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February 7, 2022 
 
 
Christopher Hanson 
Chairman 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555-0001 
 
 
Subject: Petition for Rulemaking (PRM)-35-22  
 
 
Dear Chairman Hanson, 
 
 
On 1/6/2022, an OAS letter dated 12/21/2021 was made publicly available. As a result, we are 
aware of the Nuclear Regulatory Commission’s (NRC) Draft Commission Paper: “Petition for 
Rulemaking and Rulemaking Plan on Reporting Nuclear Medicine Injection Extravasations as 
Medical Events” (RCPD-21-012). Based on a review of the OAS letter, we have inferred the Draft 
Commission Paper reflects three options and the medical staff’s recommendation on the reporting 
of extravasations (the “Proposed Recommendation”). 
 
Consistent with the majority of the findings and options described in the “NRC Staff Preliminary 
Evaluation of Radiopharmaceutical Extravasations and Medical Event Reporting” dated 4/1/2021, 
the Proposed Recommendation violates NRC’s core radiation safety concepts, policies, and 
positions as initiated in 1980 and further promulgated in 2002. The Proposed Recommendation 
also rely on scientific inaccuracies and reveal general misunderstandings about current medical 
event reporting regulations.  
 
The Proposed Recommendation to report clinically detected adverse effects identified by patients 
and reviewed by authorized users will, in effect, continue the extravasation reporting exemption. 
This recommendation will fail to improve radiation safety practices among some licensees who 
currently lack the knowledge and skills to adequately protect patients.  
 
Proposed Recommendation is inconsistent with existing NRC core radiation safety 
concepts, policies, and positions to ensure adequate protection of patients. 
 
The Proposed Recommendation is inconsistent with the intent of misadministration and medical 
event reporting. The original misadministration reporting regulation intended to capture 
inadvertent patient exposures caused by human error and inadequate tools, training, and quality 
procedures and then to share learnings across licensees to reduce the frequency of these 
misadministrations.  
 
The medical staff has received an abundance of evidence that reinforces that extravasations are 
exactly the type of misadministration the original regulation intended to address. The evidence 
confirms that extravasations are caused by human error and inadequate tools, training, and 
quality procedures. The evidence further confirms that extravasation rates can be reduced and 
sustained.  The evidence includes:  
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• IAEA positions,  
• the Association for Vascular Access public comment,  
• the largest quality improvement project ever conducted for radiopharmaceutical 

administrations,  
• individual licensee improvement efforts, and 
• multiple large studies of similar injection processes that have shown a dramatic reduction 

of extravasations.  
 
As described in the May 14, 1980 Federal Register (page 31703) supplemental information, the 
only reason that extravasations were not originally reportable in 1980 was because the NRC was 
led to believe that:  
 

“Extravasation frequently occurs in otherwise normal intravenous or intraarterial injections. 
It is virtually impossible to avoid. Therefore, the Commission does not consider 
extravasation to be a misadministration.”  

 
Extravasations are medical events. They are not currently reported as such because they were 
specifically exempted from misadministration reporting as described in the supplemental 
information in the May 14, 1980 Federal Register. This was confirmed during an exchange 
between Ms. Cindy Flannery of the NRC medical staff and ACMUI members in a May 8, 2009, 
meeting transcript (page 173).  
   
In 2022, it is clear that extravasations are NOT virtually impossible to avoid and therefore should 
be considered medical events if they exceed reporting criteria.  
 
The Proposed Recommendation is also inconsistent with the current 0.5 Sv medical event 
reporting criterion. In 2002, the NRC, with ACMUI agreement, implemented the more “risk-
informed” 0.5 Sv medical event reporting criterion. In the OAS letter, an OAS member declares 
that they agree with the NRC and do not support reporting at 50-rem dose threshold. This medical 
staff position ignores the existing dose threshold used for medical event reporting since 2002 and 
that is currently used to assess reportability of radioactive spills on patient skin. The Proposed 
Recommendation retains the 0.5 Sv criterion for reporting a spill on a patient, yet requires a 
different criterion for spilling radiation into the patient tissue. This more serious and harder to 
remedy situation would bizarrely require a higher threshold for reporting—patient harm requiring 
medical attention.  
 
The Proposed Recommendation also ignores the current NRC position that patient harm is not a 
medical event reporting criterion. The NRC is clear that the “risk-informed” criterion threshold may 
not indicate a patient will experience harm, but it does indicate that a licensee may have a 
potential issue handling medical isotopes. Routinely extravasating patients with doses greater 
than 0.5 Sv clearly indicates that a licensee may have a potential issue handling medical isotopes. 
 
The Proposed Recommendation also shifts the licensees’ obligation for quality control role to 
unqualified patients. Many patients do not understand they are being injected with radiation and 
are not told when they have been extravasated. Basing a safety framework on the ability of these 
patients to understand the latent effects of radiation to their tissue would not be effective. It is 
unreasonable to expect patients to associate a symptom with a radiopharmaceutical 
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administration that occurred months or years earlier, and then to return to the center that 
extravasated them and seek confirmation that their adverse effects are radiation related.   
 
 
The Proposed Recommendation is hard to understand based on the reasons just provided. 
However, it is even more difficult to understand why the medical staff offers a Proposed 
Recommendation that the NRC considered and abandoned nearly 42 years ago. In the May 14, 
1980 Federal Register (page 31703) supplemental information describing the process of 
implementing the misadministration regulation, the Commission stated (emphasis added): 
 

"The proposed rule had a threshold for reporting diagnostic misadministrations. The 
threshold was not clear. The proposed rule required reporting of all therapy 
misadministrations and those diagnostic misadministrations that could cause a 'clinically 
detectable' adverse effect on the patient." 
 
"Some commenters objected to the absence of a definition for a 'clinically detectable 
adverse effect' in the threshold for reporting diagnostic misadministrations. Others 
questioned who would make that determination. Others objected to the physician having 
too much leeway in making a determination. Still others complained that without 
guidelines, they would have difficulty in making the determination."  
 
"The Commission recognizes that the diagnosis of an 'adverse effect' may in one case be 
based on a single dramatic symptom, while in another case it may be based on a number 
of individually minor deviations from the normal for the patient. Because of this and 
because adverse effects may be delayed in time, the term 'clinically detectable 
adverse effect' is a moving target. Therefore, the Commission is abandoning this 
term and the threshold.”   

 
We have not seen the Proposed Recommendation, but in the preliminary findings issued by the 
staff in 2021, there was no acknowledgement of this previous NRC decision. The reasons for 
abandoning patient harm as a criterion for reporting today remain just as valid and compelling as 
they were 42 years ago. 
 
The inconsistency with existing policies does not end with recommending an idea already 
abandoned by the Commission. There are more. The medical staff suggest “take no action” as 
an option to consider when they have been aware that the NRC extravasation exemption policy 
has been incorrect since at least December 2008. During that meeting, the medical staff heard 
from ACMUI members that extravasations could be avoided, could result in very high absorbed 
doses, and that members did not want to report because it was an administrative burden. Despite 
these damning admissions by the ACMUI members, the medical staff accepted the ACMUI 
recommendation to keep the exemption in place. 
 
The Proposed Recommendation is also inconsistent with the “As Low As Reasonably Achievable 
Principle” espoused by the NRC. Licensees that monitor administrations with cameras, ion 
chambers, or nuclear uptake probes can know within seconds if a patient is experiencing an 
extravasation. This knowledge allows centers with a strong radiation safety competency to 
immediately implement mitigation techniques with a goal to ensure the absorbed dose to patient 
tissue is as low as reasonably achievable under the extravasation circumstances. Conversely, a 
regulatory reporting framework for extravasations that relies on patient harm requiring medical 
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attention encourages these extravasations to remain unidentified, go untreated, is not consistent 
with ALARA principles, and increases the potential to compromise patient health and safety.  
 
The regulatory reporting framework must also keep pace with new medical uses of isotopes. The 
advances in fast-growing radio therapies further raise the health and safety stakes for patients. 
Many of these therapies are not routinely imaged until 24 hours later, which dramatically increases 
the harm that patients will experience without monitoring during or immediately after 
radiopharmaceutical administration.  
 
Additionally, suggestions that exaggerate workload and cost to justify forgoing radiation protection 
also appears inconsistent with NRC policies outlined on August 17, 2021, in the denial of three 
petitions related to the Linear No Threshold model.  
 
Extravasations that exceed the 0.5 Sv threshold should be reported like any other medical event 
and those that exceed an absorbed dose of 10 Gy should be considered as Abnormal 
Occurrences. This is the only option that is consistent with NRC policies and positions.  
 
Proposed Recommendation relies on inaccurate comments from members/societies 
regulated by the NRC.   
 
In their public comments on the extravasation petition, societies have contradicted their prior 
statements. For example, the American College of Radiology (ACR) has publicly commented that 
radiopharmaceuticals both are and are not inherently dangerous. When the ACR was promoting 
the importance of safety to support authorized user training and experience standards, the ACR 
states that “[s]afe and effective use of radiopharmaceuticals requires a thorough knowledge and 
understanding of the modality and experience with the various facets and potential toxicities and 
dangers to patients, staff, and the public.” In contrast, when the ACR was opposing the reporting 
of extravasations, the society states there is no safety concern when they describe 
radiopharmaceuticals as “…typically small volume, without inherent properties harmful to tissues”.  
  
On October 14, 2020, the Health Physics Society (HPS) submitted a comment signed by the HPS 
President, Eric Goldin. The comment opposed the reporting of extravasations as medical events. 
Other societies and individual clinicians reiterated the HPS positions in additional comments 
submitted to the NRC. NRC public comment 485 clearly showed these positions were not based 
on sound science and in many cases were inaccurate or misrepresented the truth.  
 
The new HPS President, John Cardarelli, became aware that HPS public comment did not follow 
normal HPS review prior to submission. I believe Dr. Cardarelli is committed to promoting sound 
science and is concerned about the criticisms the HPS public comment has received. As a result, 
he asked the radiation safety journal Health Physics to provide an opportunity for a limited number 
of organizations to discuss the HPS public comment. The goal of this “forum” was to encourage 
a review of the comment for HPS members and other interested parties. This Forum on 
Extravasations in Nuclear Medicine (attached) provides practitioner and scientist perspectives on 
the lack of scientific soundness of the HPS public comment. Several advocacy organizations 
representing thousands of patients also commented. They objected to being excluded from 
decisions that affect their care and were disappointed with the HPS’ callous attitude toward patient 
safety. Despite the obvious deficiencies, many of the HPS positions can be found in the staff’s 
findings, options, and Proposed Recommendation. 
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A review of the OAS letter also reveals that the medical staff does not consider an extravasation 
as a medical event because injecting a radiopharmaceutical into the patient’s tissue does not 
meet the “wrong route of administration” reporting criterion. Delivering radiopharmaceuticals into 
the tissue rather than the vein, as intended, certainly qualifies as the wrong route of administration. 
For nearly every radiopharmaceutical imaging procedure, medical protocols require a bolus 
venous injection. An authorized user would not prescribe a radiopharmaceutical to be injected 
into the tissue. In addition to compromising the image quality and invalidating quantification, an 
interstitial injection can adversely affect healthy tissue; it can also negatively affect the lymphatic 
system and delay radiopharmaceutical clearance, which could also adversely affect unprotected 
organs. For all of these reasons, members of the ACMUI quickly rejected one of their own 
member’s suggestion that injecting the dose into the tissue should qualify for administering the 
radiopharmaceutical as intended since it was, in fact, injected into the patient [May 8, 2009 ACMUI 
meeting transcripts (page 174)]. Administering a radiopharmaceutical into the tissue is the wrong 
route of administration for any venous administration.  
 
We can also infer from the OAS letter that the medical staff continues to suggest that the 
dosimetry process required to assess if an extravasation exceeds the 0.5 Sv reporting threshold 
is too complex, costly, time consuming and just not feasible for licensees. The staff consistently 
repeats the misinformation they receive from the members of ACMUI and the medical societies, 
even though they have received published evidence and an accepted poster (attached) that 
accurate, patient-specific dosimetry can be easily performed in 3-4 minutes with no additional 
cost to licensees. Furthermore, the authors of this published method have repeatedly invited 
medical staff members to meet to discuss this method, but these invitations have not been 
accepted.  
 
The medical staff also mimics society comments when they suggest that requiring extravasation 
that exceed 0.5 Sv be reported as medical events will swamp licensees and regulators with work 
that has questionable benefit. While it is important to characterize the licensee workload needed 
to ensure an effective safety framework, the staff accepts without question comments from society 
members that have no experience prospectively monitoring radiopharmaceutical administrations. 
To our knowledge the staff has not approached centers that can confirm that monitoring 
administrations and performing dosimetry will add just a few minutes to a center’s average daily 
workload. Likewise, regulator burden could be eased with a reporting grace period or other 
options, but from the OAS letter it appears that the staff has not proposed these possible solutions. 
The staff recommendations also ignore published evidence that demonstrates monitoring will in 
fact drive improvements and reduce the frequency of significant extravasations and future 
workloads.  
 
Summary 
 
The Proposed Recommendation, as described in the OAS letter, appears to rely on inaccurate 
society and ACMUI comments and is inconsistent with established NRC policies. The medical 
societies and the ACMUI are heavily focused on minimizing the reporting of medical events rather 
than addressing the root causes that lead to unnecessary significant irradiation of patient tissue.  
 
Significant extravasations are occurring hundreds of times every day in the US. Many licensees 
are not adequately ensuring these radiopharmaceuticals are administered safely. Radiation 
safety competency and adequately trained personnel are critical to the safe use of radioactive 
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material in medicine. The reporting of extravasations that exceed 0.5 Sv to patient tissue supports 
the safe use of radioactive material in medicine and:  
 
• will quickly lead to understanding the causes, safety-related characteristics, and effects of 

extravasations of commonly used and emerging radiopharmaceuticals,  
• will lead licensees to provide clinicians with radiological safety tools and training for 

preventing extravasations,  
• will ensure clinicians are trained to immediately deal with adverse radiological events and 

mitigate absorbed dose, and 
• will improve the safe use of medical isotopes and inform and protect patients.  
  
I welcome the opportunity to answer any questions you may have when I see you next week. 
 
 
Sincerely,  
 
 
 
 
Ron Lattanze 
 
 
 
Cc: Commissioner Baran 
 Commissioner Wright 
 Marian Zobler   

Bernice Ammon  
Kevin Williams 
Augustinus Ong 

 
 
Attachments: 
1. HPS Forum on Extravasations in Nuclear Medicine 
2. Dosimetry Poster 
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Practical	Tools	for	Patient-Speci�ic	Characterization
and	Dosimetry	of	Radiopharmaceutical	Extravasation

Discussion
We developed three tools for characterization and dosimetry of radiopharmaceutical 
extravasations: a manual calculation worksheet, a spreadsheet, and a web-based application. 
All three tools were validated against published data, and we assessed their use within a clinical 
workflow.               

Dose rates from our simulations compared favorably with alternative methods. Differences 
between our simulation of ion sources and alternative method 1 (IDAC-Dose 2.1) and 2 
(average discrete emissions) were small (2.25% and 3.02% respectively).             

The difference between our ion simulations and alternative method 3 (weighted average of 
emissions by type) was 5.3%. Error for this method was likely increased by its reliance on just 
two emission definitions for each isotope—one beta and one gamma. For a given isotope, all 
electron and positron emission energies were summed according to their individual yield 
intensities and were represented by an electron of equivalent energy. Likewise, one gamma 
source was defined based on a weighted sum of all X- and gamma-ray emissions. 

The difference between our ion simulations and method 4 (beta emissions only) was 14.19%. 
Method 4 may be considered naïve, but has been previously proposed as a solution with the 
reasoning that for relatively small volumes, gamma energy depositions will tend to be 
insignificant compared to those of beta radiation. This simplification can lead to both under- and 
overestimation. In our simulation of 18F, 96% of emitted positron energy and 2.6% of emitted 
gamma energy was deposited locally. Even with an absorbed fraction of only 2.6%, the 
annihilation photons accounted for 10% of the total energy deposited. An assumption of 100% 
beta absorption and 0% for gamma results in an underestimate. Conversely, approximately 78% 
of beta emissions from 82Rb have energy greater than 1 MeV, and complete energy absorption 
within a 5 cm3 sphere is unlikely. Indeed, for 82Rb, our ion simulation data indicated that only 
68.5% of the emitted beta energy was absorbed. Because of its assumption of 100% beta 
energy absorption, alternative method 4 overestimated absorbed energy for 82Rb.                 

Recalculation of doses using values published by Castronovo et al. resulted in errors of 5.1%, 
8.4%, and 9.0% for the manual worksheet, the spreadsheet, and the web application 
respectively.              

Application of the characterization tools to a clinical workflow showed that the tools have 
practical value and could be used within a normal clinical setting. To minimize the effort 
associated with repeated injection-site activity measurements (e.g., serial imaging, manual ion 
chamber data collection), an automated, high-temporal resolution monitoring system can be 
used to characterize local activity. On average, characterization and dosimetry required between 
8 and 15 minutes—of which only 1 to 5 minutes were in addition to actions already 
recommended in medical guidelines for cases of extravasation. We used syngo.via for image-
based analysis because of our own clinical availability and experience but would expect 
software from other vendors to produce comparable results.                

Absorbed dose to tissue following a radiopharmaceutical extravasation depends on the time-
dependent size and shape of infiltrated tissue. As previously reported by Osborne et. al., routine 
calculation of dose for a standard reference geometry enables robust event documentation and 
comparison across patients and providers. As others have done, we used a spherical 5 cm3 
volume for dose calculation. This standard volume provides a consistent reference value for 
dosimetric analyses.                                     

Dosimetry results from each of the three characterization tools indicated favorable agreement. 
We statistically analyzed the results for significant differences and relationships. Data were 
indicated to be within normality standards and of equal variance. Pearson correlation 
coefficients between groups were > 96% with p < 0.001. No statistical difference was detected 
between groups by one-way ANOVA (F = 0.035, p = 0.966). A Tukey post-hoc analysis 
confirmed no statistically significant difference in means with p > 0.97 for all comparisons.

Our image-based measurements used percent-of-maximum VOIs and relied on multiplication of 
average enclosed activity (Bq/ml) by volume (cm3). This approach may underestimate the 
residual because in cases of extravasation, even 10% of the maximal voxel’s value may be 
significantly higher than background. However, the potential loss of accuracy is offset by a 
reduction in effort and complexity. A larger number of VOI segments may increase accuracy but 
decrease utility.

Conclusion
Radiopharmaceutical dosimetry requires measurements that characterize the severity of 
extravasation. The characterization tools developed in this work were compared to and 
validated against published data and methods, and their utility was demonstrated in a realistic 
clinical workflow. Publicly available standardized and validated tools for practical and rapid 
characterization of extravasations will be beneficial to patient care, clinical follow-up, 
documentation, and event reporting.

Background Methods Results
As previously reported, extravasation of diagnostic 
radiopharmaceuticals may occur with a frequency of more than 
10%. Extravasation can result in degraded diagnostic images and 
unintentional radiation dose to tissue and skin. Prompt 
identification of serious radiopharmaceutical extravasations is 
important for mitigation strategies (e.g., massage, elevation). 
Characterization and dosimetry are then necessary for long-term 
patient care and clinical follow-up.                   

Absorbed dose resulting from extravasation depends on patient- 
and procedure-specific factors including the initial amount of 
paravenous radioactivity, the volume of infiltrated tissue, the 
radiopharmaceutical used, and residence time. For instance, the 
length of time that extravasated radiopharmaceutical remains near 
the injection site can depend on the patient’s anatomy, vascular 
health, and biokinetic properties of the drug. Likewise, the volume 
of infiltrated tissue can vary with administration technique (e.g., 
straight-stick, intravenous catheter). Because the amount of 
extravasated radioactivity and the volume of infiltrated tissue both 
change over time, conventional static nuclear medicine imaging, 
by itself, can be an inadequate tool for dosimetry characterization. 
Serial imaging of the injection site or monitoring with nuclear 
uptake probes have been proposed as improved ways to inform 
characterization.                

Even with measurements from serial imaging or uptake probes, 
tissue volumes and dose rates must be determined. Solutions 
were recently proposed by Osborne et. al. (1) that employ pre-
calculated dose rates and a standardized tissue volume of 5 cm3

—the same tissue volume used by Castronovo et. al. (2) in their 
analysis of radiopharmaceutical extravasation clearance. Osborne 
et. al. use injection-site radioactivity measurements to estimate 
the rate of biological clearance, and their method would be 
applicable to  clinical extravasation characterization and 
dosimetry.                 
 
In this work, we built upon the efforts of Osborne et. al. by pre-
calculating dosimetric data for several additional isotopes. We 
then created and validated three tools for extravasation 
characterization and dosimetry (Figures 1-3). To facilitate routine 
use, standardization, and conformity, all three characterization 
tools will be released publicly at no cost. 

1. Osborne, D., J. W. Kiser, J. Knowland, D. Townsend and D. R. Fisher 
(2021). "Patient-speci�ic Extravasation Dosimetry Using Uptake Probe 
Measurements." Health Physics.

2. Castronovo, F. P., Jr., K. A. McKusick and H. W. Strauss (1988). "The 
in�iltrated radiopharmaceutical injection: dosimetric considerations." Eur J 
Nucl Med 14(2): 93-97.

We calculated dose rates for seventeen common nuclear medicine 
isotopes: 11C, 64Cu, 18F, 67Ga, 68Ga, 123I, 131I, 111In, 177Lu, 13N, 22Na, 
15O, 82Rb, 153Sm, 89Sr, 99mTc, and 90Y. These data were generated 
using Monte Carlo simulations of 5 cm3 water-filled, spherical 
volumes containing a uniformly distributed activity of 100 kBq. 
Simulations were run using the GATE Monte Carlo framework. 
Within GATE, source isotopes were defined by their characteristic 
ionic forms. Ionic sources represent an accurate source type 
within GATE because they incorporate all nuclear processes—
including ingrowth and decay of daughter products, as applicable. 
All simulation events within the 5 cm3 volumes were generated, 
recorded, and analyzed to calculate energy deposited per nuclear 
transition.                   

To validate the Monte Carlo simulations, we compared our results 
against four alternative dose-assessment methods. The first  was 
the IDAC-Dose 2.1 software, which is freely available and used for 
radiopharmaceutical dosimetry by the International Commission 
on Radiological Protection (ICRP). We used IDAC-Dose 2.1 to 
calculate absorbed dose to spherical volumes. The second 
method employed a Monte Carlo simulation of discrete emissions 
using published values. For example, simulation of 99mTc used 62 
individual beta and gamma emissions. The third method employed 
discrete emissions averaged by type. For example, 99mTc was 
simulated as one beta emission of average energy and one 
gamma emission of average energy. The fourth method involved 
manual calculation assuming complete absorption of all beta and 
positron emissions but no absorbed gamma-ray energies.                      

We created three new extravasation characterization and 
dosimetry tools: a manual worksheet, a computer spreadsheet,
and an online web application. We validated each of the tools 
through recalculation of and comparison to three cases of 
extravasation dosimetry previously reported by Castronovo et. al.

To determine clinical practicality of the tools, we characterized 
seven clinical cases of diagnostic nuclear medicine extravasation 
and recorded the time required for each. For these cases, injection 
site count-rate curve data were recorded using Lara® external 
uptake probes (Lucerno Dynamics, Cary NC) and quantitative 
image-based activity measurements using syngo®.via version 6.5 
(Siemens Healthineers AG, Erlangen, Germany). Infiltrated 
volumes of interest (VOIs) were obtained using a 10 percent 
threshold value and adapted on a per-case basis. For the 
characterization worksheet, calculations were performed using 
pre-calculated dose rates provided by the worksheet.

Tables 1 and 2 show dose rates and mean absolute percent error 
values, respectively, for the five calculation methods. Table 3 
compares dose-rates obtained using each of the characterization 
tools to the published results of Castronovo et. al. Table 4 shows 
our characterization results for clinical extravasation events using 
each of the tools.

Table 1. Self-dose rates (mGy/MBq•min) using five different calculation methods. 

Isotope 
Ion 

Sources IDAC-Dose 
Discrete

Emissions 

Average of
Emissions

by Type

Beta
Emissions

Only
C-11 0.741 0.755 0.739 0.754 0.740 
Cu-64 0.246 0.246 0.243 0.247 0.240 
F-18 0.498 0.504 0.494 0.495 0.465 
Ga-67 0.086 0.085 0.085 0.077 0.070 
Ga-68 1.231 1.278 1.237 1.308 1.419 
I-123 0.073 0.069 0.068 0.062 0.054 
I-131 0.380 0.383 0.376 0.381 0.369 
In-111 0.097 0.094 0.093 0.087 0.067 
Lu-177 0.285 0.286 0.281 0.287 0.284 
N-13 0.907 0.924 0.908 0.925 0.944 
Na-22 0.463 0.462 0.453 0.421 0.373 
O-15 1.250 1.299 1.257 1.306 1.413 
Rb-82 1.940 2.065 1.961 2.164 2.713 
Sm-153 0.554 0.516 0.507 0.509 0.519 
Sr-89 1.003 1.041 0.988 1.042 1.124 
Tc-99m 0.039 0.037 0.037 0.037 0.031 
Y-90 1.463 1.542 1.436 1.539 1.794 

Table 2. Mean absolute percent error for alternative dose
rate methods as compared to ion source simulation. 
Calculation Method Error 
IDAC-Dose 2.1 2.25% 
Simulation of  Average Discrete Emissions 3.02% 
Weighted Average of  Emissions by Type 5.60% 
Beta Emissions Only 14.19% 

Table 3. Results of  recalculation of  absorbed dose values published by 
Castronovo et. al. (Gy) 

Isotope 
Castronovo

et. al. Worksheet Spreadsheet  
Web 

Application 
99mTc Microspheres 1.78 1.81 1.78 1.78 
99mTc MDP 2.74 2.49 2.36 2.36 
67Ga Citrate 1.65 1.72 1.83 1.86 

Table 4. Results of  clinical extravasation characterization and dosimetry 
 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 
Isotope 18F 18F 68Ga 18F 18F 18F 18F 
Administered activity (MBq) 473.6 525.4 180.6 606.4 481.4 355.2 395.9 
Image-based activity measurement (MBq) 20.8 85.2 19.1 19.0 137.1 13.1 4.8 
Time between injection and imaging (min) 68.9 79.0 78.3 78.5 60.6 65.0 53.0 
Effective half-life (min) 27.2 40.8 34.7 53.9 55.3 25.8 40.3 
Tissue absorbed dose, Worksheet (Gy) 1.8 14.6 4.7 2.7 15.9 1.1 0.3 
Tissue absorbed dose, Spreadsheet (Gy) 3.9 15.0 7.3 2.9 15.6 1.2 0.4 
Tissue absorbed dose, Web Application (Gy) 2.4 15.7 6.5 2.3 12.1 1.4 0.4 

Record Number Are entered values decay corrected?

Analysis Performed By

Analysis Performed On

Units Time (min) Measurement

-1.63 0.00

Isotope Fluorine-18 -1.60 0.00

Injected radioactivity 9.97 mCi -1.57 0.00

Measured radioactivity 0.10 mCi -1.53 1.00

-1.50 0.00

Elapsed time from injection to measurement 0.0 hours -1.46 0.00

65.0 minutes -1.43 0.00

0.0 seconds -1.40 0.00

-1.36 0.00

-1.33 0.00

-1.29 0.00

-1.26 1.00

-1.23 0.00

-1.19 1.00

-1.16 0.00

-1.12 2.00

-1.09 0.00
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MRN0001

Basic Information

Enter information about the procedure.

Injection Site Count-rate Curve

Enter injection site count-rate data below.

Time is relative to the injection time (i.e., injection time = zero).

Measurements can be quantitative or relative (i.e., unitless).

Yes No

mCi MBq

Start Time 0 minutes Effective Tissue Absorbed

Stop Time 100 minutes Scenario Half-life (min) Dose (Gy)

Physical Decay Only 109.77 0.44

Count-Rate Based 12.47 1.23

Complete Extravasation 9.79 2.59

Tissue Absorbed Dose

The calculated maximum value is based on the longest possible

effective half-life (physical decay only).

The calculated minimum value is based on the shortest possible

effective half-life.

Time-Activity Curve Fitting

For curve fitting, all entered count-rate data can be used or a subset of it.

Enter the time span you want to use for curve fitting.
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Radiopharmaceutical Extravasation
Characterization and Dosimetry Spreadsheet

Figure	2.	The	Characterization	SpreadsheetFigure	1.	The	Manual	Characterization	Worksheet Figure	3.	The	Characterization	Web	Application
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Extravasation Dosimetry Estimator

This application enables the estimation of absorbed dose from molecular imaging extravasation events. Enter the required scan

and injection information along with measurements of the time activity curve of the infiltration.
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