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Introduction: There are insufficient data to guide the initiation of dialysis in pregnancy, contributing to
wide variation in practice and uncertainty in the management of this high-risk population. Our study aimed
to examine dialysis initiation patterns in pregnancy, describe adverse pregnancy outcomes in women with
advanced chronic kidney disease (CKD), and assess the impact of dialysis hours on these outcomes.

Methods: We conducted a multinational retrospective cohort study of women who delivered between
January 1, 2000 and October 31, 2022. Eligible women had either a prepregnancy estimated glomerular
filtration rate (eGFR) <30 ml/min per 1.73 m? within 12 months of conception, or a serum creatinine = 150
umol/l when first measured during pregnancy. For pregnancies where dialysis was initiated, regional
differences in dialysis indications, prescriptions, and laboratory data were described. Adverse maternal
and fetal outcomes were assessed for all pregnancies.

Results: A total of 169 pregnancies in 149 women were included; 79 (46.7%) initiated dialysis during
pregnancy at a median of 21.4 weeks' gestation (interquartile range [IQR]: 13.3-25.0). There were regional
differences in dialysis initiation and dose (hours/wk). Adverse maternal and fetal outcomes were more
frequent in women who started dialysis during pregnancy. No significant associations were observed be-
tween dialysis hours/wk and adverse maternal and fetal outcomes. At 1 year postpartum, the mean change
in eGFR compared with prepregnancy values in nondialyzed women was —8.4 ml/min per 1.73 m? (SD: 12.1).

Conclusion: Advanced CKD poses significant maternal and fetal risks during pregnancy, often necessi-
tating dialysis initiation. Variations in clinical practice underscore the need for standardized care in this
high-risk population.
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accelerated loss of kidney function during pregnancy, endanger fetal well-being. Recent guidelines have
which may necessitate the initiation of dialysis. = The suggested commencing dialysis when maternal urea
decision to commence dialysis during pregnancy concentration is 17 to 20 mmol/l (47.6-56.0 mg/dl)

because of concerns about the potential fetotoxicity of

urea.”® These thresholds have been extrapolated
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Furthermore, there is no specific evidence address-
ing the management of new dialysis starts during
pregnancy. Observational cohort studies have shown
that intensive dialysis prescriptions during pregnancy
compared with conventional hemodialysis practices are
associated with higher live birth rates, longer gesta-
tional age, and higher birth weight in women who
conceive on dialysis.7‘9 However, the benefit of
aggressive dialysis has not been demonstrated in
women who commence dialysis during pregnancy’"*
and may not be necessary because of the presence of
residual kidney function.'’

The lack of robust contemporary evidence contrib-
utes to the wide variation in clinician practice and
uncertainty in the management of this high-risk patient
population. Thus, we conducted an international
retrospective multicenter cohort study to: (i) examine
regional practice patterns in dialysis initiation and
prescription during pregnancy among women with
advanced CKD, (ii) describe maternal and fetal out-
comes in this population, and (iii) determine the in-
fluence of dialysis hours during pregnancy on maternal
and fetal outcomes.

METHODS

Setting and Population

A retrospective cohort study was conducted from an
international collaboration of 6 sites in Canada,
Australia, Italy, and Mexico (Supplementary Table S1),
all providing specialist obstetric-nephrology care, from
January 1, 2000 to October 31, 2022. Women with
advanced CKD were included if they met the following
criteria: (i) an eGFR = 30 ml/min per 1.73 m” within 12
months before pregnancy, or (ii) a serum creatinine =
150 pumol/1 (1.70 mg/dl) when first measured during
pregnancy, regardless of prepregnancy eGFR (if avail-
able). eGFR (ml/min per 1.73 m?) was calculated using
the CKD-Epidemiology Collaboration equation without
a race coefficient.'' For sites that did not have a local
prospective pregnancy in kidney disease registry,
eligible pregnancies were identified through medical
file review. Kidney transplant
included. Women who were established on dialysis
prior to pregnancy were excluded. The study was
approved by the research ethics board at each site as
per the Declaration of Helsinki for Medical Research
Involving Human Subjects. The STROBE reporting
guidelines were followed.'”

recipients were

Data collection and definitions

Demographic, clinical variables, and laboratory data
were documented, including age at pregnancy, disease
etiology and comorbidities. Live birth was defined as
neonates who were alive within the first 28 days of life;
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spontaneous abortion as spontaneous loss of pregnancy
before 24 weeks of gestation; stillbirth as intrauterine
fetal death after 24 weeks; and neonatal death as death
within the first month of life. Spontaneous abortions
were further classified into first- and second-trimester
losses. Birth weight was converted to a gestation-
related weight centile using the INTERGROWTH-21st
standards to allow for comparisons across multiethnic
populations.'"* For twin pregnancies, the larger birth
weight was used in summary outcome data.

Data on serum creatinine concentrations were
collected prepregnancy by selecting the closest outpa-
tient value before pregnancy, during each trimester of
pregnancy, and, postpartum at 1-, 3-, 6-, and 12-month
intervals. eGFR was calculated based on non-gestational
serum creatinine concentrations. Proteinuria data were
collected at the same time points as urinary albumin-
creatinine ratio or the equivalent urinary protein-
creatine ratio based on conversion equations.lS
Gestational decline = 10% in serum creatine was
assessed by comparing prepregnancy serum creatinine
with values between 4 and 24 weeks’ gestation.'®

Data collected for women who started hemodialysis
during pregnancy included indications for initiation as
defined by the treating clinician (elevated serum urea
concentrations, refractory fluid overload, refractory
hypertension, refractory hyperkalemia,
acidosis, polyhydramnios, and fetal growth restric-
tion), gestational age at initiation, target and measured
serum urea (mmol/l) during pregnancy (after longest
break on dialysis), total dialysis hours/wk and ultra-
filtration (total liters per session) during each trimester.
Serum urea was collected in the first trimester (0—12
weeks), the second trimester (13—26 weeks), the third
trimester (27 weeks to delivery). Where multiple values
were available, the mean was calculated for each
trimester. For women who started hemodialysis during
pregnancy, the highest urea concentration before
commencement of hemodialysis was also recorded.

Dialysis complications included access related local
site infection, bloodstream infection, and thrombosis as
well as fetal distress during hemodialysis and intra-
dialytic hypotension (presence of a decrease in systolic
blood pressure =20 mm Hg). Fetal distress was defined
as fetal distress on fetal monitoring during or shortly
after dialysis.

metabolic

Study outcomes

The primary maternal and fetal outcomes were low birth
weight (< 2500 g), preterm delivery (< 37 weeks
gestational age) and maternal complications, which was
a composite of placental abruption, severe hypertension
(defined as = 160/110 mm Hg), HELLP (Hemolysis,
Elevated Liver enzymes, Low Platelets) syndrome,
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eclampsia, preterm rupture of membranes, and maternal
death. Data on diagnosis of preeclampsia were not
collected because of the diagnostic challenges in CKD
and likely interclinician and intercenter variation.'’

Secondary fetal outcomes were very low birth
weight (< 1500 g), early preterm delivery (< 32 weeks’
gestational age), stillbirth, neonatal death, neonatal
intensive care unit admission, and small for gestational
age defined as birth weight < 10th and < 5th centile
(added post priori).

For women who did not receive dialysis during
pregnancy, changes in eGFR postpartum compared
with prepregnancy values were analyzed over the first
12 months postpartum. If dialysis was commenced
within 12 months postpartum, the eGFR immediately
prior to commencing dialysis was used.

Statistical Analyses

Descriptive statistics were calculated for all variables of
interest. Normally distributed variables were expressed
as mean and SD, whereas nonparametric variables were
expressed as median and IQR. Categorical variables
were summarized using counts and percentages. Dif-
ferences were assessed using Fisher exact test for cat-
egorical and Kruskal-Wallis test for continuous
variables.

Univariable and multivariable logistic regression
analyses were used to determine the association be-
tween mean dialysis hours/wk (h/wk) during preg-
nancy and adverse maternal and fetal outcomes; h/wk
of dialysis was modelled as a categorical predictor (=
12 hours; 12 to = 16 hours; 16 to = 20 hours; 20 to =
24 hours; > 24 hours). Analyses were adjusted for
maternal age, preexisting diabetes mellitus, chronic
hypertension, and country. Generalized estimating
equations were used assuming an independent corre-
lation structure to account for multiple pregnancies
and multiple births occurring in the same woman.
Robust standard errors were used to account for clus-
tering. Data were expressed as odds ratios and 95% CI.

Missing data were handled by pairwise deletion for
randomly missing variables. The denominators are
explained in the table legends. A P < 0.05 was deemed
statistically significant. All analyses were conducted
using STATA version 18 software (StataCorp LV, Col-
lege Station, TX).

RESULTS

Cohort Characteristics

In total, 169 pregnancies in 149 women were included.
Baseline characteristics are summarized in Table 1
(Supplementary Table S2, categorized by country).
There were 59 pregnancies (34.9%) from Canada, 33
(19.5%) from Australia, 26 (15.4%) from Italy and 51
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(30.2%) from Mexico. Prepregnancy CKD was stage 3
in 48 women (49.5%), stage 4 in 37 women (38.1%),
and stage 5 in 12 women (12.4). Prepregnancy CKD
stage could not be classified for 72 women because of
the absence of prepregnancy eGFR values. The most
common cause of kidney disease was glomerular dis-
ease (49.4%). Twelve pregnancies occurred in trans-
plant recipients (7.1%). Of the whole cohort, dialysis
was initiated in 79 (46.7%) pregnancies.

Women who started dialysis during pregnancy were
more likely to be younger (28.7 & 5.8 years vs. 31.6 &
5.4 years) and have advanced CKD; 81.3% of the
pregnancies in the dialyzed group had prepregnancy
stage 4 to 5 CKD compared with 34.4% in the non-
dialyzed group. Prepregnancy quantification of pro-
teinuria was available in 72 women (42.6%). Those
who started dialysis exhibited a higher prepregnancy
albumin-to-creatinine ratio of 123 mg/mmol (IQR: 17—
330) compared with 58 mg/mmol (IQR: 14—221) in the
nondialyzed group. Furthermore, the absence of a
gestational decline in serum creatinine =10% was more
common among those initiating dialysis.

Women starting dialysis during pregnancy had a
lower prevalence of chronic hypertension (33.3%) and
diabetes mellitus (80.3%) compared with those who did
not. There were no measurable differences in body
mass index, nulliparity, kidney transplantation, un-
derlying cardiovascular disease, or birth year.

Dialysis Initiation and Management In
Pregnancy

Dialysis initiation and management during pregnancy
are summarized in Table 2. Overall, hemodialysis was
initiated in 79 pregnancies (46.7%), of which 19
(24.1%) were from Australia, 16 (20.3%) from Canada,
and 44 (55.7%) from Mexico. No dialysis initiations
occurred in Italy, and no women started peritoneal
dialysis. In addition, 2 women declined to initiate
dialysis during pregnancy.

Among women initiating dialysis, prepregnancy
eGFR data were available for 32 pregnancies (40.5%): 6
had stage 3 CKD, 16 had stage 4 CKD, and 10 had stage
5 CKD. The median gestational age at the start of
dialysis was 21.4 weeks (IQR: 13.3-25.0).

There was striking intersite variation in dialysis
commencement and prescription. Elevated urea con-
centrations represented the most frequent indication for
commencing dialysis (43.3% overall: 47.2% Australia
vs. 35.0% Canada) followed by metabolic acidosis
(20.6% overall: 25.9% Mexico vs. 8.3% Australia).
Serum urea concentrations at dialysis initiation varied
regionally, with Australia having the highest median at
23.3 mmol/l (IQR: 18.0-28.3). The target serum urea
concentrations during dialysis differed, with the lowest
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JH Yo et al.: Dialysis Initiation During Pregnancy

Table 1. Maternal demographic characteristics
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Dialysis not initiated during pregnancy

Baseline characteristics (n = 90)°
Unique mothers, n (%) 74 (49.7)
Age, yrs mean (SD) 316 (6.4)
Country, n (%)
Canada 43 (47.8)
Australia 14 (15.6)
Italy 26 (28.9)
Mexico 7 (7.8)
Gravida, median [1QR] 2 (1-3)
Para, median [I1QR] 1(0-1)
BMI, mean (SD)” 245 (4.9)

Pre pregnancy creatinine pmol/l, median (IQR)°
CKD stage, n (%)°

180 (157-213)

Stage 3 42/65 (64.6)
Stage 4 21/65 (31.3)
Stage 5 2/65 (3.1)
Prepregnancy albumin-to-creatinine ratio mg/mmol, 58 (14-121)
median [IQR]*
Prepregnancy serum urea mmol/l, median [IQR]® 10 (8-13)

Gestational fall in SCr =10%, n (%)

Ethnicity, n (%)
Asian 20/86 (23.3)
Black 12/86 (14.0)
Hispanic/Latino 10/86 (11.6)
Middle Eastern 6/86 (7.0)
White 38/86 (44.2)

Cause of kidney disease, n (%)
Glomerular disease

34/65 (52.3)

46/89 (51.7)
Congenital/Reflux nephropathy 18/89 (20.2)
Diabetic nephropathy 6/89 (6.7)
Other 19/89 (21.3)

Cardiovascular disease, n (%) 6/82 (7.3)

Type 1 or 2 diabetes mellitus, n (%) 76/82 (92.7)

Chronic hypertension, n (%) 51/82 (62.2)

Kidney transplant recipient, n (%) 8 (8.8)

Current smoker, n (%) 3/82 (3.7)
Systemic lupus erythematosus, n (%) 6/82 (7.3)
Era of birth year
2000-2007 6 (7.4)
2007-2014 31 (38.3)
2014-2022 44 (54.3)

Dialysis initiated during pregnancy Al
n = 79)° (N = 169)° P-value
75 (50.3) 149 -
28.7 (56.8) 30.2 (6.8) 0.002
16 (20.3) 59 (34.9) < 0.001
19 (24.1) 33 (19.5)
0 (0.0) 26 (15.4)
44 (55.7) 51 (30.2)
2 (1-3) 2 (1-3) 0.72
0 (0-1) 0 (-1 0.45

255 (56.9) 25.1 (56.6) 0.36

244 (206-347) 194 (160-249) < 0.001

6/32 (18.8) 48/97 (49.5) < 0.001
16/32 (60.0) 37/97 (38.1)

10/32 (31.3) 12/97 (12.4)
123 (17-330) 87 (14-160) 0.08
14 (12-22) 12 (9-15) < 0.001

5/23 (21.7) 39/88 (44.3) 0.01

7/73 (9.6) 27/159 (6.9) <0.001

3/73 (4.1) 15/159 (9.4)

44/73 (60.3) 54/159 (34.0)
0 (0.0) 6/1569 (3.8)
19/73 (26.0) 57/159 (35.8)
36/77 (46.8) 82/166 (49.4) 0.08

8/77 (10.4) 26/166 (15.7)

13/77 (16.9) 19/166 (11.4)
20/77 (26.0) 39/166 (23.5)

3/77 (3.8) 9/159 (5.6) 0.23
61/76 (80.3) 137/158 (86.7) 0.02
26/78 (33.3) 77160 (48.1) < 0.001

4 (5.1) 12 (7.1) 0.27
2/78 (2.6) 5/160 (3.1) 0.92
8/78 (10.3) 14/160 (8.8) 0.61

7 (9.0) 13 (8.2) 0.31

21 (26.9) 52 (32.7)
50 (64.1) 94 (59.1)

BMI, body mass index; CKD, chronic kidney disease; CKD-EPI, CKD Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; IQR, interquartile range; SCr, serum creatinine.

2The N/n represents the number of pregnancies.
®BMI missing for n = 66 pregnancies.
°eGFR was estimated using the CKD-EPI 2021 equation.'?

dPre pregnancy albumin-to-creatinine ratio missing for n = 46 pregnancies (51.1%) in nondialysis group; missing for n = 51 (64.8%) pregnancies in dialysis group.
®Prepregnancy serum urea (mmol/l) missing for n =49 (54.4%) in nondialysis group; missing for n = 53 (67.1%) in dialysis group.

Denominator is provided where there are missing values.

in Mexico at 6.5 mmol/l (IQR: 5.0-9.0). Achieved serum
urea values in the third trimester were the lowest in
Mexico at 9.1 mmol/l (IQR: 6.7-17.6) and the highest in
Australia at 16.4 mmol/l (IQR: 12.0-19.0). There was a
trend toward starting dialysis at lower urea concentra-
tions over time, especially in Australia (Supplementary
Figure S1).

The median dialysis hours during pregnancy were
13.0 h/wk (IQR: 12.0-19.0). During the third trimester,
pregnant women on dialysis in Canada received the
highest dialysis hours at 27.0 h/wk (IQR: 24.0—40.0),

Kidney International Reports (2025) 10, 2202-2212

whereas those in Mexico received the least, at 12.0 h/wk
(IQR: 12.0-20.0).

Overall, there were 18 dialysis-associated complica-
tions, including 2 episodes of bloodstream infections, 1
local tunneled catheter infection, 8 episodes of intra-
dialytic hypotension, and 7 episodes of fetal distress
during or shortly following dialysis. Eight women
discontinued dialysis postpartum with follow-up data
only available for 3 women whose eGFR at 6 months
postpartum was 20 ml/min per 1.73 m?®, 16 ml/min per
1.73 m> and 40 ml/min per 1.73 m?, respectively.
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Table 2. Dialysis management during pregnancy
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Characteristics

Prepregnancy CKD stage®, n (%)

Stage 3

Stage 4

Stage b
Gestational fall in SCr = 10%°, n (%)
Gestational age af dialysis start, wks, median [IQR]
Indication for dialysis, 1 (%)°

Refractory fluid overload

Elevated urea

Hyperkalemia

Metabolic acidosis

Refractory hyperfension

Polyhydramnios

Fetal growth restriction

Unspecified
Urea at dialysis start, mmol/l, median, [IQR]°
Target urea on dialysis, mmol/l, median [IQR]
Urea, mmol/l, median [IQR]'

First trimester

Second frimester

Third frimester
Mode of dialysis, n (%)

Hemodialysis, in-center

Hemodialysis, home
Dialysis hours, h/wk, median [IQR]°

Total over pregnancy

Australia n = 19

6/14 (42.9)
6/14 (42.9)
2114 (14.3)
2/12 (16.7)
23.0 (12.0-28.0)

3(8.3)
17 (47.2)
5 (13.9)
3(83)
3(83)
2 (5.6)
0
3(8.3)
23.3 (18.0-28.3)
12.0 (12.0-20.0)

15.0 (11.6-23.0)
14.2 (11.8-18.7)
16.4 (12.0-19.0)

19 (100.0)

18.0 (14.0-20.0)

First frimester 15.0 12.0-18.0
Second frimester 20.0 16.0-20.0
Third trimester 19.0 15.5-20.0
Ultrafiltration, total liters per dialysis session, median [IQR]"
First frimester 0.5 (0.0-1.0)
Second frimester 0.5 (0.0-1.5)
Third frimester 1.0 (0.0-1.5)
Complications of dialysis, n (%)
Infection, bloodstream 0 (0.0)
Infection, local 0 (0.0)
Access thrombosis 0 (0.0)
Infradialytic hypotension 3(16.8)
Fefal distress 1(5.3)

All
Canada n = 16 Mexico n = 44 N=79° P-value
0/13 (0.0) 0/5 (0.0) 6/32 (18.8) 0.04
713 (563.9) 3/5 (60.0) 16/32 (50.0)
6/13 (46.2) 2/5 (40.0) 10/32 (31.3)
3/17 (42.9) 0/4 (0.0) 5/23 (21.7) 0.21
17.1 (10.0-24.4) (22.0 15.0-25.7) 21.4 (13.3-25.0) 0.22
0 5 (5.9) 8 (6.7) 0.28
7 (35.0) 37 (43.5) 61 (43.3) 0.002
3 (15.0) 18 (21.2) 26 (18.4) 0.21
4 (20.0) 22 (25.9) 29 (20.6) 0.02
0 0 3@ 0.007
3 (15.0) 1.2 6 (4.3) 0.09
0 101.2) 10.7) 0.67
3 (15.0) 10.2) 2 (1.4) 0.50
18.1 (156.4-19.9) 22.9 (21.1-30.6) 22.6 (18.5-28.3) 0.006
12.0 (12.0-12.0) 6.5 (5.0-9.0) 9.7 (6.8-12.0) <0.001
17.0 (13.56-19.3) 22.1 (15.3-24.5) 18.1 (13.0-22.8) 0.25
13.7 (10.6-15.9) 22.1 (10.7-27.6) 16.6 (11.3-23.0) 0.04
8.9 (7.7-11.9) 7.5 (5.2-16.3) 9.1 (6.7-17.6) 0.36
13 (81.3) 44 (100.0) 74 (96.1) <0.001
3(21.4) - 3 3.9
23.2 (19.0-30.7) 12.0 (12.0-13.5) 13.0 (12.0-19.0) <0.001
20.0 12.0-24.0 12.0 0.0-12.0 12.0 12.0-18.0 0.03
24.0 20.0-36.0 12.0 12.0-13.0 14.0 12.0-20.0 <0.001
27.0 24.0-40.0 12.0 12.0-16.0 16.0 12.0-20.0 <0.001
0.0 (0.0-2.0) 0.0 (0.0-0.5) 0.1 (0.0-1.2) 0.72
0.0 (0.0-2.0) 0.5 (0.5-0.6) 0.5 (0.3-1.4) 0.73
0.4 (0.0-1.0) 0.5 (0.5-1.4) 0.5 (0.4-1.5) 0.48
1(6.2) 12.3) 2 (2.5) 0.50
0 (0.0) 1@23) 1(0.3) 0.67
0 (0.0) 0 (0.0) 0 (0.0) -
0 (0.0) 5(1.4) 8 (10.1) 0.28
0 (0.0) 6 (13.6) 7 (8.9) 0.21

CKD, Chronic Kidney Disease; CKD-EPI, CKD Epidemiology Collaboration; IQR, interquartile range; SCr, serum creatinine (umol/l).
#There were no pregnancies from Italy where dialysis was commenced in this cohort. Two women declined dialysis during pregnancy and are represented in the nondialysis cohort.

PeGFR was estimated using the CKD-EPI 2021 equation.'

“Paired SCr measurements were available for 23 pregnancies to calculate gestational decline in SCr.
9More than 1 indication for dialysis could be selected, hence numbers do not add up in individual columns. Frequencies (%) represent the percentage of each indication relative to the

total number of indications selected.

°Defined as highest serum urea measured in mmol/l prior to hemodialysis commencement. Data missing for n = 2 pregnancies.
fData missing for n = 55 in first trimester, n = 23 in the second trimester, n = 21 in the third trimester.

9Data for dialysis hours was missing for 2 pregnancies.
"Data for ultrafiltration on dialysis was missing for 21 pregnancies.
Denominator is provided where there are missing values.

Maternal and Fetal Outcomes

Maternal and fetal outcomes are shown in Table 3. The
frequency of preterm birth (< 37 weeks) and low birth
weight (< 2500 g) was higher in women who started
dialysis during pregnancy. This was also observed for
early preterm deliveries (< 32 weeks) and small for
gestational age babies <10th percentile. Of all the preterm
births (< 37 weeks), 28 deliveries (20.9%) were induced
and 59 (44.0%) were delivered by emergency cesarean
delivery. The median gestational age was 32.4 weeks
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(IQR: 28.8-36.1) in dialyzed women compared with 35.1
weeks (IQR: 31.5-36.8) in nondialyzed women with cor-
responding median birth weights of 1500 g (IQR: 1013—
2175) and 2115 g (IQR: 1284-2526), respectively. The
livebirth rate for dialyzed and nondialyzed women were
similar (92.7% vs. 94.0%, respectively). The frequency of
composite maternal complications was higher in the dia-
lyzed group (70.6%) compared with nondialyzed
(38.8%), which was largely driven by a high proportion
of severe hypertension and HELLP syndrome.

Kidney International Reports (2025) 10, 2202-2212
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Table 3. Major maternal and fetal outcomes comparing dialysis versus non-dialysis during pregnancy

Outcomes Dialysis not initiated during pregnancy
Pregnancies, n (%)° 83 (63.5)
Children, n (%) 86 (54.4)

Primary outcomes
Low birth weight (< 2500 g)
Preterm birth (< 37 wks)
Maternal complications (composite)
Secondary oufcomes

49/66 (74.2)
55/70 (78.6)
26/67 (38.8)

Live birth rate, n (%) 78 (94.0)
Sponfaneous abortion, first frimester 3 (3.6)
Sponfaneous abortion, second frimester 1.2
Stillbirth 1.2
Neonatal death 0 (0.0)

Early preferm delivery (< 32 wks)
Very low birth weight (< 1500 g)
SGA 10th percentile

SGA 5th percentile

Gestational age, wks, median [IQR]
Birth weight, g, median [IQR]
Mode of delivery, n (%)

32/70 (45.7)
22/66 (33.3)
23/66 (34.8)
16/66 (22.7)
356.1 (31.5-36.8)
2115 (1284-2526))

Vaginal delivery, spontaneous 9/67 (13.4)
Vaginal delivery, induced 19/67 (28.4)
Cesarean delivery, emergency 24/67 (35.8)
Cesarean delivery, elective 15/67 (22.4)
NICU, n (%) 42/77 (54.5)
PROM, n (%) 6/77 (7.8)
Short cervix, n (%) 2/60 (3.3)
Polyhydramnios, n (%) 5/69 (7.2)
Abruption, n (%) 3/71 (4.2)
Maternal death, n (%) 0 (0.0)
Eclampsia, n (%) 0 (0.0)
HELLP, n (%) 8/72 (11.1)
Severe hypertension®, 1 (%) 21/68 (30.9)

Dialysis initiated during pregnancy Al P-value
72 (46.5) 155 (100)
72 (45.6) 158 (100.0)
67/68 (98.5) 116/134 (86.5) 0.008

64/69 (92.8) 119/139 (85.6) 0.30

48/68 (70.6) 74/135 (54.8) < 0.001
66 (92.7) 145 (92.9) 0.54

0 (0.0) 3(1.9) 0.62
1048 2(1.3) 0.62

4 (5.6) 5 (3.2) 0.03
1048 1(0.6) 0.50

46/69 (66.7) 78/139 (56.1) 0.07

37/68 (54.4) 59/134 (44.0) 0.04

32/68 (47.1) 55/134 (41.0) 0.05

17/68 (25.0) 32/134 (23.9) 0.45
32.4 (28.8-36.1) 33.5 (29.4-36.6) 0.11
1500 (1013-2175) 1736 (1,135-2330) < 0.001
9/67 (13.4) 18/134 (13.4) 0.47
9/67 (13.4) 28/134 (20.9)

35/67 (52.2) 59/134 (44.0)

14/67 (20.9) 29/134 (21.6)

38/77 (49.3) 80/154 (51.9) 0.42
6/70 (8.6) 12/147 (8.2) 0.99
2170 (2.9) 4130 (3.1) 0.99

12/60 (20.0) 17/129 (13.2) 0.12
1/69 (1.4) 4/140 (2.9) 0.62

0 (0.0) 0 (0.0) =
1/69 (1.4) 1/154 (0.6) 0.50
20/70 (28.6) 28/142 (19.7) 0.06
33/68 (48.5) 54/136 (39.7) 0.04

BP, blood pressure; HELLP, Hemolysis Elevated Liver enzymes and Low Platelets; IQR, interquartile range; NICU, neonatal intensive care unit; PROM, premature rupture of membranes;

SGA, small for gestational age.

2Excluding elective terminations for n = 7 in nondialysis and n = 7 in dialysis.
bSevere hypertension refers to BP = 160/110 mm Hg.

Denominator is provided where there are missing values.

Maternal and fetal outcomes categorized by the
highest serum urea concentration during pregnancy,
when available, are presented in Table 4. Notably,
there was a trend toward a higher proportion of low-
birth-weight infants and polyhydramnios with
increasing serum urea concentrations (Table 4).

Regional variations in maternal and fetal outcomes
were observed. Mexico had a remarkably higher fre-
quency of low-birth-weight babies (< 2500 g) (94.9%),
small for gestational age < 10th centile babies (52.6%), a
lower proportion of neonatal intensive care unit ad-
missions (41%) and lower overall live-birth rate (86.7%)
compared with other (Supplementary
Table S3).

countries

Association Between Dialysis Hours/Wk and
Adverse Maternal and Fetal Outcomes

Results of the univariable and multivariable analyses
are presented in Supplementary Table S4 and graphi-
cally depicted in Figure 1. There was no significant

Kidney International Reports (2025) 10, 2202-2212

association between increasing hours of dialysis per
week and low birth weight (< 2500 g), preterm birth
(< 37 weeks), or maternal complications.

Change in eGFR Over Time Postpartum in
Nondialyzed Mothers

Among the 90 pregnancies where dialysis was not
initiated, prepregnancy eGFR data were available for
65: 42 had stage 3 CKD, 21 had stage 4 CKD, and 2 had
stage 5 CKD (Supplementary Table S5). Most were from
Canada (47.8%). A gestational decline in serum
creatinine = 10% occurred in 52.3% of nondialyzed
pregnancies.

A total of 159 postpartum eGFR measurements were
analyzed in 61 women (66.7%) who had available
laboratory data; 38 women had eGFR measured at 1
year postpartum. Kidney function declined over time,
with a mean decline of —8.38 ml/min per 1.73 m” (SD
12.12) by 1 year postpartum.
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Table 4. Major maternal and fetal outcomes according to highest serum urea concentration during pregnancy

Outcomes Urea < 10° Urea 10-15°
Pregnancies, n (%)° 18 (13.3) 31 (23.0)
Children, n (%) 22 (14.7) 35 (23.3)
Low birth weight (< 25600 @) 6/14 (42.9) 24/29 (82.8)
Preterm birth (< 37 wks) 1117 (64.7) 22/29 (75.9)
Maternal complications (composite) 8 (44.4) 13/30 (43.3)
Live birth rate, n (%) 16 (88.9) 30 (96.8)
Sponfaneous abortion, first frimester 1(56.6) 0 (0.0)
Sponfaneous abortion, second frimester 1(5.6) 0 (0.0)
Stillbirth 0 (0.0) 1@.2)
Neonatal death 0 (0.0) 0 (0.0)
Early preferm delivery (< 32 wks) 4/17 (23.5) 11/29 (37.9)
Very low birth weight (< 1500 g) 2/14 (14.3) 11/29 (37.9)
SGA 10th percentile 4/14 (28.6) 14/28 (50.0)
SGA 5th percentile 3/14 (21.4) 9/28 (32.1)
Gestational age, wks, median [IQR] 36.6 34.0-37.0 35.4 32.1-36.7
Birth weight, grams, median [IQR] 2607.0 2046.0— 2010.0 1380.0—
2892.0 2381.0
Mode of delivery, n (%)
Vaginal delivery, sponfaneous 5/16 (31.2) 4/30 (13.3)
Vaginal delivery, induced 4/16 (25.0) 11/30 (36.7)
Cesarean delivery, emergency 4/16 (25.0) 10/30 (33.3)
Cesarean delivery, elective 3/16 (18.8) 5/30 (16.7)
NICU, n (%) 5/16 (31.2) 19/30 (63.3)
PROM, n (%) 117 (56.9) 2/29 (6.9)
Short cervix, n (%) 117 (6.9) 1/30 (3.3)
Polyhydramnios, n (%) 0/17 (0.0) 1/30 (3.3)
Abruption, n (%) 1(5.6) 1/29 (3.4)
Maternal death, n (%) 0 (0.0) 0 (0.0)
Eclampsia, n (%) 0 (0.0) 0/30 (0.0)
HELLP, n (%) 210 3/30 (10.0)
Severe hypertension®, 1 (%) 6 (33.3) 12/30 (40.0)

Urea 15-20° Urea 20-25° Urea > 25° P-value
32 (23.7) 24 (17.8) 30 (22.2)
33 (22.0%) 28 (18.7) 32 (21.3)
25/31 (80.6) 21 (87.5) 29/29 (100) < 0.001
25 (78.1) 19 (79.2) 26/29 (89.7) 0.363
21/31 (67.7) 11/23 (47.8) 14/28 (50.0) 0.330
31 (96.9) 23 (95.8) 26 (86.7) 0.381
0 (0.0) 0 (0.0) 0 (0.0) 0.133
0 (0.0) 0 (0.0) 1(3.3) 0.309
0 (0.0) 14.2) 3 (10.0) 0.292
1.1 0 (0.0) 0 (0.0) 1.00
20 (62.5) 10 (41.7) 20/29 (69.0) 0.010
12/31 (38.7) 9 (37.5) 17/29 (58.6) 0.087
9/31 (29.0) 15 (62.5) 13/28 (46.4) 0.095
5/31 (16.1) 8 (33.3) 8/28 (28.6) 0.559
32.8 28.9-36.7 34.3 30.5-36.3 32.0 29.0-34.0 0.0156
1694.0 1060.0- 1717.5 1232.5- 1400.0 1125.0- < 0.001
2268.0 2298.0 1855.0
3/29 (10.3) 2 (8.3) 2/29 (6.9) 0.134
4/29 (13.8) 4 (16.7) 5/29 (17.2)
17/29 (58.6) 10 (41.7) 17/29 (58.6)
5/29 (17.2) 8 (33.3) 5/29 (17.2)
18 (66.2) 13 (64.2) 20 (66.7) 0.202
6 (18.8) 1(4.2) 2 (6.7) 0.406
2/31 (6.5) 0 (0.0) 0 (0.0) 0.487
8/31 (25.8) 2 (8.3) 6 (20.0) 0.021
1731 (3.2) 14.2) 0 (0.0) 0.807
0 (0.0) 0 (0.0) 0 (0.0) -
0/31 (0.0) 142 0 (0.0) 0.316
4 (12.5) 2 (8.3) 2 (6.7) 0.949
19/31 (61.3) 7/23 (30.4) 10/28 (35.7) 0.144

BP, blood pressure; HELLP, Hemolysis Elevated Liver enzymes and Low Platelets; IQR, interquartile range; NICU, neonatal intensive care unit; PROM, premature rupture of membranes;

SGA, small for gestational age.

*Total sample size (N) = 135, after excluding elective terminations (n = 14) and pregnancies with missing serum urea data (n = 21). For each pregnancy, the highest serum urea
concentration recorded during pregnancy was used for categorization. If dialysis was started during pregnancy, then the highest serum urea concentration prior to dialysis initiation

was used.
®Severe hypertension refers to BP = 160/110 mm Hg.
Denominator is provided where there are missing values.

Kidney outcome data were available for 71 preg-
nancies. At the last follow-up, 22 women started dial-
ysis at 2.0 years (IQR: 1.0-4.0) postpartum and 17
women received a kidney transplant at 3.9 years (IQR:
2.3-7.1). For the 32 women who did not commence
kidney replacement therapy by the last follow-up, the
median eGFR was 22 ml/min per 1.73 m? (IQR: 15-32) at
1.8 years (IQR: 1.0-3.8).

DISCUSSION

In this retrospective cohort study of pregnancies in
advanced CKD, approximately half initiated dialysis
during pregnancy, providing valuable insights into
contemporary dialysis prescriptions and practice pat-
terns. Adverse maternal and fetal outcomes were high,
regardless of dialysis initiation, with a possible trend
toward lower-birth-weight infants among pregnancies
with higher serum urea concentrations. There was no
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significant association between dialysis hours and
adverse pregnancy outcomes. Among women with
advanced CKD who had available follow-up data, those
who did not start dialysis during pregnancy experi-
enced a decline in kidney function by one year post-
partum, bringing forward the need for kidney
replacement therapy. Collectively, these findings
advance our ability to counsel women with advanced
CKD about pregnancy risks while informing dialysis
management in this complex cohort.

Determining the optimal time to start dialysis during
pregnancy is challenging and real-world adjuncts to aid
clinicians in this decision are required because of the
potential for devastating consequences for the fetus and
mother. Our study showed a potential trend toward
starting dialysis at lower serum urea concentrations over
time in some regions. This likely reflects evolving
clinical practice and recent recommendations to initiate
dialysis during pregnancy when maternal serum urea
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Figure 1. Association between hours of dialysis per week and adverse maternal and fetal outcomes. Graph depicting the relationship between
dialysis hours (= 12 hours; 12 to < 16 hours; 16 to = 20 hours; 20 to < 24 hours; >24 hours) and the probability of adverse outcomes (a)
low birth weight < 2500 g (overall P = 0.94); (b) preterm birth < 37 weeks (overall P = 0.05), and (c) composite maternal complications (overall
P = 0.95). Model was adjusted for preexisting diabetes mellitus, chronic hypertension, maternal age at pregnancy, and country.

concentrations are 17 to 20 mmol/l.”* Urea is known to variation between clinicians in serum urea concentra-
be fetotoxic, with intraamniotic urea being previously tions at dialysis initiation and indications for dialysis
used for pregnancy termination.'® Nonetheless, the underscores both the uncertainties in managing this
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patient group and the fact that, in certain regions such
as Mexico, patients are often referred to dialysis late,
with elevated serum urea concentrations.

There is minimal data describing the association
between serum urea concentration during pregnancy
and adverse pregnancy outcomes. Our study suggests a
potential trend toward low-birth-weight infants in
women who had higher serum urea concentrations
during pregnancy. This is consistent with previous
work examining the associations between serum urea
and adverse pregnancy outcomes. Asamiya et al.'’
observed that a serum urea < 18 mmol/l was associ-
ated with higher birth weight > 1500 g and gestational
age > 32 weeks in a small case series, which included 5
new dialysis starts. Possible implications of this asso-
ciation is that initiating dialysis and clearance of uremic
toxins may extend gestation by improving maternal
parameters such as blood pressure control and anemia
while enhancing fetal well-being.

The current study highlights the substantial resource
disparities with respect to perinatal management. Indeed,
in some resource settings, it may not even be feasible to
commence women on dialysis during pregnancy. We
observed that maternal and fetal outcomes varied by
country, which likely reflects variations in antenatal
health care and other unmeasured social and environ-
mental determinants of health. Maternal mortality and
infant mortality ratios are similar in Canada, Australia and
Italy; however, they are much higher in Mexico.”%?' 1
our study, despite high rates of preterm birth, Mexico
had the lowest number of neonatal intensive care unit
admissions, which may suggest a limitation in available
resources. Furthermore, participants from Mexico were
often late referrals during pregnancy, with very few
having undergone prepregnancy kidney function moni-
toring, potentially placing them at higher risk for adverse
outcomes. This may account for the observed higher
prevalence of preexisting chronic hypertension and dia-
betes in women who did not initiate dialysis during
pregnancy, because these women often received first
medical contact during pregnancy.

To date, this is the largest study of dialysis
commencement during pregnancy. Much of our
knowledge about dialysis prescriptions for new starts
during pregnancy are derived from studies including
women established on dialysis prior to conception.
Specifically, a Canadian cohort study including 4
women who initiated dialysis in pregnancy did not
show a benefit of intensive dialysis in this group.’
Luders et al.” reported on 47 new dialysis starts dur-
ing pregnancy, and observed similar fetal outcomes
compared with women on established chronic hemo-
dialysis. We observed in the present study that
increasing dialysis hours was not significantly

n
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associated with improved maternal or fetal outcomes.
Residual renal function should, therefore, significantly
influence the dialysis prescription with a goal to
maintain biochemical homeostasis. These are reassuring
data, particularly in low resource settings where
intensive dialysis is not possible.

In this cohort of advanced CKD during pregnancy,
high rates of adverse maternal and fetal outcomes were
observed. A contemporary study from the UK of 178
pregnancies with moderate to severe CKD (eGFR < 60 ml/
min per 1.73 m?) observed that 56% delivered before 37
weeks’ gestation, with a live birth rate of 98%. This is
similar to the findings of a large population-based cohort
study in Canada, which reported alive birth rate of 98.0%
for 612 pregnancies in women with a prepregnancy
eGFR < 60 ml/min per 1.73 m”." Our study observed
higher rates of preterm birth (86.5%) and a lower live
birth rate (93%), likely because of the inclusion of study
populations with varying levels of antenatal and pre-
pregnancy CKD care, differing obstetric policies, and a
higher prevalence of more advanced CKD stages.

The association between an absent or reduced
gestational decline in serum creatinine and adverse
pregnancy outcomes is well-described in CKD and
kidney transplant cohorts.”****
CKD, a gestational decline in serum creatinine was an
important predictor of kidney function decline in
pregnancy.” This is consistent with our study where
we observed that women who did not require dialysis
were significantly more likely to have a gestational
decline in serum creatinine exceeding 10%. Moreover,
for those who did not initiate dialysis, pregnancy may
hasten the need for dialysis postpartum. We observed
an 8.4 ml/min per 1.73 m” decline in eGFR at 1 year
postpartum, comparable with the 7.9 ml/min per
1.73 m” loss reported in the UK cohort study.”

An important strength of this study lies in its foun-
dation as an international collaboration, which provided a
large sample size that is broadly generalizable. For the first
time, we have been able to examine practice patterns
across geographic regions and address the paucity of data
with respect to dialysis initiation during pregnancy.
However, the study has several limitations. First, because
these data were retrospectively collected, the investiga-
tion was limited by missing data inherent in such studies.
There were many women with no prepregnancy eGFR
measurements, suggesting that a proportion of patients
were late referrals during pregnancy. In this context, the
high urea concentrations at the time of dialysis initiation
may not represent the clinician’s decision on when to start
dialysis. Similarly, many women lacked postppartum
eGFR measurements, which could introduce selection
bias when evaluating eGFR decline in the first year
postpartum. Furthermore, because we did not measure

In moderate to severe
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prepregnancy eGFR decline, postpartum eGFR loss may
be subject to confounding. Second, as this study relied on
study sites to retrospectively review medical records for
eligibility, it is likely that some eligible patients were not
captured, potentially introducing selection bias. There-
fore, the findings of this study should be interpreted with
caution. Third, we were unable to stratify planned versus
emergent dialysis starts during pregnancy or de novo
versus established kidney disease prepregnancy. Conse-
quently, we could not assess the independent effects of
urgent dialysis initiation or new CKD diagnoses on
pregnancy morbidity. Fourth, women were required to
have only one prepregnancy eGFR or serum creatinine
measurement during pregnancy to be eligible for our
study. We intentionally chose a broad inclusion criterion
to capture as many pregnancies with advanced CKD as
possible. Thus, there may be some misclassification of
acute kidney injury events before or during pregnancy.
Finally, as with all observational studies, residual con-
founding is a possibility, and causality cannot be
inferred.

Conclusion

Our study findings provide much needed contempo-
rary data on dialysis initiation during pregnancy and
the maternal and fetal outcomes within a cohort of
women with advanced CKD. The interclinician and
regional differences in practice highlight the need for
standardized care to optimize outcomes. Enhancing
clinician education on prepregnancy counseling is
essential, particularly in fostering proactive discussions
about reproductive intentions and contraceptive needs.
These conversations should ideally take place early in
the CKD care trajectory, ensuring that women receive
guidance on prepregnancy family planning.
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