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Pattern and degree of radiation exposure during
endovascular surgery performed using a mobile C-arm or
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Purpose: A prospective study was conducted to compare radiation exposure to different parts of an endovascular
surgeon’s body when using a mobile C-arm with that in a hybrid room.

Methods: Exposure during individual procedures performed on 39 patients with a mobile C-arm and 42 patients in a hybrid
room, from July 2016 to December 2016, was evaluated.

Results: The procedures performed, fluoroscopy time, and dose-area product were not significantly different between
groups. The dose-area product per second in the hybrid room group appeared greater than in the C-arm group (4.5 pGym?/
sec vs. 3.1 pGym?/sec). In the C-arm group, the peak skin dose on the right neck (1.77 mSv) and shoulder (1.48 mSv)
appeared higher than those on their left side (0.32 mSy, 0.53 mSy, respectively) and the counterparts of the hybrid room
group (0.88 mSy, 0.20 mSy, respectively).

Conclusion: The peak skin dose in the hybrid room appeared highest for the lower part of the protective apron. The dose-
area product per second seemed to be greater in the hybrid room than when using the C-arm. Thus, attention should be

focused on protecting the surgeon’s upper body when using the C-arm and the lower body when using the hybrid room.

[Ann Surg Treat Res 2019;96(3):131-137]
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INTRODUCTION

The discovery of X-rays [1] and introduction of X-ray-based
techniques in medicine by Wilhelm Roentgen revolutionized
the medical field [2]. Although the harmful effects of X-rays are
well known and have been the focus of considerable research,
the importance of X-rays in the diagnosis and treatment of
diseases makes their medical use indispensable.

In recent years, X-ray imaging has also become an important

part of interventional therapy. In Europe alone, more than
1 million arteriographic and interventional procedures were
performed in 2001 [3]. Interventional procedures guided
by fluoroscopy are associated with the highest doses of
occupational radiation exposure among medical staff using
X-rays [4-7]. Data indicate that a peripheral vascular intervention
corresponds to exposure approximately equivalent to 1,500~
2,500, a left ventriculography and coronary angiography to 300,
a coronary stent to 1,000, and a cardiac radiofrequency ablation
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to at least 900 chest X-rays [8-12].

Vascular surgery is becoming increasingly endovascular
in nature, a procedure aided by the rapid development of
X-ray imaging technology and medical devices. In the United
States, a 300% increase has been reported in the number of
endovascular treatment procedures performed over the last 10
years for lower extremity vascular disease [13,14]. It is reported
that about 80% of abdominal aortic aneurysms can be treated
with endovascular therapy, and 40% to 70% of all vascular
interventions will be performed with an endovascular method
in the near future [15].

Despite the increase in the frequency of exposure to X-rays,
most practitioners do not have sufficient knowledge about
radiation hazards and lack awareness of proper radiation
protection. One study suggests that nearly half of junior
vascular surgeons do not receive systematic radiation safety
training [16]. Without adequate radiation protection equipment
and training, long-term occupational exposure to X-rays will
increase the risk of serious adverse effects among vascular
surgeons.

We compared the exposures of various body parts of the
surgeon using a mobile C-arm versus working in a hybrid room.

METHODS

Subjects
This study was approved by the appropriate Pusan National

University Yangsan Hospital Institutional Review Board
(approval number: 05-2017-119). Written informed consent for
the procedures was obtained from all patients or their families.

This prospective study included procedures performed
on 81 patients from a registered database who underwent

endovascular procedures from July 2016 to December 2016.
Thirty-nine patients underwent endovascular procedures using
a mobile C-arm (OEC9900 Elite, GE, Boston, MA, USA) from July
2016 to September 2016, including 6 endovascular aneurysm
repairs (EVARs) and 27 angioplasties; the remaining 6 patients
underwent other procedures (angiography, coil embolization,
and venography) (Table 1). Forty-two patients underwent
endovascular procedures in a hybrid room (Artis Zeego,
Siemens, Munich, Germany) from October 2016 to December
2016, including 4 EVARs and 31 angioplasties; 7 patients
underwent other procedures (angiography and venography)
(Table 1). The X-ray tube was placed below the bed and patient
and the image intensifier was above the bed and the patient
during procedures.

Radiation exposure dose calculation
All procedures in the 81 patients were performed by the

same surgeon. We attached dosimeters to different regions of
the surgeon's body to calculate the differential peak skin dose
for those body regions. In the mobile C-arm group, 7 dosimeters
were worn, 1 each on the right side of the head, right side of the
neck, left side of the neck, right shoulder, left shoulder, chest,
and lower part of the protective apron (Fig, 1). For procedures
performed in the hybrid room, the surgeon wore the same
distribution of another suite of 7 dosimeters. In addition,
2 more dosimeters were added, including 1 on each side of
the suspended lead screen (facing the surgeon and patient,
respectively). Fluoroscopy time, dose-area product, and peak
skin dose were compared between the 2 groups.

Statistical analysis
Data were analyzed using IBM SPSS Statistics ver. 19.0 (IBM

Table 1. Types of procedures performed, fluoroscopy time, and dose-area product over 3 months in each group

Variable Hybrid (n = 42) C-arm (n = 39) P-value
Procedure, n (%) 0.728"
PTA + PTA Hybrid 31 (74 27 (70)
EVAR 4 (10 6 (15)
Others 7 (16 6 (15)
Fluoroscopy time (sec) 0.855"
Total 38,201 35,481
Mean + SD 906 + 827.1 918 + 856.0
Median (IQR) 696 (929) 838 (933)
Range 20-4,170 44-5,002
Dose-area product (nGym®) 0.795"
Total 148,350.16 91,608.75
Mean + SD 3,532 + 7,968 2,349 + 4,169
Median (IQR) 1,142 (1,726) 1,110 (1,200)
Range 14.2-48,267 144.96-23,020

PTA, percutaneous transluminal angioplasty; EVAR, endovascular aneurysm repair; SD, standard deviation; IQR, interquartile range.

“Fisher exact test. ”Student t-test or Wilcoxon rank sum test.
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Co., Armonk, NY, USA). Wilcoxon rank sum test and Student
t-test were used for the comparisons. Continuous variables are
presented as mean * standard deviation. Demographic data
were compared using Student t-test or Wilcoxon rank sum test;
Fisher exact test was used for categorical variables and the
Mann Whitney U-test for continuous variables. P < 0.05 was
considered to indicate a statistically significant difference.

Fig. 1. Bodily locations of the dosimeters. Dosimeters were
placed on the right side of the head (1), both sides of the
neck (2), both shoulders (1 per shoulder), the chest (1), and
the lower part of the protective apron (1).

RESULTS

The total fluoroscopy time and total dose-area product
in the C-arm group and the hybrid room group were 35,481
seconds and 91,608.75 uGym®, respectively, and were 38,201
seconds and 14,8350.16 pGym®, respectively (Table 1). The mean
fluoroscopy time and mean radiation dose-area product in the
Carm group were 918 seconds and 2,349 nGym®, respectively,
and in the hybrid room group, they were 906 seconds and
3,532 pGym’, respectively (Table 1). There was no statistically
significant difference between the 2 groups in terms of the
types of procedures performed, fluoroscopy time, and dose-
area product (Table 1). We also compared fluoroscopy time and
dose-area product between the 2 groups when the same kind
of procedure was performed, but no significant difference was
observed (Tables 2 and 3). Although there was no significant
difference, the dose-area product per second in the hybrid room
group appeared greater than that in the C-arm group per unit
time (4.5 pGym’/sec vs. 3.1 pGym®/sec) (Table 4). In the C-arm
group, the peak skin dose of the right side of the neck (1.77
mSv) and shoulder (1.48 mSv) appeared higher than that of
left side (0.32 mSv and 053 mSv, respectively) and were higher
than those of the hybrid room group (0.88 mSv, 0.20 mSv,
respectively). The peak skin dose of the chest (2.83 mSv) and
lower part of the protective apron (2.74 mSv) appeared higher
than that for any other part of body, including that of the head
(0.77 mSv). In the hybrid room group, the peak skin dose of the
right side of the neck (1.77 mSv) appeared higher than that of
the left side (0.32 mSv); the peak skin dose of the left side of the
shoulder (0.99 mSv) appeared higher than that of the right side
(0.20 mSv). However, the peak skin dose of the lower part of the

Table 2. Dose-area products resulting from the same procedure in the 2 study groups

Procedure Hybrid (n = 42)

PTA

Number 31

Mean + SD 2,146 + 2,908

Median (IQR) 1,374 (1,544)

Range 159.15-14,288
EVAR

Number 4

Mean = SD 19,802 + 19,668

Median (IQR) 13,940 (12,449)

Range 3,058.7-48,267
Other

Number 7

Mean + SD 374 £ 328

Median (IQR) 313 (364)

Range 14.20-962.93

C-arm (n = 39) P-value

0.230”
27
1,274 + 982
1,010 (963)
160.36-4,940
0.499”
6
5,283 = 4,641
4,360 (3,468)
1,410-14,020
0.230”
6
4252 + 9199
542 (591)
144.96-23,020

PTA, percutaneous transluminal angioplasty; EVAR, endovascular aneurysm repair; SD, standard deviation; IQR, interquartile range.

“Wilcoxon rank-sum test. ”Student t-test.
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protective apron appeared markedly higher than that for any

Table 3. Fluoroscopy times resulting from the same proced-
ure in the 2 study groups

Procedure Hybrid (n =42) C-arm (n=39)  P-value
PTA 0.975Y
Number 31 27
Mean + SD 1,003 + 873 903 + 529
Median (IQR) 705 (994) 908 (685)
Range 75-4,170 143-2,164
EVAR 0.547"
Number 4 6
Mean = SD 1,127 £ 748 885 + 480
Median (IQR) 920 (476) 883 (659)
Range 466-2,201 178-1,412
Other 0.945"
Number 7 6
Mean + SD 356 =392 1,015 = 1,967
Median (IQR) 101 (517) 167 (489)
Range 20-1,029 44-5,002

PTA, percutaneous transluminal angioplasty; EVAR, endovascular
aneurysm repair; SD, standard deviation; IQR, interquartile
range.

“Wilcoxon rank-sum test. ”Student t-test.

Table 4. Dose-area products of the 2 study groups per unit time

Variable

Fluoroscopy time (sec)
Mean + SD
Median (IQR)
Dose-area product (uGym?’)
Mean + SD
Median (IQR)
Dose-area product per unit time (uGym’/sec)
Mean + SD
Median (IQR)

SD, standard deviation; IQR, interquartile range.
"Wilcoxon rank sum test.

other part of the body, including that of the head (0.38 mSv).
The peak skin dose of the lower part of the protective apron in
the hybrid room group appeared markedly more than that of
the C-arm group (8.43 mSv vs. 2.74 mSv). The peak skin dose of
the upper body in the C-arm group appeared higher than that
in the hybrid room group; peak skin doses of the right side of
the neck and shoulder in the C-arm group appeared markedly
higher than those in the hybrid room group (1.77 mSv, 1.48
mSv vs. 0.88 mSv, 0.20 mSv, respectively). The dosimeter on the
surgeon'’s side of the suspended lead screen recorded 0.18 mSy,
while that on the patient’s side of the screen recorded 1.25 mSv
(Table 5).

DISCUSSION

Endovascular treatment has rapidly replaced open surgery
due to the advantages of small incisions or puncture holes,
fast recovery, shorter hospital stays, and less pain. However,
the clinical advantages of endovascular treatment should be
reexamined in light of the exposure of surgeons and patients to
X-rays and the concomitant risk of developing cancer [7]. This
potentially severe adverse effect may diminish the benefits of
minimally invasive treatment.

Hybrid (n = 42) C-arm (n = 39) P-value
0.855"
906 + 827.1 918 + 856.0
696 (929) 838 (933)
0.795"
3,532 +7,968 2,349 + 4,169
1,142 (1,726) 1,110 (1,200)
0.789"
4.5+6.2 3.1+3.6
1.60 (4) 1.59 (2)

Table 5. Peak skin dose recorded by dosimeters placed on different regions of the operator’s body

Position of dosimeters

Right side of the head

Right side of the neck

Left side of the neck

Right shoulder

Left shoulder

Chest

Lower part of the protective apron

On the surgeon’s side of the suspended lead screen
On the patient’s side of the suspended lead screen

C-arm group (mSv) Hybrid room group (mSv)

0.77 0.38
1.77 0.88
0.32 0.19
1.48 0.20
0.53 0.99
2.83 2.02
2.74 8.43

- 0.18

- 1.25
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Strategies for reduction or even elimination of the adverse
effects of X-ray exposure during diagnostic or therapeutic
procedures continue to be important research topics. One
approach may be to control the exposure time and amount
of X-ray exposure as much as possible for individuals with
unavoidable chronic exposure. A wide range of values has been
reported for mortality and morbidity caused by exposure to
ionizing radiation [17-23]. In addition, a standardized radiation
protection policy is currently lacking, which can allow as much
as 10 fold higher doses of occupational radiation exposure [24].

In this study, there was no significant difference between
the 2 groups regarding types of procedures, fluoroscopy time,
and dose-area product. There was also no significant difference
between fluoroscopy time and dose-area product between the
2 groups when comparing only values for the same type of
procedure. The mean fluoroscopy time for the 2 groups was
similar (906 seconds and 918 seconds), but the mean dose-area
product of the hybrid room group appeared higher than that of
the C-arm group (3,532 pGym® vs. 2,349 pGym’, respectively).
Thus, the dose-area product per unit time seemed to be more
than 45% higher than that in the Carm group.

In this study, both the mean fluoroscopy time and mean
dose-area product in EVAR procedures appeared higher than
those for other procedures (885 seconds, 5283 uGym’ and
1127 seconds, 19802 uGym®, respectively) in both groups. This
suggests that the surgeon is exposed to more radiation when a
more complicated aneurysm condition is being treated because
the operation requires a longer fluoroscopy time for installing
the stent graft. According to another study [25], during endo-
vascular treatment of an infrarenal aortic aneurysm, the sur-
geon received a higher effective dose (109 mSv) than that during
an interventional procedure for the lower extremity (47 mSv).
These dose levels during complex endovascular procedures may
approach the safety threshold for skin injury and can lead to an
additional 1% lifetime risk of cancer [26].

The recommendations of the International Commission on
Radiological Protection (ICRP) limit exposure to 100 mSv in 5
years (20 mSv/yr with no more than 50 mSv in any 1 year) [27].
In the Carm group, the region with the highest peak skin dose
was the chest, with an average radiation peak skin dose per
minute during fluoroscopy of 0.008 mSv/min. In the hybrid
room group, the region with the highest peak skin dose was the
lower part of the protective apron, with an average radiation
peak skin dose per minute during fluoroscopy of 0.013 mSv/
min. According to ICRP recommendations, the maximum
fluoroscopy time is 4,179.15 min/yr when using the C-arm.
In the hybrid room, maximum fluoroscopy time is 1,510.51
min/yr. However, one report suggested a vascular surgeon
can use fluoroscopy for 113,200 min/yr before reaching the
recommended dose limit, while another recommended up
to 154 EVARs and 393 angioplasties yearly [27,28]. Thus, the

maximum yearly limit of fluoroscopy use herein is much lower
than indicated elsewhere. This may relate to our positioning of
the dosimeters on the outer surface of, rather than under, the
radiation protection equipment.

It seemed the highest peak skin dose by body part in the
C-arm group was the chest (2.83 mSv), while in the hybrid room
group, it was the lower part of the protective apron (843 mSv).
Notably, the patterns of radiation exposure differed between
the 2 groups. We had hypothesized that the dose-area product
in the hybrid room group would be less than that in the Carm
group; however, the results showed no statistical difference.
Conversely, the peak skin dose of the lower body in the hybrid
room group appeared to be considerably greater than that of
the C-arm group. Comparing the patterns of the peak skin
doses of the different body regions between groups, the upper
body seemed most exposed in the C-arm group and the lower
body in the hybrid room group. For example, the doses for the
right side of the neck and shoulder in the C-arm group were
distinctly higher than those in the hybrid room group (1.77
mSv, 148 mSv vs. 0.88 mSv, 0.20 mSv, respectively). This may
be related to the use of the suspended lead screen in the hybrid
room, which reduces the radiation dose to the upper body. We
hung the suspended lead screen between the surgeon's upper
body and patient (with the suspended lead screen surfaces
facing the surgeon and patient, respectively) throughout all
procedures performed in the hybrid room in this study. Given
the doses recorded on the 2 sides of the lead screen (surgeon's
side, 0.18 mSv; patient’s side, 1.25 mSv), the effective dose
attenuation rate can be estimated as 85.6%. This indicates that,
despite the higher total fluoroscopy time and total radiation
dose-area product in the hybrid room group, the lead screen can
effectively reduce the amount of radiation to which the surgeon
is exposed during the procedure. From these observations, we
recommend that protection of the upper body, especially the
right side, be increased by including a suspended lead screen
when using the C-arm. In contrast, protection of the lower
body should be the focus when performing the procedure in
the hybrid room, perhaps by adding bedside suspended lead
screens.

There are many factors, such as the type of endovascular
treatment, complexity of the disease, operation time, limitation
of the protective equipment, and lack of awareness regarding
radiation protection, that have led to a significant increase in
radiation exposure among vascular surgeons, especially those
lacking experience. If appropriate protection equipment is not
used, such practitioners will likely experience adverse effects
caused by exposure to X-ray radiation [28]. In addition, vascular
surgeons are exploring new methods of guiding modalities for
endovascular procedures that do not involve radiation exposure,
including ultrasound-guided peripheral artery angioplasty
and MRI-guided EVAR [29,30]. However, in the absence of
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an appropriate replacement for the use of X-rays, radiation
protection measures should continue to be developed, as there
is still no measure that can completely eliminate radiation
exposure. As is well-known, best personal shielding, rolling
and hanging shields, least magnification, collimation, lowest
pulse modes, etc., should be routine best practices at present.
This study provides some additional advice for enhancing
the protection of surgeons, in addition to the factors related
to equipment-using skills and equipment-parameter settings.
Our data suggest that protection of the upper body, especially
the right side of the shoulder and neck when using the Carm,
and protection of the lower body when performing procedures
in the hybrid room, should be reinforced to afford the best
personal shielding, In particular, a mobile lead shield with holes
or combination-type protective equipment could be developed,
according to the requirements of common operations, which
would not affect the operation itself but would provide
maximal protection for the surgeon. Furthermore, improving
radiation protection measures and awareness regarding

In conclusion, our data suggest that the dose-area product
per unit time for exposure during endovascular procedures in
the hybrid room seemed to be higher than that when using the
C-arm. They also indicate that protection of the upper body,
especially the right side of the shoulder and neck, is important
when using the C-arm. In contrast, the lower body should be
protected when performing the same type of procedure in the
hybrid room. A suspended lead screen can effectively reduce
exposure of the upper body of the operator. However, protective
equipment should be further developed to minimize the
radiation exposure of the operators, given that no equipment
is currently 100% effective, and X-ray devices are expected to
remain an essential aspect of minimally invasive therapeutic
techniques for the foreseeable future.
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radiation protection should be a long-term goal.
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