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In recent years, shortages of radioisotopes that cannot be
stockpiled have created a scenario in which they may be con-
sidered, periodically, a scarce medical resource. This discussion
focuses on the just allocation of medical radioisotopes and
presents the dominant ethical frameworks for rationing and
priority setting in the patient populations most affected. Priority
setting is necessary when demand for a scarce resource ex-
ceeds supply. On completion of this article, the reader will be
able to describe the origins of rationing and priority setting in
medicine, as well as ethically sound frameworks for rationing.
Finally, the process for priority setting and the need for trans-
parency of this process in the nuclear medicine setting are
outlined.
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The production of medical isotopes is in crisis and is
built on a house of cards; adequate production is dependent
on 5 aging nuclear reactors that are being stretched beyond
their lifetime operational capacities. In 2008, the president
of the Society of Nuclear Medicine stated that the United
States and other countries are not prepared to adequately
deal with a shortage crisis, nor could they anticipate or
prevent additional shortages (1). Since 2007, as reactor
shutdowns have occurred, nuclear medicine practitioners
throughout North America and Europe, in particular, have
needed to ration medical isotopes, cancel or postpone pro-
cedures, and pay higher costs for medical isotopes. This has
created ethical problems surrounding beneficent care for
patients, and rationing decisions are frequently being made
by individual practitioners who may not have sufficient

knowledge or expertise in effective and sound priority-
setting frameworks. This article reviews the background
to the medical isotope shortage, illustrates key historical
lessons learned from rationing medical care, and proposes
sound priority-setting frameworks for nuclear medicine
departments to adopt.

BACKGROUND

The current production of 235U for medical use depends
on nuclear reactors that are old and unreliable (2,3).
Although the United States is the primary supplier of highly
enriched uranium to these reactors and consumes most of
the world’s supply of the precursor isotope, 99Mo, none of
the isotopes have been produced in the United States since
1989 (2,3).

Irradiation of 235U with neutrons produces fission frag-
ments containing 99Mo, which has a half-life of 66 h, and
radioactive 131I, which has a half-life of approximately 8 d,
as well as 133Xe (2,4). 99Mo decays to 99mTc, used for
80%–90% of all nuclear medicine procedures worldwide
(2). 131I is used in diagnosis and treatment of thyroid dis-
ease and for other malignancies when coupled to antibodies
(2,5).

Of the 5 commercial nuclear reactors in operation, all are
over 40 y old (2,4,6). North America is serviced mainly by
2 reactors (1,7,8): The National Research Universal Reactor
in Chalk River, Ontario, Canada, and the High Flux Reactor
in Petten, The Netherlands. The Canadian reactor was taken
off-line in 2009 (6,9), and the reactor in Petten was taken
off-line for long periods in 2008 and 2009 (3).

Three reactors provide medical isotopes for most of
Europe, including the reactor in Petten; the BR2 in Mol,
Belgium; and the Osiris in Saclay, France. All of these
reactors were off-line for long periods in 2008. The Safari 1
reactor, in Pelindaba, South Africa, services other parts of
the world but does not have the capacity to make up the
shortfall for North America and Europe when other reactors
are down (10). The Canadian reactor meets 40% of the
global medical isotope demand and produces 50% of the
medical isotopes used in North America (1). The reactor in
Petten provides one third of the global medical isotope
needs; the Canadian and Petten facilities supply two thirds
of the global supply of 99Mo and 131I (6). When the
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Canadian reactor was shut down sporadically in 2007 and
2008, supplies were significantly affected. However, when
both were shut down in 2009, one due to a leak of contami-
nated water and the other for maintenance, the situation went
from a significant shortage to a critical one. In 2009, the
Canadian reactor’s shutdown imperiled roughly 8 million
planned nuclear studies (9). The situation became so serious
in 2009 that the Society for Nuclear Medicine set up an
online 99Mo Shortage Resource Center. Additionally, nuclear
medicine departments were advised to alert clinicians about
alternative diagnostic studies during the 2009 shortage (9).
A survey conducted August 2009 by the Society for

Nuclear Medicine and the National Association of Nuclear
Pharmacies found that 60% of respondents reported being
affected by the 2009 shortage (2).
The Society for Nuclear Medicine issued the following

public statement in 2008 (9): “The practice of nuclear med-
icine across North America is in serious danger. An increas-
ing number of hospitals and imaging centers across the U.S.
and Canada are prioritizing their patient lists. . .and may be
unable to treat patients with cancer, thyroid, heart and kid-
ney disease.”
The future of nuclear reactors that supply medical

isotopes remains uncertain. The Canadian reactor started
operating in 1957 (10,11) and was initially scheduled to
close in 2005, as 2 new reactors were poised to open in
the same Chalk River location: the Multipurpose Applied
Physics Lattice Experiment reactors 1 and 2 (MAPLE 1 and
MAPLE 2). MAPLE 1 was supposed to be operational by
1999 but was declared unsafe by Atomic Energy of Canada
Limited (AECL). The MAPLE project was actually shut
down in 2008, and there are no new reactors commissioned
at this time for Chalk River. AECL appeared before the
Canadian Nuclear Safety Commission in a public hearing
to consider AECL’s application for the restart of the
National Research Universal reactor; this application was
approved on July 7, 2010 (11–13). The restart, however, is
only a temporary fix to a worsening problem.
The Petten reactor, which started operating in 1962 (14),

has required shut-downs for repairs. The Nuclear Research
and Consultancy Group is in the process of designing the
Pallas reactor as the replacement for the Petten reactor, but
it is not scheduled for completion until 2016, and this is
considered to be an optimistic deadline (10). In France, the
Jules Horowitz reactor becomes operational around 2015
and is planned to replace the current reactor, which needs
to be shut down for extended periods to lengthen its life
(10). The Belgium reactor is scheduled to stay online, until
at least 2016, but would be insufficient if it were the lone
reactor in operation when other reactors go off-line for
repairs or if plans fall through for replacement reactors.
The South African reactor is scheduled to run until 2030
but is not able to address a global supply (10).
Although there are several potential projects under way

to maintain the supply of 99Mo, funding, transport issues,
and unrealistic operational starting dates are difficult prob-

lems to solve (10). In the United States, many pressing
issues compete with the production of medical isotopes
for scarce funding. Polls conducted in March 2010, before
the disastrous consequences of the 2010 British Petroleum
oil spill, revealed increased public support for nuclear energy
(15); the 2010 oil spill is likely to spur additional public
support for the commissioning of new nuclear reactors in
the United States; however, no new reactors have been com-
missioned for several decades, and new plans would take
several years to complete (3). Despite renewed public sup-
port for nuclear energy, there is still ongoing controversy
regarding the production of highly enriched uranium and
its potential for misuse for nuclear terrorism (2).

Ultimately, medical radioisotopes that cannot be stock-
piled, because of their brief half-lives, are threatening to
become a scarce resource. The situation is most comparable
to the scarcity of solid organs for transplantation, which
also have significant time constraints for medical use.
Unlike other medical resources that could be stockpiled,
such as vaccines or antibiotics, decisions regarding the
allocation of scarce medical radioisotopes ought not to be
made by individual practitioners. Rather, allocation deci-
sions should be made by specific committees in nuclear
medicine departments, acting as public guardians of this
scarce resource, and establishing ethically sound guidelines
and transparent criteria for priority setting.

HISTORICAL LESSONS OF RATIONING AND THE “GOD
COMMITTEE”

Priority setting for scarce medical resources is nothing
new; however, the frameworks for priority setting have
evolved from the subjective and normative criteria used in
other pioneering efforts in resource allocation. One of the
most notorious cases of rationing took place after the
discovery of insulin in 1921. This discovery led to a public
demand for insulin in 1922 greatly exceeding the limited
supply. Rationing decisions made by Dr. Frederick Banting,
codiscoverer of insulin, were inappropriately based on
subjective criteria, such as direct emotional appeals or
political influence (16,17).

In 1943, the release of penicillin for civilian use led to
U.S. government rationing based on severity of infection.
Although the criteria for rationing in this case were based
on sound ethical frameworks, the process for establishing
criteria and selecting candidates for the drug was not
explained to the public or made transparent. As a result, the
rationing process was severely criticized (16).

The most important and relevant lessons in priority
setting can be traced to the work of what became known
as the God Committee (16,18), which some authors have
considered to be the birth of bioethics (18). The God Com-
mittee was the first dialysis committee to form in 1961,
directly consequent to the 1960 invention of the arterio-
venous shunt (hemodialysis) by Belding Scribner et al. at
the University of Washington (16,18,19). As a result of this
new therapy’s limited availability, Seattle’s Artificial Kidney
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Center was faced with making difficult allocation decisions.
In 1961, the first 9-member priority-setting committee
formed, comprising 7 lay members and 2 physicians. Med-
ical sociologists described this committee’s work in the book
The Courage to Fail (20). The God Committee, or “God
Squad,” decisions were exposed to the public in a popular
magazine article (21), leading to fundamental changes in
rationing medical resources. The criteria used by the God
Committee were based on utilitarian and social “worth,” as
determined by an all-Caucasian membership, devoid of reli-
gious, cultural, or racial diversity, which used parochial cri-
teria to determine the net social worth of dialysis candidates.
For example, children were excluded, whereas male heads of
households with the largest number of dependents were
given priority. Priority was also given to Washington state
residents because the dialysis program was funded by state
taxes. Priority was also given to the person with the largest
number of dependents requiring state financial assistance, if
the patient could not work. Marital status, occupation,
income, education, emotional stability, and future earning
potential, as well as sex, were all taken into consideration.
The work of this committee, and the public criticism over its
normative criteria and priority-setting methodology, eventu-
ally led Congress to approve funding for universal access to
dialysis in 1972 through Medicare, with the bill taking effect
on July 1, 1973 (22).
Before 1998, liver transplants were based on a first-come,

first-served, process (waiting lists), and a candidate’s score
on the Child–Turcotte–Pugh system, a medical predictor of
survivability. This scoring system was first published in
1964 (23) and is still used to assess the prognosis of chronic
liver disease. Originally used to predict mortality during
surgery, it is now used to decide who could most benefit
by liver transplantation (16).
However, basing liver transplant prioritization solely on

the Child–Turcotte–Pugh system produced a conflict be-
tween the principle of fairness and the problem of urgency.
This system was criticized because it discriminated against
people with less access to health care. Those with less access
tend to be lower on waiting lists because it takes them longer
to get on a waiting list. Attempting to predict who would
most benefit from the transplant led to unintended discrim-
ination. Liver transplants are now allocated on the basis of
urgency (16). Recently, defects in this system were revealed
by the liver transplant case involving Steve Jobs, CEO of
Apple, Inc. In this case, bioethicists noted that his wealth
created greater opportunities for him to list himself in several
transplant centers as the most urgent case (24).

ETHICAL FRAMEWORKS FOR ALLOCATION OF
SCARCE RESOURCES

Of the 4 core ethical principles most commonly cited in
bioethics—autonomy, beneficence, nonmaleficence, and
justice (25)—decisions regarding the allocation of scarce
resources ought to be based on the principle of beneficence,
obligating health-care providers to maximize benefits

and minimize harm. This principle addresses the “Who
can most benefit?” question on the basis of objective clin-
ical parameters, but it may also take psychosocial criteria
into consideration. In an organ transplant decision, negative
health behaviors, such as smoking, substance abuse, other
self-harm behaviors, comorbidities, and the ability to be
compliant on posttransplant regimens and medications,
may influence the answer to that question. Although the
principle of justice is concerned with equitable access to
scarce resources, ultimately the principle of beneficence
may serve as an “honest broker.” Autonomy, which involves
patients’ rights to self-determination, is not the operative
principle in priority setting. However, patients may be instru-
mental in providing information about their preferences and
health behaviors that can help determine how much they
could benefit from a scarce resource. Autonomy may also
be a factor in appealing a contrary decision.

PRIORITY SETTING IN NUCLEAR MEDICINE: WHICH
PATIENTS SHOULD BE PRIORITIZED?

In the nuclear medicine setting, there are many patients
who can reasonably, or equally, benefit from alternative
diagnostic tests or treatments. Such patients should not be
prioritized for scarce radioisotopes and should not be
offered treatments or scans that depend on scarce radio-
isotopes. For example, approximately 60% of studies that
rely on 99mTc are used in cardiac studies, which can be
replaced by reasonable alternatives. For example, cardiol-
ogy patients who can benefit from studies using other
agents (e.g., 201Tl) should not be on a prioritization list
for 99mTc. In thyroid disease, patients with Graves disease
should also be removed from prioritization lists for 131I, as
most of these patients can reasonably or temporarily benefit
from antithyroid drugs or surgery.

Additionally, patients with extremely limited life expect-
ancy, who cannot stand to reasonably benefit from treat-
ment or testing with scarce radioisotopes, should also be
removed from prioritization lists. Finally, patients who
must be compliant in order to benefit from a test or
treatment involving scarce radioisotopes should be removed
from the list if they are demonstratively noncompliant. For
example, patients who refuse to take important prescribed
medications should not be prioritized. Prioritization lists
should be reserved only for patients who cannot be cared
for by alternative standards of care (e.g., metastatic thyroid
cancers that respond to 131I) or for whom diagnostic testing
with a scarce radioisotope is critical.

Radioisotope shortages are no longer isolated events; they
are frequent and prolonged occurrences that will continue and
worsen until newer facilities are commissioned and opera-
tional. Nuclear medicine departments must form priority-
setting committees when supplies are stable so that when
unanticipated shortages affect patient care, priority-setting
programs are already established and can immediately go into
effect when shortages are announced. Priority-setting com-
mittees should be multidisciplinary, including representatives
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from subspecialties that use scarce radioisotopes, such as
cardiology and endocrinology. The committee should also
include a bioethicist or at least one member of the hospital/
institutional ethics committee. Committee members should
be provided training at priority-setting conferences or ask for
priority-setting experts to provide on-site training. Specific
criteria based on the principles of beneficence, need, and
justice should be established. Income and access to health
care should not factor into such decisions.
Priority-setting researchers have advocated that the prior-

ity-setting process and criteria must be transparent, helping
to foster public trust (26). Criteria used by these committees
should be made available in public documents that are acces-
sible to the patient population. These could be posted on
nuclear medicine department Web sites, for example.
Patients need to be advised that their access to certain diag-
nostic tests or treatments may be limited because of a short-
age of supplies. As part of a transparent process, the criteria
for eligibility for scarce medical isotopes should be clearly
listed, including a mechanism for patients to appeal and be
reconsidered for access. Members of the priority-setting
committee should also make their credentials available to
the public, whereas the selection process of committee mem-
bers should also be transparent. Clearly, the establishment
and processes of priority-setting committees will vary
depending on the institutional culture, and nuclear medicine
departments will need to develop priority-setting guidelines
that also take institutional culture into consideration.

CONCLUSION

When 2 nuclear reactors that were responsible for 60% of
radioisotope production worldwide were shut down for
safety reasons, severe problems with radioisotope produc-
tion and the consequent shortages were exposed. The
demand for radioisotopes is becoming greater than the
supply. Until this problem is solved, ethical frameworks
for priority setting must be established. Prioritization deci-
sions should not be made by individual practitioners but
by multidisciplinary priority-setting committees in nuclear
medicine departments. Such committees must codify explicit
criteria for the allocation of scarce radioisotopes, based on
the principles of beneficence and justice. Historical lessons
in resource allocation have demonstrated that criteria based
on social worth or normative judgments are failed frame-
works. Priority-setting criteria that are withheld from the
public or patient populations affected also represent a failed
process. Without appropriate priority-setting committees and
transparency of their functions, exposure to the elements of
chaos is imminent. In the absence of proper policies or
criteria, nuclear medicine departments could be assailed by
legal and ethical challenges resulting from inappropriate
allocation decisions.
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