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Abstract

:

Sexual life and fertility are compromised in end stage kidney disease both in men and in women. Successful renal transplantation may rapidly recover fertility in the vast majority of patients. Pregnancy modifies anatomical and functional aspects in the kidney and represents a risk of sensitization that may cause acute rejection. Independently from the risks for the graft, pregnancy in kidney transplant may cause preeclampsia, gestational diabetes, preterm delivery, and low birth weight. The nephrologist has a fundamental role in correct counseling, in a correct evaluation of the mother conditions, and in establishing a correct time lapse between transplantation and conception. Additionally, careful attention must be given to the antirejection therapy, avoiding drugs that could be dangerous to the newborn. Due to the possibility of medical complications during pregnancy, a correct follow-up should be exerted. Even if pregnancy in transplant is considered a high risk one, several data and studies document that in the majority of patients, the long-term follow-up and outcomes for the graft may be similar to that of non-pregnant women.
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1. Introduction


Kidney failure impairs gonadal function. As a consequence, most men and women with end stage kidney disease (ESKD) are infertile [1].



The aim of this review is to clarify the nature of the infertility, how it is possible to become pregnant also in ESKD, and how this condition changes after successful kidney transplantation.



In addition, the new problems that arise in pregnancy after kidney transplantation will be examined and discussed.




2. Fertility Disorders in Men with ESKD


A high number of men with advanced chronic kidney disease (CKD) have disturbances both in sexual and reproductive function.



Erectile dysfunction is a common manifestation of sexual dysfunction and the disorder is reported in approximately 80% of patients in hemodialytic treatment (HD) [2,3,4]. The dysfunction is associated to disturbances in the vascular system, neurologic system, and endocrine system [5,6,7] (Table 1).



In addition, decreased libido and a decline in the frequency of intercourse are generally associated to erectile dysfunction.



ESKD causes hormonal changes, even if the exact pathogenetic mechanisms are still poorly understood. Testosterone is reduced in ESKD [8] and its levels are inversely related to inflammation markers [9]. On the contrary, men affected by ESKD have high levels of luteinizing hormone (LH) and of follicle stimulating hormone (FSH) [1]. This is principally due to the alterations of the hypothalamic-pituitary gonadotropin axis that affects both men and women with ESKD [10] (Figure 1).



In particular, LH is high in the blood of uremic men [11]. This could be due to the reduced levels of testosterone because there is a feedback between testosterone and inhibition of LH. In addition, there is an alteration in the release of gonadotropin-releasing hormone (GnRH) that is also responsible for a hypogonadal state and that is caused by inadequate nutrient intake, stress, and systemic illness [12]. FSH secretion is also increased in men affected by CKD. High FSH levels represent a poor prognosis for a recovery of spermatogenic function [13]. In addition, prolactin (PRL) levels are high in ESKD. This fact, according to several studies, may be ascribed to secondary hyperparathyroidism [14].



ESKD causes an impaired spermatogenesis. The analysis of semen documents an oligoasthenozoospermia [15] and an atrophy of Sertoli cells [10]. Other studies [16] documented a reduced sperm viability and motility in ESKD patients compared to controls. Different new studies [17] document a relationship between the reduced fertility and the expression of the gene for cystic fibrosis (CFTR).



The effects of CKD/ESKD on hypothalamic-pituitary and testicular function are shown in Table 2.



The treatment of sexual dysfunction in uremic men consists principally in optimizing the dialysis treatment and in providing an optimal nutrition.



In addition, the administration of erythropoietin reduces LH and FSH and increases testosterone [18,19].



A specific treatment is Sildenafil, a phoshodiesterases inhibitor, that was proven to be principally useful for patients with psychogenic, vascular, or neurogenic causes of erectile dysfunction [20].



The best solution is obviously kidney transplantation.




3. Fertility Disorders in Women with ESKD


A decreased reproductive function and consequent infertility is common in women with ESKD [21,22,23]. The prevalence of infertility in several studies is as high as 92%.



Using data from different registries, it was shown that in Italy, the pregnancy rate in the population on hemodialysis (HD) is 0.7–1.1 per 1000 women [24]. Similar data are reported for the UK [25,26]. Different factors are responsible for the reduced fertility (Table 3).



3.1. Female Sex Hormones


The aforementioned alterations of the hypothalamus-pituitary hormone axis (Figure 1) affect both women and men. In women, this alteration is characterized by an increase of LH and FSH and with reduced estrogen levels. In ESKD, there is a loss of the normal pulsatile release of GnRH from the hypothalamus with loss of the cycle LH-FSH [27]. The reduced estrogen levels do not provide the positive feedback to the hypothalamus. The overall result is the anovulation. In addition, women with ESKD have a high PRL level that contributes to the disturbance.




3.2. Menstrual Disorders


Menstrual disorders are common in patients with ESKD. A survey conducted on 75 women with ESKD on HD documented that 75% of them had menstrual disorders [28]. The vast majority of women with ESKD have a functional menopause [29], and menstrual disorders as amenorrhea, polymenorrhea, and oligomenorrhea are common. This functional menopause may be reversed by optimizing the HD treatment and, most of all, with kidney transplantation [30,31,32].




3.3. Endometrial Morphology


Endometrial biopsies of women on HD documented that the reduced level of estrogens is associated with endometrial atrophy.



Overall, one third of women has a reduction in proliferation and half of women has endometrial atrophia or subatrophia [28].




3.4. Ovarian Reserve


Overall, women with ESKD have reduced levels of anti-Mullerian hormone (AMH) which is a marker of ovarian reserve. A recent study aimed to investigate AMH levels in 77 women with ESKD or transplanted kidneys. AMH levels were lower in patients with ESKD or transplanted kidneys, but higher in patients on HD [33]. The finding of higher AMH in patients on HD remains unclear.




3.5. Reduced Libido and Sexual Dysfunction


The prevalence of sexual dysfunction in women with ESKD is high and caused by different factors as loss of libido, failure of vaginal lubrification, and orgasmic impairment [34]. A review on sexual dysfunction in ESKD women identified a significant sexual dysfunction in 306 subjects [4].





4. Pregnancies and Deliveries in ESKD Women


A recent study carried out in the USA [35] on obstetric deliveries in women with ESKD in the period 2002–2015 documented the following data.



The delivery rate in women with ESKD increased from 2.6 to 3.8 per 1000 patients/year and the delivery rate in women on HD increased from 2.1 to 3.6 per 1000 patients/year.



Preterm delivery was observed in 41% of patients.



The ANZDATA registry reported a preterm delivery rate of 46.6%. A higher incidence was reported by an Italian registry, with a preterm delivery rate as high as 90.5% [36,37].



Pregnancy rates in women on peritoneal dialysis (PD) are lower than on HD. In the survey on pregnancy and ESKD from the United States, 1.1% of reproductive-age women on PD conceived versus 2.4% on HD [35]. Data from the ANZDATA Registry also reported lower conception rates in women on PD compared to HD (1.06 vs. 2.54 pregnancies per 1000 patient/year) [36].




5. Strategies to Improve Fertility in Women with CKD


Three major strategies warrant mention:




	
Avoidance of dangerous and ovarian-toxic drugs



	
Improvement of dialysis strategy



	
Kidney transplantation









6. Avoidance of Dangerous Drugs


Cyclophosphamide, an alkilating agent, is principally used in the treatment of lupus nephritis and membranous glomerulonephritis. The drug has a gonadotoxic profile and reduces the ovarian reserve [38]. In addition to reducing the cyclophosphamide dosing, it is possible to protect the ovarian reserve with an LH-releasing hormone [39]. A large trial with LH-releasing hormone in the breast cancer population confirms the efficacy of this strategy [40].



Cyclophospamide that has been used in the past to treat glomerulonephritis could have an impact on fertility, eventually adding to other factors in ESKD patients.



Patients affected by ESKD and who did receive cyclophosphamide should be advised of the risk before pregnancy.




7. Intensive HD


Several data suggest that intense HD increases pregnancy rates in women with ESKD [41]. Additionally, intensive HD has been documented to be able to restore eumenorrhea in women with ESKD [42].



Overall, even if reported data on pregnancy on dialysis are heterogeneous, the HD schedule is the main determinant of pregnancy rates and outcomes [43].



Several authors were investigating whether there was an association of hours of HD and biochemical parameters.



After a Kidney Disease Outcome Quality Index (KDOQI) recommendation of long and frequent HD in the setting of pregnancy, in 2019 the clinical practice guidelines from the UK recommended a midweek predialysis blood urea nitrogen (BUN) of <35 mg/dL [44].



The effect of dialysis membrane is unknown, even if hemodiafiltration has been shown to be associated with a 100% live birth rate.




8. Kidney Transplantation


Kidney transplantation, when possible, is the best solution to partially or completely restore fertility both in women and in men.



8.1. Sexual and Reproductive Health after Kidney Transplantation


After successful kidney transplantation women, recover the functions of the hypothalamus-pituitary-ovarian axis [45] and experience menses and ovulation [46]. Post-transplantation, women have a significant reduction in LH, FSH, and prolactin (PRL) with an increase of estrogen. As a consequence, transplanted women have a tenfold increase in pregnancy rate compared to women on HD.



After transplantation, men also experience an improved hypothalamus-pituitary-testicular function. In a study on 30 subjects [47] after transplantation, a normalization of LH and PRL was observed. The testosterone levels increased even if the levels remained lower than those of healthy subjects [48]. A different and more recent study [49] reported normal testosterone levels. Age, previous renal disease, co-morbidities, and type of immunosuppression may explain such different data. Differently from the normalization of hormone levels, poor results are reported on the quality of semen and spermatogenesis [47,48]. The aforementioned study [46] documented an improvement in sperm count, but only a small improvement in motility and morphology. Previous studies [50,51] performing testicular biopsies before and after transplantation documented an increase in the number of spermatocytes without change in the Sertoli cells. In addition, the improvement of spermatogenesis was observed only in a small number of patients suggesting that the morphologic alterations and fibrosis observed in uremia do not improve after transplantation. A different study [52] observed two groups of patients after transplantation. The so-called “fertile group” had normal sperm concentration, while the “infertile group” had oligospermia and a reduced motility. The authors ascribed these differences to different cyclosporine levels, but other factors may be involved as well.



After transplantation the disturbances in sexual problems do not seem to disappear in all patients. Indeed, in a Dutch study [53], the persistence of sexual problems even after transplantation was analyzed and compared to the general population. After kidney transplantation 48.3% of men and 44.4% of women were affected by sexual problems also independently from the normalization of the pathophysiological abnormalities that characterize patients affected by ESKD. Only in male patients, there was an association between the prevalence of sexual problems and age.



Reduction in libido, erectile dysfunction, and orgasm complaints were the most common disturbances in transplanted men, while reduction in libido, reduced vaginal lubrification, and orgasm complaints were the most common disturbances in transplanted women.



There are strategies to improve fertility in ESKD in men and women, independently from kidney transplantation.



Some strategies are effective in both gender, others are more effective in one gender with respect to the other.



Intensive HD is effective both in women and in men [41,42]. An Australian study [42] documented that a more intensive HD in men was able to increase testosterone levels and to decease PRL.



Similarly, an optimal nutritional status and the administration of erythropoietin have beneficial effects on fertility in both genders [18,19].



The benefit of hormone replacement therapy (HRT) in women may be useful. Data from the US Renal Data System revealed that HRT use in women with ESKD was more common in younger women, with high education levels and belonging to the white race [54].



In men with ESKD, several studies have shown that improved testosterone levels were associated with improved sexual satisfaction [55]. Other studies did not confirm these results.



In conclusion, both for men and women with ESKD, the mainstays of treatment for sexual dysfunction are optimizing HD, avoiding medications that interfere with sexual desire correcting mineral abnormalities and anemia, and addressing psychological issues.




8.2. Pregnancies after Kidney Transplantation


Independently from some residual sexual dysfunction after successful kidney transplantation, the increasing rates of pregnancies after transplantation are the most important signal of the recovering of an almost healthy condition after the uremic condition.



The first pregnancy in a transplanted woman with a healthy baby was described in 1958 [56]. Many years later, Johns Hopkins group reported a meta-analysis including 4706 pregnancies in 3570 kidney recipients [57]. In this meta-analysis, an association between maternal age and pregnancy outcomes was found. Younger mean maternal age was associated with greater live birth outcomes and lower incidence of miscarriage and still-birth. A different analysis was reported by a longitudinal study of 30,078 transplant recipients [58]. In this analysis, the pregnancy rate was 33 per 1000 compared with more than 100 per 1000 in the general population. The Transplant Pregnancy Registry International (TPR) reported in 2018 a total of 1993 pregnancies in 1101 kidney transplant recipients in the USA [59].



However, pregnancy after kidney transplantation should be considered at high risk with increased risks for the fetus and the mother [60]. Indeed, live birth rates are approximately 80% [61]. Similarly, high rates of Caesarean sections and preterm deliveries, and an increased rate of low birth weight are reported [61].



Several factors justify this increased risk and should be carefully examined.




8.3. Renal Modifications during Pregnancy


During pregnancy, under normal conditions, there is an increase of renal blood flow with an increase of renal dimensions; a physiological hydronephrosis due to hormones and compression. These two physiological modifications are extremely important in pregnancies after kidney transplantation: the first one may cause a glomerular hypertension responsible for glomerulosclerosis; the second one may facilitate renal infections. In addition, during pregnancy, there is an increase of glomerular filtration rate (GFR), a reduction of serum levels of creatinine, uric acid, the appearance of mild hematuria and mild proteinuria, and an increase of aldosterone and prostaglandins [62].




8.4. Maternal Complications


Most relevant maternal complications reported in pregnancies after kidney transplantation are hypertension, preeclampsia, and diabetes [63]. Other maternal complications are represented by an increased rate of infections [64] and acute rejection, more frequent in sensitized patients [65,66].



Hypertension during pregnancy accounts for approximately 54% of patients and is probably related to the side effects of immunosuppressive agents. Hypertension is more common in kidney transplant patients vs. liver transplant patients. This fact is probably due to the long standing pre-transplant hypertension [67]. Preeclampsia has been observed in 27% of patients.



Gestational diabetes has been observed in 8% of patients and again immunosuppressive agents may play a role in favoring diabetes. Gestational diabetes is more common in kidney transplants compared to liver transplants and controls (8% vs. 5% vs. <4%) [68].



Infections are other common complications in post-transplant pregnancies. The incidence is from 20% to 40% [69]. Vesicoureteral reflux is common also in asymptomatic recipients and ureteric dilation and immunosuppressive agents may favor urinary tract infections.



Anemia is also a frequent complication. Physiologic hemodilution and again immunosuppressive agents may be responsible [70].



It is still debated whether pregnancy increases the risk of graft rejection.



A review of different registries documents an increased risk of graft rejection only in sensitized patients [65,66]. The National Transplantation Pregnancy Registry (NTPR) recommends performing a kidney biopsy in all cases of graft dysfunction in pregnancy. The prevalence of rejection during pregnancy in the NTPR is reported at 0.9% for kidney transplantation, with a prevalence of 1.4% in the first three months post-partum [71]. Data from the UK documented lower rejection episodes in women who became pregnant more than 12 months after transplantation [71,72]. Similar data have been recently reported by US Medicare [30].




8.5. Counseling


Such a high rate of complications highlights the opportunity of pre-pregnancy counseling and a close follow-up during the pregnancy. Unfortunately, according to the data of Yildizim et al., only 50% of pregnant women have received appropriate counseling [73].



In a study by Rafie et al. [74] conducted in the USA, women with renal transplants and of reproductive age principally used condoms to avoid pregnancy but were wondering about alternative methods. In a study from Xu et al. [75], 56% of women transplanted in China did not use any birth control method because they had not been informed about the potential of controlling a high risk pregnancy.



The relevance of complete counseling is highlighted by several studies [76].



According to the Kidney Disease Improving Global Outcomes (KDIGO) recommendations, in the counseling sessions the following points should be clarified [77]:




	-

	
Discussion on sexual activity and counseling about contraception;




	-

	
Recommend at least 1 year after transplantation before becoming pregnant;




	-

	
Discuss the different immunosuppressive therapies and highlight which ones should be discontinued and replaced;




	-

	
Counseling pregnant transplanted women on the risks and benefits of breastfeeding; and




	-

	
Refer pregnant women to an obstetrician with expertise in managing high-risk pregnancies.










8.6. Timing of Conception, Mother Medical Condition before pregnancy, Follow-Up Recommended during Pregnancy


The American Society of Transplantation recommends avoiding pregnancy in the first year after transplantation. The already-mentioned study by Gill et al. [58] and a more recent study by Rose et al. [30] reported an increased risk of miscarriage or of graft failure for pregnancies in the first year post-transplantation.



In addition, the mother should be less than 30–35 years old, non-obese, and non-diabetic [78,79]. Renal function should be good (above 60 mL/min) and stable with proteinuria below 300–500 mg/day, without rejection in the last year, absence of hypertension, or with a good control. Additionally, absence of recurrent urinary tract infection, normal ultrasound of the graft, and discontinuations of potentially teratogenic drugs are requested [80,81,82].



Follow-up should be intensified in kidney transplant pregnancies relative to normal pregnancies because kidney transplant pregnancies should be considered at high risk, including in recipients that meet a perfect profile at transplantation.



The suggested follow-up includes a nephrology consult with blood and urinary tests every 2–4 weeks. In addition to blood and urinary tests, a graft ultrasound is recommended principally when it has not been performed before. A urinary culture is also recommended because kidney transplant pregnant women are at risk for urinary tract infections. It is also recommended to carefully monitor the immunosuppressive drug levels at least two times monthly. A dosage adjustment may sometimes be necessary [83].




8.7. Immunosuppressive Agents


This is one of the most relevant issues for pregnancies after kidney transplantation because of their possible teratogenic effect.



Since 2006, the Food and Drug Administration (FDA) classified the immunosuppressive agents according their possible teratogenic effect [84]. Later, the FDA revised the classification on 2015 and Table 4 shows the new classification. According to the FDA classification, category A includes drugs which failed to demonstrate risks in well conducted studies; category B includes drugs that failed to document risks in animal studies, but the drugs have not been tested in controlled studies in pregnant women; category C includes drugs that have shown adverse effects in animal studies, but no controlled studies have been conducted in women for ethical problems because their use is essential after transplantation; category D includes drugs with documented risks in human fetal studies, but again, at least some of these drugs are acceptable because of their essential effect in transplant patients.





9. Corticosteroids


Corticosteroids pass across the placenta, where 90% are metabolized into inactive forms [85]. Corticosteroids may have adverse effects on glucose metabolism, thus favoring gestational diabetes.



Animal studies report an increased risk of cleft palate, but this has not been confirmed in humans [86].



Together with azathioprine (AZA), they are the most employed and best known drugs.




10. Calcineurine Inhibitors (CNI)


Calcineurine inhibitors (CNI) include tacrolimus (TAC) and Cyclosporine A (CsA). Both drugs pass across the placenta, but the degree of transfer is limited [87]. In the mother, they may favor hypertension as in all transplanted subjects.



Animal studies showed skeletal retardation with CsA exposure, not confirmed in humans [88]. Overall, both drugs are considered safe [89].




11. Azathioprine (AZA)


Maternal and fetal exposure appears to be similar, but the fetus does not convert AZA to the active and possibly teratogenic 6-mercaptopurine.



Animal studies reporting congenital malformations have not been confirmed in humans. KDIGO and European Best Practice Guidelines suggest switching from mycophenolate to azathioprine before pregnancy [90].




12. Mycophenolic Acid (MPA)


Mycophenolic acid (MPA) crosses the placenta and exerts adverse fetal effects. A multinational European prospective study reported a risk of miscarriage. Furthermore, there was a prevalence of preterm birth and low birth weight [91]. Congenital malformations due to MPA have been reported in several studies [92,93]. Corpus callosus agenesis, myelomeningocele, atrial septum defect, and trachea-esophageal atresia are among the most relevant malformations. MPA should be interrupted and replaced before conception.



In a study from the TPR, the negative effect of MPA on live births and miscarriages is well documented in pregnant women with MPA exposure during pregnancy with respect to women who discontinued MPA pre-conception [94].



In the study, 96 pregnant recipients who were on MPA during pregnancy were compared with 188 pregnant recipients who discontinued MPA pre-conception. The pregnancies who discontinued MPA had a significantly higher rate of live births and a lower incidence of birth defects. Acute rejection rates during pregnancy and postpartum were slightly higher in the MPA exposed group.



12.1. Sirolimus and Everolimus


In females with kidney transplantation, an increased prevalence of hypogonadism, dysmenorrhea, ovarian cysts, and infertility has been documented [95].



Very few studies have considered the use of mammalian target of rapamycin (mTOR) inhibitors (mTORIs) in pregnancy. These drugs are teratogenic in animals and KDIGO guidelines suggest discontinuation before pregnancy. In humans, few case reports highlight successful pregnancies [96].




12.2. Rituximab, Simulect, Belatacept


Too few studies have been made to allow their safe use in pregnancy [34,97]. There is a need to obtain further evidence.





13. Pregnancies with Father Transplanted and Immunosuppressed


This topic is not frequently treated but is extremely important.



Data on paternal exposure to corticosteroids, CNIs, and AZA do not document an increased risk of obstetric complications or congenital malformations [98].



MPA is teratogenic. The TPR reported data on 152 male transplant patients on MPA. The rate of obstetric complications or malformations was similar to that of the general population [99]. These data were confirmed by a Norway study on 350 pregnancies. The study did not observe differences between pregnancies from fathers on MPA or not [100].



The use of mTORIs in males has severe effects on fertility. Less mobile spermatozoa, lower sperm count, and lower pregnancy rate has been observed in males on mTORIs [101,102,103]. An anti-HPG effect has also been described [101]. Patients should be counseled on the risk of mTORIs for male fertility [104].



Based on the aforementioned studies, a double or triple maintenance immunosuppression with corticosteroid, MPA, and CNI is given to male kidney transplant patients seeking paternity.



Clinicians should be advised of the risk in using mTORIs.




14. Deliveries in Kidney Transplant Women


As repeatedly mentioned above, pregnancy in kidney transplant recipients should always be considered at high risk both for the mother and the fetus [105] (Figure 2).



Several monocenter and national registries have highlighted the higher rate of delivery complications. Piccoli et al. [106] compared 189 kidney transplant pregnancies with 1418 low risk pregnancies in Italy. The study found a significant higher risk for Caesarean sections, preterm deliveries, and lower weight at birth (smaller for gestational age) in kidney transplant deliveries [107]. All parameters were highly significant (p < 0.001). The same authors did not find significant differences in the different study periods. In a different study, Gill et al. [58] found a reduction of delivery problems according to the post-transplant years of conception with lower problems for conceptions more distant from renal transplantation. A UK National Cohort Study compared 105 kidney transplant deliveries in the period from 2007 to 2009 with the national data of the same period [76]. Kidney transplant deliveries had a higher and significant odd ratio for premature births (OR = 12.57), small weight for gestational age (OR = 2.92), and congenital anomalies (OR = 2.46). A recent meta-analysis and systemic review analyzed 6712 pregnancies in 4174 kidney transplant recipients [108]. In this analysis, miscarriages were 15.4%, Caesarean sections 62.6%, and preterm deliveries 43.1%. The authors concluded that, even if the outcomes of live births are overall favorable, the risks of delivery complications are high and patient counseling and clinical decision making should always be considered.



However, it should be considered that favorable outcomes have also been reported for other organs. In an analysis in 2015 [109], data were reported from the already-cited NTPR. In the study, 1581 pregnancies in kidney transplant patients, 376 in liver transplant patients, 102 in kidney-transplant patients, 122 in heart transplant patients, 33 in lung transplant patients, and 20 in heart-lung transplant patients were reported. Overall, the maternal complications and the obstetric outcomes were similar for any transplant considered.




15. Long-Term Outcomes for the Graft


Overall, renal allograft outcomes in pregnant transplant recipients with a well-functioning graft appear to be comparable with that of non-pregnant transplant recipients [110,111,112].



However, two points in particular warrant analysis: the long-term graft function after pregnancy in kidney transplant recipients and the risk factors for graft loss.



A small but significant rise in serum creatinine within 2 years after delivery has been observed in three studies [113,114,115]. This fact could be ascribed to physiological modifications after pregnancy. According one of these studies [114], the higher serum creatinine could also be due to a higher prevalence of risk factors in the study population as hypertension or higher serum creatinine before pregnancy.



Most importantly, in a recent, systematic review [60], no increase in serum creatinine was observed at 5 years after delivery. This observation has been confirmed by three studies: the ANZDATA analysis [116], the Rahamimov et al. study on 39 patients with a 15 years follow-up [117], and the TPR annual report with data from 1031 patients from 1097 to 2016 [59].



Risk factors for graft loss after pregnancy are hypertension before or during pregnancy, proteinuria before pregnancy, transplant to conception interval (TCI), and preconception graft function as observed in the European and American guidelines [82,90] (Table 5). This last factor seems to have a particular importance. The aforementioned study of Rose et al. [30] observed 729 pregnancies in kidney transplant recipients between 1990 and 2010 and found that pregnancies in the first or second, but not the third post-transplant year was associated with an increased risk of death-censored graft loss.




16. Conclusions


Sexual problems and infertility are a major problem in patients affected by ESKD that represent a severe limitation to their life. The problem affects both men and women. Few medications are able to improve this condition reversing to a normal sexual life. Probably the most effective treatment is a well-conducted HD. Thanks to a well-conducted HD, other medication, and psychological assistance, several pregnancies have been successfully experienced by women on HD treatment.



Clearly, kidney transplantation represents the best solution to recover an almost normal sexual life with successful pregnancies.



However, pregnancy in renal transplant patients is considered high-risk and several precautions should be undertaken to avoid risks.



Time of conception after transplant, healthy conditions at the time of conception, avoiding dangerous immunosuppressants, and a careful follow up by nephrologist and obstetrician are among the most important issues. Correct counseling is the basis for a well-conducted pregnancy.
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Figure 1. The hypothalamic-pituitary-gonadotropin axis in men and women with ESRD. ESRD = end stage renal disease. PRL = Prolactin. GNRH = Gonadotropin releasing hormone. FSH = Follicle stimulating hormone. LH = Luteinizing hormone. 
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Figure 2. Risks of pregnancy in transplant recipients for mother and child. 
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Table 1. Factors involved in the pathogenesis of erectile dysfunction in uremic men.
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	Vascular System





	
	-

	
Occlusive arterial disease




	-

	
Veno-occlusive disease and venous leakage









	Neurologic system



	
	-

	
Impaired autonomic function due to uremia




	-

	
Co-morbid conditions









	Endocrine system



	
	-

	
Reduced gonadal function




	-

	
Reduced hypothalamic-pituitary function









	Psychologic system



	Other factors



	
	-

	
Zinc deficiency




	-

	
Medications




	-

	
Anemia




	-

	
Secondary hyperparathyroidism
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Table 2. Effects of chronic kidney disease (CKD)/end stage kidney disease (ESKD) on hypothalamic-pituitary-testicular functions.
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	Impaired Spermatogenesis





	
	-

	
Reduced ejaculate volume




	-

	
Oligospermia or azospermia




	-

	
Reduced percentage of motile sperm









	Testicular damage



	
	-

	
Reduced numbers of mature spermatocytes




	-

	
Aplasia of germinal elements




	-

	
Atrophy of Sertoli cells




	-

	
Interstitial fibrosis and calcifications









	Impaired gonadal steroidogenesis



	
	-

	
Reduced total and free serum testosterone









	Disruption of gonadotropin release



	
	-

	
Reduced amplitude of LH secretory burst




	-

	
Blunted increase in peak LH




	-

	
Elevated LH (caused by reduced testosterone feedback)




	-

	
Variable elevated FSH (caused by reduced testosterone and inhibin)









	Elevated prolactin



	
	-

	
Increased production and reduced clearance




	-

	
Abnormal control
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Table 3. Factors responsible for the reduced fertility in women with ESKD.
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	Abnormal levels of sex hormones



	Menstrual disorders



	Abnormal endometrial morphology



	Reduced ovarian reserve



	Reduced libido and sexual dysfunction
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Table 4. Immunosuppressive drugs used in transplantation.
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	Drug
	Usual Dosage Range
	Animal Reproductive Data
	FDA Pregnancy Category





	Corticosteroids

Prednisone

Methylprednisolone
	5–20 mg/day

500–1000 mg/day (antirejection)
	Yes

Yes
	C



	Azathioprine
	0.5–1.0 mg/kg/day
	Yes
	D



	Cyclosporine
	2–10 mg/kg/day
	Yes
	C



	Tacrolimus
	0.05–0.2 mg/kg/day
	Yes
	C



	Mycophenolate mofetil
	1000–2000 mg/day
	Yes
	D



	Mycophenolic acid
	720–1440 mg BID
	Yes
	D



	Sirolimus
	2–5 mg/day
	Yes
	C



	Everolimus
	5–10 mg/kg
	Yes
	C










[image: Table] 





Table 5. Risks factors for graft loss after pregnancy.
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	Hypertension before or during pregnancy



	Proteinuria before pregnancy



	Transplant to conception interval



	Pre-conception graft function
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