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ABSTRACT

Procedures used in interventional radiology brought
considerable prosperity to patients when compared to
traditional surgery. The negative aspect of interventional
radiology procedures are effects of ionizing radiation on
patients and the medical team that performs these procedures.
The amount of ionizing radiation is defined as exposure, which
is expressed in different measures. In order to present the
effects of radiation, different types of units are used, since it is
not achievable to quantify the stochastic and deterministic
effects directly. Dose-area product, air kerma and fluoroscopy
time are units that are used in interventional radiology, all of
them are granted by the angiography machine. These units are
used for the estimation of the entrance-skin dose and effective
dose, which are associated with deterministic and stochastic
effects, respectively. Finally, the main purpose is to obtain the
absorption dose, which helps us to observe the patient
exposure during interventional radiology procedures. The aim
of this paper is to describe measures of patient exposure to
ionizing radiation during interventional radiology procedures,
using a thorough literature search.
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INTRODUCTION

Procedures used in interventional radiology (IR)
brought considerable prosperity to patients when
compared to traditional surgery (1). The negative aspect of
interventional radiology procedures (IRP) are effects of
ionizing radiation on patients and the medical team that
performs these procedures (2). The amount of ionizing
radiation is defined as exposure, which is expressed in
different measures (2).

Radiation dose (RD) that is transferred to patient
during IRP is used to quantify the risk of stochastic and
deterministic effects (3). Radiation affects the organism by
harming the DNA or producing free radicals (4, 5).
Impairment of DNA can cause a mutation, but it does not
interfere with the mythosis which can possibly contribute
to stochastic effect, just as oncogenesis. Determinist
effects are caused by broader destruction, such as cell
necrosis and tissue injury, which happens after a certain

SAZETAK

Procedure koje se koriste u interventnoj radiologiji
donele su znacajnu korist pacijentima u poredenju s
tradicionalnom hirurgijom. Negativni aspekt interventnih
radioloskih procedura su efekti jonizujuceg zracenja na
pacijente i medicinski tim koji ih obavlja. Kolicina
Jjonizujuceg zracenja definise se kao izloZenost, koja se
izrazava razli¢itim merama. Da bi se prikazali efekti
zracenja, koriste se razlicite vrste jedinica, jer nije moguce
direktno kvantifikovati stohasticke i deterministicke efekte
zracenja. Proizvod doze i povrsine, kerma vazduha i vreme
fluoroskopije jedinice su koje se koriste u interventnoj
radiologiji, a sve ih prikazuje angiograf. Ove jedinice se
koriste za procenu ulazne doze u kozu i efektivne doze, koje
su povezane sa deterministickim i stohastickim efektima.
Najzad, glavna svrha je dobijanje doze apsorpcije, sto nam
pomaze da posmatramo izloZenost pacijenta tokom
interventnih radioloskih procedura. Cilj ovog rada bio je da
se opisu mere kojima se prikazuje izloZenost pacijenta
Jonizujucem zracenju tokom interventnih radioloskih
procedura opsirnom pretragom literature.

Kljucne reci: zracenje, jonizujuce, izlozenost zracenju;
radiologija, interventna; doza zracenja, pacijenti

threshold of RD is crossed. For example, International
Commission on Radiological Protection (ICRP) presented
that the threshold for skin injury is between 2 Gy and 3
Gy, for lens is 500 mGy and for heart it is also 500 mGy
(6, 7). Unlike deterministic effects, stochastic effects do
not have a threshold, but are established on statistical
probability that RD will lead to an effect (8).

In order to present the effects of radiation, different
types of units are used, since it is not achievable to
quantify the stochastic and deterministic effects directly.
Dose-area product (DAP), air kerma (AK) and
fluoroscopy time are units that are used in interventional
radiology, all of them are granted by the angiography
machine (9). These units are used for the estimation of the
entrance-skin dose (ESD) and effective dose (ED), which
are associated with deterministic and stochastic effects,
respectively (10-12). Finally, the main purpose is to obtain
the absorption dose (AD), which helps us to observe the
patient exposure during IRP. This is necessary, especially
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for interventional radiologists who perform this type of
procedures, in order to analyze the exposure of patients
with the determined normative and to possibly reduce
potential risk factors (13-15). Because of that, it is
essential to educate radiologists, especially those who
perform interventional procedures, about measures of
radiation, in order to prevent or downsize possible
stochastic and deterministic effects (1, 16).

The aim of this paper is to describe measures of patient
exposure to ionizing radiation during interventional
radiology procedures, using thorough literature search.

MATERIALS AND METHODS

A thorough exploration of the literature was
performed, using the Medline and Ebsco databases and the
subsequent terms: (radiation monitoring OR radiation
dose OR radiation exposure OR radiation measure OR
radiation unit OR radiation parameter) AND
(interventional radiology OR interventional vascular
procedure OR interventional non-vascular procedure OR
interventional procedure OR interventional neuro-
radiology OR interventional cardiology) AND (patients).
As a result of literature search, we singled out original
research papers, meta-analyses and review papers, which
were fully available and written in the English language.
We also selected substantial reference lists of published
papers which could help the readers to better comprehend
the paper’s substance.

RADIATION PARAMETERS

To this day, there is no direct approach for
measurement of the skin dose and effective dose during
IRP (17, 18). Still, there are other radiation parameters
such as dose-area product, air kerma as well as
fluoroscopy time, which are used to calculate entrance
skin dose, as well as equivalent dose (1).

Dose area product

Dose area product is expressed in Gy-cm?, since it is
the product of the air kerma, which is expressed in Gy or
mGy, and the exposed area, which is expressed in cm2, in
cases of evenly exposed area (4). Dose-area product is a
parameter that presents RD, which is absorbed by air and
multiplied by the cross-sectional area of the x-ray beam,
found in the quantification spot (19). DAP may also be
described as the integral of RD across the X-ray beam
(20). Cumulative DAP is the sum of all products for all
parts of an IRP (1). DAP can also be measured by the DAP
meters, which use huge-area transmission ionization
compartments, which are located in the space between the
patient and shutters of the final collimator (1, 21). There is
also a way to calculate DAP in real-time, employing an
algorithm that uses framework of the X-ray generator, in
combination with the collimator data (21).

DAP is significant, fast and trustworthy radiation
parameter, since it provides the information on the patient
RD and a risk of a stochastic effect (1, 22). In literature,
DAP is called as “the integral of air kerma”, because it
quantifies the energy that the patient receives (23).

The great feature of DAP is that it can be converted by
using various factors into estimated ED and PSD (24, 25).
Nonetheless, the conversion factors are not standardized
for all the IRP. PSD can be calculated using DAP, if the
field of the skin that was exposed to the radiation is known
(22). The skin dose can be also derived indirectly, by use
of meter positioned in the X-ray tube outlet. However, due
to the variance of the X-ray focus to skin distance, as well
as the X-ray field range and also magnification of the
image intensifier, this method is not widely used (22). The
other way to measure the patients’ dose is by using
thermo-luminescent dosimeters or films which must be
placed in the area of X-ray entrance in the body (26). It is
an accurate method, but expensive and requires more time
than DAP (22).

Previous studies have shown that there is a strong
correlation between DAP and maximum skin dose (MSD)
in all interventional cardiology procedures (p < 0.0001),
except for percutancous angioplasty performed in left
coronary artery (27).

Air kerma

In order to fully understand the term air kerma, we need
to know that kerma stands for ,kinetic energy released per
unit mass” (of air). It demonstrates the amount of radiation
energy that is expressed in joules (J), really deposited in or
absorbed in a unit mass (kg) of air. Hence, the unit for AK
is J/kg, likewise the radiation unit, the gray.

Air kerma is measured free-in-air, furthermore on the
central axis of the x-ray beam and at a specific distance
from the focus (28). Reference AK is concentrated at a
certain spot in space (also called the “patient entrance
reference point™) relative to the fluoroscopy system gantry
(23). For C-arm fluoroscopy systems, that spot is a point
adjacent to the central beam of x-ray, "15 cm back from
the isocenter approaching the focal spot" (29). Reference
AK and DAP are constructed in order to get the better
evaluation of the radiation injury risk (30). Furthermore,
incident air kerma is measured on the position where it
enters the patient or in some cases, phantom (23).

Time of fluoroscopy

Fluoroscopy time is third parameter, which is provided
during interventional procedures, by angiography unit. It
is measured in seconds (23). This unit is used for
estimation of RD during all IRP (7). However, it does not
correlate strongly with the exposure of patients during
interventional procedures in radiology (7, 23). However,
the Food and Drug Administration and ICRP suggest its
observation (1).
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PATIENT RADIATION DOSES

Entrance-skin dose

The purpose of the skin dose is to discover the
potential for the deterministic effect (8). It is estimated
from DAP. Still, this estimation may not be completely
accurate, due to the movement of X-ray tube around the
patient (3). Exceeding a threshold, which is 2Gy results in
a short-term erythema, 24-48 hours after the procedure. In
cases of higher skin dose, serious skin injuries happen (3,
24, 25).

Entrance skin dose is the dose which is absorbed in the
patient skin at a certain site (4,8). The total ESD (TESD)
is calculated when the ESDs for all segments of an IRP are
added, considering that the patient’s MSD will be alike the
TESD, if the angles and views used while performing IRP
are constant, which happens rarely. Therefore, the MSD
will not be the same as the TESD in these types of
procedures. Typically, the TESD shows greater value than
the MSD (1). To protect against patient skin injury during
IRP, the MSD should be monitored in real-time (1).

Formerly, the skin dose monitor was used to measure
ESD during IRP (31). This is no longer a case due to the
toxicity, which is associated with its zinc-cadmium sensor.
Two dimensional methods (such as x-ray film) are better
than dot dosimeters, since they have the possibility to
evaluate the dose distribution and MSD area (32). Several
studies report the benefit of the MSD evaluation using x-
ray film during IRP, with a major downside due to the fact
that the result wasn’t available in real time. Others
reported usage of “thermoluminescent dosimeter (TLD)
vest” made of 3-cm-spaced pockets, which are used to
insert TLDs for measuring skin doses directly (33).
Nevertheless, these vests don’t provide real-time data. The
radiosensitive indicator is additionally used to obtain the
two-dimensional doses, although it only assesses doses of
up to 5 Gy (1).

Absorbed dose and equivalent dose

Absorbed dose presents the concentration of radiation
energy that is absorbed at a specific point inside the tissue
(4). Different tissues within the beam will absorb various
doses, as a result of the attenuation of an x-ray beam when
it passes the body (34). Tissues near the entrance surface
will for that reason, have higher AD (8). Absorbed dose is
defined as the quantity of radiation energy that is absorbed
per unit mass of tissue”. The SI unit is the Gray (4,8). For
diagnostic imaging, milligray is used (1,4). AD shows
estimated risk of radiation exposure in a particular tissue (4).

Equivalent dose is actually the absorbed dose that is
adapted for the attenuation characteristics of the radiation
(8). In order to calculate the equivalent dose, we need to
multiply AD and a radiation-weighting factor (wR), which
implies relative biologic effectiveness of the radiation. For

a particle radiation, wR is 20, and at the same time, the wR
for X-rays is 1 (35). It is important to say, that it can be
perplexing, but also opportune to have identical values for
AD and equivalent dose (34). Equivalent dose is expressed
in Sieverts, with milliSievert being more used in
diagnostics (4,34).

Effective dose

The radiation dose parameter that is associated with
the risk of stochastic effects is called effective dose (4).
ICRP advises the use of ED for the sake of evaluation of
radiation exposure risk. Effective dose is reported in
Sieverts (milli or micro Sieverts). On account of progress
of the estimation of the stochastic effects risk, the ICRP
has changed the calculation of ED several times (35). The
most recent change was in 2007 and it was remarkable, for
the reason that weights of several tissues were changed
(35, 36). The effective dose is defined by ICRP as “the
weighted sum of the mean doses to a number of
radiosensitive tissues or organs in the body” (35, 37).

It is necessary to keep in mind that ED cannot be
utilized to assess individual risk of patients’ radiation
exposure, due to the use of average characteristics, such as
age and gender (1, 36). Still, ED is used to present the
relative risk (35, 38).

APPROACHES TO DOSE MEASUREMENTS

The gold standard for measurement of ED and
calculation of ED are possible with the use of phantom and
Monte Carlo simulation (39). When the virtual simulator of
human body is not possessed, AK and DAP are used (35,
40). For the estimation of effective dose, ICRP data on
mean absorbed dose to twelve specific organs, are needed,
since direct quantification isn’t possible. Phantoms can
also replicate certain organs that are area of interest and
Monte Carlo simulation can provide coefficients for
specific organ (28). Due to the fact, that this topic requires
broad knowledge of radio physics, biophysics and
radiology, it is necessary to increase the level of knowledge
that radiologists have on radiation exposure and its
measures (41). It is also necessary to obtain the radiation
parameters and calculate or evaluate radiation doses during
different types of interventional procedures, in order to
improve awareness in medical teams who perform these
procedures in everyday praxis (42, 43).

CONCLUSION

Advances in the field of interventional radiology,
increased the number of procedures and patients that
undergo them, which led to the greater exposure to
radiation and potential stochastic and deterministic effects.
These effects are not only hazardous for the patients, but
for the medical team as well, in larger amount. Radiologist
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and medical stuff are often unconcerned about the
radiation they are exposed, which can bring to harmful
effects, especially in more complicated procedures.
Optimization of radiation doses, education about
measurement and increase of skill and experience are key
factors to overcome this issue.

ABBREVIATIONS

IR - interventional radiology

IRP - interventional radiology procedures
RD - radiation dose

ICRP - International Commission on Radiological Protection
DAP - dose-area product

AK - air kerma

ESD - entrance-skin dose

ED - effective dose

AD - absorption dose

MSD - maximum skin dose

TESD - total entrance-skin dose

TLD - thermoluminescent dosimeter

wR - radiation-weighting factor
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