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Review Article

As mulheres portadoras de doença renal 
crônica apresentam menor probabilidade 
de engravidar e são mais propensas 
a complicações gestacionais quando 
comparadas a pacientes com função renal 
normal, sendo, portanto, consideradas 
gestantes de alto risco materno e fetal. Ao 
longo dos anos, verificou-se aumento da 
incidência de gestações em pacientes em 
diálise e melhora do desfecho materno 
e fetal. Acredita-se que a otimização 
do atendimento obstétrico e neonatal, 
o ajuste do tratamento dialítico (em 
especial, o aumento do número de horas 
e da frequência semanal das sessões de 
diálise) e o uso de agentes estimuladores 
da eritropoiese têm proporcionado 
melhor controle metabólico, volêmico, 
pressórico, eletrolítico e da anemia. 
Este artigo de revisão tem o objetivo 
de analisar os desfechos gestacionais 
em pacientes com doença renal crônica 
em diálise e revisar a condução médica 
nefrológica nesse cenário. Pelo crescente 
interesse pelo tema, as recomendações 
clínicas para a prática assistencial têm 
ganhado em consistência tanto no manejo 
medicamentoso quanto no manuseio 
dialítico, aspectos que tratamos na 
presente revisão.

Resumo

Women with chronic kidney disease 
are less likely to become pregnant and 
are more susceptible to pregnancy 
complications when compared to 
patients with normal kidney function. 
As a result, these are considered high-
risk pregnancies, both maternal and 
fetal. Over the years, there has been an 
increase in the incidence of pregnancies 
in dialysis patients, and an improvement 
in maternal and fetal outcomes. It 
is believed that the optimization 
of obstetric and neonatal care, the 
adjustment of dialysis treatment 
(particularly the increase in the number 
of hours and weekly frequency of dialysis 
sessions), and the use of erythropoiesis-
stimulating agents have provided better 
metabolic, volume, blood pressure, 
electrolyte, and anemia control. 
This review article aims to analyze 
pregnancy outcomes in chronic kidney 
disease patients undergoing dialysis 
and to review nephrological medical 
management in this scenario. Due to the 
growing interest in the subject, clinical 
recommendations for care practice have 
become more consistent in both drug 
and dialysis management, aspects that 
are addressed in this review.
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Introduction

Chronic kidney disease (CKD) affects 
approximately 3% of women of 
reproductive age and is a factor for 
high-risk pregnancy. With the decrease 

in glomerular filtration rate, there is a 

progressive reduction in fertility and an 

increased risk of unfavorable pregnancy 

outcomes. Few studies have explored 

the pathophysiological mechanisms 
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underlying this association1,2. Hyperprolactinemia 
and low serum estradiol levels observed in dialysis 
patients are linked to alterations in gonadotropin-
releasing hormone and the hypothalamic-pituitary-
gonadal axis, and may account for ovulation 
difficulties. There are still conflicting results 
associating low serum anti-Mullerian hormone 
levels observed in dialysis patients with impaired 
fertility3,4.

Discussion

Epidemiology

Over the years, interest in fertility and pregnancy  
in dialysis patients has increased, enabling a 
progressive improvement in maternal and fetal 
prognosis. Table 1 shows the evolution of the 
increasing incidence of pregnancy rates in this 
population5,6. An American cohort study has 
demonstrated that caucasian women on dialysis 
have a higher incidence of pregnancy, with diabetes 
mellitus (DM), peritoneal dialysis (PD) modality, 
and longer dialysis vintage being additional 
characteristics that contribute to reduced fertility6. 
Pregnancies initiated in chronic kidney disease 
patients without dialysis treatment have a higher 
rate of live births (91%) compared to those initiated 
during the dialysis phase (66%)7.

Several aspects seem to explain the increase 
in incidence and better pregnancy outcomes over 
the years: 1) improved management of anemia 
with erythropoiesis-stimulating agents (ESAs), 
2) improvement in hemodialysis treatment with 
biocompatible membranes, 3) increased weekly 
dialysis dose, through higher frequency or longer 
sessions, providing lower exposure to the uremic 
environment and better volume and blood pressure 
control, and 4) advances in obstetric and neonatal 
monitoring and treatment1,2,5,8–10.

Pregnancy-Related Outcomes and Complications

A systematic review of 14 studies conducted  
between 2010 and 2020, involving 11 countries 
(from 6 continents), and including 2,754  
pregnancies in 2,364 dialysis patients, provided 
comprehensive data on the scenario of pregnancy 
in dialysis over the past decade (Table 2)11.  
The primary modality of renal replacement therapy 
was hemodialysis (HD), in 92.6% of cases11. 
Unlike older reviews5,6,12,13, this study included a 
larger number of pregnancies and showed a better 
prognosis11.

A complication to monitor in this population 
is polyhydramnios, which can affect up to 53% of 

Study Year Incidence

ANZDATA5 1976–1985 0.54 per 1,000 patient-years

1986–1995 0.67 per 1,000 patient-years

1996–2008 3.3 per 1,000 patient-years

Shah et al.6 2005–2013 17.8 per 1,000 patient-years

40.9 per 1,000 patient-years 
(patients aged 20–24)

Table 1 	�I ncidence of pregnancies on dialysis 
over the years

Outcomes and complications Results

Pregnancy-related outcomes

Gestational age at birth 25 to 36 weeks

Cesarean section 9% to 100%

Spontaneous abortion 16.9%

Stillbirth 8.3%

Polyhydramnios 17.7%

Pregnancy termination 5.2%

Causes of pregnancy termination

�Hypertensive disorders of 
pregnancy

17.1%

Preterm labor 8.1%

Intrauterine growth restriction 6.5%

Premature placental abruption 3.2%

Cervical insufficiency 2.3%

Fetal distress 2.3%

Prior cesarean section 2.3%

Maternal complications

Hypertension 7.7%

Preeclampsia 11.9%

Eclampsia 0.7%

HELLP Syndrome 0.7%

Anemia 3.9%

Gestational diabetes 0.5%

Peritonitis 0.2%

Cholestasis 0.7%

Maternal death* 0%

HELLP: hemolysis, elevated liver enzymes, and low platelet counts. 
*From pregnancy to 42 days postpartum (WHO).

Table 2 	�P regnancy outcomes and complications 
in women on dialysis11
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pregnant women in some studies. This complication 
may indicate the need to increase the dialysis dose and 
vintage, as well as adjust the dry weight14.

Maternal Complications During  
Pregnancy

Table 2 also lists the major maternal complications 
in pregnant women undergoing dialysis11, with 
particular emphasis on hypertensive syndromes. 
Over the past few years, there has been a reduction 
in the incidence of severe forms of these syndromes, 
due to more intensive dialysis and improved obstetric 
monitoring11,12,15,16.

Similarly to patients who are not on dialysis 
treatment, there is a higher risk of maternal and 
fetal complications in dialysis patients who are 
primigravida, older, obese, and those with a prior 
diagnosis of arterial hypertension (AH), systemic 
lupus erythematosus, and DM17,18.

Hypertensive Syndromes of Pregnancy

Hypertensive syndromes are the most common 
cause of death among pregnant women, as they 
elevate maternal cardiovascular (CV) risk, including 
after pregnancy15,16,19. Recommendations for the 
management of these conditions for pregnant women 
on dialysis are largely derived from those for pregnant 
women not on dialysis, with adjustments made to the 
particularities of CKD.

Chronic Hypertension (CH)

Chronic hypertension (CH) is defined as an elevation 
in systolic blood pressure (SBP) ≥ 140 mmHg or 
diastolic blood pressure (DBP) ≥ 90 mmHg, measured 
on at least two occasions at a minimum interval 
of 4 hours, before the 20th week of pregnancy, 
or persisting for 12 weeks or more after delivery. 
In patients with severely elevated blood pressure 
(SBP ≥ 160 mmHg or DBP ≥ 110 mmHg), a single 
measurement can be used to diagnose CH, thereby 
facilitating the initiation of therapy20,21. To date, 
there is no consensus regarding the optimal blood 
pressure target for hypertensive pregnant women. 
Different targets have been proposed, and it seems 
reasonable to aim for SBP < 140 mmHg and DBP 
< 90 mmHg for hypertensive pregnant women on 
dialysis.

CV risk and mortality in hypertensive pregnant 
women are higher when compared to normotensive 
pregnant women, and blood pressure control 

reduces this risk22. In addition, there is an increased 
prevalence of gestational diabetes among women 
with hypertension compared to normotensive 
women, which seems to be attributable to shared risk 
factors23.

In order to mitigate obstetric risks, hypertensive 
women need to undergo assessment and adopt 
measures for blood pressure control while still in the 
pre-conception phase. Conditions such as obesity 
and DM, as well as lifestyle modifications, should 
be addressed and controlled prior to pregnancy. 
Furthermore, the antihypertensive regimen should 
be reviewed, with special attention to medications 
that are contraindicated or have limited evidence 
of safety during pregnancy20. The antihypertensive 
drugs available in Brazil that are recommended 
for use in pregnant women are: metoprolol or 
pindolol, long-acting nifedipine, methyldopa, and 
hydralazine.

Beta-blockers are the most commonly used 
antihypertensive drugs during pregnancy. Although 
some studies have suggested associations between 
this class of drugs and restricted placental blood 
flow, intrauterine growth restriction, fetal 
weight restriction, fetal malformations, neonatal 
hypoglycemia, and increased perinatal mortality (as 
observed with atenolol, for instance), the majority 
of studies have not demonstrated an excess risk 
of unfavorable obstetric outcomes compared to 
other antihypertensive drugs approved for use 
during pregnancy24,25. The use of labetalol (not 
available in Brazil), pindolol, or metoprolol is 
particularly recommended. Propranolol shows 
conflicting results across studies regarding neonatal 
complications. Nevertheless, the drug may be used 
in lactation26.

Calcium channel blockers are also widely used 
in hypertensive pregnant women, especially in the 
second half of pregnancy, due to their tocolytic 
effects. Among them, nifedipine (extended- or 
intermediate- release presentations) is the most widely 
used27. Despite being widely used in the general 
hypertensive population, amlodipine is relatively little 
used in pregnant women due to the paucity of data 
in literature, although there is evidence of safety in a 
study involving 48 patients28. Non-dihydropyridines 
are also effective during pregnancy; however, caution 
is required as they are associated with interference in 
fetal heart rate29.
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Methyldopa is the antihypertensive drug with 
the longest history of use during pregnancy, and 
there is extensive knowledge regarding its potential 
adverse effects. Methyldopa has been demonstrated 
to have a lower risk than other antihypertensives 
approved for use during pregnancy, also when 
compared to labetalol30. The disadvantages of 
methyldopa include its delayed onset of action (3–6 
hours) and its low potency, often requiring high 
doses (increased risk of hepatotoxicity, hemolytic 
anemia, and sedative effects). Additionally, its 
moderate dialyzability and short dosing interval 
limit its use as an optimal drug for pregnancy on 
dialysis. Overall, it is preferable to use methyldopa 
as part of a combination therapy20,25.

Hydralazine can be used during pregnancy both 
orally and intravenously. Its primary indication is for 
the acute treatment of hypertensive crises, due to its 
rapid onset of action (10–20 minutes)31. In these cases, 
the incidence of adverse effects is higher, affecting 
approximately 50% of patients20. Particular attention 
should be paid to hypotension, which increases 
maternal and fetal risk due to reduced uteroplacental 
blood flow. Intermittent intravenous infusion of 
5–10 mg of hydralazine every 20–40 minutes is then 
recommended, not exceeding the maximum dose 
of 20 mg32. In maintenance regimens, hydralazine 
is more commonly used in combination therapies, 
especially with beta-blockers, which reduce some of 
its adverse effects.

Thiazide or loop diuretics are considered safe 
during pregnancy, despite concerns about their effects 
on maternal blood volume and the risk of reduced 
uteroplacental perfusion, especially in the first two 
weeks of use, when plasma volume reduction is 
greater20,33. In pregnant women with CKD, its use is 
generally safe, given the role of hypervolemia in AH. 
In the context of pregnancy in women undergoing 
dialysis treatment, intensive dialysis reduces the need 
for diuretics, which is usually reserved for pregnant 
women with heart failure or non-dialysis CKD. In 
refractory cases of hypervolemia, a combination of 
diuretics could be used33.

Renin-angiotensin-aldosterone system inhibitors 
(RAASi) are strongly associated with renal 
abnormalities in the fetus when used during the 
second half of pregnancy34. Although the risks 
associated with RAASi during the first trimester are 
not well defined, it is recommended that they be 

replaced either during the preconception period or as 
soon as pregnancy is diagnosed34.

In general, mineralocorticoid receptor antagonists 
are not recommended during pregnancy, primarily 
due to the scarcity of data in the literature and 
concerns regarding antiandrogenic effects on fetal 
development. Novel drugs in this class have a reduced 
antiandrogenic effect, but there is limited experience 
with their use in pregnant women35.

Sodium nitroprusside may be used in specific 
situations, such as antepartum hypertensive 
emergencies, always for short periods, carefully 
considering the risk-benefit ratio, due to inconclusive 
evidence on the risk during pregnancy36.

Gestational Hypertension

Gestational hypertension consists of the onset of 
AH occurring at 20 weeks of pregnancy or more, 
with no signs or symptoms that would suggest 
preeclampsia (PE)15. If the patient continues to 
present with elevated BP for 12 weeks or more after 
delivery, the diagnosis of gestational hypertension 
should be replaced by that of CH.

Generally, gestational hypertension is classified 
into severe (SBP ≥ 160 mmHg or DBP ≥ 110 mmHg) 
and non-severe (SBP < 160 mmHg or DBP < 110 
mmHg.) Severe gestational hypertension is associated 
with greater maternal and fetal morbidity and an 
increased risk for the mother of developing CH37.

Among pregnant women with gestational 
hypertension, 10–50% will develop PE between 
1–5 weeks after diagnosis38, with uncertainty as to 
whether or not this represents an early stage of PE. 
Severe gestational hypertension and PE should be 
managed in a similar way, with immediate initiation 
or adjustment of the antihypertensive regimen and 
inpatient monitoring39.

Preeclampsia

PE is defined as AH beginning after the 20th week of 
pregnancy, associated with proteinuria (≥300 mg/24 
hours or urinary protein/creatinine ratio ≥0.3 mg/mg) 
or target organ damage such as thrombocytopenia 
(<150,000/mm3), liver dysfunction (AST or ALT 
transaminases > 40 IU/L), kidney injury (creatinine 
> 1 mg/dL), or pulmonary edema. Additionally, 
signs of placental insufficiency (such as fetal growth 
restriction and/or fetal Doppler velocimetry changes) 
should also draw attention to the diagnosis of PE, 
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even in the absence of proteinuria. It is noteworthy 
that PE can appear during pregnancy or even after 
childbirth, although it is rare after the second day 
postpartum40.

The diagnosis of PE is particularly challenging 
in pregnant women on dialysis considering the 
high prevalence of CH and previous increases in 
creatinine and proteinuria. It is necessary to monitor 
the development of extrarenal manifestations 
(hematological, hepatic, and neurological alterations) 
in addition to associated fetal manifestations41. 
There is a lack of more accurate diagnostic resources, 
including the use of biomarkers such as angiogenic 
factors (e.g. the sFlt-1/PlGF ratio), which could 
assist in the management of doubtful cases. This is 
particularly useful in order to exclude the diagnosis 
in mild and moderate cases, thereby avoiding 
unnecessary interventions for some pregnant 
women42.

PE may be classified according to gestational age 
at diagnosis: early-onset (<34 weeks, associated with 
a worse prognosis) or late-onset (≥34 weeks)41.

In women with preexisting CH, superimposed 
PE is characterized by: 1) increased blood pressure 
levels, requiring adjustment of the antihypertensive 
regimen, 2) increased proteinuria already detected 
in the first half of pregnancy, 3) occurrence of target 
organ damage, or 4) presence of signs of placental 
insufficiency, such as fetal growth restriction and/or 
fetal Doppler velocimetry changes21,41.

Formerly referred to as severe PE, “PE with severe 
features” (or clinical and/or laboratory deterioration) 
is defined by the presence of: 1) hypertensive crisis 
with BP ≥ 160 and/or 110 mmHg persistent after 15 
minutes; 2) hypertensive emergency; 3) impending 
eclampsia; 4) eclampsia; 5) HELLP syndrome 
(hemolysis, elevated liver enzymes, and low platelet 
count); 6) acute kidney injury with creatinine ≥ 1.2 
mg/dL or oliguria < 500 mL/24h; 7) chest pain; or 8) 
pulmonary edema40.

The presence of PE in pregnant women on dialysis 
increases the risk of an unfavorable fetal outcome over 
20-fold, and is the main determinant of evolution18. 
Therefore, prevention and diagnosis strategies, along 
with specific follow-up protocols, conducted by 
experienced multidisciplinary teams, are paramount 
for an appropriate fetal outcome43,44.

​The benefit of using acetylsalicylic acid to 
prevent PE in pregnant women is well documented; 

for this reason, it should be used in pregnant women 
undergoing dialysis, despite the lack of studies 
in this population, provided there are no specific 
contraindications to its use. Recommended doses 
range between 75–162 mg a day (100 mg being the 
most commonly used in Brazil). It is recommended 
that this prophylaxis be initiated between the 12th 
and 16th weeks of pregnancy, or up to the 28th 
week in cases of late diagnosis45. The use of low 
doses of acetylsalicylic acid has not been associated 
with a higher rate of childbirth complications, 
suggesting that it could be maintained until delivery 
or discontinued 5–10 days prior to it45.

Another recommended measure is calcium 
supplementation, especially in populations with low 
calcium intake (such as the Brazilian population), 
starting in the first trimester and maintaining it until  
the end of pregnancy, at the recommended dose of 
calcium carbonate 1-2 g/day, or calcium citrate 2–4 
g/day, divided into 3 doses40. Better absorption is  
achieved when administered in small doses (500 mg), 
especially during meals. Calcium Citrate, however, may 
be taken between meals, which is the recommended 
form for patients with absorption disorders46.

All pregnant women with PE with severe features 
or with difficult-to-control hypertension, even if 
asymptomatic, should be prescribed magnesium 
sulfate before delivery in order to prevent maternal 
seizures (eclampsia)40. Given that magnesium is 
excreted through the kidneys, there is a risk of 
potentially fatal toxicity (respiratory or central 
nervous system depression, and arrhythmias) in 
pregnant women undergoing dialysis. Therefore, in 
such cases, half the recommended dose should be 
administered and the infusion rate reduced, with 
careful monitoring of serum magnesium levels and 
clinical signs of toxicity (respiratory depression and 
abolished tendon reflex). If intoxication is suspected, 
the need for administering intravenous calcium 
gluconate to antagonize the deleterious effects of 
magnesium should be evaluated45.

By definition, changes associated with PE evolve 
towards resolution after childbirth.

Eclampsia

Eclampsia is defined as the unexplained occurrence 
of convulsive seizures or coma in pregnant 
women with hypertensive disorders of pregnancy. 
There may be precursor signs and symptoms of 
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convulsive seizures (such as severe headache, visual 
changes, upper abdominal pain and hypertensive 
spike)45. With a decreasing prevalence in developed 
countries, it remains common in some developing 
countries. Eclampsia is the primary complication 
of preeclampsia, and occurs in 2-3% of pregnant 
women with PE with severe features, particularly in 
those under 20 or over 35 years of age47. Although 
60% of eclampsia cases manifest during pregnancy, 
some develop intrapartum or in the postpartum 
period (90% of these cases occurring within the first 
week postpartum)44.

Generalized tonic-clonic seizures, with a sudden 
onset and no identified cause, are the most typical 
presentation, with focal, multifocal seizures, or 
even coma being less common45. In pregnant 
women with generalized tonic-clonic seizures who 
progress without neurological deficits, additional 
diagnostic evaluation is not required, which should 
be reserved for atypical cases (pregnant women 
without diagnosed hypertensive syndromes or with 
neurological deficits)48.

Magnesium sulfate is the drug of choice for 
the prevention and treatment of eclampsia, and 
is also indicated in the presence of prodromes40. 
In asymptomatic patients, there is no consensus 
on the prophylactic use of magnesium sulfate, 
although prophylaxis is advocated in all pregnant 
women with PE, considering the low toxicity in 
the general population49. Therefore, its use should 
also be considered in pregnant women on dialysis, 
with appropriate care due to the increased risk of 
magnesium intoxication45.

The treatment of convulsive seizures should 
be associated with AH control and preserve the 
maternal-fetal binomial. Measures to be adopted 
include ensuring maternal oxygen administration 
(measuring oximetry, using supplemental oxygen), 
correcting acidosis, and minimizing the risk of 
bronchoaspiration (positioning the pregnant woman 
in the lateral decubitus position, aspirating secretions, 
and inserting a mouth guard) during the seizure. In 
cases where BP is ≥ 160/110 mmHg, the preferred 
treatment should be intravenous hydralazine or 
oral nifedipine. Sodium nitroprusside may be used, 
particularly for pulmonary edema associated with 
heart disease, for a short period (6–12 hours), 
considering the poorly documented risk of fetal 
neurological toxicity31,40,49.

HELLP Syndrome

In general, HELLP syndrome occurs between the 
28th and 36th weeks of pregnancy, and the most 
common clinical symptom is upper quadrant 
abdominal pain, mainly in the epigastrium. It 
comprises the presence of 1) hemolysis, identified 
by lactate dehydrogenase (LDH) twice or more the 
upper limit of normal, serum indirect bilirubin ≥ 1.2 
mg/dL, haptoglobin < 25 mg/dL, or the presence of 
schistocytes on a peripheral blood smear; 2) hepatic 
failure, indicated by transaminases levels (AST 
and/or ALT) > 70 IU/L; and 3) thrombocytopenia  
(<100,000 mm3)40.

Associated with a high risk of obstetric 
complications, HELLP syndrome should be managed 
in a hospital setting, with immediate treatment of 
severe AH. Hepatic hemorrhage is common and 
should be considered in patients with severe upper 
quadrant abdominal pain. If confirmed, the pregnancy 
should be terminated by caesarean section as soon 
as hemodynamic stability is achieved. To prevent 
maternal seizures and provide fetal neuroprotection, 
magnesium sulfate should be initiated early and 
maintained for 24–48 hours postpartum50.

Obstetric Management in Preeclampsia

In women with PE at a gestational age of under 23 
weeks, expectant management is associated with 
high perinatal mortality and maternal morbidity 
and mortality. Therefore, in cases of PE with severe 
features (clinical and/or laboratory deterioration), 
it is recommended to terminate the pregnancy, as 
neonatal viability is low. It is imperative that this 
decision be made in consultation with the family51.

In PE cases with a gestational age between 23–
34 weeks, considering the burden of prematurity, 
care in a specialized center is suggested, aiming at 
preserving the fetus. In PE with severe features, 
after maternal stabilization39, it is recommended 
that the pregnancy be terminated at 34 weeks, 
considering the increased maternal and fetal 
morbidity following this gestational age39. In the 
absence of severity signs of PE, with a gestational 
age between 34–37 weeks, it is acceptable to defer 
termination of pregnancy until the 37th week, in a 
specialized center40,53.

If ensuring maternal and fetal well-being  
is not possible, termination of pregnancy should 
be indicated, regardless of gestational age45.  
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The criteria for termination are: 1) HELLP syndrome; 
2) impending eclampsia refractory to treatment; 
3) eclampsia; 4) placental abruption; 5) AH 
refractory to treatment with three antihypertensive 
drugs; 6) pulmonary edema/cardiac involvement; 
7) progressive laboratory changes; 8) progressive 
elevation of urea and creatinine, oliguria, and 
anasarca; 9) hepatic hematoma or rupture; and  
10) fetal vitality changes52.

Urinary Tract Infection in Pregnancy

Common during pregnancy, urinary tract infection 
(UTI) may present as cystitis or pyelonephritis, 
the latter being more common in pregnant women 
due to smooth muscle relaxation with subsequent 
dilatation of the ureter and the compressive effect by 
the gravid uterus on the bladder and ureter54. When 
residual diuresis is present in pregnant women on 
dialysis, the clinical presentation is similar to that 
of women not on dialysis, while in anuric pregnant 
women only abdominal pain and fever may occur55.

More frequent in the first trimester of pregnancy, 
asymptomatic bacteriuria occurs in 2–7% of 
pregnant women54, and may evolve to symptomatic 
conditions in up to 35% of women if left untreated. 
Women with a history of UTI, prior abortion56, 
with DM or autosomal dominant polycystic kidney 
disease, and those of low socioeconomic status are 
particularly at risk54,57. Screening with urine culture 
is recommended at the first prenatal visit or during 
the first trimester. However, the frequency of further 
evaluations is controversial; the Italian positioning 
recommends monthly collection for high-risk 
patients56. Treatment seems to be associated with a 
reduced risk of pyelonephritis, prematurity, low birth 
weight, perinatal mortality57, and PE58, although not 
all studies demonstrate the same association54,59.

Present in up to 2% of pregnancies, pyelonephritis 
is more frequent in the second and third trimesters 
and may be associated with maternal morbidity 
and preterm delivery60. Considering the maternal 
and fetal risks, and the greater association with 
structural abnormalities of the urinary tract54, it is 
recommended that pregnant women on dialysis with 
pyelonephritis should be treated in a hospital setting 
with intravenous antibiotics. Additionally, they should 
undergo ultrasound of the urinary tract when there 
is a history of previous pyelonephritis, renal lithiasis, 
immunosuppression, and urological disease56.

Cystitis in pregnant women undergoing dialysis 
is managed with antibiotics administration, 
preferably beta-lactams, first or second-generation 
cephalosporins, or fosfomycin. The use of 
third-generation cephalosporins, piperacillin-
tazobactam, or carbapenems is reserved for cases 
of pyelonephritis. Aminoglycoside antibiotics, 
fluoroquinolones, nitrofurantoin, trimethoprim-
sulfamethoxazole, and tetracycline should be 
avoided in pregnant women on dialysis due to their 
association with teratogenicity or fetal toxicity56,61.

Neonatal Outcomes and Complications

Major neonatal complications in pregnancies of 
dialysis patients include abortion, fetal death, preterm 
birth, and low birth weight11.

The live birth rate has increased due to the greater 
availability of dialysis hours and days, as well as 
improved prenatal and neonatal care7,11. There 
remains a significant difference between countries, 
and even between dialysis services regarding live 
birth rates and preterm births11. This is presumably 
due to the diversity in dialysis practices11,13, 
population differences, and disparities in obstetric 
care9. It should be added that the live birth rate is 
higher in pregnancies of women with pre-dialysis 
CKD, and even in those undergoing dialysis with 
higher residual renal function7. Table 3 lists the 
frequencies of the main neonatal complications11.

A study of pregnancy in dialysis patients found 
a 0.3% rate of fetal malformations, suggesting that 

Neonatal complications and 
outcomes

Results

Live births 71.4%

Birth weight 590 to 3500 g

Preterm birth 82.8%

Neonatal ICU requirement 65.5%

Small for gestational age 32%

ARDS 2.4%

Neonatal deaths* 7.6%

Perinatal deaths# 15.3%

ICU: intensive care unit, ARDS: acute respiratory distress syndrome. 
*Neonatal deaths: deaths between the 1st and 28th day after birth. 
#Perinatal deaths: deaths from 22 complete weeks of pregnancy to 
the 6th full day of life.

Table 3 	�N eonatal outcomes and complications 
in pregnancies of dialysis patients11
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these are not more frequent in pregnant women 
under dialysis. Findings include: duodenal atresia, 
cleft palate, ear abnormalities, abdominal hernia, 
intellectual disability, retinopathy, glaucoma, 
pyelocaliceal dilatation, among others11.

Non-Dialysis Care During Pregnancy

Preconception Counseling

Every dialysis patient of childbearing age should be 
informed about the prospects of pregnancy in this 
context, including maternal and fetal prognosis. They 
should also be advised on contraceptive strategies. 
Proper management of chronic diseases, such as 
AH, DM, and autoimmune diseases, is essential to 
promote a better outcome.

In women of childbearing age who wish to 
conceive, with no advanced maternal age, and 
no contraindications to transplantation, it is 
recommended to wait until kidney transplantation is 
performed. This is due to better pregnancy outcomes 
with a functioning graft62. Fertility is at least partially 
restored after kidney transplantation, with the best 
chance of a successful pregnancy being associated 
with younger maternal age, normotension, no 
obesity or proteinuria, at least two years after 
transplantation, normal kidney function, and no 
previous episodes of rejection. This ideal profile 
may not be fully required for patients who need to 
wait for a deceased donor graft, as the time spent 
on the waiting list could impact decisions regarding 
conception planning. Even under ideal conditions, 
the risk of complications remains higher than in the 
general population62.

Patients on dialysis or who have undergone 
kidney transplantation may choose assisted 
reproduction while recognizing the increased risk 
of bleeding, thrombosis, and infection in case of 
a twin pregnancy. It should be emphasized that 
ovarian hyperstimulation could lead to worsening 
renal function in patients with chronic nephropathy 
and increase the risk of hypertensive disorders of 
pregnancy63.

Post-conception care

For diagnosing pregnancy in women on dialysis, 
the use of beta-HCG levels is limited, as they are 
usually increased in patients with advanced CKD, 
leading to possible false-positive results. Therefore, it 

is necessary to complement the assessment with an 
obstetric ultrasound examination64.

In the event of pregnancy: 1) the multidisciplinary 
team of the dialysis service should be notified; 2) 
advise increasing the length and frequency of dialysis 
sessions; 3) refer to high-risk prenatal care; 4) evaluate 
medications in use, discontinuing those with potential 
teratogenic effects; 5) check vaccination records; and 
6) establish an individual clinical and laboratory 
monitoring plan43.

Obstetric follow-up also includes continuous 
monitoring of fetal growth and development, and 
screening for malformations, as well as placental 
conditions. The route of delivery should be determined 
by obstetric indication, and vaginal delivery is not 
contraindicated for women with kidney disease65.

It is recommended that the frequency of high-risk 
prenatal visits be (at least) once a month during the 
first trimester, every two weeks during the second 
trimester, and weekly during the third trimester. This 
increased frequency is due to significant changes 
in volume status and a higher risk of BP-related 
complications during the third trimester65.

Laboratory tests should be monitored regularly (at 
least) every two weeks, especially urea, bicarbonate, 
electrolytes, glucose, blood count, calcium, and 
phosphorus levels. After the 20th week, liver function 
tests and markers of hemolysis should be included, 
given the possible occurrence of HELLP syndrome14.

For all pregnant women without a prior diagnosis 
of DM, regardless of the presence of risk factors, it 
is recommended that the diagnostic investigation 
for gestational diabetes be performed between the 
24th and 28th week of pregnancy, through an Oral 
Glucose Tolerance Test66.

Table 4 shows the main medications used in 
dialysis patients and the FDA (Food and Drug 
Administration) classification regarding pregnancy67.

Diet and Nutritional Management

The nutritional plan for pregnant women undergoing 
dialysis should respect the increased need for energy, 
proteins, vitamins, and minerals during pregnancy, 
so as to promote fetal growth and development, 
while also addressing the specific issues related to 
CKD68.

It is recommended that caloric needs be calculated 
based on the requirement of 35 Kcal/kg/day (pre-
pregnancy weight), plus the nutritional energy 
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needs related to pregnancy, which are estimated at 
85 Kcal/day in the first trimester, 285 Kcal/day in 
the second trimester, and 475 Kcal/day in the third 
trimester69. In pregnant women on PD, where there 
is absorption of existing dialysate glucose, the basal 
caloric intake should be 25 Kcal/kg/day plus specific 
gestational needs70. Of the total daily caloric intake, 
it is recommended that 30-35% come from fats, and 
45-65% from carbohydrates56.

Regarding protein intake, 1.5–1.8 g/kg/day + 10 g/
day is suggested, due to protein loss during intensified 
dialysis treatment in pregnancy14.

Usually, the increase in protein and caloric intake 
is accompanied by a progressive increase in dry 
weight, with an expected gain of 1–1.5 kg during 

the first trimester, and 0.5 kg/week starting from the 
second trimester56.

Deficiency in micronutrients (especially water-
soluble and dialyzable vitamins and minerals) may 
impact fetal organogenesis. Supplementation with 
folic acid, vitamin C, thiamine, riboflavin, niacin, 
vitamin B6 and zinc is recommended68.

Sodium and potassium intake should be 
individualized, based on serum electrolyte 
concentrations, BP, medications, and volume status68.

Treatment of Mineral and Bone Disorder

Among pregnant women on dialysis, calcium 
supplementation (via oral formulation or dialysis 
solution) is generally necessary for fetal bone 

Categories Drugs FDA categories

Drugs considered safe

Erythropoiesis-stimulating agent Erythropoietin Not assigned

Alkali Sodium bicarbonate C

Antiplatelet agent Acetylsalicylic acid A

Anticoagulant Low-molecular-weight heparin B

Antihypertensives Alpha-methyldopa B

Pindolol B

Hydrochlorothiazide B

Clonidine C

Metoprolol C

Nifedipine C

Uricosuric agent Allopurinol C

Intravenous iron supplementation Ferric hydroxide saccharate B

Oral iron supplementation Iron sulfate Not assigned

Calcium supplementation Calcium carbonate Not assigned

Vitamin D Cholecalciferol Not assigned

Unsafe drugs

Anticoagulant Warfarin Not assigned

Rivaroxaban/Apixaban C

Vitamin D analogs Calcitriol/Paricalcitol C

Antihypertensives Atenolol D

Short-acting nifedipine X

Angiotensin-converting enzyme inhibitors X

Angiotensin receptor blockers X

Calcimimetic Cinacalcet C

Phosphate binder Sevelamer C

FDA: Food and Drug Administration. Category A refers to evidence that there is no risk to fetuses in controlled human studies; Category B refers 
to the absence of evidence of risk to the fetus; Category C refers to the impossibility of excluding risk to the fetus; Category D refers to positive 
evidence of risk to the fetus; and Category X refers to contraindication during pregnancy.

Table 4	�M ain medications used in CKD patients during pregnancy67
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formation and prevention of PE. Regarding calcium 
supplementation, a systematic review concluded 
that there was a 55% reduction in the risk of PE, 
which was even more pronounced in women with 
a low-calcium diet (74%) and those at high risk of 
PE (78%)71. Therefore, all women should be advised 
to follow a calcium-rich diet during pregnancy, with 
supplementation recommended for those at risk 
of PE and/or on a low-calcium diet71 (see section 
on Preeclampsia). Serum calcium levels should be 
monitored, avoiding hypo- or hypercalcemia (risk of 
fetal hypoparathyroidism)25.

It is expected that, under an intensive HD 
regimen, the pregnant patient tends to develop 
hypophosphatemia. Therefore, weekly monitoring 
of serum phosphorus levels is recommended for 
eventual supplementation (orally, intravenously, or in 
the dialysate solution), minimizing maternal and fetal 
risks (cardiac, neurological, and rhabdomyolysis)25. 
In the unusual event of hyperphosphatemia, the 
phosphate binders of choice are calcium carbonate 
and calcium citrate, considering the safety and 
increased demand for this element during pregnancy. 
Other phosphate binders, such as sevelamer, 
lanthanum carbonate, calcium acetate, and ferric 
citrate, lack proven safety in pregnancy72.

Regarding secondary hyperparathyroidism, the  
target parathyroid hormone level for pregnant  
dialysis patients should follow the same pattern as 
the dialysis population. However, it is important to 
consider the risks of managing this condition with 
drugs considered to be of limited safety (see Table 4)25.  
The risks of untreated hyperparathyroidism 
(uncommon due to intensified dialysis and increased 
calcium supply) could pose a risk to the fetus 
(hypocalcemia, secondary hyperparathyroidism, and 
rickets)25.

Pregnant women on dialysis should supplement 
with vitamin D3, usually at a dose of 800–1000 IU/
day70. The optimal level of vitamin D for pregnant 
women on dialysis has not yet been established73. 
Nonetheless, the use of cholecalciferol (a safer 
formulation in pregnancy) is suggested to achieve 
serum levels above 30 ng/mL25.

Treatment of Anemia

In addition to the usual factors of anemia (resulting 
from CKD and chronic HD74), there are further 
needs of the developing fetus and the disproportion 

between the growing increase in maternal plasma 
volume in relation to erythrocyte production75.

Iron supplementation is generally necessary, 
especially after the second trimester76 with intravenous 
administration being a more effective alternative, 
since enteral iron absorption is reduced in CKD74. 
The treatment of iron-deficiency anemia in pregnant 
women should initiate when the hemoglobin level is 
<11 g/dL76, and iron reserves should be adjusted in 
the usual way, according to current CKD guidelines. 
Ferritin levels should be maintained at >200 mg/dL 
for HD patients and >100 mg/dL for PD patients, 
with a transferrin saturation index of between 
20–30%74.

Pregnancy-safe iron formulations are prioritized, 
with ferrous sulfate and ferric hydroxide saccharate 
being the most widely used forms in Brazil. Ferrous 
sulfate may be used during pregnancy (Category 
A)77, while ferric hydroxide saccharate may be 
employed on a risk-benefit basis. Although there 
are no studies in pregnant women, ferric hydroxide 
saccharate has shown no adverse fetal effects 
in animal studies (Category B)76. Iron sucrose 
has low allergenic potential, a lower tendency to 
accumulate in visceral organs, and has no toxic 
preservatives for pregnancy25,78. Conversely,  
sodium ferric gluconate contains preservatives with 
benzyl alcohol, which could lead to adverse fetal 
events25. Ferric carboxymaltose (despite a study 
showing safety78) and ferric derisomaltose have 
not been approved by the FDA for use in pregnant 
women25.

In the context of ESAs, most pregnant women on 
dialysis require them to maintain adequate hemoglobin 
levels (according to the current guidelines for anemia 
in CKD74), with dosage adjustments resulting in a 
50–100% increase over the usual dose79. As with the 
rest of the dialysis population, using ESA doses to 
achieve higher-than-target hemoglobin increases the 
risk of AH and thrombosis74. Since ESAs do not cross 
the blood-placental barrier, they are considered safe 
during pregnancy, with epoetin alfa being the most 
extensively studied obstetric safety drug79. A study 
with darbepoetin alfa also demonstrated safety in 
pregnancy79.

Hypoxia-inducible factor prolyl hydroxylase 
enzyme inhibitors, oral medications for anemia in 
dialysis, have no proven safety for use in pregnant 
women undergoing dialysis80.
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Dialysis Treatment During Pregnancy

Currently, there is considerable evidence to support 
the idea that the highest dose of dialysis is crucial 
for a better fetal outcome. This is reflected in the 
recommendation that pregnant women should 
undergo dialysis at a frequency of 6-7 sessions per 
week, as increasing the weekly frequency of dialysis 
is essential for reducing maternal and fetal uremic 
environment11,43,56.

However, there is a significant heterogeneity 
among studies on the number of weekly hours 
and the monitoring of dialysis doses in pregnant 
patients9–11,13,81–83. The two study groups with the 
best outcomes regarding fetal survival employ quite 
different strategies. In Canada, Hladunewich et al.82 
are based on the number of weekly hours of HD, 
with a recommended minimum dose of 36 hours 
per week. Meanwhile, Baouche et al.11 suggest 
using pre-dialysis BUN (blood urea nitrogen) < 35 
mg/dL (urea < 75 mg/dL) at midweek as a target 
for dose adjustment. It is also worth recognizing 
that increasing the dialysis dose and maintaining 
BUN levels very close to physiological values are 
associated with greater fetal survival, gestational 
age, and fetal birth weight, and a reduced risk of 
polyhydramnios10,11,18,83,84.

Assymira et al.84 observed a significant correlation 
between pre-dialysis BUN and both fetal weight 
and gestational age. In the study by Luders et al.18, 
BUN appears as an independent variable for fetal 
outcome. It was also observed that patients with pre-
dialysis BUN levels < 35 mg/dL measured midweek 
throughout pregnancy exhibited a 6.4-fold reduced 
risk of unfavorable fetal outcomes (fetal death and/
or a fetal birth at less than 30 weeks of gestational 
age). The association between dialysis intensity and 
risk of preterm birth was analyzed by Oliverio et al.85, 
who were unable to observe a significant correlation 
between weekly dialysis dose or pre-dialysis BUN 
levels with the risk of preterm birth or cesarean 
delivery.

Nevertheless, for patients who started dialysis 
due to pregnancy, the administration of such an 
elevated dialysis dose did not prove beneficial. A 
comparative analysis of patients who started dialysis 
during pregnancy revealed that an American cohort 
underwent 15 ± 4 hours of dialysis per week versus 
33 ± 6 hours per week in a Canadian cohort. Despite 

these differences in dialysis duration, both cohorts 
exhibited the same fetal outcomes, suggesting that 
patients who initiate dialysis during pregnancy do 
not require such high doses of dialysis. Additionally, 
the presence of residual clearance should guide the 
prescribed dialysis intensity. They also suggest that 
the pre-dialysis urea value from mondays, between 
60–90 mg/dL, should be targeted in regimens of  
6 weekly sessions9.

Polyhydramnios is relatively common in pregnant 
women on dialysis and is associated with an 
increased risk of preterm birth, premature rupture 
of membranes, and fetal death. It is explained by the 
increased fetal diuresis in the presence of higher levels 
of urea (osmotic diuresis). It has been demonstrated 
that increasing the dialysis dose, with the resulting 
reduction in maternal and fetal urea levels, usually 
reverses this complication18.

In PD, there is a scarcity of studies dedicated 
to the relationship between increasing the dialysis 
dose and obstetric outcomes, partly due to the less 
frequent occurrence of pregnancy in this modality 
(0.25% per year)5,6. Usually, particularly in the 
third trimester, PD prescription is optimized by 
using longer automated peritoneal dialysis sessions 
and a greater number of cycles with lower infusion 
volumes per cycle86,87. In the case of continuous 
ambulatory peritoneal dialysis, the infusion volume 
could be reduced with a higher number of exchanges. 
A recent meta-analysis has evidenced a higher risk of 
fetal growth restriction in this modality compared to 
HD. However, these findings are questionable, as the 
PD group consisted of case reports or case series13. 
In general, different authors suggest that patients 
on dialysis who become pregnant should remain on 
their dialysis method. Nevertheless, patients starting 
dialysis due to pregnancy are usually referred to 
HD43.

Conclusion

Although fertility is reduced in women on dialysis, 
pregnancy remains a possibility, with birth rates 
increasing over time. Shared decision-making should 
be the goal for family planning of all women of 
childbearing age undergoing dialysis. Pregnancy on 
dialysis remains a challenging and high-risk clinical 
scenario, benefiting from multidisciplinary and 
interprofessional expertise to provide specialized care 
and increase birth rates, as observed in contemporary 



Braz. J. Nephrol. (J. Bras. Nefrol.) 2024, 46(4):e20240067

Pregnancy in dialysis

12

observational studies. Long-term studies on pregnancy 
outcomes in dialysis are still in progress, but the 
growing body of literature has been contributing to 
the formulation of recommendations on which we 
advise our patients. In particular, intensified dialysis is 
recommended for pregnant women on dialysis, as it is 
associated with better outcomes, including increased 
gestational age and birth weight.
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