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February 12, 2021

Kevin Williams
Director, Division of Materials Safety, Security, State, and Tribal Programs
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Delivered via email

Dear Mr. Williams,

I write to share with you and your team additional information pertinent to the extravasation topic 
and your team’s evaluation of the petition. 

Independent research confirms diagnostics extravasations can result in high absorbed 
dose. On 2/8/21, Dr. Jeffrey Warren, the Executive Director of the North Carolina Policy 
Collaboratory, informed me of the results from independent research funded by the 
Collaboratory. This project researched if significant extravasations of routinely used diagnostic 
radiopharmaceuticals and a new therapeutic radiopharmaceutical could cause patient tissue 
absorbed doses that exceed medical event reporting limits. The results indicate patients can 
experience very high absorbed doses. This finding supports the cases that we have forwarded 
the NRC in the past, the cases included in the extravasation petition (PRM-35-22), and the 
approach of the novel dosimetry method described in the recent paper Patient-specific 
Extravasation Dosimetry Using Uptake Probe Measurements published ahead of print in the 
journal Health Physics. Dr. Warren’s email indicated that he had shared the Collaboratory 
report with Ms. Lopas at the NRC. I have attached the report to ensure that your team has
seen this report.    

Blood return in an IV does not guarantee a good radiopharmaceutical administration.
In the past couple of months, our customers have shared several more cases of significant 
extravasations. Working with the nuclear medicine centers, dosimetry was performed. Four 
cases (including one Ga-68 extravasation) are attached for your review and are important for 
several reasons. First, the dosimetry for these cases was performed in accordance with the 
peer-reviewed process identified in the article Patient-specific Extravasation Dosimetry Using 
Uptake Probe Measurements. These patients experienced absorbed doses that exceed 
medical event reporting limits. Additionally, as you will see in the Notes Section of the attached 
dosimetry reports, often times the technologists noted the presence of blood return in the IV 
access catheters. This is a common misconception in the nuclear medicine community—
presence of blood return in an IV does NOT ensure an ideal radiopharmaceutical 
administration. Leaders of the Association of Vascular Access have reviewed the public 
comments provided to the NRC and believe the nuclear medicine community is not following 
best practices to minimize radiopharmaceutical misadministrations.

Additional examples of how extravasations negatively affect image quality,
quantification, and patient safety. Attached is an example of a Fluciclovine F18 



LUCERNO DYNAMICS, LLC
140 Towerview Court

Cary, NC 27513
919-371-6800

Page 2 of 3

extravasation. The example demonstrates how an extravasation can negatively affect image 
quality—in this case, a positive pelvic lymph node was not identified because of an 
extravasation. During Fluciclovine F18 procedures, patients are injected on the table and 
imaging occurs real time, and as a result, an extravasation is readily apparent. Repeat imaging 
of the patient revealed the positive node. Most nuclear medicine extravasations are outside 
of the imaging field of view and clinicians are unaware they have occurred. As a result, the 
vast majority of patients experiencing significant extravasations are NOT reimaged. 
Additionally, our team was made aware of two recent papers that demonstrate the effects of 
an extravasation. In the attached paper, Analysis of Unusual Adverse Effects After Radium-
223 Dichloride Administration, the authors note the importance of acting quickly to manage 
the acute lymphedema that results from Radium-223 administration. At the time of publication, 
these patients had not been followed for long-term radiation injury. The paper reminds the 
readers that patients are not routinely imaged immediately after therapeutic 
radiopharmaceutical administration. The other attached paper, Masking Effect of 
Radiopharmaceutical Dose Extravasation During Injection on Myocardial Perfusion Defects 
During SPECT Myocardial Perfusion Imaging: A Potential Source of False Negative Result
shows “Inadvertent faulty injection of the radiopharmaceutical and, consequently, dose 
extravasation during SPECT MPI is a more important issue than that in any other 
diagnostic scintigraphic procedure. As it can be considered as a major source of false 
negative result, clinician’s awareness of this problem during interpretation is of great 
importance.” (emphasis added)

The community does not understand the extravasation issue and mitigation steps. The 
SNMMI and the SNMMI-TS noted in their position statement on extravasations and in their 
submitted petition comment that extravasations will now be a high priority. They stated: they 
are “actively addressing this as the quality-control issue that it is.” In January, the SNMMI 
produced the attached patient leaflet, “Patient Preparation for Nuclear Medicine Procedures 
Involving Injections.” The leaflet states that an infiltration can cause pain, redness, and 
swelling, but fails to mention that the radiation from an extravasation can cause longer-term 
tissue injury that may take years to manifest. It also suggests ice and compression as a 
mitigation option to reduce swelling in the case of an infiltration of a radioactive tracer, but ice 
and compression reduce vascular flow and would cause retention of the radioactivity rather 
than dispersion of the radioactivity to minimize the radiation dose to the tissue.

Two months ago, Drs. Schleipman and Jadvar misrepresented findings from two important clinical 
papers during the December 8, 2020 public comment WebEx. Several days later, I submitted a 
letter to you documenting these misrepresentations and asked you to include our letter with the 
transcripts from the WebEx to ensure the public would be aware of these incorrect statements. 
Your email reply dated December 13, 2020 agreed with my request. Recently, we were able to 
access the transcripts and our letter was not included. Please let me know where I can find the 
transcript with our letter. 

Sincerely,

Ronald Lattanze
Chief Executive Officer
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Attachments: 
1. Collaboratory report
2. Dosimetry paper
3. Extravasation case reports
4. Fluciclovine F18 extravasation case
5. Radium 223 lymphedema paper
6. MPI extravasation paper
7. SNMMI Patient Prep flyer

Cc: Chris Einberg
Lisa Dimmick



February 8, 2021

Walter Lee Cox, Section Chief
Radiation Protection Section
Division of Health and Human Services
1645 Mail Service Center
Raleigh, NC 27699

David Crowley, Manager
Radioactive Materials Branch
Division of Health Service Regulation
Department of Health and Human Services
1645 Mail Service Center
Raleigh, NC 27699

via email: lee.cox@dhhs.nc.gov and david.crowley@dhhs.nc.gov

Dear Messrs. Cox and Crowley,

The North Carolina Policy Collaboratory (Collaboratory) was established by the North Carolina General 
Assembly (NCGA) in July 2016 to utilize and disseminate the research expertise across the University of 
North Carolina System for practical use by State and local government. The Collaboratory is authorized 
to develop and disseminate relevant best practices to interested parties, lead and participate in projects 
across the state related to natural resource management and other areas impacting North Carolinians, 
and make recommendations to the NCGA from time to time.

The Collaboratory was made aware of a North Carolina company officially petitioning the Nuclear 
Regulatory Commission (NRC) to eliminate an internal NRC policy circa 1980 that exempt the reporting 
of nuclear medicine injection extravasations, even if these extravasations meet the criteria for medical 
event reporting. In August 2020, the Collaboratory funded a research project to better understand 
whether nuclear medicine extravasations could be adversely affecting North Carolinians. The project 
was led by Dr. Robert Hayes at North Carolina State University (NCSU) and his graduate student Mr. 
Innocent Tsorxe. Dr Hayes is Certified Health Physicist with industry and field experience in radiation 
dosimetry and other pertinent specialties. Mr. Tsorxe is a graduate student at NCSU, president of the 
Health Physics Society North Carolina Chapter, and a Health Physicist at Duke University Medical Center. 

Hayes and Tsorxe focused on whether extravasations of commonly used diagnostic 
radiopharmaceuticals and a recently approved radiotherapeutic with varying activities in varying tissue 
volumes could be irradiating patients with doses that exceed the NRC medical event reporting limits. 
New radiotherapeutics were of special interest, because of the high activity levels and the beta- or 
alpha-emitting nature of these therapies and the potential patient safety concerns if these therapies 
were extravasated.  

Now that the Hayes and Tsorxe project is completed, I am including a draft manuscript of their findings 
in this document. I hope that you and your team find this independent research helpful in your role of 
reducing radiation exposure to North Carolina patients by ensuring the existence of a preeminent 
radiation safety culture.   



Research synopsis:

Tissue dose was calculated using Monte Carlo simulation of 18F, 99mTc, and 177Lu based on appropriate 
radiation dosimetry principles and realistic clinical parameters such as administered activity, 
administered volume, and biological clearance time. Results indicated that the simulated 
scenarios would result in tissue doses of up to several Gy. Simulation results were then validated 
against manual calculations as well as 3rd-party dosimetry software. The authors concluded that 
based on their investigation, extravasation of both diagnostic and therapeutic 
radiopharmaceuticals can indeed lead to tissue doses in excess of the NRC’s medical event 
reporting threshold (emphasis added).

In addition to sharing these important patient safety findings with you, I am copying this letter and 
report to State Legislators who have expressed or might have an interest in the extravasation topic, the 
North Carolina Radiation Protection Commission, the NRC, the Organization of Agreement States, and 
Lucerno Dynamics.  In addition, I encourage you to share this study with others via our website:
https://collaboratory.unc.edu/current-projects/collaboratory-targeted-projects/

Sincerely,

Jeffrey Warren, PhD
Executive Director, North Carolina Policy Collaboratory
The University of North Carolina at Chapel Hill

Cc:

Rep Kristin Baker, Chair, NC House Health Comm kristin.baker@ncleg.gov
Rep Donny Lambeth, Chair, NC House Health Comm donny.lambeth@ncleg.gov
Rep Larry Potts, Chair, NC House Health Comm larry.potts@ncleg.gov
Rep Wayne Sasser, Chair, NC House Health Comm wayne.sasser@ncleg.gov
Rep Donna White, Chair, NC House Health Comm donna.white@ncleg.gov
Rep Carla Cunningham, Vice Chair, NC House Health Comm carla.cunningham@ncleg.gov
Rep Verla Insko, Vice Chair, NC House Health Comm verla.insko@ncleg.gov
Sen Jim Burgin, Chair, NC Senate Health Comm jim.burgin@ncleg.gov
Sen Joyce Krawiec, Chair, NC Senate Health Comm joyce.krawiec@ncleg.gov
Sen Jim Perry, Chair, NC Senate Health Comm jim.perry@ncleg.govRobert 
Robert Hayes, NCSU rnhayes@ncsu.edu
Innocent Tsorxe, NCSU  iytsorze@ncsu.edu
Sarah Lopas, NRC sarah.lopas@nrc.gov
Pamela Noto, NRC pamela.noto@nrc.gov
Carmine Plott, Chair, NC Rad Protect Comm cmplott@novanthealth.org
Roger Sit, Vice Chair, NC Rad Protect Comm rsit@unc.edu
Terry Derstine, Chair, Org of Agreement States tderstine@pa.gov
Ron Lattanze, Lucerno Dynamics rlattanze@lucernodynamics.com
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BACKGROUND 

An extravasation (also known as an infiltration) is an inadvertent injection or infusion of some 
or all of the radiopharmaceutical into the tissue surrounding the vein. Extravasations can 
happen during venous access when a catheter punctures or erodes the venous wall, or during 
the injection or infusion when the injection pressure damages the venous wall. The Nuclear 
Regulatory Commission (NRC), along with their regulatory partner the Organization of 
Agreement States (OAS), requires that serious misuse of medical radioactive materials be 
documented and reported. While reportable medical events do not necessarily indicate patient 
harm, they may indicate a problem with the facility’s operations or at least an opportunity for 
improvement. In 2002, the NRC instituted a medical event reporting threshold of 0.5 Sv dose 
equivalent to tissue. However, a 1980 NRC policy exempts all extravasations, no matter their 
dose to tissue, from reporting requirements.  
Between 2015 and 2017, national benchmarks were established for extravasation rates in 
intravenous chemotherapy infusions (0.18%) (Jackson-Rose, Del Monte et al. 2017) and 
contrast CT injections (0.24%) (Dykes, Bhargavan-Chatfield et al. 2015). These benchmarking 
studies involved multiple centers and hundreds of thousands of patients. Nuclear medicine 
injections, though performed under similar conditions, have been found to have much higher 
rates of extravasation. A review of the literature through 2017 found that three nuclear 
medicine centers have published six studies (Hall, Zhang et al. 2006, Bains, Botkin et al. 2009, 
Krumrey, Frye et al. 2009, Osman, Muzaffar et al. 2011, Silva-Rodriguez, Aguiar et al. 2014, 
Muzaffar, Frye et al. 2017). The average extravasation rate was 15.2% in 2,804 patients.  



 
 

The 1980 NRC policy was based on a premise that extravasations were a frequent occurrence 
and “virtually impossible to avoid.” As a result, facilities do not currently report when they 
extravasate patients. Additionally, dosimetry is not performed, and patients are not followed 
for future symptoms of harm. Furthermore, positron- and beta-emitting radiopharmaceuticals 
were not in widespread use in 1980. A recent publication (Osborne, Kiser et al. 2021) suggests 
that extravasation of diagnostic radiopharmaceuticals can result in significant dose to the 
injection site tissue and skin. The radiation dose to the tissue can often exceed 1.0 Sv, a level at 
which patients may begin to experience deterministic effects (adverse tissue reactions) (Siegel 
2002) reddening of the skin, tissue ulceration, and tissue necrosis. Radiation injuries to the 
tissue as a result of extravasations are not immediately obvious and can take months or years 
to be known (Jaschke, Schmuth et al. 2017). Radiation injuries to the skin may or may not occur 
depending on extravasation depth, geometry, and energy emissions. Even if the skin is affected, 
injury may still not be visible for several days. Because dosimetry is not routinely performed for 
extravasations and because radiation injury is not immediate, the nuclear medicine community 
could be underestimating the potential harm from radiopharmaceutical extravasations.  
The objective of this study was to investigate the local absorbed dose (Gy) and dose equivalent 
(Sv) resulting from extravasations of radionuclides commonly used in diagnostic and 
therapeutic procedures. Specifically, the goal is to provide a technical basis to determine 
whether radiopharmaceutical extravasation doses could exceed regulatory medical event 
reporting limits.  

MATERIALS AND METHODS 

Tissue dose resulting from radiopharmaceutical extravasation was estimated for 177Lu, 18F, and 
99mTc using Monte Carlo simulation of primary emissions as well as ancillary electron emissions 
where appropriate. The highest local dose was estimated assuming complete interaction within 
the tissue volume from nonpenetrating emissions (positrons, beta particles, soft X-rays, etc.). 
The contribution of hard X-rays and gamma radiation was neglected (Shapiro, Pillay et al. 1987). 
A digital (ICRP Reference) soft tissue phantom was created using GATE1 (GEANT4 Application 
for Tomographic Emission) to estimate radiation dose to a volumetric tissue. See Appendix A 
for an example of this code input. GATE has found widespread acceptance for simulation of 
human and small animal emission tomography systems including dosimetry for both internal 
and external radiation therapy applications (Visvikis et al. 2006). In GATE, spherical volumetric 
soft tissues were developed, and source activity was uniformly distributed within making it 
appropriate for the current study.  
The approach was to apply reasonable assumptions of 25% and 50% extravasation values for 
injected activity along with reasonable tissue volumes. Assuming 200 mCi 177Lu, 26 mCi 99mTc, 
and 12 mCi 18F as a standard dose, the values in Table 1 were evaluated in this work. 
 
Table 1. Extravasation initial condition assumptions. 

 
1 http://opengatecollaboration.org/, accessed 15 January 2021 

Isotope 
Clearance half-

time (min) 
25% Activity 

(mCi) 
50% Activity 

(mCi) 
Volume #1 

(cm3) 
Volume #2 

(cm3) 
177Lu 60 50 100 20 40 



 
 

 
Simulation results were validated by comparison against the 3rd-party dosimetry software 
IDAC-Dose 2.1 (Andersson, Johansson et al. 2017), and also analytically based on the dose rate 
at charged-particle equilibrium. Per the Fano theorem (Attix and Roesch 1968), dose is equal to 
the deposited energy per mass which  can be expressed as: 

         Dose = ((E_avg * A * AbsFr * ln(2))/(T * M))                  Eq.1 
where E_avg -energy (Joules) per decay, A is activity (Bq), T is the clearance 
half-time (seconds) and M is the mass (kg) of the proscribed volume. When the activity is 
predominantly low energy beta, the absorbed fraction of emitted energy (AbsFr) is 
approximately unity. 
A total of 12 extravasation scenarios were simulated consisting of spherical “soft tissue” 
material with uniform density of 1.03 g/cm3. The simulation volumes for each scenario 
remained constant throughout the study. Source activity was uniformly distributed within the 
tissue volume and dose was calculated over the entire clearance time. 

RESULTS 

Figure 1 shows example emissions from the digital volumetric phantoms containing a uniform 
distribution of 177Lu. All twelve scenarios simulated in this work indicate that tissue dose from 
extravasation can surpass the NRC medical event reporting threshold of 0.5 Gy. Detailed results 
are shown in Table 2. 

 
Figure 1: Digital volumetric phantoms showing emissions from 177Lu including beta particle interaction (a) and 
gamma rays (b). 
 
Table 2: Detailed simulation and validation results. 

99mTc 120 6.5 13 1 5 
18F 30 3 6 1 5 



 
 

 
 

Radionuclide 

Initial 
Activity 
(mCi) 

Volume 
(cm3) 

Mass 
(g) 

Clearance 
half-life (h) 

Absorbed Dose 
from 

Simulation (Gy) 

Absorbed Dose 
from Analytical 
Validation (Gy) 

Absorbed Dose 
from IDAC-
Dose (Gy) 

177Lu 50 20 20.60 1 12.1  9.58 10.9 
177Lu 100 20 20.60 1 23.5  19.2 21.8 
177Lu 50 40 41.20 1 5.9  6.1 5.5 
177Lu 100 40 41.20 1 11.6  12.1 11.0 

18F 3 1 1.03 0.5 7.9  7.49 7.7 
18F 6 1 1.03 0.5 16.2 14.9 15.4 
18F 3 5 5.15 0.5 1.7 1.5 1.6 
18F 6 5 5.15 0.5 3.5 3.0 3.3 

99mTc 6.5 1 1.03 2 3.9 6.21 4.6 
99mTc 13 1 1.03 2. 7.8 12.4 9.3 
99mTc 6.5 5 5.15 2. 0.9 1.2 1.0 
99mTc 13 5 5.15 2. 1.7 2.4 2.0 

 
DISCUSSION 

Our results suggest that extravasation of common diagnostic as well as therapeutic 
radiopharmaceuticals can surpass regulatory reporting thresholds. Recent research has found 
that extravasations can be avoided with nominal additional effort (Bonta et al. 2011). 
Specifically, by administering a low-activity test dose injection prior to the full administration, a 
simple survey can verify proper vascular circulation of the activity. 
This work is relevant to patient outcomes because extravasation could be a potentially serious 
complication for a variety of diagnostic and therapeutic nuclear medicine procedures. Given the 
published rate of extravasation in nuclear medicine, a significant number of patients in the US 
may be subjected to unintentional injection-site irradiation exceeding the NRC’s medical event 
reporting threshold. However, due to the NRC policy exempting extravasations from reporting, 
there is a lack of clinical data on this topic with respect to patient health and safety. Van der Pol 
et al. (2017), state “Lack of clinical follow-up after diagnostic nuclear medicine scans, but also a 
conservative attitude towards reporting and publishing of complications may have possibly lead 
to under-reporting of skin lesions.” Of the 3,016 published diagnostic radiopharmaceutical 
extravasation cases discussed, dosimetry and patient follow-up were performed for only three; 
all three resulted in presentation of deterministic effects—a finding that is consistent with our 
results. 

CONCLUSIONS 

Use of therapeutic radiopharmaceuticals, such as 177Lu-Dotatate, is experiencing rapid growth 
due to positive patient outcomes. The incidence of extravasation for these procedures is not 
well understood, but clearly there is a risk of significant injection site tissue dose if 
extravasation occurs. With prevention methods identified, consideration to adopting this or 
similar protocols are recommended by this work. 



 
 

Future work should include more detailed modeling of doses based on realistic tissue 
geometries, such as proximity to bone, along with more comprehensive uncertainty 
estimations. Additional work on preventative measures and mitigations should also be 
considered. 
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PATIENT-SPECIFIC EXTRAVASATION DOSIMETRY 
USING UPTAKE PROBE MEASUREMENTS  

 
Dustin Osborne, PhD1, Jackson W Kiser2, MD, Josh Knowland3, David Townsend4, PhD, Darrell R. Fisher, PhD5 

 
 

Extravasation is a common problem in radiopharmaceutical 
administration and can result in significant radiation dose to 
underlying tissue and skin. The resulting radiation effects are rarely 
studied and should be more fully evaluated to guide patient care and 
meet regulatory obligations. The purpose of this work was to show 
that a dedicated radiopharmaceutical injection monitoring system 
can help clinicians characterize extravasations for calculating tissue 
and skin doses. 
 
Materials: We employed a commercially available radio-
pharmaceutical injection monitoring system to identify suspected 
extravasation of 18F-fluorodeoxyglucose and 99mTc-methylene 
diphosphonate in 26 patients, and to characterize their rates of 
biological clearance. We calculated the self-dose to infiltrated tissue 
using Monte Carlo simulation and standard MIRD dosimetry 
methods, and we used VARSKIN software to calculate the shallow 
dose equivalent to the epithelial basal-cell layer of overlying skin. 
 
Results: For 26 patients, injection-site count rate data were used to 
characterize extravasation clearance. For each, the absorbed dose 
was calculated using representative tissue geometries. Resulting 
tissue absorbed doses ranged from 0.6 to 11.2 Gy, and the shallow 
dose equivalent to a 10 cm2 area of adjacent skin in these patients 
ranged from about 0.1 to 5.4 Sv. 
 
Conclusions: Extravasated injections of radiopharmaceuticals can 
result in unintentional doses that exceed well-established radiation 
protection and regulatory limits; they should be identified and 
characterized. An external injection monitoring system may help to 
promptly identify and characterize extravasations and improve 
dosimetry calculations. Patient-specific characterization can help 
clinicians determine extravasation severity and whether the patient 
should be followed for adverse tissue reactions that may present 
later in time.  

 

BACKGROUND 
Most diagnostic nuclear medicine exams and therapeutic infusions 
are accomplished by administering radiopharmaceuticals 
intravenously (1). An extravasation, also known as an infiltration, 
occurs when a radiopharmaceutical is inadvertently injected into 
tissue surrounding the injection site instead of into the vasculature. 
Extravasations can result from improper initial placement of the 
intravenous (IV) access device or by failure of the vessel wall (2). 
Extravasations occur relatively frequently (mean 10.4%, N=5418, 
20 nuclear medicine centers), as previously described (3-11), and can 
result in significant dose to underlying tissues and skin (12-19). 
However, because radiation effects on patients may take years to 
manifest and are rarely studied (19), dose resulting from 
extravasations should be more fully evaluated. 

Factors that influence tissue absorbed dose from extra-
vasation include infiltrated tissue volume as well as radioactivity 
distribution, retention, absorption, and clearance. Extravasation 
clearance rate has been estimated to be 2 to 10 hours (20). Serial 
imaging with positron emission tomography (PET) or single-
photon-emission computed tomography (SPECT) can provide 
more accurate estimates of radioactivity and clearance (13,15,18,21-
23). However, clinicians must promptly recognize that a tissue 
infiltration has occurred, imaging systems must be available, and 
staff must know how to evaluate the resulting extravasation image 
data. In lieu of imaging, manual serial measurements of the injection 
site can be made using a scintillation counter or other radiation 
detection system to determine retention and clearance parameters 
(20). This manuscript describes an efficient, automated serial 
measurement system used to identify and characterize 
radiopharmaceutical extravasations. 

Radiation dose estimates guide decision-making with 
respect to follow-up actions that may be appropriate. The purpose 
of this work was to show that a dedicated radiopharmaceutical 
injection monitoring system can help clinicians and technologists 
characterize extravasations for calculating tissue and skin doses.  

 
MATERIALS AND METHODS 

Radiation detector 
We employed a commercially available detector (Lara® System, 
Lucerno Dynamics; Cary, NC, USA) to characterize 26 
extravasations of 18F-fluorodeoxyglucose (18F-FDG) and 99mTc- 
methylene diphosphonate (99mTC-MDP). The Lara radio-
pharmaceutical injection monitoring system comprises one 
scintillation detector placed on the patient’s skin proximal to the 
injection site and another on the opposite arm as a reference (Figure 
1). Each detector incorporates a single bismuth germanate (BGO) 
crystal and a silicon photomultiplier (SiPM). The detectors are 
neither shielded nor collimated, so their response is omni-
directional. Photon energy response is variable, depending on 

1 University of Tennessee Graduate School of Medicine, Knoxville TN, USA 
2 Carilion Clinic, Roanoke VA, USA 
3 Lucerno Dynamics LLC, Cary NC, USA, jknowland@lucernodynamics.com 
4 Independent Scholar 
5 Washington State University and Versant Medical Physics and Radiation 

Safety, Richland WA, USA 
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radionuclide, as previously described (24). Each Lara detector 
records photon counts per second (cps) and generates a plot of 
counts versus time. Reference detector output may be subtracted 
from injection-site detector output to correct for background 
photon counts such as from photons originating in the patient’s 
torso. 

 
Figure 1. Photo of the injection monitoring system used on a nuclear medicine patient. 

 
Radiation dosimetry 
Using mathematical methods (25) recommended by the special 
committee on Medical Internal Radiation Dose (MIRD) of the 
Society of Nuclear Medicine and Molecular Imaging (SNMMI), we 
calculated radiation absorbed doses (Gy) to representative volumes 
(cm3) of subdermal tissue containing infiltrated radio-
pharmaceutical. Using a slightly modified version of VARSKIN 6.1 
(26), a computer code for skin dosimetry, we also calculated the 
shallow dose equivalent (Sv) to the highest relevant area of the skin 
(10 cm2).  

In the MIRD formalism, the absorbed dose  
from activity in a source region that irradiates a target region is 

, where is 
the time-integrated activity in the source region, and 

, where  is the mean energy emitted per decay or 
transformation, where  is the absorbed fraction 
(fraction of energy emitted from a source region that deposits in a 
target region), and where  is the mass of the target region (25). 
When calculating absorbed dose to infiltrated tissue, the source and 
target regions are the same ( ), that is, the self-dose to 
infiltrated tissue.  
 
Count-rate curve 
To determine the time-dependent number of radioactive decays in 
the source region from an extravasation, we used the Lara detector 
count-rate curve which reflects the “effective” disappearance of 
infiltrated activity (combined effects of radioactive decay and 
biological clearance). We then identified an appropriate 
mathematical function for the curve and best-fit parameters by 
least-squares regression analysis using commercially available curve-
fitting software (27). We integrated analytically to yield area under 
the fitted curve representing total counts from injection through 
complete disappearance. 
 
Converting counts to activity present 
Detector photon count rate can be converted to absolute activity 
(MBq) using a three-dimensional region of interest (ROI) within the 
patient’s nuclear medicine image. We determined an activity 

 

6 OpenGATE Collaboration, http://www.opengatecollaboration.org/, accessed August 25, 2020 

calibration factor by dividing the fitted curve at imaging time by the 
ROI activity. We then converted the fitted curve to units of activity 
by multiplying it by the calibration factor.  In the absence of 
quantifiable injection-site image data (e.g., injection site outside of 
the imaging field-of-view) extravasated activity was estimated based 
on overall image quality relative to a non-extravasated infusion. 
 
Absorbed energy fraction 
In the MIRD schema, the absorbed fraction  can be 
determined experimentally using calibration sources and phantoms, 
or it may be calculated using Monte Carlo track simulations. Using 
Monte Carlo simulations, we modeled the infiltrated tissue as one 
of three representative tissue geometries of unit-density tissue: a) a 
thin, right circular cylinder having a radius (r, cm) and height (h, cm) 
lying beneath the dermis where the tissue volume = π r2 h (cm3), b) 
as a sphere where the tissue volume = (4 π r3)-3, and c) as an ellipsoid 
where the tissue volume = (4 π a b c)-3 where a, b, and c were the 
radii of the ellipsoid. We calculated absorbed fractions for each 
representative geometry using the GEANT4 Application for 
Tomographic Emission (GATE)6 Monte Carlo simulation code. 
Each simulation consisted of 1 MBq distributed uniformly within 
water. 
 
Subdermal tissue self-dose 
The mass of infiltrated tissue depends on the volume of 
extravasated radiopharmaceutical and penetration into the 
subdermal fascia. We calculated the absorbed doses (Gy) to 
infiltrated tissues by taking into account the tissue mass, total energy 
emitted in the source region, and the energy absorbed fraction 
according to the MIRD schema (25). 
 
Relevant skin dose 
The National Council on Radiation Protection and Measurements 
recommends (28) for occupational exposure that the absorbed dose 
in skin at a depth of 70 μm be limited to 0.5 Gy averaged over the 
most highly exposed 10 cm2 of skin. Skin dose assessments in units 
of shallow dose equivalent (Sv) are required by the Code of Federal 
Regulations in 10 CFR 20.1201(c) for a contiguous 10 cm2 area of 
skin at a tissue depth of 0.007 cm (7 mg cm-2). For regulatory 
compliance with recommended skin dose limits, the software code 
VARSKIN, version 6.1 (26) was written to calculate occupational 
dose from radioactive contamination on or near the skin. We 
applied it to patient radiopharmaceutical infiltrations. For cases 
involving low-LET radiations, dose expressed in units of Gy and Sv 
are numerically (approximately) equivalent.  

Because infiltrated tissue lies beneath and adjacent to the 
skin epidermis, we defined the relevant target for calculating dose 
to overlying skin as a thin layer comprising the sensitive epithelial 
basal cells with an area of 10 cm2 and at a tissue depth beneath the 
skin surface of 0.007 cm (70 μm or 7 mg cm-2 ). We assumed that 
the dose limits to patient skin should be the same or less than those 
for occupational exposures. We modeled infiltrated subdermal 
tissue as a three-dimensional thin cylinder, and calculated the 
relevant skin dose using a modified VARSKIN 6.1 computer code 
by setting the distance between the infiltrated source tissue and the 
sensitive basal cell layer to 10 microns (1 mg cm-2) and removing 
backscatter correction.  
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RESULTS 
Injection site count data were recorded at a rate of one 
measurement per second following administration of 18F-FDG and 
99mTc-MDP. For each case of extravasation, recorded count data 
was fit to a monoexponential function defining the effective 
clearance half-time (physical decay and biological clearance 
combined). Figure 2 shows one example of recorded count rate data 
and the corresponding curve fit.  

 

 
Figure 2. Injection site count rate data with curve fit for one example case. 

 

 

7 10CFR Part 35, Medical Use of Byproduct Material, https://www.nrc.gov/reading-rm/doc-collections/cfr/part035/, accessed August 25, 2020 

Tissue infiltrations may present in many different shapes 
and sizes. Representative tissue geometries each had a mass of 5 g. 
Details of the tissue geometries are shown in 1. All extravasations 
that we evaluated exceeded tissue absorbed dose of 0.5 Gy and/or 
shallow dose equivalent to the skin of 0.5 Sv (Table 2). 
 

DISCUSSION 
In this work, we investigated extravasations of 18F-FDG and 99mTc-
MDP, but the methods described herein also apply to all other 
radiopharmaceuticals and amounts administered. The positron 
energy of 18F resulted in significant tissue self-dose and significant 
dose to overlaying skin. Despite the relatively low absorbed 
fractions for 99mTc, we found that 99mTc-labeled agents can produce 
significant tissue absorbed doses. Our results in 26 cases exceeded 
commonly accepted radiation protection (28) and regulatory7 limits 
for extremity tissue (0.5 Gy) and skin (0.5 Sv).  

The literature contains several examples of adverse tissue 
reactions following extravasation of diagnostic and therapeutic 
radioisotopes such as 201Tl (19), 90Y (23,29), 89Sr (15), 131I (13,19,21), 
and 32P (30). We found one published example of radio-
pharmaceutical extravasation leading directly to a highly localized 
cancerous lesion (31); following extravasation of 223Ra-dichloride, 
the patient developed aggressive squamous cell carcinoma at the 
injection site. 

Table 1. Representative tissue geometry details and energy absorbed fractions. 
Geometry  Dimensions (cm) Absorbed fraction for 18F Absorbed fraction for 99mTc 
Cylinder h = 0.1, r = 4 73% 11% 
Ellipsoid a = 2.13, b = 1.07, c = 0.53 95% 13% 
Sphere r = 1.07 97% 13% 

 
 
Table 2. Detailed dosimetry results. 

Case #  Radiopharmaceutical 
Effective clearance half-
time (min) 

Mean absorbed dose to 
infiltrated fascia (Gy) 

Shallow dose equivalent to 
skin (Sv) 

1 18F-FDG 9 0.6 0.3 
2 18F-FDG 43 7.6 3.7 
3 18F-FDG 93 2.7 1.3 
4 18F-FDG 24 8.4 4.1 
5 18F-FDG 13 0.8 0.4 
6 18F-FDG 22 0.7 0.3 
7 18F-FDG 44 0.9 0.4 
8 18F-FDG 39 11.2 5.4 
9 18F-FDG 70 1.0 0.5 
10 18F-FDG 38 8.7 4.2 
11 18F-FDG 22 3.8 1.9 
12 18F-FDG 41 0.6 0.3 
13 99mTc-MDP 360 8.4 < 0.1 
14 18F-FDG 46 1.0 0.5 
15 99mTc-MDP 64 1.5 < 0.1 
16 99mTc-MDP 218 5.3 < 0.1 
17 99mTc-MDP 38 0.9 < 0.1 
18 99mTc-MDP 49 1.2 < 0.1 
19 99mTc-MDP 64 1.5 < 0.1 
20 18F-FDG 18 1.1 0.5 
21 18F-FDG 22 5.1 2.5 
22 99mTc-MDP 36 0.9 < 0.1 
23 18F-FDG 24 6.8 3.3 
24 18F-FDG 79 2.9 1.4 
25 18F-FDG 26 0.8 0.4 
26 18F-FDG 22 3.6 1.8 
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Because extravasations are common (7) and can lead to 
adverse tissue reaction, prompt identification and mitigation are 
important factors. In our review, none of the technologists or 
patients reported immediate pain or edema during or following the 
injection—even in cases of extravasation—emphasizing the 
difficulty in prompt extravasation identification. Mitigation steps 
such as elevation of the arm, application of heat (32,33), and 
flushing with saline can accelerate clearance and decrease radiation 
doses. 

Once an extravasation has been identified, accurate dose 
calculation enables clinicians to identify patients who should be 
followed for adverse tissue reactions or late stochastic effects. 
Absence of immediate visible skin reactions is a common 
explanation for not reporting and following up after extravasation 
events 8 . However, given the expected time for presentation of 
symptoms, it is unlikely that extravasation-related injury would be 
discovered. Van der Pol et al. reported that, despite an extensive 
literature review, only 3,016 published cases of diagnostic 
radiopharmaceutical extravasation were found. Of those, only three 
cases included dosimetry calculation and patient follow-up. All three 
patients who were followed were found to suffer adverse tissue 
reactions. In one case, a radiation ulcus was diagnosed after two 
years. In a second case, the radiation ulcus diagnosis was made after 
three years. Of the remaining 3,013 cases, none described 
dosimetric parameters or follow-up (19).  

In cases of 99mTc-MDP extravasation, immediate skin 
reactions are not likely. Our data review suggests that the shallow 
dose equivalent to the skin may be low even in cases where the 
absorbed dose to infiltrated tissue is high. Absence of prompt skin 
reactions should not dissuade clinicians from considering delayed 
detrimental effects to tissue and skin. Proper documentation and 
patient follow-up may protect medical institutions from frivolous 
litigation and unwarranted regulatory review.  

 
CONCLUSIONS 

Extravasation events in nuclear medicine are rarely fully 
characterized—including accurate dosimetry and appropriate 
clinical follow-up. Accurate dosimetry should include the 
determination of infiltrated fraction of administered activity, 
clearance half-times, and resulting radiation doses to infiltrated 
tissue and overlaying skin. We investigated injection-site count-rate 
data for 26 cases of extravasation of 18F-FDG and 99mTc-MDP, 
assuming three source-tissue geometries. For cases reported in this 
paper, radiation absorbed doses to infiltrated tissue ranged from 0.6 
Gy to 11.2 Gy and the shallow dose equivalent to a 10 cm2 area of 
adjacent skin ranged from about 0.1 Sv to 5.4 Sv.  

With patient radiation safety in mind, we maintain that 
both diagnostic and therapeutic extravasation events should be 
identified and characterized. Severe extravasations affect the 
diagnostic or therapeutic quality of nuclear medicine procedures, 
and the unintended dose to tissue and skin may eventually be 
clinically significant. A dedicated radiopharmaceutical injection 
monitoring system can be used to improve the accuracy of 
dosimetry and assist in determining the need for patient follow-up. 

 
 
 

 

8 Official Transcript of Proceedings, NRC ACMUI, https://www.nrc.gov/docs/ML0903/ML090340745.pdf, accessed August 25, 2020 
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Some nuclearmedicine procedures involve drawing blood
or receiving an injection of a tracing agent through a vein
in the arm. Some patients get nervous at the thought of
these procedures. The following are suggestions to help
you prepare for an exam that involves venipuncture (the
process of inserting a needle into a vein).

Stay well hydrated
The veins in our body contain fluid, so if you haven't had
much to drink during the day, your veins may not be as easy
to access and are more likely to collapse flat when a needle is
inserted. (Please note that while it is helpful to be well
hydrated, this may not always be possible due to certain
exam preparations or medical conditions—for example if you
are asked to fast or if you have fluid restrictions. As with all
procedures, you should discuss preparations with your
healthcare provider or the nuclear medicine technologist
before the exam.)

Communicate with your health care provider
Nuclear medicine technologists are trained in venipuncture,
but many have different levels of expertise. Don’t be afraid to
ask for a technologist who is experienced with your specific
needs, such as small, deep, fragile or rolling veins.

Disclose any prior negative experiences
If you have ever passed out or felt dizzy or lightheaded after
any type of venipuncture procedure, no matter how long ago,
please notify the caregiver before your procedure. Often, they
can have you lay down to avoid complications.

Do not smoke and avoid using products with
nicotine before your exam
Nicotine is a stimulant found in cigarettes, vape, nicotine
patches, and gum. It can cause your blood vessels to
constrict, making it more difficult to draw blood or perform
an injection. Avoid using these products immediately prior to
your exam.

S l di i d i l d i bl d

Dress comfortably
Often a blood draw or injection is performed in the fold of
the arm. Be sure to dress in a way that allows comfortable
access to that area.

What to do if swelling (hematoma) or an
infiltration occurs during the venipuncture
Sometimes these things happen.

A hematoma is a swollen area filled with blood, which can
occur if the needle is pierced through the vein.
Compression and ice should be applied to reduce swelling,
and the area should be elevated if possible. The blood from
the hematoma will be reabsorbed by your body and should
not cause any harm.

Infiltrations (sometimes referred to as extravasations) are
when some of the fluid from an injection leaks into the
tissue around the vein. In some cases, this can cause pain
such as burning or stinging, redness, and swelling.
Compression and the application of ice packs and/or warm
compresses may be used to reduce swelling or to improve
blood flow to the area. Depending on the type and amount
of infiltration, the technologist will advise you if your exam
should be rescheduled.

All venipuncture sites should be covered with a bandage to
prevent infection until healed. While it is unlikely that a
hematoma or infiltration will cause any harm, you should
notify your primary health care provider if the pain or
swelling does not decrease with time or if you notice any
changes to your skin.




