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Evaluation of occupational and patient dose in cerebral
angiography procedures’

Avaliagéo da dose ocupacional e de pacientes adultos em procedimentos de angiografia cerebral

Neuri Antonio Lunelli*, Helen Jamil Khoury?, Gustavo Henrique Vieira de Andrade®, Cari Borras*

Abstract Objective: The present study was aimed at estimating the doses received by physicians and patients during cerebral
angiography procedures in a public hospital of Recife, PE, Brazil. Materials and Methods: The study sample included
158 adult patients, and during the procedures the following parameters were evaluated: exposure parameters (kV, mAs),
number of acquired images, reference air kerma value (K, ,) and air kerma-area product (Pk,). Additionally, the physicians
involved in the procedures were evaluated as for absorbed dose in the eyes, thyroid, chest, hands and feet. Results:
The results demonstrated that the doses to the patients’ eyes region were relatively close to the threshold for cataract
occurrence. As regards the physicians, the average effective dose was 2.6 uSv, and the highest effective dose recorded
was 16 uSv. Conclusion: Depending on the number of procedures, the doses received by the physicians may exceed
the annual dose limit for the crystalline lenses (20 mSv) established by national and international standards. It is important
to note that the high doses received by the physicians are due to the lack of radiation protection equipment and accessories,
such as leaded curtains, screens and protective goggles.
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Resumo Objetivo: Este trabalho teve como objetivo estimar os valores de doses de radiagdo recebidas por médicos e pacientes
em procedimentos de angiografias cerebrais realizados em um hospital publico na cidade de Recife, PE. Materiais e
Métodos: Foram avaliadas as doses recebidas por 158 pacientes. Durante os procedimentos clinicos, foram registra-
dos os parametros de irradiacéo (kV, mAs), nimero de imagens, valor do kerma ar de referéncia (K,,) e do produto
kerma ar-area (Py,). Também foi efetuado estudo da dose absorvida na regjao dos olhos, tireoide, térax, méos e pés dos
médicos que realizaram os procedimentos intervencionistas. Resultados: Os resultados mostraram que as doses na
regido dos olhos dos pacientes podem chegar a valores proximos ao limiar para a ocorréncia de catarata. A dose efetiva
média nos médicos foi 2,6 uSv, sendo que o maior valor encontrado foi 16 uSv. Conclusao: Dependendo do numero
de procedimentos mensais, as doses recebidas pelos médicos podem exceder o novo limite de dose anual para o cris-
talino, que é de 20 mSy, estabelecido pelos érgaos nacionais e internacionais. As altas doses recebidas pelos médicos
séo decorrentes da auséncia de acessoérios de radioprotecédo, tais como cortinas, telas e 6culos plumbiferos.
Unitermos: Dosimetria; Radiologia intervencionista; Angiografia cerebral.
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INTRODUCTION

Interventional radiology is a speciaty
which relies on percutaneoustechnol ogies,
utilization of catheters coupled with radio-
logical techniques and neurological and
neurosurgical knowledge for the diagnosis
and treatment of central nervous system
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disorders. The technology of medical im-
aging, such asdigital cerebral angiography
and three-dimensiona (3D) mapping of
brain vessels, has achieved relevant ad-
vancesin interventional neuroradiology. A
number of recent publications in Brazil
highlight theimportance of neuroradiology
for diagnosis and treatment of severa dis-
eases(l—lo)_

In spite of their benefits, such proce-
dures may expose both patient and medi-
cal team to high radiation doses. Many
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studies have demonstrated that several pro-
cedures, due to their complexity and long
fluoroscopy times, result in dosesabovethe
deterministic effect threshold on some skin
areas, causing skininjuries™4, The study
developed by Mooney et al.*¥, for ex-
ample, describes the case of two patients
who had lost hair after being submitted to
embolization of arteriovenous malforma-
tions. Additionally, new studies on tissue
reactions have shown that, depending upon
individual sensitivity, injuries to radiosen-
sitive organs may occur even with doses
below the previously defined thresholds*®.

Considering the rapid development of
all technologiesinvolved in interventional
procedures, it is important to be aware of
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the radiation level to which the patient is
exposed, in order to guarantee his/her
safety. Despitetherelevance of the subject,
thereislittleinvestigation on radiation ex-
posure in awide variety of interventional
neuroradiology procedures. Sofar, thereare
no standardized valuesfor reference levels
to guide neurointerventionists about the
relative radiation exposure of their pa-
tients!®, At the sametime, physicianswho
perform interventional procedures are
among those professionalswho receivethe
highest radiation doses recorded in hospi-
tal procedures. In normal working condi-
tions, scattering radiation around the pa-
tient is high, and in the absence of indi-
vidual protection devices, the physician is
submitted to a high level of radiation
which, depending upon thework load, may
causeinjuriesto the eyesafter afew years™?.
The present study was aimed at assess-
ing cerebral angiography procedures per-
formed in adult patients at a hospital inthe
city of Recife, PE, Brazil, with the purpose
to estimate the doses received by patients
and physicians due to these procedures.

MATERIALSAND METHODS

The present study was undertaken at the
Hemodynamics Unit of the Instituto de
Medicina Integral Professor Fernando
Figueira (IMIP), in Recife, PE, Brazil, in
cooperation with the neuroradiology medi-
cal team. The study was approved by the
Ethical Committee in Research of the in-
stitution. The patients or guardians who
accepted to participate in the study were
duly informed on the risks and benefits of
theinvestigation and signed a term of free
and informed consent, according to the re-
quirements of CNS Resolution 196/96,
which regulates research involving human
beings in Brazil®9.

Inthe present study, 158 cerebral angio-
graphic procedures performed in 88 male
and 70 female, adult patients were investi-
gated.

The equipment used at the institution
for interventional neuroradiology proce-
duresis a Siemens Artis Zee angiographic
apparatus equipped with aflat panel image
detector receptor. Before measurements
were made in patients, tests have been per-
formed in order to verify the working con-
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ditions of the x-ray equipment. The proce-
dures used in such tests were based on the
requirements of AgénciaNaciona deVigi-
l&ncia Sanit&ria (Anvisa) (the Brazilian
Health SurveillanceAgency)“?, onthe pro-
tocol from the American Association of
Physicistsin Medicine®® and on the equip-
ment manufacturer’s specifications®. The
obtained results have shown that the
equipment’s performance met the require-
ments of applicable standards.

For thestudy of the dosereceived by the
patient, the following data were collected
during each procedure:

a) patients’ personal data and type of
procedure used;

b) irradiation parameters and adopted
protocols;

¢) fluoroscopy time, number of acquired
images and sequences and existence or not
of rotational acquisition (for 3D or tomo-
graphic reconstruction);

d) angle and rotation values for each
view, with respective size of the magnifi-
cation field;

e) air kerma at the interventional refer-
ence point (K,,);

f) air kerma-area product (Pga)-

The evaluated procedures were ran-
domly selected among those performed at
the hospital.

Dosimetry in patients

In order to estimate the dose received by
the patient in cerebral angiographies, P¢a
and K, valuesweremeasured. TheK,, was
obtained from the value provided by the
equipment with basis on the patient’s irra-
diation geometry and exposure parameters
selected during theclinical procedure. Such
quantity is defined for the reference point
of the interventional procedure (IRP —
interventional reference point), which by
definition, islocated 15 cm away from the
isocenter towards the x-ray tube®. The
International Electrotechnical Commission
defines IRP as arepresentative location on
the patient’s skin, but, depending upon the
patient’s thickness, such point may not
correspondsto the e patient’sskin. The Py,
value was obtained with the parallel plates
ionization chamber installed at the exit of
the collimator, which interceptsthe primary
x-ray beam. The reading of the measure-
ment performed with such an ionization

chamber corresponds to the air kerma and
the cross section area of the beam on the
point where the chamber is located. The
Pxa values provided by the ionization
chamber were corrected by means of apre-
viously determined factor, which corrects
the contribution of scattered radiation due
to the collimation system of the equipment.
The utilized factor was 0.797.

In order to evaluate the skin entrance
dose on the patient, studieswith thermolu-
minescent dosimeters (TLDs) were per-
formed in only 37 of the patients (17 men
and 20 women). Such study was not per-
formed with al patients due to the limited
number of available dosemeters. For each
procedure, four pars of TLDs type
LiF:Mg;Ti (TLD-100) with dimensions of
3 X 3 x 1 mm, which were encapsul ated
in pairsin small numbered plastic pouches
and placed on the following sites of the
patient’s body, as shown on Figure 1: eyes
sides, on the glabella (between the eye-
brows) and on the thyroid. After exposure
of the dosemeters on the patients, the read-
ings were performed with a 2800M
Victoreen readout device. The TLDs were
previously calibrated at Laboratério de
Metrol ogiadas Radiagoes | onizantes-DEN/
UFPE using an x-ray beam with quality
equivalent to the beam used in the
interventional radiology apparatus. A cali-
bration curve made possible to convert the
dosemeters' readingsinto air kerma.

Occupational dosimetry

The present study also evaluated the oc-
cupational dose on the physicianswho per-
formed 31 cerebral angiographies. For such
an evauation, the air kermawas measured
with TLD-100 dosimeters placed on nine
points of the physicians' bodies. The do-
simeters were encapsulated in pairs and
attached on each of the nine points, as
shown on Figure 2. The locations were se-
lected for being considered representative
for the calculation of the effective dose, as
well asfor the assessment of the equivalent
dose in radiosensitive organ regions, such
asthyroid and eyes.

The dosimeters were attached with ad-
hesive tape, and the measurement points
were distributed as follows:

» three on the face: one next to the right
eye, one on the glabella and another

Radiol Bras. 2013 Nov/Dez;46(6):351-357
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Figure 1. Positioning of dosimeters on the patient.

next totheleft eye—dosimeters1, 2, and
3, respectively;

one on thyroid region, externaly at-
tached over the thyroid protector — do-
simeter 4;

one on the chest region, under the apron
— dosimeter 5;

two for thehands, at thewrist regionun-
der the glove, one for each hand — do-
simeters 6 and 7,

two for the feet — dosimeters 8 and 9.
By using the Nilklason algorithm®® the
effective dose on the physicians was cal cu-
lated with basis on the air kerma measure-
ments obtained from two TLDs, one posi-
tioned on the external surface of thethyroid
protector, and the other under the apron on
the chest region. The measurements ob-
tained with those dosimeters were cor-
rected for operational quantities Hx(0.07)
and Hx(10)®Y. The algorithm proposed by
Nilklason is the following:

E = 0.02 (Ho—Hy) + Hy

where: Hp isthevaueof air kermaobtained
from the reading of the dosimeter taped on
the thyroid protector (TLD 4), converted
into H(0.07); and Hy istheair kermavalue
obtained from the dosimeter placed under
the protection apron on the chest region
(TLD 5), converted into Hp(10).

Radiol Bras. 2013 Nov/Dez;46(6):351-357

Studies developed by Padovani et al.®®
and Schultz et al.?® have evaluated the ap-
propriateness and accuracy of the effective
dose calculation agorithms, and concluded
that the Nilklason algorithm is that which
best provides the effective dose estimates
according to recommendations of the |ICRP
7520 Onthe other hand, studies developed
by Jérvinen et al.®® comparing 15 algo-
rithms have demonstrated that the Nilkla-
son algorithm may underestimate the effec-
tive dose by a factor of 1.3; however, it
presents the advantage of requiring data
from a dosimeter under the apron and an-
other placed on the thyroid protector. The
remaining algorithms require data from
more dosimeters, a factor that implies ad-
ditional costs.

RESULTS
Dosimetry in patients

Table 1 presents theirradiation and im-
ages acquisition parameters of cerebral an-
giography procedures performed in adult
patients at the hospital under study. The
data analysis demonstrates that in the 158
evaluated procedures, the mean exposure
time per procedure was 11.1 minutes, with
amaximum value of 33.3 minutes. The ex-
posure time is a consequence of the com-

Figure 2. Positioning of dosimeters on the physi-
cian.

plexity of the clinical study and of the gen-
eral physical conditions of the patient. In
general, the complexity of the procedures
can be characterized by the number and
location of theinjuries and malformations,
aswell ashy thedifficulty of accessing the
investigation point. Table 2 shows the
mean, minimum and maximum Py, and
K, values obtained according to the expo-
sure mode and to the complete procedures
of cerebral angiographies.
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Table 1

Doses evaluation in cerebral angiography procedures

Irradiation and acquisition parameters of cerebral angiography performed in adult patients.

Irradiation parameters

Acquisition parameters

Mode Tube voltage (kV) Current (mA) Pulse width (ms) Series Number of images Time (min)

Fluoroscopy (n = 158)

Minimum 65 40 - - - 1.5

Mean 71 66 - - - 9.0

Maximum 89 92 - - - 29.8
DSA (n = 97)

Minimum 63 86 29 4 70 0.6

Mean 74 333 80 12 256 2.0

Maximum 97 803 160 27 1,092 6.1
DSA + 3D (n = 61)

Minimum 63 100 4 8 294 0.2

Mean 74 354 63 15 603 2.0

Maximum 102 803 144 25 1,357 4.7

DSA, digital subtraction angiography; 3D, rotational angiographic series for 3D reconstruction; n, number of procedures.

Dose on organs

In the procedures evauated in the
present study, the mgjority of x-ray beam
incidences occur on the posterior region of
the head; but many times the beam is di-
rectly facing the eyes and thyroid, either
because of the necessary incidenceto form
the image of an injuries close to the sensi-
tive organ, or because of rotationa acqui-
sition. For such reason, dosimeters were
utilized to estimate the dose on such organs.
The results of the air kerma values on the
skin entrance surface on the eyes and thy-
roid regionsof adult patients, obtained with
the TLDs, are shown on Table 3. One can
observe that the mean and maximum air
kerma values occur on the left eye region.

Occupational dosimetry

Figure 3 showsthedistribution (showed
in a box and whisker plot) of the equiva-
lent doses measured in 37 procedures, at
different point on the body of the physi-
cians who performed the procedures. The
lower and upper extremities of the rect-
angle represent the 1st and 3rd quartiles of
the frequency data distribution. The bar
crossing the rectangle representsthe distri-
bution median, and the mean value is rep-
resented by the circle inside the rectangle.
The minimum and maximum values are
represented by asterisks. The externa
points are the outliers. The width of the
rectangle has no statistical significance.

The effective dose received by the phy-
sicians was calculated with the Nilklason
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Table 2 Mean, minimum and maximum Py, and K, values per exposure mode and in the complete
cerebral angiography procedure performed in adult patients.

Pua (Gy.cm?) Ka,r (MGy)

(minimum — maximum)

Mean = SD Mean = SD

(minimum — maximum)

Fluoroscopia (n = 158)
Exposure mode | DSA (n = 97)

DSA + 3D (n = 61)

Complete procedures (n = 158)

12.29 = 0.79 110.6 = 8.9
(1.92 - 97.35) (21.2 -1,180.0
57.9 + 3.6 626 + 32
(14.3 - 237.5) (212 - 1,912)
70.6 = 3.1 710 + 36
(29.8 - 122.4) (294 - 1,649)
75.4 £ 2.7 769 + 28
(16.3 - 251.7) (233 - 2,829)

DAS, digital subtraction angiography; 3D, rotational angiographic series for 3D reconstruction; n, number of

procedures; SD, standard deviation.

Table 3 Mean, minimum and maximum values
of air kerma in the eyes and thyroid regjons in an-
giography procedures in adult patients.

Air kerma (mGy)

Mean = SD
Region (minimum — maximum)

Left eye 46.3 + 6.1

(0.0 — 209.5)
Right eye 20.1 + 3.6

(1.6 - 90.9)
Glabella 7.04 = 0.67

(1.7 -22.1)
Thyroid 63=21

(0.0 -79.5)

SD, standard deviation.

algorithm and the results are shown on
Figure 4. The mean effective dose at an-
giography was 2.6 uSv and the maximum,
16 pSv.

DISCUSSION
Dosimetry in patients

Dataon Tablel show that in 61% of the
procedures, image acquisitions were per-
formed by meansof digital subtraction, and
in 39%, rotational acquisitions were also
performed for 3D reconstruction, in addi-
tion to the digital subtraction images. In
digital subtraction angiographic (DSA)
procedures, an image of the region of in-
terest isinitially acquired and such anim-
ageisdigitaly subtracted from the images
acquired on contrast-enhanced sequences,
so both the vascular structure and the ves-
sels of interest can be visuaized. In cere-
bral angiography for the diagnosis of aneu-
rysms, many times, besidesthe DSA acqui-
sition, series of rotational angiography se-
quences performed to alow the 3D recon-

Radiol Bras. 2013 Nov/Dez;46(6):351-357
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Figure 3. Distribution of equivalent dose in several regions on the body of the physicians who performed
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Figure 4. Effective dose on the physicians who performed the cerebral angiography procedures.

struction of the vascular network of the
patient. The 3D reconstruction providesthe
physician with data to plan the treatment
strategy of a patient’s vascular abnormal-
ity, allowing the visualization of the struc-
tures from different angles and the mea-
surement of thevolume or of the aneurysm
neck (vascular lumen). The number of ro-
tational sequences per procedure depends
upon the vascular abnormality found. In 38
procedures, in the largest portion of the
second group (DSA + 3D), two rotationa
sequences were performed for 3D recon-
struction. For 3D reconstruction, a greater
number of rotational sequences (four or
more) are requires only in cases where the
patient has multiple abnormalities located
at both sides of the brain, therefore requir-

Radiol Bras. 2013 Nov/Dez;46(6):351-357

ing contrast medium injection into differ-
ent brain hemispheres. One aso observes
that the average number of images in pro-
cedures with 3D reconstructions is higher
than twice the average number of images
in procedures without rotational acquisi-
tion.

The dataanalysis showsthat, in spite of
few studies presenting the number of ac-
quired sequences, the mean value found in
the present study is similar to the average
number of sequences in the study devel-
oped by Papageorgiou et al.?®. However,
the number of images reported by other
studies is more varied because of the wide
variability of cases complexities investi-
gated in the diagnosis®®. In studies with
biplanar apparatuses, wheretheimagesare

acquired in two planes by means of two
different x-ray tubes, the number of ac-
quired imagesisgreater than the number of
acquired images with monoplanar appara-
tuses®). However, the mean number of
images acquired in the present study isin-
termediate as compared with those reported
by other studies®3?), which do not inform
on the possible rotational acquisitions, as
is the case with the present study®6.293Y),
The analysis of the results on Table 2
shows that the Py, value at fluoroscopy in
diagnostic procedures represents approxi-
mately one sixth of the total P¢, value of
the exam. In the present study, the mean
value of Py, at fluoroscopy is 16% of the
total Py, vaue of the exam, avaluethat is
similar to that reported by Bor et al.CV
(18%). It isalso possibleto observethat the
mean values of Py, and K, in procedures
resorting to rotational acquisitions are
greater than those in procedures without
such type of acquisition. However, the
maximum values of P¢, and K, were ob-
served in procedures which did not resort
to rotational acquisition. This occurred
because of one atypical case of a patient
who underwent 27 acquisitions, with 1,092
images, causing such extreme values.
Table 4 shows the mean values and
variationrangefor P, and K, valuesin ce-
rebral angiographic procedures evaluated
in the present study and in some studies
available in the literature. The values ob-
tained in the present study are in the same
order of magnitude of other referenced
studies. However, many of such studies
were developed with earlier types of appa-
ratuses, which are not equipped with auto-
matically activated copper filters and,
therefore, with different radiation spectra
Besides, considering the wide variety of
complexities involved in such procedures,
one can assert that the collected data are
consistent with data in the literature.

Dose on organs

Theresultsfrom the measurementswith
the TLDs demonstrated that the highest
kermavalue in this study was recorded on
the left eye region. The authors assumed
that the air kerma value recorded on the
skin surface on thelateral region of the eye
represents an estimate of the dose absorbed
by that eye. Thus, the mean dose absorbed
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Table 4 Mean, minimum and maximum Py, and K, values in cerebral angiographies in adult patients

obtained in the present study and from the literature.

Study Sample Pxa (Gy.cm?) Kar (MGy)
Bor et al. (2004)G4 47 86 -
(68 — 149)
Rampado et al. (2005)©? 12 49 400
(17 - 76) (147 - 686)
Bor et al. (2005)@Y 27 46 -
8-121)
Tsalafoutas et al. (2006)@ 43 50 349
(20 - 146) (75 - 1,864)
Papageorgiou et al. (2007)?® 33 119 -
(33 -261)
Alexander et al. (2010)1® 432 102 -
Present study 159 75.4 + 2.7 769 = 28
(16.3 — 251.7) (233 - 2,829)

by the eyes was 34.1 mGy. However, ex-
treme absorbed dosevalues (210 mGy) were
observed. According to data presented by
the United Nations Scientific Committee
on the Effects of Atomic Radiation (UNS-
CEAR)® for cerebral angiography proce-
dures, the maximum absorbed dose in the
eyes was 125 mGy. Such avalueis lower
than those observed in the present study.

It isimportant to observe that the crys-
talinelensisaradiosensitive organ, so ra
diation may induce the development of
cataracts in this organ. It is recommended
by the I nternational Commission on Radio-
logical Protection (ICRP)®¥ that 1.5 Gy is
the threshold of cataracts induction dose.
However, recent studies have shown that,
on account of tissue reactions in the crys-
talline lens, there are evidences of the oc-
currence of injuries with lower doses than
those previoudly considered, and that such
reactions occur according to individual
sensitivity, so in 2011 IRCP lowered the
dose threshold for the occurrence of cata-
ract to 0.5 Gy™. Thus, the doses absorbed
by the eyes of the patients evaluated in the
present study are sufficiently high to pro-
duce tissue reactions, particularly in more
sensitive patients.

Occupational dosimetry

The analysis of the results regarding
doses measured on physicians show that
feet, handsand eyeson theleft sidereceived
equivaent doses greater than those on the
right side. Thisoccursdueto the physicians
positioning at the right side of the patient
with the x-ray tube located at the left.
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The apparatus used in the present study
is not equipped with protective barriers,
such asthelead curtains|ocated at the edge
of the table, and the acrylic shield sus-
pended from the room ceiling, which pro-
vide protection against scattered radiation
on the physicians' work site. The high
equivalent dosevaluesinthefeet regionare
due to the absence of the lead curtain. The
utilization of such protective device re-
ducesthe equivalent doseto the physicians
by approximately 90% according to mea-
surements performed on site.

The equivaent dosevauesarehigherin
the feet than in the hands when the x-ray
tube is located below the table, and is
higher in the handswhen thetubeislocated
abovethetable. In spite of that, it isrecom-
mended that the x-ray tube be positioned
below the tablein order to reduce the dose
on both physician’s and patient’s eyes. In
the study developed by Bor et a.®?, the
equivalent dosein theregion of thefeet are
lower than those observed in the present
study, probably because of the using of
protective barriers.

The absorbed dosesinthe patients’ eyes
evaluated in the present study were particu-
larly high. Such afact can lead to an in-
creased incidence of opacitiesin the crys-
talline lens and cataracts, as recent studies
demonstrate the occurrence of such effects
with doses < 500 mGy.

CONCLUSIONS

The results from the present study sup-
port the conclusion that the radiation pa-

rametersused in cerebral angiography pro-
cedures result in high dose values on pa-
tients’ eyeregions, reaching valuesashigh
as 345 mGy.

Considering the maximum dose value
measured on the physicians’ eyes which
was 344 Sy, it is possible to conclude that
the maximum number of procedureswhich
the physicians can perform in order not to
exceed the annual dose limit should be 1.2
procedure per week. As the mean dose
value on the eyesis considered, such num-
ber is 4.8 procedures per week. Such high
dose values could be reduced by wearing
goggles and lead curtains. A change in the
radiological protection culture among
interventional physicians should be encour-
aged, in order to contribute to the optimi-
zation of the procedures.

REFERENCES

1. Barros ML, Fernandes DA, Melo EV, et a. Mal-
formagBes do sistema nervoso centra e malforma
¢Oes associadas diagnosticadas pela ultrassono-
grafia obstétrica. Radiol Bras. 2012;45:309-14.

2. Fernandes RCL, Rosso ALZ, Vincent MB, et al.
Achados de ultrassonografia transcraniana na
doenca de Parkinson e no tremor essencid: relato
de casos. Radiol Bras. 2012;45:356-8.

3. Coeli GNM, SilvaGC, Tiengo RR, et a. Cerebe-
lite aguda com herniago tonsilar: relato de caso.
Radiol Bras. 2012;45:244-6.

4. Coeli GNM, Tiengo RR, SilvaAC, et a. Neuro-
cisticercose nodular calcificada com sinais de
reativacdo. Radiol Bras. 2012;45:291-3.

5. Sanches P, Yamashita S, Freitas CCM, et d. Glio-
ma cordoide do terceiro ventriculo: descri¢éo de
um novo caso. Radiol Bras. 2012;45:288-90.

6. Nogueira-Barbosa MH, Savarese LG, Herrero
CFPS, et a. Redundant nerve roots of the cauda
equina: review of the literature. Radiol Bras.
2012;45:155-9.

7. Jurno ME, Castro MHA, Lage MA, et al. Sin-
drome de desmielinizacdo osmética: relato de
caso com evolucéo favoravel. Radiol Bras. 2012;
45:61-2.

8. Gongaves FG BarraFR, Matos VL, et d. Sinais
em neurorradiologia — Parte 1. Radiol Bras.
2011;44:123-8.

9. BarraFR, Gongalves FG, Matos VL, et d. Sinais
em neurorradiologia — Parte 2. Radiol Bras.
2011;44:129-33.

10. Wajnberg E, Rodrigues G, Abud DG. O uso de
stents farmacol 6gicos no tratamento da estenose
dasartériasvertebrais. Radiol Bras. 2011;44:343—
8.

11. Fetcher DW, Miller DL, Balter S, et al. Compari-
son of four techniques to estimate radiation dose
to skin during angiographic and interventional
radiology procedures. JVasc Interv Radiol. 2002;
13:391-7.

12. Va6 E, Gonzdlez L, Guibelalde E, et a. Evalua
tion of risk of deterministic effectsin fluoroscopi-
cally guided procedures. Radiat Prot Dosimetry.
2005;117:190-4.

Radiol Bras. 2013 Nov/Dez;46(6):351-357



Lunelli NA et al.

13.

14.

15.

16.

17.

18.

19.

20.

Moritake T, Matsumaru Y, TakigawaT, et a. Dose
measurement on both patients and operators dur-
ing neurointerventiona procedures using photo-
luminescence glass dosimeters. AJNR Am J
Neuroradiol. 2008;29:1910-7.

Mooney RB, McKinstry CS, Kamel HA. Ab-
sorbed dose and deterministic effects to patients
from interventional neuroradiology. Br J Radiol.
2000;73:745-51.

International Commission on Radiological Pro-
tection. Draft report: Early and late effects of ra-
diation in normal tissues and organs: threshold
doses for tissue reactions and other non-cancer
effects of radiation in aradiation protection con-
text. [acessado em 24 de julho de 2012]. Dispo-
nivel em: http://www.icrp.org/page.asp?id=116.
Alexander MD, Oliff MC, Olorunsola OG, et a.
Patient radiation exposure during diagnostic and
therapeutic interventional neuroradiology proce-
dures. J Neurolntervent Surg. 2010;2:6-10.
Va6 E, Gonzdlez L, GuibelddeE, et a. Radiation
exposure to medical staff in interventiona and
cardiac radiology. Br J Radiol. 1998;71:954-60.
Ministério da Saide. Conselho Nacional de
Salde. Resolucéo N° 196 de 10 de outubro de
1996. [acessado em 31 de agosto de 2012]. Dis-
ponivel em: http://conselho.saude.gov.br/resolu-
coes/reso_96.htm.

Brasil. Ministério da Salide. Agéncia Nacional da
Vigilancia Sanitaria. Radiodiagn6stico médico:
desempenho de equipamentos e seguranga. Bra-
silias Ministério da Salde; 2005.

Rauch P, Lin PJ, Balter S. Functionality and op-
eration of fluoroscopic automatic brightness con-

Radiol Bras. 2013 Nov/Dez;46(6):351-357

21.

22.

23.

24.

25.

26.

27.

28.

Doses evaluation in cerebral angiography procedures

trol/automatic dose rate control logic in modern
cardiovascular and interventional angiography
systems: areport of Task Group 125 Radiography/
Fluoroscopy Subcommittee, Imaging Physics
Committee, Science Council. Med Phys. 2012;
39:2826-8.

Artis zee/zeego. Manual do utilizador — volume
1. Munich: Siemens AG; 2009.

International  Electrotechnical  Commission.
Medical electrical equipment — Part 2-43: Particu-
lar requirementsfor the safety of X ray equipment
for interventional procedures. 1st ed. Geneva;
IEC; 2000.

Martin CJ. A review of radiology staff doses and
dose monitoring requirements. Radiat Prot Do-
simetry. 2009;136:140-57.

International Commission on Radiological Protec-
tion. ICRP Publication 103. The 2007 Recom-
mendations of the International Commission on
Radiologica Protection. Ann ICRP. 2007;37:1—
332.

Padovani R, Foti C, Malisan MR. Staff dosimetry
protocolsin interventional radiology. Radiat Prot
Dosimetry. 2001;94:193-6.

Schultz FW, Zoetelief J. Estimating effective dose
for acardiac catheterisation procedurewith single
or double persona dosemeters. Radiat Prot Do-
simetry. 2006;118:196-204.

International Commission on Radiological Protec-
tion. General principles for the radiation protec-
tion of workers. ICRP Publication 75. Oxford:
Pergamon Press; 1997.

Jarvinen H, Buls N, Clerinx P, et a. Overview of
double dosimetry proceduresfor determination of

29.

30.

31.

32.

33.

35.

the effective dose of the interventional radiology
staff. Radiat Prot Dosimetry. 2008;129:333-9.
Papageorgiou E, Tsapaki V, Tsalafoutas |A, et al.
Comparison of patient doses in interventional
radiology procedures performed in two large hos-
pitals in Greece. Radiat Prot Dosimetry. 2007;
124:97-102.

Urairat J, Asavaphatiboon S, Singhara Na Ayu-
thaya S, et al. Evaluation of radiation dose to pa-
tients undergoing interventional radiology proce-
dures at Ramathibodi Hospital, Thailand. Biomed
Imaging Interv J. 2011;7:€22.

Bor D, Cekirge SC, Tirkay T, et a. Patient and
staff doses in interventional neuroradiology.
Radiat Prot Dosimetry. 2005;117:62-8.
Rampado O, Ropolo R. Entrances skin dose dis-
tribution maps for interventional neuroradio-
logical procedures: a preliminary study. Radiat
Prot Dosimetry. 2005;117:256-9.

United Nations Scientific Committee on the Ef-
fects of Atomic Radiation. UNSCEAR 2000 Re-
port Vol I. Sources and effects of ionizing radia-
tion. Annex D: Medical radiation exposures.
UNSCEAR; 2000.

. Bor D, Sancak T, Olgar T, et a. Comparison of

effective doses obtained from dose-area product
and air kerma measurements in interventional
radiology. Br J Radiol. 2004;77:315-22.
Tsalafoutas |1A, Goni H, Maniatis PN, et al. Pa-
tient doses from noncardiac diagnostic and thera-
peutic interventional procedures. J Vasc Interv
Radiol. 2006;17:1489-98.

357



