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Abstract

Resumo

Evaluation of radiation exposure to physicians
during hemodynamic interventional procedures™

Avaliacdo da exposicdo dos médicos a radiacdo em procedimentos hemodinédmicos
intervencionistas

Leonardo Peres da Silva', Claudia Licia de Pinho Mauricio?, Lucia Viviana Canevaro?,
Paulo Sérgio Oliveira*

OBJECTIVE: The present study evaluates the dose distribution received by physicians involved in hemodynamic
procedures of coronary angiography and coronariography. The influence of some factors such as pulsed or
continuous fluoroscopy mode and vein and/or artery access site was investigated. MIATERIALS AND
METHODS: Measurements have been performed with LiF:Mg,Ti thermoluminescent dosimeters placed on
seven different sites of the practitioners’ bodies: hands, left knee, neck, forehead and chest, under and over
the lead apron. Radiation doses for each procedure were evaluated in physicians who had performed 60
coronariography and 30 angioplasty procedures. The thermoluminescent dosimeters were calibrated in the
operational quantity personal dose equivalent, Hy(d), at depths of 0.07, 3 and 10 mm. RESULTS: The results
of the present study demonstrate the significant role played by thyroid protectors and lead aprons for reducing
radiation doses received by practitioners. Occupational doses in continuous mode fluoroscopy through brachial
access were higher than with pulsed mode fluoroscopy through femoral access. CONCLUSION: The present
study has demonstrated the necessity of implementing additional protective measures as well as a mechanism
of training in radiation protection for physicians involved in interventional cardiological procedures.
Keywords: Interventional radiology; Fluoroscopy; Hemodynamic procedures; Radiation protection; Thermo-
luminescent dosimetry.

OBJETIVO: Este trabalho avalia a distribuicdo de dose recebida por médicos envolvidos em procedimentos
hemodinamicos de angioplastia coronaria e coronariografia. A influéncia de alguns fatores, como o modo de
fluoroscopia pulsado ou continuo e o local de acesso a veia e/ou artéria, foi investigada. MIATERIAIS E
METODOS: Para esta avaliacio foram feitas medicdes utilizando dosimetros termoluminescentes de LiF:Mg, Ti,
posicionados em sete diferentes pontos do corpo dos profissionais: méaos, joelho, pescoco, testa e térax, por
dentro e por fora do avental de chumbo. A dose foi avaliada, por exame, nos médicos que executaram os
procedimentos (30 de angioplastia e 60 de coronariografia). Os dosimetros termoluminescentes foram cali-
brados na grandeza operacional equivalente de dose pessoal, H,(d), nas profundidades de 0,07, 3 e 10 mm.
RESULTADOS: Os resultados mostram a importancia do uso do protetor de tiredide e avental de chumbo
para a reducédo da dose recebida pelos médicos. As doses dos profissionais que executaram procedimentos
por via braquial usando modo continuo de fluoroscopia foram mais altas do que os que executaram por via
femoral e modo pulsado de fluoroscopia. CONCLUSAO: Este estudo mostra a necessidade de medidas adi-
cionais de protecao e a implementacao de mecanismos de treinamento em protecao radiol6gica para os médicos
que trabalham com cardiologia intervencionista.

Unitermos: Radiologia intervencionista; Fluoroscopia; Procedimentos hemodinamicos; Protecdo radiolégica;
Dosimetria termoluminescente.
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INTRODUCTION esthesia and/or sedation. Fluoroscopy is

utilized for localizing alesion or site for
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Interventional radiology involvesimag-
ing-guided percutaneous diagnostic and/or
therapeutic interventions. Generadly, these
procedures are performed under local an-
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treatment, monitoring a procedure, and
documenting atherapy'®. Radiopague sub-
stances known as contrast means are uti-
lized for visualization of radiotransparent
organs or tissues on a monitor display.
These procedures are absolutely justifi-
able both for patients and health systems,
considering that theseinterventionsreplace
complex surgerieswith other simpler medi-
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cal procedures, reducing risks and inpa-
tients stay in the hospital, as well as the
overall cost of the procedure. However,
interventional radiology is one of the spe-
cialties in medical radiology where the
practitioner isexposed to the highest radia-
tion doses®. Occupational doses are high,
and some deterministic radiation effects,
such as cataract and extremities hair loss,
have been already identified in interven-
tional physicians™®. Such high dosesresult
from themedical staff members, especially
theinterventional physician proximity with
the patient and the x-ray tube. Mobile pro-
tective screens between the physician and
the patient, and personal protection clothes
should be utilized in order to reduce radia-
tion exposure®. Themain personal protec-
tion clothes are the following: lead aprons,
thyroid collars, leaded glassesand radiation
protection gloves.

It isimportant to note that practitioners
involved in procedures performed in
interventional radiology rooms are cardi-
ologists, orthopedists, vascular surgeons,
neurologists, etc., who generally have not
underwent education in radiological pro-
tection. This education is becoming criti-
cal for those practitioners involved in the
utilization of dedicated x-ray equipment,
among other reasons, because of the pro-
gressive technological sophistication.

In Brazil, the Portaria (Order) 453/98 of
the Ministry of Health® establishes the
radiological protection guidelines for
medical and odontologic radiology. Such
regulation defines the radiological protec-
tion requirementsfor licensing and control
of radiology services, including those op-
erating with fluoroscopy. These guidelines
include both Comissdo Nacional de
EnergiaNuclear (CNEN) and international
baseline principles®?:

1. Justification for the practice and
medical persona exposure to radiation;

2. Radiological protection optimization;

3. Limitation of individual occupational
and public doses.

The practice of interventional radiology
as diagnostic and therapeutic meansis ab-
solutely justifiable; however, aspects re-
lated to the optimization of this practice
still require additional studies, evaluations
and implementation. The Portaria (Order)
453/98 regul ates especially aspectsrelated
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to the practice of conventional radiology
and fails in presenting specific require-
ments regarding interventional radiology.

Monthly individual monitoring is re-
quiredinthefollow-up of theworking con-
ditionsof all practitionersinvolved in pro-
cedures of medical radiology in order to
estimate the effective dose and, in some
cases, the dose-equivalent inthe crystalline
and extremities. The* effectivedose” isthe
amount corresponding to the estimated to-
tal risk for induction of stochastic effects
resulting from radiation exposure. “ Equiva
lent dosein an organ or tissue” corresponds
to the mean absorbed dose in such an or-
gan or tissue multiplied by aweighting fac-
tor associated with the type of radiation.
For photons, this weighting factor is = 1.
Themean annua effective dosereceived by
the practitioner should not exceed 20 mSv
inany consecutivefive-year period, and not
exceeding 50 mSv/year. The annual dose-
equivalent should not exceed 500 mSv for
skin and extremities, and 150 mSv for the
crystalline. Effective doses > 1.5 mSv/
month should be investigated.

When alead apron is utilized, the per-
sona dosimeter should be placed over the
apron, located at the most exposed region
of the chest, with the measurement value
being divided by a correction factor = 10
for estimating the effective dose. The mea-
surement value should beinterpreted asthe
dose-equivalent in unshielded regions of
the body. In cases where extremities and/
or eyes are subject to doses significantly
higher than the reading of the personal
dosimeter on the chest, additional dosim-
eters should be utilized. All the measure-
ments should be performed with the * per-
sonal dose-equivalent”, H,(d), that is the
operational measure of external personal
monitoring, defined as the absorbed dose
in apoint at a depth d, measured in milli-
meters, of the body, in soft tissues, multi-
plied by theradiation quality factor that, in
the case of x-raysis 1. For the chest, d =
10isutilized; for extremities, d=0.07 mm;
and for the crystalline, d = 3 mm.

Currently, interventional radiology has
been widely utilized in cardiology, and is
called interventional cardiology. The doses
received by the practitioners involved in
interventional cardiology procedures de-
pend on different factors such as clinical

and technical characteristics for each pro-
cedure, experience of the interventional
cardiologist, trainingin radiological protec-
tion, utilization of personal protection
clothes, knowledge of the correct x-ray
equipment functioning and the positioning
of the physician in relation to the x-ray
equipment and the patient®.

In the present study, the influence of
some factors on the dose received by
interventional physicians during proce-
dures of coronariography and coronary
angioplasty was investigated, with the in-
tention of contributing for the optimization
of the occupational radiological protection
inthisactivity. These two procedureswere
selected for being the most frequently per-
formed in the hospital evaluated.

MATERIALSAND METHODS

Practitionersworking in three rooms of
hemodynamics of a school hospital in Rio
de Janeiro, RJ, Brasil, were followed-up
during coronary angioplasty procedures
(30) and coronariography procedures (60).
Typically, aresponsible physician (senior),
a physician assistant (junior), a nurse and
a technician remain in the room during
these procedures. During angioplasty, also
an anesthetist isalways present. Each prac-
titioner performs about 1,000 procedures a
year.

The procedures were performed with
the following x-ray equipment: two 3-
phase Siemens Coroskop Hip Top (Sie-
mens AG; Munich, Germany), continuous
and pulsed radiation modes with 7.5, 15
and 30 f/s, x-ray tubes with up to 150 kV,
additional 0.2 mm copper filtration for
fluoroscopy, x-ray image intensifier with
field of 13, 17 and 23 cm?, normal and high
air kerma rate respectively denominated
fluoro and fluoro+; one 3-phase GE
Arcomax CGR (General Electric Medical
Systems; Milwaukee, USA), table Angix
80, continuous radiation mode with x-ray
tube of up to 150 kV, low, normal and high
air kermarates, and image intensifier with
fields of 15, 23 and 30 cm?.

Thermoluminescent dosimeters(TLDs)
TLD100 (LIF:Mg,Ti) (Harshaw) with chips
of 3x3x0.5mm, supplied by Laboratério
de Dosimetria Termoluminescente (LDT)
(Laboratory of Thermoluminescent Dosim-
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etry) of Instituto de Radioprotecéo e
Dosimetria (IRD) were utilized in the
present study. These dosimeters were se-
lected particularly because of their low
power dependence, linearity throughout the
whole range of expected dose values, and
good stability®.

The TLDs were packed in black plastic
bags (for light-shielding and protection).
These plastic bags were attached with sur-
gical tape to seven sites of the body of the
practitioners involved in interventional
procedures: two on the chest (under and
over thelead apron), two on the hands (one
ontheright wrist and other ontheleft), one
on the forehead, on the left knee, and one
on the neck. Figure 1 showsthe seven sites
evaluated.

The dosimeter placed on the chest, un-
der the apron, estimates the dose to the
organs shielded by the apron. The site on
the forehead is utilized for estimating the
dosetothecrystalline, Hy(3), the dosimeter
on the knee estimates the dose to the lower
extremities, H,(0.07), and on the hands, the
doseto the upper extremities, H,(0.07). The
dosimeter of the neck estimatesthe dose to
thethyroid, H,(10). Measurements of doses
to the thyroid (neck) were performed in
practitioners with and without thyroid col-
lar during the procedures. In cases where
the practitioner utilized athyroid collar, the

TLD was placed under this accessory. The
dosimeter placed over the apron on the
chest estimates the dose to the unshielded
regions of the body, and, by dividing its
response by 10, the effective dose.

The measurements were performed for
each procedure and only the physician who
performed the procedure was evaluated.
Overadll, five different physicians were
evaluated in 30 angioplasty and 60 coro-
nariography procedures.

Some coronariography procedureswere
performed in the pulsed mode, while oth-
erswere performed in the continuous fluo-
roscopy mode (real timeimaging). In both
X-ray systems, the digital modewas utilized
for images acquisition (recorded image).
The GE Arcomax CGR equipment was
adapted to replace the cine mode with the
digital mode for images acquisition. So, a
comparison could be performed among the
dosesreceived by the practitionerson their
hands, eyesand kneesin these three modes.

Brachial access (through the arm) was
utilized in some of the procedures de-
scribed in the present study to achieve the
vein or artery for the catheter introduction,
and femoral access (through theinguen) in
other. A comparison was performed be-
tween the doses received by the practitio-
ners involved in these procedures by both
access pathways.

Tes ta—He(3) para oenistaling

Pescogo- He(l0) para tivedide

RESULTS

Figure 2 presents the distribution of the
values measured for H,(10) on the neck of
the practitioners with and without thyroid
collar.

Figure 3 presentsacomparison between
results of measurements performed with
the dosimeters under and over the lead
apron.

Figures4, 5, 6 and 7 show the distribu-
tion of the values corresponding to dose-
equivalent on the hands and eyes of the
practitioners who performed the proce-
dures through brachial and femoral path-
ways and in the pulsed and continuous
fluoroscopy modes.

Some coronariography procedureswere
performed through brachial pathway and
continuous mode. Figure 8 showsthe dose-
equivalent on the hands, crystallines and
knees of the physiciansWho performed the
procedures combining both techniques
(continuous mode + brachial access).

DISCUSSION

In the physicians’ thyroid monitoring,
the highest dose-equivalent values were
obtained in caseswherethe practitioner did
not use the thyroid collar, clearly demon-
strating the significant role played by these
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Figure 1. Sites to be monitored in the practitioner’s body.
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Figure 2. Analysis of personal equivalent dose to the thyroid with the practi-

tioner using a thyroid collar or not.
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Figure 3. Analysis of personal equivalent dose both under and over the lead

Figure 4. Analysis of the equivalent dose to the crystalline for both pulsed and

apron. continuous fluoroscopy modes.
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Figure 5. Analysis of equivalent dose to the crystalline in procedures performed
through femoral and brachial pathways for accessing artery and/or vein.

Figure 6. Analysis of equivalent dose to the hands for both pulsed and con-
tinuous fluoroscopy modes.
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Figure 7. Analysis of equivalent dose to the hands in procedures performed
through femoral and brachial pathways for accessing artery and/or vein.

protectorsin the reduction of the dose. The
highest equivalent dose received by the
practitioners who used the thyroid collar
was 0.3 mSv, while without the protector
this value achieved 2.9 mSv during one
procedure.

Thereading for H,(10) on the dosimeter
under the apron represents the dose re-
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ceived by the practitioner on thissite. This
comparison is aimed at evaluating the dif-
ference between the dose over the apron
multiplied by the apron attenuation factor
(0.1) and the dose under the apron. The
highest H,(10) value measured over the
apronwas 2.4 mSv which, once divided by
ten (or multiplied by 0.1), will result in a

Figure 8. Equivalent dose received by practitioners who performed procedures
in the continuous fluoroscopy mode through brachial pathway.

maximum value of 0.24 mSv, within the
range of values measured by the dosimeter
under the lead apron.

The doses to the eyes, hands and knees
of the practitionerswho performed the pro-
cedures described in the present study pre-
sented a wide variation according to the
pathway utilized for accessing thevein and/
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or artery catheter introduction, and thefluo-
roscopy mode utilized (continuous or
pulsed).

The practitionersinvolved in the proce-
dures through brachial pathway received
higher doses than those who performed the
procedures through femoral pathway, as a
result of the positioning of the practitioner
during the procedure, considering that dur-
ing the procedure through brachial pathway
thephysicianiscloser tothex-ray tubethan
during the procedurethrough femoral path-
way®,

The values for dose-equivalent evalu-
ated on the hands, eyes and knees of prac-
titioners who performed coronariography
procedures in the continuous mode were,
on average, higher than the values in the
fluoroscopy pulsed mode.

Dose values on Figures 4 to 8 indicate
the necessity of leaded glasses for protec-
tion of the crystalline and additional per-
sonal protection onthe extremities, particu-
larly the hands, considering that they were
the sites where the highest doses were
found. The values for dosesto the crystal-
line and extremities multiplied by the an-
nual workload might exceed the annual
dose threshold established for these ana-
tomical regions and likely to induce future
complications. For example, the average of
doses to the crystalline under these condi-
tions, 0.35 mSv, multiplied by aworkload
of 1,500 procedures/year correspondsto a
dose-equivalent of 0.52 Sv, exceeding the
dose standard threshold of 0.5 Sv*% recom-
mended to avoid formation of opacity in
the crystalline lens.

As far as the fact that the chest is the
most exposed region of the body is con-
cerned, the utilization of only asingle do-
simeter on the chest isappropriate. Consid-
ering that, during interventional cardiology
procedures, other parts of the body, particu-
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larly the hands, are subject to higher radia-
tion doses as shown on Figures 4-8, the
present study recommends the utilization
of additional dosimeters for these regions.

CONCLUSIONS

The results of the present study clearly
demonstratetherelevance of theutilization
of thyroid collars, besides lead apron, by
every interventional physician during all
the procedures.

The dose over the apron multiplied by
the apron attenuation factor (0.1) is close
to the dose under the apron.

The doses to the hands, crystalline and
knees of the practitioners who performed
interventional procedures through the bra-
chial pathway and in the fluoroscopy con-
tinuous mode were higher than the doses
in proceduresthrough thefemoral pathway
and in the fluoroscopy pulsed mode. The
doseto these sitesmultiplied by the annual
workload could exceed the standard thresh-
old for these anatomical regions. In this
case, the adoption of additional protective
measures is required.

In order to reduce the doses received by
interventional physicians, itisnecessary to
implement mechanisms of training in ra-
diation protection for practitioners in-
volved in interventional cardiological pro-
cedures, additionaly to theimplementation
of aquality control processfor x-ray equip-
ment®. All these practitioners must be
aware that, additionally to lead aprons, it
is essential for them to utilize other per-
sonal protection clothes, such as thyroid
collars, leaded glasses and protection
gloves”. In the market, there are special
protection gloves made of other material
than lead and capable of attenuating x-rays
without affecting the tactile sensitivity of
the hands*?.

Itisrecommended that inthe unit evalu-
ated by the present study, theinterventiona
physicians are monitored for their hands,
by means of additional dosimeters such as
wrist dosimeters, especially during proce-
dures performed through brachial pathway
in the continuous fluoroscopy mode.

REFERENCES

1. International Commission on Radiological Pro-
tection. Avoidance on radiation injuries from
medical interventional procedures. ICRP Publi-
cation No. 85. Ann ICRP. 2000;30:7-67.

2. Padovani R, Rodella CA. Staff dosimetry in
interventional cardiology. Radiat Prot Dosimetry.
2001;94:99-103.

3. Haska ZJ, Worgul BV. Interventional radiology
carries occupational risk for cataracts. RSNA
News. 2004;14:5-6.

4. International Commission on Radiological Pro-
tection. Recommendations of the International
Commission on Radiological Protection. ICRP
Publication No. 60. Oxford: Pergamon Press;
1991.

5. Brasil. Ministério da Salide. Diretrizes de prote-
¢éo radioldégica em radiodiagnéstico médico e
odontolégico. Portaria n® 453. Brasilia: Diario
Oficia da Unid&o n° 100, 1/6/1998.

6. International Commission on Radiologica Pro-
tection. Radiological protection and safety in
medicine. ICRP Publication No. 73. Ann ICRP.
1996;26:1-47.

7. Comissao Naciona de Energia Nuclear. Diretri-
zes bésicas de radioprotecdo. Resolugdo CNEN
n° 27/2004, Norma CNEN-NN-3.01. Rio de Ja-
neiro: CNEN; 2004.

8. Mauricio CLP. NocGes de dosimetria termolu-
minescente: aplicagdo em dosimetria individual
[apostila). Rio de Janeiro: CNEN; 2001.

9. Sandborg M, Fransson SG, Pettersson H. Evalu-
ation of patient-absorbed doses during coronary
angiography and intervention by femoral and ra-
dial artery access. Eur Radiol. 2004;14:653-8.

10. Tauhatal, Saleti I, Di Prinzio R, et a. Fundamen-
tos de radioproteggo e dosimetria [apostila]. Rio
de Janeiro: CNEN; 2003.

11. Luz ES, Canevaro LV, Ferreira NMPD, et al. A
importancia do controle de qualidade em servi-
¢os de hemodinémica e cardiologia intervencio-
nista. Radiol Bras. 2007;40:27-32.

12. Marx MV, Ellis JH. Radiation protection of the
hand in interventional radiology: should it fit like
a glove? Radiology. 1996;200:24-5.

323



