
Skin dose assessment 

Trigger levels for patient follow-up 



OBJECTIVES OF RADIATION PROTECTION

Two main objectives of radiation protection of the patient in interventional radiology

are:

1. minimizing the risk of stochastic effects such as cancer induction or hereditary

effects. As these risks are proportioned to the radiation dose to the radiosensitive

organ, this may be achieved in practice by reducing patient doses.

2. avoiding, when possible, the risk of deterministic injuries occurring.



High Radiation Doses

 High radiation doses in the skin of patients may be produced during interventional

procedures, especially:

 In complex procedures.

 In obese patients.

 With repeated procedures on the same patient.

 Non optimised X-ray equipment.

 With operators not applying optimization criteria (and appropriate protocols) during

procedures.

Not always such risk (and skin injury) is recognized by interventionists.



Deterministic Risk

Shope T; Radiation-induced skin injuries from fluoroscopy; Radiographics 1996



Deterministic Risk

Balter S et al.; Fluoroscopically guided interventional procedures: a review of radiation effects on patients' skin and hair; Radiology 2010
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Skin Dose – Measurements

 Termoluminescent dosimetry



Skin Dose – Measurements

 Gafchromic film



Uncertainties

Farah et al; Characterization of XR-RV3 GafChromic® films in standard laboratory and in clinical conditions and means to evaluate 

uncertainties and reduce errors; 2015



Skin Dose – Measurements

 Films = 2D spatial distribution, easy to use but high uncertainties

 On average 20%

 Can be reduce to within 5%

 Can easily increase to over 40% if minimal care is not taken

 TLDs  More accurate and multiple usage possible but point

measurements  risk of missing data



Skin Dose – Measurements

 «Easy» to perform

 Not for every patient

 Calibration, reading, fitting, and other film-related and scan-related

processes need to be performed carefully in order to control the accuracy

of the measurement
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Adapted from EFOMP-AAPM TG 246



REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

Skin Dose

Adapted from EFOMP-AAPM TG 246



Skin Dose

• Readily available since 2006

• Well defined IRP

• Includes Fluoro AND Acquisitions

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

Adapted from EFOMP-AAPM TG 246
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Trigger Levels

Trigger levels  dose alerts to help the operators identifying procedures

potentially at risk for skin injuries

The relevant risk quantity is absorbed dose in the skin at the site of maximum

cumulative skin dose. A helpful approach is to select values for maximum

cumulative absorbed dose in the skin at which various clinical actions

regarding the patient’s record or care (related to potential radiation-induced

skin injuries) are taken (ICRP, 2000b).

Skin dose cannot be assessed in real time. Therefore procedures for

estimating and monitoring skin dose in daily practice need to be

developed and on line dose indicators that could alert the physician about

radiation risk should be individuate.



Trigger Levels

As stated in the ICRP 105:

“DIAGNOSTIC REFERENCE LEVELS are not applicable to the management of 

deterministic effects …. In this case, the objective is to avoid tissue reactions 

in individual patients undergoing justified but long and complex procedures. 

The need here is to monitor, in real time, whether the threshold doses for 

deterministic effects (tissue reactions) are being approached or exceeded for 

the actual procedure as conducted on a particular patient.“



Trigger Levels and Follow up

Trigger Levels are used to trigger additional dose-

management actions.



Guidelines

 The QA programme should establish a trigger

level for individual clinical follow-up when there

is a risk of radiation-induced skin injuries.

 Patient dose reports should be produced at the

end of procedures, archived, and recorded in the

patient’s medical record.

 If dose reports are not available, dose values

should be recorded in the patient’s medical

record together with the procedure and patient

identification.
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 Real time skin dosimetry?



Different approaches in real practice

 What is available in the operating room?

 FT



Fluoroscopy Time

For years, fluoroscopy time (FT) has been the parameter of choice to evaluate

the dose received by the patient during an interventional procedure.

But FT does not correlate with patient dose  not the correct parameter for

patient skin dose



Different approaches in real practice

 What is available in the operating room?

 KAP and CK



Strategy

 Choice of “critical” procedures

 Select the dosimeter and measure skin dose

 Look for a correlation with online dose indicators to evaluate Trigger (or

Alert) Levels



Which procedures?
PROCEDURE No.

FT

(min)

KAP

(Gycm2)

CK

(mGy)

Cerebral Angiography 197 6.1 ± 8.2 71.1 ± 49.2 770.9 ± 887.4

Aneurysm Embolization 76 26.6 ± 13.5 135.4 ± 60.8 2153.7 ± 1345.3

Chemo-embolization 144 14.1 ± 7.7 210.5 ± 138.6 1136.3 ± 767.9

Embolizations 57 26.2 ± 41.6 269.7 ± 320.8 1384.7 ± 1472.0

Peripheral Angiography 145 1.4 ± 1.9 43.4 ± 29.3 154.5 ± 106.1

Lower limb Angioplasty 44 15.6 ± 9.9 24.7 ± 37.6 149.0 ± 237.6

Carotid Angioplasty 73 9.4 ± 5.5 53.7 ± 26.0 247.3 ± 135.7

Iliac Angioplasty 45 11.4 ± 9.8 80.5 ± 89.5 401.9 ± 293.8

Below-knee Angioplasty 27 17.9 ± 10.4 8.9 ± 14.3 101.8 ± 326.0

Renal Angioplasty 12 7.7 ± 3.5 48.8 ± 54.8 308.6 ± 270.3

AAA/AAT 13 11.6 ± 5.1 87.6 ± 50.3 495.7 ± 248.6

Brachyteraphy 9 22.6 ± 19.8 16.4 ± 14.6 104.1 ± 94.5

Cavography 7 7.5 ± 6.5 66.1 ± 53.8 273.3 ± 216.4

Fibrinolysis 10 19.9 ± 11.0 28.1 ± 29.6 113.2 ± 102.9

Caval Filter 10 7.0 ± 7.3 64.1 ± 98.3 236.7 ± 282.7

Fistolography 10 4.6 ± 4.0 4.5 ± 14.6 28.4 ± 109.2

Flebography 26 6.5 ± 16.1 28.4 ± 58.9 300.2 ± 803.9

HVPG measurement 10 9.1 ± 7.1 29.2 ± 18.1 167.0 ± 100.1

TIPS 13 20.5 ± 13.3 117.3 ± 74.1 827.5 ± 609.5

Epiaortic trunk angiography 13 3.6 ± 3.3 40.9 ± 30.5 221.3 ± 150.4

Vertebroplasty 13 13.0 ± 16.1 51.4 ± 26.0 392.7 ± 157.3
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Metholodogy

 Calibration of films/TLDs in clinical X-ray beams

 Positioning of films/TLDs on patient

 Exposure data collection (equipment + patient)

 Films/TLDs readings + analyze to estimate the MSD

 Correlation with online parameters (FT, KAP, CK)

 Uncertanties estimation



Measurements in a sample

 Termoluminescent dosimetry

 Gafchromic film



No.
PSD

(mGy)

Range

(mGy)

25 352.4 ± 145.4 98.8 ÷ 561.9

Cerebral angiography
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0.0

100.0

200.0

300.0

400.0

500.0

600.0

700.0

0 50 100 150

P
S

D
 (

n
G

y
)

KAP (Gycm2)

PSD vs KAP

y = 0.445x

R² = 0.2975

0.0

100.0

200.0

300.0

400.0

500.0

600.0

700.0

800.0

0 500 1000 1500 2000

P
S

D
 (

n
G

y
)

CK (mGy)

PSD vs CK

Trianni et al; Assessment of trigger levels to prevent tissue reaction in interventional radiology procedures; 2010



No.
PSD

(mGy)

Range

(mGy)

18 1072.5 ± 1085.2 332.2 ÷ 4941.9

Aneurysm embolisation
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Trianni et al; Assessment of trigger levels to prevent tissue reaction in interventional radiology procedures; 2010



No.
PSD

(mGy)

Range

(mGy)

38 1343.8 ± 915.7 342.4 ÷ 4135.5

Chemoembolisation

y = 6.1957x

R² = 0.6822

0

500

1000

1500

2000

2500

3000

3500

4000

4500

0 100 200 300 400 500

P
S

D
 (

n
G

y
)

KAP (Gycm2)

PSD vs KAP

y = 1.1745x

R² = 0.9256

0

500

1000

1500

2000

2500

3000

3500

4000

4500

0 1000 2000 3000 4000

P
S

D
 (

n
G

y
)

CK (mGy)

PSD vs CK

Trianni et al; Assessment of trigger levels to prevent tissue reaction in interventional radiology procedures; 2010



Skin Dose – Reference Air Kerma

 ….not always

“Reality” “Cumulative AK”

Courtesy of S. Balter



Skin Dose – Air Kerma Area Product

 Not a very good indicator

=



Stecker and al. (2005)



NCRP 168 (2010)



Trianni et al. (2010)



Vano et al. (2012)

 Trigger levels for a potential patient follow-up were adapted to the values

recommended by the SIR-CIRSE guidelines (peak skin dose 3 Gy, CK 5 Gy, KAP 500

Gy.cm2, or FT 60 minutes).

 Cumulative skin dose of each of the planes (frontal and lateral) is considered

independently as main trigger levels when one resulted in values 4 Gy,



Vano et al. (2013)

«SIGNIFICANT RADIATION DOSE»:

- 3 Gy PSD

- 5 Gy CAK

- 500 Gy.cm2 KAP

- 60 min FT



Jarvinen et al. (2018)



The project

 Measurement tools

 XR-RV3 gafchromic films

 TLDs chips (MTS - MCP)

 Interventional procedures

 Neuro-embolizations (NE)

 Chemo-embolizations (CE)

 Coronary angioplasties (PTCA)

 Online dose indicators

 Fluoroscopy time (FT)

 Kerma-area product (KAP)

 Cumulative air kerma (CK)

 Ten European Countries 



Data collection and analysis

 Calibration of films/TLDs in clinical X-ray beams

 Positioning of films/TLDs on patient

 Exposure data collection (equipment + patient)

 Films/TLDs readings + analyze to estimate the MSD

 Correlation with online parameters (FT, KAP, CK)

 Uncertanties estimation

 Positioning of films

 Methodology

 Positioning of TLDs

8  cm

4  cm

85 TLDs for CE & PTCA (spacing 8 cm)

38 TLDs for NE (spacing 5.5 cm)



Uncertanties
 Uncertainties estimation:

 Uncertainty on chamber readings

 Film dose response with :

 Energy

 Dose rate

 Postexposure growth

 Uniformity

 Scanner characteristic

 Uniformity

 Reproducibility

 Calibration fit

 KAP meter

 Correlation



Results



Skin Dose

• Readily available since 2006

• Well defined IRP

• Includes Fluoro AND Acquisitions

• Not accurate

• Defined in air

• No spatial components
REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

Adapted from EFOMP-AAPM TG 246



Guidelines
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Follow Up scheme

Patient undergoes

fluoroscopic guided 

procedure
Radiographer

informs MPE

Procedure info 

added to database

by MD designee

No further 

action required

MPE improves

estimation

accuracy

>Trigger level

< Trigger level



From Reference Air Kerma to Skin Dose



From Reference Air Kerma to Skin Dose

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

GEOMETRY CORRECTION

Adapted from EFOMP-AAPM TG 246

 Measured

 Estimated

 Calculated



From CKRP to CKpat – ISL correction

𝐶𝐾𝑝𝑎𝑡 = 𝐶𝐾𝑅𝑃 ×
𝑑𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑜 𝑅𝑃

𝑑𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑜 𝑝𝑎𝑡𝑖𝑒𝑛𝑡

2



ISL potential error

 The percent difference in dose calculation as a function of the mismatch in

the distance along the beam direction can be up to 20%



From CKRP to CKpat – Geometry

 Calculation has to be performed for each irradiation event, projecting the

field on the table surface and taking into account the angles

Jones AK and Pasciak A; Calculating the peak skin dose resulting from fluoroscopically guided interventions. Part I: Methods; 2011



From Reference Air Kerma to Skin Dose

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

GEOMETRY CORRECTION

Adapted from EFOMP-AAPM TG 246

AIR KERMA MAPPING INCIDENCE

Sample for reference only, pulled from internal GE Innova Dose Report

• Baseline attempt at accounting for dose spread

• Not fully developed spatial consideration



From Reference Air Kerma to Skin Dose

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

GEOMETRY CORRECTION

Adapted from EFOMP-AAPM TG 246

AIR KERMA MAPPING INCIDENCE

SKIN DOSE CORRECTION FACTORS



From CKRP to CKpat – Table and Pad

 Table normally attenuates primary beam by a small amount

 Thick table pad and some foam can reduce the iAK rate

 Need to know if CK is calibrated with or w/o table and pad

𝑖𝐴𝐾 = 𝐶𝐾𝑅𝑃 ×
𝑑𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑜 𝑅𝑃

𝑑𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑜 𝑝𝑎𝑡𝑖𝑒𝑛𝑡

2

× 𝑡



From CKRP to CKpat – Table and Pad

 Table and pad attenuation depends on beam quality

Rana et al; Updates in the real-time Dose Tracking System (DTS) to improve the accuracy in calculating the radiation dose to the patients 

skin during fluoroscopic procedures; 2013



Table Attenuation Correction Potential Error

 Table and pad correction vary with angle

Rana et al; Updates in the real-time Dose Tracking System (DTS) to improve the accuracy in calculating the radiation dose to the patients 

skin during fluoroscopic procedures; 2013



Table Attenuation Correction Potential Error

 Forward scatter:

 The measured scatter fractions indicate that the patient table as well as the head

holder contributes an additional 10-16% to the patient entrance dose depending

on field size

Islam N et al; The Contribution to Skin Dose Due to Scatter From the Patient Table and the Head Holder During Fluoroscopy; 2015



From CKRP to CKpat – Backscatter factor

 The BSF can be determined both experimentally and through simulation as

a function of:

 Beam quality

 Patient size

 X-ray field size (obtained from KAP/Ka,r)

𝑖𝐴𝐾 = 𝐶𝐾𝑅𝑃 ×
𝑑𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑜 𝑅𝑃

𝑑𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑜 𝑝𝑎𝑡𝑖𝑒𝑛𝑡

2

× 𝑡 × 𝐵𝑆𝐹



From CKRP to CKpat – Backscatter factor

Fluoro

Acquis

Jones AK and Pasciak A; Calculating the peak skin dose resulting from fluoroscopically guided interventions. Part I: Methods; 2011



From CKpat to Skin Dose – f-factor

 Different tissues absorb ionizing radiation more or less efficiently

depending on both the tissue type and X-ray beam quality.

 Therefore, a beam of ionizing radiation will deposit more of its energy in

certain tissue types than others.

𝑖𝐴𝐾 = 𝐶𝐾𝑅𝑃 ×
𝑑𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑜 𝑅𝑃

𝑑𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑜 𝑝𝑎𝑡𝑖𝑒𝑛𝑡

2

× 𝑡 × 𝐵𝑆𝐹 ×

𝜇𝑒𝑛
𝜌

𝑡𝑖𝑠𝑠𝑢𝑒

𝜇𝑒𝑛
𝜌

𝑎𝑖𝑟



From CKpat to Skin Dose – f-factor

 The f-factor has been tabulated for several tissue types

Jones AK and Pasciak A; Calculating the peak skin dose resulting from fluoroscopically guided interventions. Part I: Methods; 2011



Concerning the f-factor…

Jones AK and Balter S; Medical imaging using ionizing radiation: Optimization of dose and image quality in fluoroscopy; 2014

f-factor ≈ 4.75 for bone



Concerning the f-factor…

Jones AK and Balter S; Medical imaging using ionizing radiation: Optimization of dose and image quality in fluoroscopy; 2014

f-factor ≈ 4.75 for bone



From Reference Air Kerma to Skin Dose

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

GEOMETRY CORRECTION

Adapted from EFOMP-AAPM TG 246

AIR KERMA MAPPING INCIDENCE

SKIN DOSE CORRECTION FACTORS

Backscatter Factor (BSF)

Mean Energy Absorption Coefficient Ratio

Table Attenuation

Forward Scatter from the Table

• Achievable amount of physics measurement

• Attempts to convert Exposure  to Skin Dose

• Factors based on ‘average’ setup, some ability to fine 
tune 



Sources of Uncertainty

SOURCE UNCERTAINTY

Reference Air Kerma
MPE Dosimeter: up to 5%

35% tolerance

Table and Pad 25 - 45%

Forward scattered from table and pad 8 – 12% of the primary beam

Backscattered X-rays (soft tissue)
5- 50% depending on field size and image 

quality

Backscattered X-rays (phantom) 0 – 10% depending on the phantom used

Actual distance of the skin 0 – 20%

F-factor 0 – 4% depending on the energy



From Reference Air Kerma to Skin Dose

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

GEOMETRY CORRECTION

Adapted from EFOMP-AAPM TG 246

AIR KERMA MAPPING INCIDENCE

SKIN DOSE CORRECTION FACTORS

POST-PROCEDURE

ANTROPOMORPHIC

SKIN DOSE MAPPING



Skin Dose Mapping

 Commercially available (e.g: Radimetrics, Bayer; DoseWatch, GE healthcare)

 Different types of phantoms



From Reference Air Kerma to Skin Dose

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

GEOMETRY CORRECTION

Adapted from EFOMP-AAPM TG 246

AIR KERMA MAPPING INCIDENCE

SKIN DOSE CORRECTION FACTORS

POST-PROCEDURE

ANTROPOMORPHIC

SKIN DOSE MAPPING

• Accounts for dose spread

• Provides actionable QA Metrics

• Limited by available information

• Results limited to post procedure
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Different approaches in real practice

 What is available in the operating room?

 Real time skin dosimetry



From Reference Air Kerma to Skin Dose

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

GEOMETRY CORRECTION

Adapted from EFOMP-AAPM TG 246

AIR KERMA MAPPING INCIDENCE

SKIN DOSE CORRECTION FACTORS

POST-PROCEDURE

ANTROPOMORPHIC

SKIN DOSE MAPPING

REAL TIME

SKIN DOSE 

MAPPING



Available systems – Canon Medical Systems

 Morphometric phantoms

 Validated with Gafchromic films

 Accuracy: 20% (proper selection of the

phantom)



Available systems – Canon Medical Systems



Available systems – GE Healthcare

 Superellipses

 Validated with Gafchromic films

 Accuracy: 25%



Available systems – GE Healthcare



From Reference Air Kerma to Skin Dose

REFERENCE AIR KERMA AND AIR KERMA-AREA PRODUCT

GEOMETRY CORRECTION

Adapted from EFOMP-AAPM TG 246

AIR KERMA MAPPING INCIDENCE

SKIN DOSE CORRECTION FACTORS

POST-PROCEDURE

ANTROPOMORPHIC

SKIN DOSE MAPPING

REAL TIME

SKIN DOSE 

MAPPING

• Provides PSD values Real Time!

• Use of Actionable QA Metrics

• Real time use of device messaging



Follow Up scheme
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