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Around 20% to 30% of patients after solid organ transplantation are of reproductive age. The estimated rate
of infertility in this group is slightly higher than in the general population. Choosing the optimal moment for
pregnancy in transplanted patients plays a pivotal role, regardless of the method of conception. The first part
of this article presents an up-to-date review of the problem of infertility in female and male solid organ recip-
ients, with special attention to the influence of specific immunosuppressive drugs on semen parameters. The
second part discusses the current knowledge regarding infertility treatment and the results of assisted repro-
ductive techniques in this specific group of patients.

Despite restoring gonadal functions after transplantation, the patients should be informed about possible neg-
ative effects of medications on fertility, course of pregnancy, and the fetus. Interdisciplinary care should always
be provided for infertile graft recipients, especially women, as it ensures safety both for the graft and for the
potential gestation. The process of infertility diagnosis and tools used for that purpose are the same in trans-
planted patients as in the general population. The treatment with assisted reproductive techniques is accept-
able and gives favorable results as long as patients are managed rationally, with special attention paid to pre-
vention of iatrogenic complications.
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Background

According to the World Health Organization (WHO), infertility
is diagnosed in couples who are not able to conceive within
1 year of regular intercourse without any kind of contracep-
tion [1]. However, there are some clinical conditions in which
diagnostic and treatment methods may be introduced earli-
er (usually after 6 months), including woman’s age >35 years
and chronic diseases with potentially detrimental effect on fer-
tility. Women with chronic kidney or liver disease usually ex-
perience some kind of fertility disorders. The severity of the
problem correlates with the stage of solid organ failure and
results from the impairment of hypothalamus-pituitary-ova-
ry axis functionality or other coexisting hormonal disturbanc-
es [2,3]. Apart from a higher rate of infertility, that specific
group of patients also has a greater risk of various pregnan-
cy complications, such as preterm delivery, gestational hyper-
tension, anemia, or low birth weight.

Following a successful solid organ transplantation, the proper
functionality of reproductive potential resolves after around 6
months [4]. Apart from ovulatory cycles, a significant improve-
ment of sexual functions and libido are observed. Nevertheless,
pregnancy planning should be deferred until a transplanted or-
gan reaches stable functionality. The optimal time for concep-
tion, therefore, including any infertility treatment, is thought
to be 18-24 months following successful transplantation.
However, such a relatively long delay in treatment could be
another problem in the group of patients older than 35 years,
in whom fertility would be additionally impaired by age.

It is estimated that the rate of infertility among patients after sol-
id organ transplantation (OTx) is slightly higher than in the gen-
eral population [5]. For many women, motherhood is a priority;
therefore, impaired conception may induce various psychosocial
consequences, including depression or relationship problems.
However, the available literature lacks recommendations dealing
with infertility treatment in OTx patients. It seems obvious that
the optimal time for conception should be determined individual-
ly, with regard to the initial condition of the patient and function
of the transplanted organ. The situation is much more compli-
cated in women receiving bone marrow transplantation (BMTx).
The conditioning regimen administered prior to BMT is charac-
terized by a highly gonadotoxic profile [6]. Secondary menstru-
al disorders and premature ovarian insufficiency are quite com-
mon symptoms in that specific group of patients. Nevertheless,
there are few case reports of spontaneous resolution of meno-
pausal symptoms and conception in BMTx women [7].

The number of living solid organ or bone marrow recipients
has been constantly rising in recent years. Advances in treat-
ment have resulted in life span extension and better progno-
sis; therefore, patients after OTx appear more frequently at
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gynecologists’ appointments. Women of reproductive age com-
prise about 20% of all transplanted females; therefore, special-
ists planning treatment of their primary disease should bear in
mind their potential reproductive plans [8]. However, approx-
imately 20% to 30% of men receiving a kidney transplant are
below 50 years of age [9], and the choice of immunosuppres-
sive drugs with the lowest possible teratogenic potential in
patients planning to conceive is crucial. According to expert
opinion, family planning counselling should be obligatory at
the time of preparation for transplantation [10].

The Problem of Infertility in Female Graft
Recipients

Any infertility treatment must be preceded with a thorough
diagnostic workup, including both partners. Apart from a de-
tailed medical history and physical examination, however,
the management should always begin with the assessment
of graft function because it has a direct influence on the re-
productive system. Impaired function of kidneys or liver can
lead to endocrinological disorders in the form of hypogonado-
tropic hypogonadism or hyperprolactinemia. These are a seri-
ous problem, especially during organ failure, but they regress
after transplantation. In women undergoing kidney transplan-
tation, the rate of ovulatory cycles is around 80% 1 year after
the procedure if graft function is stable and creatinine concen-
tration is below 1.4 mg/d|, similar to that of the general pop-
ulation. However, regular menstrual cycles with ovulation can
occur as soon as 8 weeks after liver transplantation. After 7
months, up to 90% of women have regular cycles. Despite re-
storing gonadal functions after transplantation, the patients
should be informed about possible negative effects of medi-
cations on the fetus and the course of pregnancy. Around 50-
80% of kidney transplant recipients have hypertension [11].
All of the antihypertensive drugs cross the placenta. Several
of them, such as angiotensin-converting enzyme (ACE) inhib-
itors or angiotensin Il receptor blockers should be withdrawn
prior to conception due to possible teratogenic effects [12]. A
recent report analyzed the influence of ACE inhibitors on the
course of pregnancy and found significantly increased risk of
major birth defects and spontaneous abortions compared to
women without antihypertensive treatment [13].

The infertility workup in organ recipients is no different than
in the general population. Nevertheless, the literature lacks ep-
idemiological data regarding the distribution of particular dis-
orders. The published material usually describes data based on
case reports. The causes of fertility impairment in this specific
group of patients appear to differ from those of the general
population, among them ovarian (no ovulation), tubal (impaired
patency), or male factor [14]. In around 25% of patients, a di-
rect cause of infertility cannot be determined, which is called
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idiopathic infertility, and can be due to the imperfect diagnos-
tic tools available in clinical practice. Nevertheless, the issue of
so-called immunological factor of infertility is controversial in
graft recipients. It is assumed that problems with conception
are a result of improper reaction of the female immune sys-
tem to paternal antigens. According to some theories, a high
level of human leukocyte antigen (HLA) compatibility between
partners can decrease pregnancy rates [15]. It is thought that
immunological factor is largely responsible for idiopathic in-
fertility. Immunomodulating and immunosuppressive therapies
are sometimes used in such women to limit the improper re-
action of their immune systems. Female graft recipients are
continuously administered such therapies; therefore, immu-
nological factor should be anticipated less frequently in them.

Lessan-Pezeshki et al. found that the rate of infertility among
female kidney graft recipients was 10.4% [16]. They also as-
sessed the contribution of various factors: 50% ovulatory dis-
orders, 33% male factor, and 16.6% idiopathic. However, the
described group of 126 kidney graft recipients included only 6
with fertility problems. The current literature lacks more pre-
cise data on transplanted patients. There is also insufficient
information regarding hypothalamus-pituitary-ovary axis dys-
functions in women after lung, heart, or pancreas transplan-
tation, and data are usually extrapolated from kidney recipi-
ents. The only difference is in patients with lungs transplanted
due to cystic fibrosis, which can additionally impair fertility.

Diagnosing infertility problems in women should start with af-
firming ovulation by means of transvaginal ultrasound and/or
progesterone concentration in the luteal phase of the cycle.
Basic hormonal workup should also be similar to those per-
formed in the general population, which includes thyroid gland
function, prolactin, and gonadotropins concentrations in case
of irregular menstrual cycles. It is suggested that 4-20% of
female kidney recipients experience symptoms of premature
ovarian insufficiency; therefore, the assessment of ovarian re-
serve is crucial. Age at transplantation and restoration of regu-
lar menstrual cycles after this procedure seem to be indepen-
dent predictors of spontaneous pregnancy among renal graft
recipients [17]. Mishra et al. found that menopause appeared
on average 4.5 years earlier in graft recipients than in the gen-
eral population [14]. The causes of the above are not well ex-
plained apart from situations in which cyclophosphamide, a
highly gonadotoxic drug, was administered. Immunosuppressive
therapy with glucocorticoids, azathioprine, and calcineurin in-
hibitors does not influence female fertility. However, anovula-
tory cycles were described in women treated with sirolimus,
which can increase the concentrations of follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) [18]. Because of
the high risk of teratogenicity and pregnancy failure, mycophe-
nolate mofetil (MMF) is contraindicated during pregnancy and
should be discontinued if unexpected pregnancy occurs [19].
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Moreover, its administration should be completed at least 6
weeks before planned pregnancy.

It is obvious that a male partner should be diagnosed in par-
allel with the woman. Further management and treatment op-
tions depend on semen results. Frequently, male factor is the
only proven cause of infertility in couples. If the results of a
spermiogram do not disqualify natural conception, verifying
tubal patency should be the next step.

It is worth remembering that infertility management should in-
clude psychological counselling. Psychological research shows
that female graft recipients report lower quality of life and
decreased vitality in comparison to the general population.
They also have more risk factors for postpartum depression.
Therefore, psychological care should be an integral part of in-
fertility treatment [20].

The Problem of Infertility in Male Graft
Recipients

Prolonged survival of solid organ graft recipients makes father-
hood more likely in male patients. For example, uremia in end-
stage kidney disease results in decreased testosterone and in-
creased FSH and LH concentrations. Apart from an underlying
disease, these patients usually have multiple comorbidities,
such as diabetes mellitus, cardiovascular diseases, or hyperten-
sion, which frequently lead to poor sperm quality and impaired
fertility [21,22]. Several immunosuppressants (e.g., glucocorti-
coids and calcineurin inhibitors) can lead to hypertension due
to salt retention and vasoconstriction [11]. Successful organ
transplantation usually restores most of these impairments.
Moreover, recent data published by Reinhardt et al. showed a
50% rate of recovery from hypogonadism within 1 year follow-
ing renal transplantation [23]. Nevertheless, recipients may be
at increased risk of hypogonadism or erectile dysfunction [24].
In contrast to adults, semen quality does not improve after re-
nal transplantation in patients subjected to uremia during ad-
olescence, probably due to severe germ cell failure during the
onset of spermatogenesis at puberty [25]. The most signifi-
cant decrease was observed among renal failure patients 13
to 18 years of age. Immunosuppressive drugs, together with
additional medications (for example antihypertensive agents,
especially -blockers), can affect fertility either by diminished
functioning of the hypothalamic-pituitary-gonadal axis or by
non-hormonal mechanisms [26]. Some male transplant recip-
ients have altered testosterone and sperm production [27].
There is a dose-dependent correlation between immunosup-
pressants and plasma testosterone or gonadotropins concen-
trations [28]. Graft recipients usually require multidrug immu-
nosuppression; therefore, it is difficult to assess the effect of a
particular medication on fertility. Finally, these drugs can lead
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to decreased libido, sexual dysfunctions, and impaired sper-
matogenesis caused by germ cell toxicity.

The evaluation and management of male factor infertility af-
ter organ transplantation also does not differ from the gen-
eral population. A detailed medical history and physical ex-
amination should always be the first step in clinical practice.
Medical data should include the current and previous immu-
nosuppressive therapy, as well as the duration and dosage of
drug exposure. The physical examination should focus on find-
ings suggestive of androgen deficiency. Obviously, it should
also include the identification of reversible causes of possi-
bly impaired fertility, such as clinically significant varicocele.

Semen analysis is the basic diagnostic tool of male factor in-
fertility. According to the World Health Organization (WHO)
manual, it should be performed after 2-7 days of sexual ab-
stinence (preferably 3-5 days) [29]. In case of abnormal semen
parameters, a repeated analysis is recommended due to exist-
ing variability in sperm concentrations and motility.

Male solid organ recipients might experience the detrimental

effect of various immunosuppressive agents on their spermato-
genesis. Some of these effects are presented below.

Corticosteroids

Steroids remain the main immunosuppressive therapy, and
it is not contraindicated among patients who want to con-
ceive. Glucocorticoids act via nuclear receptors located in dif-
ferent tissues. Possible negative influences of these drugs on
reproductive functions result from downregulation of the hy-
pothalamus-pituitary axis. This crosstalk leads to decreased
synthesis and release of gonadotropins. Apart from iatrogen-
ic hypogonadism, steroids affect receptors in Leydig cells, re-
ducing gonadal synthesis of testosterone [30]. A study on 52
male heart transplant patients showed a transient but signifi-
cant decline in mean serum testosterone concentration within
the first month following transplantation [31]. These levels re-
mained slightly, but not significantly, below the baseline con-
centrations 3 months after transplantation (489+29 vs. 324+38
ng/dL). Moreover, mean testosterone levels remained normal
before and 1 year after transplantation [32]. This shows the
dose-dependent relationship between intensive exposure to
glucocorticoids and low testosterone concentrations, which is
strongest in the early post-transplant period.

Azathioprine

Azathioprine (AZA) is allowed during pregnancy in females and
seems not to influence male fertility. Azathioprine can inhibit
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the synthesis of testosterone; however, it does not affect sperm
parameters [33]. There are few studies in the literature investi-
gating this dependency. Moreover, prolonged therapy with AZA
seems not to affect semen parameters, nor cause any chang-
es in semen quality [34]. A study on 23 males with irritable
bowel syndrome treated with AZA for at least 3 months did
not show any changes in semen parameters at the end of the
observation period. It is hypothesized that azathioprine has
a mutagenic and teratogenic effect. In this view, cryopreser-
vation should be offered prior to the initiation of treatment.
However, Leroy et al. analyzed the course of pregnancies fa-
thered by men treated with AZA and showed that the rates
of miscarriages and birth defects were similar to those in the
general population [28].

Calcineurin Inhibitors (Cyclosporine A and
Tacrolimus)

Most previous research found that gonadal hormones are not
affected by cyclosporine (CsA) administration [35,36]. Moreover,
gradual restoration of hormonal profile and sperm quality (den-
sity, motility, viability, and morphology) was observed within
4 months of successful transplantation in males treated with
CsA [37]. However, higher doses (>4 mg/kg/1 day) are known
to compromise spermatozoa motility and morphology [38].
Sperm count and motility are inversely related to CsA con-
centration in blood, and return to preexisting values follow-
ing drug cessation. Therapy with tacrolimus seems to be saf-
er than CsA in recovering most semen parameters in kidney
transplant recipients (especially motility and morphology of
the sperm) [39]. However, a recent study showed that antiep-
ileptic drugs can enhance the testicular toxicity of therapeutic
doses of CsA or tacrolimus, inducing morphological changes
of the testicular tissue, mesenchymal cells, and testosterone
secretion [40]. Therefore, further studies are needed to evalu-
ate the safety of calcineurin inhibitors. Until then, it is recom-
mended to use minimal doses of calcineurin inhibitors to pre-
vent acute transplant rejection in patients of reproductive age.

Cyclophosphamide

Observational studies have shown severe negative effects of
cyclophosphamide on semen quality. Cyclophosphamide is
an alkylating agent with high potential for DNA impairment.
Rivkees and Crawford evaluated testicular function after cy-
clophosphamide therapy in patients with inflammatory kid-
ney disease and found that 58% had gonadal dysfunction [41].
Observational studies indicated a severe negative effect of
the drug on semen quality, and this effect was dose-related.
High-dose cyclophosphamide therapy can result in long-term
gonadal damage [42]. Recent studies suggest that short-term
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cyclophosphamide administration to treat childhood leukemia
results in long-term impairment of Leydig cell function, but
not fertility or semen quality [43]. In rodents, it is widely used
for laboratory-induced testicular toxicity. In vivo studies per-
formed in mice and rats proved that cyclophosphamide ther-
apy contributes to oxidative stress, subfertility, and morpho-
logical indices of gonadal injury [44].

mTOR Inhibitors (Sirolimus, Everolimus)

All mTOR (mammalian target of rapamycin) inhibitors cause
a dose-dependent decrease of testosterone [45,46]. Sirolimus
affects the hypothalamic-pituitary-gonadal axis, lowering free
testosterone levels and increasing the gonadotropic hormones.
Furthermore, it impairs the improvement of gonadal function
after renal transplantation. It is hypothesized that tubular at-
rophy and reduction of testicular weight observed in rats re-
sults from suppression of protein kinase activity of mTOR in-
volved in germ cell proliferation, meiosis, and apoptosis [47].

Graft recipients treated with sirolimus may suffer from revers-
ible testicular atrophy, resulting in poor semen quality [48].
Male kidney recipients treated with sirolimus throughout the
post-transplant period had significantly reduced sperm param-
eters (decreased count, motility, and morphology of spermato-
z0a). Moreover, in this group, a 15 fold lower fathered pregnan-
cy rate were observed (5.9 per 1000 patient years vs. 92.9 per
1000 patient years in sirolimus-free therapy) [49]. Therefore, it
is important to inform male transplant recipients about poten-
tially reversible detrimental effect of mTOR inhibitors on sperm
quality and fertility during therapy. Furthermore, according to
a recent report, immunosuppressive therapy with sirolimus in
females negatively impacts IVF outcomes [50].

Mycophenolate

MMEF, one of the most commonly used immunosuppressive
drugs in graft recipients, seems not to affect male fertility, or
sperm DNA fragmentation, and does not contribute to a mu-
tagenic effect [33]. A previous study evaluated the course of
205 gestations fathered by 152 male transplant recipients ex-
posed to mycophenolic acid [51]. The outcomes of pregnancies
appeared similar to those in the general population, including
prematurity rates (10.8%), spontaneous miscarriages (6.8%),
and malformations (3.1%). Paternal exposure to MMF does not
increase the risk of negative birth outcomes [52]. However, due
to the hypothesized teratogenic effect, it is advised to cease
treatment at least 3 months prior to conception [33].
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New Immunosuppressants

Rituximab, anakinra, and abatacept are regarded as relatively
new immunosuppressants utilized in rheumatic diseases. There
is insufficient data on the safety of these new molecules in the
context of male infertility. Rituximab, an anti CD20 monoclonal
antibody, is considered safe for paternal use, but there are few
reports in the literature [53]. There is one case series of male
patients exposed to anakinra prior to conception, with no ad-
verse effects [54]. According to the available data, there is no
increased risk of congenital malformations or miscarriage re-
lated to peri-conception paternal exposure to abatacept [55].

Infertility Treatment

Family planning and infertility treatment should be provided
by an interdisciplinary team including a nephrologist/hepatolo-
gist, transplantology specialist, and gynecologist. The treatment
efficacy depends on various factors apart from graft function,
among which the age of the woman and her ovarian reserve
are the most important. Reproductive potential decreases with
age due to diminishing quality of oocytes and their genetic ma-
terial. Nevertheless, 70% of women who conceived after liver
transplantation had live births, although this rate was lower
than that of women in the general population [56].

As mentioned earlier, according to the WHO, infertility can be
diagnosed after 1 year of regular intercourses with no contra-
ception. However, female graft recipients can be treated differ-
ently. There are cases in which 12 months seems a long time
due to lower ovarian reserve, more advanced age, or optimal
timing for conception because of graft function.

Infertility treatment methods in graft recipients are no dif-
ferent than in the general population. The choices should be
based on a diagnosed problem, and include ovulation induc-
tion in ovarian factor or more advanced assisted reproduc-
tive techniques (ART), if applicable. Indications for intrauter-
ine insemination (IUl) or in vitro fertilization (IVF) should be
based on existing recommendations. A singleton pregnancy
and term delivery of a healthy newborn are the objectives of
infertility treatment, regardless of the population. The man-
agement should also aim at preventing complications, among
which the reduction of multiple gestations and ovarian hyper-
stimulation syndrome (OHSS) are the most important. OHSS
could be especially dangerous for kidney and liver recipients
because it can impair the function of transplanted organs. In
2000, Khalaf et al. described a patient who conceived success-
fully after IVF and developed OHSS. The syndrome caused kid-
ney function impairment in a double mechanism: the trans-
planted organ was pressed by an enlarged ovary and it was
hypoperfused due to hypovolemia.
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Gestational week

Lockwood et al., Kidney Tubal factor

1995 [58]

Furman et al., Kidney Anovulation

199959 (2 cases)

Khalaf et al., 2000 [60] Kidney Tubal factor

Case et al,, 2000 [61] Liver Male factor

Tamaki et al., 2003 [62] Kidney No data

Ulug et al.,, 2005 [63] Liver Male factor

Fichez et al., 2008 [64] Kidney and Tubal factor
pancreas

Nouri et al.,, 2011 [65] Kidney Male factor

Choi et al,, 2013 [65] Liver Male factor,

endometriosis

Norrman et al,, 2014 [67] Kidney No data

(7 women, 8 IVF

pregnancies; Swedish

population — deliveries in

1996-2007; one woman*

— 2 IVF deliveries)

Pietrzak et al., Kidney Tubal factor

2015 [68]

Warzecha et al., Kidney Tubal factor

2018 (3 cases) [69]

Idiopathic
infertility

Tubal factor

at delivery
2 Deep vein thrombosis, 29
PROM
2 Preeclampsia 33
3 (reduced to 2) No complications 36
2 OHSS 30
2 Preeclampsia 34
1 No data 35
1 Preterm delivery 31
1 Hypertension 34
1 No complications 37
””””””” 1 Nocomplicaions 38
2 Hypertension, anemia 30
1* No complications 40
1* Kidney function 39
deterioration
1 No complications 38
1 Kidney function 36
deterioration
1 Hypertension 38
1 Severe preeclampsia, 27
IUGR
1 No complications 38
1 Preeclampsia, IUGR, 34
anemia

A case described earlier by Pietrzak et al.,, the same patient
underwent another IVF procedure and delivered at 36 weeks
(personal unpublished data)

1 Preeclampsia 34

PROM — premature rupture of membranes; IUGR — intrauterine growth restriction; OHSS — ovarian hyperstimulation syndrome.

Clomiphene citrate, letrozole, and gonadotropins are used to
induce/stimulate ovulation. The available literature lacks infor-
mation regarding the influence of these drugs on graft func-
tion. Experience in clinical practice suggests they do not in-
terfere. However, clinicians should bear in mind the primary
disease that caused organ failure in a patient — is it heredi-
tary? does it favor thrombosis? Ovarian stimulation with go-
nadotropins induces higher estradiol concentrations, thus
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promoting clotting. Letrozole may be the preferred agent for
ovulation induction in transplanted patients, as it more often
stimulates a single follicle to grow, which results in fewer mul-
tiple gestations. Lack of registration of letrozole for this par-
ticular indication is not an obstacle, because evidence-based
medicine and recommendations of societies prove its effica-
cy and safety [57].
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Intrauterine inseminations are simple ART procedures. The lit-
erature once again lacks data regarding IUl use in female graft
recipients. It therefore seems reasonable to choose Ul based
on general indications and to expect comparable results. When
IUls are not effective, the patients should be qualified for more
advanced and efficient procedures, such as IVF.

The first successful IVF in a kidney graft recipient was described
by Lockwood et al. in 1995. It is difficult to assess how many
women with transplanted organs were treated with in vitro
fertilization worldwide. Only those who conceived due to IVF
and were described in a publication can be quoted. Table 1
presents all cases of IVF pregnancies in female kidney and liv-
er recipients published until 2019. They consist of 21 gesta-
tions in 20 women, including 6 twin pregnancies. The results
of those pregnancies were favorable, comparable to the pop-
ulation of graft recipients who conceived naturally (Table 1).

The application of ART, especially IVF, in graft recipients may
raise controversies, as the medical situation is not typical, hav-
ing an additional ethical issue. Nevertheless, such patients
cannot be refused the right of parenthood, knowing that the
proper interdisciplinary counselling and care may enable con-
ception at an optimal moment.

One of the advantages of ART is that it provides the ability to
become a parent, which is of great importance for the qual-
ity of life of transplanted patients. Moreover, such gestation
would always be planned and therefore safer. Nevertheless,
the complications of any ART therapy have to be analyzed in-
dividually and discussed with patients prior to procedures. The
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aforementioned complications (such as OHSS) may negative-
ly affect graft function. In addition, infertility treatment favors
inheritance of genetic causes of organ failure. Moreover, ac-
cording to the literature, both IVF and organ transplantation
are independent risk factors of prematurity. In case of IVF,
the above is true only with regard to fresh embryo transfers.
It therefore seems optimal to use milder stimulation and cy-
cle segmentation (plan deferred embryo transfers after cryo-
preservation). Elective single-embryo transfer should also be
the standard of choice in transplanted patients, as it almost
eliminates the problem of multiples [70].

Conclusions

In conclusion, interdisciplinary care should always be provided
for infertile graft recipients, especially women, as it ensures
safety for the graft and for the potential gestation. Choosing
the optimal moment for pregnancy plays a pivotal role in this
population, regardless of the method of conception (sponta-
neous or as a result of ART). The process of infertility diag-
nosis and tools used for that purpose are the same in trans-
planted patients as in the general population. The treatment
with assisted reproductive techniques is acceptable and gives
favorable results, as long as patients are managed rational-
ly, with special attention to prevent iatrogenic complications.
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