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Fluoroscopically-guided Interventions

� Cardiology
� Neurology
� Vascular Surgery
� Urology
� Orthopedic Surgery
� Obstetrics and Gynecology
� Gastroenterology and Hepato-biliary System
� Anesthesiology and Pain Management
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Interventional Radiology



Cerebral Angiography: 158 Adults
15 Children

Cerebral Embolization: 70  Adults

Hepatic Chemoembolization: 55 adults ( 3 hospitals) 

Prostatic Artery Embolization: 5 adults

Studies Performed in Recife- PE



Dosimetric and Geometric Quantities for Determination of Patient Dose 
(ICRU 74, 2005)
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PKA represents the integral of air 
kerma across the entire x-ray 
beam emitted from the x-ray 

tube. Its units are Gy cm2. 

The accuracy of the display 
can be checked directly or 

indirectly
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Calibration PKA chamber

PKA (DAP) Display on control



(Ka,r) 
“Interventional reference point”, “Cumulative reference point air kerma”, 

“Cumulative dose”, “Patient entrance reference point”
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Ka,r (mGy)
IEC 60601-2-43, 2000 & NCRP 168, 2010

Ka,r approximates Ka,e for patients undergoing 
body interventions such as cardiac and hepatic 
procedures, but overestimates it for patients in 

cerebrovascular interventions. 

The accuracy of the Ka,r display is 
checked with an ion chamber

Tolerance ± 35 % for ≻ 100 mGy
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77

PKA Ka,r

Room Monitor Displays
(Siemens System)

PKA Tolerance ± 35 % for ≻ 2.5 Gy cm2
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Protection Dosimetry – Interventional Radiology

�PKA

�Maximum (Peak) Organ Dose
� Skin
� Eye Lens

�Stochastic Effects

�Deterministic Effects

Diagnostic Reference Levels in terms of  PKA

Patient Follow-up

Peak Skin Dose: 3 Gy (ICRP, NCRP), 15 Gy (U.S. TJC)
Cumulative Air Kerma: 5 Gy; PKA: 500 Gy cm2; Fluoroscopy Time: 60 min (NCRP)



Threshold doses for approximately 1% morbidity incidence
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ICRP 118 , 2012 



� PATIENT   DOSIMETRY

- PKAand Ka,r : showed at equipment display

- Radiochromic film: dose distribution estimated on patient’ s skin

- TLD dosimetry in some body regions
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Adult patient doses received during cerebral procedures 
performed in Recife
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Dosimeters: 
TLD-100



Paediatric patient doses received during cerebral procedures 
performed in Recife

Ø Patients: Data for 15 patients (7 female and 8 male), 3 to 15 years old.

Ø Procedures: 13 patients cerebral angiographies and 2 patients

embolization neuroradiology procedure
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Distribution of the skin air kerma in the region of left and 
right eyes, forehead and thyroid

Reference cumulative dose for fluoroscopy , DSA 
and total neuroangiographic procedure 



PKA and Ka,r Values for Cerebral Angiographies
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Pediatric Patient

Adult Patient
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In Interventional Exams, Maximum Skin Dose  and PKA 
can be Determined with Film:
Silver Halide and Radiochromic

Film Position (Cardio)



Radiochromic films

15N. Lunelli, 2012



Maximum Skin Dose
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Cerebral 
angiographies

Cerebral 
Embolizations

2497 mGy

N. Lunelli, 2012



Maximum Skin Dose - Results
Neuroradiology Interventions

17N. Lunelli, 2012

Reaction in the patient –
MSD=8030 mGy



Maximum Skin Dose - Results
Hepatic Artery Chemoembolization
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Hepatic Artery Chemoembolization Results

H.J. Khoury et al, 2015



Prostatic Artery Embolization 
Results

W.J. Garzon et al., 2016



Prostatic Artery Embolization 
Results

W.J. Garzon et al., 
2016



Prostatic Artery Embolization 
Results

W.J. Garzon et al., 2016



Medical Staff Dosimetry
TLD-100 chips attached next to the eyes, close to the thyroid (over 
apron-collar), on the thorax under the apron, at the hands in the 
region of the pulse, and at the feet.

The effective dose to the staff was estimated using the algorithm 
of von Boetticher . 

Position of the TLDs on the  
physician’s body surface

Where: Hp,u is the dosemeter reading
under the apron

Hp,o is the dosemeter reading over the
apron

Monitored Regions Operational
Quantity

Eyes Hp(0.07); Hp (3)

Neck (Over the
thyroid shield)

Thorax (Under the
apron)

Hp(10)

Hands (pulse area)
Knees
Feet

Hp(0.07)

! = 0.84'(,*(10)+0.051'(,-(10)



Occupational Dosimetry
Cerebrovascular Aneurysms & Embolizations
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N. Lunelli et al 2012



Prostatic Artery Embolization 

W.J. Garzon et al., 2016
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Mean values of Hp (d) in several regions of the main physician 
and the medical staff

Hepatic Artery Chemoembolization



Physician Effective Dose / Procedure
Hepatic Artery Chemoembolization

W.J. Garzon 2015



Estimation of annual values of main physician’s 
effective dose and equivalent dose

� Considering that the doctor performs about 150 embolization per year

W.J. Garzon 2015
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Teaching the Hospitals Radiation Protection



DICOM Standards  
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�DICOM Header
�DICOM Services

�e.g. modality performance procedure step (MPPS)
�Radiation Dose Structured Report (RDSR)
�Patient-RDSR (P-RDSR)

Measurements with radiochromic film and 
TLDs are very time consuming. But the 

methodology can be used to validate the 



Sample of a radiochromic film image
placed at the patient back in an
interventional cardiology procedure
(right) and two types of dose maps
obtained from the DICOM RDSR for the
same procedure. This also allows the
estimation of the maximum dose at the
skin entrance.

Skin Dose Maps
(JM Fernandez-Soto et al., 2016) 
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32Signifies part of Supplement 191 Patient RDSR

RDSR
IOD

- X-Ray exposure techniques
- Table, Gantry Angle, Beam 

Geometry, collimation, …
- Dose measure: CTDI, DAP, ...

Registration
IOD

X-Ray 
Equipment

Modality 
IOD

Patient Model

Organ Dose 
Reporter
System

Patient
Dose SR

Calculated data for 
documentation and reference 
to images and RDSR’s

Patient Dose Determination: Data Flow Requirements

Equipment Information
- Table dimension
- Attenuating material, …

Patient Dose 2D view/map 
(e.g. iso-dose map)

Patient Dose Surface 
3D map/view

Modality Frame of Reference 
(FOR)

Patient Model 
FOR

D. Pelc, 2016


