
     V+ software is available from U.S. NRC  https://ramp.nrc-gateway.gov/

Intermediate ExtravDose Training

utilizing VARSKIN+ (V+) Version 2.0, software release: April 1, 2025

Roland Benke, PhD, CHP Jeff Luitjens, PhD

roland.benke@rcdsoftware.com  jeff.luitjens@rcdsoftware.com

Director – Technologies Division  Director – Software Division
  



     V+ software is available from U.S. NRC  https://ramp.nrc-gateway.gov/

Disclaimer

This presentation is an independent product of RCD and does not communicate 

the views or positions of the U.S. Nuclear Regulatory Commission (NRC).
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Training Progression for ExtravDose 

Beginner training emphasizes Basic calculation

Intermediate training includes Advanced calculation features

Training on theory covers multiphysics mathematical 

models for fluid flow, activity concentrations, and dosimetry

You are here.

ExtravDose discussions
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Intermediate Training Outline

1. Advanced Parameters & Buttons

2. Text Reporting & Data Exporting

6. Reporting Errors & Posting Questions3. Suggestions for Intermediate Users 

5. Voxel Size Effects

4. Numerous Example Calculations
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1. Advanced Parameters & Buttons
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Switching to Advanced Mode

Select Advanced Mode 
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Advanced Layer Inputs

Required for Advanced calculations

Homogeneous or Heterogeneous
Up to 4 layers 

Enter Lateral Transmissivity   
           for each layer
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Advanced Transport Inputs

Enter Vertical Transmissibility

Enter Voxel Side Length

Enter Fluid Diffusivity
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2. Text Reporting & Data Exporting
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Saving Text Report 

Select Save Report
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Save Report before Opening

Default file name is provided
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Text Report Overview:  Source, Concentration, & Layer User Inputs
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Text Report Overview:  Transport & Event User Inputs

Limb remains flat – No elevation (Lift angle = 0.0 degrees)
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Text Report Overview:  Numerical Outputs

On-Screen Summary Results
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Text Report Overview:  Output Plots for …

Accumulated Dose
                                                     

Extravasated Fluid Volume in Tissue Region
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Text Report Overview:  Additional Output Plots for …

Activity in the Tissue Region of Interest
                                                     

Simulation Time Step Size
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Exporting Data 

Select Export (.csv) or Export (.txt) to save voxel results for Accumulated Dose. 

Results are exported for a specific time step. 
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3. Suggestions for Intermediate Users



     V+ software is available from U.S. NRC  https://ramp.nrc-gateway.gov/

Suggestions on approaching advanced calculations

User interface is flexible; users encouraged to gradually add complexity or increase computational size

1. Determine Effective Tissue Thickness infiltrated by extravasated radioactive fluid

2. Select smallest Region Length & Region Width for the calculation and slowly increase dimensions until the 

maximum voxel dose no longer increases (i.e., confirms negligible boundary effects on max voxel dose)   

3. Begin with largest Voxel Side Length consistent with three dimensions above 

4. Consider adjusting dimensions slightly to find largest Voxel Side Length suitable for the problem 

Note:  Transmissivity values are applied at the voxel level (not layer or full thickness levels)

5. Review outputs for baseline calculations & identify most-important outputs for the calculation

6. Gradually introduce complexity, preferably only when available information supports it 

 • Add tissue layers  • Reduce voxel side length  • Adjust parameter values for new computational grid

7. Review outputs for added complexity, highlighting strong influences on most-important outputs

8. Compare calculation insights to clinical information (e.g., similar infiltrated tissue dimensions & time frames) 

19
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4. Numerous Example Calculations



     V+ software is available from U.S. NRC  https://ramp.nrc-gateway.gov/ 21

Example I:  Multiple tissue layers
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Example I: Advanced calculation for 18F with multiple tissue layers

Slow leakage into surrounding tissue followed 

by limb elevation for 45 min

22
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Ex. I:  Accumulated doses (Gy)

Top 2 mm

Middle 2 mm

Bottom 2 mm

15 min 90 min Elevated endElevated end

23
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Elevated end

24

Ex. I:  Influence of limb elevation on accumulated doses (Gy)

Elevated limb Limb remains flat – No elevation

Note: Higher color scale
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Example II:  Basic & Advanced comparison
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Same Event 
Inputs Utilized

Example II: Switching Basic→Advanced calculation yields same results

26

Basic

Advanced

Basic Advanced
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Example III:  Trapped fluid (special case)
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Example III input: Trapped fluid (special case)

Compare results for different analysis times 
(next slide)

Small values for transmissivity & diffusivity
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Example III results for different analysis times

4 hours 12 hours
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Example III results for different analysis times (cont’d)

20 hours16 hours
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Example III 

report plots

4 hours 20 hours

20 hours4 hours
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Example IV:  Parameter memory

▪ Explanation of current behavior

▪ V+ comment added to issue tracker
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Example VI builds on Example III (Advanced Calculation)

33
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Parameter Memory Demonstrated
Advanced Calculation switched to Basic Calculation

34

Basic Calculation after 
Advanced Calculation 
includes Parameter Memory 
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Parameter Memory Demonstrated (cont’d)

35

New Basic Calculation after 
Program Restart implies… 
No Parameter Memory
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Parameter Memory Demonstrated (cont’d)

36

New Basic Calculation after Program RestartBasic Calculation after Advanced Calculation
 

Basic inputs appear identical.

No parameter memory implies Basic 

calculation begins with all defaults.

Full picture of parameter memory is 

not shown on Basic input screens.
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Parameter Memory Can Influence Basic Calculation Results

37

New Basic Calculation after Program RestartBasic Calculation after Advanced Calculation
 

includes Parameter Memory 
 

No Parameter Memory effects 
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ExtravDose Report Shows Parameter Values in Memory

38

New Basic Calculation after Program RestartBasic Calculation after Advanced Calculation
 

includes Parameter Memory 
 

No Parameter Memory effects 
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Example V:  Trapped fluid with different radionuclides

▪ Small values for transmissivity

▪ Small value for diffusivity 
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18F  0.67 Gy to ROI 99mTc  0.03 Gy to ROI

5-mCi Activity in Trapped Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.01 cm2/h
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90Y  1.1 Gy to ROI 131I  1.9 Gy to ROI

5-mCi Activity in Trapped Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.01 cm2/h
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177Lu  1.5 Gy to ROI 211At  15 Gy to ROI

5-mCi Activity in Trapped Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.01 cm2/h
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18F  0.67 Gy to ROI 99mTc  0.03 Gy to ROI

5-mCi Activity in Trapped Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.01 cm2/h
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90Y  1.1 Gy to ROI 131I  1.9 Gy to ROI

5-mCi Activity in Trapped Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.01 cm2/h
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177Lu  1.5 Gy to ROI 211At  15 Gy to ROI

5-mCi Activity in Trapped Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.01 cm2/h



     V+ software is available from U.S. NRC  https://ramp.nrc-gateway.gov/ 46

Example VI:  Lateral fluid flow with different radionuclides
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18F  0.52 Gy to ROI 99mTc  0.01 Gy to ROI

5-mCi Activity in Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.1 cm2/h

Physical half-life 1.8 h Physical half-life 6.0 h
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90Y  0.38 Gy to ROI 131I  0.65 Gy to ROI

5-mCi Activity in Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.1 cm2/h

Physical half-life 64 h Physical half-life 192 h
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5-mCi Activity in Extravasated Fluid, Different Radionuclide

177Lu  0.52 Gy to ROI 211At  6.7 Gy to ROI

Lateral Transmissivity 0.1 cm2/h

Physical half-life 160 h Physical half-life 7.2 h
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18F  0.52 Gy to ROI 99mTc  0.01 Gy to ROI

5-mCi Activity in Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.1 cm2/h

Dose plateau after 140 min Dose plateau after 190 min

Physical half-life 1.8 h Physical half-life 6.0 h
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90Y  0.38 Gy to ROI 131I  0.65 Gy to ROI

5-mCi Activity in Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.1 cm2/h

Dose plateau after 190 min Dose plateau after 190 min

Physical half-life 64 h Physical half-life 192 h
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177Lu  0.52 Gy to ROI 211At  6.7 Gy to ROI

5-mCi Activity in Extravasated Fluid, Different Radionuclide

Lateral Transmissivity 0.1 cm2/h

Dose plateau after 190 min Dose plateau after 170 min

Physical half-life 160 h Physical half-life 7.2 h
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Comparing Dose to ROI for different radionuclides  

Nuclide Dose to 
ROI (Gy)

18F 0.52
99mTc 0.01 

90Y 0.38 
131I 0.65 

177Lu 0.52 
211At 6.7

5-mCi Activity in Extravasated Fluid with Lateral Transmissivity 0.1 cm2/h 

from ICRP-107 (2008)

<           *    Small ROI energy deposition fraction for annihilation photons

<           *    Photon escape fraction reduces impact of total on ROI dose

<           *    Small ROI energy deposition fraction for high-energy electrons

<           *    Photon escape fraction reduces impact of total on ROI dose

Largest energy deposition per disintegration

– Geometric influences on particle escape from ROI volume 

advised for most radionuclides 

– No so important for At-211 due to limited alpha particle escape
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Deep dive into 18F example dose calculation

– Begin with graphical approach using Text Report plot 

– Area under activity curve represents activity delivering dose to tissue ROI 

Total box area
142 MBq × 190 min 
= 1,600 GBq s 

Disintegrations in ROI 
relate to area under curve 
~ 40% box area
~ 650 GBq s
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18F positron range publication

Collisional loss dominates 
positron stopping power

Some high-energy positrons 
emitted near ROI boundary 

can escape with minimal 
energy deposition
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18F energy & range spectra from same publication

For 0.8-cm thickness, some higher-energy 
positrons will escape the ROI.  

Positron 
energy 

distribution

Positron maximum 
range distribution 

Range < 0.1 cm 
more likely 
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Approximate 18F positron energy fraction deposited in ROI

For the more probable Rmax ≈ 0.1 cm for 18F positrons, the ROI volume fraction for mostly complete positron 
self absorption is approximated as

   1 −
4.6×7.8×0.6

4.8×8.0×0.8
 = 0.70

This leaves 30% ROI volume for which positron escape is more important.  By assuming 50% energy escape 
for this outer volumetric layer, positron energy deposition in the ROI is approximated to be 85% of the total.

Additionally, 10% energy deposition in ROI is assumed for annihilation photons.

from ICRP-107 (2008)

0.24 × 0.85 + 0.10 × 0.1 ≈ 𝟎. 𝟐𝟏
𝐌𝐞𝐕

𝐁𝐪 𝐬
Approximate 18F energy deposited in ROI
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18F Dose to ROI implied by prior approximations

V+ result:  0.52 Gy 

19% lower dose

𝑫𝑹𝑶𝑰 ≈
𝟔𝟓𝟎 × 𝟏𝟎𝟗 𝑩𝒒 𝒔 × 𝟎. 𝟐𝟏

𝑴𝒆𝑽
𝑩𝒒 𝒔

𝟒. 𝟖 𝒄𝒎 × 𝟖. 𝟎 𝒄𝒎 × 𝟎. 𝟖 𝒄𝒎 𝟏. 𝟏
𝒈 

𝒄𝒎𝟑 𝟔. 𝟐𝟒 × 𝟏𝟎𝟗 𝑴𝒆𝑽
𝑮𝒚 𝒈

≈ 𝟎. 𝟔𝟒 𝑮𝒚
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211At Dose to ROI

– Begin with Text Report plot 

– Calculate area under activity curve

– Calculate Dose to ROI (next slide)

▪ Dose from parent radioactive emissions only

▪ Dose from decay progeny presently not included

0 + 143 + 151 + 151
+ 136 + 120 + 104 + 88
+ 73 + 56 + 49 + 41
+ 33 + 33 + 25 + 17
+ 17 + 17 + 9 + 9 + 9
+ 9 + 9 + 9 = 1,308 MBq

Area under curve equals disintegrations in ROI

𝟏, 𝟑𝟎𝟖 𝐌𝐁𝐪
𝟏𝟎 𝐦𝐢𝐧

𝐭𝐢𝐦𝐞 𝐬𝐭𝐞𝐩

𝟔𝟎 𝐬

𝟏 𝐦𝐢𝐧
= 𝟕𝟖𝟓 𝑮𝑩𝒒 𝒔
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211At Dose to ROI (parent emissions only)

V+ result:  6.7 Gy 

27% lower dose

𝑫𝑹𝑶𝑰 ≈
𝟕𝟖𝟓 × 𝟏𝟎𝟗 𝑩𝒒 𝒔 × 𝟐. 𝟓 

𝑴𝒆𝑽
𝑩𝒒 𝒔

𝟒. 𝟖 𝒄𝒎 × 𝟖. 𝟎 𝒄𝒎 × 𝟎. 𝟖 𝒄𝒎 𝟏. 𝟏
𝒈 

𝒄𝒎𝟑 𝟔. 𝟐𝟒 × 𝟏𝟎𝟗 𝑴𝒆𝑽
𝑮𝒚 𝒈

≈ 𝟗. 𝟑 𝑮𝒚
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Example VII:  Larger volume extravasation with 
limb elevation including voxel size insights
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Example VII: 45-min 177Lu extravasation with 120-min limb 
elevation & many parameter defaults

62
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Gravity from limb elevation 

influences fluid movement and 

accumulated dose distribution

63

Elevated end

Noticeable shift in maximum dose 

from extravasation centroid at (0,0)
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Voxel size “influence” on lateral flow & biological clearance

64

Default 
voxel size

5 mm

Smaller
voxel size

2.5 mm

▪ 5 mm (default): Nearly complete depletion of ROI activity in ~70 min

▪ 2.5 mm (caution for small sizes): Nearly complete depletion in 7 min   

t t
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Voxel size “influence” on lateral flow & biological clearance (cont’d)

65

Transmissivity & diffusivity input values currently applied to voxel (not tissue layer)

– Note this codependency

– Real influence from parameter associations

– Adjust transmissivity & diffusivity for voxel size to obtain similar flow behavior (presently)

▪ Potential code modification may link these input definitions to a unit computational volume
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5-mm default voxels yield minimal ROI depletion in 7 min

66

52 min45 min

Activity Concentrations

Elevated 

end

Elevated 

end
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2.5-mm voxels yield substantial ROI depletion in 7 min

67

52 min45 min
Activity Concentrations

Lower voxels

Upper voxels

Elevated 

end

Elevated 

end
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5. Voxel Size Effects
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Voxel size effect on diffusion dominated test case

Enormous reduction in 
fluid residence time

Enormous reduction in 
time-integrated ROI activity

2x reduction

Simulation 1:  Voxel Size = Effective Thickness Simulation 2:  Voxel Size = ½ Effective Thickness

Voxel size = 5 mmVoxel size = 10 mm

14x reduction

2x reduction in 

voxel size

7x reduction in 

clearance half-time
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Examine voxel size effects on dose

30-min 177Lu extravasation

Same activity concentration

Similar ROI volumes

Same flow parameter values

Different voxel sizes
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6. Reporting Errors & Posting Questions
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User Engagement, Information, Help, and Issue Tracking

• GitLab is used to manage the 
configuration of ExtravDose.

https://gitlab.com/RCD-1/varskinplus/extravdose/-/wikis/home

72

https://gitlab.com/RCD-1/varskinplus/extravdose/-/wikis/home


     V+ software is available from U.S. NRC  https://ramp.nrc-gateway.gov/ 73

Version History – Levels of Detail

Summary of 
all versions

Details of a 
version

Details of a 
single 

change
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FAQs and Discussion Boards

To submit information that only the 
developers can see check the box to 
make it an internal note.
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Viewing Issues

Anyone can view these and no 
account is required to do so.
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Submitting an Issue

Note: Viewing these pages 
does not require an 
account. 

To submit issues or join 
discussions, you need to 
create a free GitLab 
account. 

Alternatively, you can 
submit inquiries directly to 
the RAMP team by email: 
RAMP@nrc.gov.

or

/RCD-1/varskinplus/extravdose/-/wikis/RAMP@nrc.gov
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https://gitlab.com/RCD-1/varskinplus

https://gitlab.com/RCD-1/varskinplus
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End of Intermediate Training
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