definitions: abor-
tions were considered as births occurring before 24 gestational
weeks; after this time, we employed the term ‘intrauterine death’
for stillborn babies. Conversely, we employed the term ‘neo-
natal death’ for children whowere live-born but who died with-
in the first month of life [44–46]. Since these distinctions were
not always possible, we analysed the data regarding live-born
babies separately.

Statistical analysis: case series

Descriptive analysis was performed by estimating propor-
tions with 95% confidence intervals (CIs) or means and stand-
ard deviations.

Significance was tested using χ2 or Fisher’s exact test when
necessary for proportions, and parametric or non-parametric
tests for continuous variables, according to their distribution.

Meta-analysis was performed usingMetanalyst software.We
obtained a pooled proportion of events using the random-effect
model of maximum likelihood. The choice of the random-effect
model was due to the heterogeneity, estimated by the I2 statistic,
among studies. The pooled proportion of events is amean of the
measurements of every single study, weighted by the number of
cases generated by the study itself; 95% CIs were estimated in
the same way [47]. Despite the use of a random-effect model,
a certain level of heterogeneity persists (I2 statistic >50%).

Subgroup analysiswas performed to test the effects of hours of
dialysis and the number of sessions of dialysis on the outcomes.

Meta-regression was performed using the same software
(Metanalyst) to test the effect of the covariates on the outcome
measure; the effect is weighted, and the more precise studies
have greater influence in the analysis. The strength of the asso-
ciation is summarized by R2 [48, 49].

The following outcomes were considered: preterm delivery
(<37 completed gestational weeks); early preterm delivery
(<34 weeks); very early preterm delivery (<28 weeks) and
SGA baby (SGA: birth weight <10th percentile according to
IneS charts) [44, 45].

The following covariates were tested: minimum number of
dialysis sessions per week, continuous (meta-regression) or di-
chotomized at six sessions per week; number of hours of HD
per week, continuous or dichotomized at 20 h per week; since
the hours per week were reported differently (median, mean
and most common schedule), whenever it was not possible to
recalculate the data, we entered the measurement indicated in
the paper into the model.

Owing to the heterogeneity and inconsistency of the defini-
tions of abortions, stillbirths and neonatal deaths, we focused
on live births for the meta-analysis of preterm delivery; both
live births and stillbirths were included with regard to SGA.

Statistical analysis: case reports

The single cases were entered into a dedicated database,
gathering all the items that were previously described for case
series.

The cases were subdivided into the following subgroups:
HD: conception before dialysis treatment; HD: conception
while on dialysis; PD, all cases.

Descriptive analysis was performed by estimating propor-
tions or means and standard deviation. Significance was tested
using χ

2 or Fisher’s test when necessary for proportions and
parametric or non-parametric tests for continuous variables,
depending on their distribution.

RESULTS

Retrieving the evidence and summary data

In our search, we retrieved and screened 2048 titles and ab-
stracts; 190 papers and 25 congress abstracts were assessed for
further eligibility. This resulted in afinal selection of 36 case ser-
ies (29 full texts and 7 congress abstracts; HD 28, PD 2, HD and
PD 6) and 90 case reports (72 full texts and 18 abstracts HD 77,
PD 12, HD and PD 1) with data on maternal and/or foetal
outcomes in women on dialysis (Figure 1). Only one article,
which, according to its title, was a single-case report, could
not be retrieved [50]. Two congress abstracts were excluded
since they did not supply any information on pregnancy
outcomes [51, 52].

Overall, after excluding duplicates and partially duplicate
cases and series, we were left with 681 pregnancies in 647 pa-
tients; 616 pregnancies were reported on HD and 65 on PD.

Duplicate and overlapping papers

Shahir [13] and Jesudauson [12] reported different patient
selections and outcomes with partial overlap; the largest,
most recent series was selected [13].

The three reports by Bernasconi et al. regard progressive
updates of the same series [17–19]; the most recent report
was included in the meta-analysis [17].

The study by Barua et al. [11] describes seven patients,
four of whom were included in the larger more recent series
of Hladunewich et al. [10]; the latter study alone was included
in the meta-analysis. Different outcomes were analysed in the
same patients in the studies by Bamberg et al. [33] and Haase
et al. [34, 35]: all the outcomes were gathered, and the cases
were counted only once. The same was applied to the letter
and paper by Moranne et al. [39, 40].

Case series: overview

After excluding duplicate and partially duplicate publica-
tions, we reviewed the selected case series, which included
data on 523 pregnancies onHD and 51 on PD (overall 574 preg-
nancies in 543 women). As expected given the nature of the
topic, no randomized trials were found, and all the studies
were observational (1 prospective, 24 retrospective, 3 registry
and 2 non-specified; Tables 1–5). The geographical origins
were extremely widespread: the studies were heterogeneous
with regard to the study period and number of cases: on HD,
78 pregnancies came from Europe, 103 from North America,
91 from Asia, 69 from Australia, 143 from South America
and 39 from Africa. Most of the PD cases were reported from
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North America (27 cases), 3 from Europe, 4 from Asia, 13 from
Australia and 4 from South America.

The study period was highly heterogeneous (1–32 years of
observation), as was the number of reported cases (5–70 preg-
nancies; Table 1).

Case series: follow-up policies and main therapies

Detailed information on policies was available in 12 papers
(Table 2) and data on dialysis schedules were available in 22 pa-
pers on HD and in 3 papers on PD (Table 3).

Overall, the follow-up policy may be summarized as an in-
tensification of the usual blood and clinical examinations of
dialysis patients and by the application of a strict obstetrical
control policy. However, these policies vary markedly, presum-
ably as a reflection of the experience and of the differences in
availability of specialized facilities, as well as of the rapid evolu-
tion of maternal–foetal care worldwide. As highlighted by some
of the most informative and recent papers, cooperation among
experts is one of the keys for success [10, 17, 22] (Table 2).

Drug therapy is reported in 19 papers; anti-hypertensives,
erythropoietin, iron and vitamins (group B vitamins, vitamin
D and folate) are the most often cited therapies. Furthermore,
due to the difficult management of anaemia in pregnant dialysis
patients, blood transfusions are cited in most of the series
(Table 3).

Case series: dialysis schedules

Dialysis schedules are only consistently described for HD,
while the different descriptions in the three papers reporting on
PD prevent pooling of the data, in keeping with the continuous
adjustments of the PD schedule throughout pregnancy (Table 3).

HD schedules follow the common rule of increasing fre-
quency and, in most cases, duration in pregnancy. The most
common frequency is five to six times per week, and themedian
dialysis time per session is 4 h. Generally speaking, over time
there is a trend towards increasing time on dialysis; however,
the reports regard different time periods, and the publication
date only partially reflects the changes that have occurred
over time. The most frequently reported dialysis schedule is
3.5–4 h, with five to six sessions per week.

On the basis of the observed pattern of dialysis frequency and
duration, we empirically chose two cut points (at least six dialysis
sessions versus up to five dialysis sessions per week and more or
less than 20 h of dialysis per week; Table 3 and Figure 2).

Case series: maternal and foetal outcomes

The main maternal and foetal outcomes are reported in
Tables 4 and 5.

Prematurity was extremely frequent in most series, and the
median gestational age is in the range of early preterm delivery
(33 weeks, minimum 26 maximum 39 weeks). The reports are

F IGURE 1 : The flow chart of the systematic review: paper retrieval and selection.
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Table 1. Main characteristics of the case series (duplicate or partially overlapping papers in italics)

Author, year [ref.] Years Country Study Objective, as stated in the study Cases Dialysis

HD PD

Panaye, 2014 [8] 1985–2013 France Ret To determine pregnancy outcome in HD patients and to identify factors

influencing maternal and foetal prognosis

26 P 26 0

Ståhl, 2014 [9] NR Sweden Ret NR 5 P 5 0

Hladunewich, 2014 [10] 2000–13 Canada Reg To compare pregnancy outcomes from 22 pregnancies on nightly long

dialysis with 70 pregnancies in the American Registry for Pregnancy in

Dialysis

22 P,

17 W

22 0

1990–2011 USA 70 P 70 0

Barua, 2008a [11] 2001–06 Canada Pro To describematernal and foetal outcomes as well as changes in clinical and

biochemical indices before and after conception

7 P,

5 W

7 0

Jesudason, 2014 [12] 2001–11 Australia Reg To describe a large series of pregnancies in women undergoing long-term

dialysis comparing women who had conceived before and after starting

dialysis

77 P,

73 W

69 8

Shahir, 2013b [13] 1966–2008 Australia Reg To conduct a study examining pregnancy outcomes in dialysed women

using the ANZDATA Registry

49 P 41 8

Piccoli, 2014 [14] 2000–12 Italy Ret To assess the incidence of live births from mothers on chronic dialysis

compared with the overall population and kidney transplant patients

23 P 20 3

Espinoza, 2013 [15] 1985–2012 Chile Ret To repost the experience in six dialysis patients who became pregnant 6 P 6 0

Zanlorenci, 2013* [16] 1999–2007 Brazil Ret To study the obstetrical and perinatal outcomes of 30 pregnancies in 27

patients on dialysis

30 P,

27 W

30 0

Bernasconi, 2013* [17] NR Argentina Ret To report the experience in amultidisciplinary team for pregnant women

suffering from ESRD in a Public Hospital

37 P,

37 W

37 0

Bernasconi, 2012c* [18] 2000–12 Argentina Ret To review treatment and outcome on intensive HD (>20 h/week) and to

perform a combined analysis to find out when pregnancy is advisable in

this population

31 P, 30

W

31 0

Bernasconi, 2007c [19] 1994–2006 Argentina Ret To determine if there were significant differences when comparing HD

(>20 h/week) and conventional schemes.

27 P, 27

W

27 0

Abou-Jaoude, 2012 [20] 1989–2009 France Ret To evaluate mid-term renal prognosis in children of mothers undergoing

HD during pregnancy

10 P,

7 W

10 0

Macias, 2012* [21] 2002–11 Mexico Ret To describe the course and perinatal outcomes of women who initiated

PD during the second trimester of pregnancy

27 W 0 27

Hadj Sadek, 2011 [22] 2000–10 Morocco Ret To report the experience in the management of pregnancies occurring in

HD patients, and to clarify the factors of good prognosis

11 P,

8 W

11 0

Sulaiman, 2011* [23] NR USA NR To report a single-centre experience of five patients requiring dialysis

during pregnancy

5 P 5 0

Bahadi, 2010 [24] 1999–2007 Morocco Ret NR (retrospective analysis of clinical charts) 9 P 9 0

Luders, 2010 [25] 1988–2008 Brazil Ret To summarize maternal and foetal outcomes and prenatal management

of 52 pregnancies in women on HD at a single institution

52 P,

52 W

52 0

Sato, 2010d [26] 1996–2006 Brazil Ret To report on the treatment and outcome of pregnancy in 29 women with

chronic kidney disease

22 P 18 4

Vázquez-Rodríguez,

2010 [27]

1–12/2008 Mexico Ret To compare perinatal complications in patients already on dialysis and

who started dialysis in pregnancy

6 P 6 0

Boubaker, 2010* [28] 1975–2007 Tunisia Ret To investigate the pregnancy outcome in patients on chronic HD over the

past 30 years in the department

7 P,

6 W

7 0

Asamiya, 2009 [29] 1986–2007 Japan Ret To study the clinical characteristics and the outcomes of 28 pregnant

women receiving HD in a single centre

28 P 28 0

Unuigbe, 2009* [30] NR Saudi

Arabia

NR To assess the maternal and perinatal outcome among patients with

chronic renal failure and renal transplant recipients

9 P 9 0

Chou, 2008 [31] 1990–2006 Taiwan Ret To investigate the pregnancy outcome in patients on chronic dialysis over

the past 15 years in a single centre

10 P 7 3

Jefferys, 2008 [32] 1998–2008 Australia Ret To present the experience over 10 years of two teaching hospitals with PD

for significant renal impairment in pregnancy

5 P 0 5

Bamberg, 2007 [33] 2000–04 Germany Ret To evaluate the effect of foetal surveillance by Doppler ultrasound and

foetal non-stress test on outcome of pregnancy on intensified HDF

5 P 5 0

Haase, 2005, 2006e

[34, 35]

2000–04 Germany Pro To report the multidisciplinary management of five pregnant dialysis

patients

5 P 5 0

Tan, 2006 [36] 1995–2004 Singapore Ret To report obstetric outcomes in women undergoing chronic renal

dialysis

11 P,

7 W

10 1

Malik, 2005 [37] 1992–2003 Saudi

Arabia

Pro To report the frequency and outcome of pregnancies in women on

dialysis from a referral centre

12 P,

9 W

12 0

Eroğlu, 2004 [38] 2000–02 Turkey Ret To review the treatment and outcome of seven pregnancies on HD 7 P 7 0

Moranne, 2004, 2006f

[39, 40]

1995–2001 France Ret To report on seven pregnancies on dialysis. To discuss the collaborative

approaches by obstetrician, paediatrician and nephrologist

7 P,

6W

7 0

Bahloul, 2003 [41] 1990–96 Tunisia Ret To assess the frequency of pregnancy in women on HD and the

complications that may occur in mother and foetus

12 P,

11 W

12 0

Continued
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highly heterogeneous and it is often difficult to extract data re-
garding abortions (defined as delivery before the viability per-
iod), stillbirths and neonatal deaths (Table 4).

The differences in design prevent precise quantification of
prenatal and neonatal deaths. Within these limits, the preva-
lence of perinatal deaths is high (63 deaths, considering

Table 1. Continued

Author, year [ref.] Years Country Study Objective, as stated in the study Cases Dialysis

HD PD

Chao, 2002 [42] 1990–2000 Taiwan Ret To describe the pregnancy outcome in a series of patients undergoing

long-term HD

18 P,

15 W

18 0

Luciani, 2002 [43] 1988–98 Italy Ret To review the patients on HD to identify the factors that may affect the

course of the pregnancy and the foetal outcome

5 P 5 0

ESRD, end-stage renal disease; Ret, retrospective; Reg, registry; Pro, prospective; NR, not reported; P, pregnancy; W, woman; HD, haemodialysis; PD, peritoneal dialysis; HDF,

haemodiafiltration.

*Abstract only.
dSato: 29 pregnancies, 22 on dialysis: dialysis and pre-dialysis data are presented together.

Duplicate publications:
aBarua 2008: partial duplicate four of seven cases included in Hladunewich 2014. Not included in meta-analysis.
bShahir 2013 and Jedauson 2014: overlapping population (ANZDATA 1996–2008 and 2001–11) the most recent and largest series was considered for the final count.
cBernasconi 2007, 2012, 2013: partial overlap of data. The largest and most recent series (2013) was included in the meta-analysis.
eHaase 2005 and Haase 2006 and Bamberg 2007: same series, different outcomes and design, information from the three papers, included only once in the meta-analysis.
fMoranne 2004 and 2006: same series, different outcomes and design, information from both papers, included only once in the meta-analysis.

Table 2. Case series: maternal and foetal control policies in the papers reporting them

Author [ref.] Dial Control policies: foetal monitoring Other control policies

Hladunewich [10] HD 11–14 w: nuchal translucency

15–20 w: maternal serum screen or quadruple test

18–20 w: level II ultrasound (to exclude foetal anomalies and

measure cervical length)

22–24 w: placental ultrasound, umbilical artery Doppler

From 26 w: ultrasounds every 2 weeks, weekly near term or in

case of pregnancy complications. Induction of labour before 39

w to coordinate HD care

Obstetrician specialized in high-risk pregnancies supported by a

designated nephrologist

Biochemical tests at least monthly

Bernasconi [17] HD Foetal well being closely monitored throughout pregnancy;

ultrasound performed from the beginning, and foetal placental

Doppler from week 12

Multidisciplinary team (obstetrician and nephrologist)

Hadj Sadek [22] HD 12–14 w; 22–24 w; 32–34 w: foetal ultrasound and uterine

length measurement.

In case of IUGR: tococardiography, umbilical artery and

cerebral artery Doppler

Multidisciplinary team (obstetrician and nephrologist).

Evaluation of dry weight, signs of PE, blood count, liver indexes,

uric acid. Electrolytes and haemoglobin pre-post dialysis

Bahadi [24] HD Uterine ultrasound every week Close obstetric observation. Monitoring of weight gain

Luders [25] HD Second- and third-trimester: Doppler studies every 15–30 days

in outpatients, then every week after hospitalization. Prenatal

visits: every month up to 20 weeks and twice a month or every

week thereafter

Laboratory tests for PE twice a month (Plts, liver enzymes,

haemolysis and proteinuria)

Chou [31] HD

PD

NR (retrospective analysis of clinical charts) Blood biochemistry and haemoglobulin pre-post dialysis. Dry

weight recorded

Bamberg and

Haase [33–35]

HD Weekly sonographic measurement of cervical length.

After 25 w: cardiotocography (twice a week to daily), weekly

uterine-umbilical Doppler. After dialysis, uterine contraction

monitoring and pharmacological tocolysis

BP every 15 min during dialysis

Targets: metabolic parameters to physiological levels. Double pool

Kt/V repeatedly calculated

Tan [36] HD

PD

Antenatal visits every 2 w (obstetricians and nephrologists).

Serial foetal biometric measurements, biophysical profile,

foetal Doppler assessment. Mode and timing of delivery based

on obstetric indications. Check for dialysis-induced

contractions and tocolysis if necessary

Monitoring of fluid status, BP, maternal weight, biochemical test.

Targets: BP 140/90 mmHg, pH and electrolytes near normal,

BUN 20 mmol/L

Malik [37] HD Obstetric evaluation every 2 w NR

Eroğlu [38] HD Every 2–4 w: ultrasonography. After 24 w: cardiotocography

twice weekly and Doppler flow measurements weekly. After

dialysis: uterine contraction monitoring

Multidisciplinary team (obstetrician and nephrologist)

Chao [42] HD NR (retrospective analysis of clinical charts) Counselling on risks, dialysis treatment, prenatal surveillance

Luciani [43] HD Every 2 w: foetal ultrasonography. Foetal heart rate after each

HD session. Daily measuring of maternal BP

Multidisciplinary team (obstetrician and nephrologist)

Duplicates not included; the most relevant paper is cited; when relevant information was available in a different paper on the same series this was added to the table.

Dial, dialysis; HD, haemodialysis; PD, peritoneal dialysis; w, weeks; BP, blood pressure; BUN, blood urea nitrogen; IUGR, intrauterine growth restriction; NR, not reported; PE,

pre-eclampsia; Plts, platelets.
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stillbirths after 24 gestational weeks and neonatal deaths, versus
298 surviving babies in 15 papers reporting these outcomes)
[10, 12, 14, 16, 21, 22, 26–29, 31, 38, 39, 42, 43].

Seven of 448 major malformations (patent ductus, 5; arm
dysplasia, 1; cardiac malformation, 1) were reported in the ser-
ies (PD andHD), and 2 of 107 in the case reports (patent ductus

and unilateral lung agenesis), a prevalence in line with what is
expected in the overall population.

It is difficult to precisely quantify the risk of maternal death;
seven maternal deaths are reported in the three series that ana-
lyse long-term follow-up (up to 10 years after delivery); two
deaths were reported in the first month after delivery. However,

Table 3. Case series: dialysis schedules in the papers reporting them

Author [ref.] Dial Dialysis schedule EPO, iron and

vitamins, heparin

Other main drugs Weight gain, diet

Panaye [8] HD 6 days/w

17.7 ± 4 h/w

NR NR NR

Ståhl [9] HD Individualized

6 days/w 2.5–4 h

EPO; heparin; iron;

vit B12; vit D; folic

acid; Zn

CaCO3; ASA;

antihypertensive;

transfusions

Overall weight gain range 4–22 kg

Hladunewich [10] HD

CAN

6–8 h 6–7 days/w after

conception

EPO, iron (i.v.): target

Hb 10–11 g/dL

Antihypertensive No dietary restrictions; phosphate

supplementation

HD

US

17 ± 5 h/week

4 h × 5–6 days/w

NR NR NR

Piccoli [14] HD

PD

HD: up to 6 h 7 days/w; most

common: 4 h 6 days/w

NR NR NR

Espinoza [15] HD 19.5 ± 2.7 hours/w EPO Transfusions

Antihypertensive

Weight increase: 500 g/2 weeks

Zanlorenci [16] HD NR EPO Antihypertensive NR

Bernasconi [17] HD From 3 days/w to 5–6 days/w EPO, vit B, heparin Antihypertensive CaCO3 NR

Abou-Jaoude [20] HD Median 18 h/w (12–30) NR NR NR

Macias [21] PD 63.3 L/week NR NR NR

Hadj Sadek [22] HD 4 h 3 days/w or 4 h 4 days/w EPO, heparin, oral

iron

Transfusions Unrestricted diet. Weight gain 300 g/w

second trimester; 300–500 g/w third

trimester

Sulaiman [23] HD Mean 23.2 ± 1.8 h/w EPO NR NR

Bahadi [24] HD 4–6 days; duration to 6 h.

Average 18 h/w

EPO, oral iron Transfusions

Antihypertensive

Weight gain 0.3–0.5 kg/w in second—

third trimester

Luders [25] HD 1988–99: 3 h 4–6 days/w; 2000–

08: 6 days/w, 1.5–3 h

Mean 15 (9–21) h/w

EPO, aspirin CaCO3 Transfusions NR

Sato [26] HD

PD

HD: 12–20 h/week NR Transfusions NR

Vázquez-Rodríguez

[27]

HD HD before pregnancy: 4 h × 3

days/w

Oral iron, vit B, folic

acid

Transfusions NR

Asamiya [29] HD First trimester: 12.7 ± 2.5 h/w;

second: 15.9 ± 3.1 h/w; third:

18.4 ± 2.6 h/w

EPO, iron Transfusions

Antihypertensive

Weight gain: 127.1 ± 167.4 g/w second

trimester; 193.6 ± 111.0 g/w third

trimester

Chou [31] HD

PD

HD: 15–27 h/w EPO, oral iron Transfusions

Antihypertensive

Weight gain in pregnancy 9.7 ± 2.7 kg

Jefferys [32] PD 5.4–7.5 L. Cycler: 10 L in 9 h plus

1 daytime exchange

EPO, oral iron, vit D,

CaCO3

Antihypertensive NR

Bamberg [33] HD 6 days/w (28.6 ± 6.3 h/w;

4.6 ± 0.9 h/day)

>24 h/w

EPO, iron, trace

elements, vit D, vit B,

folate

Transfusions, Mg celestan

in preterm delivery

Weight gain 500 g/10 days if

appropriate; 100 g protein, 3000 kcal/

day

Tan [36] HD

PD

HD: 6 days/w; 3 h;

PD: 6 exchanges/day

EPO, vitamins, folate ASA, antihypertensive NR

Malik [37] HD 4–6 days/w EPO NR NR

Eroğlu [38] HD 4–6 days/w, 4 h EPO Antihypertensive Weight gain: 300 g/week second

trimester; 300–350 g/week third

trimester

Moranne [39] HD 3 days/w 4 h

Increase in pregnancy

EPO, heparin, iron Transfusions

Antihypertensive

tocolytic, steroids

NR

Chao [42] HD 4–6 days/w 4 h EPO, heparin Transfusions

Antihypertensive tocolytic

Dry weight gradually increased,

depending on obstetric status

Luciani [43] HD 3–6 days/w 3.5–4.5 h EPO, heparin, iron,

folate

Transfusions Unrestricted diet. Weight

gain: 1.2 ± 0.5 kg first trimester; 0.5 kg/

w second–third trimester

ASA, acetylsalicylic acid; CAN, Canada; dial, dialysis; h, hours; w, weeks; Hb, haemoglobin; HD, haemodialysis; PD, peritoneal dialysis; NR, not reported; EPO, erythropoietin; US, USA; vit,

vitamin.
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Table 4. Case series: foetal outcomes in the papers reporting them

Author [ref.] All cases considered Abortions excluded (before 24 gw) Live births only All

cases

Other

P Abort. Still

birth

Live

birth

Neo. death Birth weight (g)/IUGR CS Preterm <37 w

Early <34 w

Extreme <28 w

N-ICU PE-

HT

Panaye [8] 26 NR NR 19 NR 1951 ± 157 NR NR NR NR NR

Ståhl [9] 5 0 0 5 0 2451 (959–3630)

IUGR 3 (60%)

3 (60%) Preterm 3 (60%)

Early 1 (20%)

2 HT 3

PE 2

RD: 1; jaundice: 1; cardiac

malformation: 1

Hladunewich [10] 22 2 1 19 0 2118 ± 857;

IUGR 3 (15%);

SGA 3 (15%)

2 (10%) 36 w (IQR 32–37)

Preterm 9 (50%)

Early 4 (22%)

Extreme 1 (6%)

7 HT 5

PE 1

Twin pregnancy: 1

70 19 3 49 5 1748 ± 949;

SGA 13 (30%)

NR 27 w IQR 21–35

Preterm 31 (74%)

Early 20 (48%)

Extreme 4 (10%)

NR NR NR

Jesudason [12] 77 29 2 46 3 1750 (1130–2417)

SGA 24 (50%)

NR Preterm 34 (74%),

Early 23 (60%),

Extreme 5 (13%)

NR PE NR

Piccoli [14] 23 0 0 24 2 1200 (590–2250);

SGA 7 (33.3%)

20 singlet Preterm 19 (90%)

(singletons)

Early 14 (66.6%)

Extreme 3 (14%)

15 HT 14 Twin: 1; RD: 5; arm dysplasia: 1; hernia:

2; retinitis: 1; pneumonia:1; patent

ductus: 2

Espinoza [15] 6 0 0 6 0 1990 (1570–2700); IUGR

1 (17%);

SGA 1 (17%)

6 (100%) Preterm 6 (100%)

Early 4 (66.6%)

Extreme 0

NR HT 3 NR

Zanlorenci [16] 30 1 0 29 2 1839.3 ± 647.94

(530–3100);

SGA 15 (50%)

18 (60%) Preterm 23 (77%) NR HT 24 RD: 19; sepsis: 5; retinopathy: 3;

enterocolitis: 1; brain hemorrh.: 1

Bernasconi [17] 37 NR NR 37 NR 1404 ± 108 27 (70%) Preterm 37 (100%) 22 HT 22 Twins: 3; triplets: 1; RD: 4; other: 3;

retinopathy: 4; hearing disorders: 2;

arrhythmia: 1; develop. delay: 3;

enterocolitis: 2

Abou-Jaoude [20] 10 0 0 10 0 1735 (930–3430);

<2500 g: 8

IUGR 2 (20%)

SGA 2 (20%)

4 (40%) Preterm 7 (70%)

Extreme 0

7 HT 4

PE 0

Renal failure: 1; nephrolithiasis: 1;

minor signs of CKD: 5

Macias [21] 27 2 4 21 6 SGA 10 (48%) NR Preterm 21 (100%) NR HT 24

PE 4

NR

Hadj Sadek [22] 11 5 1 5 0 2070 (1280–2800); IUGR

1 (17%)

1 (17%) Preterm 4 (80%)

Early 3 (60%)

Extreme 0

2 (40%) HT 5 AKI: 1; normal development: 5

Sulaiman [23] 5 0 1 4 NR 1215.4 ± 562 5 (100%) Preterm 4 (100%)

Early 3 (75%)

Extreme 1 (25%)

Still birth: 1 extreme

NR HT 5 NR

Bahadi [24] 9 2 2 5 NR 2380 (1800–2900);

IUGR 1 (14%)

1 (20%) Preterm 5 (100%)

Early 0

Extreme 0

NR HT 5 NR
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Luders [25] 52 0 4 50 3 1554 ± 663;

SGA 24 (48%)

34 (63%) Preterm 41 (82%) NR HT 35

PE 10

Twins: 2

Sato [26] 29a 0 6 23 0 SGA 16 (70%) 17 (74%) Preterm 19 (82.6)

<32 w: 8

NR HT 26

PE 22

NR

Vázquez-Rodríguez

[27]

6 1 0 5 2 HD pre: 1025 ± 849

HD in: 1618.3 ± 776

IUGR 1 (16.6%)

5 (100%) 3 (50%) 2 (33.3%) HT 3

PE 3

Foetal distress: 3; RD: 2

Boubaker [28] 7 Four not specified

foetal deaths

2 1570 (1000–

2250);

IUGR 5

(71%)

NR Preterm 4

(57%)

NR HT 2

(28%)

NR

Asamiya [29] 28 4 1 23 3 1414.0 ± 759.2 9 (38%) 22 (96%) NR HT 11 21 cases: patent ductus: 3; RD: 4;

retinopathy: 5; lung disease: 3;

anaemia: 2; sepsis: 1; other: 3; brain

haemorrhage: 1; death: 2

Chou [31] 10 1 3 6 1 1713 (1100–2388)

IUGR 3 (33.3%)

3 Preterm 6 (100%)

Early 4 (66.6%)

Extreme 1 (17%)

NR HT 4 NR

Jefferys [32] 5 0 0 5 0 2008 (467–2735) 2 Preterm 3 (60%) NR HT 2

PE 1

Ventricular defect: 1; retinopathy: 1

Bamberg [33] 5 0 0 5 0 1764 (1274–2465)

IUGR 4 (80%)

3 Preterm 4 (80%) 5 (100%) HT 3

PE 0

RD: 3; icterus: 3

Tan [36] 11 2 0 9 0 1390 ± 705.3

Low BW: 7 (77%)

IUGR 3 (27.3%)

5 Preterm 9 (100%)

Early 7 (77.7%)

Extreme 1 (11%)

5 (56%) HT 7 NR

Malik [37] 12 5 0 7 0 1700 (1115–2300);

Low BW: 7 (100%)

IUGR 8 (70%)

4 Preterm 7 (100%)

Early 5 (71%)

Extreme 1 (14%)

NR PE 8 No congenital abnormalities

Eroğlu [38] 7 0 0 7 1 1400 (420–2640);

IUGR 1 (14%)

4 Preterm 7 (100%)

Early 3 (43%)

Extreme 1 (14%)

NR PE 3 RD: 1

Moranne [39] 7 1 0 6 1 1495 (660–1920);

IUGR 2 (33%)

4 Preterm 6 (100%)

Early 5 (83%)

Extreme 1 (17%)

6 (100%) HT 3 RD: 1; meconium ileus: 1; spastic

paresis: 1

Bahloul [41] 12 7 0 5 NR NR NR Preterm 4 (80%) NR HT 6 Anaemia: 4

Chao [42] 18 5 1 12 3 1542 (512–2660);

IUGR 10 (77%)

6 Preterm 12 (100%)

Early 7 (58%)

Extreme 2 (17%)

NR HT 13 No congenital abnormalities

Luciani [43] 5 0 1 4 0 1431 ± 738;

low BW: 4 (100%)

SGA 0

4 Preterm 4 (100%)

Early 4 (100%)

Extreme 1 (25%)

NR HT 1 RD–retinopathy–cerebral palsy: 1;

cardiomegaly–RD 1; death: 2

AKI, acute kidney injury; CKD, chronic kidney disease; w, weeks; NR, not reported; BW, birth weight; gw, gestational week; RD, respiratory distress; HT, hypertension; PE, pre-eclampsia; HD, haemodialysis; neo, neonatal; P, pregnancies; abort.: abortions

(<24 gestational weeks); IUGR, intrauterine growth restriction; SGA, small for gestational age baby; CS, caesarean section; NICU, neonatal intensive care unit; HD pre, haemodialysis before pregnancy; HD in, start of haemodialysis in pregnancy.
aSato 22 on HD.
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Table 5. Case series: maternal characteristics, indications for delivery and other maternal outcomes in papers reporting them

Author [ref.] Age (years) Residual diuresis

(24 h)

Conception

before or on

dialysis

Indications for delivery Other maternal outcomes

Panaye [8] 28.5 ± 4 NR 24 dialysis,

2 before

NR NR

Ståhl [9] 34.4 (28–41) NR 3; others

1–2 L

1 dialysis,

4 before

IUGR: 2; foetal distress: 1;

PROM: 1; PE: 1; previous CS

and PE: 1

Post-partum haemorrhage: 2; hydramnios: 1;

UTI: 1; heart insufficiency: 1. After delivery:

transplant: 2

Hladunewich [10] 34 ± 4 NR 18 dialysis,

4 before

PE Short cervix: 4; hydramnios: 1;

chorioamnionitis: 1; PROM: 2; cerclage: 1

27 ± 6 NR 57 dialysis,

13 before

NR NR

Jesudason [12] 30.1 (26–32) NR 53 dialysis,

24 before

NR Gestational diabetes: 1; kidney transplant after

delivery: 28; death: 4 (2.2–8.2 years)

Piccolia [14] 31 (22–42) Absent 10;

Present 10

NR 1

19 dialysis,

4 before

Singletons: spontaneous: 8;

PROM: 6; hypertension: 5;

foetal: 2; HELLP: 1

After delivery: death: 2: intestinal infarction,

cerebral haemorrhage (1–10 years)

Espinoza [15] 31.6 ± 3.8 NR 4 dialysis,

2 before

Cholestasis: 2; oligoamnios: 1;

hydramnios: 1; IUGR:1

Hyperemesis: 3; oligoamnios: 1; hydramnios:

1

Zanlorenci [16] 30.4 ± 5.1

(18–42)

NR 15 dialysis,

13 before

NR Hydramnios: 11; hypothyroidism: 6;

diabetes: 5

Bernasconi [17] 30 ± 1 NR 26 dialysis,

11 before

Hypertension,

polyhydramnios, PROM

Hydramnios: 16; HELLP: 1; death: 2

(post-partum). After delivery: transplant: 1,

function recovery: 2, death: 1 (1 year)

Abou-Jaoude [20] 30 (22–33) NR 5 dialysis;

2 before

IUGR: 1; oligoamnios: 1; foetal

distress: 2

Hydramnios: 3, oligoamnios: 1

Macias [21] 26.3 ± 6 1.54 ± 0.811 L 27 before NR Peritonitis: 2

Hadj Sadek [22] 34 (24–45) Absent 11 11 dialysis For CS: foetal distress All returned to their HD schedule after

delivery

Sulaiman [23] 35 ± 5.9 NR NR NR NR

Bahadi [24] 35 (22–40) Absent 7

1.5–1 L (2)

8 dialysis,

1 before

NR Anaemia: 9, polyhydramnios: 4

Luders [25] 29.7 ± 5.5 Median 1 L (0–3) 24 dialysis,

28 before

NR Hydramnios or excess amniotic fluid: 21

Satob [26] 30.2 (19–37) NR 22 before Hypertensive complications

and/or foetal distress

Anaemia: 29; UTI: 2; PROM: 3.

Outcome: transplant: 2; dialysis: 15; dialysis

free: 3

Vázquez-Rodríguez

[27]

Pre:

23.3 ± 1.5

dialysis:

35 ± 2.6

HD: 1.739 ± 0.26 L

before: 3 ± 1.049 L

3 dialysis,

3 before

PE: 3; foetal distress: 2; renal

function deterioration: 1

Anaemia: 6, hydramnios: 2

Boubaker [28] 32.8 (27–35) NR 7 dialysis NR Anaemia: 6

Asamiya [29] 33.6 ± 4.3 NR 23 dialysis,

5 before

Vaginal: 11, foetal distress: 5,

chorioamnionitis: 2; maternal:

1; HT: 3

CS: foetal: 6, poor progress: 1;

maternal: 2

Hydramnios: 11, incompetent cervix: 4;

hypotension: 1

Chou [31] HD:

35.0 ± 4.3

(26–42)

Absent 5, NR 1; 0.3–

0.9 L: 4

5 dialysis,

2 before;

3 PD

Only for CS: previous CS Hydramnios: 6

Jefferys [32] 30 (19–35) NR 5 before Vaginal: hypertension

caesarean: absent umbilical

artery blood flow

Exit site infection: 3; malposition: 1;

peritonitis: 1; diabetes: 1

Bamberg [33] 28 (21–37) Absent 3 4 dialysis,

1 before

Umbilical Doppler: 2;

underlying disease and SGA: 1

Premature contractions combined with

cervical shortening: 3; preterm labour and

hydramnios: 2

Tan [36] 28 (25–39) NR 11 dialysis HELLP, cholestasis, IUGR, PE

HT, preterm labour, abruptio

placentae

Hydramnios: 2; abruptio placentae: 1;

pulmonary oedema: 1; PROM: 2; cholestasis:2;

haemorrhage: 1; thromboembolism: 2;

peritonitis: 1

Malik [37] 29 (20–37) NR 5 dialysis,

4 before

Antepartum haemorrhage due

to placenta previa

Uterine rupture: 1; hydramnios: 4;

oligoamnios: 1. Outcome: transplant: 3; HD:

5; PD: 1

Eroğlu [38] 25 (22–31) Absent 7 4 dialysis,

3 before

IUGR, PE, PROM, preterm

labour

Polyhydramnios: 2; PROM: 2

Continued
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the lack of data on patient-years of observation impairs calcu-
lation of standardized mortality rates, with respect to the base-
line risk in young dialysis patients [12, 14, 17].

The overall prevalence of SGA babies was 49/154, 32% (live
births and stillbirths) in the relatively few series (only 6) report-
ing on this outcome on HD [9, 10, 14, 15, 20, 25]. Data on PD

Table 5. Continued

Author [ref.] Age (years) Residual diuresis

(24 h)

Conception

before or on

dialysis

Indications for delivery Other maternal outcomes

Moranne [39] 32 (22–39) Absent 5; 0.6–1 L: 2 7 dialysis PROM: 3; foetal distress: 2 Hydramnios: 5; post-partum haemorrhage: 1

Outcome: transplant: 4

Bahloul [41] 35 (25–44) Absent 12 12 dialysis NR NR

Chao [42] 29 (22–43) All absent or

oliguria

17 dialysis,

1 before

Foetal distress, previous CS,

breech, placenta previa,

preterm labour, PROM

Hydramnios: 6; oligoamnios: 2; PROM: 4;

premature contraction: 7; abortion-bleeding:

1. Outcome: dialysis (previous schedule)

Luciani [43] 27 ± 3.46 Absent 2,

present 3

4 dialysis,

1 before

CS: abruptio placentae: 1; foetal

distress: 3; vaginal: PROM

Hydramnios: 5; vaginal infections: 5

Duplicates not included; the most relevant paper is cited; when relevant information was available in a different paper on the same series, this was added to the table.

CS, caesarean section; HD, haemodialysis; HEELP, haemolysis, elevated liver enzyme levels, low platelet levels; HT, hypertension; IUGR, intrauterine growth restriction; NR, not reported;

PD, peritoneal dialysis; PE, pre-eclampsia; PROM, premature rupture of membranes; SGA, small for gestational age; UTI, urinary tract infection.
aOnly live births were included.
bData on 22 cases.

F IGURE 2 : The distribution of hours of HDper week, and ofminimumnumber of dialysis sessions, asmeasured in the papers reporting on them.
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are scant, and only two series report on SGA specifically in PD
patients [2/3 in Piccoli and 10/27 in Marcias, overall 12/30
(40%)].

The prevalence of admission to the neonatal intensive care
unit (69/119 children reported in 10 series on HD) was even
more difficult to assess due to the heterogeneity of the indica-
tions (Table 4) [9, 10, 14, 17, 20, 22, 27, 33, 36, 39].

Meta-analysis: relationship between dialysis schedules

and main outcomes

Various outcomes were evaluated including preterm, early
preterm and very early preterm delivery (respectively, <37,
<34 and <28 gestational weeks), and SGA.

While a trend towards better outcomes withmore dialysis ses-
sions and longer dialysis hours was observed inmost of the cases,

F IGURE 3 : Forest plots depicting the relationship between dialysis duration (dichotomized at 20 h), dialysis sessions (dichotomized at six

sessions), preterm, early preterm and very early preterm delivery and SGA.

O
R
I
G
I
N
A
L
A
R
T
I
C
L
E

1926 G.B. Piccoli et al.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/3
1
/1

1
/1

9
1
5
/2

4
6
8
9
8
3
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



the differences are not statistically significant in the dichoto-
mized analysis (Figure 3). Conversely, the pattern is consistent
with a continuous effect reaching statistical significance in the

meta-regression analysis with regard to weekly hours of dialysis
(correlating with preterm delivery and SGA) and to the number
of dialysis sessions (limited to SGA; Figure 4).

F IGURE 4 : Meta-regression analysis depicting the relationship between dialysis duration (continuous, as measured in the paper), dialysis ses-

sions (continuous, as measured in the paper), preterm, early preterm, very early preterm delivery and SGA. The circles represent the papers re-

porting on these outcomes, and their relationship is depicted by the regression line.
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Case reports: overview

Tables 6 and 7 summarize the main features of the 117 preg-
nancies collected in the case reports: 35 pregnancies in patients
who started HD after conception; 58 pregnancies in patients al-
ready on HD; and overall 14 pregnancies in PD patients
[50–142]. The three groups were homogeneous for age at
start of pregnancy (respectively, 30, 32 and 27 years, Table 6),
and for gestational age (respectively, 33, 33 and 34 weeks). The
dialysis schedules are similar to those reported in the series;
however, the kidney diseases show a higher prevalence of sys-
temic lupus erithematosus (SLE) and complex immunological
disorders, in keeping with the selection bias of the case reports
which aremore prone to report on exceptional situations (cases:
SLE: 12/78 excluding the non-reported diagnoses; SLE and
other immunological diseases: 22/78 cases; series: SLE: 23/490
excluding the non-reported diagnoses and excluding duplicate
publications).

Nomaternal deaths were reported in any of the three groups;
it is, however, difficult to classify the other maternal complica-
tions due to the non-homogeneity of reporting; overall, about
half of the patients were hypertensive in pregnancy, while the
prevalence of pre-eclampsia (PE) is difficult to assess due to
the frequent lack of definitions of the elusive ‘superimposed’
PE in chronic kidney disease (Table 6).

Case reports: relationship between dialysis schedule

and outcomes

The prevalence of preterm delivery, early preterm delivery
and very early preterm delivery is overall ∼80%, as reported
in Table 8. The only significant difference observed in the ana-
lysis of the case reports is a higher prevalence of SGA on PD
(66.7 versus 31% on HD; P = 0.015), in the context of a similar
prevalence of preterm delivery and of a lower prevalence of very
early preterm delivery (Table 8).

Table 6. Summary data: case reports: type of dialysis, main therapies and main maternal outcomes—complications

Groups Age

Median

(minimum–

maximum) parity

PE/other Dialysis start

median (minimum–

maximum)

Diuresis Dialysis: most used

schedules (patients)

Maternal outcomes

HD: conception

before HD start

N: 35

ref: [53–82]

Age: 30 (18–39)

Primi

6 (18%)

Multi

19 (54%)

NR

10 (28%)

HT 22 (63%)

PE 2 (6%)

Hydramnios 6

(17%)

Anaemia 5

(14%)

Oedema 4

(11%)

UTI 4 (11%)

Diabetes 2 (6%)

15.5 (4–30) GW Present: 5

NR: 30

4 h × 6 days/w: 8

(23%)

3.5 h × 6 days/w: 3

(9%)

6 h × 6 days/w: 2

(6%)

NR 6 (17%)

No deaths

Other relevant:

pelvic abscess (Serratia): 1 (3%);

overwhelmed, depressed: 1 (3%);

hypertension, pulmonary oedema: 1 (3%);

NR: 11 (31%);

dialysis independent: 1 (3%);

kidney transplant: 1 (3%)

HD: conception

after HD start

N: 58

ref: [54, 63, 64, 70,

74, 78, 83–130]

Age: 32 (21–43)

Primi

3 (5%)

Multi

27 (47%)

NR

28 (48%)

HT 28 (48%)

PE 3 (5%)

Hydramnios 12

(21%)

Anaemia 9

(16%)

Oedema 4 (7%)

UTI 2 (3%)

Hyperemesis 2

(3%)

5.5 (0–18) years

before conception

Present: 10

Absent: 7

NR: 39

4 h × 6 days/w: 12

(21%)

4 h × 5 days/w: 5

(9%)

3 h × 6 days/w: 8

(14%)

3.5 h × 6 days/w: 4

(7%)

6 h × 6 days/w: 4

(7%)

NR: 1 (2%)

No deaths

Other relevant:

cardiomyopathy: 2 (3%);

hypertension: 2 (3%);

heart failure: 2 (3%);

ICU after delivery 1 (2%);

NR: 20 (34%)

dialysis independent: 1 (2%)

kidney transplant: 2 (4%)

PD: all cases

N: 14

ref: [55, 131–142]

Age: 27 (20–34)

Primi

2 (14%)

Multi

7 (50%)

NR

5 (36%)

HT 8 (57%)

PE 2 (14%)

Hydramnios 2

(14%)

Anaemia 4

(29%)

On PD: 10 (4–41)

months before

conception

PD start: 19.6

(16–27) GW

Present: 6

Absent: 2

NR: 5

6 exchanges 1.5 L/

day: 2 (14%)

5 exchanges 1.5 L/

day: 2 (14%)

Other or

personalized

schedule: 10 (71%)

No deaths

Other relevant: none reported;

dialysis independent: none;

kidney transplant: 2 (14%)

For further details, refer to Supplementary data, Tables.

HD, haemodialysis; HT, hypertension; GW, week of gestation; ICU, intensive care unit; Multi, multipara; N, number; ref, references; NR, not reported; PE, pre-eclampsia; PD, peritoneal

dialysis; Primi, primipara; UTI, urinary tract infection; w, week; ASA, acetylsalicylic acid; FSGS, focal segmental glomerulosclerosis; APDKD, autosomal dominant polycystic kidney disease;

Diab. Neph., diabetic nephropathy; GN, glomerulonephritis; GNMP, membranous and proliferative glomerulonephritis; CPN, chronic pyelonephritis; MGN, membranous

glomerulonephritis; HIVAN, HIV-related nephropathy.

Most common maternal diseases: HD: conception before dialysis start: FSGS: 3; IgA: 3; APDKD: 2; Diab. Neph.: 5; Goodpasture: 1; FBS: 1; GN: 1; interstitial: 1; Sjogren; 1; SLE: 2;

hypertension: 2; reflux: 2; NR: 11. HD conception after dialysis start: ADPKD: 1; GNMP: 1; CPN: 1; Goodpasture: 1; Cystinosis: 1;Wegener: 1; vascular: 1; hypoplasia: 1; FSGS: 2; GN: 4; IgA:

3; MGN: 3; Diab. Neph.: 3; SLE: 8; hypertension: 4; reflux: 3; cortical necrosis: 3; idiopathic: 2; NR: 15.

PD: all cases: anti-GBM: 1; CPN: 1; obstructive: 1; HIVAN: 1; hypoplasia: 1; FSGS: 1; reflux: 1; vascular: 1; Diab. Neph.: 1; SLE: 2; NR: 3.

Geographical origin of the studies: HD: conception before dialysis start: Europe 9; North America: 13; Asia: 9; Africa: 2; South America: 1; Australia: 1. HD: conception after dialysis start:

Europe 21; North America: 13; Asia: 14; Africa: 3; South America: 3; Australia: 3; NR: 1. PD: all cases: Europe 2; North America: 5; Asia: 5; Australia: 1; NR: 1.

Main drugs: HD: conception before dialysis start: antihypertensive: 19; EPO: 18; iron: 14 (3 oral, 10 iv, 1 NR); ASA: 3; heparin: 5; vitamins: 12. HD: conception after dialysis start:

antihypertensive: 28; EPO: 40; iron: 26 (3 oral, 16 iv, 7 NR); ASA: 5; heparin: 25; vitamins: 22. PD all cases: antihypertensive: 5; EPO: 9; iron: 6 (4 oral, 2 iv); ASA: 1; heparin: 2; vitamins: 6 (vit

D, multivitamins).
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DISCUSSION

The first result of this systematic review is the demonstration of
an increasing interest in pregnancy on dialysis, as shown by the
sharp increase in the number of reported cases, which went

from 90 in the series retrieved by the same search strategy for
the period between 2000 and 2008, to 574 pregnancies in 543
patients in the series gathered for the present analysis, 6 years
later [4] (Table 1).

The picture derived from these studies is that of ‘high-risk’,
difficult pregnancies, with a relevant, albeit poorly quantified

Table 7. Summary data: case reports: main foetal outcomes and indications for delivery

Groups GW median

(minimum–

maximum)

NICU

%

Infant outcomes: APGAR (1 and 5

min)median (minimum–maximum)

Weight (g)

median

(minimum–

maximum)

IneS centile:

median

(minimum–

maximum)

Delivery Main indication for

delivery

HD:

conception

before HD

start

N: 35

ref: [53–82]

33 (26–39) Yes

43%

NR

57%

APGAR 7 (0–9); 9 (4–10)

Infant death 1 (3%)

Major problems:

RD (5), meconium aspiration (1),

intracerebral bleeding and

hydrocephalus (1), pneumatocele and

sepsis (1), wet lung syndrome (1)

1803.5

(680–3500)

Centile: 39 (<1–

98)

SGA 17%

AGA 66%

LGA 3%

NR 14%

CS

23 (66%)

Vaginal 8

(23%)

NR

4 (11%)

Foetal causes 7 (20%)

(non-reassuring foetal

tracing; IUGR; abnormal

Doppler)

Maternal causes 9 (26%)

(HT; PE; placental

abruption)

Preterm labour 4 (11%),

Other 3 (9%); NR 12 (34%)

HD:

conception

after HD start

N: 58

ref: [54, 63, 64,

70, 74, 78, 83–

130]

33 (23–40) Yes

41%

No 2%

NR

57%

APGAR 7 (1–9) and 9 (3–10)

Infant death 2 (2%)

Major problems:

RD (8), hyperbilirubinaemia (6),

unilateral lung agenesis (1),

meconium amniotic fluid (1), RD

(1), retinopathy (1), nephrotic

syndrome (1)

1700 (410–

3505)

Centile: 25.5

(<1–100)

SGA 33%

AGA 47%

LGA 10%

NR 10%

CS

36 (62%)

Vaginal

13 (22%)

NR

9 (16%)

Foetal causes 16 (28%)

(non-reassuring foetal

tracing; IUGR; abnormal

Doppler)

Maternal causes 10 (17%)

(HT, hydramnios, HELLP,

placenta previa, placental

abruption)

Preterm labour 17 (29%)

NR 15 (26%)

PD: all cases

N: 14

ref: [55, 131–

142]

34 (29–39) Yes

29%

No

15%

NR

56%

APGAR 8 (3–10) and 9 (4–10)

No infant deaths

Major problems:

RD (1), neonatal sepsis (1)

1780 (900–

2700)

Centile:

7.5 (<1–57)

SGA 57%

AGA 29%

NR 14%

CS

6 (43%)

Vaginal 7

(50%)

NR

1 (7%)

Foetal causes 3 (20%)

(decreased foetal

movements, IUGR)

Maternal causes 2 (14%)

(PE)

Preterm labour 1 (7%)

Other 2 (14%); NR 6 (43%)

For further details, refer to Supplementary data, Tables.

AGA, average for gestational age; CS, caesarean; GW, gestational week; HD, haemodialysis; HELLP, elevated liver enzymes low platelet; HT, hypertension; IUGR, intrauterine growth

restriction; LGA, large for gestational age; NICU, neonatal intensive care unit; N, number; NR, not reported; PE, pre-eclampsia; RD, respiratory distress; ref, references; SGA, small for

gestational age.

Table 8. Case reports: relationship between dialysis schedule and main outcomes

SGA % <37% <34% <28%

Yes No P-value Yes No P-value Yes No P-value Yes No P-value

PD 66.7 33.3 0.015 76.9 23.1 0.233 38.5 61.5 0.116 0 100 0.314

HD all cases 31.0 69.0 83.9 16.1 56.3 43.7 9.2 90.8

HD: conception before HD start 20.0 80.0 0.130 78.1 21.9 0.414 50.0 50.0 0.495 9.4 90.6 0.295

HD: conception on HD 39.5 60.5 87.3 12.7 60.0 40.0 9.1 90.9

HD: conception on HD

<6 days 29.4 70.6 0.239 89.5 10.5 0.320 63.2 36.8 0.988 5.3 94.7 0.341

≥6 days 36.0 64.0 85.2 14.8 59.3 40.7 11.1 88.9

HD: conception on HD

<20 h/w 28.6 71.4 0.249 87.5 12.5 0.362 37.5 62.5 0.060 6.3 93.8 0.457

≥20 h/w 35.7 64.3 89.3 10.7 71.4 28.6 7.1 92.9

HD all cases

<20 h/w 26.1 73.9 0.863 84 16 0.223 44 56 0.137 4 96 0.283

≥20 h/w 27.5 72.5 90.2 9.8 65.9 34.2 9.8 90.2

HD all cases

<6 days 24.1 75.9 0.871 83.9 16.1 0.253 54.9 45.2 0.976 6.5 93.5 0.237

≥6 days 28.9 70.1 85.4 14.6 58.5 41.5 12.2 87.8

For further details, refer to Supplementary data, Tables.

HD, haemodialysis; PD, peritoneal dialysis; SGA, small for gestational age; w, weeks.

O
R
I
G
I
N
A
L
A
R
T
I
C
L
E

C o r r e l a t i o n b e t w e e n d i a l y s i s s c h e d u l e s a n d p r e g n a n c y o u t c o m e s 1929

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/3
1
/1

1
/1

9
1
5
/2

4
6
8
9
8
3
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2

http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfv395/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfv395/-/DC1


rate of early foetal loss, and a consistent risk of perinatal death
(Tables 4–7). The high heterogeneity of the definitions prevents
precise quantification of these risks; however, in the series, 63
perinatal deaths were reported in 352 pregnancies (18%, ex-
cluding early miscarriages).

Conversely, maternal perinatal mortality is very low (2/543
= 0.4%) and the incidence of malformations was ∼2% (7/448
major malformations reported in the series, and 2/107 in the
case reports), in line with the risks recorded in the overall popu-
lation (1–5%) [143–145]. Most of the problems reported in the
newborns, namely respiratory distress, sepsis and retinopathy
(Tables 4 and 7), are frequent consequences of prematurity
and do not seem to be specifically related to the dialysis treat-
ment in the mother [146–149].

Prematurity has a very high incidence in the reported cases
and series; interestingly, the analysis of the single cases suggests
that, in spite of a similar risk of prematurity, the prevalence of
SGA babies may be higher in mothers on PD when compared
with HD (Table 8). This finding is derived from case reports
alone, which are more subject to publication, as well as to refer-
ral and reporting biases, and warrants confirmation on a larger
scale [150–152].

Although the studies that were retrieved for this review
shared the same limits that were already encountered in the pre-
vious review, mainly heterogeneity, lack of a control group and
differences in definitions of relevant outcomes, such as peri-
natal deaths or PE, the large number of case series that were re-
trieved allowed for a meta-analytical approach at least for some
of the more robust and clearly defined outcomes and for the
better defined HD schedules [4] (Table 3).

In the case series, the two main determinants of HD sched-
ule, dialysis frequency and dialysis duration, expressed as the
number of hours per week, were significantly correlated with
two major outcomes, i.e. prematurity and delivery of an SGA
baby (Figures 3 and 4).

The number of HD hours per week was significantly corre-
lated with preterm delivery (<37 completed gestational weeks)
in the cohort of live-born babies and with delivery of an SGA
baby; the latter is also significantly correlated with the max-
imum number of HD sessions per week (Figure 4). According
to the meta-regression analysis, the effect is continuous, with-
out an identifiable threshold; in keeping with this pattern, the
differences do not reach statistical significance in the dichoto-
mized analysis (Figures 3 and 4).

The main strength of our study is its novelty, together with
the large number of retrieved cases: it is the first study to at-
tempt a meta-regression analysis by correlating the main preg-
nancy outcomes and the main determinants of the dialysis
schedule. Furthermore, the analysis also included single-case
reports (up to four cases), and allowed us to formulate a hy-
pothesis concerning the differences between the risks of HD
and PD with regard to SGA babies (Table 8).

However, every systematic review also summarizes the limits
of the current literature. Consequently, this review has several
limitations: while a trend towards an inverse relationship be-
tween weekly hours on HD and early or extremely preterm de-
livery may be seen (Tables 1–5 and Figures 2–4), the flattening
of the curves may reflect the rarity of the most severe events and

the inclusion of live-born babies alone (thus losing the early
perinatal losses, which are more frequent in early and extremely
preterm deliveries). The choice of focusing on live-born babies
was motivated by the lack of a univocal definition of prenatal
and perinatal deaths; this limitation strengthens the importance
of an unambiguous language in future studies [46].

For instance, there are several further important potential
determinants of the outcomes: stratification was attempted
for residual renal function, parity, age and maternal diseases,
but the heterogeneity of the reports prevented further compar-
isons, once more suggesting the need for a common language in
the future studies on pregnancy on dialysis and pregnancy. Not
least, the high heterogeneity of the reports may play a con-
founding effect; we have tried to minimize it by choosing
only papers published in the newmillennium, but some studies
include pregnancies from decades ago, when dialysis and peri-
natal care were remarkably different. Furthermore, we focused
on cases already on dialysis, or who started dialysis in the first
phase of pregnancy, thus losing potentially relevant informa-
tion on the best timing for dialysis start, an important issue
that should be addressed in further studies.

Within these limits, we feel that our study, which deals with a
rapidly changing scenario, may have some practical importance
in guiding preconception counselling and in defining the dialy-
sis schedule after conception.

CONCLUSIONS

Pregnancy on dialysis is shifting from being an exception to
being a rare, but not impossible event. The strict relationship
between results and an intensive dialysis schedule forces the
Nephrology community to deal with the new efficiency stand-
ard of quotidian, long-hour dialysis.

Our study may be partially reassuring with regard to the
feasibility of pregnancy on dialysis through very demanding
dialysis schedules and intensive check-ups. In this regard, the
present evidence underlines also the importance of strong co-
operation among specialists and between patients and physi-
cians in order to ensure optimal results.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.oxford
journals.org.

ACKNOWLEDGEMENTS

The authors thank Valerie Perricone for her careful langu-
age assessment and also to the staff at the library of the ASOU
san Luigi (Giuseppe Mauro and Natascia Castelluccia) for
their valuable help in retrieving the selected papers. The study
was accepted in abstract form at the 52th ERA-EDTA Congress
(London 2015), and F.M., the presenting author, won a young in-
vestigator travel award. Study group on kidney and pregnancy of
the Italian Society of Nephrology, Ex 60% to G.B.P.

O
R
I
G
I
N
A
L
A
R
T
I
C
L
E

1930 G.B. Piccoli et al.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/3
1
/1

1
/1

9
1
5
/2

4
6
8
9
8
3
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2

http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfv395/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfv395/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfv395/-/DC1


AUTHORS ’ CONTRIBUTIONS

G.B.P. designed the study; G.B.P., G.C. and R.A. drafted the ini-
tial manuscript; G.B.P. and F.M. carried out the reference
search, supported by N.C. who retrieved the evidence. Paper se-
lection was carried out by G.B.P., and F.M. extracted the data;
G.C., D.G. and A.R. participated in making the tables and in
writing the final version of the manuscript. E.V. designed and
performed the meta-analysis. A.P. and T.T. were assigned to the
final check of the manuscript, respectively, from the Nephrolo-
gist’s and Gynaecologist’s point of view.

CONFLICT OF INTEREST STATEMENT

The results presented in this paper have not been published
previously in whole or in part, except in abstract format.

(See related article by Bramham. Dialysis and pregnancy: no
longer the impossible. Nephrol Dial Transplant 2016; 31:
1763–1765)

REFERENCES

1. Mallick NP, Gokal R. Haemodialysis. Lancet 1999; 353: 737–742

2. Gokal R, Mallick NP. Peritoneal dialysis. Lancet 1999; 353: 823–828

3. Hou S. Historical perspective of pregnancy in chronic kidney disease. Adv

Chronic Kidney Dis 2007; 14: 116–118

4. Piccoli GB, Conijn A, Consiglio V et al. Pregnancy in dialysis patients: is

the evidence strong enough to lead us to change our counseling policy?

Clin J Am Soc Nephrol 2010; 5: 62–71

5. JosephsonMA, McKay DB. Pregnancy and kidney transplantation. Semin

Nephrol 2011; 31: 100–110

6. Perales-Puchalt A, Vila Vives JM, López Montes J et al. Pregnancy out-

comes after kidney transplantation-immunosuppressive therapy com-

parison. J Matern Fetal Neonatal Med 2012; 25: 1363–1366

7. Wyld ML, Clayton PA, Kennedy SE et al. Pregnancy outcomes for kidney

transplant recipients with transplantation as a child. JAMA Pediatr 2015;

169: e143626

8. Panaye M, Jolivot A, Lemoine S et al. Outcome an prognosis factors of

pregnancies in haemodialysis patients. Nephrol Dial Transplant 2014; 29

(Suppl 3): iii520

9. Ståhl M,WendtM,Mielniczenko G et al. Pregnancy and childbirth is now

possible for womenwith chronic kidney disease. Dialysis treatment should

be intensified during pregnancy, as shown in five cases. Lakartidningen

2014; 111: 154–157

10. Hladunewich MA, Hou S, Odutayo A et al. Intensive hemodialysis associ-

ates with improved pregnancy outcomes: a Canadian and United States

cohort comparison. J Am Soc Nephrol 2014; 25: 1103–1109

11. Barua M, Hladunewich M, Keunen J et al. Successful pregnancies on noc-

turnal home hemodialysis. Clin J Am Soc Nephrol 2008; 3: 392–396

12. Jesudason S, Grace BS, McDonald SP. Pregnancy outcomes according to

dialysis commencing before or after conception in women with ESRD.

Clin J Am Soc Nephrol 2014; 9: 143–1439

13. Shahir AK, Briggs N, Katsoulis J et al. An observational outcomes study

from 1966–2008, examining pregnancy and neonatal outcomes from dia-

lysed women using data from the ANZDATA Registry. Nephrology (Carl-

ton) 2013; 18: 276–284

14. Piccoli GB, CabidduG, Daidone G et al. The children of dialysis: live-born

babies from on-dialysis mothers in Italy—an epidemiological perspective

comparing dialysis, kidney transplantation and the overall population.Ne-

phrol Dial Transplant 2014; 29: 1578–1586

15. Espinoza F, Romeo R, Ursu M et al. Pregnancy during dialysis: experience

in six patients. Rev Med Chil 2013; 141: 1003–1009

16. Zanlorenci VP, Francisco RPV, Ribeiro RGT et al. Analysis of obstetrical

and neonatal outcomes in pregnant womenwith endstage renal disease on

chronic dialysis. J Perinatal Med 2013; 41 (Suppl 1)

17. Bernasconi AR,WaismanR, Lapidus A et al. Clinical analysis of the largest

number of pregnant women in HD& their children in Argentina.Nephrol

Dial Transplant 2013; 28 (Suppl 1): i261

18. Bernasconi A, Waisman R, Beresan M et al. Pregnancy: Intensified hemo-

dialysis yes or no? Nephrol Dial Transplant 2012; 27 (Suppl 2): ii281

19. Bernasconi AR, Lapidus AM,Waisman R et al. Dialysis and pregnancy, 13

years of experience in the public hospital. Rev Nefrol Dial Tras 2007; 27:

103–108

20. Abou-Jaoude P, Dubourg L, Bessenay L et al. What about the renal func-

tion during childhood of children born from dialysed mothers? Nephrol

Dial Transplant 2012; 27: 2365–2369

21. Macias LOS, Macias LOS, Castellanos KIL et al. Perinatal outcomes of

women with advance chronic kidney disease that initiated peritoneal dia-

lysis during pregnancy. Nephrol Dial Transplant 2012; 27 (Suppl 2): ii478

22. Hadj Sadek B, Kejji S, Rhou H et al. Pregnancy in chronic hemodialysis

patients. J Gynecol Obstet Biol Reprod (Paris) 2011; 40: 452–459

23. Sulaiman K, Vuppali M, Abreo K. Successful pregnancy outcomes in end

stage renal disease—a single center experience.Am JKidney Dis 2011; 57: 4

(A93)

24. Bahadi A, El Kabbaj D, Guelzim K et al. Pregnancy during hemodialysis: a

single center experience. Saudi J Kidney Dis Transpl 2010; 21: 646–651

25. Luders C, Castro MC, Titan SM et al. Obstetric outcome in pregnant

women on long-term dialysis: a case series. Am J Kidney Dis 2010; 56:

77–85

26. Sato JL, De Oliveira L, Kirsztajn GM et al. Chronic kidney disease in preg-

nancy requiring first-time dialysis. Int J Gynaecol Obstet 2010; 111: 45–48

27. Vázquez-Rodríguez JG, del Angel-García G. Perinatal complications in

patients with chronic renal insufficiency on hemodialysis. Ginecol Obstet

Mex 2010; 78: 486–492

28. Boubaker S, Boubaker K, Kaarout H et al. Pregnancy in haemodialysis pa-

tients. NDT Plus 2010; 3 (Suppl 3): iii408

29. Asamiya Y, Otsubo S, Matsuda Y et al. The importance of low blood urea

nitrogen levels in pregnant patients undergoing hemodialysis to optimize

birth weight and gestational age. Kidney Int 2009; 75: 1217–1222

30. Unuigbe J. Maternal and perinatal outcome of pregnancies complicating

severe renal impairment: a study of 38 pregnancies. Int J Gynaecol Obstet

2009; 107 (Suppl 2): S366–S367

31. ChouCY, Ting IW, Lin TH et al. Pregnancy in patients on chronic dialysis:

a single center experience and combined analysis of reported results. Eur J

Obstet Gynecol Reprod Biol 2008; 136: 165–170

32. Jefferys A,Wyburn K, Chow J et al. Peritoneal dialysis in pregnancy: a case

series. Nephrology (Carlton) 2008; 13: 380–383

33. Bamberg C, Diekmann F, Haase M et al. Pregnancy on intensified hemo-

dialysis: fetal surveillance and perinatal outcome. Fetal Diagn Ther 2007;

22: 289–293

34. Haase M, Morgera S, Bamberg C et al. Successful pregnancies in dialysis

patients including those suffering from cystinosis and familial Mediterra-

nean fever. J Nephrol 2006; 19: 677–681

35. HaaseM,Morgera S, Bamberg C et al. A systematic approach tomanaging

pregnant dialysis patients—the importance of an intensified haemodiafil-

tration protocol. Nephrol Dial Transplant 2005; 20: 2537–2542

36. Tan LK, Kanagalingam D, Tan HK et al. Obstetric outcomes in women

with end-stage renal failure requiring renal dialysis. Int J Gynaecol Obstet

2006; 94: 17–22

37. Malik GH, Al-Harbi A, Al-Mohaya S et al. Pregnancy in patients on

dialysis—experience at a referral center. J Assoc Physicians India 2005;

53: 937–941

38. Eroğlu D, Lembet A, Ozdemir FN et al. Pregnancy during hemodialysis:

perinatal outcome in our cases. Transplant Proc 2004; 36: 53–55

39. MoranneO, Samouelian V, Lapeyre F et al. A systematic approach toman-

aging pregnant dialysis patients—the importance of an intensified haemo-

diafiltration protocol. Nephrol Dial Transplant 2006; 21: 1443

40. Moranne O, Samouelian V, Lapeyre F et al. Pregnancy and hemodialysis.

Nephrologie 2004; 25: 287–292

O
R
I
G
I
N
A
L
A
R
T
I
C
L
E

C o r r e l a t i o n b e t w e e n d i a l y s i s s c h e d u l e s a n d p r e g n a n c y o u t c o m e s 1931

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/3
1
/1

1
/1

9
1
5
/2

4
6
8
9
8
3
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



41. Bahloul H, Kammoun K, Kharrat M et al. Pregnancy in chronic hemodi-

alysis women: outcome of multicentric study. Saudi J Kidney Dis Transpl

2003; 14: 530–531

42. Chao AS, Huang JY, Lien R et al. Pregnancy in women who undergo long-

term hemodialysis. Am J Obstet Gynecol 2002; 187: 152–156

43. Luciani G, BossolaM, Tazza L et al. Pregnancy during chronic hemodialy-

sis: a single dialysis-unit experience with five cases. Ren Fail 2002; 24:

853–862

44. Nguyen R, Wilcox A. Terms in reproductive and perinatal epidemiology:

2. Perinatal terms. J Epidemiol Community Health 2005; 59: 1019–1021

45. www.inescharts.com (1 March 2015, date last accessed)

46. Piccoli GB, Conijn A, Attini R et al. Pregnancy in chronic kidney disease:

need for a common language. J Nephrol 2011; 24: 282–299

47. Berkey CS, Hoaglin DC, Mosteller F et al. A random effects regression

model for meta-analysis. Stat Med 1995; 14: 395–411

48. Glantz StantonA, Slinker BK. Primer of Applied Regression and Analysis of

Variance. New York: McGraw-Hill, 1990.

49. Thompson SG, Sharp SJ. Explaining heterogeneity in meta-analysis: a

comparison of methods. Stat Med 1999; 18: 2693–2708

50. Gnanasekaran I, Barula U. Hemodialysis patient having three successive

pregnancies. Dial Transplant 2003; 32: 768–771

51. Hashimoto S, Seki M, Tomochika M et al. An evaluation of bioelectrical

impedannce spectroscopy in order to measure and compare body water

distribution in both healthy pregnant women and pregnant women on

dialysis. Nephrol Dial Transplant 2014; 29 (Suppl 3): iii216

52. Mahmud A, Morad S, Knox E et al. Management of severe anaemia in

pregnant women with chronic kidney disease: role of erythropoietin ther-

apy. BJOG 2013; (Suppl 1): s117–s118

53. SulaimanK, VuppaliM, Abreo K. Patient outcome in pregnancy requiring

dialysis: a case series. Open Urol Nephrol J 2014; 7: 52–55

54. Singh J, Coristidis G, Metha I et al. Intradialysis fetal monitoring in 2 case

series of pregnant hemodialysis (HD) patients.Am J Kidney Dis 2014; 63: 5

(A103)

55. SivasuthanG, Dahwa R, JohnGT et al. Dialysis and pregnancy in end stage

kidney disease associated with lupus nephritis. Case Rep Med 2013; 2013:

923581

56. Cornelis T, Spaanderman M, Beerenhout C et al. Antiangiogenic factors

andmaternal hemodynamics during intensive hemodialysis in pregnancy.

Hemodial Int 2013; 17: 639–643

57. Thompson S, Marnoch CA, Habib S et al. A successful term pregnancy

using in-center intensive quotidian hemodialysis. Hemodial Int 2011;

15: S59–S63

58. Kędzierska K, Kwiatkowski S, Torbé A et al. Successful pregnancy in the

patient with Fanconi-Bickel syndrome undergoing daily hemodialysis.

Am J Med Genet A 2011; 155A: 2028–2030

59. Venditto M, Bourry E, Szumilak D et al. Reversal of thrombocytopenia in

a pregnant woman after changing hemodiafiltration membranes. Am J

Kidney Dis 2011; 57: 521

60. Fernandes SD, Suvarna D. Anesthetic considerations in a patient of auto-

somal dominant polycystic kidney disease on hemodialysis for emergency

caesarean section. J Anaesthesiol Clin Pharmacol 2011; 27: 400–402

61. Arora N, Mahajan K, Jana N et al. Successful pregnancy outcome among

women with end-stage renal disease requiring haemodialysis. J Indian

Med Assoc 2009; 107: 237–238

62. Trindade TC, Sapienza AD, Francisco RP et al. Successful pregnancy in a

patient with diabetic nephropathy treated with an insulin pump and dia-

lysis. J Matern Fetal Neonatal Med 2009; 22: 1222–1223

63. Swaroop R, Zabaneh R, Parimoo N. Pregnancy in end-stage renal disease

patients on hemodialysis: two case reports. Cases J 2009; 2: 8139

64. Al Saran K, Sabry A. Pregnancy in dialysis patients: two successful cases

from a Saudi renal center and resulting management guidelines. Clin

Nephrol 2008; 70: 265–269

65. McPhatter LL, Drumheller JC. Nutritional implications of pregnancy in

dialysis: a case study. Nephrol Nurs J 2008; 35: 207–209

66. Imtiaz S, Shams M, Albably SA et al. Successful pregnancy in end-stage

renal disease patient in a sub-urban area of Saudi Arabia. Saudi J Kidney

Dis Transpl 2008; 19: 980–982

67. Coyle M, Sulger E, Fletcher C et al. A successful 39-week pregnancy on

hemodialysis: a case report. Nephrol Nurs J 2008; 35: 348–355, 402

68. Shan HY, Rana S, Epstein FH et al. Use of circulating antiangiogenic

factors to differentiate other hypertensive disorders from preeclampsia

in a pregnant woman on dialysis. Am J Kidney Dis 2008; 51: 1029–1032

69. Abd KH, Al-Shamma I. Successful pregnancy in a patient with hemodi-

alysis in Iraq. Saudi J Kidney Dis Transpl 2007; 18: 257–260

70. Giofrè F, Pugliese C, Alati G et al. Three successive pregnancies in a patient

with chronic renal disease progressing from chronic renal dysfunction

through to institution of dialysis during pregnancy and then on to main-

tenance dialysis. Nephrol Dial Transplant 2007; 22: 1236–1240

71. Dixon JC, Kinney GA, Block C et al. Chronic kidney disease and

dialysis management in a pregnant woman. Dial Transplant 2006; 35:

372–374

72. Sobiło-Jarek L, Popowska-Drojecka J, Muszytowski M et al. Anemia treat-

ment with darbepoetin alpha in pregnant female with chronic renal fail-

ure: report of two cases. Adv Med Sci 2006; 51: 309–311

73. Aslan E, Tarim E, Kilicdag E et al. Sjögren’s syndrome diagnosed in preg-

nancy: a case report. J Reprod Med 2005; 50: 67–70

74. Hussain S, Savin V, Piering W et al. Phosphorus-enriched hemodialysis

during pregnancy: two case reports. Hemodial Int 2005; 9: 147–152

75. Vasiliou DM, Maxwell C, Shah P et al. Goodpasture syndrome in a preg-

nant woman. Obstet Gynecol 2005; 106: 1196–1199

76. Koźmiński P, Malinowski W, Obrebski K et al. Successful pregnancy in a

patient with chronic renal insufficiency treated with repeated hemodialy-

sis. Med Wieku Rozwoj 2003; 7: 287–290

77. Al-Jayyousi R, Carr S, Hodgett S et al. Improved pregnancy outcome in a

patient with renal allograft nephropathy undergoing temporary hemodi-

alysis. Clin Nephrol 2003; 60: 424–427

78. Kazancioglu R, Sahin S, Has R et al. The outcome of pregnancy among

patients receiving hemodialysis treatment.Clin Nephrol 2003; 59: 379–382

79. Lembet A, Eroğlu D, Ergin T et al. Maternal-fetal factors that affected

Doppler waveform analysis in a patient undergoing hemodialysis. Fetal

Diagn Ther 2002; 17: 240–242

80. Bhatla N, Bhowmik D, Kriplani A et al. Successful pregnancy outcome in

advanced chronic renal failure. J Assoc Physicians India 2001; 49: 845–847

81. Takeuchi K, Murata K, Funaki K et al. Bioelectrical impedance analysis in

the clinical management of a pregnant woman undergoing dialysis. J Peri-

nat Med 2000; 28: 228–231

82. Miłkowski A, Bieda W, Sułowicz W et al. Pregnancy in patients with end-

stage renal failure on maintenance dialysis: case reports. Przegl Lek 2000;

57: 236–240

83. Aggarwal S, Roxburgh S, Mather A et al. A case report of 2 succesful preg-

nancy outcomes in a female with end-stage renal failure secondary to focal

segmental glomerulosclerosis. Nephrology 2014; 19 (Suppl 4): 89

84. Althaf MM, AbdelsalamMS, Alfurayh OI. Lupus flares in two established

end-stage renal disease patients with on-line hemodiafiltration during

pregnancy—case series. Lupus 2014; 23: 945–948

85. Karanjgaokar S, Kassa Y, Palckar S. Challenges in twin pregnancy in a pa-

tient with ESRD secondary to lupus nephritis. Am J Kidney Dis 2013; 61: 4

(A52)

86. Pesai H, Rao A, Ahmed Z. Monitored fluid removal in hypertensive preg-

nant female on dialysis avoided early termination of pregnancy. Am J Kid-

ney Dis 2013; 61: 4 (A36)

87. Jung JH, Kim MJ, Lim HJ et al. Successful pregnancy in a patient with

autosomal dominant polycystic kidney disease on long-term hemodialy-

sis. J Korean Med Sci 2014; 29: 301–304

88. Simpson P, Turnbull H, McKelvey A et al. Renal dialysis, diabetes and

IUGR: delivery and peripartum care. Arch Dis Child Fetal Neonatal Ed

2012; 97 (Suppl 1): A64

89. Ruiz-Campuzano M, Soto-Alarcón S, Martínez-Ruiz A et al. Pregnancy

and haemodialysis: a case study. Nefrologia 2012; 32: 268–270

90. Jiménez-Víbora E, Ortega-Ruano R, Mozo-Mínguez E et al. Pregnancy in

haemodialysis patient. Nefrologia 2012; 32: 859–861

91. Potluri K, Moldenhauer J, Karlman R et al. Beta HCG levels in a pregnant

dialysis patient: a cautionary tale. NDT Plus 2011; 4: 42–43

92. Raghavan R, Ejaz S, Adam K et al. Management of a high risk pregnancy:

chronic hemodialysis, Anti-phospholipid syndrome, and lupus. Blood

Purif 2011; 31: 220

93. Pifczyk G, Wikarek T, Maruniak-Chudek I et al. Pregnancy in a woman

with chronic renal failure—the case of two successfully completed

O
R
I
G
I
N
A
L
A
R
T
I
C
L
E

1932 G.B. Piccoli et al.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/3
1
/1

1
/1

9
1
5
/2

4
6
8
9
8
3
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2

www.inescharts.com
www.inescharts.com
www.inescharts.com


pregnancies and the review of the literature. Ginekol Pol 2011; 82:

623–626

94. Baykal C, Kaya S, Takal MK et al. Successful management of a high-risk

pregnancy with polyhydramnios, IUGR and recurrent pregnancy loss in a

chronic renal failure patient: a case report. Clin Exp Obstet Gynecol 2011;

38: 99–101

95. Furaz Czerpak KR, Puente García A, Corchete Prats E et al. Successful

pregnancy in a patient with chronic renal failure undergoing haemodialy-

sis. Nefrologia 2011; 31: 219–221

96. Pipili C, Grapsa E, Koutsobasili A et al. Pregnancy in dialysis-dependent

women—the importance of frequent dialysis and collaborative care: a case

report. Hemodial Int 2011; 15: 306–311

97. Selim G, Stojceva-Taneva O, Gelev S et al. Successful pregnancy in a 43

year-old woman who undergo long-term hemodialysis. Int J Artif Organs

2010; 33: 489

98. Piris Borregas S, Vellido Cotelo R, Villar Ruiz O et al. Successful preg-

nancy outcome in renal disease requiring hemodialysis. J Matern Fetal

Neonatal Med 2010; 23 (Suppl 1): 222–223

99. Silva V, Faria B, Anderson J et al. Pregnancy during chronic hemodi-

alysis: case report. J Mater Fetal Neonatal Med 2010; 23 (Suppl 1):

541–542

100. Ramappa AJ, Pyatt JR. Pregnancy-associated cardiomyopathy occurring

in a young patient with nephropathic cystinosis. Cardiol Young 2010;

20: 220–222

101. Zencirci B. Safe spinal anesthesia in a woman with chronic renal failure

and placenta previa. Int J Gen Med 2010; 3: 153–156

102. Brown CM, O’Kane C, McDonnell B et al. A successful pregnancy in a

dialysis patient with renal cortical necrosis. Nephrology (Carlton) 2010;

15: 720

103. Tuot D, Gibson S, Caughey AB et al. Intradialytic hyperalimentation as

adjuvant support in pregnant hemodialysis patients: case report and re-

view of the literature. Int Urol Nephrol 2010; 42: 233–237

104. Nonaka T, Kikuchi A, Kido N et al. Prenatal diagnosis of unilateral pul-

monary agenesis in a pregnant woman undergoing chronic hemodialysis

due to chronic renal failure. Prenat Diagn 2009; 29: 707–709

105. Cosimo C, Franco C. Pregnancy outcome during haemodialysis: a case re-

port. J Prenat Med 2009; 3: 55–56

106. Orlowska-Kowalik G, Malecka-Massalska T, Ksiazek A. Successful preg-

nancy in a chronically hemodialyzed patient with end-stage renal failure.

Indian J Nephrol 2009; 19: 27–29

107. Shimizu Y, Kaneko S,Watanabe F et al. Difficulties in the determination of

target dry weight in hemodialysis during the third trimester of pregnancy.

Dial Transplant 2008; 37: 100–104

108. KhuranaA, Nickel AE, Greene JF, Jr et al. Successful pregnancy in a hemo-

dialysis patient and marked resolution of her nephrogenic systemic fibro-

sis. Am J Kidney Dis 2008; 51: e29–e32

109. Saito T, Ubara Y, Suwabe T et al. A patient with pregnancy-related acute

abdomen after hemodialysis for over 18 years. Clin Nephrol 2009; 71:

345–349

110. Altay M, Yavuz I, Bagdatoglu O et al. Unexpected and late diagnosis (28th

week) of pregnancy in a 39-year-old patient on chronic haemodialysis.Ne-

phrol Dial Transplant 2007; 22: 1799

111. Dhir S, Fuller J. Case report: pregnancy in hemodialysis-dependent end-

stage renal disease: anesthetic considerations. Can J Anaesth 2007; 54:

556–560

112. Villa G, Montagna G, Segagni S. Pregnancy in chronic dialysis. A case re-

port and a review of the literature. G Ital Nefrol 2007; 24: 132–140

113. Shah A, Bailey E, Hughes S. Goodpasture’s syndrome, haemodialysis and

pregnancy. Br J Hosp Med 2007; 68: 48–49

114. Ferrannini M, Vischini G, Miani N et al. Successful pregnancy in a uremic

patient treated with single needle hemodialysis. Int J Artif Organs 2007; 30:

1122–1125

115. Béji S, Kaaroud H, Ben Moussa F et al. A case of preserved fertility in an

hemodialyzed patient with systemic lupus erythematosus. Tunis Med

2007; 85: 244–246

116. Hayashi T, Mori Y, Matsumoto S et al. Pregnancy in chronic dialysis and

after renal transplantation. Hinyokika Kiyo 2006; 52: 915–917

117. Palomares M, Martinez-Esteban MD, Fernandez-Parra J et al. Pregnancy

in a patient with systemic lupus erythematosus on hemodialysis. Clin In-

vest Ginecol Obstet 2006; 33: 35–37

118. Mercanti JE, Silva E, Machado M et al. Dialysis and pregnancy. Rev Nefrol

Dial Tras 2005; 25: 29–32

119. Yoo J, Unnikrishnan D, Lwin LN et al. Successful triplet pregnancy in a

patient on chronic haemodialysis. Nephrol Dial Transplant 2004; 19:

994–997

120. López-Menchero R, Albero MD, Cabeza B et al. Successful pregnancy in a

patient with systemic lupus erythematosus on hemodialysis. Nefrologia

2004; 24: 70–74

121. Al-Wadei KH, Abu-Asba NW, Donia AF. The first reported case of suc-

cessful pregnancy in a haemodialysis patient in Yemen. Nephrol Dial

Transplant 2004; 19: 264

122. Demant AW, Schmiedel A, Simula SM et al. High-risk dialysis: pregnancy

in a patient with extended Stanford-B-aneurysm of the aorta and end-

stage renal disease. Nephrol Dial Transplant 2004; 19: 1634–1636

123. Gangji AS, Windrim R, Gandhi S et al. Successful pregnancy with noctur-

nal hemodialysis. Am J Kidney Dis 2004; 44: 912–916

124. Cordonnier D. Successful pregnancy in a hemodialysis patient. Nephrolo-

gie 2003; 24: 281

125. Guida B, Pollio F, Nastasi A et al. Nutritional intervention in a hemodialy-

sis pregnant woman: a case report. Clin Nutr 2003; 22: 205–207

126. Molaison EF, Baker K, Bordelon MA et al. Successful management of

pregnancy in a patient receiving hemodialysis. J Ren Nutr 2003; 13:

229–232

127. Prasad S, Parkhurst D, Morton MR et al. Increased delivery of haemodi-

alysis assists successful pregnancy outcome in end-stage renal failure.

Nephrology (Carlton) 2003; 8: 311–314

128. Raharivelina CA, Randriamanantsoa LN, Vololontiana D et al. Hemodi-

alysis in pregnancy. Nephrologie 2003; 24: 283–286

129. Walsh AM. Management of a pregnant woman dependent on haemodi-

alysis. EDTNA ERCA J 2002; 28: 91–94

130. Ralph C. Pregnancy in a hemodialysis patient with an ethical/cultural

challenge. CANNT J 2000; 10: 35–38

131. Batarse R, Steiger RM, Guest S. Peritoneal dialysis prescription during the

third trimester of pregnancy. Perit Dial Int 2015; 35: 128–134

132. Abu-Zaid A, Nazer A, Alomar O et al. Successful pregnancy in a

31-year-old peritoneal dialysis patient with bilateral nephrectomy. Case

Rep Obstet Gynecol 2013; 2013: 173405

133. Mocciaro R, Sacchinelli A, Venturella R et al. Pregnancy during peritoneal

dialysis in a patient with end-stage renal disease due to vasculitis treated

with cyclophosphamide. Reprod Sci 2012; 3 (Suppl 1): 232A

134. Inal S, Reis KA, Armağan B et al. Successful pregnancy in an end-stage

renal disease patient on peritoneal dialysis. Adv Perit Dial 2012; 28:

140–141

135. Schneider K, Ferenczi S, Vas S et al. Pregnancy and successful full-term

delivery in a patient on peritoneal dialysis: one center’s experience and re-

view of the literature. Dial Transplant 2007; 36: 438–444

136. Martin C, Geandet EO, Celia E et al. Successful outcome of pregnancy in a

diabetic patient with chronic end-stage renal insufficiency and continuous

ambulatory peritoneal dialysis. Rev Nefrol Dial Tras 2007; 27: 31–34

137. Gómez Vázquez JA, MartínezCalva IE, Mendíola Fernández R et al. Preg-

nancy in end-stage renal disease patients and treatment with peritoneal

dialysis: report of two cases. Perit Dial Int 2007; 27: 353–358

138. Asgari E, Bramham K, Shehata H et al. Successful pregnancy in a patient

with end-stage renal failure secondary to HIV nephropathy on peritoneal

dialysis. Nephrol Dial Transplant 2007; 22: 3671

139. AltayM, AkayH, ParpucuH et al. A rare case: full-term delivery in a lupus

patient on CAPD. Perit Dial Int 2007; 27: 711–712

140. Smith WT, Darbari S, Kwan M et al. Pregnancy in peritoneal dialysis: a

case report and review of adequacy and outcomes. Int Urol Nephrol

2005; 37: 145–151

141. ChangH,MillerMA, Bruns FJ. Tidal peritoneal dialysis during pregnancy

improves clearance and abdominal symptoms. Perit Dial Int 2002; 22:

272–274

142. Tuncer M, Trak B, Sapan M et al. Successful pregnancy complicated with

peritonitis in a 25-year-old Turkish CAPD patient. Perit Dial Int 2000; 20:

349–350

O
R
I
G
I
N
A
L
A
R
T
I
C
L
E

C o r r e l a t i o n b e t w e e n d i a l y s i s s c h e d u l e s a n d p r e g n a n c y o u t c o m e s 1933

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
d
t/a

rtic
le

/3
1
/1

1
/1

9
1
5
/2

4
6
8
9
8
3
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2



143. Norwitz ER, Levy B. Noninvasive prenatal testing: the future is now. Rev

Obstet Gynecol 2013; 6: 48–62

144. Hardisty EE, Vora NL. Advances in genetic prenatal diagnosis and screen-

ing. Curr Opin Pediatr 2014; 26: 634–638

145. Jørgensen DE, Vejlstrup N, Jørgensen C et al. Prenatal detection of con-

genital heart disease in a low risk population undergoing first and second

trimester screening. Prenat Diagn 2014; 35: 325–330

146. Tyson JE, ParikhNA, Langer J et al. Intensive care for extreme prematurity—

moving beyond gestational age. N Engl J Med 2008; 358: 1672–1681

147. Medlock S, Ravelli AC, Tamminga P et al. Prediction of mortality in very

premature infants: a systematic review of prediction models. PLoS One

2011; 6: e23441

148. Athikarisamy SE, Patole S, Lam GC et al. Screening for retinopathy of

prematurity (ROP) using wide-angle digital retinal photography by

non-ophthalmologists: a systematic review. Br J Ophthalmol 2015; 99:

281–288

149. Machado Júnior LC, Passini Júnior R, Rodrigues Machado Rosa I. Late

prematurity: a systematic review. J Pediatr (Rio J) 2014; 90: 221–231

150. Dwan K, Altman DG, Arnaiz JA et al. Systematic review of the empirical

evidence of study publication bias and outcome reporting bias. PLoS One

2008; 3: e3081

151. Nissen T, Wynn R. The clinical case report: a review of its merits and lim-

itations. BMC Res Notes 2014; 7: 264

152. Albrecht J, Meves A, Bigby M. A survey of case reports and case series of

therapeutic interventions in the Archives of Dermatology. Int J Dermatol

2009; 48: 592–597

Received for publication: 2.9.2015; Accepted in revised form: 27.10.2015

Nephrol Dial Transplant (2016) 31: 1934–1937

doi: 10.1093/ndt/gfw311

Advance Access publication 1 September 2016

Solute solver ‘what if’ module for modeling urea kinetics

John T. Daugirdas

University of Illinois at Chicago, Chicago, IL 60612, USA

Correspondence and offprint requests to: John T. Daugirdas; E-mail: jtdaugir@uic.edu

ABSTRACT

Background. The publicly available Solute Solvermodule allows
calculation of a variety of two-pool urea kinetic measures of dia-
lysis adequacy using pre- and postdialysis plasma urea and esti-
mated dialyzer clearance or estimated urea distribution volumes
as inputs. However, the existing programdoes not have a ‘what if’
module, which would estimate the plasma urea values as well as
commonly usedmeasures of hemodialysis adequacy for a patient
with a given urea distribution volume and urea nitrogen gener-
ation rate dialyzed according to a particular dialysis schedule.
Methods. Conventional variable extracellular volume 2-pool
urea kinetic equations were used.
Results. A javascript-HTML Web form was created that can
be used on any personal computer equipped with internet
browsing software, to compute commonly used Kt/V-based
measures of hemodialysis adequacy for patients with differing
amounts of residual kidney function and following a variety of
treatment schedules.
Conclusions. The completed Web form calculator may be par-
ticularly useful in computing equivalent continuous clearances
for incremental hemodialysis strategies.

Keywords: dialysis adequacy, dialysis dose, hemodialysis, urea,
urea kinetics

INTRODUCTION

One commonly used method to assess hemodialysis adequacy
is ureaKt/V and, for other than 3/week schedules, an equivalent
clearance calculated using a 2 pool analysis of urea kinetics, the
standard Kt/V [1]. Two-pool urea kinetics is recommended for
monitoring dialysis adequacy by the European Best Practices
Group [2], and was used to both prescribe and analyze the
dose of dialysis in the HEMO study [3–8] and in the Frequent
Hemodialysis Network Trials [9–11]. As there was no publicly
available, easy-to-use program to calculate urea kinetic outputs,
the Solute Solver program was published and posted via
the American Journal of Kidney Disease website [12] and at
http://www.ureakinetics.org in 2009. Solute Solver allows easy
calculation of urea kinetics based clearances using a variety of
input strategies. One can input pre- and postdialysis blood urea
nitrogen (BUN) values along with an estimated in vivo dialyzer
urea clearance, e.g. as computed from in vivo dialyzer sodium
clearance with an appropriate adjustment. Alternatively, the
in vivo dialyzer urea clearance can be estimated by Solute Solver
from the manufacturer’s in vitro K0A-urea value and blood and
dialysate flow rates. One can also use the Casino approach [13]
and input an estimated postdialysis urea distribution volume
with the pre- and postdialysis BUN values, and then Solute
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