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Abstract — In France, in 2007 and 2008, a few deaths occurred for patients who had recently undergone
nuclear medicine treatments. Following these events, since there were few guidelines, the French Institute
for Radiation Protection and Nuclear Safety (IRSN) investigated radiation protection measures applicable
after the death of such patients. An initial study conducted between 2008 and 2016 was updated in 2022 to
account for new clinically introduced radionuclides. This article consolidates these efforts to provide a
comprehensive overview of operational guidelines for professionals involved in the body transport and
embalming of deceased patients after a nuclear medicine treatment. Dose assessments were performed using
conservative assumptions based on insights from funeral service professionals. As a result, post-mortem
waiting periods required to meet a dose constraint of 300 pwSv per operation were established. Except for
iodine-131 used in cancer treatment (Sodium iodide, MIBG, and Lipiocis™) and therapeutic indium-111
pentetreotide, the recommended waiting periods were estimated to be less than a week. These
recommendations will serve as a valuable resource for nuclear medicine departments and funeral

professionals to manage the death of a patient after nuclear medicine treatment.
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1 Introduction

In France, in 2007 and 2008, a few deaths occurred for
patients who had recently undergone nuclear medicine
treatments, due to unexpected circumstances and not
associated to their treatment nor their disease. Two cases
were identified as significant from a radiation protection
perspective: the patients died from heart attack less than 24 h
after administration: one following iodine-131 MIBG (meta-
iodobenzylguanidine) treatment (Djoumessi et al., 2009), and
the other after treatment with samarium-153 lexidronam
pentasodium (Quadramet™) (Lortal et al., 2009). Following
these events, the French Institute for Radiation Protection and
Nuclear Safety (IRSN) investigated radiation protection
measures to implement after the death of patients who
underwent nuclear medicine treatments.

Over the period 2008-2016, IRSN conducted an initial
study (IRSN, 2017) on radiation exposure risks for profes-
sionals involved in transport of deceased patients, and in their
embalming. More recently, in 2022, the French Nuclear Safety
Authority (ASN) requested IRSN to update the previous
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assessments including the new clinically introduced radio-
nuclides (IRSN, 2023).

Although early death of patients following nuclear
medicine treatment is rare, there is a lack of consensual
recommendations to manage such cases. This is highlighted in
reports published by the European Commission (European
Commission, 1998), the International Commission on Radio-
logical Protection (ICRP Publication 94, 2004), and the
International Atomic Energy Agency (IAEA, 2009). Further-
more, to date, no other studies than that of Djoumessi
(Djoumessi et al., 2009) have been identified in the literature
that assess the radiation exposure of professionals involved in
the transport and embalming of deceased patients after nuclear
medicine treatments.

Therefore, the aim of this article is to provide a
comprehensive overview of practical recommendations from
IRSN studies dealing with the occupational radiation protec-
tion for the transport and embalming of deceased patients. This
includes the main radionuclides used in nuclear medicine as
well as the newly ones introduced clinically. A separate study
focusing on the exposure of crematorium staff handling
radioactive deceased patients has also been conducted and will
be presented in a forthcoming publication (Michel et al,
accepted).
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Overall, this work may be used as a practical guidance for
nuclear medicine professionals, hospital mortuary staff,
funeral service providers and other stakeholders involved in
the management of deceased nuclear medicine patients, if they
face this rare situation.

2 Material and methods

2.1 Assumptions, scenarios, and radionuclides
considered

The initial IRSN study conducted over the period 20082016
was carried out within the framework of an ASN’s working
group on deceased patients. Based on the contribution of funeral
service professionals participating in this group, dose assess-
ments were performed for two key post-mortem procedures:

— Transport of deceased patients: the considered transport
corresponds to the first transfer of the patient directly after
death and before placing the body into the coffin;

— Embalming, including body cleansing, dressing, and
thanatopraxy when required.

According to the recommendations of the funeral service
professionals involved, the following conservative assump-
tions were applied for the post-mortem procedures:

— The distance from professional to patient body was set at

50 cm for both procedures;

— Contact duration was estimated at 1 h for body transport
and 2 h for embalming.

The following therapeutic radionuclides were considered:
— Beta emitters: phosphorus-32, strontium-89, yttrium-90,
indium-111, iodine-131, samarium-153, holmium-166,
erbium-169, lutetium-177, and rhenium-186;
— Alpha emitters: radium-223 and actinium-225.

Conversely, diagnostic radionuclides were excluded from
this assessment, as their external dose rates are significantly
lower than those of therapeutic radionuclides due to their
shorter half-lives and lower administered activities.

Table 1 summarizes the key characteristics of the
considered radionuclides, including half-life, physical or
pharmaceutical form, medical application, and administered
activities based on clinical practice.

Although some radiopharmaceuticals are no longer in use
in France, i.e., phosphorus-32, therapeutic indium-111
pentetreotide, and iodine-131 Lipiodol®, they were included
in the analysis given their continued or potential future use in
other countries or their possible reintroduction in France.

In this study, external and internal contamination were not
considered, assuming that the professionals handling deceased
patients use the standard personal protective equipment

(e.g., gloves).

2.2 Equivalent dose rate coefficients
2.2.1 General case for the radionuclides

In general, equivalent dose rate coefficients were
measured from living or deceased individuals, reported in

the literature (Abugbeitah et al., 2018; BIR, 1999; CSHPF,
2006; Dauer et al, 2014; European Commission, 1998;
Gardin, 2002; Parlak et al., 2015; Prince et al., 2014;
Serencsits et al., 2022).

When measurements were not available, the coefficients
were taken from the French technical leaflets “Radioprotection :
Radionucléides”  jointly published by INRS (French
National Institute for Research and Safety) and IRSN (INRS-
IRSN, 2013).

The equivalent dose rate coefficients for radionuclides in
this case are summarized in Table 2.

2.2.2 Specific case: beta emitters (pure or with high beta energy)

For pure beta emitters or radionuclides with a high beta
energy, defined here as a maximum beta energy exceeding 1
MeV, the equivalent dose rates from bremsstrahlung
radiation were estimated using an envelope approach as
described in this section. The yttrium-90 was selected as
reference radionuclide because of the extensive data
available. For other radionuclides, the coefficients were
estimated by applying a linear scaling based on the
maximum beta energy.

In a first step, a literature review was conducted for
yttrium-90 to identify the highest reported equivalent dose
rate coefficient among its three forms: liquid solution,
TheraSphere® and SIR-Sphere® (Aubert et al., 2002; McCann
et al, 2012).

In a second step, due to lack of data for the other
radionuclides and no validated method exists for assessing
bremsstrahlung-related equivalent dose rates, values were
extrapolated from yttrium-90, by applying a linear scaling with
maximum energy of beta. This approach is recognized to
overestimate the equivalent dose rate.

In a third step, a distinction was made between radio-
pharmaceuticals fixed to soft tissues and those fixed to bones.
Since bremsstrahlung yield is proportional to the medium’s
atomic number, a factor of 21/7.9, representing the ratio of the
effective atomic numbers of bone to soft tissue, was applied to
the soft-tissue equivalent dose rate to obtain the corresponding
value for bone.

The equivalent dose rate coefficients for radionuclides in
this case are summarized in Table 3.

2.3 Effective half-lives

Effective half-life values were obtained from the
literature (see references in Tab. 4). When the data were
not available, the physical half-life was used. This choice is
conservative, because the biological half-life of radionuclides
used in nuclear medicine is generally shorter than the
physical half-life. The effective half-lives are summarized in
Table 4.

2.4 Calculation method

. To estimate the effective dose E, the equivalent dose
H (10) at a distance d from the deceased patient over a time
interval At was calculated using the following formula:
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Table 1. Radionuclides considered in this study: physical half-life, physical or pharmaceutical form, medical application, and administered

activity.

Radionuclide

Physical half-life (days) Physical or

pharmaceutical form

Medical application

Administered activity

phosphorus-32
strontium-89

yttrium-90

indium-111
iodine-131

samarium-153
holmium-166

erbium-169
lutetium-177

rhenium-186
radium-223

actinium-225

14.3
50.7

2.7

2.8
8.0

1.95

1.1

9.4
6.7

3.8
11.4

10.0

Phosphate

chloride
(Metastron®™)

Citrate or silicate (colloid)

ibritumomab tiuxetan
(Zevalin®)
SIR-sphere®™
(microspheres)
Therasphere®
(microspheres)
Pentetreotide

lodide

Todide

MIBG

Lipiodol (Lipiocis™)
EDTMP
(Quadramet
QuiremSpheres®
(microspheres)

Citrate (colloid)
[177Lu][DOTAO, Tyr3]
octreotate

(Lutathera®)

PSMA

(Pluvicto®™)

Citrate (colloid)
Dichloride

(Xoﬁg0®)

PSMA-617

“)

Polycythemia

Bone metastasis (palliative)

Radiation synovectomy

Non-Hodgkin lymphoma

Liver cancers (radioembolization)

Liver cancers (radioembolization)

Tumors overexpressing somatostatin receptors

Benign thyroid diseases

Thyroid cancer

Adrenal cancers

(pheochromocytoma, neuroblastoma, etc.)
Liver cancers (radioembolization)
Bone metastasis (palliative)

Liver cancers (radioembolization)

Radiation synovectomy
Intestine tumours

Metastatic prostate cancers

Radiation synovectomy
Bone metastasis

Metastatic prostate cancers

260 MBq
150 MBq

225 MBq
1.2 GBq

2 GBq
5 GBq

6.7 GBq
700 MBq
800 MBq
1.5 GBq
3.7 GBq
5.6 GBq
5.6 GBq
7.4 GBq
2.2 GBq
4 GBq

12 GBq

750 MBq
7.4 GBq
7.4 GBq

370 MBq
6 MBq

15 MBq

Table 2. Equivalent dose rate coefficients for radionuclides in the general case, excluding pure beta emitters or those with maximum beta energy

above 1 MeV.

Radionuclide

Equivalent dose rate coefficient

(nSv/h/GBq at 1 m)

Reference

indium-111
iodine-131

samarium-153
holmium-166

lutetium-177:
Lutathera®
PSMA

radium-223

actinium-225

77
50

18
6.9

8.2
7.1
100
100

(INRS-IRSN, 2013)

(BIR, 1999; European Commission, 1998;
Gardin, 2002; CSHPF, 2006)

(Parlak et al., 2015)
(Prince et al., 2014)

(Abugbeitah et al., 2018)
(Abugbeitah ez al., 2018)
(Dauer et al., 2014)

(Serencsits et al., 2022)
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Table 3. Equivalent dose rate coefficients for pure beta emitters and radionuclides with maximum beta energy above 1 MeV.

Radionuclide Equivalent dose rate coefficient (WSv/h/GBq at 1 m) Reference

phosphorus-32 15.2 n.c.

strontium-89 352 n.c.

yttrium-90:
Liquid form 20.3 (Aubert et al., 2002)
SIR-sphere® 4 (McCann et al., 2012)
Therasphere™ 2 (McCann et al., 2012)

erbium-169 8.3 n.c.

rhenium-186 28.1 n.c.

n.c.: not concerned. The equivalent dose rate coefficients for these radionuclides were derived from the coefficient for yttrium-90 (liquid form,
i.e., 20.3 pSv/h/GBq at 1 m as indicated above), taken as a reference. The calculation assumed proportionality between the maximum beta
energy of the radionuclide and that of yttrium-90, while also accounting for the beta emission intensity (%) and the ratio 21/7.9 corresponding to
the ratio of the effective atomic numbers of bone to soft tissue.

Table 4. Effective half-lives of radionuclides considered in this study.

Radionuclide Effective half-life considered (days) Reference
phosphorus-32 14.3 (physical half-life) -
strontium-89 50.7 (physical half-life) -
yttrium-90 2.7 (physical half-life) -
indium-111 0.6 (Jones, 2004)
iodine-131:
Thyroid non-cancer 5.2 (Jones, 2004; U.S. NRC, 2020)
MIBG 2.0 (Jones, 2004; Petyt et al., 2009; CIS bio international, 2017)
Lipiocis® 5.5 (Jones, 2004; CIS bio international, 2006)
Thyroid cancer 0.9 (Venencia et al., 2002; Jones, 2004)
samarium-153 1.95 (physical half-life) -
holmium-166 1.1 (physical half-life) Not concerned because the microspheres are considered

with no biological elimination
lutetium-177:

Lutathera® 1.0 (Calais et al., 2014; EMA, 2021)
PSMA 2.1 (Kurth et al., 2018)
erbium-169 9.4 (physical half-life) -
rhenium-186 3.8 (physical half-life) -
radium-223 11.4 (physical half-life) No reference found in literature. Only the physical half-life
was considered, in a conservative approach
actinium-225 10 (physical half-life) No reference found in literature. Only the physical half-life

was considered, in a conservative approach

— Tpny: physical half-life of the radionuclide (days);

H*(10) =H"(10) x At — t;: time between radiopharmaceutical administration and
I A-dy? 711(2>'t1 *‘;‘0)“2 patient death (days);
= T e leff e Py A (1) — t,: time between patient death and post-mortem procedure
(days).
where:

_ H*(IO): equivalent dose rate (uSv.h™); The equivalent dose rate reflecting the remaining body

— A: administered activity (GBq); activity decreases:

— d: distance from the deceased patient, fixed at 0.5 m for the — according to the effective half-life, due to biological
two post-mortem procedures considered (body transport excretion and physical decay, between radiopharmaceuti-
and embalming); cal administration and patient death

— d,.: reference distance, set at 1 m; — according to the physical half-life, after the patient death.

— T': equivalent dose rate coefficient for the considered
radionuclide (nSv.h'.GBq™'); Applying this approach leads to intentionally overesti-

— T effective half-life of the radiopharmaceutical (days);  mated effective doses, for the following reasons:
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— the equivalent dose rate at 0.5m was derived from the
equivalent dose rate at 1 m value using the inverse square
law which applies strictly to a point source;

— the assumption of continuous presence of the professional
at 0.5m;

— the selection of highest values as reported in the literature
for equivalent dose rate coefficients and effective half-
lives.

2.5 Dose criterion

Professionals involved in body transport or in embalming
are workers who are not classified for radiation protection
purposes. In France, regulation requires that the risk
assessment demonstrating the effective dose likely to be
received by these workers remains below 1 mSv per year for
them to remain unclassified (JORF, 2023).

To ensure compliance with this limit and given that
exposure situations for these workers are difficult to control
because of their rarity, IRSN adopted a dose criterion below
this value, corresponding to one-third (rounded to the nearest
100 wSv), i.e., 300 wSv per post-mortem procedure. In the
even rarer scenario of a funeral professional handling three
deceased patients in the same year, a dose of 300 wSv per
operation would still result in a total annual dose below 1 mSv.
For the longest operation (i.e., embalming which lasts 2 h) the
300 wSv criterion is met if the dose rate at the working distance
of 0.5m is below 150 wSv/h.

This approach allocating only a fraction of the 1 mSv limit
has been used previously, for example in the European
Commission’s Radiation Protection 97 report (European
Commission, 1998) on public exposure from iodine-131
patients. This fraction ensures compliance with the 1 mSv limit
even if the public is exposed to other artificial sources during
the year.

Ideally, to justify the selection of dose criterion value, it
would be necessary to assess the annual number of early deaths
after nuclear medicine treatment. In fact, this information is not
systematically reported to the related authority since it is not
considered as a significant event in radiation protection. The
only relevant data was published by the Federal Agency for
Nuclear Control for crematorium staff (FANC, 2011). Dose
rate measurements were performed on more than 3,380
deceased individuals over a six-month period in a Belgian
crematorium. Dose rates above background radiation (thresh-
old) were detected in approximately 1 out of 500 deceased
individuals. In fact, the positive cases corresponded to patients
who underwent diagnostic nuclear medicine procedures and
not therapeutic ones. These findings confirm that the early
deaths after nuclear medicine treatment are very rare.

We considered that these results observed in the studied
Belgian cohort could be generalized and applied in France.
Therefore, we considered that the early deaths after nuclear
medicine treatment are also very rare. This is also confirmed by
the only two French cases occurred in 2007 and 2008
mentioned above. Consequently, the adoption of a 300 wSv
criterion was deemed an appropriate and conservative
hypothesis assuming three cases could occur per year and
managed by the same funeral professional. This leads to
meeting the annual limit of 1 mSv.

This 300 wSv criterion was used to calculate the waiting
periods required before handling the deceased patient, based on
the doses likely to be received by workers using Equation #1.

More specifically, when it is not possible to manage the
deceased patient immediately because the dose would exceed
the criterion, two types of periods were calculated:

— If the death occurs at the time of radiopharmaceutical
administration (worst case for radiation protection), a
minimum waiting period after death is calculated. Using
Equation #1, this case corresponds to t;=0, and then t,
corresponding to the waiting period is calculated.

— Otherwise, the minimum time interval between radiophar-
maceutical administration and death that allows for
immediate management of the deceased patient, is calculat-
ed. Using Equation#1, this case corresponds to t,=0, and then
t; corresponding to this time interval is calculated.

3 Results

Based on the calculated doses for body transport and
embalming, and with respect to the 300 wSv dose criterion, two
scenarios can be distinguished. Either the deceased patient can
be managed immediately after death, or a waiting period is
required before transport and/or embalming.

3.1 Immediate management of the deceased patient

This scenario corresponds to a dose rate below 150 wSv/h
at 0.5m from the deceased patient at the time of death, as
explained above. The procedures include:

— Phosphorus-32 for polycythemia treatment;

— Strontium-89 for palliative treatment of bone metastases;

— Yttrium-90 for treatment of non-Hodgkin’s lymphoma
with ibritumomab tiuxetan, treatment of liver cancers using
microspheres, and radiation synovectomy;

— Jodine-131 for non-cancer thyroid treatment with admin-
istered activity below 700 MBgq;

— Erbium-169 and rhenium-186 for radiation synovectomy;

— Radium-223 for palliative treatment of bone metastases;

— Actinium-225 for treatment of metastatic prostate cancer
targeting PSMA (prostate-specific membrane antigen).

3.2 Waiting periods required between death and post-
mortem procedure

The procedures include:

— Indium-111 for treatment of tumors expressing somato-
statin receptors;

— lodine-131 for non-cancer thyroid treatment with an
administered activity between 700 and 800 MBq, and for
treatment of thyroid cancer;

— Samarium-153 for palliative treatment of bone metastases;

— Holmium-166 for treatment of liver cancers using micro-
spheres;

— Lutetium-177 for treatment of intestine tumors with
DOTATATE (Lutathera®) and for treatment of metastatic
prostate cancer targeting PSMA.
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Table 5. Calculated waiting periods from time of death to body transport and embalming meeting the 300 wSv dose criterion per post-mortem
procedure, for the scenario of death immediately following radiopharmaceutical administration (worst case for radiation protection).

Radiopharmaceutical Administered Waiting period (from time Waiting period (from time of death)
activity (GBq) of death) before transport (days) before embalming (days)
indium-111-pentetreotide 6.7 8 11
iodine-131 ionic: non-cancer 0.8 0 1
iodine-131 ionic: cancer 1.5 0 8
3.7 11 19
5.6 16 24
iodine-131-MIBG 5.6 16 24
7.4 19 27
iodine-131-Lipiocis® 22 5 13
samarium-153-EDTMP (Quadramet®) 4 0 2
holmium-166-microspheres 12 1 2
lutetium-177-DOTATATE 7.4 0 5
lutetium-177-PSMA 7.4 0 4

Table 6. Calculated time intervals between administration and death allowing immediate body transport and embalming, meeting the 300 wSv

dose criterion per post-mortem procedure.

Radiopharmaceutical Administered Time interval between administration and
activity (GBq) death (days, rounded up)
indium-111-pentetreotide 6.7 3
iodine-131 ionic: non-cancer 0.8 1
iodine-131 ionic: cancer 1.5 1
37 3
5.6 3
iodine-131-MIBG 5.6 6
7.4 7
iodine-131-Lipiocis® 22 9
samarium-153-EDTMP (Quadramet™) 4 2
holmium-166-microspheres 12 2
lutetium-177-DOTATATE 7.4 1
lutetium-177-PSMA 7.4 1

3.2.1 Death immediately following radiopharmaceutical
administration

The minimum waiting periods after death when death
occurs immediately following administration (worst case for
radiation protection) are summarized in Table 5.

According to French regulations (JORF, 2011), at the time
of the study, body transport had to be completed within 48 h
after death, and embalming within 6 days. For radiation
protection reasons, these time limits might need to be exceeded
for indium-111-pentetreotide, iodine-131 for thyroid cancer,
iodine-131-MIBG, and iodine-13 l—lipiocis®. In such cases, an
exemption had to be granted by the State representative to
exceed the legal time limits. However, in 2024, French
regulations were modified (JORF, 2024), and embalming must
now be performed within 14 days. Therefore, the number of
cases requiring exemptions is slightly reduced and now limited
to those of indium-111-pentetreotide (transport only), iodine-
131 for thyroid cancer (3.7 and 5.6 GBq administered), iodine-
131-MIBG and iodine-131-Lipiocis (transport only).

3.2.2 Death some days after radiopharmaceutical
administration

If death does not occur immediately after administration, it
is possible to calculate the minimum time interval between
administration and death that allows the deceased patient to be
managed immediately after death.

These time intervals are summarized in Table 6.

3.3 Hospitalization of patients: Death after patient
release

For certain treatments in France, patients are systematically
hospitalized. In most French nuclear medicine departments, the
equivalent dose rate is measured at the time of patient release,
with a release criterion generally set at 2025 wSv/h at 1 meter
from the patient. If the release criterion is met at patient release
and if the patient dies afterwards, the equivalent dose criterion of
150 wSv/his inherently satisfied. Therefore, the deceased patient
can be transported and embalmed immediately.
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Table 7. Therapeutic procedures for which no special radiation protection measures are required for transport and embalming of deceased
patients, meeting the 300 wSv dose criterion per post-mortem procedure.

Therapeutic procedure

Administered activity

How to proceed: body transport and embalming

phosphorus-32: polycythemia treatment 260 MBq
strontium-89: bone metastases treatment 150 MBq
yttrium-90:
Radiation synovectomy 225 MBq
Non-Hodgkin lymphoma treatment 1.2 GBq No special radiation protection measures*®

Radioembolization of liver cancers with microspheres

2 GBq (SIR-sphere™)
5 GBq (Therasphere®™)

(These post-mortem procedures can be
carried out immediately)

iodine-131: benign thyroid diseases (below 700 MBq) 700 MBq
erbium-169: radiation synovectomy 750 MBq
rhenium-186: radiation synovectomy 370 MBq
radium-223: bone metastases treatment 6 MBq
actinium-225: metastatic prostate cancer 15 MBq

*In this study, external and internal contamination were not considered as funeral professionals routinely wear personal protective equipment
(e.g., gloves) when handling the body, regardless of its radioactive status.

3.4 Synthesis of recommendations

The recommendations for all radiopharmaceuticals con-
sidered in this study are summarized in Table 7 for therapeutic
procedures requiring no special radiation protection measures
and Table 8 for others.

4 Discussion

The results of this study indicate that the radiation
protection following a patient’s death can be effectively
addressed through recommendations based on estimated
exposures of workers handling the deceased patient.

For lutetium-177, radium-223, actinium-225 and holmi-
um-166 considered as the most recently introduced therapeutic
radionuclides in France, the calculated waiting periods
between patient death and transport or embalming, meeting
the dose criterion, were under 6 days. This result matches the
embalming time limit in France at the time of the calculations
(2022).

More recently, since 2024, the regulations have changed
(JORF, 2024) and the time limit for embalming has been
extended to 14 days. Consequently, regardless of whether the
limit is 6 or 14 days, no exemption from State representatives is
required for the 4 new radionuclides listed above.

In some other countries, radiation protection recommen-
dations differ from those in France, for example in Belgium
(FANC, 2025) and Switzerland (DFI-IFSN, 2017). They are
not based on exposure estimates, but on exemption levels of
radioactivity.

In Belgium, an Excel-based calculator is available (FANC,
2025) to calculate a precaution period according to the
radiopharmaceutical and the administered activity. This period
is related to the radiological risks. In other terms, if a patient
dies within this period which start from radiopharmaceutical
administration, special radiation protection precautions are
needed to manage the deceased patient. These precautions are
based on radiation protection principles (time, distance,
shielding), and hygiene rules to avoid contamination.

Regardless of the level or type of radioactivity present,
thanatopraxy is prohibited in Belgium.

Because the underlying concepts differ between France
and Belgium, the Belgian precaution period is not directly
comparable to the two types of time frame calculated for
France, namely the waiting period after death and the time
interval between administration and death.

However, it is possible to show, in these two countries, the
practical consequences for the example of administration of
7.4 GBq of lutetium-177-PSMA:

— In the first case, in France according to this study, if the
death occurs immediately after administration, the de-
ceased patient can be transported immediately without
specific radiation protection precautions, while a waiting
period of 4 days is necessary to embalm (body cleansing,
dressing, and thanatopraxy). In Belgium, the precaution
period is 28 days, and then precaution measures must be
taken for body transport, body cleansing and dressing,
based on basic principles of radiation protection (time,
distance, shielding) and hygiene to avoid contamination.

— In the second case, if the death occurs 1 week after
administration, no specific radiation protection precautions
are necessary for body transport and embalming in France
according to this study. In Belgium, the time of death is still
within the precaution period of 28 days, therefore the same
precautions as in the first case have to be followed.

— In the third case, if the death occurs 1 month after
administration, no specific radiation protection precautions
are necessary for body transport and embalming (body
cleansing, dressing and thanatopraxy) in France according
to this study. In Belgium, since the death occurs after the
precaution period of 28 days, no specific radiation
precautions are necessary for body transport, body
cleansing and dressing.

In France, if a patient who has recently undergone
nuclear medicine treatment dies in the same healthcare
facility, the healthcare professionals are generally aware of
the recent treatment. In such cases, radiation protection
measures can be implemented, with the assistance of
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Table 8. Therapeutic procedures and administered activities requiring radiation protection measures for transport and embalming of deceased
patients. Waiting periods under 1 day are shown in hours (rounded up) and those over 1 day in days (rounded up).

Therapeutic procedure Administered How to proceed: body transport How to proceed: embalming
activity
indium-111-pentetreotide: tumors 6.7 GBq Wait for 8 days after death** Wait for 11 days after death**
overexpressing somatostatin receptors Exception:
These post-mortem procedures can be performed immediately if the death occurs more than 3 days after the
administration***
iodine-131 ionic: benign thyroid = 800 MBq No special radiation protection measures® Wait for 24 hours after death**
diseases between 700 and 800 (Transport can be carried out immediately) Exception:
MBq Embalming can be performed immediately if the death
occurs more than 12 hours after the administration***
iodine-131 ionic: thyroid cancer 1.5 GBq No special radiation protection measures* Wait for 8 days after death™*
(Transport can be carried out immediately) Exception:

Embalming can be performed immediately if the death
occurs more than 22 hours after the administration***

3.7 GBq Wait for 11 days after death** Wait for 19 days after death**
Exception:
These post-mortem procedures can be performed immediately if the death occurs more than 3 days after the
administration***
5.6 GBq Wait for 16 days after death** Wait for 24 days after death**
Exception:
These post-mortem procedures can be performed immediately if the death occurs more than 3 days after the
administration***
iodine-131-MIBG: adrenals 5.6 GBq Wait for 16 days after death** Wait for 24 days after death**
cancers Exception:
These post-mortem procedures can be performed immediately if the death occurs more than 6 days after the
administration***
7.4 GBq Wait for 19 days after death** Wait for 27 days after death**
Exception:
These post-mortem procedures can be performed immediately if the death occurs more than 7 days after the
administration***
iodine-131-lipiocis®: liver cancers 2.2 GBq Wait for 5 days after death** Wait for 13 days after death**
(radioembolization) Exception:
These post-mortem procedures can be performed immediately if the death occurs more than 9 days after the
administration***
samarium-153: Bone metastasis 4 GBq No special radiation protection measures* Wait for 2 days after death**
(palliative) (Transport can be carried out immediately) Exception:

Embalming can be performed immediately if the death
occurs more than 2 days after the administration***

holmium-166: radioembolization 12 GBq Wait for 24 hours days after death** Wait for 2 days after death**

of liver cancers with microspheres Exception:
These post-mortem procedures can be performed immediately if the death occurs more than 2 days after the
administration***

lutetium-177: gastro entero 7.4 GBq No special radiation protection measures* Wait for 5 days after death**

pancreatic neuroendocrine tumors (Transport can be carried out immediately) Exception:

Embalming can be performed immediately if the death
occurs more than 17 hours after the administration™***

lutetium-177: Metastatic prostate 7.4 GBq No special radiation protection measures* Wait 4 days after death**

cancers (Transport can be carried out immediately) Exception:
Embalming can be performed immediately if the death
occurs more than 24 hours after the administration***

Note: For cases with a non-zero waiting period, if a dose rate measurement at 0.5 m from the deceased patient is below 150 wSv/h, the post-
mortem procedures can be carried out immediately without special radiation protection measures (i.e., waiting time reduced to zero).

*In this study, the external and internal contamination were not considered as funeral professionals routinely wear personal protective equipment
(e.g., gloves) when handling of the body, regardless of its radioactive status.

** This waiting period was calculated assuming death occurs immediately after radiopharmaceutical administration; therefore, only physical decay
applies. If death occurs after the time interval mentioned in the exception below, the post-mortem procedure can be performed immediately.
**% This time interval between administration and death was calculated taking both biological elimination and physical decay into account.
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radiation protection staff, if needed. For example, active or
passive dosimeters can be worn by staff, and radiation
exposure can be minimized by applying the standard rules of
time, distance and shielding, and hygiene rules to avoid
contamination. A recommended practice is to follow pre-
established written internal procedures. Furthermore,
depending on the circumstances, the funeral professionals
may be informed by the healthcare facility. However, there
is no legal obligation to inform them of the radioactive status
of the deceased patient, as death certificate does not include
a section for this information.

If a patient dies at home after a nuclear medicine treatment,
it is more likely that the funeral professionals will not be aware
of the recent treatment, as the only way for them to know is to
be informed by the deceased patient’s next of kin.

To mitigate this potential lack of information, patients
could be advised to carry a release card at all times for a certain
period after the treatment. This card would specify the received
treatment and provide the contact details of the nuclear
medicine department. Such a card has been developed by
HERCA (Heads of the European Radiological Protection
Competent Authorities) (HERCA, 2012). Using the HERCA
model, a release card has been implemented in Belgium since
2020. (FANC, 2020).

5 Conclusion

This study was based on calculations using conservative
assumptions. The study assessed the scenarios in which post-
mortem procedures (transport and embalming) could be
performed on deceased patients after nuclear medicine
treatment, while ensuring that the effective dose to the
workers remains below 300 wSv per operation.

For each common type of nuclear medicine treatment,
practical recommendations were proposed for nuclear
medicine departments and funeral professionals in the event
of a patient death. This considers the administered radiophar-
maceutical and its activity, the time interval between
administration and death, as well as the dose rate around
the deceased patient, if applicable.

For most nuclear medicine treatments, no special radiation
protection measures are required, even if the death occurs
immediately after administration of the radiopharmaceutical.
However, some radiopharmaceuticals require a more precau-
tionary approach, involving waiting periods before transport
and embalming. For the most recent therapeutic radionuclides
as lutetium-177, radium-223, holmium-166, and actinium-225
the waiting periods are under one week and fall within the legal
time limits in France.
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