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Abstract

Although a disease is defined as rare when it has a prevalence of less than 1:2000,

the overall prevalence of rare diseases in the population is greater than 1%. Among

potential organ donors, a similar frequency is observed. To date, guidelines have not

been established, and operational decisions have beenmade empirically, case- by-case,

based on the experience and expertise of clinicians. For this reason, the Italian Superior

Health Council (CSS) has appointed a working Group to address “patients with a rare

disease as potential organ donors,” with the aim of devising recommendations for the

management of transplant cases in which the donors have a rare disease. This group

evaluated 493 diseases (10% of all rare diseases, including over 95% of patients with a

rare disease) to deliver a technical report dealingwith the suitability of organ donation

and transplantation, with a focus on the organsmost frequently used, including kidney,

liver, heart, lung, and pancreas. This work has made it clear that a rare disease “per se”

does not contraindicate organ donation at all. Indeed, in donors affected by a rare dis-

ease, almost 80% of the organs are suitable for transplantation, approximately 7% are
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unsuitable, and approximately 14% are suitable as non-standard with an acceptable

risk.
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1 INTRODUCTION

The European Union Committee of Experts on Rare Diseases defines

rare diseases as those occurring at a frequency of less than five cases

per 10 000 people. Overall, rare diseases affect at least one million

patients in Italy (excluding rare cancers) and approximately 30 million

people in Europe.

The list of rare diseases includesmore than 7000 conditions, a num-

ber that is variable in relation to the classification method. Among

these rare diseases, 84% are ultra-rare, affecting less than one person

per million citizens. Approximately 150 diseases account for 80% of

all rare disease cases, 50%–60% of which have their onset during the

pediatric age, and about 80% have a genetic origin. It is estimated that

6% of patients with rare diseases remain undiagnosed, but this figure

could be as high as 50% in children with mental disability and complex

phenotypes.

In consideration of their overall frequency, a diagnosis of rare dis-

ease is expected to be present in a considerable number of potential

organ donors, raising the question of whether it can contraindicate

transplantation.

Although “zero risk” organ transplants do not exist because the

procurement process takes place under emergency conditions, the

evaluation process of the donor organ and tissue is aimed at mini-

mizing the risk of transmitting a disease to the transplant recipient.

The assessment of the individual organ candidates for transplanta-

tion must guarantee the recipient a real benefit from the transplant.

Based on the clinical diagnosis, medical history, physical examination,

blood chemistry, and instrumental evaluations of the donor, different

situations may emerge. In this scenario, it is always and, ultimately,

the responsibility of the clinician who manages the recipient awaiting

transplantation to assess the most acceptable risk, referring to a given

patient, between staying on the list for an indefinite period, or receiv-

ing an organ potentially capable of transmitting a particular disease or

one that is considered non-optimal.1

The dividing line between determining that an indispensable and

rare gift is unsuitable and ensuring that a transplant is performed with

relative safety and a feasible organ is not always clear. Therefore, a

careful evaluation of the affected organs (as in the case of multisystem

disorders), the function of a potentially transplantable organ (in the

case of some inheritedmetabolic diseases, it is possible that an alterna-

tive pathwayovercomes thedefect), and the possible risk of developing

neoplasms related to the underlying disease is necessary. In the latter

case, previous immunosuppressive therapies couldalsoact as a catalyst

for the onset of cancers in the transplanted organ.

Organ transplantation from donors with rare diseases is limited.

To date, guidelines have not been established and, in general, opera-

tional decisionshavebeenmadeempirically, case-by-case, basedon the

experience and expertise of the involved clinicians.

1.1 Rare diseases

In recent years, rare diseases have received focused attention. Histor-

ically, a disease’s rarity was associated with its diagnostic complexity,

making it difficult to develop effective treatments. The adoption of

the prevalence threshold enabled identification of rare diseases in leg-

islation, thereby promoting the research and development of orphan

drugs in the United States2 and then in Europe. Yet the prevalence

rates of rare diseases are highly variable in different countries, rang-

ing from less than 1:20 000 in South Korea to less than 1:1350 in

China and1:2000 inEurope.3 Despite the lackof auniversally accepted

definition,4 rare diseases are considered a priority in both research

initiatives and public health.5 The rarity of individual conditions in

many cases results in diagnostic delay, as distinct clinical handles are

often lacking. Although the situation has improved in recent years,

diagnostic delays remain an issue and, even worse, a high proportion

of patients remain undiagnosed. Finally, the patients’ management is

challenging; only about 5% of rare diseases have effective therapies,

which result in reduced life expectancies in about two-thirds of the

cases.6

Rare diseases, therefore, represent a complexmedical problem that

demands specific competence and specialization, both for their diagno-

sis and management, which require continuity and a multidisciplinary

approach. In fact, one common aspect of their complexity is the simul-

taneous or successive involvement of several organs. The Orphanet

database reports that only 5% of rare diseases affect a single system

or organ; about two-thirds affect two or three systems or organs, and

about one-third affect four or more systems or organs.7

The natural history andmechanisms underlying interindividual clin-

ical variability of many rare diseases is not well understood, although

next-generation sequencing tools are expected to improve the ability

to better depict genotype-phenotype correlations.8

Approximately6%–8%of theEuropeanpopulation is often reported

as being affected by a rare disease, although this estimate is not based

on a population study. An Italian report, referring to a population

register and 10-year monitoring, suggested that rare diseases affect

between 1.3% and 2% of the population, excluding and including rare

tumors, respectively.9
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A study of 323 rare diseases revealed that 25.7% of patients died

before the age of 5 years; 36.8% had a reduced life expectancy, and

in 30%, the rare disease had no impact on life expectancy.10 Another

study assessed the natural history of 430 Mendelian diseases and

confirmed that in about one in three the life expectancy was not

changed,11 while it was mildly reduced in 16% of diseases, moder-

ately reduced in 20%, and significantly reduced in 29%. The same study

pointed todiseaseonset in thepre-reproductive age in85%ofdiseases,

andmultisystem involvement in 70% of diseases.

Another critical point that needs to be focused are transplants,

which deserve a critical evaluation not only as potential lifesavers in

affected patients with rare diseases, but also as potential gifts from

patients with rare diseases to the benefit of other diseased individu-

als needing organ transplants, an issue that applies to 1%–2% of organ

donors.

1.2 Clinical risk management in transplants

In 2002, the Italian Transplant Network drafted the first edition of

the “Protocol for the assessment of suitability of the donor of solid

organs” with the purpose of supporting operators and harmonizing

the evaluation of donors. The donation process is complex and often

burdened by the need to respect very tight deadlines and by the impos-

sibility of carrying out diagnostic investigations requiring an extension

of the donor’s maintenance times or his/her transfer to other depart-

ments. This protocol was updated and the latest version, approved

by the National State-Regions Conference (CSR 17/2018),1 provided

for the preparation of technical annexes concerning hematological and

oncological disorders and infectious diseases, with the aim of min-

imizing the risk of disease transmission from donors to transplant

recipients.

Major transplant-related communicable diseases include infectious

and neoplastic diseases. Alongside these macro-categories, other con-

ditions must be considered, which, although not directly transmissible,

can result in organ damage or predispose to organ damage, jeopardiz-

ing its functional quality.

Therefore, the assessment process for donor suitability must be

considered as a process aimed at collecting, through anamnesis, labo-

ratory investigations, clinical examination, observation in theoperating

room, and histological assessments when necessary, as much infor-

mation as possible, to ascertain the existence of diseases that could

be transmitted from the donor to the recipient. For communicable

diseases, this means those for which available scientific evidence sup-

ports a risk of transmission, not as “possible,” or “presumable,” but as

“actual.”

However, not all situations in clinical practice can be framed within

the provisions of the national guidelines. For this reason, in 2004, the

National Transplant Center (CNT) requested some experts (infectious

diseases, pathologist, hematologist, and immunologist) to be entrusted

with the task of suggesting, based on their professional experience

and scientific literature, the most appropriate method of managing

the situation represented (wherein a second opinion provides for the

definition of the judgment of suitability and the corresponding risk

profile).

Thus, assessment of the suitability of the organ donor is a multi-

phase and multidisciplinary process that involves all operational levels

of the transplant network (from hospital and regional coordination

to national transplant coordination). The definition of the suitabil-

ity judgment and the corresponding risk profile is finally defined

by regional coordination, in agreement with the national transplant

coordination.

Based on data collected, potential donors are classified as suitable

or unsuitable. Different levels of risk were identified among suitable

donors, as shown in Table 1.

For non-standard donors, recipients should give specific consent at

waiting list enrolment, aswell as at the timeof transplantation. A donor

is considered unsuitable if there is a risk of disease transmission, the

severity of which exceeds the expected benefit from the transplant or

the risk of mortality resulting from the recipient’s stay on the list.

1.3 Definition of the suitability and risk profile of
the organ donor affected by a rare disease

Potential donors affected by rare diseases are uncommon, excluding

hematological and neoplastic diseases. Nevertheless, between 2017

and 2019, the CNT reported that approximately 1% of Italian potential

donors had a rare disease.12

The transmission of these diseases from the donor to the recipi-

ent has not been reported; however, a careful and rapid evaluation of

the target organ(s) of the disease is mandatory, considering that many

rare diseases are multisystemic, some confer susceptibility to cancer

development, and post-transplant immunosuppressive therapy could

act as a catalyst for the onset of neoplasms. In addition, in the case

of inborn errors of metabolism, it is possible that alternative pathways

may overcome the constitutional defect.

When the diagnosis of a rare disease is not definitively ascertained,

extensive clinical screening is required that can eventually involve

other familymembers andmay require extensive genetic testing,which

takes time and, in general, is not compatible with the urgency of the

donation and transplant processes. Often, the functionality and level

of organ damagemust be assessed individually bymeans of histological

investigations.

The diagnosis of several rare diseases and latent metabolic defects

(e.g., ornithine transcarbamylase deficiency) is difficult because, at the

time of donation, not all the clinical symptoms may be present, but

they canmanifest in the recipient. Othermultisystem diseases, despite

sparing organs, affect tissues that jeopardize the surgical act of trans-

plantation (i.e., defects in the elastic tissue undermine the surgical

repair of vessels).

The emergency section of the Orphanet database quotes trans-

plantation in several diseases, but the list is not exhaustive. The

“Guide to the quality and safety of organs for transplantation. EDQM
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TABLE 1 Donor eligibility

Suitable donor at non-standard risk

Suitable donor at

standard risk

with negligible

risk profile

with acceptable

risk profile

with acceptable risk profile for patients in serious clinical

condition

Absence of risk

factors for disease

transmission from

donor to recipient

Presence of risk factors for

disease transmission with

no different probability of

organ or patient survival

compared to recipients’

organs from donor at

standard risk; no

restrictions in the

selection of recipients.

Presence of risk factors for

disease transmission with

no different probability of

organ or patient survival

compared to recipients’

organs from donor at

standard risk; no

restrictions in the

selection of recipients.

Presence of risk factors for the transmission of diseases,

such as to entail specific restrictions or

recommendations for the recipient. The risk is

considered lower than the risk resulting from the

recipient remaining on the waiting list. Presence of risk

factors for the transmission of diseases, such as to

involve the use of organs only for patients for whom it is

possible to foresee a potential benefit despite the

greater risk of transmission of disease (recipients in

imminent danger of life).

7th edition 2018 by the Council of Europe”13 provides an additional

source of information on the possibility of using individuals with rare

diseases as donors, but again the list of disorders is not comprehensive

of those found in clinical practice.

In the presence of a rare disease, the risk level should not be

attributed to the donor as a whole, as in the case of infectious and

neoplastic diseases, but to the individual organs. An illustrative exam-

ple is offered by some inborn errors of metabolism-affecting pathways

present exclusively in the liver, such as urea cycle enzymes. The trans-

plant of organs not involved in this metabolic pathway, notably the

heart and kidneys, is considered safe.

In the case of several potential donors affected by rare diseases,

the CNT’s experience has shown the possibility of profiling the risk

of individual organs, both in terms of disease transmission and func-

tional suitability, to guarantee that the recipient will benefit from the

transplant.

1.4 How to classify rare diseases in the context
of organ donation

Rare diseases are highly heterogeneous, and their clinical character-

istics can hamper the use of affected individuals as potential organ

donors. Some diseases can even put the recipient’s life at risk. The use

of organs from donors with rare diseases must undergo preliminary

checks for the following:

∙ The possibility of disease transmission in the recipient (i.e., some

diseases are caused by a defect in an enzyme produced by the

liver; following the liver transplant, the recipient would be unable to

produce the relevant enzyme and develop the disease).

∙ The presence of underlying diseases, based on which the donated

organ could lose its function, putting the recipient’s life at risk (i.e.,

heart failure or rhythm disturbances, after heart transplantation).

In the case of a suitable donor affected by a rare disease, each organ

should be assigned a risk level basedon several queries, including cause

of death, age of the donor, identification of themetabolic deficit, target

organs and secondary organs involved, phenotypic variability, connec-

tive tissue diseases, neoplastic risk, clinical condition of the donor, and

effectiveness of domino transplantation.

1) Cause of death

Cardiac or brain death can have different etiologies. In the case of a

potential donor affected by a rare condition, it must be confirmed that

any multisystem widespread damage caused by the disease’s progres-

sion has not affected the target organs. Therefore, these donors need

thorough evaluation. Ammonia measurements are recommended for

all donors with an unclear diagnosis of brain death, which is associated

with disorders of the urea cycle.

2) Age of the donor

The age of the donors is important for risk assessment. In the case of a

pediatric donor, the absenceof organdamagedoesnot exclude thepos-

sibility that damage may occur in the recipient after some time. Organ

damage caused by rare diseases can take a long time to become clin-

ically appreciable. Therefore, it is possible that organ damage has not

yet manifested in young donors. In the case of an adult donor, if organ

damage is not present at the time of donation, the risk level can be

considered low. Some rare diseases become symptomatic early in life,

while in older ages, they display less severe symptoms, suggesting that

the donor has a relatively mild disorder and likely less important organ

damage.

3) Identification of themetabolic deficit

In some cases, the metabolic deficit affects a distinct enzyme path-

way, which is operational in a single organ, mostly the liver. In the

absence of alternative pathways, the defect is transmitted with the

transplant of the relevant organ, with no possibility of recovery by

other organs. The defect can account for variable clinical features,

some of which are solved by replacement therapy, while others are

incompatible with life. Therefore, the target organs cannot be used for

transplantation.
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4) Target organs and secondary organs involved

It is necessary to distinguish whether the organ damage associated

with a given disease is primary or secondary to a defect in a different

target organ. It is expected that the potential damage in the untargeted

organ transplanted into an unaffected recipient will not progress or

regress.

5) Phenotypic variability

Many Mendelian disorders manifest interindividual clinical variabil-

ity, even in the presence of the same pathogenic mutation. Thus, the

extent of organ damage after transplantation cannot be accurately

assessed. Environmental factors andmodifying genes can be drivers of

unpredictable injury in transplanted organs.

6) Connective tissue diseases

Although the function of organs at the cellular level may be normal,

the transplant could be complicated by the difficulty in sewing blood

vessels due to structural damage to the wall (e.g., Marfan syndrome).

The final decision on the use of these organs is the responsibility of the

surgeon in charge of the transplant.

7) Neoplastic risk

Some rare diseases present a high hereditary risk of developing can-

cers, which are often located in multiple organ systems. Thus, at the

time of organ donation, the presence of neoplasms should be care-

fully monitored. In the absence of tumors, the risk of cancer must be

monitored in the recipients, and immunosuppressive therapy should be

modulated to decrease the neoplastic risk.

8) Clinical condition of the donor

An accurate clinical assessment of the donor before death is manda-

tory, mainly for an appraisal of the severity of the underlying rare

disease. Important clinical symptoms, congruent with those of the rare

disease, may be suggestive of a greater severity of the disease.

9) Effectiveness of domino transplantation

Sporadic reports have illustrated the use of organs in the so-called

“domino” mode.14 These include mostly liver transplants and some-

times kidneys from living donors affected by a disease, usually rare and

genetic in nature, who received a transplant, while their native organ

was used for transplantation in another recipient. The rationale for this

procedure lies in the fact that if the replaced organ has suffered sec-

ondary damage due to a disease, it can be effectively used in a recipient

not affected by the same disease. The information derived from these

cases is useful for understandingwhetherorgans fromdonorswith rare

diseases can be safely transplanted.

All these queries are summarized in Table 2.

TABLE 2 Factors to be considered in assigning a risk level to the
organs

Factors Detail

Cause of death Ammoniameasurements are recommended

for all donors with an unclear diagnosis of

brain death to exclude urea disorders

Age of the donor In paediatric donors, organ damage can be

non-developed jet, but can be developed

years later in the organ recipient. In adult

donors, the presence of less severe

symptoms suggests amild disorder and

likely less important organ damage

Identification of the

metabolic deficit

In case of metabolic disorders of a specific

pathway, verify the presence of

alternative subways in other organs that

can supply the deficit.

Target organs and

secondary organs

involved

It is necessary to distinguish whether the

organ damage associatedwith a given

disease is primary or secondary to a

defect in a different target organ

Phenotypic variability Environmental factors andmodifying genes

can be drivers of unpredictable injury in

transplanted organs

Connective tissue

diseases

the transplant could be complicated by the

difficulty in sewing blood vessels due to

structural damage to the wall

Neoplastic risk the presence of neoplasms should be

carefully monitored and, even in the

absence of tumors, the risk of cancermust

bemonitored in the recipients

Clinical condition of

the donor

An accurate clinical assessment of the donor

before death is mandatory, mainly for an

appraisal of the severity of the underlying

rare disease

Effectiveness of

domino

transplantation

Inmany cases, if the replaced organ has

suffered secondary damage due to a

disease, it can be effectively used in a

recipient not affected by the same disease

Given that only sporadic scientific evidence is available on the out-

come of transplants from donors affected by rare diseases, the CNT is

gathering a targeted collection of data to evaluate the results in recip-

ients of organs from rare diseased donors, to obtain evidence for the

safe use of their organs.

A definite diagnosis of a rare disease is not always available at the

time of brain or heart death. Often, the diagnosis is only suspected

based on clinical characteristics, but not corroborated by appropri-

ate genetic or metabolic testing. On the other hand, these analyses

can take a long time, which is not compatible with donations. For this

purpose, we suggest the following recommendations:

∙ Collect all available data and consult clinicianswhowere in charge of

thepatient. Itwouldbeuseful for regional transplant coordinators to

access already available data pertaining to the donor, including the

diagnostic assessment and previous treatments.
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TABLE 3 Rare diseases excluded from the evaluation as the
national transplant network has second opinion

Rare diseases of interest Number of diseases % (n: 493)

Oncological 64 13.0

Hematological 30 6.1

Immunological 30 6.1

Infectious disease 28 5.7

∙ Investigate themorphology and functionof eachorganor tissue con-

sidered for sampling and exclude organs with significant functional

impairment or anatomical damage.

∙ Check the risk that organs taken from donors with rare dis-

ease transfer the genetic defect into the recipient and the trans-

plant recipient becomes affected. The risk of transmission must

be proportional to the clinical condition and urgency of the

recipient.

∙ Arrange a collegial evaluation using a multidisciplinary approach

involving national experts (second opinion).

Currently, rapid genetic tests are available for diagnosing only a neg-

ligible number of rare Mendelian diseases. The management time of

the donation process lasts approximately a few hours; a period that is

generally not adequate to complete a genetic test before transplanta-

tion. Nevertheless, whenever a rare monogenic disorder is suspected

in a potential organ donor, the acquisition of biological samples for

genetic testing is highly advised because the results may be useful in

the recipient’s follow-up.

2 MATHERIALS AND METHODS

2.1 Evaluation of organ donation in rare diseases

In light of these considerations, The Italian Superior Health Council

(Consiglio Superiore di Sanità: CSS) has appointed an interdisciplinary

working Group to address “patients with rare diseases as potential

organ donors,” with the aim of devise recommendations for the man-

agement of transplant cases in which the donors have a rare disease.

The working Group, composed by experts of medical genetics, internal

medicine, metabolic disease, physiopathology, endocrinology, neuro-

physiopathology, and other clinical fields, has analyzed most frequent

rare diseases, making a review of available literature, case reports,

personal expertise, and professional-specific knowledge during several

virtual and in presencemeetings.

3 RESULTS AND CONCLUSIONS

3.1 Operational instructions in the management
of organ donors with a rare disease

The working group evaluated a group of rare diseases15 to deliver

a technical annex dealing with the suitability of organ donation and

transplantation, with a focus on the organs most frequently used,

including kidney, liver, heart, lung, and pancreas.

All rare diseases with a prevalence of >2/100 000 or with a preva-

lence >1/100 000 and an increased risk of death from a neurological

diagnosis were examined. From the Orphanet database, we selected

493 diseases (10% of all rare diseases, including over 95% of patients

with rare diseases), for which the working group has defined the suit-

ability or non-suitability for donation, and, in the case of suitability,

which organs could be used for transplant purposes.

Eligibility for donation was initially defined for each disease. Dis-

eases for which the National Transplant Network has an already

established the Second Opinion procedure were excluded from this

evaluation, as reported in Table 3.

Excluding the diseases listed in Table 3, 342 clinical conditions

(69.4% of all examined) were assessed, as summarized in Table 4.

The presence of a rare disease in the potential donorwas unlikely to

be the cause of exclusion.

For each disease for which donation suitability (standard or non-

standard) was identified, the suitability for organ transplantation was

assessed (Table 5).

In conclusion, in donors affected by a rare disease (previously not

intercepted by the expertise of the second opinion network experts),

almost 80% of the organs are suitable for transplantation, approx-

imately 7% are unsuitable, and approximately 14% are suitable as

non-standardwith an acceptable risk. For the latter category of organs,

a specific follow-up is highly recommended, according to the CNT’s

indications.

Concerning mitochondrial diseases, their wide clinical and genetic

heterogeneity makes it difficult to accurately assess their prevalence,

which has been estimated to be approximately 1 in 5000.16 Over 300

nuclear genes and many mutations in mitochondrial DNA have been

associated with these diseases.17 While pediatric patients have a high

proportion of recessive forms, in the adult population, in which these

diseases are more common, mutations in the mitochondrial DNA are

found in 50%–70% of cases.

From a clinical point of view, mitochondrial diseases often man-

ifest as systemic disorders with multiorgan involvement. The most

frequently affected organs and systems include the central nervous

system, skeletal muscle, myocardium, and eyes. In pediatric patients,

TABLE 4 Suitability of the rare diseases analyzed

Eligibility for donation Non-standard eligibility Non-eligibility

Eligibility not defined in the

absence of an etiological diagnosis

291 (85.1%) 16 (4.7%) 2 (.6%) 33 (9.6%)
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TABLE 5 Suitability in relation to the transplantable organs

Suitable Suitable nonstandard Unsuitable

Organ n. % N % n. % Total

Kidney 244 79.5 48 15.6 15 4.9 307

Heart 223 72.2 54 17.5 32 10.4 309

Lung 246 80.1 42 13.7 19 6.2 307

Liver 245 79.8 38 12.4 24 7.8 307

Pancreas 264 85.7 32 10.4 12 3.9 308

All 1222 79.5 214 13.9 102 6.6 1538

the liver, kidney, pancreas, and endocrine system are commonly

involved. Several mitochondrial syndromes are known (e.g., MELAS,

MERRF, PEO, Leigh, Kearns Sayre, Alpers, MNGIE) to result from dis-

tinct genetic variations, with different clinical outcomes and organ

involvement.

Due to the high heterogeneity of mitochondrial diseases, the deci-

sion on the use of organs from a potentially affected donor requires a

precise genetic diagnosis and, in general, classifies all the conditions at

nonstandard risk.

The technical Annex provides, for each rare disease considered,

an indication of the suitability for donation and details on the trans-

plantable organs and the level of risk (Supporting Information). This

operational tool is basically a general guideline directed to the Italian

procurement network for the assessment of donors diagnosed with a

rare disease. The appraisal of the donor’s risk and suitability of organs

proposed for transplantation according to the CNT guidelines remains

a central step.
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