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The goal of this study was to gen er ate the first val ues of lo cal di ag nos tic ref er ence lev els for a
range of fluoroscopically guided car diac di ag nos tic and ther a peu tic pro ce dures in adult pa -
tients in Chile and to com pare ra di a tion dose lev els with oth ers pre sented in the lit er a ture.
The dosimetric data col lec tion pe riod was con ducted over the whole of 2020. The lo cal di ag -
nos tic ref er ence lev els were cal cu lated as the 75th per cen tile of pa tient dose data dis tri bu tions
for kerma area-prod uct val ues. The sam ple of col lected clin i cal pro ce dures (480) was di vided
into di ag nos tic and ther a peu tic pro ce dures. The kerma area-prod uct dif fer ences found be -
tween di ag nos tic and ther a peu tic pro ce dures were sta tis ti cally sig nif i cant. The lo cal di ag nos -
tic ref er ence lev els were 81.6 Gy  cm2 and 166.9 Gy  cm2  for fluoroscopically guided car diac di -
ag nos tic and ther a peu tic pro ce dures, re spec tively. A com par i son of our re sults with re sults
found in the lit er a ture for the last 10 years, showed that there are no pub lished pa pers for hos -
pi tals in Latin Amer ica and the Ca rib bean. It be comes ur gent to be able to carry out more re -
search of this type, given that the health re al ity be tween coun tries on dif fer ent con ti nents is
very dif fer ent. While in some the es tab lish ment of di ag nos tic ref er ence lev els is a le gal ob li ga -
tion, in oth ers it is a mat ter of good or bad will.
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IN TRO DUC TION

The fluoroscopically guided pro ce dures in car di ol -
ogy are used for di ag nos ing and treat ing ab nor mal cor o -
nary ar ter ies, car diac dysrhythmias, con gen i tal and val -
vu lar heart dis eases, and other vas cu lar in ter ven tions [1].
How ever, the du ra tion and com plex ity of fluoroscopic
ex po sures for each pro ce dure are multifactorial, can pro -
duce high pa tient doses, and there fore re quire spe cial at -
ten tion to pro tect the pa tient from ra di a tion in ju ries such
as skin burns, car dio vas cu lar tis sue re ac tions, or ra di a -
tion-in duced can cer [2-4].

For proper man age ment of ra di a tion dose in pa -
tients un der go ing fluoroscopically guided car diac
pro ce dures, the In ter na tional Com mis sion on Ra dio -
log i cal Pro tec tion (ICRP) has rec om mended the use of 
di ag nos tic ref er ence lev els (DRL), de scribed as a tool
use ful for good prac tice, as an aid in op ti mi za tion he

man age ment of pa tient dose and hence in op ti miz ing
of ra di a tion pro tec tion tak ing into ac count the clin i cal
ben e fits for pa tients. Me dian pa tient dose val ues de -
riv ing from the pro ce dures per formed in a par tic u lar
room can be com pared with lo cal or na tional DRL to
iden tify whether the me dian val ues ob tained for that
room are higher or lower than ex ist ing DRL, and
thereby de cide whether any cor rec tive ac tions might
be nec es sary. This com par i son of lo cal prac tice data
with the ex ist ing DRL val ues is the first step in op ti -
miz ing pro tec tion and can be used for pa tient dose au -
dits [5].

Un like Eu ro pean coun tries (which fol low the Di -
rec tive 2013/59/Euratom) [6], Chile and much oth ers
coun tries in Latin Amer ica and the Ca rib bean still have
not in cor po rated in their ra dio log i cal pro tec tion leg is la -
tion [7, 8] the im ple men ta tion of qual ity as sur ance
programmes, in clud ing the es tab lish ment of DRL for
fluoroscopically guided pro ce dures in car di ol ogy.
How ever, the goal of this study was to gen er ate the first
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val ues of lo cal DRL for a range of fluoroscopically
guided car diac di ag nos tic and ther a peu tic pro ce dures in 
adult pa tients and to com pare ra di a tion dose lev els with
oth ers pre sented in the lit er a ture.

MA TE RI ALS AND METH ODS

A ret ro spec tive study was con ducted at the
Haemodynamics de part ment of Dr. Ernesto Torres
Galdames Hos pi tal, Chile. The re cruit ment pe riod was 
from Jan u ary 2020 to De cem ber 2020.

An angiography X-ray sys tem (Allura Xper
FD20; Philips Healthcare, Best, the Neth er lands), in -
stalled in 2013 was used in the sur vey. This
angiography sys tem was equipped with a flat panel de -
tec tor, with a gen er a tor of 100 kW at 125 kV. Three flu -
o ros copy modes were avail able: low, me dium, and high 
dose. Each mode was con fig ured in pulsed mode at 7 or
15 pulses per sec ond. Cine mode was typ i cally used at
15 frames per sec ond. The sys tem had eight fields of
view (15 cm, 19 cm, 22 cm, 27 cm, 31 cm, 37 cm, 42 cm
and 48 cm in di ag o nal). The exam pro to cols could be
pre-pro grammed with X-per Set tings. The dis tance
from isocentre to the floor was 107 cm and the fo -
cus-to-isocentre dis tance was 76 cm. The sys tem was
equipped with an in ter nal flat ion iza tion cham ber to
mea sure kerma area-prod uct, Pka, or dose-area prod uct
val ues [9] and cu mu la tive air kerma at the pa tient en -
trance ref er ence point, Ka,r, [10]. The to tal Pka and Ka,r

for each pro ce dure were cor rected by cal i bra tion and
mean at ten u a tion fac tor, de rived from the ta ble and mat -
tress at ten u a tion mea sured for the X-ray beam qual i ties
used in this sys tem for pae di at ric pro ce dures [11].

The meth od ol ogy to col lect pa tient dose data and
cal cu late lo cal DRL was the same as used in pre vi ous
pa pers, but adapted to adult pro ce dures [11, 12] and
aligned with the lat est ICRP rec om men da tions [5]. The
sam ple of col lected clin i cal pro ce dures was di vided
into di ag nos tic and ther a peu tic pro ce dures. The fol low -
ing data were ex tracted man u ally by the op er a tors from
pa tient dose re ports pro duced by the Philips X-ray sys -
tem at the end of each se lected pro ce dure: pro ce dure

iden ti fi ca tion, pa tient age, gen der, weight, height, Pka,
Ka,r, and flu o ros copy time (FT). The to tal Pka and Ka,r

val ues were cor rected by the at ten u a tion fac tor of the ta -
ble and the mat tress for the fron tal C-arm.

The Mann-Whit ney test (99 % con fi dence level)
was used to com pare me dian Pka val ues for the two
pro ce dure groups (di ag nos tic and ther a peu tic). This
non-para met ric com par i son pro ce dure tests hy poth e -
ses and it is used to find dif fer ences be tween two in de -
pend ent sam ples that are not nec es sar ily nor mally dis -
trib uted. The STATA 14 soft ware was used [13]. 

RE SULTS 

Ta ble 1 shows the anthropometric char ac ter is -
tics of the sub jects. 

Ta ble 2 sum ma rises the mean, me dian, and 75th

per cen tile val ues for Pka, Ka,r, and FT for all pro ce -
dures.

Ta ble 3 shows 75th per cen tile Pka val ues for di ag -
nos tic and ther a peu tic pro ce dures re ported in this pa -
per com pared with those re ported in sim i lar sur veys.

DIS CUS SION

Al though for some re gions of the world es tab -
lish ing DRL may be rou tine and pub lish ing the val ues
of a sin gle-cen ter does not pres ent much nov elty, this
work pro vides such base line data that may be help ful
for those es tab lish ing DRL for the fluoroscopically
guided car diac di ag nos tic and ther a peu tic pro ce dures
in adult pa tients ac cord ing to the re al ity of the health of 
the coun tries in Latin Amer ica and the Ca rib bean.

Ta ble 1 shows the anthropometric char ac ter is -
tics of the sub jects. Dose mon i tor ing was per formed
for 480 fluoroscopically guided car diac di ag nos tic and 
ther a peu tic pro ce dures in adult pa tients. Me dian pa -
tient height, weight, and BMI val ues were sim i lar for
di ag nos tic and ther a peu tic pro ce dures groups. The in -
flu ence of weight on the in cre ment of ra di a tion dose is
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Ta ble 1. Sam ple size, n, me dian (range) val ues of height, weight, body mass in dex (BMI), and age by type of pro ce dures

Pro ce dure n Height [cm] Weight [kg] BMI [kgm–2] Age (in years)

Di ag nos tic 252 165.5 (140.0-194.0) 76.0 (45.0-134.0) 27.2 (17.6-46.8) 66.0 (24.0-92.0)

Ther a peu tic 228 168.0 (140.0-185.0) 76.0 (45.0-116.0) 27.3 (17.6-46.3) 63.0 (30.0-89.0)

All 480 167.0 (140.0-194.0) 76.0 (45.0-134.0) 27.3 (17.6-46.8) 64.0 (24.0-92.0)

Ta ble 2. Me dian and 75th per cen tile val ues for kerma area prod uct, Pka, cu mu la tive air kerma at the pa tient en trance
ref er ence point, Ka,r, and FT by type of pro ce dures

Pro ce dure Pka [Gycm2]*

Me dian – 75th per cen tile
Ka,r [mGy]

Me dian – 75th per cen tile
FT [min]

Me dian – 75th per cen tile

Di ag nos tic 57.1-86.1 597.0- 923.5 3.5-6.0

Ther a peu tic 108.3-166.9 1299.0-1937.5 11.6-19.6

All 75.3-120.8 856.0-1395.0 6.5-12.4

*Sta tis ti cally sig nif i cant dif fer ences were found be tween the di ag nos tic and ther a peu tic groups for Pk a  (p < 0.01)



known for the pa tient un der go ing these pro ce dures
[1].

Ta ble 2 sum ma rizes three de scrip tive sta tis tics
for Pka, Ka,r, and FT for di ag nos tic and ther a peu tic pro -
ce dures groups. As ex pected, the fluoroscopically
guided car diac ther a peu tic pro ce dures showed the
high est me dian val ues for Pka (108.3 Gycm2) and FT
(11.6 min ute) in com par i son with di ag nos tic pro ce -
dures. Ac cord ing to the p-val ues shown, the Pka dif fer -
ences found be tween di ag nos tic and ther a peu tic pro -
ce dures were sta tis ti cally sig nif i cant. Be sides, our Ka,r

val ues in groups were be low the thresh old pro posed
by the ICRP for de ter min is tic ef fects on the skin (2 Gy
for tran sient er y thema) [2].

The DRL based on Pka quan ti ties (75th per cen tile as 
rec om mended by the ICRP) is use ful as a guide to good
prac tice and an op ti mi za tion aid. Pulses and frames per
sec ond (rate), im age re cord ing tech nique, and ex po sure
programme op tions used should be in cluded [5]. Ac -
cord ing to Mar tin [32], the op ti mi za tion ac tions should
in clude a re view of equip ment per for mance, set tings
used, and ex am i na tion pro to cols. In tab. 2, the val ues
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Ta ble 3. Com par i son of 75th per cen tile Pkaa val ues for adult car di ol ogy re ported in this and other pa pers for di ag nos tic and 
ther a peu tic pro ce dures

Pro ce dure Study Pka [Gycm2]

Di ag nos tic

Brnic et al. (2010) [14] 32.0

Signorotto et al. (2010) [15] 53.0

Sanchez et al. (2011) [16] 41.1

Compagnone et al. (2012) [17] 58.7

Miller et al. (2012) [18] 83.0

Samara et al. (2012) (non-academic centres)[19] 102.0

Samara et al. (2012) (academic centres) [19] 90.0

Ahmed et al. (2013) [20]  25.5

Cui et al. (2013) [21] 43.3

Simantirakis et al. (2013) [22] 53.0

Crowhurst et al. (2014) [23] 58.7

Uniyal et al. (2017) [24] 21.1

Ngaile et al. (2018) [25] 91.4

Siiskonen et al. (2018) [26] 35.0

Isoardi et al. (2019) [27] 33.0

Kim et al.  (2019) [28] 47.0

Rizk et al. (2019) [29] 45.0

Zucca et al. (2020) (Standard protocol) [30] 35.0

Zucca et al. (2020) (Noise reduction protocol) [30] 18.0

This study (2021) 81.6

Ther a peu tic

Brnic et al. (2010) [14] 72.0

Signorotto et al. (2010) [15] 226.0

Sanchez et al. (2011) [16] 83.0

Compagnone et al. (2012) [17] 128.6

Miller et al. (2012) [18] 193.0

Samara et al. (2012) (non-academic centres)[19] 120.0

Samara et al. (2012) (academic centres) [19] 170.0

Ahmed et al. (2013) [20]  69.5

Cui et al. (2013) [21] 299.0

Simantirakis et al. (2013) [22] 129.0

Crowhurst et al. (2014) [23] 129.0

Uniyal et al. (2017) [24] 107.0

Sciahbasi et al. (2017) [31] 109.0

Ngaile et al. (2018) [25] 129.4

Siiskonen et al.  (2018) [26] 85.0

Isoardi et al. (2019) [27] 94.0

Kim et al. (2019) [28] 171.3

Rizk et al. (2019) [29] 131.0

Zucca et al. (2020) (Standard protocol) [30] 91.0

Zucca et al. (2020) (Noise reduction protocol) [30] 53.0

This study (2021) 166.9



pro posed as lo cal DRL in this sur vey were 81.6 Gycm2

and 166.9 Gycm2  for fluoroscopically guided car diac di -
ag nos tic and ther a peu tic pro ce dures, re spec tively. 

A com par i son of our re sults with re sults found in
the lit er a ture for the last 10 years, tab. 3, showed that
there are no pub lished pa pers for hos pi tals in Latin
Amer ica and the Ca rib bean, which gives more value to 
our work. Lo cal DRL val ues for 75th per cen tile dis tri -
bu tions over all pa tients un der go ing di ag nos tic and
ther a peu tic pro ce dures in this study are within the data
ranges re ported in the lit er a ture. The range of val ues
for di ag nos tic and ther a peu tic pro ce dures was from 18 
Gycm2 [30] to 102 Gycm2 [19], and 53 Gycm2 [30] to
299 Gycm2  [21], re spec tively. 

Now that the lo cal DRL val ues are known and, as 
a part of the con tin u ous im prove ment pro cess in -
volved in the prin ci ple of pro tec tion of ra di a tion, an
anal y sis of how these dose val ues can be low ered,
with out com pro mis ing im age qual ity should be im ple -
mented. One ap proach could be that, in di cated by the
ICRP pub li ca tion 120, which pro poses to an a lyze the
clin i cal man age ment of ra di a tion be fore, dur ing, and
af ter fluoroscopically guided car diac pro ce dure [1].

CON CLU SIONS

The val ues pre sented in our pa per are based on a
sin gle spe cial ized cen ter. The lo cal DRL val ues pre -
sented in this sur vey were 81.6 Gycm2 and 166.9 Gycm2

in adult pa tients for un der go ing di ag nos tic and ther a peu -
tic fluoroscopically guided car diac pro ce dures,  re spec -
tively. It be comes ur gent to be able to carry out more re -
search of this type, given that the health re al ity be tween
coun tries on dif fer ent con ti nents is very dif fer ent. While
in some the es tab lish ment of DRL is a le gal ob li ga tion, in
oth ers it is a mat ter of good or bad will.
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PRVI  LOKALNI  DIJAGNOSTI^KI  REFERENTNI  NIVOI  ZA
FLUOROSKOPSKI  VO\ENE  SR^ANE  PRO CE DURE  KOD  ODRASLIH 

PACIJENATA  U  ^ILEU

Ciq ovog rada je da se prika`u generisane prve vrednosti lokalnih dijagnosti~kih
referentnih nivoa za niz fluoroskopski vodenih kardiolo{kih dijagnosti~kih i terapijskih
procedura kod odraslih pacijenata u ^ileu, i da se uporede nivoi doze zra~ewa sa onima
predstavqenim u literaturi. Pe riod prikupqawa dozimetrijskih podataka sproveden je tokom
cele 2020. godine. Lokalni dijagnosti~ki referentni nivoi izra~unati su kao 75. percentil
distribucije podataka o dozi pacijenata za vrednosti proizvoda kerme i povr{ine. Uzorak
prikupqenih klini~kih procedura (480) podeqen je na dijagnosti~ke i terapijske. Razlike
proizvoda kerme i povr{ine prona|ene izme|u dijagnosti~kih i terapijskih procedura bile su
statisti~ki zna~ajne. Lokalni dijagnosti~ki referentni nivoi bili su 81.6 Gy cm2  i 166.9 Gy cm2

za fluoroskopski vo|ene sr~ane dijagnosti~ke i terapijske pro ce dure. Pore|ewe na{ih rezultata 
sa rezultatima prona|enim u literaturi za posledwih deset godina, pokazalo je da ne postoje
objavqeni radovi za bolnice u Latinskoj Americi i na Karibima. Postaje hitno da se sprovede
vi{e istra`ivawa ovog tipa, s obzirom da je zdravstvena stvarnost izme|u zemaqa na razli~itim
kontinentima veoma razli~ita. Dok je u nekima uspostavqawe dijagnosti~kih referentnih nivoa
zakonska obaveza, u drugima je to pitawe dobre ili lo{e voqe.

Kqu~ne re~i: interventna kardiologija, odrasla osoba, dijagnosti~ki referentni nivo,
                         doza zra~ewa


