TEXHAHECKME OTHETHI T 4,N°2 2023 Digital Diagnostics )
14

DOI: https://doi.org/10.17816/DD375327 .

lpo6nembl 06nyueHus nepcoHana Qo
B COBPEMEHHbIX MEAULMHCKUX TEXHONOrUAX

C.A. Poixkun™ 7, 10.B. [pysunmnna® 2, 3.A. Nlantyx?, U.B. Conpatos?, B.H. JlecHsr®,
0.N. Nebepes?®, [1.H. Camouatos*, M.M. CemeHoBa®, B.A. Cyxos®, C.E. Oxpumerko'

! Poccuiickan MeMUMHCKan akafeMus HenpepbiBHOro npodeccroHansHoro obpasosaHns, Mocksa, Poccuiickas ®epepaums

2 Hay4Ho-NPaKTM4ECKMIA KIMHUHECKWIA LIEHTP ANArHOCTUKN M TeNEMEANLIMHCKUX TexHonorui, Mocksa, Poccuiickas ®epepaums

3 (DepepasnbHbIN HaYYHO-KIIMHUYECKVIA LEHTP CMIELMaM3upoBaHHbIX BUAOB MeMLMHCKOA MOMOLLM 1 MEAMLIMHCKUX TEXHONOM VA,
Mocksa, Poccuiickas Qepepauvs

“ T'opofickan KMHMYeckas Bonbuua N 67 umenn J1.A. BopoxoBosa, Mocksa, Poccuiickan Deaepaums

5 TocynapcTBeHHblit HayuHbIl LieHTp Poccuitckoit ®eaepaumn — DeepanbHblit MEAMUMHCKUA BMOdUM3MYecKui LeHTp uMenn AN, BypHasaHa,
Mocksa, Poccuiickas Qepepauvs

¢ MepBblin MOCKOBCKMIA roCYAapCTBEHHbIN MeAULMHCKHIA yHuBepcuTeT umeHn WM. Ceuerosa (CeueHoBCKvit YHuBepcuTeT),
Mocksa, Poccuiickas Qepepauvs

7 KasaHcKuii rocynapcTBeHHbIN MeaMLIMHCKWIA yHuBepcuTeT, KasaHb, Poccuiickas Qepnepauns

AHHOTALIMA

06ocHoBaHue. LLIpoKkoe NpMMEHEHWE UCTOUYHWUKOB MOHW3WPYIOLLErO U3NYYeHUS B MEAULIMHCKOW NPaKTUKe (KapamMo3HA0Ba-
CKYNSPHOW XMpYPruu, 3HA0CKONUM, TPaBMATONOMMK, YPOSIOTUM, HEMPOXMPYPIUM, CTOMATOSIOMMM, OTAENEHUSX PafUOU30TOMNHO
AMArHOCTUKM) NPUBOAMT K 00JTyHEHUIO XpyCTanMKa rasa U KOXM pyK PacCesHHbIM M3y4YeHUeM HU3KOW MHTEHCUBHOCTY. BBe-
neHve MATATI HOBbIX peKOMeHAALMIA N0 CHUXEHWIO Npefena roA0BON 3KBUBA/IEHTHOM 03bl Ha xpycTanuKk (20 M3B) npu-
BEJI0 K TOMY, YTO OLIEHKA A03bl M0 XPYCTaNMKy Ha 0CHOBE 3P (QEeKTUBHOI J03bl CTaNa HEKOPPEKTHOM.

Llenb — aHanu3 noaxo[0B U OLEHKa 3KBMBANEHTHbIX 4,03 001y4eHUs XpyCTanuKa rnasa M KoXu pyK MeAULIMHCKOro Mnepco-
Hana npu NPoOBeAEHUN Pa3fINYHbIX AMarHOCTUYECKUX UCCel0BaHMI NoJ, BO3AENCTBUEM PEHTIEHOBCKOMO U3/TyYEHUS U raM-
Ma-u3y4eHus paguodapMnpenapara, a TaKKe CpaBHEHWE MONYYEHHbIX Pe3yNbTaToB C paHee onyb/MKOBaHHBIMU JaHHBIMU.
Matepuanbl u MeTogpl. [TpUMeHANCS METOA, TEpMONIIOMUHECLIEHTHOW Ao3uMeTpun. OLeHKa J03 NMpoBOAMNIach Y nepcoHana
KapAv03HA0BACKYIAPHON XUPYPTvK, 3HA0CKONUU, U30TOMHOM AUArHOCTUKM, CTOMATONIOMMK, YpOJIoruu.

Pe3ynbTathl. PacuéTHble rofoBble 3KBMBAJIEHTHbIE [03bl HA XPYCTANMK rN1a3a y Bpayeii 0TeNeHUI KapAM03HL0BacKyNspHOIA
XMPYPIrvW Haxoaunuck B ananasoHe ot 35 go 90 M3B, cpeiHero MeaMLMHCKOro nepcoHana — ot 6 Ao 19 M3B (B 0TAE/bHbIX
Cyyasx y Bpaya — [0 225 M3B, y MeauumMHCKol cecTpbl — [0 180 M3B); nepcoHana OTAeNeHUs pafron30TOMNHOI auarHo-
CTUKM — 0T 4,5 po 9 M3B. lo0BbIE pacyETHbIE IKBMBANEHTHBIE [103bl HA KOXY PYK Y NepcoHaa KapAmMo3HL0BacKyIAPHOA
xupyprum coctasunm ot 17 o 100 M3B, a npu pabote ¢ pagnodapmnpenapatamMu — oT 24 no 220 mM3s. lMokasaHo, 4To Uc-
Mosb30BaHMe OLEHKM YCPeHEHHOM [103bl 33 OHY OMepauMio y Bpayel KapAno3HA0BaCcKyIPHON XMPYPriu, Kak NpaBuio, He-
M30EKHO MPMBOJMT K NPEBbILIEHMI0 3KBUBANIEHTHOM [03bl HA XPYCTaUK rnasa Yepe3 onpeAesiEHHOE KOMYECTBO ONepaLyii.
3akntoueHue. py npesbILEHNN onpeaenéHHoro konndectaa onepaumi (ot 100 go 200) y Bpayeli KapaMo3HLOBACKYNAPHOI
XMpYpruv MoryT (OpMUpOBAaTLCS IKBMBAJIEHTHLIE [03bl HA XPYCTanuK rnasa bonee 20 M3B B rod. YcTaHOBNEHO nopae-
HWe XpyCTafuKa rnasa npu CYLLECTBYHOLLMX YPOBHSAX 0b1y4eHUs Y Bpaya KapAv03HA0BACKYNSApHOM xupypriu. lonydeHHble
pe3ynbTaTbl CBMAETENLCTBYIOT 0 HEOOXOAMMOCTU AaNbHEMLUMX A03UMETPUYECKUX M3MEPEHWU U 3MULEMMONIOrUYECKUX UC-
Cnef0BaHuiA, Ha 0CHOBAHWUW KOTOPbIX MOTYT BbITb pa3paboTaHbl peKoMeHaLMU MO pafuaLMOHHOM 3alLuMTe XpycTanuKa rnasa
M KOXM PYK MeVLMHCKOro NepcoHana, ocyLecTBAsoLero paboTy B nosie paccesHHOro, raMMa- U peHTTeHOBCKOr0 U3Myye-
HWS HU3KON UHTEHCUBHOCTM.

KnioueBble cnoBa: MCTOYHUKK MOHU3NPYOLWero nsny4yeHna; nepcoHan; Kapano3HAoBacKynApHaa XUpyprua; otaeneHue
pa}J,VIOVI3OTOI'IHOVI OWArHOCTUKKU; XPYCTaJIUK T1a3a; KOXa pPYK; pacCeAHHOe U3JlyyeHue HU3KON MHTEHCUBHOCTK; rof0Bas
JKBUBAJIEHTHaA [003a; TePMOJIIOMUHECLIEHTHAA NO03NUMETPUS,; I'IpOd)ECCMOHaJ'IbHOG noeeneHue.
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ABSTRACT

BACKGROUND: The widespread use of radiation sources in medical practice (cardio-endovascular surgery, endoscopy,
traumatology, urology, neurosurgery, dentistry, and radioisotope diagnostics departments) leads to irradiation of the lens
of the eye and the skin of the hands. The introduction of new recommendations by the IAEA to reduce the limit of the annual
equivalent dose to the lens (20 mSv) has led to an inaccurate dose assessment based on the effective dose.

AIM: To analyze approaches and assess equivalent doses of irradiation of the lens of the eye and skin of the hands of medical
personnel during various diagnostic studies under the influence of X-rays and radiopharmaceuticals studies and to compare
the results obtained with previously published data.

MATERIALS AND METHODS: Thermo-luminescent dosimetry was used. Dose assessment was performed by cardio-
endovascular surgery, endoscopy, isotope diagnostics, dentistry, and urology personnel.

RESULTS: The estimated annual equivalent doses to the lens of the eye for doctors of cardio-endovascular surgery departments,
in most cases, ranging 35-90 mSv, 6—19 mSv for the average medical staff (in some cases, the doctor [<225 mSv] and the
nurse [<180 mSv]) and 4.5-9 mSv for the staff of the department of radioisotope diagnostics. The annual calculated equivalent
doses to the skin of the hands for cardio-endovascular surgery personnel were 17-100 and 24—220 mSv for the staff working
with radiopharmaceuticals. It is shown that the use of an estimate of the average dose per operation by cardio-endovascular
surgery doctors, as a rule, inevitably leads to an excess of the equivalent dose to the lens of the eye after a certain number of
operations.

CONCLUSION: When a certain number of operations are exceeded (100-200), equivalent doses to the eye’s lens in cardio-
endovascular surgery doctors above 20 mSv per year can be formed. At current radiation levels, a lesion of the eye’s lens
was found in a cardio-endovascular surgery doctor. The results indicate the need for further dosimetric measurements and
epidemiological studies, based on which recommendations for radiation protection of the eye’s lens and the skin of the hands
of medical personnel working in low-intensity, scattered, gamma X-ray radiation can be developed.

Keywords: annual equivalent dose; cardio-endovascular surgery; eye lens; hand skin; low-intensity scattered radiation;
professional behavior; radiation sources; radioisotope diagnostics department; staff; thermo-luminescent dosimetry.
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BACKGROUND

Sources of ionizing radiation are widely used in the current
clinical practice. When they are used, sources of ionizing
radiation can affect medical personnel of cardioendovascular
surgery (CEVS), traumatology, urology, neurosurgery,
dentistry, general surgery, and intensive care departments.

In the departments of nuclear diagnostics, the highest
radiation exposure is on nurses who prepare and administer
radiopharmaceuticals and radiology technicians who examine
patients using gamma cameras and single-photon emission
computed tomography (CT) or positron emission tomography
combined with computed tomography (PET/CT). In these cases,
medical personnel are exposed directly and permanently to
low-intensity scattered gamma and X-ray radiation. Their
eyes and skin are affected by radiation scattered by the
patient’s body and reflected from external objects. Based
on the available data, the ratio of an equivalent lens dose to
the effective dose can be calculated in the photon radiation
energy range of 0.01-10 MeV. In the range of gamma radiation
energies of 0.06—10 MeV, the equivalent lens dose numerically
exceeds the effective dose by approximately 20%, whereas in
the range of <0.05 MeV, this increase ranges from several
times to several dozen times.

Therefore, the basic effective dose limit no longer ensures
compliance with the dose limit when the eye lens is irradiated.
While strong penetrating types of radiation make the main
contribution to the effective dose, weak penetrating radiation
(beta particles, photons with energies of <15 keV) provide the
maximum doses in the sensitive layer of the skin and eye
lens [1,2]. This issue attracted special attention after relevant
publications of the International Commission on Radiological
Protection and the International Atomic Energy Agency, which
supported recommendations to reduce the equivalent dose
limit for the lens from 150 to 20 mSv annually and optimize
the radiation protection of personnel, considering the “as low
as reasonably achievable” principle [3-9].

This study aimed to evaluate the equivalent radiation
doses for the eye lens and hand skin of medical personnel
in diagnostic examinations using X-ray radiation and gamma
radiation of radiopharmaceuticals and compare these results
with previously published data on radiation doses for the eye
lens and hand skin of medical personnel.

MATERIALS AND METHODS

We have assessed equivalent radiation doses for the
eye lens and hand skin of medical personnel exposed to
X-ray and gamma radiation of radiopharmaceuticals. A
thermoluminescent dosimetry (TLD) method was used to
estimate doses. Personal dose equivalent Hp(3) dosimeters
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with TLD-1011T (Research and Technology Center
“Praktika,” Russia) and TLD-100 (USA) detectors were used.
Measurement ranged from 30 pSv to 12 Sv for energies of
0.005-10 MeV. Dosimeters were exposed by attaching them
to the central part of the frontal surface of the hair cover of
the personnel. The calendar exposure time was 3—6 weeks;
however, the total number of dosimetry operations was
recorded for consideration when assessing and calculating
radiation doses.

Detector data were processed using a HARSHAW TLD
system 4000 thermoluminescent analyzer (Thermo Scientific
Ltd., MA, USA) at the Department of Radiochemistry of the
M. V. Lomonosov Moscow State University. After reading
the thermoluminescence curve and detector annealing,
detectors were individually calibrated in the air using a
19Cs gamma radiation source (Ey = 661 keV), type Ts2-5.
The main measurement error with a confidence probability
of 0.95 did not exceed 10%. To assess the contribution of
the background radiation, some dosimeters were exposed as
controls. In studies conducted in 2014-2021 in Moscow (four
CEVS departments of three city hospitals, one department
of urology, endoscopy, department of CEVS of the Federal
Medical-Biological Agency, medical center, PET center and
department of dentistry of a private medical center, and
department of nuclear diagnostics of the clinic at Russian
Medical Academy of Continuous Professional Education)
and Kazan (four departments of CEVS in four healthcare
organizations), 61 findings were obtained for the equivalent
lens dose, including 46 findings in CEVS personnel (22
physicians, 24 nurses), 2 in endoscopy personnel, 4 in
dentistry personnel, 1 in urology personnel, and 8 in nuclear
diagnostics personnel (***Tc and °F).

Clinical examination of personnel included ophthalmological
examination such as visometry (with and without correction),
refractometry, biomicroscopy of the bulbar conjunctiva and
vitreous body, Norn test, and B-scan of the eye.

The study assessed personal radiation doses not combined
into a single statistical set because of the characteristics
of the exposure conditions for each patient. Moreover, this
allowed us to establish a range of radiation dose levels and
factors potentially affecting the dose formation.

RESULTS

Several approaches are employed to investigate
equivalent lenses in medical personnel. The first approach
is to wear a thermoluminescent dosimeter (fixed in a
certain site on the head of the medical personnel) for a
predetermined time and measure the personal equivalent
lens dose Hp(3) after the wearing period ends. This approach
is described in MU 2.6.1.3747-22." Such investigations for

! Guidelines MU 2.6.1.3747-22 "Control of personal equivalent doses of external radiation for the lens of the eye in personnel) (approved by the Federal
Service for Surveillance on Consumer Rights Protection and Human Wellbeing on May 17, 2022). Available from: https://base.garant.ru/405781929/.
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measuring equivalent lens doses in the personnel of Moscow
healthcare institutions were conducted in 2014 for various
medical professions in the radiation monitoring laboratory
of the Department of Radiochemistry of M. V. Lomonosov
Moscow State University. The exposure time of TLD Hp(3)
was 1 month. The results are presented in Table 1.

The highest values were recorded in CEVS physicians.
However, if full responsibility for the use of personal dosimeters
is delegated to personnel, partial loss of information on some
dosimetry operations may occur, and this is a weakness of such
an approach. Another weakness is related to the unreliability
of information about the actual number of operations with
dosimeters. Therefore, the dose measurement for certain
periods with subsequent annual dose recalculation is not
suitable for radiation exposure assessment.

The second approach is to measure the accumulated
lens radiation dose for a certain number of operations with
individual dosimetry. This approach allowed estimating the
average dose for one conditional interventional examination.
Depending on the procedure type, interventional examinations
are classified into “diagnostic” and “therapeutic.” Diagnostic
interventional examinations are typically 20-30 min long
and have a total exposure time of approximately 3—7 min.
Therapeutic interventional examinations are much longer
(their duration depends on the complexity of the operation). In
one case, the operation time was 2.5 h, and the high voltage
time was 28 min.

Vol. 4 (2) 2023
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Our results are presented in Tables 2-4.

Doses per operation (manipulation) differ significantly both
in different technologies and within the same specialty. Special
attention is needed to the extremely high dose of CEVS nurse
exposure. Important factors appear to include the work methods
of the individual specialist (number of images, ratio of image/
scopy, etc.), particularly the distance from the main operating
surgeon and their assistant or nurse to the direct beam zone.
This factor can be defined as “professional behavior.” The
estimated annual doses in clinic A ranged from 35 to 90 mSv for
CEVS physicians, up to 180 mSv for a nurse, and up to 8 mSv
for a nurse in the nuclear diagnostics department.

The results of the lens dose assessment in clinic B
are presented in Table 3. The estimated annual equivalent
dose for the eye lens in clinic B was 60 mSv in physicians
and 6-18 mSv in nurses. For the professional behavior
parameter, due to the nature of work, the second nurse
(“nurse 2") usually stays longer and closer to the doctor’s
workplace (“operator”) than the first nurse (“nurse 1°).

In clinic C, some features of lens dose formation were
observed. The highest dose was recorded in a physician with
the least number of operations. The estimated annual doses
ranged from 53 to 225 mSv in physicians and approximately
19 mSv in nurses. The measurement results are presented
in Table 4.

Some factors were assessed, which could potentially
affect the dose formation: the number of “high-dose”

Table 1. Results of Hp(3) measurements and an approximate assessment of an annual equivalent dose for the eye lens (H) in various

medical personnel [10,11]

. Number of subjects, Hp(3), Annual H,
Profession
n mSv mSv
CpeNurses (work with radiopharmaceuticals, *“Tc) 2 0,37-0,40 4,4—4,8
Angiographer 6 0,31-2,20 3,7-26,4
Nurses (angiography) 5 0,15-0,42 1,8-5,0
Urologist 1 0,72 8,6
Dentist A 0,13-0,18 1,6-2,2

Table 2. Equivalent lens doses for physicians and nurses in cardioendovascular surgery, endoscopy, and nuclear diagnostics departments

of clinic A[12,13]

Acceptable Approximate
Number of
. Dose per . . Dose per number number
Profession operations with . ! .
exposure, mSv dosimetr operation, mSv of operations of operations
y annually annually
CEVS nurse 12,6 31 0,4 50 450
CEVS physician 1 1,28 13 0,1 200 350
CEVS physician 2 1,69 20 0,085 235 450
CEVS physician 3 1,05 5 0,2 100 450
Endoscopic physician 2,82 58 0,05 400 380
Endoscopic nurse 2,19 58 0,05 400 380
Nurse "Tc 0,7 134* 0,005 4000 1600

Note. * Patients.
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Table 3. Equivalent lens doses for physicians and nurses in the cardioendovascular department of clinic B
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Acceptable Approximate
Number of
. Dose per . . Dose per number number
Profession operations with . . .
exposure, mSv dosimet operation, mSv of operations of operations
ry annually annually
Physician 57 b4 0,1 200 600
Nurse 1 1,5 68 0,02 1000 300
Nurse 2 2,4 41 0,06 340 300

Table 4. Equivalent lens doses for physicians and nurses in the cardioendovascular department of clinic C

Acceptable Approximate
Number of
. Dose per . . Dose per number number
Profession operations with . . .
exposure, mSv dosimet operation, mSv of operations of operations
ry annually annually
Physician 12 3,86 35 0,11 180 750
Physician 16 35 51 0,07 285 750
Physician 18 34 12 0,3 >70 750
Nurse 1,74 68 0,025 800 750

operations, ratio of operator-assistant functions, cumulative
dose during operations, and height of the operator (Table 5).
The table shows that none of the above factors has a direct
effect on dosimetry results. Obviously, the most important
exposure factors include not only the number of operations
but also their specificity and “professional behavior,” which
determine the distance from the workplace of the “operator”
to the tube. In this context, anthropometric characteristics
(e.g., height) can be relevant because they affect the location
of personnel relative to the direct beam zone.

Some attention should be also given to certain limitations
of available collective protective equipment and the lack of
personal eye protection in many organizations. Stationary
protective equipment is clearly insufficient because of a
narrow hanging screen and the absence or inappropriateness
of hanging transparent screens. The use of such equipment

Table 5. Factors potentially affecting radiation dose formation

could significantly reduce the requirements for the protective
properties of personal protective equipment (e.g., 0.15 mm
Pb for body protection and 0.1 mm Pb for eyes). Such an
approach could generally improve the working conditions for
medical personnel.

The equivalent lens doses for medical personnel in
various nuclear diagnostics departments were compared with
data on the personnel dose load in the diagnostic laboratory
of the PET center. A study [14] evaluated the equivalent lens
doses in medical personnel of the PET center working with
8F-based products, including workload assessment for
personnel working with '8F (Table 6).

The equivalent effective dose for nuclear diagnostics
personnel of the PET center ranged from 4.2 to 4.9 uSv/GBq
(4.2-4.9 pSv/patient) during injection/packing operations
and 6 pSv/GBq (2.3 pSv/patient) in a PET/CT technician,

Physician Rdatio of opergtion number and Cumulative dose, Ratio operator/assistant Height,
ose per patient >1 Gy/>2 Gy Gy cm
Physician 12 19/5 39 24/11 183
Physician 16 17/5 49 29/22 185
Physician 18 3N 9.4 12/0 170

Table 6. Lens radiation doses (H,,) and effective dose (E) in diagnostic laboratory personnel of the diagnostic laboratory of the PET center

depending on the radiopharmaceutical activity and number of patients. [14]

Specialist Operations A, GBq ofN ::t‘il:;rts Hleﬁ;(r;Sv ﬁ’p'a%‘)l
A Nurse, more administration than packing operations 109,2 283 0,63 0,53
B Packer, more packing than administration operations 124,5 324 0,67 0,52
C PET/CT technician, scan 135,2 354 0,8 0,81

Note. PET/CT, positron emission tomography/computed tomography.
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according to the equivalent lens dose of 5.4-5.8 uSv/GBq
(2.1-2.2 pSv/patient) and 5.9 pSv/GBq (2.3 pSv/patient),
respectively. The exposure level was directly dependent
on the total activity used (or the number of patients as
an “equivalent” of activity). The evaluation of the dose-
activity/dose—patient relationship makes it possible to
calculate the minimum number of required staff. For
packing/administration operations, the largest dose load is
associated with the “administration” operation, which is the
main dose-forming factor for this technology. Considering
the workload, the highest lens radiation dose was reported in
PET/CT technicians. This can be explained by his/her contact
with all activities, whereas the nurse and packer “share”
this activity. Values of Hp(10) and Hp(3) doses were nearly
close when working with radiopharmaceuticals. Preliminary
estimates of the annual equivalent lens doses for 11 months
(excluding holidays) are presented in Table 7.

The highest dose is reported in a CT technician. However,
he/she showed extremely cautious “working behavior”
(keeping the maximum distance and minimizing contact). The
staff workload was 26 patients per 14-h shift. With workload
intensification (excluding a rather lengthy registration
procedure), the dose load also increased proportionally.
In the absence of activity distribution between personnel
(a and b), the equivalent lens dose can be at least 15 mSv
annually. Data obtained are consistent with previous data
[15,16], in which the median and maximum values ranged
from 4 to 14 and from 6 to 23 mSv, respectively. The ratio of
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the patient number and staff number is an important factor
in determining the levels of exposure in nurses in nuclear
diagnostic departments using specific technologies.

In addition to the lens dose assessment, hand skin
exposure doses were assessed for the staff of the CEVS
and nuclear diagnostics departments. Results are presented
in Table 8. As shown in this table, equivalent doses in the
above studies do not exceed the limit of the equivalent dose
for the skin (500 mSv). These measurements characterize
a separate local skin site (usually the back of the middle
finger) and cannot fully characterize doses over the entire
hand (both the back and palmar surface). Authors are aware
of two cases of visible abnormal hand skin changes in CVES
physicians, including permanent local foci of dry dermatitis
in the palmar-outer edge of both hands and redness in
backhand surfaces after surgery.

For this paper, the authors investigated skin radiation
doses using hand phantoms for CVES surgeons. Obtained
data indicate the possibility of hand skin exposure at the level
of 1 Gy annually [13]. The estimated annual equivalent skin
doses for nuclear diagnostics personnel of the PET center for
11 working months are presented in Table 9 [15].

The largest contribution to the nurse skin dose load is
the administration of a radiopharmaceutical to a patient.
The distribution of the dose load between nurse 1 and the
“packer” (or nurse 2) deserves special attention. If nurse 1
performs all (100%) injections, the equivalent hand skin dose
can be approximately 450 mSv annually. The given data are

Table 7. Estimated annual equivalent lens doses in isotope laboratory personnel of the PET center. [12,14]

Personnel Function H, mSv annually

A Administration ~60%, packing 40% 6,9
B Packing ~60%, administration 40% 1.4
C PET/CT technician 8,8
Note. PET/CT: positron emission tomography/computed tomography.
Table 8. Estimated annual equivalent hand skin doses in cardioendovascular surgery. [12,14]

Personnel Hojin pt:'r];‘),(posure, Number of operations Numbearnt:‘u(;[l)& rations annual/Hesg;imate d
CEVS nurse 1,2 31 450 17
CEVS physician 1 0,7 13 350 19
CEVS physician 2 4,5 20 450 100
CEVS physician 3 1,1 5 450 100

Note. CEVS, cardioendovascular surgery.

Table 9. Estimated annual equivalent skin doses (Hp, 0.07) for fingers (middle finger) in isotope laboratory personnel of the PET center

Personnel Function Hp (0.07), mSv annually
Administration ~60%, packing 40% 220
b Packing ~60%, administration 40% 132
c PET/CT technician 24

Note. PET/CT: positron emission tomography/computed tomography.
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well comparable with work indicators [17] ranging from 3 to
512 mSv.

To clarify these data, equivalent skin doses were
assessed using hand phantoms of CVES personnel. Equivalent
doses for hand phantoms for one operation ranged from
0.5 to 2.5 mSv, with an average input dose of 500 mGy
per patient body phantom. Considering the total number
of operations per year for a particular surgeon (300-600
operations), equivalent doses for local hand skin sites may
exceed the established dose limit of 500 mSv. In the study
of DNA double-strand breaks in skin fibroblasts irradiated in
parallel with dosimeters, the number of yH2AX and 53BP1
foci at 30 min and up to 24 h after irradiation statistically
significantly (p <0.05) exceeded the control values by
>2 times, and even after 72 h, indicators did not decrease to
control values [13,18].

DISCUSSION

This problem has a long history of scientific discussion
[19-24]. Equivalent lens and skin doses were assessed in
interventional examinations per single operation. Lens doses
ranged from 0.05 to 0.4 mSv. Hand skin doses ranged from
0.3 to 1.1 mSv. Data scatter is up to approximately eight
times for the eye lens and up to four times for the hands.
In a previous study [19], the skin dose was equal to the lens
dose per operation. Equivalent lens doses per operation
in interventional procedures have ranged significantly
depending on the type of procedure and presence or absence
of personal or collective protective equipment [2]. Owing to
the significant uncertainty of available data, lens radiation
doses still require further evaluation. In a previous study
[25], an increased prevalence of cataracts was reported
in medical personnel exposed to ionizing radiation, with a
higher prevalence in CVES personnel.

In a 17-month study, three radiologists performed
pediatric and adult interventions. For 1 year, 276-
338 procedures were performed, and 20% of them were in
pediatrics. The annual doses for the left eye exceeded 20 mSv
and ranged from 21to 61 mSv. Despite eye protection by
special goggles, doses exceeded 6 mSv and ranged from
13 to 48 mSv for both eyes. No significant differences were
found in lens doses per procedure between pediatric and
adult interventions [26].

When studying the lens dose load in nine interventional
radiologists, the equivalent doses for the eye lens and neck
skin were evaluated for 6 months. The lens doses were
0.18 £ 0.11 mSv and 35.3 + 6.6 mSv per working day and
200 working days, respectively. In 5 (56%) CVES physicians,
the dose exceeded the annual limit (20 mSv). Studies have
concluded that full-time CVES physicians may suffer from
the deterministic effects of lens radiation, particularly on the
left side. A study also reported the possibility of estimating
lens radiation doses according to neck skin dosimetry data
[Diens = 0.0179 +(0.5971 x D, )] [27].
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Results of the study with 44 CVES physicians and
22 controls are presented. Of the total number of examined
participants, 26 CVES physicians and controls underwent
a special eye examination. Lens doses were measured by
thermoluminescent dosimetry. The average equivalent doses
in surgeons were 0.83 + 0.59 and 0.35 + 0.38 mSv per month
for the left and right eyes, respectively, and annual doses
were approximately 0.7-11 mSv. No significant differences
in the prevalence of nuclear or cortical lens opacities were
noted between groups. Four CVES physicians had early-stage
subcapsular sclerosis, although no statistical differences
were noted between groups. Based on these data, a study
concluded the possibility of significant lens doses in CVES
physicians and recommended using eye protection [28].

A study [29] enrolled 69 interventional cardiologists and
78 controls who were not professionally exposed to ionizing
radiation. Lens opacities were examined using a slit camera.
Cumulative lens doses were assessed retrospectively using a
questionnaire including occupational history and lens doses.
The average cumulative lens doses for the left and right eyes
were 224 S and 85 mSv, respectively. Nuclear opalescence and
opacification of the lens nucleus in the left eye were found in
47% of CVES physicians and 42% of controls, cortical opacities
were found in 25% and 29%, and posterior subcapsular
opacities were found in 7% and 6%, respectively. A statistically
significant increase was found in the risk of opacity in the
CVES group compared with the control group after adjusting
for age, sex, smoking status, and medical exposure. However,
no significant increase in cataract incidence was found when
compared with controls, including the lack of evidence on the
increased risk of opacity with increasing doses. The authors
cannot rule out the adverse effects of ionizing radiation
because of the relatively small sample size.

In a study assessing doses to the personnel of St. Petersburg
healthcare institutions, the following equivalent lens doses
were found for 3 months of exposure: for radiologists, 0.29-
2.9 mSv per month; CVES physicians and nurses, 0.44-1.49
mSy; radiologists, 0.1-8.54 mSv; surgeons, 0.89 mSy; surgical
nurses, 0.11-4.6 mSv. Levels of lens radiation were assessed
based on the estimated ratio of personal dose equivalents Hp(3)
and Hp(10). Based on the annual Hp(3) and Hp(10) values with
the approximation of the log-normal distribution, the probability
rates of exceeding 1, 6, and 20 mSv were 13%, 10%, and
<1%, respectively. Moreover, considering that interventional
radiology teams are the most exposed group in medicine, the
percentage of cases exceeding 20 mSv annually can be up to
10%, and lens damage can be stochastic (random) [30,31].
These results differ significantly from results obtained in the
European project Optimization of Radiation Protection Medical
Staff [32-34] assessing lens radiation doses in interventional
specialists from >30 European medical centers. In nearly 50%
of CVES physicians, the radiation lens dose exceeded 20 mSv
annually.

However, the chronic exposure effect on cataract
development was noted in a cohort of the Mayak Production
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Association specialists, where 15,000 people exposed
to gamma radiation at doses of <0.25 to >1 Gy, showed
a statistically significant linear association between the
incidence of senile cataracts and the total dose of external
gamma radiation. More studies have also shown the
increased risk of all types of cataracts, including posterior
cortical, nuclear, and subcapsular cataracts in chronically
exposed workers. Cataract risk was significantly higher in
women [35]. As a result of a radiation accident in Southern
Urals, population doses ranged up to 5 mSv in 793 people,
5-100 mSv in 517, and >100 mSv in 67. These data were
obtained for a long period after exposure. Studies have
shown a significant effect of radiation dose. Opacities in the
lens nucleus and posterior capsule developed [36].

Personnel are also chronically exposed to healthcare
technologies. According to Kazan data [37], equivalent lens
doses in 11 CVES physicians and 15 CVES nurses ranged
from <2 to 16.92 mSv for 3 months. In 7 of 21 physicians,
equivalent lens doses exceeded or were close to 20 mSv
annually. During a clinical examination, 5 of 7 physicians aged
30-70 years had hyperechoic lesions in the vitreous cavity
without age-related vascular changes. Some changes were
typical for the dry eye syndrome (complaints of eye discomfort,
scanty mucous discharge from the conjunctival cavity, eye
redness in the evening, eye floaters in the left eye, itching,
foreign body sensation, a fold of the conjunctiva outside the
limbus, and tear stream thinning) and a decrease in tear film
rupture time during the Norn test. In 4 of 5 participants, a
superficial injection of the bulbar conjunctiva was detected,
and 1 physician had conjunctiva pigmentation. In 2 physicians
(45 and 70 years old), an arcus senilis was detected, which
is described in the literature as a corneal change typical for
older people (according to the World Health Organization,
older people are those aged =60 years). A clinical examination
showed the following abnormal eye changes in one CVES
physician (34 years old, annual equivalent lens dose 18.7 mSv):
conjunctival damage, dry eye syndrome, damage (destruction)
of the vitreous body, and lens nucleus compaction. Changes
observed may be associated with exposure to sources of
ionizing radiation. The possibility of abnormal processes after
low-dose exposure, caused by oxidative stress and the release
of free radicals, was also reported [38,39].

Study Limitations

The study is limited by the study interval of one to several
months, collection of data on radiation exposure of healthcare
personnel, and limited number of participating organizations
for data collection.

CONCLUSION

In all cases, considering the number of operations
performed, the estimated annual equivalent doses for the eye
lens in CVES physicians exceeded the level of 20 mSv and
ranged from 35 to 90 mSv. Nurse doses ranged from 6 to
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19 mSv. In two cases, the estimated lens dose was >150 mSv
(nurse in clinic A: 185 mSv; “operator” of clinic C, 225 mSv).

The lens dose limit is achieved in CVES physicians when
performing >200 operations and sometimes <70 operations
and <50 operations in CVES nurses.

The distance from the workplace to the X-ray beam zone
is the leading factor of radiation dose formation in CVES. This
factor is partially associated with the professional behavior of
the personnel. Based on the available data, we can assume
the stochastic nature of eye damage in the studied dose range.
Exposure may be manifested by abnormalities at a younger
age than in non-exposed individuals, even in the absence of
statistical differences with comparison groups. The hand skin
doses of various personnel can come close to and even exceed
the normalized annual limit (500 mSv) by >2 times.

At present, in addition to monitoring the exposure levels
for individual organs and tissues in personnel using state-
of-art medical technologies, epidemiological studies are
needed, and practical recommendations must be developed
for personnel protection using personal and collective
protective equipment, with consideration of factors that affect
the radiation dose.
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