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Abstract

Purpose Radiopharmaceutical extravasation can potentially
lead to severe soft tissue damage, but little is known about
incidence, medical consequences, possible interventions, and
effectiveness of these. The aims of this study are to estimate
the incidence of extravasation of diagnostic and therapeutic
radiopharmaceuticals, to evaluate medical consequences, and
to evaluate medical treatment applied subsequently to those
incidents.

Methods A sensitive and elaborate literature search was per-
formed in Embase and PubMed using the keywords “misad-
ministration”, “extravasation”, “paravascular infiltration”,
combined with “tracer”, “radionuclide”, “radiopharmaceuti-
cal”, and a list of keywords referring to clinically used tracers
(i.e. “Technetium-99m”, “Yttrium-90”). Reported data on ra-
diopharmaceutical extravasation and applied interventions
was extracted and summarised.

Results Thirty-seven publications reported 3016 cases of di-
agnostic radiopharmaceutical extravasation, of which three
cases reported symptoms after extravasation. Eight publica-
tions reported 10 cases of therapeutic tracer extravasation.
The most severe symptom was ulceration. Thirty-four differ-
ent intervention and prevention strategies were performed or
proposed in literature.

Conclusions Extravasation of diagnostic radiopharmaceuti-
cals is common. 99mTc, 1231, lgF, and ®*Ga labelled tracers
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do not require specific intervention. Extravasation of thera-
peutic radiopharmaceuticals can give severe soft tissue le-
sions. Although not evidence based, surgical intervention
should be considered. Furthermore, dispersive intervention,
dosimetry and follow up is advised. Pharmaceutical interven-
tion has no place yet in the immediate care of radiopharma-
ceutical extravasation.

Keywords Extravasation - Dose infiltration -
Radiopharmaceuticals - Radiation ulcer

Introduction

High doses of radiation exposure can potentially cause severe
tissue damage, such as skin desquamation and necrosis.
Extravasation of radionuclides used in nuclear medicine prac-
tice results in localized tissue retention of the radiopharmaceu-
tical and subsequently in an unintended extended local radia-
tion exposure. Because of the character of the radiation, ex-
travasation of therapeutic radiopharmaceuticals has the
highest tendency to result in tissue damage, although some
cases of tissue damage following the extravasation of diag-
nostic radiopharmaceuticals have been reported [1].
Knowledge of possible consequences and interventions to
prevent tissue damage are vital for an adequate risk-adapted
management after extravasation of radiopharmaceuticals. The
EANM procedure guideline for 90Y-radiolabeled ibritumomab
tiuxetan (Zevalin®) is the only guideline that gives limited
practical advice in case of extravasation, advising local hyper-
thermia, elevation of the extremity and gentle massage [2]. The
SNMMI procedure standard for palliative treatment for painful
bone metastases advises local heat to promote reabsorption [3].
Other EANM and SNMMI guidelines covering radionuclide
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therapy do not give any practical information in case of extrav-
asation, regardless of the potential complications [4—7].

To our knowledge, no previous study or literature review
has been performed to summarize the effects of the extravasa-
tion of commonly applied diagnostic or therapeutic radiophar-
maceuticals. Knowledge of the incidence of extravasation, the
severity of these effects, and about the effectivity of interven-
tions is necessary for adequate clinical response in case of
extravasation, as well as in development of guidelines covering
radiopharmaceutical extravasation. The purpose of this study
was, therefore, to review systematically previously published
data on the incidence and clinical outcome of radioactive ex-
travasations and to summarize the reported incidences of events
of most of the clinically used radiopharmaceuticals, the applied
interventions, as well as the reported clinical outcomes.

Materials and methods
Search strategy

A computer-aided search of the PubMed/MEDLINE and
Embase databases was conducted to find relevant published
articles on extravasation of radiopharmaceuticals. No start
date limit was used. No language limitation was applied in
the initial search strategy. The search string was composed
of several synonymous keywords for extravasation combined
as a group using the “AND” operator with a combination of
the keywords “radiopharmaceutical” and an extensive list of
clinically used isotopes in five different notations (i.e. “I-1317,
“I1317, “1311”, “Iodine 1317, “131 iodine”). In PubMed, all
keywords were combined with a MESH equivalent when
available, as well as an equivalent with the “Pharmaceutical
action” tag. The used search strings are shown in Table 1. The
search was updated until November 2016.

Studies reporting radiopharmaceutical extravasation in
humans were eligible for inclusion. Only studies written in

the languages mastered by the authors were included:
English, Spanish, French, Italian, German, Hungarian,
Romanian, or Dutch. No other limits were imposed. Animal
studies were excluded.

Two reviewers (J.P. and S.V.) independently reviewed
titles and abstracts to find articles reporting cases of ex-
travasation, or to find literature otherwise relevant to the
subject. In case of disagreement on relevance, the full text
was retrieved. To expand our search, bibliographies of
articles that finally remained after the selection process
were screened for potentially relevant references.
Subsequently, the corresponding full text articles were re-
trieved for further reading and selection.

Data extraction

The following data were extracted whenever available from
eligible studies: first author, journal and year of publication,
population studied, number of reported extravasations, radio-
pharmaceutical, injection place, estimated administered vol-
ume, estimated extravasated activity and tissue dose, descrip-
tion of tissue damage and delay since injection, duration of
follow-up, and applied medical interventions.

Data analysis

Reported incidents were categorized and pooled according to
radiopharmaceutical that was administered. Ratios were cal-
culated between the pooled reported incidence of extravasa-
tion versus the number of reported incidences of adverse soft
tissue effects. Cases were grouped and displayed in tables
sorted by radiopharmaceutical separately for diagnostic and
therapeutic radiopharmaceuticals. Furthermore, literature ref-
erences that described interventions were organised in three
categories: 1) advised by reference, 2) applied in case report,
and 3) discouraged by reference.

Table 1  Search strings applied in PubMed/MEDLINE and Embase with search results specified to search engine and search strings

No. Search strings® Pubmed/MEDLINE Embase

1 “Extravasation of Diagnostic and Therapeutic Materials” [Mesh] OR “Extravasation of Diagnostic 110.807 171.853
and Therapeutic Materials” OR “extravasation” OR “infiltration” OR “misadministration”

2 “I-123” OR “I-124” OR “I-125” OR “I-131” OR “Tc-99m” OR “F18” OR “Ga-68” OR “In-111” 213.922 361.049
OR “T1-201” OR “Rb-82” OR “N-13” OR “O-15” OR “C-11" OR “Er-169” OR “Re-186”
OR “Sr89” OR “Sm-153” OR “Y-90” OR “Ra-223” OR “P-32” OR Lul77

3 “Radiopharmaceuticals”[Mesh] OR “Radiopharmaceuticals” OR “Radioisotopes”[Mesh] OR 301.588 15.949
“Radioisotopes”

4 1 AND (2 OR 3) 2.153 3.493

Search strategy with number of yielded results in PubMed/MEDLINE and Embase.

The “Mesh” tag was omitted for the Embase search strings

#In the actual search strings used, all radionuclides were spelled using five different conventions, i.e. the keyword “I-123” was accompanied by “[123”,
“1231”, “lodine 123”, and “123 lodine”, grouped together with the “OR” operand
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Results

The searches performed using Pubmed and Embase resulted
in 2153 and 3493 publications respectively (Table 1). Of
these, 1123 search results were found using both search en-
gines yielding a total of 4523 abstracts after subtraction.
Rejected abstracts described irrelevant animal studies
(1012), reported extravasation of other agents than radionu-
clides (198), mentioned infiltration of other nature than infil-
tration of radiopharmaceuticals (2424), described lymph
drainage studies or other nuclear medicine studies in which
extravasation is a pathological finding, i.e. urinary extravasa-
tion in **™Tc-mercaptoacetyltriglycine (MAG3) (196), or
publications about radionuclide use for other purposes than
nuclear medicine studies (603), such as radioimmunoassays.
The full text was retrieved for the remaining 81 publications.
The references of relevant publications were screened, of
which the full text was retrieved. In total, 108 full text articles
or conference abstracts were retrieved for further evaluation.
Radiopharmaceutical extravasation was reported in 44 publi-
cations, of which 37 about diagnostic and eight about thera-
peutic radiopharmaceuticals. Another 10 publications
contained information on extravasation based on expert opin-
ion or cited work.

Cases of diagnostic extravasation are summarised in Table 2.
In total, 37 publications reported 3016 cases of radiopharma-
ceutical extravasation. For three cases symptoms and follow up
was reported (0,1%) [42—44]. When grouped together, a total of
3003 cases described extravasation without reported symptoms
after extravasation of 18F-fluorodeoxyglucose (FDG) (332)

and 99mTc-labelled tracers (2671) [8—41]. Radiation ulcers in
two patients following extravasation of 201Tl-thallous chloride
were the most severe injuries reported [43, 44]. In one case a
radiation ulcus was diagnosed 2 years. The injected activity and
estimated tissue dose were 74 MBq and 200 Gy, respectively
[43]. In the second case the diagnosis radiation ulcus was made
after 3 years. The injected activity was 111 MBq and the worst
case estimate of tissue dose was 250 Gy [44]. A pruritic and
erythematous patch was described following the extravasation
of 34 MBq of 131I-iodocholesterol, with a worst case tissue
dose estimate of 490 Gy [42]. Other reported cases of diagnos-
tic extravasation cases did not describe dosimetric parameters
or follow-up.

Eight publications reported a total of 10 cases of therapeu-
tic radiopharmaceutical extravasation [46—53]. Radionecrosis
was the most severe symptom reported in five cases [47, 49,
50], although three cases reported needle track necrosis
that resolved spontaneously [47]. The results and references
are summarised in Table 3. Table 4 summarises a total of 34
interventions that are advised or, contrarily, discouraged in
literature and those which are applied in reported cases.

Discussion

Multiple retrospective case series on bone scintigraphy, as well
as 18F-FDG positron emission tomography (PET) report a
large proportion of at least partial tracer extravasation
[18-31]. Although there was no clinical follow-up after extrav-
asation reported in these publications, no adverse reactions have

Table 2  Summary of reported cases of diagnostic radiopharmaceutical extravasation
References Total reported Radiopharmaceutical No. of patients No. of patients Most severe
cases with reported with reported injury reported
radiation injury follow-up
[8-17] 332 18F-FDG 0 0
18-31 2584 99™T¢ bone tracers 0 0
[
32 3 PImMTe-MAA 0 0
[
33 1 9 Te-DMSA 0 0
[
34,35 10 99mTe-DTPA 0 0
[
36 1 9™ Te-HMPAO 0 0
[
37 1 M Te-MAG3 0 0
[
[19, 38, 39] 15 99mTc-pertechnetate 0 0
[40, 41] 2 99MTe_sestamibi 0 0
[19] 38 99mTe-sulfurcolloid 0 0
[19] 16 99mTc-microspheres 0 0
[42] 1 31Ljodocholesterol 1 1 Erythematous plaque
and pruritus.
[43-45] 12 201T]-thallous chloride Radiation ulcer
Total 3016

@ Springer



1237

Eur J Nucl Med Mol Imaging (2017) 44:1234-1243

uonoafur 3s0d 7°d ‘Syuowr ws ‘s3eam M ‘sKep p :pasn oI SUONEIARIGQE SUIMO[[OF AU} ‘S1o30rIq U0aMIdq PAuLId ST SJUSAS JOYI0 pue uoneuesald woydwAs Jo awn oy} ‘O[qe[leAr JIOASUSYA ,

‘dn mofjoj Surmp paurodar swoydwAs oN “Suljoms
JTenoIro [rews pue Juruappar ysis ‘ured Suruing WSS

"WBAIO PIOII)SOONI0D IoYJe AJedS pue AIp 0} PIA[OAD
douereadde uorsay ‘(my) Sunjoo] A13ue,, [[1IS UOISO]
‘(M) WOGX(] ‘s uondalur e ysey ‘(pL) Surjjoms uLeaIo

“IOJOWIRIP Ul WIY ‘UONBII[N)
‘(‘r'd) 931s UOISNJUI JB BATR PasIEY
*(uoneorpur owm ou) dn-mofoy
Suump asore swoydwAs oN “(‘1'd) wre udoms pue [njured

(wg) Sureay snoouejuods 'SISOIOU JorI} A[PIAN

"QUIIP JO 9ZIS ONJUIO A} UL
01j0100U YSIAQIS 1M ‘UonR[NUEBIS 9NSST) JO JB)S Wy 0Py

"PISIApPE Sem JeI3 UnS "MG[-g Joye uorssaidord Sureay oN

‘(mg) uonewrenbsap ISIOJA "(Mf) BOIB SNOJRWAIAID WO
GT x GT 0} UOISSAIZ01J “(M]) B2IE SNOJRWIRPAID [[eluS
(P67) uonewrenbsap
1stow (p9g) B[INq “(P[) SSoIopud) (p1) ewoArg

8L'1

0¥-0¢
0001
20°S

pauodar JoN

pauodar JoN

pauodar JoN

ased 1S1I0M (0701

0¢

09
0
9L

panodar JoN

panuodar JoN

pauodar JoN

09

962000

(osed 3s10M) 171
pauodar JoN
980°0

(ased 3810M) G°¢

pauodar JoN

pauodar JoN

9€1°0-890°0

OPLO[Yd WNHUONS-IS I
suIpruenS[AZusqoporejour-| I
xo1dwod d7en1d AXOIPAY-X o I
apeydsoyd wnipos-g, I
DOLVLOA-Ay4 I
(AwojooAouAsorper)
PIOJI09-A ¢ €
UBJOXNI} QEUIOWNLIGI-X o I

UBJOXN} QRUIOWNIIGI-A o

[€s] €107 aqemesy

[9¥] 110T BYUOG
[6¥] 0561 uoned
[87] L861 Asury

[16] 2107 sySurmiay,

[L¥] 1661 U

[05] 8007 yoauRgars

[2s] 900z swreriipm

[AD] asop onssn

[Tua] swmjoa

[bgn] Ananoe

JuoneseAenxa [eonnaoeweydorper 1oye swodwAS pajewnss pajodoy PaIeistuIupe payioday pajeseArnxd paptoday

UON)ESBABIIXD
yim syuoned
Teonnaoeureydorpey JO "ON

QOURIRJY

uoneseAenxo [eonnaseureydorper onnaderay) Jo sases paytodar Jo Arewung € J[qeL

pringer

Qs



Eur J Nucl Med Mol Imaging (2017) 44:1234-1243

1238

AWI0J0AOUASOIPET SULMO[[OF SISOIOOU JOrI) J[PAdU J0f dInseaur dANuoAdId st popoday

payoads JoN ,,
[%9] udSe AJojewR[uI-HUE SUISHIUI J[IYAm UONOBIII A[PAU MO[S
Q)IS [BIDJR[RNUOD
[16] [ss] [15] Surpuodsa1100 pue d)Is UONOA[UI UMD ORI dJRI ASO(]
[€s “0¢] [ss ‘s “op “ve “¢-1l [¥€ 1] Koudred Jo oay)
[1] SQINONYS [EJIA 0} dFBUIRP OZIWUIUTUX 0] BSSOJ [E}IqNOIUE PIOAY
Uy urgm paystjqeiss
[zs—0¢] s axmoundiuoa Aue 0) [ewrxold ss900e SNOUdABIIUL 90B[J
SS90 SNOUSABIUI
[zs “15] 10J BSSOJ [EJIQNOSJUE PUE JSLIM UIMJRq UIA dF1e] € 35001
[zs ‘6v ‘1] UBIOIUYdd) paousradxy Aq jusweoerd 1ooyie)
[65] [€9 79 “6¢] RISWED BUWIWES 15pUN UONBHSIUIIPY
[€s ‘1] [9t] [eonnocewreydorper Jo uonnyiq SOINSBIIA]
I3)AYJEd SNOUIA
[zs ‘15 ‘ov] [pel (LSS ‘1S °0S ‘ov ‘v T ‘1] [Ls ‘9g]  eurprur 10 peo-e-310d
‘10J0UJEO SNOUSALIIUI JO S() QAJUSARIJ
[y T 1] [¥€ ‘1] JuoAd p10doy
[€ ‘1l [¥< ‘1] uoneaulPq
Les—ov “Ly *9] les ‘1] [ev] dn mofjog
[19 ‘€5—8% ‘ot “v¥—cv “Cil [09 ‘LS “ev “ve ‘1] [09 ‘LS ‘e¥ “ve ‘1] A1ounsop pue UOTEN[eAd 90URIEd]))
[+€] (€] ofuufs ureyuo) [euonezIUE3IO
[zs 051 SUIZEIPRI[NS JOAIS
(o] QunsojIury
[zl [s] [ss] (1] (1] asepruoIm[eA[
(6] uoneordde urpporuad [eoo]
[o7] AT ourweIpAyueydi(]
(€S “ov] [8s] (1] (1] uoneorfdde proids eordoy,
[zs] SPIOIO)S [BUOISI[RHU] onnaderoyooruiIey g
[6t] [zs ‘o7l Sunyeid unys pue uoIsIOXs Aprey
[16] amjound [e00]
[zs ‘ve ‘1] [1] Surysnyy dures [eo13ng
[16] I1eq ssans & Surzoonbg
[8¥] uonedrdde amssai
[ov] [9y] sSunyoos uorssaxdwo))
[s 16] [8s ‘sl sz 1] [1] aSessey
(1] [ *or “v¢ Tl [¥€] UONBAJ[D WLy
[65] [es 8yl [8S ‘LS “ss] [zs ‘or “pe ‘1] [9s ‘p¢ “1] UOIZaI PajeseARIXa SUILLIBAY QAIsIodsi(q
[1] uoI3a1 pajeseABnXo JuIj00) Sunenuoouo))
[¥€ ‘1] [¥€ ‘11 I3)AYJLI-A [ SNOUSA JO uonendsy
[zl [ss]  [¥S TS ‘16 ‘o ‘v ‘T 1] [¥€ ‘1] UONeNSIUTWPE 3y} JO UONESSIO OFRIPII] [e1ousD)
+S'N onnaderay | onsouger
douarjar £q pardde usaq oaey
padeInoosiq 01 poypodoy SQ0URIYJI AQ PISIAPY UOIIUOAIIU] K103918)
soseo papodar ur pardde 10 ommeIoN| Ul PISIAPE SUOHUIAIOUL JO ATeWIling  § J[qeL

pringer

Qs



Eur J Nucl Med Mol Imaging (2017) 44:1234-1243

1239

been reported following extravasation of widely and frequently
used *™Tc labelled radiopharmaceuticals. Similarly, no cases
have been found with any symptoms after extravasation of
99mre 1231 B8R and °®Ga labelled radiopharmaceuticals.
These radiopharmaceuticals together comprise a great majority
of radiopharmaceuticals in use on a daily basis in general nu-
clear medicine practices. Lack of clinical follow-up after diag-
nostic nuclear medicine scans, but also a conservative attitude
towards reporting and publishing of complications may have
possibly lead to under-reporting of skin lesions. Nevertheless,
given the long history of frequent usage of these agents and
even in case of significant under-reporting, we would have
expected that at least a few cases had been reported.
Therefore, we consider it safe to be conservative in treatment
of extravasation of these tracers. Attention should only be fo-
cused on early complications of the extravasation that are not
attributable to the radioactivity, such as skin necrosis and com-
partment syndrome [65, 66]. Other diagnostic radiopharmaceu-
ticals were reported to cause at least mild skin lesions, notably
201Th-thallous chloride and "*'I-iodine-iodocholesterol. Only a
few publications report these cases, which are further elucidated
by only limited provided data on dosimetric data, follow-up of
the patients, etc. [42—44]. Particularly the long period of 2 and
3 years after °' Th-thallous chloride raise questions whether the
skin lesions were radiation induced. Furthermore, it should be
mentioned that '*'I-iodine-iodocholesterol is used only sporad-
ically nowadays. Nevertheless, in our opinion this warrants at
least minimal preventive measures and follow-up after extrav-
asation of these tracers.

Few complications following therapeutic extravasation
were reported, yet some causing severe soft tissue damage.
Considering the high prevalence of extravasation in diagnostic
procedures, the same could be true for therapeutic radiophar-
maceuticals. Nevertheless, it is plausible that generally more
care is taken in preventing extravasation.

Therapeutic options

Applied and advised interventions are mostly derived from
treatment regimens of extravasation of non-radioactive agents.
Only few were applied in reported cases. Dispersive actions
can be effective in extravasation non-radiopharmaceutic agents
[65, 66]. It can be debated if all listed dispersive interventions
can be applied to radiopharmaceuticals. For instance, DeNardo
argues that hyperthermia can ameliorate success of radiothera-
py, similarly it might do more harm in case of extravasation
[59]. On the other hand, it is plausible that warming up the
tissue to promote hyperaemia and lymphatic flow might reduce
the time of exposition enough to at least compensate this
radiosensitising effect. Terwinghe et al. showed fast tissue wash
out of 90Y-DOTATOC after arm elevation, warming the infil-
trated area and squeezing a stress ball. This patient had no soft
tissue symptoms during follow-up. Moreover they argue that

the relatively low molecular weight contributes to faster tissue
wash out, in comparison to radiopharmaceuticals with higher
molecular weight, particularly in case of 90Y-ibritumomab
tiuxetan [51]. Concentrating the radiopharmaceutical by
cooling the tissue can be applied in anticipation of surgical
interventions. Only two cases report the use of surgical tech-
niques. Local puncture was not considered successful after ex-
travasation of *°Y-dotatate [51]. In one report from 1950 the
ulceration was excised [49]. Other surgical treatments have not
been described or advised in literature. Pharmacotherapeutical
interventions have been reported in sporadic case reports.
Ulcers were treated with antibiotics and discomfort was treated
with topical steroids [46, 49, 50, 52, 53]. Intralesional cortico-
steroid therapy is advised by Williams, based on results after
chemotherapy extravasation, but has not been reported in ra-
diopharmaceutical extravasation [52]. Hyaluronidase use is
based on results in extravasation of other agents [1, 55], and
applied in one case report of 201Tl-thallous chloride extrava-
sation [45]. Williams et al. discourage any use, because of the
experimental status [52]. Amifostine might be effective in ra-
diopharmaceutical extravasation for its proven radioprotective
properties in radiotherapy [46]. Despite, it remains unknown
how it performs in the high linear energy transfer radiation
environment of radiopharmaceutical extravasation, while hav-
ing considerable side effects.

Clearance evaluation and dosimetry are often advised to be
part of extravasation management. Different methods have
been used, yielding a large range of tissue doses, due to un-
certainties such as retained activity and the volume of the
infiltrated tissue, as well as the use of worse case scenarios
[44, 46, 48, 49, 52, 53, 60, 61]. Sequential activity measure-
ments with probes or gamma-camera can give useful insight in
biological half-life, as well as effectiveness of applied inter-
ventions [42, 51, 52]. Furthermore, it might be helpful to also
estimate the amount, meaning the volume, of extravasation as
one can assume, that larger volumes of radioactive extravasa-
tion might cause more pronounced side effects than smaller
amounts. However, the volume of an extravasation is hardly
measurable, at least in the clinical setting and, consequently, to
define. This is not only because of the “real time” setting, but
it is even more difficult based on a retrospective literature
search and analyses. Furthermore, preventive measures are
reported, such as the use of an intravenous catheter (IV-
catheter) and adequate check of patency for both diagnostic
as well as therapeutic extravasation [1, 2, 4, 46, 50, 51, 55-57].

Limitations

A substantial number of publications reporting on extravasa-
tion, or which were otherwise relevant, were found by screen-
ing bibliographies and not in the initial search, despite the
sensitive elaborate search strategy. This can be at least partial-
ly explained by mismatches in searched keywords and the
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subject of the publication. For instance, a number of publica-
tions about pitfalls in image interpretation contained a brief
case report of extravasation as an example for false positive
lymph node visualisation. These publications were filtered out
in our initial search because they did not contain the right
keywords in title, abstract or keyword index. Similarly, some
patient studies investigating a particular tracer for evaluation
of a specific pathology also report extravasation, but were also
filtered out because no keywords relevant for our search were
matched. Others were brief case reports or “image of the
month”-type of publications without an abstract, but
contained some relevant information in image captions.
Finally, we found several congress abstracts for oral or poster
presentations that were not indexed in PubMed or Embase.
This is a minor shortcoming in our literature search, although
the publications that were found this way only reported min-
imal information on tracer extravasation. Moreover, it is chal-
lenging to avoid such difficulties.

We did not analyse the effect of extravasation on the image
quality of diagnostic nuclear medicine scans. It is obvious that
image quality might significantly be hampered by at least
large extravasation leading to a lower degree of tracer uptake
in the target tissue (organ) and to the potential need for a new
scan. However, as we, in this review, are focusing on clinical
consequences for the patients, we do not address this issue in

detail. Furthermore, because of the design of the study,
gaining more insights into this topic is not possible within
the context of this review.

Future perspectives

The lack of data on interventions underlines the need for fur-
ther scientific exploration on this subject. Future research is
required to establish definite conclusions for all used radio-
pharmaceuticals, by retrospective or preferably prospective
studies of extravasation cases with detailed clinical descrip-
tion, activity measurements, as well as serial scans to assess
dynamic behaviour of the tracer in the time after extravasation.
Furthermore, similar studies can be performed to evaluate the
different therapies possible after extravasation. Alternatively,
detailed case reports can proof to be helpful, especially for less
used and probably less common extravasation of therapeutic
radiopharmaceuticals. Nevertheless, trials performed in cen-
tres that treat large numbers of patients with nuclear medicine
therapies are preferable.

Local protocol

In our clinic, every injection of diagnostic and therapeutic
radiopharmaceutical is performed via an [V-catheter, preceded

Extravasation of
radiopharmaceutical
observed.

Stop infusion and alert -
nuclear physician.

Withdraw as much
radiopharmaceutical as
P possible and leave IV catheter
in situ.Store syringe for
measurements.

Cool lesion with cold
compress to prevent local
spread.

When possible, delineate the
edges of the lesion.

\ 4

No No

Remove IV catheter.
Continue scan if possible.

Isotope other than 99mTc,

s surgical intervention
required? (In case any one
of the symptoms in table 5 is
present)

v

Consult plastic surgeon.

Therapeutic

Diagnostic

Diagnostic/therapeutic
Radiopharmaceutical?

Yes/Possibly

128, 18F, 68Ga?

Consult plastic surgeon.
Consult radiological safety
officer for contamination

Apply warm compress for 20
min. at extravasation site,
repeat 3 times at 6, 18, and
24 hours. Inform patient to

No therapy or follow up
required.

Plan telephone follow up
after 1 month.

/ Inform patient.
»
»

measures at OR (double
gloves, waste management).

Consult radiological safety
officer for contamination
measures at OR (double
gloves, waste management).

Is surgery opted?

Make arrangements for
clinical follow up by plastic

)

Consult physicist to
determine method and
strategy for activity
measurements.

L 4

keep injection site raised for surgeon.
24h.
\ 4 \ 4

Fill out registration form and
file complication.

Apply warm compress for
20 min. at extravasation
site, repeat 3 times at 6,
18, and 24 hours. Inform
patient to keep injection
site raised for 24h.

Fig. 1 Flowchart describing the protocol in use in Maastricht University Medical Center for management of radiopharmaceutical extravasation
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by a check of patency that includes flushing the IV-catheter
with saline solution, while visually inspecting if swelling oc-
curs and asking the patient if he experiences discomfort during
injection. Furthermore, some blood is drawn. When patency is
doubtful, a second IV-catheter is inserted and checked for
patency. Alternatively, in patients with difficult venous access,
this step can be preceded by injecting **™Tc-pertechnetate
with the patient’s thorax positioned under a gamma camera,
to visually confirm systemic spread. For therapeutic adminis-
trations, patency is always checked under supervision of the
nuclear physician.

Figure 1 shows the protocol that is in use in our hospital for
management of radiopharmaceutical extravasation. It is based
on the findings of this review. It reflects the negligible proba-
bility of adverse events in frequently used **™Tc, '*’I, '*F and
%8Ga labelled tracers by a conservative approach. A more care-
ful approach has been chosen with relatively harmless preven-
tive measures for diagnostic tracers combined with follow-up,
in case of tracers for which adverse events have been reported,
notably 201T-thallous chloride, and for tracers no literature of
extravasation was found at all. Although in general radiophar-
maceutical administration volume is limited, severe conse-
quences have been reported in non-radiopharmaceutical extrav-
asation, such as tissue necrosis and compartment syndrome [65,
66]. Therefore, in case of any of the symptoms listed in Table 5,
the plastic surgeon is consulted. For therapeutic extravasation a
plastic surgeon is always consulted to discuss the usefulness of
surgery. Until the decision for surgical intervention is made, the
lesion is cooled to spare surrounding tissue by preventing
spread of the radiopharmaceutical. If no surgical intervention
is opted, frequently warming the extravasation area and eleva-
tion of the arm are advised to promote spreading of the radio-
pharmaceutical. Repetitive gamma camera measurements are
performed in case of therapeutic extravasation in consultation
with the physicist. The patient should always be informed about
treatment and potential complications. All cases of extravasa-
tion in our hospital are being recorded using a standard form
containing detailed information, such as symptoms, the location
of extravasation, injected volume and activity, as well as treat-
ment. Furthermore, the incident is documented for the local

Table 5 List of symptoms requiring consultation of a plastic surgeon

Symptom

Swelling > 2.5cm in longest axis
Numbness

Blanched, translucent skin

Tight skin, leaking

Discolored, bruised skin
Circulatory or nervous impairment

Moderate-severe pain

Adapted from Amjad et al. [65]

complication committee. The strategy applied in this protocol
ensures an efficient workflow, by minimizing the effort needed
for the most frequently used tracers.

Conclusions

Extravasation of diagnostic radiopharmaceuticals is common.
Often used *™Tc, 21, '®F, and ®®Ga labelled tracers do not
require specific intervention. Sporadic reports of extravasation
of other diagnostic radiopharmaceuticals, however, have de-
scribed soft tissue lesions. Dispersive intervention and follow-
up is, therefore, advised in other diagnostic radiopharmaceuti-
cals. Extravasation of therapeutic radiopharmaceuticals can
lead to severe soft tissue lesions. Although not evidence based,
surgical intervention should be considered. Furthermore, dis-
persive intervention, dosimetry and follow-up is advised.
Pharmaceutical intervention has no place yet in the immediate
care of radiopharmaceutical extravasation.

Compliance with ethical standards No funding was received for this
review. J. van der Pol declares he has no conflict of interest. S. V66
declares he has no conflict of interest. J. Bucerius declares he has no
conflict of interest. F. Mottaghy declares he has no conflict of interest.
This article does not contain any studies with human participants or an-
imals performed by any of the authors.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Hung JC, Ponto JA, Hammes RJ. Radiopharmaceutical-related pit-
falls and artifacts. Semin Nucl Med. 1996;26(4):208-55.

2. Tennvall J, Fischer M, Bischof Delaloye A, Bombardieri E, Bodei
L, Giammarile F, et al. EANM procedure guideline for radio-
immunotherapy for B-cell lymphoma with 90Y-radiolabelled
ibritumomab tiuxetan (Zevalin). Eur J Nucl Med Mol Imaging.
2007;34(4):616-22. doi:10.1007/s00259-007-0372-y.

3. Silberstein EB, Buscombe, J.R., McEwan, A., Taylor, A.T.Jr.,
.Society of Nuclear Medicine Procedure Guideline for Palliative
Treatment of Painful Bone Metastases. Society of Nuclear
Medicine Procedure Guidelines Manual. 2003:147-53.

4. Bodei L, Lam M, Chiesa C, Flux G, Brans B, Chiti A, et al. EANM
procedure guideline for treatment of refractory metastatic bone
pain. Eur J Nucl Med Mol Imaging. 2008;35(10):1934—40. doi:
10.1007/s00259-008-0841-y.

5. Bodei L, Mueller-Brand J, Baum RP, Pavel ME, Horsch D,
O’Dorisio MS, et al. The joint IAEA, EANM, and SNMMI practi-
cal guidance on peptide receptor radionuclide therapy (PRRNT) in
neuroendocrine tumours. Eur J Nucl Med Mol Imaging.
2013;40(5):800—-16. doi:10.1007/s00259-012-2330-6.

6. Giammarile F, Chiti A, Lassmann M, Brans B, Flux G. Eanm.
EANM procedure guidelines for 1311-meta-iodobenzylguanidine

@ Springer


http://dx.doi.org/10.1007/s00259-007-0372-y
http://dx.doi.org/10.1007/s00259-008-0841-y
http://dx.doi.org/10.1007/s00259-012-2330-6

1242

Eur J Nucl Med Mol Imaging (2017) 44:1234-1243

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(1311-mIBG) therapy. Eur J Nucl Med Mol Imaging. 2008;35(5):
1039-47. doi:10.1007/s00259-008-0715-3.

Tennvall J, Brans B. EANM procedure guideline for 32P phosphate
treatment of myeloproliferative diseases. Eur J Nucl Med Mol
Imaging. 2007;34(8):1324-7. doi:10.1007/s00259-007-0407-4.
Alibazoglu H, Megremis D, Ali A, LaMonica G. Injection artifact
on FDG PET imaging. Clin Nucl Med. 1998;23(4):264-5. doi:10.
1097/00003072-199804000-00026.

Chiang SB, Rebenstock A, Guan L, Burns J, Alavi A, Zhuang H.
Potential false-positive FDG PET imaging caused by subcutaneous
radiotracer infiltration. Clin Nucl Med. 2003;28(9):786-8. doi:10.
1097/01.11u.0000082677.96653.22.

Hall NZJ. Impact of FDG extravasation on SUV measurements. J
Nucl Med. 2006;47 suppl 1:115P.

Manohar K, Agrawal K, Bhattacharya A, Mittal BR. New axillary
lymph nodal F-18 fluoro-deoxy glucose uptake in an interim posi-
tron emission tomography scan - not always a sign of disease pro-
gression. Indian J Nucl Med. 2011;26(4):192-3. doi:10.4103/0972-
3919.106703.

Oren U, Hiller M, Andersson M. IDACstar: a MCNP application to
perform realistic dose estimations from internal or external contam-
ination of radiopharmaceuticals. Radiat Prot Dosim. 2016. doi:10.
1093/tpd/necw221.

Osman MM, Muzaffar R, Altinyay ME, Teymouri C. FDG dose
extravasations in PET/CT: frequency and impact on SUV measure-
ments. Front Oncol. 2011;1:41. doi:10.3389/fonc.2011.00041.
Pitman AG, Binns DS, Ciavarella F, Hicks RJ. Inadvertent 2-de-
oxy-2-[18F] fluoro-D-glucose lymphoscintigraphy: a potential pit-
fall characterized by hybrid PET-CT. Mol Imaging Biol. 2002;4(4):
276-8.

Ruibal A. Correction for FDG PET dose extravasations: Monte
Carlo validation and quantitative evaluation of patient studies.
Med Phys. 2014;41(5):052502. doi:10.1118/1.4870979.
Sanchez-Sanchez R, Rodriguez-Fernandez A, Ramirez-Navarro A,
Gomez-Rio M, Ramos-Font C, Llamas-Elvira JM. PET/CT: focal
lung uptake of 18F-fluorodeoxyglucose on PET but no structural
alterations on CT. Rev Esp Med Nucl. 2010;29(3):131-4. doi:10.
1016/j.remn.2010.01.002.

Wagner T, Brucher N, Julian A, Hitzel A. A false-positive finding in
therapeutic evaluation: hypermetabolic axillary lymph node in a
lymphoma patient following FDG extravasation. Nucl Med Rev
Cent East Eur. 2011;14(2):109-11.

Andrich MP, Chen CC. Bone scan injection artifacts. Clin Nucl
Med. 1996;21(3):260-2.

Bekier A. The importance of injection technique in radio isotope
angiography and cardiography. [German]. Fortschritte auf den
Gebiete der Rontgenstrahlen und der Nuklearmedizin.
1975;122(4):341-5.

Boxen I. Inadvertent lymphoscintigraphy? Clin Nucl Med.
1985;10(1):25-6.

Chatterton BE, Vannitamby M, Cook DJ. Lymph node visualisa-
tion: an unusual artefact in the 99mTc-pyrophosphate bone scan.
Eur J Nucl Med. 1980;5(2):187-8.

Dogan AS, Rezai K. Incidental lymph node visualization on bone
scan due to subcutaneous infiltration of Te-99m MDP. A potential
for false positive interpretation. Clin Nucl Med. 1993;18(3):208-9.
Giammarile F, Mognetti T, Paycha F. Injection artefact displaying
“sock” pattern on bone scan: “glove” sign equivalent resulting
from bisphosphonate-(99mTc) injection in foot venous system.
Eur J Nucl Med Mol Imaging. 2014;41(8):1644-5. doi:10.1007/
$00259-014-2795-6.

Nguyen BD. Technetium-99m MDP extravasation with cutaneous
pattern of ulnar innervation. Clin Nucl Med. 2004;29(10):640-1.
Ongseng F, Goldfarb CR, Finestone H. Axillary lymph node uptake
of technetium-99m-MDP. J Nucl Med. 1995;36(10):1797-9.

@ Springer

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Peller PJ, Ho VB, Kransdorf MJ. Extraosseous Tc-99m MDP up-
take: a pathophysiologic approach. Radiographics. 1993;13(4):
715-34. doi:10.1148/radiographics.13.4.8356264.

Penney HF, Styles CB. Fortuitous lymph node visualization after
interstitial injection of Tc-99m-MDP. Clin Nucl Med. 1982;7(2):
84-5.

Shih WJ, Collins J, Kiefer V. Visualization in the ipsilateral lymph
nodes secondary to extravasation of a bone-imaging agent in the left
hand: a case report. J Nucl Med Technol. 2001;29(3):154-5.

Shih WJ, Wierzbinski B, Magoun S. Lymph node visualization in
the elbow region. J Nucl Med. 1996;37(11):1913.

Vieras F. Serendipitous lymph node visualization during bone im-
aging. Clin Nucl Med. 1986;11(6):434.

Wallis JW, Fisher S, Wahl RL. 99Tcm-MDP uptake by lymph
nodes following tracer infiltration: clinical and laboratory evalua-
tion. Nucl Med Commun. 1987;8(5):357-63.

Spicer KM, Gordon L. Extravasation from venous catheter: a seri-
ous complication potentially missed by lung imaging. J Nucl Med.
1983;24(11):1023-6.

Stauss J, Treves ST, Connolly LP. Lymphatic Tc-99m DMSA lo-
calization after partial-dose extravasation. Clin Nucl Med.
2003;28(7):618-9. doi:10.1097/01.r1u.0000074985.09694.24.
Barre E, Nguyen ML, Bruel D, Fournel C, Hosten B, Lao S, et al.
Extravasation of radiopharmaceuticals: preventive measures and
management recommended by SoFRa (Societe Francaise de
Radiopharmacie). Ann Pharm Fr. 2013;71(4):216-24. doi:10.
1016/j.pharma.2013.05.001.

Slavin Jr JD, Jung WK, Spencer RP. False-positive renal study with
Tc-99m DTPA caused by infiltration of dose. Clin Nucl Med.
1996;21(12):978-80.

Ballinger JR, Gulenchyn KY, Reid RH. Radiopharmaceutical fac-
tors in the variable quality of [99mTc] HM-PAO images of the
brain. J Nucl Med. 1990;31(1):118-22.

Biassoni L. Pitfalls and limitations of radionuclide renal imaging in
pediatrics. Semin Nucl Med. 2015;45(5):411-27. doi:10.1053/j.
semnuclmed.2015.04.001.

French BN, Swanson M. Radionuclide-imaging shuntography for
the evaluation of shunt patency. Surg Neurol. 1981;16(3):173-82.
doi:10.1016/0090-3019%2881%2990003-3.

Vano-Galvan S, Rodriguez-Rey C, Vano-Galvan E, Jaen P.
Technetium and blood extravasation before gammagraphy: a case
report. Cases J. 2009;2(1):141. doi:10.1186/1757-1626-2-141.
Shih WJ, Han JK, Coupal J, Wierzbinski B, Magoun S, Gross K.
Axillary lymph node uptake of Tc-99m MIBI resulting from extrav-
asation should not be misinterpretated as metastasis. Ann Nucl
Med. 1999;13(4):269-71.

Taillefer R, Robidoux A, Lambert R, Turpin S, Laperriere J.
Technetium-99m-sestamibi prone scintimammography to detect
primary breast cancer and axillary lymph node involvement. J
Nucl Med. 1995;36(10):1758-65.

Breen SL, Driedger AA. Radiation injury from interstitial injection
of iodine-131-iodocholesterol. J Nucl Med. 1991:32(5):892.
Anon. European system for reporting of adverse reactions and drug
defects: Third report 1984-1985. European Nuclear Medicine
Society News Letter. 1988(9):487-90.

Piers DA, Beekhuis H. Local radiation dose from extravasal T1-201.
J Nucl Med. 1987;28:684.

Zwart FD. Radiation injury after interstitial injection of
iodocholesterol. J Nucl Med. 1992;33(9):1722.

Bonta DV, Halkar RK, Alazraki N. Extravasation of a therapeutic
dose of 131I-metaiodobenzylguanidine: prevention, dosimetry, and
mitigation. J Nucl Med. 2011;52(9):1418-22. doi:10.2967/jnumed.
110.083725.

Erken EHW. Radiocolloids in the management of hemophilic ar-
thropathy in children and adolescents. Clin Orthop Relat Res.
1991;264:129-35.


http://dx.doi.org/10.1007/s00259-008-0715-3
http://dx.doi.org/10.1007/s00259-007-0407-4
http://dx.doi.org/10.1097/00003072-199804000-00026
http://dx.doi.org/10.1097/00003072-199804000-00026
http://dx.doi.org/10.1097/01.rlu.0000082677.96653.22
http://dx.doi.org/10.1097/01.rlu.0000082677.96653.22
http://dx.doi.org/10.4103/0972-3919.106703
http://dx.doi.org/10.4103/0972-3919.106703
http://dx.doi.org/10.1093/rpd/ncw221
http://dx.doi.org/10.1093/rpd/ncw221
http://dx.doi.org/10.3389/fonc.2011.00041
http://dx.doi.org/10.1118/1.4870979
http://dx.doi.org/10.1016/j.remn.2010.01.002
http://dx.doi.org/10.1016/j.remn.2010.01.002
http://dx.doi.org/10.1007/s00259-014-2795-6
http://dx.doi.org/10.1007/s00259-014-2795-6
http://dx.doi.org/10.1148/radiographics.13.4.8356264
http://dx.doi.org/10.1097/01.rlu.0000074985.09694.24
http://dx.doi.org/10.1016/j.pharma.2013.05.001
http://dx.doi.org/10.1016/j.pharma.2013.05.001
http://dx.doi.org/10.1053/j.semnuclmed.2015.04.001
http://dx.doi.org/10.1053/j.semnuclmed.2015.04.001
http://dx.doi.org/10.1016/0090-3019%2881%2990003-3
http://dx.doi.org/10.1186/1757-1626-2-141
http://dx.doi.org/10.2967/jnumed.110.083725
http://dx.doi.org/10.2967/jnumed.110.083725

Eur J Nucl Med Mol Imaging (2017) 44:1234-1243

1243

48.

49.

50.

SL

52.

53.

54.

55.

56.

Minsky BD, Siddon RL, Recht A, Nagel JS. Dosimetry of aqueous
32P after soft-tissue infiltration following attempted intravenous
administration. Health Phys. 1987;52(1):87-9.

Patton HS, Millar RG. Accidental skin ulcerations from radioiso-
topes; recognition, prevention and treatment. ] Am Med Assoc.
1950;143(6):554-5.

Siebeneck BM. Extravasation of yttrium-90 ibritumomab tiuxetan:
a case study. Clin J Oncol Nurs. 2008;12(2):275-8. doi:10.1188/08.
cjon.275-278.

Terwinghe C, Vanbilloen B, Van Binnebeek S, Baete K, Bergans N,
Koole M, et al. Extravasation of 90Y-DOTATOC : case report and
discussion of potential effects, remedies and precautions in PRRT.
Eur J Nucl Med Mol Imaging. 2012;39:S205. doi:10.1007/s00259-
012-2221-x.

Williams G, Palmer MR, Parker JA, Joyce R. Extravazation of
therapeutic yttrium-90-ibritumomab tiuxetan (zevalin): a case re-
port. Cancer Biother Radiopharm. 2006;21(2):101-5. doi:10.
1089/cbr.2006.21.101.

Kawabe J, Higashiyama S, Kotani K, Yoshida A, Tsushima H,
Yamanaga T, et al. Subcutaneous extravasation of Sr-89: usefulness
of bremsstrahlung imaging in confirming Sr-89 extravasation and
in the decision making for the choice of treatment strategies for
local radiation injuries caused by Sr-89 extravasation. Asia Ocean
J Nucl Med Biol. 2013;1(2):56-9.

Hagenbeek A, Lewington V. Report of a European consensus work-
shop to develop recommendations for the optimal use of (90) Y-
ibritumomab tiuxetan (Zevalin) in lymphoma. Ann Oncol.
2005;16(5):786-92. doi:10.1093/annonc/mdi148.

Keeling DH, Maltby P. Maladministrations and misadministrations.
Nucl Med Commun. 1994;15(2):63-5.

Castronovo Jr FP, McKusick KA, Strauss HW. Dosimetric conse-
quences of radiopharmaceutical infiltrations. Investig Radiol.
1994;29(1):59-64.

57.

8.

59.

60.

61.

62.

63.

64.

65.

66.

Hoop B. The infiltrated radiopharmaceutical injection: risk consid-
erations. J Nucl Med. 1991;32(5):890-1.

Vallabhajosula S, Killeen RP, Osborne JR. Altered biodistribution
of radiopharmaceuticals: role of radiochemical/pharmaceutical pu-
rity, physiological, and pharmacologic factors. Semin Nucl Med.
2010;40(4):220-41. doi:10.1053/j.semnuclmed.2010.02.004.
Denardo GL. Editorial: “right place, wrong place”: extravasation of
therapeutic drug for molecular targeted radiotherapy. Cancer
Biother Radiopharm. 2006;21(2):85-7. doi:10.1089/cbr.2006.21.
85.

Shapiro B, Pillay M, Cox PH. Dosimetric consequences of intersti-
tial extravasation following i.v. administration of a radiopharmaceu-
tical. Eur J Nucl Med. 1987;12(10):522-3.

Williams ES. Adverse reactions to radio-pharmaceuticals: a prelim-
inary survey in the United Kingdom. Br J Radiol. 1974;47(553):
54-9. doi:10.1259/0007-1285-47-553-54.

Rhymer SM, Parker JA, Palmer MR. Detection of 90Y extravasa-
tion by bremsstrahlung imaging for patients undergoing 90Y-
ibritumomab tiuxetan therapy. J Nucl Med Technol. 2010;38(4):
195-8. doi:10.2967/jnmt.110.077354.

Wright CL, Monk 3rd JP, Murrey Jr DA, Hall NC. Real-time scin-
tigraphic assessment of intravenous radium-223 administration for
quality control. Biomed Res Int. 2015;2015:324708. doi:10.1155/
2015/324708.

Rodriguez-Merchan EC, Goddard NJ. The technique of
synoviorthesis. Haemophilia. 2001;7 Suppl 2:11-5.

Amjad I, Murphy T, Nylander-Housholder L, Ranft A. A new ap-
proach to management of intravenous infiltration in pediatric pa-
tients: pathophysiology, classification, and treatment. J Infus Nurs.
2011;34(4):242-9. doi:10.1097/NAN.0b013e31821dalb3.
Reynolds PM, MacLaren R, Mueller SW, Fish DN, Kiser TH.
Management of extravasation injuries: a focused evaluation of
noncytotoxic medications. Pharmacotherapy. 2014;34(6):617-32.
doi:10.1002/phar.1396.

@ Springer


http://dx.doi.org/10.1188/08.cjon.275-278
http://dx.doi.org/10.1188/08.cjon.275-278
http://dx.doi.org/10.1007/s00259-012-2221-x
http://dx.doi.org/10.1007/s00259-012-2221-x
http://dx.doi.org/10.1089/cbr.2006.21.101
http://dx.doi.org/10.1089/cbr.2006.21.101
http://dx.doi.org/10.1093/annonc/mdi148
http://dx.doi.org/10.1053/j.semnuclmed.2010.02.004
http://dx.doi.org/10.1089/cbr.2006.21.85
http://dx.doi.org/10.1089/cbr.2006.21.85
http://dx.doi.org/10.1259/0007-1285-47-553-54
http://dx.doi.org/10.2967/jnmt.110.077354
http://dx.doi.org/10.1155/2015/324708
http://dx.doi.org/10.1155/2015/324708
http://dx.doi.org/10.1097/NAN.0b013e31821da1b3
http://dx.doi.org/10.1002/phar.1396

	Consequences of radiopharmaceutical extravasation and therapeutic interventions: a systematic review
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Data extraction
	Data analysis

	Results
	Discussion
	Therapeutic options
	Limitations
	Future perspectives
	Local protocol

	Conclusions
	References


