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Prevalence of Cataractous Changes in the Eyes and
Chronic Inflammatory Changes in the Hands Among
Spine Surgeons
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Investigation performed at the Department of Radiation Regulatory Science Research, National Institute of Radiological Sciences, National Institutes for
Quantum Science and Technology, Chiba, Japan

Background: The impact of radiation exposure on cataracts and hand skin cancer in orthopaedic and spine surgeons
remains understudied. This study aimed to investigate the prevalence of cataracts and chronic hand inflammation in
orthopaedic and spine surgeons and to assess their association with radiation exposure.

Methods: A cross-sectional analysis was conducted on orthopaedic and spine surgeons attending the 38th Annual
Meeting of the Neurospinal Society of Japan or the 31st Annual Meeting of the Japanese Society for the Study of Low Back
Pain. Cataractous changes were categorized into none, lens micro-opacity, or cataracts and were detailed alongside the
prevalence of chronic hand inflammation, which included longitudinal melanonychia and hand eczema. Participants were
divided into quartiles according to hand-exposure opportunities in the operating and fluoroscopy rooms in 2022. Preva-
lence ratios and 95% confidence intervals (Cls) of chronic hand inflammation in the upper quartiles relative to the first
quartile were calculated using modified Poisson regression adjusted for potential confounders.

Results: The median work experience of the 162 participants was 23 years, and the median number of hand-exposure
opportunities was 70 (interquartile range [IQR], 20 to 123) in the operating room and 20 (IQR, O to 60) in the fluoroscopy
room. The prevalence of cataracts was 20% (32 participants), and the prevalence of cataractous changes, including lens
micro-opacity, was 40% (64 participants). Chronic hand inflammation was present in 62 participants (38%), of whom 52
had longitudinal melanonychia and 23 had hand eczema. The adjusted prevalence ratios of chronic hand inflammation
relative to the lowest quartile of hand-exposure opportunities in the operating room were 0.91 (0.50, 1.66) for quartile 2,
0.72 (0.41, 1.25) for quartile 3, and 1.56 (0.97, 2.50) for quartile 4. For fluoroscopy room exposure, the adjusted
prevalence ratios were 2.31 (1.16, 4.58) for quartile 2, 2.03 (1.00, 4.09) for quartile 3, and 2.94 (1.51, 5.75) for quartile 4.

Conclusions: This study highlighted substantial cataractous and chronic hand inflammatory changes in spine surgeons,
indicating indirect and direct radiation exposure effects. Therefore, radiation safety and protective measures must be
emphasized. Comparative studies with other populations and longitudinal observations are required to better understand
the effects of radiation on health.

Level of Evidence: Prognostic Level lll. See Instructions for Authors for a complete description of levels of evidence.

*Yasukazu Hijikata, MD, DrPh, and Kazuta Yamashita, MD, PhD, contributed equally to this work.

Disclosure: This study was supported by a Project Grant from the Co-creation Center for Disaster Resilience, IRIDeS, Tohoku University (2-HR014); Industrial Disease
Clinical Research Grants (210501-01/240401-02) from the Ministry of Health, Labour and Welfare, Japan; and a grant from JSPS KAKENHI (18H03376/24H00665/
JP23K09682). The Disclosure of Potential Conflicts of Interest forms are provided with the online version of the article (http://links.lww.com/JBJS/1432).

Copyright © 2025 The Authors. Published by The Journal of Bone and Joint Surgery, Incorporated. This is an open access article distributed under the
terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

J Bone Joint Surg Am. 2025;107:¢25(1-8) e http://dx.doi.org/10.2106/JBJS.24.00433



e25(2)

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 107-A - NUMBER 7 - APRIL 2, 2025

medicine, particularly for procedures such as catheteri-

zation. This has brought considerable attention to occu-
pational radiation exposure to the lens of physicians’ eyes due to
scattered rays"”. The International Commission on Radiological
Protection (ICRP) underscored this concern in 2011 and rec-
ommended a reduction in the occupational exposure limit to 100
mSv for lenses within 5 years’, which was based on growing evi-
dence suggesting that the threshold for radiation-induced cata-
racts could be lower than what was previously thought or even
nonexistent. Following ICRP recommendations, global efforts to
protect eye lenses from exposure have been increasing’. Never-
theless, most existing evidence has been derived from studies on
atomic bomb survivors subjected to acute high-dose radiation
exposure’. The effects of low-dose to high-dose prolonged mul-
tifractional exposure, which is more common in health-care
settings, remain not well understood. One critical question is
whether prolonged multifractional exposure results in lens micro-
opacity, early signs of cataracts as with acute exposure, and pro-
gression to vision-impairing cataracts. As a first step to address
this, an investigation of the prevalence of lens micro-opacity in
various populations, focusing on orthopaedic and spine surgeons,
who are most likely to be exposed to high-dose radiation in the
medium to long term among medical personnel, is essential.

Another problem among health-care workers exposed to
radiation is the development of skin cancer caused by direct
exposure to their hands’. The carcinogenicity of exposure to high-
dose ionizing radiation is undisputed’, and chronic inflammation
due to radiation is a major cause of skin cancer’. Orthopaedic and
spine surgeons often place their hands over the radiation field
during fluoroscopic procedures’. Given the recent minimally in-
vasive nature of surgical procedures, the frequency of fluoroscopic
guidance has increased. Furthermore, the surgeons’ awareness of
radiation protection is low’ . Therefore, there is concern about
cancer due to direct exposure to the hands, especially among
orthopaedic and spine surgeons. However, because of its rarity, it
remains unclear whether skin cancer occurs because of direct
exposure to the hands within the scope of the usual medical
practice; thus, further evidence is urgently needed.

In the current study, we focused on longitudinal mela-
nonychia and hand eczema as proxies for underlying skin
cancer caused by radiation-induced chronic skin inflammation
because these conditions have recently been reported to be
more prevalent among orthopaedic and spine surgeons". In
particular, in order to promote radiation protection or moti-
vate further research, the current study aimed to describe the
prevalence of cataractous changes, longitudinal melanonychia,
and hand eczema in spine surgeons as possible effects of
occupational radiation exposure and to investigate the associ-
ation between hand-exposure opportunities and the prevalence
of longitudinal melanonychia or hand eczema.

Radiography has become increasingly vital in modern

Materials and Methods

Study Design and Participants
his descriptive and cross-sectional study included spine
surgeons who participated in a voluntary radiation expo-
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sure screening at the 38th Annual Meeting of the Neurospinal
Society of Japan on June 15 to 16, 2023 (all 826 participants)
and at the 31st Annual Meeting of the Japanese Society for the
Study of Low Back Pain on December 1 to 2, 2023 (all 652
participants). Participants were recruited through online res-
ervations on the conference website and by invitations to
attendees who visited the site on the day of the screening. This
study was conducted in accordance with the Declaration of
Helsinki"” and the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) statement'. This study
was approved by an accredited institutional review board
(approval no.: 1552), and written informed consent was obtained
from all participants.

Screening was conducted in the following order: (1) basic
ophthalmological measurements (i.e., visual acuity and intraocu-
lar pressure); (2) an interview with regard to radiation exposure
and a hand examination, which was conducted by an occupational
health professional; (3) cataract screening, in which a simple
darkroom was set up in a tent and skilled investigators took images
of the lens using a transillumination camera without mydriasis; (4)
fundus photography; and (5) comprehensive ophthalmological
examination. Participants with screening reservations were pro-
vided with a medical questionnaire before attending the meeting
and were instructed to complete it after reviewing information on
radiation use in the previous year.

Outcomes

At the cataract screening, vacuoles and posterior subcapsular
cataracts within 3 mm of the pupils were evaluated by an oph-
thalmologist, who classified cataractous changes into 3 categories:
(1) none, (2) lens micro-opacity, and (3) cataract. Cataracts can be
classified into 3 main types: (1) nuclear, (2) cortical, and (3)
posterior subcapsular. Radiation exposure has been reported to be
associated with posterior subcapsular cataracts”. Vacuoles are
micro-opacities that can only be determined by transillumination
photography and are not evaluated in routine ophthalmologic
practice; however, they are of interest as an important early lesion
in radiation-induced posterior subcapsular cataracts'.

On hand examination, longitudinal melanonychia and
hand eczema were determined for each site on the dominant and
nondominant hands. If a diagnosis was difficult to make, the
final decision was made through consultation with another
examiner. In the case of ambidexterity, the dominant hand was
defined as the hand that grasped the needle during a nerve root
block. When evaluating the association between hand-exposure
opportunities and chronic inflammation, the presence of these
changes in either hand was defined as positive for chronic
inflammation. A history of hand skin cancer was also obtained.

Exposure Variables in the Cross-Sectional Analysis

The number of fluoroscopy procedures in 2022, including
spine surgeries, non-spine orthopaedic procedures, nerve root
blocks, myelographies, and catheter procedures, was collected
as a variable related to radiation exposure. For the cross-
sectional analysis that investigated the association between
hand-exposure opportunities and chronic inflammation, the



e25(3)

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 107-A - NUMBER 7 - APRIL 2, 2025

sum of spine surgeries and non-spine orthopaedic procedures
was defined as hand-exposure opportunities in the operating
room, the sum of nerve root blocks and myelographies was
defined as hand-exposure opportunities in the fluoroscopy
room, and the sum of both was defined as hand-exposure
opportunities.

Covariates

Information on participant characteristics such as age, work
experience, sex, hypertension status, diabetes status, smoking
habits (including the current smoking status and smoking his-
tory), corticosteroid use, whether they had orthopaedic training
(Orthospine) or neurosurgical training (Neurospine), and board-
certified specialist status were also collected. In addition, data
about the institutions were collected, including whether they were
public or private, the number of beds available (categorized as
<199, 200 to 399, and >400), and whether the department had a
navigation system, personal dosimeters, and personal protective
equipment.

In this study, data on personal dosimeters and personal
protective equipment were obtained to ascertain availability,
which would not necessarily reflect actual usage. With regard to
personal dosimeters, we inquired about the provision of a
primary dosimeter (worn inside the lead apron at the chest or
waist), additional dosimeters (worn outside the collar of the
lead apron), eye dosimeters, and finger dosimeters by their
facility. With respect to personal protective equipment, the
provision of lead aprons, thyroid protectors, glasses, and caps
was investigated.

Statistical Analysis

First, the background characteristics of the study population
were described. Continuous variables were expressed as the
mean, standard deviation, minimum, maximum, median,
and interquartile range (IQR), whereas categorical variables
were presented as numbers and percentages. Subsequently,
the distribution of cataractous changes was detailed. Con-
sidering the age-related nature of cataracts, the results were
stratified using a 40-year threshold. The prevalences of
longitudinal melanonychia, hand eczema, and skin cancer,
including their detailed prevalence at each hand site, were
reported.

For the investigation of the association between hand-
exposure opportunities and the prevalence of chronic in-
flammation, we stratified the participants into 4 groups using
hand-exposure opportunities in 2022 and described the char-
acteristics of each group. Furthermore, a modified Poisson
regression analysis was conducted, with chronic hand inflam-
mation as the outcome variable and hand-exposure opportunities
in the operating and fluoroscopy rooms as the explanatory vari-
ables. This analysis facilitated the calculation of prevalence ratios
and 95% confidence intervals (Cls) for the upper quartiles relative
to the first quartile, computed after adjustment for work experi-
ence and Orthospine as confounders. Additionally, participants
were stratified by the presence of chronic hand inflammation, and
their characteristics were compared using the Fisher exact test or
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the Wilcoxon rank sum test. All statistical analyses were per-
formed using STATA (version 17.0; StataCorp).

Results
Atotal of 162 spine surgeons participated in the screening; of
these surgeons, 85 were Orthospine surgeons and 77 were
Neurospine surgeons. Table I summarizes their demographic
characteristics, and Table II summarizes their affiliations’ char-
acteristics. None of the participants were corticosteroid users or
were provided with lead caps. The median work experience of
the spine surgeons was 23 years (IQR, 14 to 30 years). The
median number of hand-exposure opportunities for 2022 was
70 (20 to 123) in the operating room and 20 (0 to 60) in the
fluoroscopy room.

Table III shows the eye findings. Cataractous changes,
including lens micro-opacities, were observed in 64 partici-
pants (40%), of whom 32 (20% of the total) had cataracts. The
prevalence of cataractous changes was slightly higher in the left
eye (27%) compared with the right eye (24%). Although cat-
aracts were less common in the younger group (9.8%) com-
pared with the older group (23%), lens micro-opacities were

TABLE | Demographic Characteristics of the Participants*

(N = 162)

Age (yr) 48 + 11 (24 to 82) [48 (39, 56)]
Work experience (yr) 23 +11 (0 to 57) [23 (14, 30)]
Male sex 157 (97%)
Hypertension 31 (19%)

Diabetes 7 (4.3%)

Smoking habit 41 (25%)
Right-handed 156 (96%)
Orthospinet 85 (53%)
Board-certified specialist 93 (57%)

Fluoroscopy procedure in
2022

Spine surgery
Non-spine orthopaedic

77 +81 (0 to 400) [50 (18, 105)]
23 +81 (0 to 730) [0 (0, 2)]

procedure
Nerve root block 35 + 55 (0 to 300) [11.5 (0, 50)]
Myelography 13 + 30 (0 to 250) [0 (0, 10)]

Catheter procedure 12 + 38 (0 to 250) [0 (0, 0)]

Hand-exposure 147 + 140 (0to 869)[110 (40, 200)]
opportunity in 2022
In the operating room
In the fluoroscopy
room

99 + 115 (0 to 835) [70 (20, 123)]
47 + 64 (0 to 302) [20 (0, 60)]

*The values are given as the mean and the standard deviation, with
the 95% Cl in parentheses and the median and the IQR in brackets, or
as the number of participants, with the percentage in parentheses.
TO0rthospine refers to spine surgeons with orthopaedic rather than
neurosurgical training.
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TABLE Il The Affiliated Institutions of the Participants*

(N =162)
Private hospital 75 (46%)
No. of beds
<199 27 (17%)
200 to 399 32 (20%)
>400 103 (64%)
Navigation system 67 (41%)
Personal dosimeters
Primary 159 (98%)
Additional 108 (67%)
Eye 21 (13%)
Finger 21 (13%)
Personal protective equipment
Lead apron 160 (99%)
Lead thyroid protector 100 (62%)
Lead glasses 74 (46%)
Lead gloves 48 (30%)
*The values are given as the number of participants, with the
percentage in parentheses.

more prevalent, resulting in a similar prevalence of overall
cataractous changes in the younger group (37%) and the older
group (41%).

Chronic hand inflammation was present in 62 participants
(38%), of whom 52 (32% of the total) had longitudinal mela-
nonychia and 23 (14% of the total) had hand eczema. Longitu-
dinal melanonychia was detected in 39 dominant hands (24%)
and 27 nondominant hands (17%). Hand eczema was identified
in 22 dominant hands (14%) and 14 nondominant hands (8.6%).
The distribution of longitudinal melanonychia was biased toward
the radial side in both dominant and nondominant hands (Fig. 1-
A). The distribution of hand eczema in dominant hands was also
biased toward the radial side (Fig. 1-B). One participant (0.6%)
reported having hand skin cancer.

CATARACTOUS CHANGES IN EYES AND CHRONIC INFLAMMATORY
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Table IV shows the characteristics of participants strati-
fied into 4 groups based on hand-exposure opportunities in
2022. Hand-exposure opportunities were distributed syner-
gistically rather than additively. Chronic hand inflammation
was particularly frequent in quartile 4 (63%), which was twice
as frequent as in quartile 3 (34%). The crude prevalence ratios
of the hand-exposure opportunities in the operating room were
0.95 (95% CI, 0.50, 1.80) for quartile 2, 0.82 (0.43, 1.58) for
quartile 3, and 1.71 (1.01, 2.91) for quartile 4 for chronic
inflammation; the adjusted prevalence ratios were 0.91 (0.50,
1.66) for quartile 2, 0.72 (0.41, 1.25) for quartile 3, and 1.56
(0.97,2.50) for quartile 4. For the hand-exposure opportunities
in the fluoroscopy room, the crude prevalence ratios were 2.00
(1.00, 4.00) for quartile 2, 1.69 (0.83, 3.42) for quartile 3, and
2.71 (1.41, 5.21) for quartile 4, with adjusted prevalence ratios
of 2.31 (1.16, 4.58) for quartile 2, 2.03 (1.00, 4.09) for quartile
3, and 2.94 (1.51, 5.75) for quartile 4. Although a clear dose-
response relationship was not evident, quartile 4 showed a
higher prevalence of chronic hand inflammation than quartile
1 for hand-exposure opportunities in the fluoroscopy room.

Table V shows the characteristics of the participants
stratified by the presence of chronic hand inflammation. Var-
ious factors were suggested to be associated with chronic hand
inflammation, including the number of hand-exposure op-
portunities in the operating room (97.5 compared with 55; p =
0.009) and the fluoroscopy room (40 compared with 15; p <
0.001). Participants with chronic hand inflammation had more
work experience (26 compared with 19 years; p < 0.001), in-
cluded more Orthospine surgeons (68% compared with 43%;
p =0.003) and more board-certified specialists (82% compared
with 42%; p < 0.001), and worked at institutions with fewer
beds (p = 0.044).

Discussion
£162 spine surgeons screened, 20% had cataracts, whereas
40% showed cataractous changes, including lens micro-
opacity as well as cataracts. Notably, the prevalence of cata-
ractous changes was similar between the younger group (37%)
and the older group (41%). Chronic hand inflammation was

TABLE Il Eye Findings*

Total (N = 162) <40 Years of Age (N =41) >40 Years of Age (N =121)
Right Eye Left Eye Total Right Eye Left Eye Total Right Eye Left Eye Total

Visual acuityt 0.15(0.06, 0.4) 0.18(0.065, 0.5) 0.1(0.04,0.4) 0.1(0.05,0.7) 0.15(0.08,0.3) 0.2 (0.08, 0.5)

Corrected 1.5 (1.2, 1.5) 1.5 (1.2, 1.5) 1.5(1.2,1.5) 1.5(1.2,1.5) 1.5 (1.2, 1.5) 1.5 (1.2, 1.5)

Intraocular pressure 14 (13, 16) 15 (13, 16) 14 (12, 16) 14 (13, 17) 14 (13, 16) 15 (13, 16)

(mm Hg)

Cataractous change 38 (24%) 43 (27%) 64 (40%) 8 (20%) 8 (20%) 15 (37%) 30 (25%) 35 (29%) 49 (41%)
Lens micro-opacity 19 (12%) 22 (14%) 32 (20%) 5 (12%) 7 (17%) 11 (27%) 14 (12%) 15 (12%) 21 (17%)
Cataract 19 (12%) 21 (13%) 32 (20%) 3 (7.3%) 1 (2.4%) 4 (9.8%) 16 (13%) 20 (17%) 28 (23%)
*The values are given as the median, with the IQR in parentheses, or as the number of participants, with the percentage in parentheses. tVisual acuity is expressed in
decimal units used in Japan (e.g., 1.0 = standard vision).
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Fig. 1-A Number of longitudinal melanonychias by site. Fig. 1-B Number of hand eczemas by site.

found in 38% of the participants. Furthermore, spine surgeons
in the highest quartile of hand-exposure opportunities in the
fluoroscopy room were 3 times more likely to have chronic
inflammation than those in the lowest quartile, suggesting an
association between direct radiation exposure in daily practice
and chronic hand inflammation. The current study under-
scores the importance of promoting behavioral changes toward

radiation protection among orthopaedic and spine surgeons,
encouraging health screening, and motivating further nation-
wide research.

Previous surveys at conference venues reported a higher
cataract prevalence of 38% (58 participants) and 52% (56 partic-
ipants) among cardiologists””. A survey of 32,826 Chernobyl
nuclear power plant workers reported a prevalence of 17% for

TABLE IV Characteristics of Participants Stratified on the Basis of the Hand-Exposure Opportunities in 2022*

Quartile 1 (N = 41)

Quartile 2 (N =43)

Quartile 3 (N = 38) Quartile 4 (N = 40)

Age (yr) 47 (37, 55)
Work experience (yr) 23 (11, 30)
Orthospinet 13 (32%)
Board-certified specialist 14 (34%)
Private hospital 18 (44%)
No. of beds
<199 4 (10%)
200 to 399 8 (20%)
2400 29 (71%)
Navigation system 15 (37%)
Hand-exposure opportunity in 2022 12 (2, 25)
In the operating room 5 (1, 15)
In the fluoroscopy room 0 (0, 10)
Chronic hand inflammation 9 (22%)
Longitudinal melanonychia 6 (15%)
Hand eczema 4 (10%)

48 (40, 55) 45 (40, 58) 51 (42.5, 56)
23 (16, 30) 20 (14, 34) 24.5 (15, 30)
17 (40%) 23 (61%) 32 (80%)

24 (56%) 26 (68%) 29 (73%)

19 (44%) 19 (50%) 19 (48%)

6 (14%) 6 (16%) 11 (28%)

7 (16%) 12 (32%) 5 (13%)

30 (70%) 20 (53%) 24 (60%)

18 (42%) 17 (45%) 17 (43%)
83 (58, 96) 154.5 (137, 180) 322 (257.5, 394)
50 (30, 80) 113 (85, 140) 210 (102.5, 328.5)
18 (3, 31) 47.5 (25, 60) 107.5 (44.5, 196)

15 (35%) 13 (34%) 25 (63%)

13 (30%) 9 (24%) 24 (60%)

5 (12%) 6 (16%) 8 (20%)

*The values are given as the median, with the IQR in parentheses, or as the number of participants, with the percentage in parentheses.
tO0rthospine refers to spine surgeons with orthopaedic rather than neurosurgical training.
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cataracts, which is consistent with our findings™. The prevalence of
cataracts in the general population is <5%", raising concerns about
higher prevalence in populations with occupational radiation ex-
posure, including spine surgeons. Information on the prevalence of
early cataractous changes, including lens micro-opacity, remains
limited. However, an ophthalmological examination of 3,673 Fu-
kushima nuclear emergency workers reported a prevalence of 72%
among 479 participants (mean age, 54 years)”, compared with
40% in this study. This study was conducted under the limitation of
no mydriasis; therefore, caution must be exercised, as the actual
prevalence might have been underestimated. There is an urgent
need to accumulate and compare knowledge about the prevalence
in more diverse populations, particularly those without ra-
diation exposure, and to follow these populations to investigate
how the observed lens micro-opacity progresses to vision-
impairing cataracts™.

Studies suggesting that radiation exposure within the scope
of medical practice leads to cancer have been limited to a few
reports™. Skin cancer develops from radiation-induced chronic
inflammation; longitudinal melanonychia and hand eczema
originate from the same condition. Thus, longitudinal mel-
anonychia and hand eczema can be considered proxies for
skin cancer, and their increase indirectly suggests the potential
for skin cancer development. This current study demonstrates
that spine surgeons in quartile 4 of hand-exposure opportu-
nities perform almost 1 fluoroscopic procedure daily and that
63% have chronic inflammation. In our previous survey, 91%
of Japanese spine surgeons reported experiencing direct hand
radiation exposure “sometimes” or more often'*. Radiation doses
during nerve root blocks are typically around 13 mGy”. These
findings raise concerns that a subset of spine surgeons may be at
high risk for radiation-induced skin cancer. Given that a previous
study involving 227 participants identified 3 cases of hand skin

CATARACTOUS CHANGES IN EYES AND CHRONIC INFLAMMATORY
CHANGES IN HANDS AMONG SPINE SURGEONS

cancer' and that this study found 1 case among 162 participants,
surveying a broader high-risk group, such as all members of an
orthopaedic association, could yield surprising findings.

Recent advances in minimally invasive techniques, such as
percutaneous pedicle screw insertion, lateral interbody fusion, or
endoscopic procedures, have been remarkable. Although bene-
ficial for patients because of reduced invasiveness, these tech-
niques increase radiographic application because of the difficulty
in visualizing anatomical structures”. In this study, fluoroscopy
room exposure was more strongly associated with chronic hand
inflammation than operating room exposure was. This could be
attributed to the fact that approximately 60% of the participants
were from large hospitals with 2400 beds and the high availability
of navigation systems, which might have contributed to the
adoption of radiation protection measures in operating rooms.
Therefore, promoting radiation protection and developing assis-
tive devices will become increasingly crucial.

This study had several limitations. First, screening was
voluntary, resulting in a lack of representativeness. It was pre-
sumed that those with high exposure and health concerns were
more likely to participate, while those who were already un-
dergoing treatment or considered themselves at low risk were
less likely to participate. In addition, the targeted society was not
the Japanese Society for Spine Surgery and Related Research, the
largest spine surgery society in Japan. Therefore, the prevalence
of cataractous changes and chronic hand inflammation in this
study may differ from that of the source population. Second, the
lack of actual radiation dose data prevented a direct verification
of the association between direct hand exposure and chronic
inflammation. However, as dosimetry is not widely used among
spine surgeons, using individual cumulative exposure data for
research is impractical. To validate the effects of real-world
exposure, the development of methods for estimating doses for

TABLE V Characteristics of the Participants Stratified by Chronic Hand Inflammation*

No Chronic Hand Inflammation
Chronic Hand Inflammation (N = 62 [38%)]) (N =100 [62%]) P Value
Work experience (yr) 26 (22, 35) 19 (11, 26) <0.001
Orthospinet 42 (68%) 43 (43%) 0.003
Board-certified specialist 51 (82%) 42 (42%) <0.001
Hand exposure opportunity in 2022 167.5 (90, 299) 89.5 (30, 155) <0.001
In the operating room 97.5 (30, 155) 55 (15, 104) 0.009
In the fluoroscopy room 40 (10, 100) 15 (0, 50) <0.001
Private hospital 28 (45%) 47 (47%) 0.87
No. of beds 0.044
<199 14 (23% 13 (13%)
200 to 399 16 (26% 16 (16%)
>400 2 (52% 71 (71%)
Navigation system 4 (39% 43 (43%) 0.63
*The values are given as the median, with the IQR in parentheses, or as the number of participants, with the percentage in parentheses.
tO0rthospine refers to spine surgeons with orthopaedic rather than neurosurgical training.
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eye lenses and hand exposure during procedures is desirable.
Additionally, exposure intensity was estimated only by the number
of exposure opportunities in the previous year, lacking detailed
procedural breakdowns and information on protective measures.
This variation introduces potential misclassification, and the study
thus suggests a possible causal relationship rather than yields a
quantitative causal effect. Moreover, hand-exposure opportunities
associated with chronic inflammation in this study were lim-
ited to “recent exposure opportunities” because the effects of
cumulative exposure were not considered. Finally, whether the
lens micro-opacities and chronic hand inflammation observed
in this study genuinely progressed to vision-impairing cataracts
or skin cancer remains speculative and awaits further evidence.

In conclusion, our screening revealed substantial cata-
ractous changes and chronic hand inflammation in several
spine surgeons, indicating the effects of indirect and direct
radiation exposure. Educating orthopaedic and spine surgeons
to avoid radiation exposure is essential. This includes pro-
moting the widespread adoption of dosimetry and protective
equipment, encouraging efforts to avoid direct hand exposure
to radiation, and raising awareness about the long-term health
risks associated with insufficient radiation protection. Future
studies should compare these findings with those of other
populations, especially those of countries other than Japan, and
conduct longitudinal observations. ®
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Operational dosimeter (EPD)
Whole-body Hp(10) (pSv)
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Thoraco-lumbar 0.380 (0.165; 0.690)
Lumbar 0.530 (0.140; 3.090)
Lumbo-sacral 1.920(0.690; 3.113)
All centers 0.490 (0.163; 1.505)

Data are presented as median (first quartile; third quartile). Hp: personal equivalent

dose.
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# 1 AW THRELE 663 HFDORE SXEMRE DT
XBRBER T COKIEXEREICI T 5 EMOKBEEIIL OFE. B ABHREZEER
F=, 23 (2), 2024412 A, &%)

532

BRER 36 1
R 627 1t

B o BMI
BMI25 oL E 147 1
BMI25 i 516 {4
TR (BB S E R E) 4.21+1.51 [45]
R EE (PR R 0.07+0.31 [[H]]
B O BMI (¥ R ERZE) 22.27+3.99

K2 EAM 1540 1 FEROKREERITRELE YL FERAE, BHRRFRH
XBRBER T COKIEXEREICI T 5 EMOKBEEIIL OFE. B ABHREZEER
¥R, 23 (2), 202412 4, HEK)

LN FEMA% ] BERREE [47]
IX<HBRE R A B+ w® A B+
ERf | [mSv/4E]

A 10.5 329 2 327 1317 5 1312
B 10.0 333 33 300 1476 135 1341
C 11.1 153 32 121 619 119 500
D 8.3 171 39 132 785 201 584
E 3.4 149 13 136 691 62 629
F 11.3 121 35 86 494 157 337
G 8.9 165 103 62 772 451 321
H 6.0 88 29 59 373 121 252
I 10.6 151 24 127 622 120 502
J 0.4 11 2 9 43 8 35
K 6.0 83 29 54 352 117 235
L 6.0 147 35 112 598 147 481
M 4.1 141 75 66 574 319 255
N 34.5 313 185 128 1258 740 518
0 3.9 62 13 49 237 50 187
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IR DK A RIS SRS M m < . AENEE
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- IREICEED D 14 ADEMZXIZRIC,
NBREEE (7 ARy M) BESE (i
FREHFEA DAMAD & I (B RRE R DN
) lcEREN 1 ST, KBIEHRES
(DOSTRIS™) % [hst A 77 % NI D 22 iR 4%
IZHEE LI EY &L WE Lz, AREH A
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AL 5 AN 23 7 AL 1 A2 21 A
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B - RIS ERN B - 72120 #E < AR

BAHTE L ZLI2EY 1 hHT- 0 ok
X< ME TESEIERZ OB 21T - 72,
Fm. U ar o OFEIEMEEIC L
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a=0.05 & L7,

8 AR B CRHAI L 72 SE8h i & b AR
EASWERMBETED X I ICEL LD D,
HERIFEE T 20mSy 35 KLY 50mSy & i L C
WD EEN L7, F 7 EM A THEl S
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FLh#RE[mSv] = 0.11 X (SEES Hp(10)[mSv])
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ERZ LT 1 2 AERERE GF24202H) T
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BRI OEIG D my 5 N2k Uk L
776

C. ARHER
FEHRERE

FHUEAR I TN BB L TE 1,
B BML IZOWTHE 2 1R T, AT
2021 FRPEIZHEIN U 72, B3 BMT I3 2021 4%
ICHEREIZHEM L7 (p<0.05),

SHEME AR EFCHIEL 72 Hp(0.07)B LW
KRR EFCHIE L7 HpR)DFEMEHE
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HpR)DEHLOLLFEME AR EIB IO FE 14
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L7-[Eff 14 AT 10 ADEHHINT 5 4



M OKEEEFRERED 1 HFFETH 5 4-H
20mSv Z# X TRV, £OH5H 1 ADHFM
50mSv 8 x. T 7=, Hp (0. 07) OAEEIFEE AR
B2 2020 ERE L 2021 AEE CHEMEET S
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T 2020 4 2021 4EJE
1% K B e BRI Bl (PCI) 531 696
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HEE PH1IM4Y47-0 Off&E (Evaluation of radiation dose to the lens in interventional
cardiology physicians before and after dose limit regulation changes. J Radiol Prot. —#Fi&%)
SEERE AR EFT ¥ Hp(0.07) [mSv] KA ERT ¥ Hp(3) [mSv]
FERFE R FHE 472D FERIFE R FHE 472D
2020 A 19.6+12.8 0.149 + 0.0650 7.52+7.76 0.0465 +0.0356

2021 R 239+ 12.7 0.169 £+ 0.0949 7.96 + 8.84 0.0576 + 0.0660

# A AHEFERIIEZRLEEEDHRBOFMBEAELFHIMF L7200 E (Evaluation of
radiation dose to the lens in interventional cardiology physicians before and after dose limit regulation
changes. J Radiol Prot. —#2d%)

R FE A FH 472D
2020 )% 3.57+2.32 0.0361 + 0.0256
2021 HJE 5.06 + 3.66 0.0358 + 0.0355
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B 1993 H 18.3 NS 2020 AT
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VIR FHEROWIE MREE A AT D EA
ELT BELE XBEICRT 2 IR B
SEBNLE TV, EHEMICED S s 5E Y,
X MEHTZA IV T E2WENAL v 71
FT L CHEEMEZT D2 & Y
HINTWD., 1272, FiAIIBRRRORA

ZEARBICa ha— T 5 2 TR,
WXL TBXA I T HHLEE#BLOHL.

e 39FEPE TR 2T o ToRER T, W
ALDIFEBED TR B RN & 7K i AR S A AR SRR
(20mSv/4F) Z AT 2 Z L3N -T2 D
D, FEERIDD 72 WVIRBEIE E X R &
IR BRI DL HALE & O ORRREN <,
KRR E N E N -T2 2 L
V. ZOMAE S 2 RGN A R L=
B2 FE R L, DRIRHE 12X 2 IR B o
WIEL DY 27BN ARETH D EH D
MICTHZEEHNE LT

B. XA

ARG, OB R IR ICHAED L <
ITmEREFEED H 5 IR B O LW
ffi & U7z, BRI, Prid s id o BN
W GHEA BRI &, BEREICE
B RAT T BB O BERICTEREZ Y T
7o, DI SR IR OFZERDUC BT 2 15 # (11
HH BN, I iEEiR) ok L
(Tablel). WHEEIXEANGFFIGE 5 FR
OERN L EFR LT,

B, EEREEEE ORSHREE B
EAMET S 5 A TERR L, BRNADOR
FEIZHET A MEBEMIC THIE L. 4 8BR
JE LA REECEAT 2 L« Rk %
B, 0.40 LTSRS 3 2k (W - 16

AR OIEGNZ 3 4 LL EOFFERNH R < F
NS, BEMEDRWREE & L TR L7,
O EIER, RIREELT 3 BEIZT
T Kruskal-Wallis test ZiT-o7-& &,
Mann-Whitney U test (Bonferroni j%&) T
ZEIEZIT o7z, JRPEDRHESO IS R
IR DMEIELENORIEZ 7 7 ZEFHT &
S TR L, [R%MMRE 4 %EhE L7z,

C. iEHER

82 gk 7> HIRIE N FE v, 15 biv7[HE
BEDH L, R, P EHIX, R ERAR
fil, FRBEOWTNGLNEE L 4 ixix
7 UJitiak 7> 5 DaE T D & e L CRMT
KIBRINHRNZ D 2, T8 Jfiak & T 5 &
L7, BIEFHOBEMEE, B89, 7%, &
R TOEBRBRELN 10 FLL EOF N
76.9% T oTz. 4T #HENF R 31 HE N R
(66%) 2> 5 [EIE N TFE LI, ARhEERIL
100% Ch o 7=.

C 7 — L DalfisH L (X AR EEF) 2> 5 Fidk
A 9 2 FH#AN GLHAE) £ TOFBE
1% 282. 8cm, #i[FH:100-500cm, H1 UL [IQR]
1% 290[220-300]cm THo7=. 521 [KLL ED
FARL DI B TILF RERN O L HALE DS F B
X FRPRFEF S HE D> 72 Mann—Whitney U,
343 FRLA <521 FREA E: p=0.001, 344-520
PE<B21 FRLA b p=0.022, Figure 1).

SRR LB IR 2% v 7D N EMERR D
EWERNT LI 2 A, 2 OFHN 2 4
DOWETEESN T\, ZWEMBO IR T
1%, 343 JREL TN /NS 229BE TIE, i — A
T THEm SN D Fi b i < FET
503, 521 IREA E DR E 72 TlEZn L 0
INSTRIERE & TN — A2 T S
N5 FHOEGITAEEICKLSRY
(p<0.05), 3 ALLETEESND FHOE
BNEREIZEHLS o7 (p<0.01). JRIEEM
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EFER = hE: BARBE
EEH & TOFRBHEOERER
PSR O HEE L 2SR —BRbL, AL - AN - iheiRiE A OME:, BB KERE
il BIRK,  TEEEE
HaEEER b2 ik —WEainE, “hclainE, =oladi e, fadsERbs T
A Euse
L HRRFEOFENEBER R 1004E546, 100-2004F, 300-4994F, 500-6994F, 700-8994F, 9004ELL [-
LiERIR OFEFRR I
MEEREEORE MFEEENOIE X R 40m’8G, 40-40m?, 50-50 m®, 60-69 m®, 70 m Ll |k, bAbLAEL
CSSOyEARDL bz e BELTVWS, —HORECFEL WS, REL TN
RSOyFERI bz e BELTVWS, —HORECFEL WS, REL TN
Bezh— b, B, IVRY 7 — 7 A0S, s — %)
OFEN, SV ERSRGCHNER, FERGMHAET A7 A
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IRE#ERLE DL CTER TS FH (B0 - & 2, 128, 348, F5E, 678, 8o, iR T
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Residnet#Sariss 5 $H (G - IBEONE 2 ihee
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HiEf Bt BHSERRGE LEERN360°% 2008 L AT
EMOER, FEMOER, SRENEEMOER, RN CORE
B, BROKE, HioRE, SEOHAYOLYTE, 80
IRE RO BATE O IRE #EMOr b E R % AR b Bo LT, BEOBEE0 LT E, BEMOWEIER, 206
PoEEE o mm) 21

CS$: ceilding suspended lead shield. RS: Rolling lead shield. * Dyl RIR T bBER T 2 MEBHEC SV TERE S, § B P2REREEDW |
distance from the center of rotation of the G-arm (X-ray iradiation field) to fhe location where the IR nurse recorded information. § X-ray irradiation field/»5 R, IRE
FEToosr LA D5,

= ENEREIZEN-T2 (p<0.01) . HHEENF
£ 500 TR BB, KBS S VIELE L A
g LM H 0, 521 LA EORHR TIEEN L
S 100- /N E 7295 RE & L THHMEE 3k < D
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% 1004 v GREFPEEAT RSN,
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SRR OBV L 28 E LT, bt
FERBIIE 521 FREL B CTRFIFFEDEIE 3 5 <
(p=0.017), RREFARHNIL 343 IRELTF T

< 343 beds 344-520 beds =521 beds
(n =26) (n=27) (n = 25)

344-520

Figure 1. JRRBEICZED X BRIRHEFE IR FHil
fifi & D TR D BB D bl
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AR OND DD, EOIFKEBETH i
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RTINS 3 4L ETEIT 5 FHE O

—%& (P HEOEIEES,
IRT IR DEIEDS, 521 IRELET=IK
o (Raatr%—) OEEREN-
72 ( p<0.001). Lo TR FH O SEHE
EIE, 343 FREL T Tk 300 BilKdi D E| &
2 <, 521 BRELE T 700 #FLL B L
TWAEIENE -T2 (p<0.001) . & &
DN S L 343 IRELT O 17 fiigk, 344-
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343 IRLAF T, BB A ODEEJ:TW (R-Head)
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Abstract: Background/Objectives: Interventional radiology (IR) utilizing X-rays can lead
to occupational radiation exposure, posing health risks for medical personnel in the field.
We previously conducted a survey on the occupational radiation exposure of IR nurses in
three designated emergency hospitals in Japan. Our findings indicated that a hospital with
214 beds showed a higher lens-equivalent dose than hospitals with 678 and 1182 beds
because the distance between the X-ray irradiation field and the IR nurse’s position of the
hospital with 214 beds was shorter than those of 678 and 1182 beds. Based on these obser-
vations, we hypothesized that the number of hospital beds affects the distance between the
X-ray irradiation field and the IR nurse’s position. Methods: To verify this hypothesis, we
conducted a more extensive online questionnaire survey, focusing exclusively on hospitals
that perform cardiovascular IR. Results: We analyzed data from 78 facilities. The results
of this study confirmed our earlier findings, showing that both the number of physicians
performing IR procedures and the distance from the X-ray irradiation field to the IR nurse’s
position are influenced by the number of hospital beds. Additionally, factors such as the
type of hospital, emergency medical system, annual number of IR sessions, location of
medical equipment, and the positioning of IR nurses appear to be associated with the
number of hospital beds. Conclusions: Understanding these relationships could enable the
development of individualized and prioritized radiation exposure reduction measures for
IR nurses in high-risk settings, provided that comprehensive occupational radiation risk
assessments for cardiovascular IR consider the number of hospital beds and related factors.
This study was not registered.
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1. Introduction

Interventional radiology (IR) has witnessed significant advancements in imaging technol-
ogy and device enhancements, enabling complex procedures to be performed with reduced
invasiveness. This progress has contributed to a 5.4-fold increase in angiography procedures
in Japan, rising from 183,000 in 1993 to 991,000 in 2020 [1]. While medical radiation offers
substantial benefits to patients, it also poses health risks in the form of occupational exposure
to medical staff involved in these procedures [2]. Consequently, IR, which frequently involves
X-ray fluoroscopic procedures, is classified as a hazardous occupation.

During typical fluoroscopic working conditions, the cumulative exposure of interven-
tionalists, other physicians, and/or medical staff working close to the patient, even if the
exposure dose per procedure is low, can be high due to repeated procedures, and there is a
concern that the risk of radiation injuries will increase. There have been many reports of
the high risk of developing lens opacity before cataracts among medical staff working in
IR [3-12]. And now, the threshold dose for the eye lens is thought to be 0.5 Gy [13], and the
lens is considered one of the most radiation-sensitive tissues in the human body [14,15].

Our previous survey of occupational exposure among IR nurses at three designated
emergency hospitals of varying types and bed counts revealed that none of the IR nurses
exceeded the lens equivalent dose limit of 20 mSv/year. However, hospitals with fewer
beds tended to have a shorter distance between the X-ray irradiation field and the IR
nurse’s position, leading to a higher lens-equivalent dose [16]. Previous studies have also
identified factors affecting the radiation dose to IR nurses, including their position relative
to the patient and X-ray tube [17-19]; their role [19-22]; the use of shielding devices like
ceiling-suspended lead shields (CSS) (Figure 1a) and rolling lead shields (RS) (Figure 1b),
to protect physicians and other staff, respectively [19,20,23-25]; and their calling out to the
operator before approaching the patient [26]. Additionally, since IR nurses do not control
the radiation source, it is challenging for them to anticipate their exposure timing [16,27].
To date, our research has not found other studies that specifically examine the impact of
hospital bed count on occupational exposure levels of IR nurses.

(a)

"

Figure 1. Lead-line radiation-shielding equipment: (a) ceiling-suspended lead shield (CSS) and
(b) rolling lead shield (RS).
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Thus, this study expanded our prior research and tested the hypothesis from our
previous paper [16] that “the number of hospital beds influences the distance between the
X-ray irradiation field and the IR nurse’s position”. We conducted an online questionnaire
survey to assess whether risk evaluations of radiation exposure to IR nurses could be
effectively performed considering the variable of hospital bed numbers.

2. Materials and Methods
2.1. Study Design

This observational cross-sectional study was conducted using a questionnaire devel-
oped by the researcher.

2.2. Setting and Context

We carried out a self-administered online survey among IR-specialized radiological
technologists working in Japanese hospitals. The survey inquired about the working condi-
tions of IR nurses in angiography rooms at their respective hospitals. Research materials,
including a guide for participation, an explanatory document, and the questionnaire, were
made available on the researcher’s university website. The participants accessed the rele-
vant website of their own volition. A link to the Japan Professional Accreditation Board
of Radiological Technologists for Angiography and Intervention [28] was also provided.
Participants were additionally recruited through an email distributed in the newsletter of
a related research group certified by the board. The explanatory document on the website
was designed to ensure participants’ freedom to participate or refuse, outline the potential
benefits and risks of the study, and clarify that the questionnaire would only be distributed
to those who consented to participate. The survey was conducted using Google Forms to
ensure anonymity and protect the personal information of the participants. The survey was
conducted from 1 February 2023 to 30 November 2023.

2.3. Participants

Eligible participants were IR-specialized radiological technologists who were currently
working or had previously worked in cardiovascular IR.

2.4. Data Sources

The questionnaire collected basic information on the affiliated institutions (5 items:
multiple choice) and detailed data on the working conditions of cardiovascular IR, focusing
on distance and shielding factors that influence radiation exposure (11 items: multiple
choice, some written) (Table 1). Residents were defined as physicians licensed for less
than five years. The IR nurses included in this survey were circulating nurses, who are
responsible for tests, preparing the treatment environment, assisting the patient, and
recording information.

The questionnaire was developed by a team of five, including four IR-specialized
radiological technologists and one nurse dedicated to researching radiation protection
for medical workers. We assessed the stability of the questionnaire’s scale by conducting
two pre-tests with a one-month interval to verify test-retest reliability. The kappa coefficient
() was used to measure agreement, adjusted for nominal and ordinal scales. The agreement
criteria were set as follows: slight agreement (k = 0.0-0.20), fair agreement (k = 0.21-0.40),
moderate agreement (k = 0.41-0.60), substantial agreement (x = 0.61-0.80), and almost
perfect or perfect agreement (k = 0.81-1.00) [29]. Questions scoring below 0.40, such as
those related to the proportion of cases involving three or more nurses for diagnostic or
therapeutic purposes, were excluded due to low stability.
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Table 1. Question items, response methods, and options.

Question Item Response Method Options
Basic information on respondent and their affiliated institution
Private hospitals, public/public and
Hospital type by establishment body social insurance-related hospitals,
national hospitals, university hospitals
District location Multiple choice 47 prefectures
Primary emergency designation,
Overview of affiliated institution Emergency medical system Multiple choice secondary emergency designation,
tertiary emergency designation, no
emergency designation
Number of hospital beds Descriptive
Annual number of cardiovascular IR . . <100 cases, 100-299 cases,
rocedures conducted Multiple choice 300499 cases, 500699 cases,
P 700-899 cases, >900 cases
Cardiovascular IR work status *
Size of angiography room Multiple choice <40 m? 40-49 m?, 50-59 m?, 60-69 m?,
>70 m2, unknown
CSS installation status Multiple choice InStfiHEd’ installed in part of the room,
not installed
RS installation status Multiple choice Installed, installed in part of the room,

Angiography room environment

not installed

Emergency cart, medicine cabinet, IR
catheter storage shelf, hygiene material
(infusion route, etc.) storage shelf,
activated clotting time (ACT)
measurement device, nursing
recording media (computer for
electronic medical records, etc.), all in
room and not applicable

Medical equipment located outside of
angiography room

Multiple choice (multiple
choices allowed)

Proportion of procedures (diagnosis,

treatment) conducted by only Multiple choice
one physician
Proportion of procedures (diagnosis,
N treatment) conducted by three or Multiple choice None at all, 10-20%, 30-40%,
Staff personnel composition more physicians approximately 50%, 60-70%, 80-90%,
Proportion of procedures (diagnosis, almost all
treatment) conducted by only Multiple choice
one IR nurse
Proportion of procedures (diagnosis, . .
treatment) attended by resident Multiple choice
Distance (cm) ¥ Descriptive
Position of IR nurse Direction § Multiple choice A-T with 360° of room centered on

radiation field divided into 20 sections

Determining factor of position of IR nurse

Physician’s opinion, nurse’s opinion,
radiological technologist’s opinion,
discussion between other professions,
room size, item arrangement, ease of
entering and exiting room, ease of
assisting operator, ease of observing
patient, reduction in radiation exposure
for nurses, unknown

What criteria were used to determine
the position of the IR nurse?

Multiple choice (multiple
choices allowed)

CSS: ceiling-suspended lead shield. RS: rolling lead shield. * Participants were asked to respond about the
angiography room that is most frequently used in cardiovascular IR. ¥ Numbers do not include changes during
the session. 1 Straight-line distance from the center of rotation of the C-arm (X-ray irradiation field) to the location
where the IR nurse recorded information. § The direction of the position of the IR nurse as seen from the X-ray
irradiation field.

2.5. Statistical Method

Responses were categorized into three groups based on the number of hospital beds
and analyzed using the Kruskal-Wallis test. Multiple comparisons were performed using
the Mann-Whitney U test, with adjustments for multiple testing (Bonferroni adjustment).
Hospital characteristics and the conditions within the cardiovascular IR angiography
rooms were compared using cross-tabulation and the chi-square (x?) test. The analysis
was conducted using SPSS Ver. 25 for Windows (SPSS Inc., Chicago, IL, USA). All p-values
reported were two-tailed, with statistical significance set at p < 0.05.

3. Results

We received responses from 82 facilities. After excluding four facilities due to overlap
in hospital type, district location, emergency medical system, and number of hospital beds
(suggesting they were responses from the same facility), we analyzed data from 78 facilities.
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This represents approximately 18% of the 434 facilities in Japan where IR-specialized
radiological technologists are employed; thus, the data’s sampling error could be estimated
to be approximately 10% (confidence level 95%). The demographics of the respondents were
predominantly male (89.7%), with 76.9% having at least ten years of experience working in
angiography rooms. We received responses from 31 out of 47 prefectures, covering 66% of
the total, with a valid response rate of 100%. The median number of hospital beds was 400,
ranging from 70 to 1190.

3.1. Comparison of Distance Between Position of IR Nurse and X-Ray Irradiation Field by Number
of Hospital Beds

The average distance from the center of rotation of the C-arm (X-ray irradiation field)
to the location where the IR nurse recorded information (nurse’s position) was 280 cm,
with a range of 100-500 cm, and a median [IQR] of 290 220-300 cm. Correlation analysis
showed a weak positive correlation (r = 0.364) between the number of hospital beds and
the distance between the X-ray field and the location of the IR nurse (Figure 2). In hospitals
with 521 or more beds, the position of the IR nurse was significantly farther from the X-ray
irradiation field compared to hospitals with 520 beds or less (Mann-Whitney U test results:
<343 beds vs. >521 beds: p = 0.001; 344-520 beds vs. >521 beds: p = 0.022) (Figure 3 and
Supplementary Table S1).
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Figure 2. Association between the number of hospital beds and the distance between the X-ray

irradiation field and the position of the IR nurse. e indicates each hospital. The solid line shows the

2

regression line. <, coefficient of determination.

3.2. Comparison of IR Staff Composition by Number of Hospital Beds

We analyzed differences in IR staff composition relative to the number of hospital beds
(Table 2). Generally, most procedures involve two physicians. In detail, hospitals with
<343 beds often conducted procedures with just one physician, while hospitals with
>521 beds had significantly fewer procedures performed by a single physician (Mann—
Whitney U, p < 0.05) and a significantly higher proportion of procedures conducted by three or
more physicians (Mann-Whitney U, p < 0.01) compared to hospitals with <520 beds. Similar
trends were observed in IR for treatment purposes, with almost no procedures conducted
by a single physician at any hospital and hospitals with >521 beds showing a significantly
higher proportion of procedures conducted by three or more physicians (Mann-Whitney U,
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p < 0.01). Additionally, the proportion of residents involved in procedures increased with the
number of beds, with significantly more residents participating in hospitals with >521 beds
(Mann-Whitney U, IR for diagnosis: p < 0.01; IR for treatment: p < 0.05).

* ok

500 —— —o—

400 - W

300 4

—OE:IDJ

200

Distance between X-ray irradiation field
and position of IR nurse (cm)

100 -

<343 beds 344-520 beds =521 beds
(n =26) (n=27) (n =25)

Figure 3. Comparison of the distance between the X-ray irradiation field and the position of the IR
nurse based on the number of hospital beds. The bottom and top of the box are the first and third
quartiles, and the line inside the box is the second quartile, the median. The bottom and top of the
whiskers are the minimum and maximum values. O represents each hospital. Mann-Whitney U test
(Bonferroni-adjusted for multiple comparisons), * p < 0.05, ** p < 0.01.

Table 2. Comparison of IR staff composition by number of hospital beds.

<343 Beds 344-520 Beds >521 Beds Multiple Comparisons
Number of IR Staff (11 = 26) (n=27) (1 = 25) (Kruskal-Wallis) (Mann-Whitney )
IR procedure for diagnosis
Physician
one mean + SD 37£25 32+21 19+14 0.02 >521beds vs. <343 beds *
median [IQR] 2.5[1-6.75] 2[2-5] 2[1-2] : >521 beds vs. 344-520 beds *
mean + SD 21+1.6 19+12 28+15 <343 beds vs. >521beds **
three or more median [IQR] 2[1-2] 2[1-2] 2 [2-4] 0.018 344520 beds vs. >521 beds **
Resident ¥
one or more mean + SD 29+15 35+16 51+18 <0.001 <343 beds vs. >521 beds **
median [IQR] 2[2-4] 3[2.5-5] 6[3-7] : 344-520 beds vs. >521 beds **
IR nurse
one mean + SD 39+23 50+23 5.0£2.0 0.099
median [IQR] 3.5 [2-6] 6[3-7] 6[4-7] :
IR procedure for treatment
Physician
one mean £ SD 23£21 22+18 1.2+04 0.092
median [IQR] 1[1-2] 1[1-2.5] 1[1-1] :
mean + SD 28+1.7 27+13 43+14 <343 beds vs. >521 beds **
three or more median [IQR] 2[2-3.75] 2[2-3.5] 4[3-5] <0.001 344-520 beds vs. >521 beds **
Resident ¥
one or more mean + SD 29+15 3.6+t17 48+19 0.003 <343 beds vs. >521beds **
median [IQR] 2[2-4] 3[3-4.75] 5[3-7] . 344-520beds vs. >521 beds *
IR nurse
one mean + SD 35+24 43+22 44+24 0375
median [IQR] 3[1-6] 5[2-6] 5[2-7] :

Numbers are divided into seven levels: 1—not at all; 2—10-20%; 3—30-40%; 4—approx. 50%; 5—60-70%;
6—80-90%; 7—almost all. SD: standard deviation. IQR: interquartile range [1st-3rd quartile]. * p < 0.05, ** p < 0.01.
* Physicians who have had their medical license for less than five years.
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Regardless of the purpose—diagnostic or treatment—many procedures were con-
ducted by a single IR nurse. The proportion of procedures conducted by only one IR
nurse tended to increase with the number of hospital beds, though this difference was not
statistically significant.

3.3. Comparison of Other Characteristics by Number of Hospital Beds

Characteristics varied according to hospital bed count (x? test) (Table 3). University
hospitals were predominantly found among those with >521 beds (p = 0.017). In terms of
emergency medical system types, primary (initial) emergency care was more common in
hospitals with <343 beds, secondary emergency care was more frequent in hospitals with
344-520 beds, and tertiary emergency care (emergency medical centers) was more prevalent
in hospitals with >521 beds (p < 0.001). Regarding the annual number of cardiovascular
IR procedures, hospitals with <343 beds mostly conducted fewer than 300 cases, whereas
those with >521 beds often conducted 700 or more cases (p < 0.001). We received responses
from 55 facilities about the size of the angiography room, but no significant differences
were found based on the hospital bed count. Hospitals with >521 beds were likelier to have
some medical equipment outside the angiography room (p = 0.020). The absence of CSS
(Figure 1a) and RS (Figure 1b) was more common in hospitals with <343 beds (adjusted
R >1.96), although this difference was not statistically significant.

Table 3. Comparison of other characteristics by number of hospital beds.

<343 Beds (1 = 26) 344-520 Beds (n = 27) >521 Beds (n = 25)

p (x?-Test)
n (exp) Adjusted R n (exp) Adjusted R n (exp) Adjusted R
Private hospital 15(11.7) 1.6 14 (12.1) 0.9 6(11.2) 25
Hospital type National /public hospital 9(10.0) —-0.5 11(10.4) 0.3 10 (9.6) 0.2 0.017
University hospital 2(4.3) -15 2(4.5) -1.6 9(4.2) 3.1
Primary emergency 4(1.7) 23 0(1.7) —-1.7 1(1.6) —0.6
. Secondary emergenc 17(15.7) 0.7 24 (16.3) 3.8 6(15.1) —4.5
# y gency
Emergency medical system Tertiary emergency 4(83) 22 3(8.7) 229 18 (8.0) 52 <0.001
No emergency designation 1(0.3) 14 0(0.3) —-0.7 0(0.3) —-0.7
<300 cases 13 (7.0) 32 8(7.3) 04 0(6.7) —37
‘ggrr(‘i‘i‘g\l,‘;;‘c‘ﬂﬂ?g 300499 cases 5(4.7) 02 6(4.8) 07 3(4.5) —09 0.001
e cted 500-699 cases 4(3.7) 02 5(3.8) 0.8 2(3.5) 1.1 <0.
p >700 cases 4(10.7) 33 8(11.1) -15 20(10.3) 48
<50 m? 3(5.3) ~14 6(5.6) 03 8(6.2) 1.1
) ) 50-59 m? 7(4.3) 1.8 4(4.6) 04 3(5.1) -13
Size of angiography room 60-69 m? 5(5.3) 02 7 (5.6) 09 5(6.2) 07 0.390
>70 m? 2(22) —0.1 1(23) ~1.1 4(25) 12
. . . Some placed outside room 13 (16.0) —-15 14 (16.6) —-13 21(15.4) 2.8
t P
Medical equipment location All placed in room 13(10.0) 15 13 (10.4) 13 1(9.6) 28 0.020
All placed in room 22(24.3) 23 27 (25.3) 17 24(23.4) 06
CSS Some placed in room 1(0.7) 0.5 0(0.7) -1.0 1(0.6) 0.6 0.115
No placement 3(1.0) 25 0(1.0) -13 0(1.0) —-1.2
All placed in room 20(21.0) —0.6 22(21.8) 0.1 21(20.2) 0.5
RS Some placed in room 1(2.7) -13 4(2.8) 1.0 3(2.6) 0.3 0.177
No placement 5(2.3) 22 1(2.4) -1.2 1(2.2) —-1.1

n: number of cases. exp: expected number of cases. Adjusted R: standardized residual. If the absolute value is
greater than 1.96, the item is significantly different at the 5% level. An absolute value of the residual larger than
2.58 indicates a significant difference at the 1% level. A positive (negative) value for the residual means that the
item is significantly more (less) than the other items. # Primary (initial) emergency: for patients who can return
home. Secondary emergency: for patients who require hospitalization or surgery. Tertiary emergency (emer-
gency medical center): accepting patients with serious, life-threatening conditions 24 h a day. ¥ Responses from
55 facilities were analyzed, with the 23 facilities that responded “unknown” excluded. ¥ Six items: emer-
gency cart, medicine cabinet, IR catheter storage shelf, hygiene material (infusion route, etc.) storage shelf,
activated clotting time (ACT) measurement device, nursing recording media (computers for electronic medical
records, etc.). CSS: ceiling-suspended lead shield; RS: rolling lead shield.

3.4. Comparison of Position of IR Nurse by Number of Hospital Beds

Figure 4 illustrates the standard layout of an angiography room used for cardiovascular
IR. The position of the IR nurse (A-T) is divided into six directions, as shown in Figure 5. The
working directions of the IR nurse are detailed in Figure 6 and Supplementary Table S2. In
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nearly all hospitals (94.9%), the IR nurse was positioned on the right side of the patient. In
hospitals with <343 beds, the highest proportion of nurses (61.5%) were positioned at the
right side of the patient’s head (R-Head), with the proportion decreasing as hospital bed count
increased. In hospitals with >521 beds, the most common position for nurses was on the
right side of the patient’s body (R-Body) at 40.0%, with responses from two facilities (8.0%)
indicating that the IR nurse was positioned outside the angiography room.

K

Figure 5. Directions in the angiography room divided into 20 sections as viewed from the patient’s
perspective (A-T). These sections are further classified into six directions: on the right of the patient’s
head (R-Head, shown in blue), right of the patient’s body (R-Body, shown in green), right of the
patient’s foot (R-Foot, shown in ivory), left of the patient’s head (L-Head, shown in white), left of the
patient’s body (L-Body, shown in gray), and left of the patient’s foot (L-Foot, shown in light gray).
“Phys” indicates the position of the main physician. “PT” denotes the patient.
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<343 beds 11.5%

344-520 beds 296% >

> 521 beds 28.0% /

0% 20% 40% 60% 80% 100%

I R-Head I R-Body | R-Foot
[ ]L-Foot I L-Body [/ Outside room

Figure 6. Positions (directions) of cardiovascular IR nurses by the number of hospital beds. Note: No
facilities selected the L-Head direction.

3.5. Factors That Determine the Position of the IR Nurse

Table 4 outlines the factors that determine the position of the IR nurse. Figure 7 provides
a detailed view of these factors, showing their orientation from the patient’s perspective.

(a) 0 20 40 60 (%
1. Medical equipment location
2. Room size
3. Nurse's opinion
4. Ease of observing the patient's face
7. Radiological technologist's opinion
8. Ease of assisting physician
5. Discussions between other professions
6. Reduction of radiation exposure
9. Physician's opinion
10. Ease of entering and exiting room
11. No idea
(b) 0 20 40 60 (%,
1. Medical equipment location
3. Nurse's opinion
2. Room size
4. Ease of observing the patient's face
5. Discussions between other professions
8. Ease of assisting physician
6. Reduction of radiation exposure
7. Radiological technologist's opinion
11. No idea
9. Physician's opinion
10. Ease of entering and exiting room
0 20 40 60 (%}
1. Medical equipment location : |l -
3. Nurse'sopinion [ ]
2.Roomsize [ ]
6. Reduction of radiation exposure [ ]
7. Radiclogical technologist's opinion [ ]
5. Discussions between other professions [ |
9. Physician's opinion [ |
10. Ease of entering and exiting room [ |
8. Ease of assisting physician ||
1. Noidea [ ]
4. Ease of observing the patient's face

(c)

Figure 7. Positions (directions) of cardiovascular IR nurses and factors influencing their selection.
(a) R-Head (1 = 32, shown in blue), (b) R-Body (1 = 24, shown in green), (c) R-Foot (1 = 18, shown in
ivory). The numbers attached to each factor correspond to those in Table 4.
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Table 4. Factors determining position of IR nurses.

Option Number of Selecting Hospitals (%)
1. Medical equipment location 36 (46.2)
2. Room size 32 (41.0)
3. Nurse’s opinion 31(39.7)
4. Ease of observing the patient’s face 21 (26.9)
5. Discussions between other professions 15 (19.2)
6. Reduction in radiation exposure 14 (17.9)
7. Radiological technologist’s opinion 13 (16.7)
8. Ease of assisting physician 12 (15.4)
9. Physician’s opinion 9 (11.5)
10. Ease of entering and exiting room 8(10.3)
11. No idea 8 (10.3)

4. Discussion

We previously surveyed three designated emergency hospitals (two university hospi-
tals and one private hospital) of varying functionality and size, where we found that the
lens-equivalent dose for IR nurses did not exceed the dose limit of 20 mSv/year at any
facility. However, there was a noticeable difference in the lens-equivalent dose between the
hospitals [16]. We hypothesized that this variance was due to smaller hospitals conducting
IR procedures with a limited staff—often just one physician and one IR nurse—resulting in
a substantially shorter distance between the X-ray irradiation field and the nurse’s position,
thereby increasing the nurse’s lens-equivalent dose. In this study, we expanded our survey
scope to include a larger range of hospitals to further explore how the number of hospital
beds influences the distance between the X-ray irradiation field and the IR nurse’s position.
Recognizing that many hospitals have multiple angiography rooms with varying interiors
such as equipment, layout, and radiation protection depending on the department and
procedures used [16], we surveyed solely on cardiovascular IR. This procedure is the most
common in Japan, accounting for 61% of all IR procedures [1].

Our findings reveal that in cardiovascular IR, the distance from the X-ray irradiation
field to the position of the IR nurse varies with the size of the hospital. Hospitals with
>521 beds had a statistically significantly greater distance to the IR nurse’s position com-
pared to hospitals with 344-520 beds or <343 beds, echoing trends noted in our previous
report [16] (Figure 3 and Supplementary Table S1). Distance plays a crucial role in radiation
protection, as the radiation exposure dose is inversely proportional to the square of the
distance from the radiation source. Although we did not measure the lens-equivalent dose
for IR nurses in the current study, we speculated that it was likely lower in hospitals with
>521 beds than in those with fewer beds.

The most common staffing configuration for cardiovascular IR procedures included
two physicians and one IR nurse, with the number of hospital beds influencing this compo-
sition (Table 2). In hospitals with <343 beds, IR procedures for diagnostic purposes often
involved only one physician (average scores of 3.7 for <343 beds vs. 1.9 for >521 beds), re-
sulting in a tendency to have two or more IR nurses due to the fewer physicians. Conversely,
in treatment settings, very few hospitals conducted procedures with just one physician. In
hospitals with >521 beds, it was more common for at least three physicians to participate
(average scores of 2.8 for <343 beds vs. 4.3 for >521 beds). Additionally, the likelihood
of residents participating in IR procedures increased with the number of hospital beds, a
trend that aligns with expectations.

As the number of hospital beds increased, hospitals were more likely to be university
hospitals involved in medical education for students and residents. They were also more
likely to function as advanced tertiary emergency centers and to conduct a higher annual
number of cardiovascular IR procedures, all of which are logical outcomes (Table 3).
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While no differences were observed in the size of the angiography rooms based on
the number of hospital beds, hospitals with >521 beds were more likely to lack sufficient
storage space for all necessary medical equipment for cardiovascular IR procedures within
the angiography room, necessitating some equipment to be stored outside (Table 3). This
situation is likely because these larger hospitals are tasked with providing more advanced
medical care, including cardiovascular IR. Such treatments require a greater variety and
quantity of equipment and more personnel, including residents, which may exceed the
capacity of existing angiography rooms. Storing medical equipment outside the angiog-
raphy room can be advantageous for radiation protection, particularly for rolling nurses
who manage supplies and handle patient samples, as it reduces their time in the radiation
exposure area. However, this setup tends to have more disadvantages than advantages.
One significant concern is the potential for increased scattered radiation leakage outside
the angiography room. The frequent opening and closing of the door to move items in and
out can lead to increased leakage, particularly if the door’s automatic function fails due to
wear, potentially raising the radiation levels in control areas above the limit set at <1.3 mSv
per three months in Japan [30]. Another issue is maintaining a sterile environment within
the angiography room. While many hospitals conduct IR procedures in non-sterile areas, it
is advisable for cardiovascular IR procedures to occur in clean areas similar to operating
rooms, which necessitates minimizing unnecessary traffic in and out of the angiography
room [31]. The recent introduction of hybrid operating rooms, which facilitate IR proce-
dures in a clean environment akin to operating rooms, represents an ideal setup. Improving
the conditions for IR nurses in terms of both cleanliness and radiation protection would
ideally involve ensuring that the angiography room is large enough to house all necessary
equipment and allow nurses to remain inside at all times for efficient management and
supply handling [32]. Additionally, the appropriate installation of RS is crucial to provide
comprehensive radiation protection for the staff.

In this study, we found that external factors such as the arrangement of medical
equipment (46.2%) and room size (41.0%) were the most influential in determining the
positions of IR nurses (Table 4). When analyzing the positions of IR nurses, whether at the
R-Head (Figure 7a), R-Body (Figure 7b), or R-Foot (Figure 7c) directions, these external
factors were consistently the primary determinants. The number of hospital beds also
influences the positions of IR nurses, with hospitals with fewer beds typically positioning
nurses at the R-Head and with hospitals with a larger number of beds more commonly
positioning them at the R-Body (Figure 6). However, room size, another external factor, did
not vary with the number of hospital beds (Table 3), indicating that the shift in IR nurses’
positions is likely influenced more by the arrangement of medical equipment and other
internal factors. We will further discuss what these internal factors might be, depending on
the IR nurses’ positions.

Cardiovascular IR is often performed under local anesthesia with the patient conscious,
requiring the IR nurse to monitor the patient’s complaints and facial expressions, respond to
any abnormalities, and provide a reassuring environment where patients can comfortably
express concerns [33]. The C-arm of the angiography device is positioned in the R-Head
direction (Figure 4), with the CSS installed between the X-ray field and the physician,
typically leaving the physician out of the R-Head area. This setup, providing more space,
allows IR nurses in the R-Head direction to easily observe and communicate with the
patient. Additionally, the fifth most cited factor for choosing this position was “ease of
assisting the physician” (18.8%) (Figure 7a). The R-Head location, directly to the left of the
physician, facilitates the physician’s assistance. Hospitals with <343 beds typically have
fewer physicians than hospitals with >521 beds, making the R-Head direction particularly
convenient for IR nurses to access both the patient and the physician simultaneously.
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However, the R-Head position lacks a CSS between the X-ray field and the IR nurse
(Figure 4), potentially resulting in higher radiation exposure. Research indicates that the
radiation dose to the IR staff can be 15 times higher when standing next to the patient rather
than behind the CSS or physician, even if the distance from the X-ray source remains the
same [34]. Therefore, the R-Head direction is a common position for IR nurses in hospitals
(n = 32). If an IR nurse operates from this direction, additional radiation shielding, such as
an RS or personal protective equipment akin to that worn by physicians, may be necessary
to ensure their safety.

Hospitals with >521 beds often have IR nurses positioned in the R-Body direction
(Figure 6), with the fourth most common reason for this choice being the ease of observing
the patient’s face (33.3%) (Figure 7b). The R-Body direction places the IR nurse behind
the physician, allowing for easier access and a natural shielding effect from the physi-
cian’s body positioned between the nurse and the X-ray irradiation field [22]. Although
direct communication with the patient is not possible from this position, it allows for
clear observation of the patient’s facial expressions. As the number of hospital beds in-
creases, bringing more physicians and limiting space in the R-Head direction, IR nurses
may find the R-Body direction to be the next most convenient option. Indeed, the sec-
ond most common reason for choosing R-Body was the nurse’s opinion (50.0%), and the
fifth most common was interdisciplinary discussions between other professions (20.8%)
(Figure 7b), suggesting that medical staff view R-Body as a preferred alternative to R-Head
for IR nurses.

The R-Foot direction, which does not interfere with angiography equipment, allows IR
nurses to easily secure space (Figure 4). However, hospitals with <343 beds generally have
fewer physicians, resulting in only three hospitals (11.5%) choosing the R-Foot direction
over R-Head (Figure 6 and Supplementary Table 52). The major drawback of the R-Foot
position is the inability to see the patient’s face or communicate directly, and no hospital re-
ported ease of observing the patient’s face as a reason for selecting this direction (Figure 7c).
On the other hand, the primary advantage of the R-Foot direction is its distance from the
X-ray irradiation field, enhanced by the presence of either a CSS or the physician between
the IR nurse and the X-ray source, providing optimal radiation protection. Previous studies
have shown that the radiation exposure for staff standing immediately to the right of the
first operator is reduced by a quarter, thanks to the protective apron worn by the first oper-
ator and their body acting as an effective shield [35]. Correspondingly, reducing radiation
exposure was the fourth most cited reason for selecting the R-Foot direction in this survey
(33.3%) (Figure 7c).

In a previous survey of three hospitals, we reported that having fewer medical staff
involved in IR procedures placed the IR nurse (rolling nurse) closer to the X-ray irradiation
field, resulting in higher lens radiation doses for these nurses [16]. We expanded this survey
to include 78 hospitals performing cardiovascular IR and found similar results. Although
most hospitals have only one IR nurse, the roles assigned to an IR nurse vary. Hospitals
with fewer beds tend to employ multiple IR nurses, with physicians likely taking on more
direct care responsibilities. In the current study, we examined not only the distance between
the X-ray irradiation field and the IR nurse’s position but also the direction of the nurse’s
position from the patient’s perspective and the reasons for its selection. Sanchez et al. have
shown that the nature of the IR procedure and the required role of the IR nurse significantly
influence the nurse’s position and the choice of protective equipment such as RS [19]. Our
findings also confirmed that the position of the IR nurse is dictated by the nurse’s role,
which varies with the number of hospital beds. Consequently, the relationship between
the number of hospital beds and the distance from the X-ray irradiation field to the nurse’s
position could be established, making the number of beds a useful metric in assessing
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IR nurses’ radiation exposure risks. Personal dose monitoring is essential for assessing
the exposure risk of IR nurses. However, in the world, there are still many countries and
regions where personal dosimeters are unavailable or not worn daily [17,36]. There are
also reports stating that the use rate of personal dosimeters is higher among nurses than
among physicians [12,37], but in the case of passive dosimeters, the cumulative dose for a
certain period is notified to the user, so it is not easy to use the dose results to improve the
situation. Even in this situation, the number of hospital beds is a dose indicator that can be
obtained easily without spending money, so it is expected to be used for the risk assessment
of IR nurses. Looking ahead, further research on radiation exposure risk assessments for
IR nurses is necessary. Such studies should aim to enhance the implementation of regular
risk assessments, provide targeted radiation protection education, and develop specific
strategies for reducing exposure risks among high-risk groups.

There are limitations in the present study. Although we surveyed a significant number
of hospitals (78 hospitals), this cannot be considered a trend for all medical facilities
in Japan with angiography equipment, of which there are more than 1500. There is a
possibility that the responses primarily came from IR-specialized radiological technologists
who have a strong interest in radiation protection, which could introduce an online bias.
Furthermore, when asking why IR nurses chose their specific working directions, IR-
specialized radiological technologists might have selected options that appear more rational
in terms of radiation protection compared to their non-specialized counterparts. Therefore,
caution should be exercised when interpreting these results.

5. Conclusions

In this study, we demonstrated that the most common staffing configuration for
cardiovascular IR typically includes two physicians and one IR nurse. We observed that
hospitals with a larger number of beds tend to employ more physicians, whereas smaller
hospitals may operate with only one physician conducting IR. Additionally, the distance
from the X-ray irradiation field to the position of the IR nurse was influenced by the number
of hospital beds, with statistically significant longer distances observed in hospitals with
>521 beds compared to hospitals with <520 beds. Furthermore, variations in the number
of hospital beds correlate closely with the type of hospital, the emergency medical system,
the annual number of IR sessions conducted, the arrangement of medical equipment, and
the positioning of IR nurses. Taking these factors into account can enable a more accurate
assessment of radiation exposure risks for cardiovascular IR nurses and facilitate effective
strategies to reduce radiation exposure, particularly through individualized and prioritized
approaches for those at the highest risk.
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Working direction of IR nurses from patient’s perspective according to the number of hospital beds.
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