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Overview

Sexual dysfunction is characterized by disturbances in sexual desire and in the
psychophysiological changes associated with the sexual response cycle in
men and women. It is a common problem in both sexes, reportedly affecting
from 10-50% of men and 25—-60% of women [1]. Despite the potential impact
of these disorders on quality of life, epidemiological data are relatively scant,
and even less information has been reported on liver transplant recipients.

32.1 Sexual Dysfunction in Men with Liver Disease

Erectile dysfunction is the inability to achieve and maintain an erection sufficient to
permit satisfactory sexual intercourse, and it can result from various causes. The
hormone situation in male patients with end-stage liver disease can prompt hypogo-
nadism and signs of feminization [2]. Few studies have been conducted on the
changes occurring in the hypothalamic—pituitary—gonadal axis in male patients with
cirrhosis. The liver influences the endocrine function of the testis, interacting with
at least two mechanisms: (1) determining the levels of free testosterone (the biologi-
cally most active fraction) via the synthesis of sex hormone-binding globulin
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(SHBG) and albumin and (2) influencing the endocrine homeostasis of sex hor-
mones by converting androgens into estrogens under the effect of aromatase, and
the deactivation of sex hormones by specific enzymes (approximately 70% of the
total catabolism). Testosterone is converted in the liver into androstenediol, andros-
terone, and androstenedione by a specific hydroxysteroid, and into dehydrogenases,
etiocholanolone, or dihydrotestosterone by a specific reductase (Sa-reductase).
Imbalance in the hormone homeostasis mechanism therefore leads to sexual dys-
function [3].

One in two male patients with cirrhosis has a reduced spermatogenesis and peri-
tubular fibrosis [4]. These alterations are more pronounced in patients with higher
Child-Pugh scores [5, 6]. It has also been reported that sexual activity correlates
inversely with Model for End-Stage Liver Disease (MELD) scores and that MELD
scores correlate with erectile dysfunction [7, 8].

In addition to an impaired hormone homeostasis, the use of medicines in patients
with complications of cirrhosis, such as ascites, may influence their sexual function.
Gynecomastia and impotence are exacerbated by spironolactone, a receptor antago-
nist of aldosterone and testosterone, which reduces testosterone levels and slightly
increases estradiol levels [8]. Beta-blockers used as prophylactic therapy to prevent
variceal bleeding in portal hypertension also have a role in sexual dysfunction: their
mechanism of action (an intrinsic-sympathomimetic activity) can lead to erectile
dysfunction [9].

Non-organic erectile dysfunction—also known as psychogenic or adrenaline-
mediated erectile dysfunction—has yet to be studied in depth, but it is an important
factor to consider when assessing and managing males with chronic disease. Stress,
depression, and disease can generate anxiety about the ability to achieve and main-
tain an erection before or during sexual intercourse, giving rise to psychogenic erec-
tile dysfunction [10]. Sarcopenia, jaundice, and hepatic encephalopathy can lead to
a loss of self-image and difficulties in the sphere of sexuality.

32.2 Sexual Dysfunction in Women with Liver Disease

Anovulation is a common problem in women with cirrhosis, with secondary amen-
orrhea, oligomenorrhea, or erratic episodes of metrorrhagia. Hormone balance is
impaired in cirrhosis and levels of testosterone, estradiol, prolactin, and luteinizing
hormone (LH) may differ significantly from those of normal subjects. Amenorrhea
is not always related to the duration or severity of liver disease, and it may arise
from hypothalamic—pituitary dysfunction occurring at any stage [11, 12].

In a study by Giard et al. on women under 46 years old on the waiting list for
liver transplantation (LT), 53% reported regular menstrual cycles, 27% irregular and
unpredictable bleeding, and 20% amenorrhea. Their liver function did not correlate
with any menstrual pattern abnormalities. Sexual dysfunction (defined as a reduced
sexual frequency and satisfaction) was more prevalent in these women than in men
with end-stage liver disease. Older age and more severe liver disease were related to
lower sexual frequency and satisfaction [13] (Table 32.1).


https://www.ncbi.nlm.nih.gov/pubmed/1977302
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Table 32.1 Factors that can cause sexual dysfunction before liver transplantation

Hormone imbalance due to cirrhosis Hypogonadism
Reduced spermatogenesis and erectile dysfunction
Amenorrhea
ITatrogenic factors Diuretics
B-blockers
Corticosteroids
Etiology of liver disease Alcohol
Viral
Autoimmune
Cholestatic
Psychological factors Depression
Anxiety

32.3 Sexual Dysfunction by Liver Disease Etiology
32.3.1 Alcoholic Liver Disease

Numerous studies have been performed on sex hormone disturbances in men with
chronic alcoholic and non-alcoholic liver disease, but very few in women. Chronic
alcohol abuse causes disturbances in the hormone status and reproductive perfor-
mance of women [12]. Becker et al. examined the effect of ethanol and liver dys-
function on the menstrual cycle, serum sex hormone concentrations, and hepatic
estrogen receptors in women. In premenopausal females, alcohol consumption
increased the frequency of menstrual disturbances, abortions, and miscarriages,
while infertility was infrequent [14]. When acute and chronic alcohol intake are
compared, only minor effects on pituitary—gonadal hormones are described in pre-
menopausal women in the event of acute intake [14], while chronic alcohol abuse
leads to reduced concentrations of sulfated steroids, and these changes may be seen
before severe liver dysfunction has appeared [14].

Sexual dysfunction due to alcoholic liver disease in women leads to an earlier
onset of menopause than in normal controls [14]. Among men with liver disease, the
clinical signs of hypogonadism are more pronounced in alcoholic patients because
of the direct effect of ethanol on the testes [7, 10, 15]. The primary gonadal damage
typical of alcohol abuse gives rise to a form of primary hypogonadism with increased
levels of the pituitary gonadotropins follicle-stimulating hormone (FSH) and LH
(hypergonadotropic hypogonadism) [7].

Liver cirrhosis affects the function of the Leydig cells responsible for testosterone
synthesis, even when plasma testosterone levels are normal and irrespective of the etiol-
ogy of the underlying liver disease [16]. Some patients’ apparently normal serum testos-
terone levels are actually due to an increased output of LH (subclinical primary
hypogonadism), and an altered response to the administration of human chorionic
gonadotropin has been demonstrated even in cases with normal hormone levels [2, 5, 16].

It is alcohol abuse per se, not the liver disease associated with it, that is respon-
sible for the impotence, loss of libido, and testicular atrophy commonly seen in
chronically alcoholic men. Recent studies have suggested that prolonged alcohol
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abstinence can lead to a spontaneous recovery of normal sexual function unless
testicular atrophy has already occurred [17].

32.3.2 Viral Hepatitis

32.3.2.1 Hepatitis B Virus

Irregular menstruation patterns have been reported in female patients with hepatitis
B virus (HBV)-related liver disease, the consequence of which might be an impaired
reproductive rate or infertility [18]. The hypothesis to explain this picture focuses
on the immune system derangement seen in HBV populations: patients with an
intact reproductive function reveal a depressed T-cell immunity whereas patients
with a history of miscarriage show diverse changes in lymphocyte subpopulations,
and—in cases of infertility—severe T-cell-component depression, with a decrease
in total T-cells and T-helper cells and active lymphocytes [18].

The pathophysiology behind erectile dysfunction in patients with chronic viral
liver disease has yet to be fully elucidated. Kim et al. [19] found significant differ-
ences in serum albumin levels between patients with and without erectile dysfunc-
tion. A correlation between serum albumin and erectile dysfunction had previously
been reported by Toda et al. [20]. A lower albumin production might influence the
ratio of albumin bound to free testosterone, which is associated with sexual desire
and sleep-related erection as well as a cause of water retention and loss of muscle
volume, with a consequent deterioration in patients’ physical functioning [21].

By reducing sexual desire and physical activity, depression can also cause erec-
tile dysfunction. Chronic infection with HBV is associated with several psychiatric
disorders, including anxiety and depression, and there is a significant link between
depression and erectile dysfunction in patients with HB V-related chronic liver dis-
ease. Depression may also be a side effect of medication for chronic HBV infection,
including interferon (IFN) [22].

32.3.2.2 Hepatitis C Virus

Several recent studies reported a significant relationship between hepatitis C virus
(HCV) infection and female reproductive status, highlighting the protective effect
of a fertile hormone status against the progression of fibrosis [23-25]. Specifically,
it was found that HCV+ women had significantly lower levels of the anti-Mulleran
hormone than age-matched uninfected controls or women with HBV+, and this was
significantly associated with a higher miscarriage rate in the former [26]. Anti-
Mulleran hormone levels were also found significantly lower in HCV+ women than
in age-matched healthy controls. These findings point to a specific connection
between HCV infection, ovarian function, and reproductive efficiency, suggesting
that the premature ovarian senescence observed in women who are HCV+ (as indi-
cated by an early, significant decline in anti-Mulleran hormone levels) has a pro-
found effect on their reproductive function [26]. No relationship has emerged with
a lower desire for pregnancy among women with HCV, however, and a recent study
showed that female patients with chronic viral liver disease desire children just as
much as women in the general population [27].


https://www.sciencedirect.com/topics/medicine-and-dentistry/spontaneous-abortion
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Several studies found an impact of HCV infection on patients’ sexual health and
identified a number of potential determinants. Chronic HCV infection may be asso-
ciated with three distinct patterns of sexual dysfunction, namely, pre-cirrhotic sex-
ual impairment; cirrhosis-induced sexual decline; and IFN-associated sexual
difficulties [28]. Pre-cirrhotic sexual impairment is linked to extrahepatic disease
processes and psychological discomfort. Cirrhosis-induced sexual decline is associ-
ated with the progression of liver fibrosis. [FN-associated sexual difficulties proba-
bly reflect the combined effects of depression and viral pathophysiology [28]. This
picture would suggest that extrahepatic pathophysiological processes and psycho-
logical distress both contribute to the sexual decline seen in the early stages of HCV
infection. HCV RNA and, in some cases, the RNA negative strand (which is a rep-
licative form of the virus) have been detected in patients’ central nervous system
microglia and cerebrospinal fluid [29, 30]. The fact that hepatitis C patients report a
more severe impairment in the sphere of sexuality, relating to desire, drive, and
satisfaction (which are based on higher cortical processes than other sexual subdo-
mains, such as erection, ejaculation, and orgasm, which rely largely on reflexes)
might point to disturbances in the neural circuits of the prefrontal cortex, the limbic
system, the hypothalamus, and the ventral striatum due either to direct effects of the
virus or to HCV-induced neuro-inflammation [31-36]. Be that as it may, the patho-
genesis of HCV-related sexual dysfunction is multifactorial, with both physical and
psychological components. Although depressed individuals frequently suffer from
loss of sexual interest, reduced libido, and impaired sexual functioning, findings to
date suggest that depression in HCV patients, though important, is not enough to
explain the full range and severity of their impairment [36].

32.3.3 Cholestatic Liver Disease

32.3.3.1 Primary Sclerosing Cholangitis (PSC)

PSC is usually diagnosed during a period of peak fertility and childbearing [37]. A
diagnosis of PSC in women of reproductive age often raises concerns regarding its
impact on their fertility and pregnancy, and vice versa. Although studies on fertility
and pregnancy in PSC are limited, the available data suggest that PSC has no spe-
cific detrimental impact on women’s fertility and chances of pregnancy [38].

32.3.3.2 Primary Biliary Cholangitis (PBC)

The majority of women with PBC are diagnosed at post-menopausal age [39].
Histological evidence of PBC may appear much earlier, however, and recent reports
indicate that up to 25% of female PBC patients are now diagnosed in their reproduc-
tive age [40, 41]. Younger women of childbearing age tend to be more symptomatic
than older women with PBC [42]. That said, in the largest population-based study
on PBC to date, the disease was not associated with any decline in fertility; and this
finding was replicated in a subsequent study. Though the literature on this topic is
limited to small cohort studies and case-control studies, no significant or severe risk
to fertility has been found thus far in women diagnosed with PBC [42].
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Table 32.2 Sexual dysfunction by etiology of liver disease and sex before liver transplantation

Male Female
Alcoholic liver Primary hypogonadism Menstrual disorders
disease Testicular atrophy More frequent abortions
Loss of libido Loss of libido
HBV Decline in physical functioning Menstrual disorders
Decreased albumin production Depression of T-cell-mediated
Depression immunity
Depression
HCV Loss of sexual desire Lower anti-Mulleran hormone levels
Neural inflammation High miscarriage rate
Depression Premature ovarian senescence
Cholestatic Hormone imbalance due to cirrhosis ~ Hormone imbalance due to cirrhosis
liver disease
Autoimmune  Hormone imbalance due to cirrhosis ~ Oligomenorrhea

liver disease

32.3.3.3 Autoimmune Hepatitis (AIH)

In spite of the frequently associated oligomenorrhea, pregnancies in patients with ATH
are becoming more common as a result of their better clinical management [43]. As in
all cirrhotic patients with severe disease, patients may have an altered hormone homeo-
stasis (hypothalamic—pituitary axis), and AIH is also frequently associated with other
endocrinopathies. Flares occur during pregnancy in 7-33% of cases, and postpartum in
11-86% of women with AIH. The majority of these flares can be controlled by incre-
menting the patient’s immunosuppressant treatment [43, 44] (Table 32.2).

32.4 Liver Disease and Pregnancy
32.4.1 Pregnancy in Women with Liver Disease

Women with liver disease can become pregnant. An interesting example comes from a
case report from Ferrarese and Burra [45] concerning a patient with Alagille syndrome
(AGS), an inherited autosomal dominant multisystem disorder with protean clinical
manifestations. In this particular case, the patient delivered at 38 weeks of gestation
with no complications for the newborn or mother. Successful pregnancies are unusual
in AGS, however, as in other chronic liver diseases, due to a lower fertility, voluntary
abortions, and miscarriages. Judging from the few reported cases of successful preg-
nancy in AGS, there are several issues to consider before attempting a pregnancy.
These include the severity of the liver disease, and portal hypertension (which could be
exacerbated by pregnancy), of cardiac dysfunction, and especially of pulmonary hyper-
tension, and the various phenotypic manifestations in the newborn [45].

32.4.1.1 Viral Hepatitis

HBV

In women with chronic HBV infection, immunological changes typical of pregnancy
may cause an increase in HBV DNA levels, while ALT remain normal or near
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normal. Mild exacerbations may occur after delivery too [46, 47]. In clinical practice,
women who are HBV+ carriers should be counselled regarding pregnancy both on
and off treatment. In all cases, the indications to treatment according to current rec-
ommendations should be considered and discussed with the patient [48]. Treatment
can be delayed when fibrosis is mild or absent, and women already receiving treat-
ment may be able to stop antiviral drugs [49]. When treatment is indicated, tenofovir
is the best choice. Women who become pregnant while taking entecavir or adefovir
should be switched to tenofovir if continued treatment is indicated. The vertical
transmission of HBV infection is prevented by administering vaccines and anti-HB
immunoglobulins to the newborn within 12 h after delivery [50].

HCV

The natural history of HCV-related liver disease in pregnant women and their off-
spring is not fully understood. Pregnancy does not seem to modify the natural
course of HCV-related liver disease: women are generally asymptomatic during
pregnancy, and a significant reduction in ALT levels has been reported, with a
rebound postpartum [51, 52]. There is also an increase in HCV-RNA towards the
end of the pregnancy in most HCV-infected pregnant women, though several stud-
ies monitoring viral load monthly found HCV-RNA stable throughout the preg-
nancy in chronic HCV carriers with no biochemical activity, whereas viremic flares
occurred in those with biochemical activity [51, 52]. Retrospective data suggest a
significantly higher incidence of intrahepatic cholestasis of pregnancy in HCV-
infected pregnant women than in controls. Chronic hepatitis C can lead to a vertical
transmission of HCV, while it only marginally influences the course of pregnancy
and seldom induces spontaneous abortion. The global HCV vertical transmission
rate is relatively low and estimated to affect only 3—-5% of infants born from HCV+
mothers [53, 54].

32.4.1.2 Autoimmune Hepatitis

In the case of pregnancy at the time of presentation of “acute”-onset AIH, the liver
disease may take a fulminant course and the fetus has little chance of survival [55].
Generally speaking, women who achieve disease remission, and have no cirrhosis
with portal hypertension, have a good chance of a successful pregnancy [56]. Gestation
has a beneficial effect on patients’ immune status, enabling a reduction in their main-
tenance immunotherapy. This is due to several factors, including a physiological
increase of serum cortisol [57, 58]. In clinical practice, the dosage of steroids needed
to maintain remission should therefore be reduced in the case of pregnancy, although
flares may occur during the course of the pregnancy in up to 21% of cases. The prob-
ability of flares is highest after delivery, however, with an incidence as high as 40%.
Ursodeoxycholicacid is safe and well tolerated during pregnancy [59].

32.4.1.3 Primary Sclerosing Cholangitis (PSC)

PSC has an incidence of around 0.9-1.3 per 100,000 population per year and a
prevalence of around 8.5-14.2 per 100,000 in Northern Europe and the United
States. Up to 80% of PSC patients have concurrent inflammatory bowel disease
[60]. Fertility does not seem to be reduced in patients with PSC, and pregnancy is
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possible in young female patients. No strong association has been found between
the onset of PSC and previous perinatal events including newborn birth length,
breastfeeding, and the majority of maternal medical complications [61].

32.4.2 Pregnancy-Related Liver Disease

Intrahepatic cholestasis of pregnancy: this develops in the last trimester and rapidly
resolves after delivery. It is characterized by severe pruritus, associated with an
increase in serum bile acids and aminotransferases. The symptoms and biochemical
abnormalities rapidly disappear after delivery but may recur in subsequent pregnan-
cies and with the use of hormonal contraception. Potential complications of the
condition include premature delivery, respiratory complications, and intrauterine
death [62].

Acute fatty liver of pregnancy: this involves a microvesicular fatty infiltration of
hepatocytes and it is a common cause of liver failure in pregnancy. It is a late-
gestational complication, often occurring between weeks 28 and 40. It is a rare
disorder, affecting from 1:7000 to 1:16,000 pregnancies, but it is a medical and
obstetric emergency. Risk factors are nulliparity, preeclampsia, multiple gestation,
pregnancies with a male fetus, and a low BMI [63, 64].

HELLP syndrome: the hemolysis, elevated liver enzymes, and low platelets
(HELLP) syndrome is associated with endothelial cell injury and microangio-
pathic platelet activation and consumption. It occurs in 4-20% of cases of pre-
eclampsia [65]. The disorder can be diagnosed antepartum (between 27 and
30 weeks of gestation in 70% of cases) or postpartum. Risk factors are advanced
maternal age, multiparity, and Caucasian ethnicity. Hypertension and proteinuria
are evident in up to 85% of cases [66]. Because of the hemolysis, high serum
unconjugated bilirubin and lactate dehydrogenase are frequent findings as well as
a moderate rise in liver enzymes [67]. Complications include disseminated intra-
vascular coagulation, pulmonary edema and placental abruption. The perinatal
mortality rate ranges from 6 to 70%, while maternal mortality is 1% [68]. Once
HELLP syndrome develops, the only definitive treatment is delivery of the fetus.
If the gestational age is between 24 and 34 weeks, corticosteroids are usually
administered to promote fetal lung maturity, and delivery should be considered
24 h afterwards [65].

32.4.3 Liver Disease During Pregnancy

32.4.3.1 Acute Viral Hepatitis
The most common cause of jaundice in pregnancy is acute viral hepatitis. The inci-
dence of hepatitis in pregnancy varies greatly around the world, depending on levels
of hygiene, sanitation, and socio-economic status [69].

Hepatitis A virus is the most common cause of acute viral hepatitis in the gen-
eral population, but its occurrence during pregnancy has been under-reported.
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Hepatitis A is not associated with a severe outcome during pregnancy and vertical
transmission is very rare [70].

HBY infection is not associated with any increased fetal mortality or congenital
malformations, though it can cause spontaneous abortion in the first weeks of preg-
nancy [71]. Acute HBV infection in pregnancy has a higher rate of vertical trans-
mission, which usually occurs during delivery due to the newborn’s exposure to
cervical secretions and maternal blood [72].

HCYV infection has rarely been reported during pregnancy and is limited to
high-risk groups, such as intravenous drug users. The frequency of acute HCV
infection during pregnancy is estimated at between 0.4 and 6% [73]. HCV infec-
tion can be transmitted vertically (the risk being from 3 to 5%), but there is no
evidence of increased transmission through breastfeeding [74]. Antiviral treat-
ment is contraindicated due to the teratogenic effects of the drugs available until
recently, while no data are available as yet for the new IFN-free regimens in this
setting [75].

Hepatitis E virus (HEV) is responsible for major outbreaks of acute hepatitis
in developing countries. It is enterally transmitted and clinical manifestations are
similar to other forms of viral hepatitis, but in pregnant women there is a higher
risk of fulminant hepatitis (25% mortality rate) [76]. A recent study compared
maternal and fetal outcomes in pregnant women with acute hepatitis caused by
HEV and other viruses: fulminant liver failure was more common and maternal
mortality was higher for HEV-infected women than for women without any viral
infections. Women with HEV infection were also at higher risk of intrauterine
fetal death [77].

32.4.3.2 Budd Chiari Syndrome (BCS)

This is a rare disease caused by obstruction of the hepatic venous outflow due to
thrombosis of the hepatic veins or of the suprahepatic portion of the inferior vena
cava, leading to sinusoidal congestion, ischemic liver damage, and portal hyperten-
sion [78]. Patients usually have one or more risk factors for venous thrombo-
embolism. In pregnancy, the levels of coagulation factors VII and VIII, von
Willebrand factor, and fibrinogen are increased, while free protein S levels are
reduced and increased levels of plasminogen activator inhibitor-1 and -2 (the latter
synthesized by the placenta) reduce fibrinolytic activity. These changes shift the
hemostatic balance towards hypercoagulability, which persists for up to 8 weeks
after delivery [79]. It is therefore hardly surprising that pregnancy can trigger or
exacerbate the vascular liver diseases in which thrombophilia often plays a major
part. In pregnancy, the clinical presentation of BCS is often fulminant, and the asso-
ciated mortality rate is high [80]. BCS is managed differently in pregnancy because
the options used for other women, such as vitamin K antagonists, are contraindi-
cated due to a risk of fetal hemorrhage and teratogenicity. A stepwise treatment is
recommended, starting with twice-daily low-molecular-weight heparin, followed
by transjugular-intrahepatic-portosystemic-shuntin failures or relapses. LT is an
option [81].
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32,5 Sexual Function After Liver Transplantation

Successful LT leads to improvements in sex hormone disturbances in both men and
women, but post-LT medication—including immunosuppressants—may interfere
with hormone metabolism.

32.5.1 Male Recipients

32.5.1.1 Medication
Among the types of medication that may be involved in the pathogenesis of erectile
dysfunction in male patients, antihypertensives and corticosteroids should also be
borne in mind [82]. The role of immunosuppressants is still not clear. In the early post-
transplant period, up to a month after surgery, plasma levels of total and free testoster-
one may be significantly reduced with respect to a patient’s levels before the procedure
[2, 83]. The same situation has been seen after kidney transplantation too, which coin-
cides with a drop in Sex-hormones-binding-protein levels. This has been attributed to
the high doses of immunosuppressants administered in this phase, including both cor-
ticosteroids and calcineurin inhibitors such as cyclosporin A [84] and tacrolimus. The
pathogenesis of erectile dysfunction is multifactorial, including hypogonadism and
treatment with calcineurin inhibitors. It has been demonstrated that calcineurin is
strongly expressed in the testis [85], and it is involved in the cell mechanisms funda-
mental to a normal sperm function [86]. An altered spermatogenesis might also
explain the increased FSH levels encountered especially in the first 12 months after LT.
Several studies have emphasized the potential impact of sirolimus on male
gonadal function [87-89]. This was first reported as a significant decrease in free
testosterone and a significant increase in LH and FSH levels in heart transplant
patients treated with sirolimus. A recent review [90] of all published studies on
transplant patients who received mammalian target of rapamycin inhibitors showed
consistent evidence of sirolimus-related gonadal function being suppressed and
FSH and LH concentrations being increased. In a recent cross-sectional study, [83]
despite lower total testosterone levels and higher FSH and LH levels, there was no
significant difference in sexual function scores between patients treated with siroli-
mus and a control group. Therefore, it seems that immunosuppression is one aspect
of transplantation that should be decided carefully to strike the right balance of
benefits for the graft and quality of life [84].

32.5.1.2 Hormone Homeostasis

The proportion of sexually inactive men reportedly decreased from 29% before LT
to 15% afterwards, but the proportion of men with erectile dysfunction remained
unchanged. The absence of sexual activity after LT was associated with pretrans-
plant sexual inactivity, age, cardiovascular disease, and use of diuretics, anticoagu-
lants, statins, and treatment for diabetes. Cardiovascular disease, post-transplantation
diabetes, alcohol abuse, antidepressants, and angiotensin II receptor blockers were
all associated with erectile dysfunction after LT [91].



32 Sexual Function, Fertility and Pregnancy in Liver Disease and After Liver... 553

A study by Burra et al. on patients before and after transplantation at the
Multivisceral Transplant Unit of Padua University Hospital showed that patients
with liver cirrhosis awaiting LT had significantly higher levels of prolactin and
sexual-hormones-binding-protein than patients with a liver transplant. Sexual dys-
function also correlated with old age, whereas after LT it was more associated with
depression. So sexual dysfunction was confirmed for both men and women with
liver cirrhosis, but it was surprisingly persistent after LT, with depression being the
major risk factor [1].

Other studies have since shown that even patients with marked hypogonadism
before LT frequently achieve a functional recovery of their hypothalamic—pitu-
itary—testicular axis in terms of testosterone and prolactin secretion, and regained
fertility [92, 93]. Some authors have found, however, that—despite a marked
reduction in sex-hormones-binding-protein—the normalization of free testoster-
one levels derives from a greater output of gonadotropins, especially LH, already
in the first 12 months after LT (subclinical primary hypogonadism) [94, 95]. This
anomaly has been confirmed in hypogonadal nephropathic patients undergoing
kidney transplantation as well [96]. In addition, the rise in free testosterone lev-
els after LT still fails to reach normal levels in more than one in three patients
[82, 97, 98], with a concomitant increase in LH (hypergonadotropic
hypogonadism).

32.5.2 Female Recipients

32.,5.2.1 Fertility

Women achieve normal menstrual function and fertility a few months after LT, and
the recommendation for women of reproductive age who undergo LT is to monitor
the timing and pattern of menstruation, sexual activity, contraception, and the inci-
dence of pregnancy and gynecological disorders. In the year before LT, 42% of
women reported regular menstrual cycles, 28 % reported irregular and unpredictable
bleeding, and 30% reported amenorrhea; after transplantation, 48% experienced
regular menses, 26% irregular bleeding, and 26% amenorrhea [99]. Women cur-
rently account for one in three liver transplant recipients, and approximately a third
of them are of reproductive age (18—49 years old). The first successful pregnancy
following LT occurred in 1978, with excellent maternal and fetal outcomes.
Numerous studies have been published [100—111], and there are registries for preg-
nancies after LT, but no randomized controlled trials have been conducted to date,
and much of the evidence regarding drug safety during pregnancy comes from ani-
mal studies. Thus, although efforts have been made to develop evidence-based man-
agement strategies, more work needs to be done in this setting [112].

In one study by Burra et al. on women who underwent LT at the Multivisceral
Transplant Unit in Padua, psychological status seemed to play a key part in sexual
dysfunction after LT. Depression was the main risk factor for sexual dysfunction
persisting after LT in both sexes. As for the role of patients’ previous liver disease
in determining any sexual dysfunction after LT, female patients who underwent the
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Table 32.3 Factors that can cause sexual dysfunction after liver transplantation

Hormone imbalance Hypogonadism (mostly in the first year after LT)
Iatrogenic factors Immunosuppressants

Therapy for possible complications after LT
Complications after LT Recurrence of liver disease

Diabetes

Hypertension

Rejection
Psychological factors Depression

Anxiety regarding sexual performance

procedure for virus-related liver disease had a more severe sexual dysfunction than
those transplanted for other causes of liver disease. Previous studies also found
HCV to be a major determinant of both clinical and psychological outcomes after
LT, and it has been associated with a poor subsequent quality of life [113-115].

32.5.2.2 Contraception

Contraception is needed for women who undergo LT. Such ineffective methods as
coitus interruptus and abstinence cannot be recommended [116]. The safest meth-
ods for both birth control and to prevent infectious disease are barrier methods,
which also have the advantage of avoiding drug interactions as well as having low
failure rates [117].

Intrauterine devices are very effective in the general population but may increase
the risk of infection [118], and it has been suggested that they may be less effective
in immunosuppressed patients [119, 120]. As concerns oral or transdermal contra-
ceptives, the same contraindications apply as in the general population (history of
myocardial infarction, stroke or deep vein thrombosis, and migraine with focal
aura). Since these contraceptives are metabolized by the hepatic cytochrome
P4503 A4 system, drug-to-drug interactions may also be a concern—especially with
cyclosporine and tacrolimus, which are both metabolized by this same enzyme
[121]. Oral contraceptives should be used with caution after LT, frequently monitor-
ing liver function, and only in recipients with a graft function that has remained
stable for at least 6—8 months, and no other contraindications [121, 122] (Table 32.3).

32.5.2.3 Pregnancy

Maternal Complications After Liver Transplantation

With the return of normal sexual function, women who have successfully undergone
LT can conceive as early as 1 month later [107, 123]. The most favorable factors for
a good outcome of the pregnancy are: a stable graft function, stable immunosup-
pression, and no hypertension prior to conception [107, 124—126]. If a patient mani-
fests her informed intention to become pregnant, it is fundamental to optimize her
immunosuppression, graft status, and general heath [125]. On this premise, the
American Society of Transplantation recommends that pregnancy be considered in
women who undergo LT providing there is no sign of rejection within the year
before the intended conception; graft function is adequate and stable; there are no
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acute infections capable of affecting fetal growth and well-being; and maintenance
immunosuppressants are administered in stable doses [127]. In short, though noth-
ing is said about the timing of conception after LT, waiting 1-2 years is generally
considered a good idea [127]. An important issue concerning pregnancy in women
who have undergone LT concerns their immunosuppression regime and the risk of
rejection. The question is how to strike the right balance between the teratogenic
risk of the drugs and the risk of graft rejection. The reported incidence of rejection
in pregnancy varies considerably (from 0 to 20%), as opposed to approximately
2-3% for women who do not become pregnant after LT [103, 107, 108]. An impor-
tant issue here concerns pregnant women deliberately suspending their immunosup-
pressants (which reportedly accounts for the above-mentioned higher rejection
rate), and episodes of rejection are generally reversible with steroid boluses and a
return to adequate immunosuppressive therapy [128]. It is fundamentally important
to adequately inform women with a liver transplant during any pregnancy to avoid
them suspending their drugs under their own initiative and ensure that they continue
to adhere to their appropriate therapy.

Fetal Complications

Most fetal complications—including spontaneous abortion, preterm birth, intra-
uterine growth restriction, and fetal distress—are statistically more common in
transplant recipients than in the general population [129, 130], while the incidence
of congenital anomalies is apparently comparable [126]. Some authors have sug-
gested that the higher risk of preterm birth might be partly due to episodes of graft
rejection and early-onset pre-eclampsia, but this has yet to be confirmed [107]
(Table 32.3).

32.5.2.4 Immunosuppressants and Pregnancy

Calcineurin Inhibitors

These drugs (cyclosporine and tacrolimus) have not been definitively associated
with teratogenesis. Fetal malformation rates are much the same for pregnancies in
women who were or were not taking this type of medication [104]. Initial reports of
intrauterine growth restriction, spontaneous abortion, and premature births were
only associated with high doses of these drugs [131] and not confirmed in all stud-
ies. In patients with a liver transplant, it is important to frequently monitor renal
function and drug concentrations in the blood, especially since cytochrome 450 is
inhibited during pregnancy (and this can lead to an increase in tacrolimus levels).

Steroids

Metabolized by placental 11-hydroxygenase, steroids can cross the placenta with a
blood ratio of approximately 10:1, so the fetus is exposed to about 10% of the
maternal dose [132]. Steroids are often used as immunosuppressants after LT but
also to treat liver disease during pregnancy (autoimmune disorders) or rejection
after LT, and to induce fetal lung maturation when there is a risk of pre-term deliv-
ery [133].
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Whatever the reason for taking them, steroids can complicate pregnancy with the
side-effects observable in any patient (high infectious risk, osteopenia, hyperten-
sion, hyperglycemia, and cataracts), and they can exacerbate gestational diabetes
[134-136].

Azathioprine

Azathioprine (AZA) apparently has no teratogenic effects. It crosses the placenta
but the fetus does not have the enzyme needed to convert it into its active form. The
issues with this drug mainly concern oncogenic risks. During pregnancy and breast-
feeding [107], AZA seems to be associated with a higher risk of growth retardation
[137, 138]. Infants exposed to AZA in early pregnancy (including pregnancies in
organ transplant recipients) may be at a moderately increased risk of congenital
malformations, and ventricular/atrial septal defects in particular. There is also a
greater risk of growth restriction and preterm delivery, but it is not clear whether
these complications might be partly due to the severity of the mother’s illness [139].
Because of the potential for carcinogenesis and the unknown long-term effects of
fetal immunosuppression, AZA should be withheld if possible; if not, the AZA dose
should be reduced at 32 weeks of gestation [139]. An interesting case report from
Loreno et al. was regarding a 33-year-old woman who had undergone liver trans-
plantation for Caroli’s; 2 years after transplantation, the patient experienced de novo
HBV hepatitis. Lamivudine treatment was started and clearance of HBsAg was
documented 1 year later. Four years after starting antiviral treatment, the patient
became pregnant despite the risk of teratogenic effects; lamivudine, cyclosporine,
and azathioprine were not discontinued for risk of break-through hepatitis and acute
or chronic rejection. The course of gestation was uneventful and a caesarean section
was performed after 36 weeks. The newborn infant was a healthy male weighing
3080 g and measuring 50 cm [140].

Mycophenolate Mofetil

Mycophenolate mofetil (MMF) blocks de novo purine synthesis in T and B lympho-
cytes, and it has been associated with teratogenic risks. These include developmen-
tal toxicity, intrauterine death, and malformations, even when MMF is apparently
administered at the recommended clinical doses based on body surface area [141].
Exposure to MMF during early pregnancy was found associated with a higher inci-
dence of structural malformations in the study by Sifontis et al. [142]. As a result of
this significant teratogenic risk, the Food and Drug Administration in the USA has
issued a boxed warning concerning the risk of first-trimester fetal loss and congeni-
tal malformations [143]: the drug is now classified as US FDA category D medica-
tion and should not be used during pregnancy.

Mammalian Target of Rapamycin (mTOR) Inhibitors

Evidence is still scarce regarding the use of sirolimus and everolimus during preg-
nancy after LT, and they are generally contraindicated in pregnancy. They should
also be discontinued at least 12 weeks before attempting conception, switching to a
calcineurin inhibitor for the duration of the pregnancy. When weighing the risks for
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the fetus, there is still a great deal of ambiguity about whether sirolimus is intrinsi-
cally teratogenic, and it is therefore contraindicated in this setting [144—147].

32.5.2.5 Breastfeeding

Breastfeeding is strongly recommended by pediatric associations as the sole diet
for the newborn at least until they are 6 months old [148] and should then be gradu-
ally reduced over the 6 months thereafter as the infant’s diet is extended. This
reduces the incidence of allergies, celiac disease, infectious diseases, diarrhea, and
colitis in children [147]. The doses of immunosuppressants used during breast-
feeding are lower than during gestation. While it is important to avoid MMF during
pregnancy due to its confirmed teratogenic effects (miscarriages and fetal malfor-
mations), there are no studies describing its influence during breastfeeding in
humans [149].

> Tip

e The liver has a fundamental role in sex hormone homeostasis in both males
and females, and cirrhosis disrupts these mechanisms. Like all chronic dis-
eases, cirrhosis also leads to psychological dysfunctions, and sexual dys-
function is the result of the combination of these two elements

e Despite a return to a normal hormone balance, men’s and women’s sexual
function may not always improve after LT due to psychological and phar-
macological factors.

e Pregnancy after LT is feasible, even in women with persistent underlying
liver disease, though acute liver disease may complicate the pregnancy.

e The outcome of a transplant should always be assessed from a multidisci-
plinary perspective. While considering graft function on the one hand, it is
important on the other hand to assess all aspects of a patient’s life and their
overall physical and psychological well-being.

32.6 Conclusion

The liver has a fundamental role in sex hormone homeostasis in both males and
females, and cirrhosis disrupts these mechanisms. Like all chronic diseases, cirrho-
sis also leads to psychological dysfunctions, and sexual dysfunction is the result of
the combination of these two elements. Sexual dysfunction in cirrhosis has different
etiologies, depending on the primary liver disease, and different outcomes after liver
transplantation. Despite a return to a normal hormone balance, men’s and women’s
sexual function may not always improve after LT due to psychological and pharma-
cological factors. Pregnancy after LT is feasible, even in women with persistent
underlying liver disease, though acute liver disease may complicate the pregnancy.
The guidelines recommend waiting at least 1-2 years before conceiving, ensuring a
good graft function and optimal, stable levels of immunosuppression. Breastfeeding
is also possible at no risk to the newborn. The fundamental issue is to prescribe
appropriate and adequate immunosuppressive therapy in this setting.
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The outcome of a transplant should always be assessed from a multidisciplinary
perspective. While considering graft function on the one hand, it is important on the
other hand to assess all aspects of a patient’s life and their overall physical and psy-
chological well-being (Tables 32.1, 32.2, and 32.3).
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