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Basic workflow

1. Start with Ka,r

2. Correct Ka,r to the entrance surface of the patient

3. Correct incident air kerma to skin dose

4. Correct skin dose to peak skin dose



1. Start with Ka,r



Fluoroscopy time

• Don’t even bother

• PSD estimates produced from 
fluoroscopy time always 
underestimate the PSD and lead 
to mismanagement of the 
patient
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PKA

• In the absence of Ka,r (why would you not have this), PKA can be used

• Convert PKA to Ka,r

• However, you MUST USE the field size AT THE LOCATION OF THE 
PATIENT, and not at the image receptor (nominal FOV)



Where do I find these dose indices

• On the fluoroscope

• Secondary capture dose page in 
the procedure record

• RDSR



2. Correct Ka,r to the patient surface



Important factors for this calculation

• Dose measuring device calibration factor

• Inverse square law correction
• Magnitude depends on procedure type

• Backscatter factor

• Table and pad attenuation

• f-factor



Dose measuring device CF

• Report of AAPM TG 190 provides 
the method for measuring

• Space available to store single 
point calibration factor in RDSR
• NEMA XR-27 provides the 

framework for actually storing this 
on the angio system

Beth Schueler, AAPM 2010
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Inverse square law correction

• Magnitude depends on 
procedure type

• Know the meaning of the data 
you are using
• Distance Source to Patient

Correct often offsets BSFCorrection often close to 1.0
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Table and pad attenuation

• Can be measured during 
commissioning of any new 
fluoroscope (or pad)

• Varies with incidence angle 
and beam quality

• If you don’t have it, sources 
of data are available
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3. Correct IAK to skin dose



Backscatter factor

• Large magnitude, but varies 
within a small range

• Use of a single BSF (two at most) 
is usually sufficient



f-factor

• Ratio of mass energy absorption 
coefficient of skin to that of air

• Small (1.04 – 1.06)

• Very important caveat – for bone 
tissue is about 4 
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𝐷𝑠𝑘𝑖𝑛 = 𝐾𝑎,𝑟 × 𝐶𝐹 ×
𝑑𝐼𝑅𝑃
𝑑𝑆𝑃𝐷

2

× 𝑇𝐴𝐹 × 𝑓 × 𝐵𝑆𝐹



𝐷𝑠𝑘𝑖𝑛

= 𝐾𝑎,𝑟 × 𝐶𝐹(𝑘𝑉𝑝, 𝑓𝑖𝑙𝑡) ×
𝑑𝐼𝑅𝑃
𝑑𝑆𝑃𝐷

2

× 𝑇𝐴𝐹(𝑘𝑉𝑝, 𝑓𝑖𝑙𝑡, 𝐹𝑂𝑉) × 𝑓

× 𝐵𝑆𝐹(𝑘𝑉𝑝, 𝑓𝑖𝑙𝑡, 𝐹𝑂𝑉)



4. Convert skin dose to PSD



Accounting for changing gantry angle

• Procedural images (along with metadata) or RDSR is needed to study 
gantry angle

• If you do not have either of these, don’t attempt to make a correction
• Assume all dose delivered to a single skin site – your calculated skin dose = 

PSD

• Gantry angle can be used as a radiation management strategy where 
appropriate





1308.286 / 6.962 = 188 cm2

Nominal FOV ~ 32 cm







These simulations indicate that rotation between LAO and RAO angles of about 20 degrees can reduce PSD for 
most patients during cardiac interventions.





Goal of the dose estimate

• Broadly categorize the 
PSD and possible 
effects
• Patient communication

• Follow up



Reporting 

• Standardized format

• Key information easily 
identifiable

• Report should include both the 
most likely value and a range 
that reflects uncertainty



Methods

• Hand calcs
• Jones and Pasciak methods

• RDIM

• Real time monitoring software



Multiple procedures

• Biologically effective dose (BED) 
approach

• Likelihood and severity of late 
effects is reduced when dose is 
fractionated

• Radiobiology of late effects 
• For skin α/β ~ 3.5 Gy
• Complete repair in 24 hours
• Repopulation in 2 months



Multiple procedures

• “Equivalent” single procedure dose 
is less than the sum of the 
individual doses

• One strategy (justified by 
radiobiology):
• Procedures separated by < 24 hrs:  

sum doses
• Procedures separated by 24 hrs to 8 

weeks:  BED approach
• Procedures separated by > 8 weeks:  

completely independent (?)





Other factors

• Oblique incidence
• Table and pad attenuation

• Shape of X-ray field on skin

• Heel effect

• Protraction of exposure during 
long procedures

Kevin Wunderle, AAPM 2019


