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November 20, 2020 
 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 
ATTN: Rulemakings and Adjudications Staff 
Subject: Docket ID NRC-2020-0141 - Reporting Nuclear Medicine Injection Extravasations as Medical Events 
 
I am a recently retired Radiation Oncologist with over 40 years of experience (35 years in private practice and 
five years as part of the UNC Healthcare team). I received my medical degree from Wake Forest University 
Medical School. I also hold a PhD in Cell Physiology from St. Johns University. I have spent nearly all of my 
career working with radiation and patients. In addition to my medical career, I have founded two radiation-
focused companies in the past 20 years and served part-time as Chief Medical Officer. I also hold several 
patents in the field of radiation. While I am no longer an employee of Lucerno Dynamics, I remain interested in 
their efforts to improve patient safety.  
 
On October 16, 2020, the U.S. Nuclear Regulatory Commission (NRC) posted public comment 133 from Dr. Eric 
Goldin and the Health Physics Society (HPS). The HPS has a strong reputation as a professional organization 
whose mission is excellence in the science and practice of radiation safety. Members are involved in 
understanding, evaluating, and controlling potential risks from radiation relative to the benefits.  
 
However, the HPS high standard of excellence is not reflected in its official position statement. The formal HPS 
public comment regarding petition PRM-35-22 is highly inconsistent with well-established medical and 
scientific fact. It is also inconsistent with the Society’s prior position statements and strategies for promoting 
the science and sound practice of radiation safety. The HPS public comment fails to acknowledge that 
diagnostic extravasations can result in high doses to patient tissue. Additionally, the included analysis of the 
public comment shows that many of the HPS statements are misleading, inaccurate, not scientifically sound, 
and not supportive of the professional practice of radiation safety. The public comment is also inconsistent 
with ICRP recommendations and dose limits promulgated in Title 10, Part 20 of the Code of Federal 
Regulations.  
 
In addition to being inconsistent with the HPS mission, the HPS position statement is incongruent with the 
findings from the May 16-18, 2018 IAEA Technical Meeting on “Preventing Unintended and Accidental 
Exposures in Nuclear Medicine”. This international meeting reviewed the causes of, and the contributing 
factors to, unintended and accidental exposure (including extravasations) during the different steps of the 
nuclear medicine process, and defined actions for preventing such incidents. Guidance from the meeting 
summary document is included in the table. 
 
I am requesting that the NRC review the included analysis when considering the HPS public comment.  
 
Sincerely, 
 
 
 
Charles Scarantino, M.D., Ph.D.     
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Omission from HPS Public Comment 
The HPS position statement omits an acknowledgement that diagnostic extravasations can lead to high tissue doses. Diagnostic radiopharmaceuticals 
include much more than gamma energy—non-penetrating emissions, cascade emissions, etc., that can lead to very high tissue doses depending upon 
the extravasation characteristics. 
 
In the IAEA meeting summary, Martin et al. noted “Extravasation of radiopharmaceutical in tissues adjacent to the injection site, may result in a 
significant unintended radiation dose to localized tissues. Extravasation involves diffusion and retention of a non-negligible amount of 
radiopharmaceutical in tissues localised around the injection site, giving them an unintended radiation dose the magnitude of which will depend on the 
type and energy of radiation emitted.” [1] 
 
In a peer-reviewed manuscript currently in press with the Health Physics Journal, the authors describe 18F FDG and 99mTc MDP extravasations that result 
in high doses to localized tissue (Health Physics, in press 2020). 
 
 
Analysis of HPS Public Comment 

 HPS Statement Analysis 
1 “infiltration of a portion of the radiopharmaceutical is 

often unavoidable” 
In addition to anecdotal evidence from the transcripts of the ACMUI 2008 and 2009 
meetings on extravasations [2, 3], empirical, peer-reviewed evidence from US and 
Australian centers [4-13] shows that radiopharmaceutical extravasations are avoidable. 

2 “in the case of sentinel node imaging, is even 
intentional” 

It is inappropriate for HPS to compare an intentional sentinel node procedure to an 
unintentional significant extravasation of a radiopharmaceutical. Unintentional 
extravasations compromise the intent of the procedure (imaging or therapy delivery) 
and can irradiate patient tissue with a dose thousands of times greater than the dose 
the tissue should have received. 
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3 “there is no evidence that infiltration of 
radiopharmaceuticals carries any health 
consequences for the patient or the general public”  

This statement is factually incorrect because there is abundant evidence that an 
extravasation of a radiopharmaceutical can have serious health consequences to 
patients [6, 9, 14-18] as well as to their care [1, 17, 19-37]. In addition to the cited 
consequences, unintentional irradiation caused by extravasation is inconsistent with the 
ALARA principle. There is no evidence that extravasations benefit patients.  
 
In addition to the references above, HPS cited another reference in its statement in 
which the authors describe serious patient harm due an extravasation: “We previously 
reported on a case of radiation injury that occurred in our clinic. It was estimated that 
extravasation of between 68 and 136 MBq of 90Y occurred in the antecubital fossa, 
resulting in an estimated absorbed dose of 20–40 Gy. An area of erythema was noted as 
soon as the following day and subsequently progressed to an 8 × 11 cm elliptic region of 
grade 3 dermatitis (wet desquamation).” [38] 
 
In the IAEA meeting summary, Martin et al. noted “The reports demonstrated that 
there are real risks of tissue reactions in patients from extravasation during therapeutic 
NM involving β-emitters and possible skin carcinoma where α-emitters are 
administered. In such cases in vivo imaging or radiation monitoring, depending on the 
type of radiation emissions, can play an important role after the administration, to 
confirm bio-distribution and/or exclude extravasation. Skin cancers on the hands and 
forearms, where intravenous catheters are usually sited, are common. If physicians are 
not aware that extravasation of an injection has occurred they may not connect a lesion 
to such an event. Where extravasation of an injection of an α-emitter does take place, it 
may be appropriate for the patient to be monitored by a dermatologist for the possible 
development of skin cancer.” [1] 
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4 “The [ACMUI] report acknowledges that 
extravasation frequently occur in normal intravenous 
procedures and are almost impossible to prevent. 
Such events are inconsistent with the stated purpose 
of a Medical Event.” 

As shown in the references to item 1 above, extravasation events can be reduced. 
When a licensee routinely, unintentionally irradiates a patient's tissue with a dose 
equivalent greater than 0.5 Sv (500X or more than the level the tissue receives during 
an ideal administration), that is evidence there is a medical procedure breakdown. 
Furthermore, lessons can be learned from these breakdowns and shared with other 
licensees [4]. 
 
An inadvertent extravasation is not a normal intravenous medical infusion; rather, it is 
an unfortunate and regrettable misadministration of radiopharmaceutical that 
infiltrates normal arm tissue, imparts an unacceptable dose that may often exceed 
defined medical event reporting limits, thwarts the intended purpose of the medical 
procedure, and can result in harmful biological effects to the patient. These unintended 
consequences are actually quite consistent with the NRC’s stated purpose of medical 
event reporting. 

5 “If NRC considers extravasation a Medical Event, such 
a classification could force the estimation of the 
localized dose.” 

The consequences of a serious extravasation event should be monitored and 
characterized as a good health physics practice. Many medical guidelines [39] already 
instruct clinicians to assess the amount of activity left at the injection site to estimate 
the impact to the procedure if an extravasation is suspected. The localized dose to 
patient arm and skin tissue should be estimated. Dose estimation is required for all 
other medical events, and serious extravasations should not be treated differently. 

6 “Accurate measurement may require serial CT 
imaging of the site, which may result in additional 
patient dose simply for the purpose of complying 
with a regulation. This additional imaging would add 
substantially to the costs of doing any procedure, 
including facility, technologist, and physician time. 
Additional documentation of the survey and 
measurement of infiltration would need to be 
included in the medical record, adding further to 
additional burden and raising the issue of needlessly 
alarming patients.” 

This HPS position statement incorrectly infers that serial CT imaging provides a 
satisfactory response for characterizing an extravasation event. CT imaging cannot 
characterize the radioactivity of a radiopharmaceutical infiltration. 
 
Patient medical records always note patient conditions and health status, and it is 
normal (not extraordinary, burdensome, and costly) to annotate the patient medical 
record.  Indeed, it could be a violation of some state and federal laws to not annotate a 
patient medical record of a serious adverse event.   
 
The HPS position statement ignores and directly contradicts ICRP Publication 140, 
5.3.7.; 2019 recommendations for correctly preventing and managing medical errors 
associated with extravasation events. These ICRP recommendations include the 
necessity of identifying, monitoring, and characterizing extravasation events for the 
patient medical record. 
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7 “We note that the skin has a relatively low stochastic 
radiation risk, with a weighting factor of only 0.01 in 
the ICRP 103 methodology. It is our opinion that 
attributable stochastic risk from an infiltration is 
relatively unimportant in the context of the patient’s 
radiation exposure from other diagnostic or 
therapeutic exposures.” 

This statement is misleading because the primary patient risk of an adverse tissue 
reaction is deterministic, not stochastic.  
 

8 “The focus for intervention and patient safety should 
be on the potential tissue reaction aspects of these 
incidents. In this context, more appropriate triggers 
for whether a Medical Event occurred than the use of 
the 0.5 Sv (50 rem) Medical Event limit should apply.” 

HPS argues against the 10CFR20 NRC dose limits for arm and skin tissue without citing a 
preferable alternative. Furthermore, medical events do not necessarily imply patient 
harm. 

9 “Patients routinely undergo procedures that entail 
potentially much higher than 0.5 Sv (50 rem) doses to 
skin in fluoroscopy procedures, which may or may 
not be optimized or tracked, and for which the 
consensus is that the dose to this tissue is not risk 
significant with respect to stochastic effects when 
considered in the context that includes the patient’s 
dose from the rest of their care. When skin effects 
are seen (> 2 Gy) with escalating potential injury at 
higher doses), they are medically managed. This 
practice is consistent with the ICRP principles of 
justification and optimization.” 

The HPS has made a serious error of judgement with this statement by grossly 
misunderstanding and misstating the ICRP principles of justification and optimization. 
The ICRP does not justify inadvertent or accidental radiation doses to extremities and 
skin on the basis that fluoroscopy procedures and external beams can impart doses 
higher than the well-established dose limits for necessary and intentional medical 
procedures. To the contrary, the ICRP does not justify medical practices and resulting 
doses that involve misadministration of radiopharmaceuticals. Furthermore, the ICRP 
does not justify accidental or inadvertent radiation doses to skin greater than 2 Gy on 
the basis that serious injury to patient skin can be “medically managed.” This dangerous 
and irresponsible interpretation of ICRP principles of justification and optimization is an 
affront and embarrassment to the professional radiation protection community. 

10 “We also acknowledge the specific concerns 
associated with the infusion of therapeutic agents 
and that extravasation of a therapeutic dosage of a 
radiopharmaceutical can result in potentially 
injurious radiation exposure to localized tissue.” 

Yes, agreed. However, this HPS statement contradicts a previous statement in item 3 
above (“there is no evidence that infiltration of radiopharmaceuticals carries any health 
consequences for the patient or the general public”). Furthermore, injurious radiation 
exposures have also occurred from diagnostic doses. There is new evidence that doses 
that exceed defined thresholds for patient harm can routinely occur with significant 
extravasations of diagnostic radiopharmaceuticals. Many diagnostic 
radiopharmaceuticals include high-energy beta or positron emissions that are deposited 
locally in the tissue.  

11 Therapeutic extravasations “should be reported to 
the Radiation Safety Officer, Radiation Safety 
Committee and to the appropriate patient safety 
organization.” 

This approach undermines the original reason that misadministration and medical event 
reporting was implemented by the NRC and prevents regulatory bodies and the public 
from knowing if licensees routinely unintentionally irradiate their patients. 
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12 “Extravasation is estimated to occur in 0.6% to 6% of 
radiopharmaceutical administrations.” 

HPS cites two references for this statement, neither of which is relevant. The first 
reference is an article regarding the consequences of radiopharmaceutical 
extravasations. While this reference states that radiopharmaceutical extravasations are 
frequent, it does not indicate a rate. The second reference cited by HPS is not a 
radiopharmaceutical reference, but rather a chemotherapy extravasation rate 
reference. This reference states that the chemotherapy extravasation rate is between 
0.6% and 6%. A thorough literature review of retrospective nuclear medicine imaging 
studies shows the radiopharmaceutical extravasation rate is 15.5%. This rate is derived 
from 9 centers and 450 patients for bone scanning [40] and 6 different studies from 3 
centers covering 2,804 PET/CT patients between 2003 and 2017 [4, 7, 22, 28, 40-43]. 
The high frequency of radiopharmaceutical extravasations is supported in two 
transcripts from the ACMUI meetings held on the extravasation topic in 2008 and 2009 
[2, 3]. Members of the ACMUI reported that extravasations were a frequent 
occurrence. A 2017-2019 prospective study in 7 centers and 2,531 patients supported 
the previously published rates. Extravasation rates for individual centers ranged from 2-
16% and rates for individual technologists ranged from 0-23% [4]. A recent report on 
radiopharmaceutical extravasations by the FDA also confirms that extravasations are a 
common occurrence [44]. Finally, in a recent public statement, the SNMMI, ACNM, and 
ASNC agreed that extravasations are frequent occurrence. 

13 “no reports of side effects related to extravasation 
of diagnostic agents (with regard to localized 
radiation dose)” 

Side effects were seen reported from diagnostic extravasations. Van der Pol et al. 
report on the consequence of extravasations [17]. The authors state that of the 3,016 
diagnostic radiopharmaceutical extravasations that have been reported in the 
literature, only 3 had dosimetry performed and followed the patients. All three suffered 
adverse tissue reactions. These reactions took 20 days, 2 years, and 3 years to manifest. 
None of the remaining 3,013 diagnostic extravasations had dosimetry performed or 
included patient follow-up. The authors also state the following: 
• Lack of clinical follow-up after diagnostic nuclear medicine scans, but also a 

conservative attitude towards reporting and publishing of complications may have 
possible lead [sic] to under-reporting of skin lesions. 

• Clearance evaluation and dosimetry are often advised to be part of extravasation 
management. 

• Sequential activity measurements with probes or gamma-camera can give useful 
insight in biological half-life, as well as effectiveness of applied interventions. 

Had any of the 3,013 had dosimetry performed and been followed, it is reasonable to 
expect other injuries would have been found. 
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14 “Nuclear medicine clinics currently monitor for 
radiopharmaceutical extravasation.” 

This statement is incorrect because there are no data supporting the notion that all or 
many nuclear medicine clinics currently monitor for extravasations.   

15 “To reduce the risk of extravasation many clinics 
administer radiopharmaceuticals through an IV-
catheter that has been test flushed to ensure patency 
while visually inspecting if swelling occurs and asking 
the patient if they experience discomfort during 
injection.” 

Van der Pol et al. noted that there have been reports of clinics that use IV catheters and 
check for patency [17]. These reports do not in any way suggest that all centers use IV 
catheters (they don't) nor do they suggest that checking for patency ensures ideal 
administration (it does not). In addition, most radiopharmaceutical administrations 
involve very small volumes (less than 3 mL) and saline flushes (10-20 mL). Visible 
swelling associated with large volume (500 mL) extravasations, as in contrast CT for 
example, is not possible in most diagnostic radiopharmaceutical extravasations. 
Additionally, patient discomfort, a common report in contrast CT and chemotherapy 
extravasations, is not generally associated with radiopharmaceutical extravasations due 
to their non-vesicant nature. 

16 “even with such precautions an extravasation may 
not be identified until the patient is imaged.” 

This statement is only partially correct. Extravasations can be identified in images, if the 
injection site is in the imaging field of view and the extravasated radiopharmaceutical 
has not reabsorbed prior to imaging. Literature reviews suggest that about 50% of 
PET/CT injection sites are not in the imaging field of view. Many other nuclear medicine 
images also do not include injection sites in the field of view. 

17 “Extravasations in nuclear medicine administrations 
are low in comparison to chemotherapy 
administrations, where the extravasation rate may be 
as high as 35 to 50%.” 

HPS incorrectly cites an article [45]. This article references an extravasation rate of 35-
50% from another article [46] written by Helm et. al. The 35-50% rate describes overall 
catheter failure rate, not chemotherapy extravasations. The paper by Helm et. al, is 
appropriately titled Accepted but Unacceptable. 
 
Chemotherapy extravasations have been extensively studied and reported on during 
the past three decades. The latest national benchmarking study involved multiple 
centers and over 750,000 patients over several years [47]. The average extravasation 
rate was 0.1%. 
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18 “As stated by NRC’s Advisory Committee on the 
Medical Use of Isotopes (ACMUI), ‘The prevention of 
extravasation is a medical training issue for the 
authorized user (AU) physician and the technologist 
under the supervision of the AU, which is considered 
medical practice and not something that needs NRC 
regulation.’” 

The NRC does not regulate the proper practice of medicine. It does regulate, however, 
the abuse or misuse of nuclear byproduct materials. 
 
The NRC has consistently stated that its federally authorized role is to ensure the 
correct administration of radiopharmaceuticals to protect patients from 
misadministration of byproduct materials that could result in unintentional irradiation 
of patients and potential for physical harm [48]. It should be noted that the ACMUI 
patient advocate dissented, in writing, from the ACMUI position. 
 
The correct position of the HPS should favor the safe and appropriate use of 
radiopharmaceutical in the practice of medicine for protection of patients, not the 
excuses given in its position statement that misadministrations of radiopharmaceuticals 
are impossible to avoid, that extravasations are usual and customary and only a medical 
practice consideration, that doses to arm tissue and skin in excess of 10CFR20 can be 
ignored, that radiation doses to skin and infiltrated arm tissue in excess of established 
dose limits do not constitute a risk to the patient, and that such events do not need to 
be monitored, characterized, and annotated in the patient medical record. 

19 “Regulatory action requiring monitoring and review 
of extravasations is fundamentally different from the 
majority of NRC specified medical events that can be 
attributed to failures to properly identify the patient, 
to execute the treatment plan, or failure to implant 
sources in the correct location – all of which are 
readily preventable.” 

This HPS position statement is weak, unsupported, and illogical. Regulatory action 
requiring monitoring and review of extravasations is not fundamentally different from 
the majority of NRC specified medical events since extravasations are almost 
completely avoidable, as discussed in item 1. 
Further evidence that extravasations are preventable has recently been provided by the 
nuclear medicine community. The Society of Nuclear Medicine and Molecular Imaging, 
the American Society of Nuclear Cardiology, and the American College of Nuclear 
Medicine publicly stated that the Society of Nuclear Medicine and Molecular Imaging-
Technologist Section (SNMMI-TS) has launched an Essential Quality Initiative to reduce 
the frequency of extravasations. If extravasations are not readily preventable, why is 
the SNMMI-TS launching such an initiative? 
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20 “Monitoring the rate of extravasations is a medical 
issue that is overseen by the institution’s quality 
management program. Additional regulatory action 
would only add regulatory burden without an 
improvement for patient radiological health and 
safety.” 

This HPS position statement provides no supporting data, and it is not likely that it 
characterizes all, most, or many of the approximately 7,500 nuclear medicine clinics in 
the U.S. If monitoring the rate of extravasations is overseen by institutional quality 
management programs, extravasation rates would not be so high. Regulatory oversight 
is required to improve patient radiological health and safety. The HPS position that 
radiation safety represents a “regulatory burden without an improvement for patient 
radiological health and safety” completely and irresponsibly ignores the basic principles 
of radiation protection. Given the large body of scientific data in the published 
literature on the adverse consequences of serious extravasation events that are 
preventable, the HPS position statement is wholly irresponsible and inconsistent with 
the standards of excellence expected of this Society and its leadership. 

21 “Designating extravasations as a Medical Event would 
call for a dose estimation, which is far from a trivial 
process. Use of simplified techniques do not 
effectively account for removal of the pharmaceutical 
from the injection site and the time varying geometry 
of the source, though they can be modified to do so 
with additional data collection. Simplified techniques 
can lead to large over-estimates of dose and 
potentially the number of Medical Events. More 
accurate evaluations require specific imaging of the 
patient, including the possible use of SPECT/CT 
(wherein the CT will contribute additional exposure 
with arguably minimal to no benefit), or Planar 
imaging to assess basic clearance from the infiltration 
site. These assessments require multiple time points, 
use staff and camera time, and inconvenience the 
patient who may be unwilling to comply with the 
additional time commitments and imaging. In 
hospitalized patients, the additional transportation of 
patients to and from the imaging suite will require 
additional hospital resources and may include 
additional medical risk.” 

In this HPS position statement, the Society argues that dose assessment is difficult, and 
therefore will require effort to perform. This statement should be embarrassing for HPS, 
and it also contradicts ICRP guidance for managing extravasation events. 
 
A new scientific report recently accepted for publication dosimetry method uses new 
technology to more accurately provide dose estimations in just a few minutes (Health 
Physics, in press 2020). Overly simplistic methods and worst-case assumptions [49] are 
not ideal and would not accurately estimate true dose. The new method captures 
patient-specific biological clearance which enables its improved accuracy of dose 
estimations without all of the negative aspects and resources described in the HPS 
position. 
 
As previously stated in item 6, the CT function does not provide necessary information 
for dose estimation and should not be used. 
 
In the IAEA meeting summary, Martin et al. noted “Treatment should be provided for 
the tissue affected and the dose to localised tissues should be assessed by a qualified 
medical physicist.” [26] 
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22 “While we do not believe it is appropriate to classify 
extravasations as medical events, some oversight and 
trending is appropriate to ensure patient safety. For 
an extravasated radiopharmaceutical, the Authorized 
User should promptly take the appropriate medical 
intervention and report the incident to the Radiation 
Safety Officer and, where applicable the Radiation 
Safety Committee, as well as to the appropriate 
patient safety organization.” 

This is a highly contradictory statement. In item 21, HPS maintains that dose estimation 
is too cumbersome to perform for extravasations. Dose estimation is required for 
centers to track, report and take appropriate medical action in regard to extravasations. 

23 “In reviewing how to approach radiopharmaceutical 
extravasations, the NRC should consider how 
medicine monitors extravasations of chemotherapy 
agents. The response to these events focuses on 
identification and mitigation of physical injury 
through a variety of methods.” 

Agreed. The same processes used for chemotherapy extravasations (monitoring, 
mitigation, identification of root causes, reducing rate of occurrence, reporting to 
patient and referring physician, and noted in the medical record) should be used for 
radiopharmaceutical extravasations. Minor extravasations should be considered “near 
misses” and significant extravasations that exceed 0.5 Sv should be reported to the NRC 
since they have regulatory responsibility for the medical use of isotopes. 
 
In the IAEA meeting summary, Martin et al. noted “Once an event has been identified, 
staff should endeavour to reduce the patient’s exposure by enhancing clearance and 
dispersing the extravasated radiopharmaceutical as soon as possible.” [26] 

24 “ACMUI wrote that diagnostic administrations should 
not be considered Medical Events as “None of the 
total doses in these extravasations meet the NRC’s 
medical event criteria of a discrepancy of a total 
dosage of ±20% delivered dose criteria.” 

The quoted ACMUI statement is incorrect. The Subpart M Reporting Requirements do 
not require a dose discrepancy for reporting extravasations; these events simply need 
to exceed 0.5 Sv to tissue and be administered through the wrong route of 
administration. 

25 “Should NRC decide to classify extravasation as a 
Medical Event, we urge the NRC to focus on therapy 
administrations where there is a potential for patient 
harm in the form of tissue reactions.” 

The medical event reporting limit is defined in units of radiation dose. A dose to the 
tissue that exceeds the reporting limit will result in the same injury whether its source 
was a diagnostic or a therapeutic extravasation. Diagnostic or therapeutic intent plays 
no role in the determination of absorbed dose.  

26 “In its assessment, NRC should also consider that 
infiltration and extravasation are events that are 
expected to occur at some frequency in medical 
practice regardless of interventions and quality 
initiatives.” 

In this HPS position statement, the Society advises the NRC to “expect 
radiopharmaceutical misadministration events and patient harm regardless of 
interventions and quality initiatives.” It is an unfortunate and misguided statement, 
basically stating that nothing of value can be done to prevent accidents and patient 
harm! Based on the ALARA principle and evidence that much lower rates of 
radiopharmaceutical extravasation are reasonably achievable, incident rate reductions 
should be pursued. 
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