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Abstract
Fertility is known to be impaired more frequently in patients with chronic kidney disease than in the general population. 
A significant proportion of chronic kidney disease patients may therefore need Medically Assisted Reproduction. The 
paucity of information about medically assisted reproduction for chronic kidney disease patients complicates counselling 
for both nephrologists and gynaecologists, specifically for patients with advanced chronic kidney disease and those on 
dialysis or with a transplanted kidney. It is in this context that the Project Group on Kidney and Pregnancy of the Italian 
Society of Nephrology has drawn up these best practice guidelines, merging a literature review, nephrology expertise and 
the experience of obstetricians and gynaecologists involved in medically assisted reproduction. Although all medically 
assisted reproduction techniques can be used for chronic kidney disease patients, caution is warranted. Inducing a twin 
pregnancy should be avoided; the risk of bleeding, thrombosis and infection should be considered, especially in some 
categories of patients. In most cases, controlled ovarian stimulation is needed to obtain an adequate number of oocytes 
for medically assisted reproduction. Women with chronic kidney disease are at high risk of kidney damage in case of 
severe ovarian hyperstimulation syndrome, and great caution should be exercised so that it is avoided. The higher risks 
associated with the hypertensive disorders of pregnancy, and the consequent risk of chronic kidney disease progression, 
should likewise be considered if egg donation is chosen. Oocyte cryopreservation should be considered for patients with 
autoimmune diseases who need cytotoxic treatment. In summary, medically assisted reproduction is an option for chronic 
kidney disease patients, but the study group strongly advises extensive personalised counselling with a multidisciplinary 
healthcare team and close monitoring during the chosen medically assisted reproduction procedure and throughout the 
subsequent pregnancy.
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Graphical abstract

Background
Fer�lity is known to be impaired more frequently in pa�ents 
with chronic kidney disease (CKD) than in the general 
popula�on. A significant propor�on of CKD pa�ents may 
therefore need Medically Assisted Reproduc�on (MAR). 
Although all MAR techniques can be used for CKD pa�ents, 
cau�on is warranted because of the risk of bleeding, 
thrombosis and infec�on and inducing a twin pregnancy should 
be avoided.

Methods
The Project Group on Kidney and Pregnancy of the Italian
Society of Nephrology has prepared the present best prac�ce
recommenda�ons to contribute to filling a knowledge gap,
and to provide guidance for nephrologists that have to deal
with pa�ents’ requests. The work was divided into a literature
analysis (systema�c search on MEDLINE, EMBASE and Google
Scholar employing the most widely used terms in the field of
assisted fer�liza�on (including those referring to IVF, MAR and
egg dona�on), combined with those referring to CKD, dialysis
and kidney transplanta�on, and expert advice. Ethical issues,
and open clinical ques�ons complete the best prac�ce.

Conclusions:
MAR is an op�on for CKD pa�ents, but the study group strongly advises extensive
personalized counselling with a mul�disciplinary healthcare team and close monitoring
during the chosen MAR procedure and throughou�he subsequent pregnancy.
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SUMMARY

1. Generally speaking, all women with CKD who can undergo a pregnancy can profi�rom MAR, if this is needed for concep�on and in the
absence of specific contraindica�ons. Due to the high heterogeneity of CKD, the approach should be tailored to each pa�ent,
exercising great cau�on and providing the highest possible level of care.

2. Pa�ents with non-immunological diseases, or CKD stage 1-2, without hypertension or proteinuria should be treated with standard
protocols, considering the cau�ons men�oned above, with par�cular a�en�on to cases with a high risk of infec�on (e.g. congenital
anomalies of the kidney and urinary tract), who might need an�bio�c prophylaxis for some MAR procedures (e.g. intrauterine
insemina�on, oocyte retrieval).

3. In pa�ents with immunological CKD, there are several reports of the safe and effec�ve use of MAR. However, the series are limited and
a selec�on bias leading to preferen�ally repor�ng successful cases is probably present. Due to the complex and not fully understood
interac�ons between MAR and immunological diseases, the procedures should be offered only when the disease is in stable remission.
An�thrombo�c-an�coagulant prophylaxis may be needed to reduce the thrombo�c risk associated with COS. The op�on of performing
MAR during a spontaneous ovulatory cycle should be considered in cases at high risk of thrombosis.

4. In pa�ents with a kidney transplant, the procedures requiring COS should be reserved for “ideal” candidates, i.e. at least 1 year a�er
transplanta�on, rejec�on-free for at least 6 months, without hypertension or proteinuria, with normal to “nearly normal” kidney
func�on. Successful deliveries without deteriora�on of the gra� func�on are reported, but the risk of complica�ons (preeclampsia,
premature delivery, gesta�onal hypertension) is probably higher than in kidney transplanted pa�ents with spontaneous pregnancies.

5. For pa�ents with advanced CKD (na�ve kidneys or a�er kidney transplanta�on) who are on dialysis there is a significant risk of volume
overload, and hormonal s�mula�on should be minimal.

6. For all pa�ents with CKD, the expert opinion is that only one embryo should be transferred per cycle, due to the high risk posed to
these women by a mul�ple pregnancy; the probability of spontaneous embryo spli¢ng should however be considered.

7. The results of MAR are influenced by several factors, among which the most important are age (affec�ng oocyte quality) and ovarian
reserve (affec�ng the number of oocytes that will be obtained a�er COS). The pregnancy rate obtained in the general infer�le
popula�on undergoing grade 2 MAR is approximately 35%, with an incidence of abor�on of 15-25% for those who conceive, leading to
a live birth rate per IVF cycle of approximately 28-30%. The study group warns against MAR for older pa�ents and those with a severely
reduced ovarian reserve, considering the unfavourable success/risk ra�o.

8. In the absence of high quality evidence suppor�ng clinical decisions, the study groups advise extensive counselling, discussing the
poten�al general and specific risks and highligh�ng the areas of uncertainty.

9. Due to the rapid progress in MAR techniques, as well as the rapid accumula�on of new evidence, referral to a specialized fer�lity
centre is needed for updated counselling and decisions should involve a mul�disciplinary team, including nephrologists and
obstetricians, who will closely monitor the pa�ent during pregnancy.

10. In the absence of precise data guiding surveillance and management, once pregnancy is established, careful follow-up is strongly
advised, even in the early CKD stages, following the previous indica�ons of the Italian Society of Nephrology.

Keywords  Chronic kidney disease · Medically assisted reproduction · Dialysis · Kidney transplantation · Infertility · 
Controlled ovarian stimulation · In vitro fertilisation · Ovarian hyperstimulation syndrome · Egg donation · Oocyte 
cryopreservation

Background

Infertility is defined as “the failure to establish a clinical 
pregnancy after 12 months of regular and unprotected sexual 
intercourse” [1]. It is a complex disorder with psychologi‑
cal, social and economic consequences. Ten years ago, the 
World Health Organization (WHO) estimated that 48.5 mil‑
lion couples worldwide were affected by infertility, and their 
number is constantly increasing [2].

Overall, patients of both sexes with chronic kidney dis‑
ease (CKD) have lower fertility than the general population 
[3, 4]. In women with CKD, the causes of reduced fertility 
are only partially understood, but are likely to include the 
combination of endocrine abnormalities leading to ovula‑
tion defects, alterations in endometrial morphology, reduced 
libido and precocious consumption of the ovarian oocyte 
reserve [3, 5]. The ovarian reserve, estimated by measuring 
anti-Mullerian hormone (AMH) circulating levels, plays a 
crucial role in determining the duration and age limit of 
spontaneous fertility, as well as the efficacy of fertility-
promoting treatments: patients with CKD stage 3–5 have 
lower AMH levels than the general population, although 

AMH levels in patients on haemodialysis may be high due 
to impaired glomerular filtration, limiting urinary clearance 
of the hormone [6].

There is no indication suggesting that proteinuria and 
hypertension, which, together with the degree of kidney 
function impairment, characterise CKD, are associated per 
se with a reduction of fertility, although some immunosup‑
pressive treatments may reduce the ovarian reserve, as will 
be further discussed.

Medically Assisted Reproduction (MAR) is a definition 
applied to an array of treatments aimed at treating infertility, 
including in vitro fertilisation (IVF) [7]. While this term is 
presently preferred in the obstetrical setting, other synonyms 
are commonly used, including “assisted reproduction”  or 
“assisted reproductive technologies” (ART). All these terms 
were used in our bibliographic searches [8].

A significant proportion of women affected by CKD may 
need MAR to resolve infertility problems. Unfortunately, the 
prevalence of CKD patients using MAR is not known; like‑
wise, its potentially undesired effects, specifically in CKD 
patients, are only partially known (Table 1).
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About these best‑practices

The Project Group on Kidney and Pregnancy of the Italian 
Society of Nephrology has prepared the present best practice 
recommendations to contribute to fill a knowledge gap, and 
to provide guidance for nephrologists when dealing with 
patients’ requests. Our objective is to support nephrologists 
and gynaecologists in counselling CKD patients with infer‑
tility problems. There have been few studies on using MAR 
for CKD patients and the present recommendations collect 
and sort the scant data we have into two parts: the first deals 
with indications, the second with MAR techniques, high‑
lighting the potential problems related to their application 
in different subsets of women with CKD.

The work was divided into a literature analysis (system‑
atic search on MEDLINE, EMBASE and Google Scholar) 
employing the most widely used terms in the field of assisted 
fertilisation (including those referring to IVF, MAR and egg 
donation), combined with those referring to CKD, dialysis 
and kidney transplantation, and expert advice. Ethical issues, 
and open clinical questions complete the best practice.

Due to the lack of randomised controlled trials and of 
large observational studies, the level of evidence is relatively 
low for all statements (level 3–5, in which most of the level 
3 evidence concerns MAR in non-CKD patients), and due 
to its homogeneity, the grade is not further reported in detail 
for each statement/recommendation.

The draft was circulated to the members of two groups 
of the Italian Society of Nephrology; one focused on kidney 
and pregnancy and another dealt with conservative treatment 
of CKD. All members were contacted by email and com‑
ments and answers were gathered by the steering committee.

Consensus was reached for all items listed in the “clinical 
advice” boxes:

1. General indications for counselling;
2. Overall advice on MAR techniques for CKD patients;

3. Measures to avoid severe ovarian hyperstimulation syn‑
drome (OHSS) in CKD patients;
4. Elements to consider when discussing egg donation 
with CKD patients.

The Italian Best Practices, by policy, do not require 
patient involvement in the discussion. However, acknowl‑
edging that patient involvement is of the utmost importance, 
and is becoming an integrative part of every recommenda‑
tion from scientific societies, the publication of the current 
paper will be followed by a patient’s commentary and by a 
lay summary, respectively published with free access and 
made available on the society website.

This best practice reflects the current obstetric nephrol‑
ogy management in a European setting; most of the retrieved 
papers were from high-income countries. However, we hope 
that the recommendations may be adapted to different set‑
tings, and increase interest while helping gather further, 
greatly needed evidence.

As a final note, infertility and a reduction in libido are 
also observed in males with CKD. Our decision to focus on 
women was motivated by the huge impact that both MAR 
and the subsequent pregnancy have on a woman’s health.

Part one: infertility in women affected 
by CKD

Chronic kidney disease

We have scant data on spontaneous fertility in CKD patients 
and there are several barriers to overcome to fill this impor‑
tant knowledge gap.

First, the majority of CKD patients are asymptomatic 
or oligosymptomatic until late in their clinical course. For 
example, IgA nephropathy may progress without episodes of 
macrohematuria; minor renal malformations and even reflux 

Table 1   Terminology and definitions [8]

MAR Medically assisted reproduction (MAR) Techniques that aim to help women with infertility problems become pregnant, in 
which lab procedures are involved

IVF-ET In vitro fertilisation and embryo transfer (IVF-ET) A MAR technique in which multiple ovulation is hormonally stimulated, oocytes 
are retrieved by ovarian puncture and then fertilized in vitro by co-incubation 
with prepared semen. The embryos obtained are cultured until the blastocyst 
stage, after which one blastocyst is implanted in the uterus

ICSI Intra-cytoplasmic sperm injection (ICSI) Similar to IVF-ET, but in vitro fertilisation is obtained by injecting a spermato‑
zoon into each oocyte

COS Controlled ovarian stimulation (COS) Hormonal treatment aimed at inducing multiple follicle development in a con‑
trolled way, balancing efficacy and safety

OHSS Ovarian hyperstimulation syndrome (OHSS) Iatrogenic, excessive enlargement of the ovaries after COS, with liquid loss from 
the ovarian surface and subsequent ascites, thrombophilic conditions, electro‑
lyte imbalance and abdominal pain. In its severe form, it is the most dangerous 
complication of MAR



1242	 Journal of Nephrology (2023) 36:1239–1255

1 3

nephropathy are sometimes diagnosed only in adulthood; 
interstitial and cystic diseases may be completely asympto‑
matic, in particular in their early stages [9].

Second, there are few screening programs for CKD in 
young people. Even in pregnancy, urinalysis is the only test 
regularly advised in obstetrical guidelines, mainly for dis‑
closure of proteinuria, since transient haematuria is observed 
in up to 20% of pregnancies [10]. The Italian Society of 
Nephrology holds that creatinine assessment should be 
added to the tests routinely performed in pregnancy, but 
this is still not being done [11]. Kidney ultrasounds or other 
imaging techniques are needed for the early diagnosis of 
many forms of CKD encountered in women of childbearing 
age (such as congenital anomalies of the kidney and urinary 
tract, and cystic diseases of the kidney). Although it is now 
acknowledged that CKD is associated with an increased risk 
of adverse pregnancy outcomes, our knowledge is limited 
to those with complications, which are probably the tip of 
the iceberg of CKD in women of childbearing age [12, 13].

As a consequence, there are no data on the prevalence 
of infertility in early CKD. While patients with advanced 
kidney disease are more likely to have received a CKD diag‑
nosis, it is hypothesised that at least 50% of patients with 
advanced CKD are unaware that they have a kidney disease 
[11]. Notwithstanding these limitations, we have indirect 
data on some categories of patients with early CKD, namely 
those with primary glomerulonephritis and those with rheu‑
matological diseases, of which systemic lupus erythemato‑
sus is the most prevalent [14].

It is generally believed that fertility decreases in parallel 
with the development of a series of hormonal derangements, 
whose mutual interactions are only partially known. The 
three main  explanations for infertility, and clues for restor‑
ing fertility are an increase in either prolactin levels or 
parathyroid hormone, and a decrease in erythropoietin, but 
other factors, such as vitamin deficiency or concomitant 
treatments, may play an important role. The importance of 
social context will be discussed below.

Since hormonal derangements of this sort usually become 
clinically evident only in stage 3b-5 CKD, when the glo‑
merular filtration rate drops below 45 ml/min, it is generally 
thought that the decrease in fertility is proportional to the 
impairment of kidney function. This is likely to be true, but 
its extent is still unknown, and pregnancy is indeed possible 
at all CKD stages, and in patients on dialysis.

Dialysis

Patients on renal replacement therapy have low fertility 
rates, and low chances of delivering a live-born baby. The 
figure often cited, which is derived from Australian and 
Italian data, reports a ratio of about 1: 10: 100 of having a 

pregnancy beyond 20 gestational weeks being on dialysis, 
having received a kidney transplantation, and being a part 
of the general population without known CKD, respectively 
[15, 16]. These data were recently challenged by a study 
conducted in the U.S., which reported a much higher con‑
ception rate for patients on dialysis (almost in the range of 
the kidney graft population), but this higher than expected 
fecundity was associated with only about 30% of live births, 
with an astonishingly high number of pregnancies with an 
unknown outcome (about 30%) [17]. In this context, preg‑
nancy was more common in women from disadvantaged 
milieus and ethnic minorities, highlighting the importance 
of social context [17].

Table 2 reports the main risks to consider when a woman 
on dialysis wants to become pregnant, and some of the 
potential interventions. Many of them, including correction 
of anaemia, optimisation of the calcium-phosphate balance, 
careful nutritional management and, when necessary, correc‑
tion of high prolactin levels, should be a routine part of good 
clinical practice in the management of young patients on 
dialysis. Data from Canada suggest that increasing dialysis 
dose for patients who want to become pregnant, for exam‑
ple by administering the same daily long-hour haemodialy‑
sis sessions employed during pregnancy, may increase the 
chances of conception, once again underlining how greater 
clearance of uraemic toxins may play a key role [18].

Kidney transplantation

It is widely believed that transplantation restores fertility in 
CKD women. However, fertility is only partially restored 
by kidney transplantation. Once more, available data are 
incomplete. Our knowledge mostly comes from the Aus‑
tralian and New Zealand Dialysis and Transplant Registry, 
the only one that has systematically gathered data on preg‑
nancy in women who have undergone a transplant or been on 
dialysis, and from scattered sources, like the previously cited 
Italian nationwide survey, and voluntary registries. These are 
of value in that they establish that a risk of complications 
exists, but do little to enable us to more accurately calculate 
the fecundity rate [15, 18, 19].

Furthermore, since a patient with a kidney transplant is 
usually counselled to become pregnant only in the pres‑
ence of healthy and stable kidney function, normal blood 
pressure, absent or low-grade proteinuria, and no recent 
rejection episode, data are not always easy to interpret, as 
they probably deal with the “best” subset of kidney trans‑
plant recipients, whose prevalence is not specified in many 
studies [20]. In addition, as in the case of dialysis, early 
miscarriages and voluntary pregnancy terminations are sel‑
dom recorded, suggesting a systematic underestimation of 
conception rates. Furthermore, drug choices may modulate 
advice: mycophenolate is one of the most effective drugs in 
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kidney transplantation, but is associated with malformations 
and the policy towards discontinuation—treatment shift may 
indirectly affect pregnancy choices [21, 22].

Social issues and notes on counselling

As previously mentioned, the geographic and ethnic dis‑
tribution of pregnancies among dialysis patients indicates 
that social issues are a relevant factor. Pregnancies are more 
often reported in settings in which the cultural importance of 
the family is higher, and a kidney disease is less likely to be 
seen as an impairment to leading a normal life, due in some 
measure to its not being clearly “visible” [17, 23].

Only a few decades ago, in western countries, well-
reviewed papers in prestigious journals, such as The Lancet, 
boldly stated that women with CKD should not conceive 
[24]. This negative attitude may have contributed to the low 
pregnancy rate in women with known CKD, and may at least 
partially explain the paradox of a higher conception rate in 
underserved minorities [17].

Reproductive autonomy is an increasingly acknowledged 
issue; merging its multiple dimensions may be difficult in 
CKD, but should be our goal [25–27].

Counselling on pregnancy in CKD is difficult and requires 
sensitivity. It is unlikely that the same policy will be chosen 
in all settings, as, even in Europe, the priorities given to dif‑
ferent ethical principles may vary. For example in Mediter‑
ranean countries the principle of non-maleficence (“primum 
non nocere”) tends to be paramount, while in the U.K. and 
other parts of northern Europe, autonomy is generally con‑
sidered more important [28–30].

The Project Group on Kidney and Pregnancy supports 
informative counselling with thorough discussion of the 
unresolved issues and unclear or only partial data, hold‑
ing that the patient’s decision should be respected and sup‑
ported, pursuing a patient-physician relationship of concord‑
ance and therapeutic alliance.

Box 1: General indications for counselling

What a woman with CKD who wants to become preg-
nant needs to know

Pregnancy is possible in all CKD stages
Fertility is thought to be low in the late CKD stages 

and is known to be low in dialysis and transplanted 
patients

Fertility is only partially restored by kidney 
transplantation

Pregnancy in CKD is not associated with an increase 
in malformations

In high-income countries, pregnancy in CKD is not 
associated with an increased risk of maternal death

Medically Assisted Reproduction techniques are fea‑
sible in all CKD stages

What are the risks (during and after pregnancy) for 
a woman with CKD who wants to become pregnant

CKD is associated with an increased risk of adverse 
pregnancy outcomes in all CKD stages

Pregnancy in advanced CKD or with a failing kidney 
graft is associated with a more rapid progression of kid‑
ney disease

If pregnancy complications develop, the progression 
of CKD may be more rapid

Medically Assisted Reproduction increases the risk 
of adverse pregnancy outcomes, and this increases from 
grade 1 to grade 2 techniques to egg donation

Combining CKD and Medically Assisted Reproduc‑
tion is likely to further increase the risk of adverse preg‑
nancy-related outcomes; the degree of this risk is for the 
moment unknown

Patients on potentially teratogenic drugs (non-spe‑
cific for CKD) carry specific risks if these drugs are not 
promptly discontinued

Patients with hereditary kidney diseases carry the risk 
linked to the type of genetic inheritance of their disease

Children born prematurely, with low birth weight or 
with intrauterine growth restrictions are probably more 

Table 2   Possible causes of infertility in dialysis patients, and potential interventions

Potential cause Suggested treatments

Disturbed hormonal milieu Increase dialysis frequency and efficiency up to daily long-hour dialysis
Hyperprolactinaemia If increasing dialysis efficiency is not effective, cabergoline can be employed
Anaemia Increase dialysis efficiency; optimise iron and erythropoietin therapy
Reduced libido Assess psychological aspects; revise pharmacology
Malnutrition Revise diet; liberalise diet and increase dialysis frequency; increase physical activity
Undiagnosed Low fertility is most often multifactorial. Consider a trial of intensive dialysis, 

reduce drug burden and liberalise diet
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prone to metabolic syndrome, hypertension and CKD in 
adulthood

Part two: medically assisted reproduction 
for patients with CKD

Medically assisted reproduction (MAR) techniques

Medically Assisted Reproduction includes grade 1 tech‑
niques, in which fertilisation occurs inside the woman’s 
body, and grade 2 techniques, in which the oocyte is ferti‑
lised outside the woman’s body, in a laboratory setting [31].

Grade 1 MAR includes all forms of insemination, using 
either sperm from the woman’s partner or from a donor. 
By far, the most frequently used technique is intra-uterine 
insemination (IUI), in which an aliquot of semen processed 
in the laboratory is gently injected inside the uterus at the 
time of ovulation [32]. Other forms of insemination (e.g. 
intracervical, intraperitoneal) have now been almost entirely 
abandoned.

The most widely-used Grade 2 MAR techniques are 
in vitro fertilisation and embryo transfer (IVF-ET). Another 
technique is intra-cytoplasmic sperm injection (ICSI), a vari‑
ant of IVF-ET, in which spermatozoa are directly injected 
inside the oocytes in order to increase the chance of fertili‑
sation, even when the semen quality is poor (Fig. 1). These 
two basic techniques are sometimes implemented applying 
embryo biopsy with pre-implantation genetic testing for 
aneuploidy (PGT-A) or for specific mutations (PGT-M) or 
translocations (PGT-T) associated with genetic diseases [33]. 
The option of preimplantation embryo selection should be 
discussed with patients affected by a hereditary kidney dis‑
ease, including Alport syndrome and autosomal dominant 
polycystic kidney disease (ADPKD). The ethical issues aris‑
ing when choosing between a spontaneous pregnancy at risk 
for a chronic disease and a pregnancy needing complex ferti‑
lisation techniques should be discussed case by case [34–36].

Embryo cryopreservation is also frequently used, both to 
prevent complications, like OHSS or multiple pregnancies, 
and to increase success rates by transferring extra embryos 
in subsequent ovarian cycles [37]. Both IVF-ET and ICSI 
can be performed using donor gametes, if needed.

Hormonal ovarian stimulation

The early steps in hormonally-stimulated ovulation are the 
same in grade 1 and grade 2 MAR techniques, with the 
difference being that in grade 1 MAR, when conception 
occurs inside the woman’s body, monofollicular ovulation 
will occur, whereas when IVF-ET or ICSI are performed, 
multifollicular ovulation is needed to optimise the chances of 

success. The dose of exogenous gonadotropins (Gn), admin‑
istered to stimulate the ovary, changes according to the aim 
of stimulation (one or several growing follicles), and the risk 
of undesired effects are directly proportional to the dose the 
patient receives.

Hormonal ovarian stimulation is accomplished by prescrib‑
ing subcutaneously-injectable medications for approximately 
2 weeks. They are usually self-administered and contain either 
follicle-stimulating hormone (FSH), luteinising hormone (LH) 
or a 1:1 combination of both (hMG). Serial vaginal ultrasound 
examinations are performed to monitor the development of 
ovarian follicles [38]. In grade 2 MAR, spontaneous follicular 
rupture, which would compromise the possibility of retriev‑
ing oocytes, is prevented by blocking the pituitary gland, 
using Gonadotropin-releasing hormone (GnRH) antagonists 
or agonists, to avoid an endogenous LH peak. This complete 
pharmacological control over the ovulation regulating system 
accounts for the name given to the whole hormonal treatment: 
Controlled Ovarian Stimulation (COS).

Oocyte retrieval

To maximise the chances of retrieving mature oocytes (follic‑
ular diameter between 16 and 23 mm), COS is continued until 
the target follicular development is reached. Subsequently, 
LH surge is mimicked by administering a subcutaneous bolus 
of human chorionic gonadotropin (HCG), which triggers the 
final oocyte maturation and the resumption of meiosis in the 
female gamete. Within 34–36 h after HCG injection, oocytes 
are retrieved using transvaginal ultrasound-guided ovarian 
puncture, with follicular fluid aspiration (Fig. 1). This pro‑
cedure is usually performed under loco-regional anaesthesia 
(paracervical block) and deep sedation, and only exception‑
ally is general anaesthesia required. Surgical complications 
such as haemorrhage, injury of the pelvic structures, and 
pelvic infection are rare [39, 40].

Fertilisation

The semen sample is obtained by masturbation on the morn‑
ing of egg retrieval. Other methods (e.g. the use of a needle 
or surgical procedure to extract sperm directly from the tes‑
ticle) may be required in the presence of extremely severe 
male infertility (cryptozoospermia) [41]. Donor sperm 
can be used if there is total absence of spermatozoa (azoo‑
spermia) even inside the testicle [42, 43].

Fertilisation in the laboratory can be obtained either by 
maintaining contact between in vitro-activated spermatozoa 
and mature eggs (conventional IVF-ET), or directly inject‑
ing a carefully selected spermatozoon (normal morphol‑
ogy and motility) in each oocyte (ICSI). Fertilised eggs 
(zygotes) are then cultured in artificial incubators with 
controlled atmospheres and specific media for five days, 
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until embryo development reaches the blastocyst stage, 
when the zygotes can be transferred into the uterus. After 
embryo transfer, progesterone is administered at high doses 
(e.g. 600 mg/d as vaginal suppositories) in order to bal‑
ance high estradiol levels and promote optimal endometrial 
maturation.

In recent years, the policy of transferring a single blas‑
tocyst has increased, mainly in high-income countries, with 
the aim of reducing the rate of twin and triplet pregnancies, 
as well as the risk of OHSS, the two most frequent complica‑
tions of MAR treatments [44].

Fig. 1   Schematic description of the different MAR techniques
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Pregnancy rate

Since 1997, MAR aggregated data generated by national 
registries, hospitals or professional societies have been 
gathered and analysed by the European IVF-monitoring 
Consortium (EIM). From the latest available data referring 
to 2017, 1382 hospitals offering ART services in 39 coun‑
tries reported a total of 940,503 grade 2 treatment cycles; 
the pregnancy rate per embryo transfer in 2017 was 34.8%; 
twin and triplet delivery rates for grade 2 MAR cycles were 
14.9% and 0.3%, respectively [45].

Thus, the overall effectiveness of MAR has remained con‑
stant, but the twin and triplet rates have been significantly 
reduced by avoiding the transfer of more than one blastocyst 
at a time, and by extensively employing cryopreservation for 
unused blastocysts.

Controlled ovarian stimulation

Controlled ovarian stimulation with gonadotropins is 
an essential part of MAR treatments, as the correct use 
of COS reduces the risk of ovarian hyperstimulation 
syndrome.

COS in grade 1 MAR

In grade 1 MAR, COS is aimed at obtaining a single oocyte 
and synchronising ovulation with sperm injection in the 
uterine cavity.

Intra-uterine insemination can also be performed during 
spontaneous ovulation, without using exogenous hormones, 
but the results are inferior to those obtained when gonado‑
tropins are administered [46]; it is likely that this is due to 
the relatively short survival of in vitro-activated sperma‑
tozoa and to the difficulty of precisely predicting the time 
of spontaneous ovulation, with problems in synchronising 
sperm survival and egg availability. When a low dose of 
gonadotropins is used, their circulating levels are close to 
those observed in a spontaneous cycle, and therefore com‑
plications are extremely rare, and the risk of the most chal‑
lenging of them, severe OHSS, is considered negligible.

COS in grade 2 MAR

In grade 2 MAR, the ultimate aim of COS is to obtain the 
number of oocytes that will maximise the success rate, while 
keeping the risk of OHSS under control: based on the cur‑
rent evidence, the optimal number of oocytes should range 
between 15 and 18 [47]. The simultaneous optimisation of 
COS efficacy and safety can be achieved by tailoring treat‑
ment according to biomarkers that predict ovarian response 

to COS. Algorithms have been developed to calculate the 
optimal dose of exogenous gonadotropins that should be 
administered to a given woman [48, 49]; they combine clini‑
cal characteristics (e.g. age and body mass index [BMI]) 
with ultrasound parameters (basal antral follicle count 
[AFC]) and serological markers (FSH level on the third 
day of the cycle, circulating anti-Mullerian hormone level) 
[48–50]. Briefly, the antral follicle count is the number of 
small antral follicles (2–10 mm diameter) that are visible at 
transvaginal ultrasound in both ovaries; it is directly related 
to ovarian responsiveness to COS [51]. The anti-Mullerian 
hormone, which is produced by the granulosa cells of pre-
antral follicles, is the individual biomarker that most closely 
correlates with the follicular ovarian reserve and response to 
COS; conversely, FSH secretion is inhibited by inhibin B, 
another product of the granulosa cells, and FSH levels on 
the third day of the cycle are inversely related to the size of 
the woman’s ovarian reserve [52].

Drugs employed in COS

The drugs used for COS are human gonadotropins FSH, 
LH and HCG; they are obtained by extraction and purifica‑
tion from the urine (u-Gn) or using recombinant technol‑
ogy (r-Gn) [53]. Both u-Gn and r-Gn are used in COS, with 
small differences in efficacy and safety. Most COS cycles are 
performed using either FSH alone, or a combination of FSH 
plus LH or FSH plus HCG (acting on the LH-receptor and 
having LH-like activity). Several Gn administration regi‑
mens exist and this makes it possible to choose the one that 
is most likely to ensure efficacy and safety for a particular 
patient [52]. Overall, COS lasts approximately two weeks 
and the largest administered Gn dose very rarely exceeds 
300–375 IU/day, reaching a maximum dose of 5000 IU per 
stimulation cycle.

The ovarian response to COS consists in the simultaneous 
growth of a cohort of follicles which then produces estra‑
diol. During COS, estradiol circulating levels are ten times 
higher than those of the pre-ovulatory peak in a spontaneous 
cycle (about 3000 pg/ml vs. about 300). Most gonadotropins 
are administered daily by subcutaneous injection to reach a 
steady and active blood concentration within the fourth day 
of treatment; it takes approximately three days for changes 
in daily dose to be reflected in the blood concentration [53].

The pharmacokinetics described above applies to women 
with normal kidney function, as gonadotropins are cleared 
via urinary excretion; the pharmacodynamic pattern changes 
in cases of impaired kidney function, potentially leading to 
Gn accumulation and the need to modulate the dose. How‑
ever, there is a well-known limit in the responsiveness of 
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granulosa cells to Gn, due to Gn-receptor saturation, which 
prevents any further effect on the follicles.

A long-acting form of recombinant FSH (r-FSH), Cori‑
follitropin-alfa (CF-alfa), obtained by coupling the r-FSH 
molecule with the C-terminal sequence of HCG, is also 
available; thanks to the added peptide fragment, r-FSH has a 
four times longer half-life in the blood [54]. A single CF-alfa 
injection takes only two days to reach active concentration 
in the blood, and leads to seven days of steady circulating 
FSH concentrations. The concentration of these long-lasting 
products could significantly increase in advanced CKD.

Advice on using COS for women with CKD

When treating CKD patients, low-dose COS should be pre‑
ferred, since the risks associated with severe OHSS (ascites, 
hypovolemia, hypoproteinemia, electrolyte imbalance and 
thrombophilia) increase in the presence of CKD, in particu‑
lar in oedematous states or in advanced CKD stages [55, 56].

The precise pharmacodynamics of stimulating hormones 
in CKD is not known; overall, long-lasting stimulating hor‑
mones should be used very carefully for patients with kid‑
ney impairment, given the increased risk of excessive FSH 
stimulation linked to reduced kidney clearance.

Given the oestrogen-related risk of flares, particular care 
should be taken when treating patients with lupus nephritis 
[57, 58]. In these cases, drugs that control oestrogen rise, 
such as the aromatase inhibitor Letrozole or the oestrogen 
receptor antagonist Clomiphene citrate, can effectively and 
safely be associated with gonadotropins [59]. In given cir‑
cumstances, even grade 2 MAR can be successful when a 
single oocyte is retrieved during a spontaneous, unstimu‑
lated cycle, accepting a much lower efficacy of the cycle, but 
significantly reducing the risk of disease reactivation thanks 
to the reduced risk of a Gn-related oestrogen rise [60].

For patients affected by SLE, pregnancy rates after grade 
2 MAR are similar to those for the general population, but 
flares, OHSS, spontaneous abortion, preeclampsia and pre‑
term delivery seem to be more frequent, according to some 
case series, most of which were based on relatively small 
samples [61–65].

The association between CKD and multiple pregnancies 
is known to carry an increased rate of adverse outcomes 
compared to multiple pregnancies in individuals without 
CKD; inducing a multiple pregnancy in CKD should there‑
fore be avoided [66].

Patients should be warned that even when a single blasto‑
cyst is transferred, a twin pregnancy (monochorionic twins) 
can be caused by spontaneous embryo splitting; however, 
the risk is low, i.e. below 4% [67].

Even if the risk of bleeding after oocyte retrieval is 
low, it should be kept in mind, in particular for patients on 

haemodialysis, as they use intermittent heparin during dialy‑
sis, and the same caution exercised for a surgical procedure 
should be applied here [68].

Similarly, even if the risk of infection related to this pro‑
cedure is low, pre-procedure vaginal bacteriological exami‑
nation and/or antibiotic prophylaxis should be considered, at 
least for patients on immunesuppressive drugs and patients 
at high risk of pelvic infection.

As a note of caution, it should be mentioned that the high 
oestrogen levels produced when using a supra-physiological 
concentration of circulating progesterone may increase a 
patient’s thrombophilic status, and the thrombotic risk may 
be further accentuated by a sedentary life in the days follow‑
ing embryo transfer. These factors should be considered in 
women at high risk for thrombosis, for example those with 
nephrotic syndrome or advanced CKD, obesity, a history of 
recurrent thrombosis or the presence of anti-phospholipid 
antibodies, also outside the context of a full-blown antiphos‑
pholipid syndrome. For these patients, antithrombotic proph‑
ylaxis with low molecular weight heparin should be consid‑
ered, whenever possible combined with low-dose aspirin, 
depending on individual risks. Low-dose aspirin should be 
stopped three days before oocyte retrieval and resumed the 
day after; low molecular weight heparin should be stopped 
12 h before retrieval and may be resumed the same day under 
strict control [58].

Box 2. Overall advice on MAR techniques for CKD 
patients

In the absence of agreed indications for monitoring CKD 
patients during and after MAR, the study group holds that 
patients should be advised to:

–	 Avoid a multiple pregnancy (indirect evidence stem-
ming from data on multiple pregnancies in CKD patients)

–	Check weight and blood pressure daily, and report 
any rapid increase in weight and any increase in blood 
pressure (good clinical practice in high-risk pregnan-
cies)

–	Use prophylactic aspirin or heparin at the prescribed 
distance from oocyte pick-up, according to the base-
line situation (especially sedentary patients and 
patients with other thrombotic risk factors) (indirect 
evidence from data on specific subsets of CKD patients, 
and on large series of MAR treatments)

–	Avoid intradialytic heparin in haemodialysis at least 
12 h before and 24 h after the oocyte retrieval proce-
dure (evidence from case reports)

–	Choose cautious, low-dose ovarian stimulation (indi-
rect evidence from MAR treatments and clinical reason-
ing; for details, see Box 3, below)
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Prevention of severe ovarian hyperstimulation 
syndrome

Ovarian hyperstimulation syndrome is an iatrogenic compli‑
cation that can affect patients undergoing COS; in its severe 
form it is the only life-threatening complication of COS [69].

In the general population of women undergoing COS, 
severe OHSS is rare, affecting 0.1–0.2% of patients [70], but 
in specific subsets (e.g. young women with polycystic ovary 
syndrome) its prevalence may be as high as 6%. The milder 
forms of OHSS are more frequent and are often treated on 
an outpatient basis, without need for hospitalisation.

The risk of developing severe OHSS increases when an 
excessive ovarian response to COS occurs as a consequence 
of an overly-high dose of exogenous gonadotropins or of 
unpredicted, excessive ovarian sensitivity to gonadotropins, 
linked to a multifactorial genetic predisposition. The intense 
ovarian response to COS leads to an abrupt and very marked 
increase in circulating estradiol, stimulating, via the vascular 
endothelial growth factor (VEGF), the vascular permeability 
of the small vessels on the ovarian surface. The administra‑
tion of HCG to trigger ovulation is the final factor activating 
VEGF, leading to fluid outflow from the ovarian surface into 
the abdominal cavity [71].

The full clinical picture of severe OHSS usually appears 
five to ten days after HCG has been administered, and 
includes enlarged ovaries (up to 12 cm in diameter), ascites, 
hypovolemia, hypoproteinemia, electrolyte imbalance and 
thrombophilic status (Table 3). In the most severe cases, 
pleural effusion with respiratory distress may occur; hypov‑
olemia-linked hypoperfusion of the vital organs (including 
the kidneys) may lead to damage, and even death [69].

The treatment of severe OHSS consists of intravenous 
fluids and albumin, anticoagulant low molecular weight 
heparin prophylaxis, electrolyte balancing and cabergoline, 
a drug inhibiting class II VEGF receptor [69].

Advice on the prevention of OHSS in CKD

The incidence of severe OHSS in patients with CKD is not 
known, but some case reports have been published [73–76]. 
Patients with CKD should be considered at high risk of 

further kidney damage in case of severe OHSS, and great 
caution to avoid the syndrome should be exercised. It is in 
fact vital that every measure that can be adopted to minimise 
the risk of severe OHSS [77] should be employed in treating 
patients with CKD (Box 3).

Box 3: Measures to avoid severe ovarian 
hyperstimulation syndrome in CKD patients

Suggested measures for avoiding severe OHSS
Using a COS protocol with a 30% lower-than-normal 

gonadotropin dose coupled with the administration of 
a GnRH-antagonist to inhibit the pituitary gland; this 
allows us to replace HCG with a GnRH-agonist to trig‑
ger final follicular maturation, thus avoiding the HCG 
effect on VEGF

Associating a prophylactic dose of cabergoline with 
COS to control the VEGF effect and minimise the 
increase in vascular permeability

Discontinuing COS if even minor signs of OHSS 
occur, e.g. liquid leakage from the ovaries (visible as 
free-fluid at transvaginal ultrasound); an abrupt and 
excessive increase in circulating estradiol

Avoiding embryo transfer during the cycle in which 
COS has been performed. Embryos can be frozen and 
transferred during the following menstrual cycle, either 
after preparing the endometrium with oestrogen plus 
progesterone, or during a spontaneous luteal phase. This 
prevents starting a pregnancy with endogenous HCG 
secretion by the placenta

Oocyte donation

Women with premature ovarian insufficiency or who are 
over 40–43 years of age (the age limit varies from country 
to country), as well as those who have a very limited ovarian 
reserve or no longer have good quality oocytes as a conse‑
quence of ageing, can still become pregnant through oocyte 
donation from a healthy young woman. Oocyte donors are 
younger than 35 and have been tested for genetic, metabolic, 
psychiatric and infectious diseases. One embryo generated 
in vitro from a donor oocyte and the patient’s partner’s 

Table 3   Aboulghar and Mansour’s classification of OHSS by level of risk [72]

Grade Symptoms and signs

Moderate Abdominal tension, nausea, ovarian enlargement, ascites, normal blood tests
Severe Grade A Nausea and/or vomiting, oliguria, ovarian enlargement, ascites, slight dyspnoea, normal blood tests
Severe Grade B Abdominal pain, nausea and/or vomiting, severe oliguria, ovarian enlargement, ascites, severe dyspnoea, haemo‑

concentration, high liver enzymes, electrolyte disturbances
Severe Grade C Same symptoms as in grade B, but associated with at least one of the following: Acute Respiratory Distress  Syn‑

drome (ARDS), thromboembolic events, acute kidney injury (AKI)
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sperm is transferred into the patient’s uterus, with a 50–60% 
chance of starting a pregnancy and a slightly lower live birth 
rate (45–55%).

Probably due to alterations in immune-tolerance toward 
the embryo, which is genetically different from the recipi‑
ent, hypertensive disorders and foetal growth restriction are 
significantly more frequent after oocyte donation than after 
homologous IVF or in a spontaneous pregnancy [78].

Advice on egg donation in CKD

Specifically when treating CKD women, it should be kept 
in mind that egg donation increases the risk of the hyper‑
tensive disorders of pregnancy, which are in turn associated 
with a higher risk of CKD progression, even in the early 
CKD stages. These considerations should be discussed with 
patients at the time of their selection of a MAR procedure.

Box 4. Elements to consider when discussing egg 
donation with CKD patients

Pro: relatively high success rate (about 50% of pregnan‑
cies last beyond the first trimester)

Contra: increased risk of the hypertensive disorders of 
pregnancy ( the incidence of which is already increased 
in all stages of CKD), which are in turn associated with 
a higher risk of CKD progression

Part three: preserving fertility in patients 
with CKD

Fertility preservation applies to women under 40, since after 
this age oocyte quality is considered to be too poor to war‑
rant any attempt to preserve them. This procedure should 
be considered for all patients that have a higher than normal 
risk of losing significant amounts of their ovarian follicular 
reserve because of severe multisystem autoimmune diseases 
or therapies that are potentially toxic for the ovaries [79].

The EULAR guidelines warn that methotrexate, 
mycophenolate mofetil and cyclophosphamide are ovaro‑
toxic medications, and suggest considering employing fertil‑
ity preservation techniques before treatment [80].

The first option in preserving female fertility is to admin‑
ister GnRH-analogues or oral contraceptives before ovaro‑
toxic therapy is begun [81, 82]. The rationale is to block 
follicular growth and ovulation by inhibiting pituitary FSH 
and LH secretion; in addition, the pituitary block reduces 
the metabolic activity of the ovaries and their vascularisa‑
tion, rendering follicles less vulnerable. The real efficacy 
of a GnRH-analogue or oral contraceptives in preserving 
the ovarian reserve of small follicles is controversial, as the 

early stages of follicular activation are independent from 
the stimulation of gonadotropins, and are due exclusively to 
intraovarian factors. However, some clinical evidence shows 
that these treatments have a beneficial effect, and they are 
still quite widely used in clinical practice [83].

The procedures currently being used to preserve female 
fertility are cryostorage of oocytes, embryos or ovarian tis‑
sue fragments [84].

Oocyte cryopreservation has been used since the 1990s 
and is a consolidated technique. The thousands of babies 
born using this procedure testify to its efficacy and safety. 
Cryopreservation is performed after COS and oocyte 
retrieval as in IVF treatment. After retrieval, the non-ferti‑
lised oocytes are frozen with a quick and effective method 
called vitrification, and are then stored in liquid nitrogen. 
They can survive frozen for several years and continue to 
produce competent embryos [85, 86]. When thawed, they 
can be fertilised using ICSI, without an increased risk of 
congenital anomalies [87].

The cryopreservation of embryos is likewise well known, 
tested, effective and safe, but the laws in some countries (e.g. 
Germany, Switzerland) restrict its use to married women, 
and in other countries (e.g. Italy) allow it only in specific 
cases that do not include fertility preservation for non-malig‑
nant diseases [88].

The cryopreservation of ovarian tissue is still experimen‑
tal. It consists of a laparoscopic biopsy sampling of the ovar‑
ian cortex that is then frozen and stored in liquid nitrogen. 
This procedure is rapid, requiring three to four days vs. the 
15 days needed for COS plus oocyte cryostorage, and could 
be offered to patients who need urgent treatment with cyto‑
toxic drugs. After thawing, the ovarian tissue can be grafted 
by laparoscopy in the residual atrophic ovary. The efficacy 
of this procedure is not known: about 150 live-born babies 
are reported to date, and no assessment of the risk of foetal 
abnormality is possible [89, 90].

Advice on using cryopreservation for women 
with CKD

Oocyte cryopreservation is the only widely available tech‑
nique in clinical practice. Unlike other diseases and condi‑
tions, in case of glomerulonephritides the use of immuno‑
suppressive treatments is generally of shorter duration. Since 
therapeutic alternatives to gametotoxic immunosuppressants 
exist both in chronic immunological kidney diseases and 
in kidney transplantation, the use of cryopreservation tech‑
niques is not systematically advised. It can, however be con‑
sidered in selected cases.

A still open question is whether certain drugs, such as 
mycophenolate, need to be at least temporarily discontinued 
in women on treatment for the purpose of egg harvest for 
egg preservation.
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Ideally, gamete retrieval should be performed before the 
start of treatment, in analogy with the indications for cancer 
therapy. However, this may not be feasible in some situ‑
ations, such as for example, in patients with SLE, treated 
since adolescence, or in patients on chronic treatment who 
previously considered pregnancy. Pending future research, 
and acknowledging the complexity and the open discussion 
on this issue, the study group suggests case-by-case manage‑
ment with experts providing updated advice.

Part 4: open clinical and ethical issues: 
optimising timing of pregnancy

One of the problems of fertility is the time issue. The 
chances of becoming pregnant and having an uncompli‑
cated pregnancy decrease with age; the progression of kid‑
ney disease may be long. Therefore, determining the “right 
time” and making the “right decision” may be difficult, in 
particular in women nearing the need for renal replacement 
therapy or on dialysis.

While there is general agreement that conception is more 
frequent and a pregnancy has a better chance of being suc‑
cessful after kidney transplantation than on dialysis and, 
probably, with severe CKD, this has to be balanced against 
the fact that, even in the best circumstances, not every kid‑
ney transplant guarantees “ideal” kidney function. In the 
absence of a living donor, the waiting time may be long, and 
at least one rejection-free year after transplantation should 
elapse before pregnancy is undertaken [91, 92].

Although pregnancy in dialysis is feasible, and the results 
are improving, extended daily or nightly treatments are 
extremely demanding and not universally available; their 
results are in any case inferior to those reported after kidney 
transplantation [18].

Even if, overall, kidney transplantation results are 
improving, there is no certainty that normal or “nearly nor‑
mal” kidney function will be attained after transplant, and 
the currently prescribed delay of at least one rejection-free 
year, with normal kidney function, no hypertension and non-
relevant proteinuria before beginning a pregnancy is unlikely 
to change in the near future [93].

Older age is associated with an increased risk of chromo‑
somal anomalies (aneuploidy), first of all Down syndrome. 
Although these can easily be diagnosed in utero, the psycho‑
logical impact may be considerable. Furthermore, a preg‑
nancy in advanced CKD carries a high risk of precipitating 
end-stage kidney disease and the need for dialysis [94, 95].

While cryopreservation of eggs is a feasible option, it 
does not completely solve the age problem, and the balance 
between an earlier pregnancy, in pre-dialysis or dialysis, ver‑
sus a later one, possibly requiring assisted fertilisation, after 
kidney transplantation is not clear (Figs. 2, 3).

This review does not discuss the clinical issues linked to 
pregnancy management in patients with CKD, dialysis and 
transplantation, which are covered by past best practices [93, 
96, 97]. Likewise, this paper does not discuss risk assess‑
ment, that should be a part of the counselling before MAR 
and is usually undertaken in these “high risk” situations; 
the importance of such a careful discussion is implicit and 
should, in any case, be underlined.

Summary considerations

	 1.	 Generally speaking, all women with CKD who can 
undergo a pregnancy can profit from MAR, if this is 
needed for conception and in the absence of specific 
contraindications. Due to the high heterogeneity of 
CKD, the approach should be tailored to each patient, 
exercising great caution and providing the highest pos‑
sible level of care (Boxes 1–4).

	 2.	 Patients with non-immunological diseases, or CKD 
stage 1–2, without hypertension or proteinuria should 
be treated with standard protocols, considering the 
cautions mentioned above, with particular attention 
to cases with a high risk of infection (e.g. congenital 
anomalies of the kidney and urinary tract), who might 
need antibiotic prophylaxis for some MAR procedures 
(e.g. intrauterine insemination, oocyte retrieval).

	 3.	 In patients with immunological CKD, there are several 
reports of the safe and effective use of MAR. However, 
the series are limited and a selection bias leading to 
preferentially reporting successful cases is probably 
present. Due to the complex and not fully understood 
interactions between MAR and immunological dis‑
eases, the procedures should be offered only when 
the disease is in stable remission. Antithrombotic-
anticoagulant prophylaxis may be needed to reduce 
the thrombotic risk associated with COS. The option 
of performing MAR during a spontaneous ovulatory 
cycle should be considered in cases at high risk of 
thrombosis.

	 4.	 In patients with a kidney transplant, the procedures 
requiring COS should be reserved for “ideal” candi‑
dates, i.e. at least 1 year after transplantation, rejec‑
tion-free for at least 6 months, without hypertension 
or proteinuria, with normal to “nearly normal” kidney 
function. Successful deliveries without deterioration of 
the graft function are reported, but the risk of compli‑
cations (preeclampsia, premature delivery, gestational 
hypertension) is probably higher than in kidney trans‑
planted patients with spontaneous pregnancies.

	 5.	 For patients with advanced CKD (native kidneys or 
after kidney transplantation) who are on dialysis there 
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is a significant risk of volume overload, and hormonal 
stimulation should be minimal.

	 6.	 For all patients with CKD, the expert opinion is that 
only one embryo should be transferred per cycle, due 
to the high risk posed to these women by a multiple 
pregnancy; the probability of spontaneous embryo 
splitting should however be considered.

	 7.	 The results of MAR are influenced by several factors, 
among which the most important are age (affecting 
oocyte quality) and ovarian reserve (affecting the 
number of oocytes that will be obtained after COS). 
The pregnancy rate obtained in the general infertile 

population undergoing grade 2 MAR is approximately 
35%, with an incidence of miscarriage of 15–25% for 
those who conceive, leading to a live birth rate per 
IVF cycle of approximately 28–30%. The study group 
warns against MAR for older patients and those with 
a severely reduced ovarian reserve, considering the 
unfavourable success/risk ratio.

	 8.	 In the absence of high quality evidence supporting 
clinical decisions, the study groups advise extensive 
counselling, discussing the potential general and spe‑
cific risks and highlighting the areas of uncertainty 
(Box 1, Fig. 2).

	 9.	 Due to the rapid progress in MAR techniques, as well 
as the rapid accumulation of new evidence, referral to a 
specialised fertility centre is needed for updated coun‑
selling, and decisions should involve a multidiscipli‑
nary team, including nephrologists and obstetricians, 
who will closely monitor the patient during pregnancy.

	10.	 In the absence of precise data guiding surveillance and 
management, once pregnancy is established, careful 
follow-up is strongly advised, even in the early CKD 
stages, following the previous indications of the Italian 
Society of Nephrology.

Acknowledgements  No funding was obtained for the making of this 
best practice. The Centre Hospitalier Le Mans supports the editing 
and open access fees of the final publication. The paper was made as 
a part of the activity of the project group on kidney and pregnancy of 
the Italian Society of Nephrology. 

Author contributions  Steering committee: RA, AR, GBP. Literature 
search: FC, BM, ARC. Expert advisors: GC, GG, LG, GM, MT, BM, 
DS. Steering committee: the three authors equally contributed to the 
paper.

Data availability  Not available.

Declarations 

Conflict of interest  None of the authors declares any conflict of inter‑
est regarding the issues discussed in this best practice. 

Ethical approval  No ethical approval needed for this review paper.

Human and animal rights  No human and animal rights needed for this 
review paper.

Informed consent  No informed consent needed for this review paper.

Open Access   This article is licensed under a Creative Commons Attri‑
bution 4.0 International License, which permits use, sharing, adapta‑
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 

Pros: 
pregnancy is possible in late 

CKD stages; fer�lity is 
probably higher in advanced 
CKD as compared to dialysis.
While pregnancy in late CKD 

stages may precipitate 
dialysis need, results are 

be�er in pa�ents who start 
dialysis in pregnancy with 
respect to pa�ents already 

on chronic dialysis. Age may 
modulate the choice.

Cons: 
pregnancy may precipitate 
the need for dialysis in an 
otherwise stable pa�ent. 

The risk of (early) preterm 
delivery, foetal loss and 

other adverse pregnancy 
outcomes is higher in 

advanced CKD with respect 
to kidney transplanta�on.
A complicated pregnancy 

may broadly affect maternal 
health (cardiovascular 

complica�ons).

Pros: 
pregnancy is possible in late 

CKD stages; fer�lity is 
probably higher in advanced 
CKD as compared to dialysis.
While pregnancy in late CKD 

stages may precipitate 
dialysis need, results are 

be�er in pa�ents who start 
dialysis in pregnancy with 
respect to pa�ents already 

on chronic dialysis. Age may 
modulate the choice.

Cons: 
pregnancy may precipitate 
the need for dialysis in an 
otherwise stable pa�ent. 

The risk of (early) preterm 
delivery, foetal loss and 

other adverse pregnancy 
outcomes is higher in 

advanced CKD with respect 
to kidney transplanta�on.
A complicated pregnancy 

may broadly affect maternal 
health (cardiovascular 

complica�ons).

Pros: 
pregnancy is possible in late 

CKD stages; fer�lity is 
probably higher in advanced 
CKD as compared to dialysis.
While pregnancy in late CKD 

stages may precipitate 
dialysis need, results are 

be�er in pa�ents who start 
dialysis in pregnancy with 
respect to pa�ents already 

on chronic dialysis. Age may 
modulate the choice.

Cons: 
pregnancy may precipitate 
the need for dialysis in an 
otherwise stable pa�ent. 

The risk of (early) preterm 
delivery, foetal loss and 

other adverse pregnancy 
outcomes is higher in 

advanced CKD with respect 
to kidney transplanta�on.
A complicated pregnancy 

may broadly affect maternal 
health (cardiovascular 

complica�ons).

Pros: 
pregnancy is possible in late 

CKD stages; fer�lity is 
probably higher in advanced 
CKD as compared to dialysis.
While pregnancy in late CKD 

stages may precipitate 
dialysis need, results are 

be�er in pa�ents who start 
dialysis in pregnancy with 
respect to pa�ents already 

on chronic dialysis. Age may 
modulate the choice.

Cons: 
pregnancy may precipitate 
the need for dialysis in an 
otherwise stable pa�ent. 

The risk of (early) preterm 
delivery, foetal loss and 

other adverse pregnancy 
outcomes is higher in 

advanced CKD with respect 
to kidney transplanta�on.
A complicated pregnancy 

may broadly affect maternal 
health (cardiovascular 

complica�ons).

Fig. 2   Timing and main clinical issues with regard to pregnancy 
planning in late CKD stages (3–5)

Pros: 
the results of pregnancy 

a�er kidney 
transplanta�on are very 

good, provided that 
kidney func�on is “near 

normal” and 
complica�ons (recent 

rejec�on episodes, 
hypertension, 

proteinuria) are absent.

Cons: 
kidney func�on a�er 

kidney transplanta�on is 
not predictable; the 

wai�ng �me may be long 
and the need for at least 
one rejec�on-free year 
adds to the delay. Older 
age increases the risk of 
infer�lity and adverse 
pregnancy outcomes.

Pros: 
the results of pregnancy 

a�er kidney 
transplanta�on are very 

good, provided that 
kidney func�on is “near 

normal” and 
complica�ons (recent 

rejec�on episodes, 
hypertension, 

proteinuria) are absent.

Cons: 
kidney func�on a�er 

kidney transplanta�on is 
not predictable; the 

wai�ng �me may be long 
and the need for at least 
one rejec�on-free year 
adds to the delay. Older 
age increases the risk of 
infer�lity and adverse 
pregnancy outcomes.

Pros: 
the results of pregnancy 

a�er kidney 
transplanta�on are very 

good, provided that 
kidney func�on is “near 

normal” and 
complica�ons (recent 

rejec�on episodes, 
hypertension, 

proteinuria) are absent.

Cons: 
kidney func�on a�er 

kidney transplanta�on is 
not predictable; the 

wai�ng �me may be long 
and the need for at least 
one rejec�on-free year 
adds to the delay. Older 
age increases the risk of 
infer�lity and adverse 
pregnancy outcomes.

Pros: 
the results of pregnancy 

a�er kidney 
transplanta�on are very 

good, provided that 
kidney func�on is “near 

normal” and 
complica�ons (recent 

rejec�on episodes, 
hypertension, 

proteinuria) are absent.

Cons: 
kidney func�on a�er 

kidney transplanta�on is 
not predictable; the 

wai�ng �me may be long 
and the need for at least 
one rejec�on-free year 
adds to the delay. Older 
age increases the risk of 
infer�lity and adverse 
pregnancy outcomes.

Fig. 3   Timing and main clinical issues with regard to pregnancy 
planning after kidney transplantation



1252	 Journal of Nephrology (2023) 36:1239–1255

1 3

permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Vander Borght M, Wyns C (2018) Fertility and infertility: defini‑
tion and epidemiology. Clin Biochem 62:2–10. https://​doi.​org/​10.​
1016/j.​clinb​iochem.​2018.​03.​012

	 2.	 Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Ste‑
vens GA (2012) National, regional, and global trends in infertility 
prevalence since 1990: a systematic analysis of 277 health sur‑
veys. PLoS Med 9(12):e1001356. https://​doi.​org/​10.​1371/​journ​
al.​pmed.​10013​56

	 3.	 Dumanski SM, Ahmed SB (2019) Fertility and reproductive care 
in chronic kidney disease. J Nephrol 32(1):39–50. https://​doi.​org/​
10.​1007/​s40620-​018-​00569-9

	 4.	 Piccoli GB, Zakharova E, Attini R, Ibarra Hernandez M, Orozco 
Guillien A, Alrukhaimi M et al (2018) Pregnancy in chronic 
kidney disease: need for higher awareness a pragmatic review 
focused on what could be improved in the different CKD stages 
and phases. J Clin Med. https://​doi.​org/​10.​3390/​jcm71​10415

	 5.	 Chang DH, Dumanski SM, Ahmed SB (2022) Female reproduc‑
tive and gynecologic considerations in chronic kidney disease: 
adolescence and young adulthood. Kidney Int Rep 7(2):152–164. 
https://​doi.​org/​10.​1016/j.​ekir.​2021.​11.​003

	 6.	 Stoumpos S, Lees J, Welsh P, Hund M, Geddes CC, Nelson SM 
et al (2018) The utility of anti-Mullerian hormone in women with 
chronic kidney disease, on haemodialysis and after kidney trans‑
plantation. Reprod Biomed Online 36(2):219–226. https://​doi.​org/​
10.​1016/j.​rbmo.​2017.​11.​003

	 7.	 Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, de 
Mouzon J, Sokol R et al (2017) The International Glossary on 
Infertility and Fertility Care, 2017. Fertil Steril 108(3):393–406. 
https://​doi.​org/​10.​1016/j.​fertn​stert.​2017.​06.​005

	 8.	 Zegers-Hochschild F, Adamson GD, de Mouzon J, Ishihara O, 
Mansour R, Nygren K et al (2009) International Committee for 
Monitoring Assisted Reproductive Technology (ICMART) and 
the World Health Organization (WHO) revised glossary of ART 
terminology, 2009. Fertil Steril 92(5):1520–1524. https://​doi.​org/​
10.​1016/j.​fertn​stert.​2009.​09.​009

	 9.	 Jaar BG, Khatib R, Plantinga L, Boulware LE, Powe NR (2008) 
Principles of screening for chronic kidney disease. Clin J Am Soc 
Nephrol 3(2):601–609. https://​doi.​org/​10.​2215/​CJN.​02540​607

	10.	 Brown MA, Holt JL, Mangos GJ, Murray N, Curtis J, Homer C 
(2005) Microscopic hematuria in pregnancy: relevance to preg‑
nancy outcome. Am J Kidney Dis 45(4):667–673. https://​doi.​org/​
10.​1053/j.​ajkd.​2004.​12.​023

	11.	 Piccoli GB, Chatrenet A, Cataldo M, Torreggiani M, Attini R, 
Masturzo B et al (2022) Adding creatinine to routine pregnancy 
tests: a decision tree for calculating the cost of identifying patients 
with CKD in pregnancy. Nephrol Dial Transplant. https://​doi.​org/​
10.​1093/​ndt/​gfac0​51

	12.	 Webster P, Lightstone L, McKay DB, Josephson MA (2017) 
Pregnancy in chronic kidney disease and kidney transplantation. 
Kidney Int 91(5):1047–1056. https://​doi.​org/​10.​1016/j.​kint.​2016.​
10.​045

	13.	 Cabiddu G, Mannucci C, Fois A, Maxia S, Chatrenet A, Osadolor 
S et al (2022) Pre-eclampsia is a valuable opportunity to diagnose 
chronic kidney disease: a multicentre study. Nephrol Dial Trans‑
plant 37(8):1488–1498. https://​doi.​org/​10.​1093/​ndt/​gfab2​25

	14.	 Kattah AG, Scantlebury DC, Agarwal S, Mielke MM, Rocca 
WA, Weaver AL et al (2017) Preeclampsia and ESRD: the role of 

shared risk factors. Am J Kidney Dis 69(4):498–505. https://​doi.​
org/​10.​1053/j.​ajkd.​2016.​07.​034

	15.	 Hewawasam E, Davies CE, Li Z, Clayton P, Sullivan E, McDonald 
SP et al (2022) Determinants of perinatal outcomes in dialyzed 
and transplanted women in Australia. Kidney Int Rep 7(6):1318–
1331. https://​doi.​org/​10.​1016/j.​ekir.​2022.​03.​015

	16.	 Piccoli GB, Cabiddu G, Daidone G, Guzzo G, Maxia S, Ciniglio 
I et al (2014) The children of dialysis: live-born babies from 
on-dialysis mothers in Italy–an epidemiological perspective 
comparing dialysis, kidney transplantation and the overall popu‑
lation. Nephrol Dial Transplant 29(8):1578–1586. https://​doi.​
org/​10.​1093/​ndt/​gfu092

	17.	 Shah S, Christianson AL, Meganathan K, Leonard AC, Schauer 
DP, Thakar CV (2019) Racial differences and factors associ‑
ated with pregnancy in ESKD patients on dialysis in the United 
States. J Am Soc Nephrol 30(12):2437–2448. https://​doi.​org/​
10.​1681/​ASN.​20190​30234

	18.	 Hladunewich MA, Hou S, Odutayo A, Cornelis T, Pierratos 
A, Goldstein M et al (2014) Intensive hemodialysis associates 
with improved pregnancy outcomes: a Canadian and United 
States cohort comparison. J Am Soc Nephrol 25(5):1103–1109. 
https://​doi.​org/​10.​1681/​ASN.​20130​80825

	19.	 Piccoli GB, Cabiddu G, Attini R, Gerbino M, Todeschini P, 
Perrino ML et al (2016) Pregnancy outcomes after kidney graft 
in Italy: are the changes over time the result of different thera‑
pies or of different policies? A nationwide survey (1978–2013). 
Nephrol Dial Transplant 31(11):1957–1965. https://​doi.​org/​10.​
1093/​ndt/​gfw232

	20.	 Gosselink ME, van Buren MC, Kooiman J, Groen H, Ganzevoort 
W, van Hamersvelt HW et al (2022) A nationwide Dutch cohort 
study shows relatively good pregnancy outcomes after kidney 
transplantation and finds risk factors for adverse outcomes. Kid‑
ney Int 102(4):866–875. https://​doi.​org/​10.​1016/j.​kint.​2022.​06.​
006

	21.	 Ponticelli C, Zaina B, Moroni G (2021) Planned pregnancy in 
kidney transplantation. A calculated risk. J Pers Med. https://​
doi.​org/​10.​3390/​jpm11​100956

	22.	 Coscia LA, Armenti DP, King RW, Sifontis NM, Constantinescu 
S, Moritz MJ (2015) Update on the teratogenicity of maternal 
mycophenolate mofetil. J Pediatr Genet 4(2):42–55. https://​doi.​
org/​10.​1055/s-​0035-​15567​43

	23.	 Piccoli GB, Conijn A, Consiglio V, Vasario E, Attini R, 
Deagostini MC et al (2010) Pregnancy in dialysis patients: is 
the evidence strong enough to lead us to change our counseling 
policy? Clin J Am Soc Nephrol 5(1):62–71. https://​doi.​org/​10.​
2215/​CJN.​05660​809

	24.	 (1975) Pregnancy and renal disease. Lancet 2(7939):801-802
	25.	 Mc Laughlin L, Neukirchinger B, Noyes J (2022) Interventions 

for and experiences of shared decision-making underpinning 
reproductive health, family planning options and pregnancy 
for women with or at high risk of kidney disease: a system‑
atic review and qualitative framework synthesis. BMJ Open 
12(8):e062392. https://​doi.​org/​10.​1136/​bmjop​en-​2022-​062392

	26.	 van Buren MC, Beck DK, Lely AT, van de Wetering J, Massey 
EK (2021) EXPloring attitudes and factors influencing repro‑
ductive Choices in kidney Transplant patients (The EXPECT-
study). Clin Transplant 35(12):e14473. https://​doi.​org/​10.​1111/​
ctr.​14473

	27.	 Tong A, Brown MA, Winkelmayer WC, Craig JC, Jesudason S 
(2015) Perspectives on pregnancy in women With CKD: a semi‑
structured interview study. Am J Kidney Dis 66(6):951–961. 
https://​doi.​org/​10.​1053/j.​ajkd.​2015.​08.​023

	28.	 Gillon R (1985) “Primum non nocere” and the principle of 
non-maleficence. Br Med J (Clin Res Ed) 291(6488):130–131. 
https://​doi.​org/​10.​1136/​bmj.​291.​6488.​130

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.clinbiochem.2018.03.012
https://doi.org/10.1016/j.clinbiochem.2018.03.012
https://doi.org/10.1371/journal.pmed.1001356
https://doi.org/10.1371/journal.pmed.1001356
https://doi.org/10.1007/s40620-018-00569-9
https://doi.org/10.1007/s40620-018-00569-9
https://doi.org/10.3390/jcm7110415
https://doi.org/10.1016/j.ekir.2021.11.003
https://doi.org/10.1016/j.rbmo.2017.11.003
https://doi.org/10.1016/j.rbmo.2017.11.003
https://doi.org/10.1016/j.fertnstert.2017.06.005
https://doi.org/10.1016/j.fertnstert.2009.09.009
https://doi.org/10.1016/j.fertnstert.2009.09.009
https://doi.org/10.2215/CJN.02540607
https://doi.org/10.1053/j.ajkd.2004.12.023
https://doi.org/10.1053/j.ajkd.2004.12.023
https://doi.org/10.1093/ndt/gfac051
https://doi.org/10.1093/ndt/gfac051
https://doi.org/10.1016/j.kint.2016.10.045
https://doi.org/10.1016/j.kint.2016.10.045
https://doi.org/10.1093/ndt/gfab225
https://doi.org/10.1053/j.ajkd.2016.07.034
https://doi.org/10.1053/j.ajkd.2016.07.034
https://doi.org/10.1016/j.ekir.2022.03.015
https://doi.org/10.1093/ndt/gfu092
https://doi.org/10.1093/ndt/gfu092
https://doi.org/10.1681/ASN.2019030234
https://doi.org/10.1681/ASN.2019030234
https://doi.org/10.1681/ASN.2013080825
https://doi.org/10.1093/ndt/gfw232
https://doi.org/10.1093/ndt/gfw232
https://doi.org/10.1016/j.kint.2022.06.006
https://doi.org/10.1016/j.kint.2022.06.006
https://doi.org/10.3390/jpm11100956
https://doi.org/10.3390/jpm11100956
https://doi.org/10.1055/s-0035-1556743
https://doi.org/10.1055/s-0035-1556743
https://doi.org/10.2215/CJN.05660809
https://doi.org/10.2215/CJN.05660809
https://doi.org/10.1136/bmjopen-2022-062392
https://doi.org/10.1111/ctr.14473
https://doi.org/10.1111/ctr.14473
https://doi.org/10.1053/j.ajkd.2015.08.023
https://doi.org/10.1136/bmj.291.6488.130


1253Journal of Nephrology (2023) 36:1239–1255	

1 3

	29.	 Gillon R (1994) Medical ethics: four principles plus attention 
to scope. BMJ 309(6948):184–188. https://​doi.​org/​10.​1136/​bmj.​
309.​6948.​184

	30.	 Genuis QIT (2021) A genealogy of autonomy: freedom, pater‑
nalism, and the future of the doctor-patient relationship. J Med 
Philos 46(3):330–349. https://​doi.​org/​10.​1093/​jmp/​jhab0​04

	31.	 Doody KJ (2021) Infertility treatment now and in the future. 
Obstet Gynecol Clin North Am 48(4):801–812. https://​doi.​org/​
10.​1016/j.​ogc.​2021.​07.​005

	32.	 Mellagi APG, Will KJ, Quirino M, Bustamante-Filho IC, 
Ulguim RDR, Bortolozzo FP (2022) Update on artificial insemi‑
nation: semen, techniques, and sow fertility. Mol Reprod Dev. 
https://​doi.​org/​10.​1002/​mrd.​23643

	33.	 Doroftei B, Ilie OD, Anton N, Armeanu T, Ilea C (2022) A 
mini-review regarding the clinical outcomes of in vitro fertili‑
zation (IVF) following pre-implantation genetic testing (PGT)-
next generation sequencing (NGS) approach. Diagnostics 
(Basel). https://​doi.​org/​10.​3390/​diagn​ostic​s1208​1911

	34.	 Snoek R, Stokman MF, Lichtenbelt KD, van Tilborg TC, Sim‑
cox CE, Paulussen ADC et al (2020) Preimplantation genetic 
testing for monogenic kidney disease. Clin J Am Soc Nephrol 
15(9):1279–1286. https://​doi.​org/​10.​2215/​CJN.​03550​320

	35.	 Murphy EL, Droher ML, DiMaio MS, Dahl NK (2018) Preim‑
plantation genetic diagnosis counseling in autosomal dominant 
polycystic kidney disease. Am J Kidney Dis 72(6):866–872. 
https://​doi.​org/​10.​1053/j.​ajkd.​2018.​01.​048

	36.	 Mir Pardo P, Martinez-Conejero JA, Martin J, Simon C, Cer‑
vero A (2020) Combined preimplantation genetic testing for 
autosomal dominant polycystic kidney disease: consequences 
for embryos available for transfer. Genes (Basel). https://​doi.​
org/​10.​3390/​genes​11060​692

	37.	 Kalinderis M, Kalinderi K, Srivastava G, Homburg R (2021) 
When should we freeze embryos? Current data for fresh and fro‑
zen embryo replacement IVF cycles. Reprod Sci 28(11):3061–
3072. https://​doi.​org/​10.​1007/​s43032-​021-​00628-w

	38.	 Rivera JCH, Perez Lopez MJ, Corzo Bermudez CH, Garcia 
Covarrubias L, Bermudez Aceves LA, Chucuan Castillo CA 
et al (2019) Delayed initiation of hemodialysis in pregnant 
women with chronic kidney disease: logistical problems impact 
clinical outcomes. An experience from an emerging country. J 
Clin Med. https://​doi.​org/​10.​3390/​jcm80​40475

	39.	 Lemardeley G, Pirrello O, Dieterle S, Zebina A, Astrugue C, 
Jonveaux P et al (2021) Overview of hospitalizations in women 
undergoing oocyte retrieval for ART in the French national 
health data system. Hum Reprod 36(10):2769–2781. https://​
doi.​org/​10.​1093/​humrep/​deab1​47

	40.	 El-Shawarby S, Margara R, Trew G, Lavery S (2004) A review 
of complications following transvaginal oocyte retrieval for in-
vitro fertilization. Hum Fertil (Camb) 7(2):127–133. https://​doi.​
org/​10.​1080/​14647​27041​00016​99081

	41.	 Achermann APP, Pereira TA, Esteves SC (2021) Microdissec‑
tion testicular sperm extraction (micro-TESE) in men with infer‑
tility due to nonobstructive azoospermia: summary of current 
literature. Int Urol Nephrol 53(11):2193–2210. https://​doi.​org/​
10.​1007/​s11255-​021-​02979-4

	42.	 Gullo G, Cucinella G, Perino A, Gullo D, Segreto D, Lagana 
AS et al (2021) The gender gap in the diagnostic-therapeutic 
journey of the infertile couple. Int J Environ Res Public Health. 
https://​doi.​org/​10.​3390/​ijerp​h1812​6184

	43.	 Pavan-Jukic D, Stubljar D, Jukic T, Starc A (2020) Predictive 
factors for sperm retrieval from males with azoospermia who 
are eligible for testicular sperm extraction (TESE). Syst Biol 
Reprod Med 66(1):70–75. https://​doi.​org/​10.​1080/​19396​368.​
2019.​16807​64

	44.	 Chambers GM, Keller E, Choi S, Khalaf Y, Crawford S, Botha 
W et  al (2020) Funding and public reporting strategies for 

reducing multiple pregnancy from fertility treatments. Fertil 
Steril 114(4):715–721. https://​doi.​org/​10.​1016/j.​fertn​stert.​2020.​
08.​1405

	45.	 European IVFmCddftESoHR, Embryology, Wyns C, Bergh C, 
Calhaz-Jorge C, De Geyter C, et al (2020) ART in Europe 2016: 
results generated from European registries by ESHRE. Hum 
Reprod Open 2020(3):hoaa032. https://​doi.​org/​10.​1093/​hropen/​
hoaa0​32

	46.	 Massin N, Cedrin-Durnerin I, Hugues JN (2004) Intrauterine 
insemination: spontaneous or medically-assisted ovulation? 
Gynecol Obstet Fertil 32(10):898–903. https://​doi.​org/​10.​
1016/j.​gyobfe.​2004.​07.​015

	47.	 Sunkara SK, LaMarca A, Polyzos NP, Seed PT, Khalaf Y (2016) 
Live birth and perinatal outcomes following stimulated and 
unstimulated IVF: analysis of over two decades of a nationwide 
data. Hum Reprod 31(10):2261–2267. https://​doi.​org/​10.​1093/​
humrep/​dew184

	48.	 Allegra A, Marino A, Volpes A, Coffaro F, Scaglione P, Gullo S 
et al (2017) A randomized controlled trial investigating the use 
of a predictive nomogram for the selection of the FSH starting 
dose in IVF/ICSI cycles. Reprod Biomed Online 34(4):429–
438. https://​doi.​org/​10.​1016/j.​rbmo.​2017.​01.​012

	49.	 Ebid A, Motaleb SMA, Mostafa MI, Soliman MMA (2021) 
Novel nomogram-based integrated gonadotropin therapy 
individualization in in  vitro fertilization/intracytoplasmic 
sperm injection: a modeling approach. Clin Exp Reprod Med 
48(2):163–173. https://​doi.​org/​10.​5653/​cerm.​2020.​03909

	50.	 Marino A, Gullo S, Sammartano F, Volpes A, Allegra A 
(2022) Algorithm-based individualization methodology of 
the starting gonadotropin dose in IVF/ICSI and the freeze-all 
strategy prevent OHSS equally in normal responders: a sys‑
tematic review and network meta-analysis of the evidence. J 
Assist Reprod Genet 39(7):1583–1601. https://​doi.​org/​10.​1007/​
s10815-​022-​02503-2

	51.	 Broekmans FJ, de Ziegler D, Howles CM, Gougeon A, Trew G, 
Olivennes F (2010) The antral follicle count: practical recom‑
mendations for better standardization. Fertil Steril 94(3):1044–
1051. https://​doi.​org/​10.​1016/j.​fertn​stert.​2009.​04.​040

	52.	 La Marca A, Sunkara SK (2014) Individualization of controlled 
ovarian stimulation in IVF using ovarian reserve markers: from 
theory to practice. Hum Reprod Update 20(1):124–140. https://​
doi.​org/​10.​1093/​humupd/​dmt037

	53.	 Bergandi L, Canosa S, Carosso AR, Paschero C, Gennarelli 
G, Silvagno F et al (2020) Human recombinant FSH and its 
biosimilars: clinical efficacy, safety, and cost-effectiveness in 
controlled ovarian stimulation for in vitro fertilization. Phar‑
maceuticals (Basel). https://​doi.​org/​10.​3390/​ph130​70136

	54.	 Loutradis D, Drakakis P, Vlismas A, Antsaklis A (2009) Cori‑
follitropin alfa, a long-acting follicle-stimulating hormone ago‑
nist for the treatment of infertility. Curr Opin Investig Drugs 
10(4):372–380

	55.	 Abou Arkoub R, Xiao CW, Claman P, Clark EG (2019) Acute 
kidney injury due to ovarian hyperstimulation syndrome. Am J 
Kidney Dis 73(3):416–420. https://​doi.​org/​10.​1053/j.​ajkd.​2018.​
10.​010

	56.	 Selter J, Wen T, Palmerola KL, Friedman AM, Williams Z, For‑
man EJ (2019) Life-threatening complications among women 
with severe ovarian hyperstimulation syndrome. Am J Obstet 
Gynecol 220(6):575e1-e11. https://​doi.​org/​10.​1016/j.​ajog.​2019.​
02.​009

	57.	 Sammaritano LR, Bermas BL, Chakravarty EE, Chambers C, 
Clowse MEB, Lockshin MD et al (2020) 2020 American College 
of Rheumatology guideline for the management of reproductive 
health in rheumatic and musculoskeletal diseases. Arthritis Care 
Res (Hoboken) 72(4):461–488. https://​doi.​org/​10.​1002/​acr.​24130

https://doi.org/10.1136/bmj.309.6948.184
https://doi.org/10.1136/bmj.309.6948.184
https://doi.org/10.1093/jmp/jhab004
https://doi.org/10.1016/j.ogc.2021.07.005
https://doi.org/10.1016/j.ogc.2021.07.005
https://doi.org/10.1002/mrd.23643
https://doi.org/10.3390/diagnostics12081911
https://doi.org/10.2215/CJN.03550320
https://doi.org/10.1053/j.ajkd.2018.01.048
https://doi.org/10.3390/genes11060692
https://doi.org/10.3390/genes11060692
https://doi.org/10.1007/s43032-021-00628-w
https://doi.org/10.3390/jcm8040475
https://doi.org/10.1093/humrep/deab147
https://doi.org/10.1093/humrep/deab147
https://doi.org/10.1080/14647270410001699081
https://doi.org/10.1080/14647270410001699081
https://doi.org/10.1007/s11255-021-02979-4
https://doi.org/10.1007/s11255-021-02979-4
https://doi.org/10.3390/ijerph18126184
https://doi.org/10.1080/19396368.2019.1680764
https://doi.org/10.1080/19396368.2019.1680764
https://doi.org/10.1016/j.fertnstert.2020.08.1405
https://doi.org/10.1016/j.fertnstert.2020.08.1405
https://doi.org/10.1093/hropen/hoaa032
https://doi.org/10.1093/hropen/hoaa032
https://doi.org/10.1016/j.gyobfe.2004.07.015
https://doi.org/10.1016/j.gyobfe.2004.07.015
https://doi.org/10.1093/humrep/dew184
https://doi.org/10.1093/humrep/dew184
https://doi.org/10.1016/j.rbmo.2017.01.012
https://doi.org/10.5653/cerm.2020.03909
https://doi.org/10.1007/s10815-022-02503-2
https://doi.org/10.1007/s10815-022-02503-2
https://doi.org/10.1016/j.fertnstert.2009.04.040
https://doi.org/10.1093/humupd/dmt037
https://doi.org/10.1093/humupd/dmt037
https://doi.org/10.3390/ph13070136
https://doi.org/10.1053/j.ajkd.2018.10.010
https://doi.org/10.1053/j.ajkd.2018.10.010
https://doi.org/10.1016/j.ajog.2019.02.009
https://doi.org/10.1016/j.ajog.2019.02.009
https://doi.org/10.1002/acr.24130


1254	 Journal of Nephrology (2023) 36:1239–1255

1 3

	58.	 Andreoli L, Bertsias GK, Agmon-Levin N, Brown S, Cervera 
R, Costedoat-Chalumeau N et al (2017) EULAR recommenda‑
tions for women’s health and the management of family planning, 
assisted reproduction, pregnancy and menopause in patients with 
systemic lupus erythematosus and/or antiphospholipid syndrome. 
Ann Rheum Dis 76(3):476–485. https://​doi.​org/​10.​1136/​annrh​
eumdis-​2016-​209770

	59.	 Haas J, Casper RF (2017) In  vitro fertilization treatments 
with the use of clomiphene citrate or letrozole. Fertil Steril 
108(4):568–571. https://​doi.​org/​10.​1016/j.​fertn​stert.​2017.​08.​
017

	60.	 Elizur SE, Chian RC, Pineau CA, Son WY, Holzer HE, Huang JY 
et al (2008) Fertility preservation treatment for young women with 
autoimmune diseases facing treatment with gonadotoxic agents. 
Rheumatology (Oxford) 47(10):1506–1509. https://​doi.​org/​10.​
1093/​rheum​atolo​gy/​ken293

	61.	 Ragab A, Barakat R, Ragheb M, State O, Badawy A (2012) Sub‑
fertility treatment in women with systemic lupus erythematosus. 
J Obstet Gynaecol 32(6):569–571. https://​doi.​org/​10.​3109/​01443​
615.​2012.​693986

	62.	 Guballa N, Sammaritano L, Schwartzman S, Buyon J, Lock‑
shin MD (2000) Ovulation induction and in vitro fertilization in 
systemic lupus erythematosus and antiphospholipid syndrome. 
Arthritis Rheum 43(3):550–556. https://​doi.​org/​10.​1002/​1529-​
0131(200003)​43:3%​3c550::​AID-​ANR10%​3e3.0.​CO;2-Y

	63.	 Huong DL, Wechsler B, Vauthier-Brouzes D, Duhaut P, Cost‑
edoat N, Lefebvre G et al (2002) Importance of planning ovulation 
induction therapy in systemic lupus erythematosus and antiphos‑
pholipid syndrome: a single center retrospective study of 21 cases 
and 114 cycles. Semin Arthritis Rheum 32(3):174–188. https://​
doi.​org/​10.​1053/​sarh.​2002.​37212

	64.	 Orquevaux P, Masseau A, Le Guern V, Gayet V, Vauthier D, 
Guettrot-Imbert G et al (2017) In vitro fertilization in 37 women 
with systemic lupus erythematosus or antiphospholipid syndrome: 
a series of 97 procedures. J Rheumatol 44(5):613–618. https://​doi.​
org/​10.​3899/​jrheum.​160462

	65.	 Gastanaga-Holguera T, Calvo M, Gomez-Irwin L, Gesto IC, Gon‑
zalez-Gonzalez V, Vidaurreta M (2021) Successful pregnancy and 
follow-up after in vitro fertilization of a kidney transplant patient 
with systemic lupus erythematosus, primary biliary cholangitis, 
and hypothyroidism. JBRA Assist Reprod 25(4):657–660. https://​
doi.​org/​10.​5935/​1518-​0557.​20210​052

	66.	 Piccoli GB, Arduino S, Attini R, Parisi S, Fassio F, Biolcati M 
et al (2013) Multiple pregnancies in CKD patients: an explosive 
mix. Clin J Am Soc Nephrol 8(1):41–50. https://​doi.​org/​10.​2215/​
CJN.​02550​312

	67.	 Busnelli A, Dallagiovanna C, Reschini M, Paffoni A, Fedele L, 
Somigliana E (2019) Risk factors for monozygotic twinning after 
in vitro fertilization: a systematic review and meta-analysis. Fertil 
Steril 111(2):302–317. https://​doi.​org/​10.​1016/j.​fertn​stert.​2018.​
10.​025

	68.	 Schultz C, Huberlant S, Letouzey V, Moranne O (2022) Hemo‑
peritoneum complicating an oocyte puncture in a chronic hemo‑
dialysis patient. J Nephrol 35(9):2433–2435. https://​doi.​org/​10.​
1007/​s40620-​022-​01270-8

	69.	 Timmons D, Montrief T, Koyfman A, Long B (2019) Ovarian 
hyperstimulation syndrome: a review for emergency clinicians. 
Am J Emerg Med 37(8):1577–1584. https://​doi.​org/​10.​1016/j.​
ajem.​2019.​05.​018

	70.	 Delvigne A, Rozenberg S (2002) Epidemiology and prevention 
of ovarian hyperstimulation syndrome (OHSS): a review. Hum 
Reprod Update 8(6):559–577. https://​doi.​org/​10.​1093/​humupd/​
8.6.​559

	71.	 Siddall E, Khatri M, Radhakrishnan J (2017) Capillary leak syn‑
drome: etiologies, pathophysiology, and management. Kidney Int 
92(1):37–46. https://​doi.​org/​10.​1016/j.​kint.​2016.​11.​029

	72.	 Aboulghar MA, Mansour RT (2003) Ovarian hyperstimulation 
syndrome: classifications and critical analysis of preventive meas‑
ures. Hum Reprod Update 9(3):275–289. https://​doi.​org/​10.​1093/​
humupd/​dmg018

	73.	 Khalaf Y, Elkington N, Anderson H, Taylor A, Braude P (2000) 
Ovarian hyperstimulation syndrome and its effect on renal func‑
tion in a renal transplant patient undergoing IVF treatment: case 
report. Hum Reprod 15(6):1275–1277. https://​doi.​org/​10.​1093/​
humrep/​15.6.​1275

	74.	 Zheng HH, Song Y, Wu JY (2016) Critical ovarian hyperstimu‑
lation syndrome after in vitro fertilization treatment in a renal 
transplant recipient: a case report. Transplant Proc 48(1):267–270. 
https://​doi.​org/​10.​1016/j.​trans​proce​ed.​2016.​01.​008

	75.	 Pereira N, Lekovich JP, Kligman I, Rosenwaks Z (2017) Severe 
ovarian hyperstimulation syndrome after combined GnRH-agonist 
and low-dose human chorionic gonadotropin trigger in a patient 
with a single kidney. Gynecol Endocrinol 33(8):593–597. https://​
doi.​org/​10.​1080/​09513​590.​2017.​13183​72

	76.	 Kobak S, Hacivelioglu S, Gungor S (2014) Scleroderma renal 
crisis and ovarian hyperstimulation syndrome related to the use 
of clomiphene in a patient with scleroderma. Reumatol Clin 
10(1):51–53. https://​doi.​org/​10.​1016/j.​reuma.​2012.​11.​003

	77.	 Mourad S, Brown J, Farquhar C (2017) Interventions for the 
prevention of OHSS in ART cycles: an overview of Cochrane 
reviews. Cochrane Database Syst Rev 1(1):Cd012103. https://​doi.​
org/​10.​1002/​14651​858.​CD012​103.​pub2

	78.	 van der Hoorn ML, Lashley EE, Bianchi DW, Claas FH, Schonk‑
eren CM, Scherjon SA (2010) Clinical and immunologic aspects 
of egg donation pregnancies: a systematic review. Hum Reprod 
Update 16(6):704–712. https://​doi.​org/​10.​1093/​humupd/​dmq017

	79.	 Ledingham D, Plant M, Mustafa F, Patil B (2020) Preserving 
fertility: using cyclophosphamide and other cytotoxics in young 
people. Pract Neurol 20(2):148–153. https://​doi.​org/​10.​1136/​pract​
neurol-​2019-​002247

	80.	 Gotestam Skorpen C, Hoeltzenbein M, Tincani A, Fischer-Betz 
R, Elefant E, Chambers C et al (2016) The EULAR points to 
consider for use of antirheumatic drugs before pregnancy, and 
during pregnancy and lactation. Ann Rheum Dis 75(5):795–810. 
https://​doi.​org/​10.​1136/​annrh​eumdis-​2015-​208840

	81.	 Blumenfeld Z, Evron A (2015) Preserving fertility when choos‑
ing chemotherapy regimens—the role of gonadotropin-releasing 
hormone agonists. Expert Opin Pharmacother 16(7):1009–1020. 
https://​doi.​org/​10.​1517/​14656​566.​2015.​10316​54

	82.	 Valsamakis G, Valtetsiotis K, Charmandari E, Lambrinoudaki I, 
Vlahos NF (2022) GnRH analogues as a co-treatment to therapy 
in women of reproductive age with cancer and fertility preserva‑
tion. Int J Mol Sci. https://​doi.​org/​10.​3390/​ijms2​30422​87

	83.	 Del Mastro L, Ceppi M, Poggio F, Bighin C, Peccatori F, Demees‑
tere I et al (2014) Gonadotropin-releasing hormone analogues 
for the prevention of chemotherapy-induced premature ovarian 
failure in cancer women: systematic review and meta-analysis of 
randomized trials. Cancer Treat Rev 40(5):675–683. https://​doi.​
org/​10.​1016/j.​ctrv.​2013.​12.​001

	84.	 Donnez J, Dolmans MM (2017) Fertility preservation in women. 
N Engl J Med 377(17):1657–1665. https://​doi.​org/​10.​1056/​NEJMr​
a1614​676

	85.	 Baldwin K, Gray D, Hudson N (2019) On ice: the impact of vitri‑
fication on the use of eggs in fertility treatment. Emerg Top Life 
Sci 3(6):713–717. https://​doi.​org/​10.​1042/​ETLS2​01900​62

	86.	 Walker Z, Lanes A, Ginsburg E (2022) Oocyte cryopreservation 
review: outcomes of medical oocyte cryopreservation and planned 
oocyte cryopreservation. Reprod Biol Endocrinol 20(1):10. 
https://​doi.​org/​10.​1186/​s12958-​021-​00884-0

	87.	 Noyes N, Porcu E, Borini A (2009) Over 900 oocyte cryopreser‑
vation babies born with no apparent increase in congenital 

https://doi.org/10.1136/annrheumdis-2016-209770
https://doi.org/10.1136/annrheumdis-2016-209770
https://doi.org/10.1016/j.fertnstert.2017.08.017
https://doi.org/10.1016/j.fertnstert.2017.08.017
https://doi.org/10.1093/rheumatology/ken293
https://doi.org/10.1093/rheumatology/ken293
https://doi.org/10.3109/01443615.2012.693986
https://doi.org/10.3109/01443615.2012.693986
https://doi.org/10.1002/1529-0131(200003)43:3%3c550::AID-ANR10%3e3.0.CO;2-Y
https://doi.org/10.1002/1529-0131(200003)43:3%3c550::AID-ANR10%3e3.0.CO;2-Y
https://doi.org/10.1053/sarh.2002.37212
https://doi.org/10.1053/sarh.2002.37212
https://doi.org/10.3899/jrheum.160462
https://doi.org/10.3899/jrheum.160462
https://doi.org/10.5935/1518-0557.20210052
https://doi.org/10.5935/1518-0557.20210052
https://doi.org/10.2215/CJN.02550312
https://doi.org/10.2215/CJN.02550312
https://doi.org/10.1016/j.fertnstert.2018.10.025
https://doi.org/10.1016/j.fertnstert.2018.10.025
https://doi.org/10.1007/s40620-022-01270-8
https://doi.org/10.1007/s40620-022-01270-8
https://doi.org/10.1016/j.ajem.2019.05.018
https://doi.org/10.1016/j.ajem.2019.05.018
https://doi.org/10.1093/humupd/8.6.559
https://doi.org/10.1093/humupd/8.6.559
https://doi.org/10.1016/j.kint.2016.11.029
https://doi.org/10.1093/humupd/dmg018
https://doi.org/10.1093/humupd/dmg018
https://doi.org/10.1093/humrep/15.6.1275
https://doi.org/10.1093/humrep/15.6.1275
https://doi.org/10.1016/j.transproceed.2016.01.008
https://doi.org/10.1080/09513590.2017.1318372
https://doi.org/10.1080/09513590.2017.1318372
https://doi.org/10.1016/j.reuma.2012.11.003
https://doi.org/10.1002/14651858.CD012103.pub2
https://doi.org/10.1002/14651858.CD012103.pub2
https://doi.org/10.1093/humupd/dmq017
https://doi.org/10.1136/practneurol-2019-002247
https://doi.org/10.1136/practneurol-2019-002247
https://doi.org/10.1136/annrheumdis-2015-208840
https://doi.org/10.1517/14656566.2015.1031654
https://doi.org/10.3390/ijms23042287
https://doi.org/10.1016/j.ctrv.2013.12.001
https://doi.org/10.1016/j.ctrv.2013.12.001
https://doi.org/10.1056/NEJMra1614676
https://doi.org/10.1056/NEJMra1614676
https://doi.org/10.1042/ETLS20190062
https://doi.org/10.1186/s12958-021-00884-0


1255Journal of Nephrology (2023) 36:1239–1255	

1 3

anomalies. Reprod Biomed Online 18(6):769–776. https://​doi.​
org/​10.​1016/​s1472-​6483(10)​60025-9

	88.	 Revelli A, Molinari E, Salvagno F, Delle Piane L, Dolfin E, 
Ochetti S (2012) Oocyte cryostorage to preserve fertility in onco‑
logical patients. Obstet Gynecol Int. 2012:525896. https://​doi.​org/​
10.​1155/​2012/​525896

	89.	 Poirot C, Brugieres L, Yakouben K, Prades-Borio M, Marzouk 
F, de Lambert G et al (2019) Ovarian tissue cryopreservation for 
fertility preservation in 418 girls and adolescents up to 15 years of 
age facing highly gonadotoxic treatment. Twenty years of experi‑
ence at a single center. Acta Obstet Gynecol Scand 98(5):630–
637. https://​doi.​org/​10.​1111/​aogs.​13616

	90.	 Vukovic P, Kasum M, Oreskovic D, Cehic E, Raguz J, Elezaj S 
et al (2019) Importance of ovarian tissue cryopreservation in fer‑
tility preservation and anti-aging treatment. Gynecol Endocrinol 
35(11):919–923. https://​doi.​org/​10.​1080/​09513​590.​2019.​16117​63

	91.	 Jesudason S, Williamson A, Huuskes B, Hewawasam E (2022) 
Parenthood with kidney failure: answering questions patients ask 
about pregnancy. Kidney Int Rep 7(7):1477–1492. https://​doi.​org/​
10.​1016/j.​ekir.​2022.​04.​081

	92.	 Iltis AS, Mehta M, Sawinski D (2021) Ignorance is not bliss: 
the case for comprehensive reproductive counseling for women 
with chronic kidney disease. HEC Forum. https://​doi.​org/​10.​1007/​
s10730-​021-​09463-7

	93.	 Cabiddu G, Spotti D, Gernone G, Santoro D, Moroni G, Gregorini 
G et al (2018) A best-practice position statement on pregnancy 

after kidney transplantation: focusing on the unsolved questions. 
The Kidney and Pregnancy Study Group of the Italian Society 
of Nephrology. J Nephrol. 31(5):665–81. https://​doi.​org/​10.​1007/​
s40620-​018-​0499-x

	94.	 Wiles K, Webster P, Seed PT, Bennett-Richards K, Bramham K, 
Brunskill N et al (2021) The impact of chronic kidney disease 
Stages 3–5 on pregnancy outcomes. Nephrol Dial Transplant 
36(11):2008–2017. https://​doi.​org/​10.​1093/​ndt/​gfaa2​47

	95.	 Snoek R, van der Graaf R, Meinderts JR, van Reekum F, Bloe‑
menkamp KWM, Knoers N et al (2020) Pregnancy in advanced 
kidney disease: clinical practice considerations on a challenging 
combination. Nephron 144(4):185–189. https://​doi.​org/​10.​1159/​
00050​5781

	96.	 Cabiddu G, Castellino S, Gernone G, Santoro D, Giacchino F, 
Credendino O et al (2015) Best practices on pregnancy on dialy‑
sis: the Italian Study Group on Kidney and Pregnancy. J Nephrol 
28(3):279–288. https://​doi.​org/​10.​1007/​s40620-​015-​0191-3

	97.	 Cabiddu G, Castellino S, Gernone G, Santoro D, Moroni G, 
Giannattasio M et al (2016) A best practice position statement on 
pregnancy in chronic kidney disease: the Italian Study Group on 
Kidney and Pregnancy. J Nephrol 29(3):277–303. https://​doi.​org/​
10.​1007/​s40620-​016-​0285-6

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/s1472-6483(10)60025-9
https://doi.org/10.1016/s1472-6483(10)60025-9
https://doi.org/10.1155/2012/525896
https://doi.org/10.1155/2012/525896
https://doi.org/10.1111/aogs.13616
https://doi.org/10.1080/09513590.2019.1611763
https://doi.org/10.1016/j.ekir.2022.04.081
https://doi.org/10.1016/j.ekir.2022.04.081
https://doi.org/10.1007/s10730-021-09463-7
https://doi.org/10.1007/s10730-021-09463-7
https://doi.org/10.1007/s40620-018-0499-x
https://doi.org/10.1007/s40620-018-0499-x
https://doi.org/10.1093/ndt/gfaa247
https://doi.org/10.1159/000505781
https://doi.org/10.1159/000505781
https://doi.org/10.1007/s40620-015-0191-3
https://doi.org/10.1007/s40620-016-0285-6
https://doi.org/10.1007/s40620-016-0285-6

	Chronic kidney disease, female infertility, and medically assisted reproduction: a best practice position statement by the Kidney and Pregnancy Group of the Italian Society of Nephrology
	Abstract
	Graphical abstract
	Background
	About these best-practices
	Part one: infertility in women affected by CKD
	Chronic kidney disease
	Dialysis
	Kidney transplantation
	Social issues and notes on counselling
	Box 1: General indications for counselling

	Part two: medically assisted reproduction for patients with CKD
	Medically assisted reproduction (MAR) techniques
	Hormonal ovarian stimulation
	Oocyte retrieval
	Fertilisation
	Pregnancy rate

	Controlled ovarian stimulation
	COS in grade 1 MAR
	COS in grade 2 MAR
	Drugs employed in COS

	Advice on using COS for women with CKD
	Box 2. Overall advice on MAR techniques for CKD patients
	Prevention of severe ovarian hyperstimulation syndrome
	Advice on the prevention of OHSS in CKD

	Box 3: Measures to avoid severe ovarian hyperstimulation syndrome in CKD patients
	Oocyte donation
	Advice on egg donation in CKD
	Box 4. Elements to consider when discussing egg donation with CKD patients

	Part three: preserving fertility in patients with CKD
	Advice on using cryopreservation for women with CKD

	Part 4: open clinical and ethical issues: optimising timing of pregnancy
	Summary considerations
	Acknowledgements 
	References


