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Background: This paper aims to evaluate the clinical utility and radiation dosimetry, for the
mobile X-ray imaging of patients with known or suspected infectious diseases, through the
window of an isolation room. The suitability of this technique for imaging coronavirus disease
2019 (COVID-19) patients is of particular focus here, although it is expected to have equal rele-
vance to many infectious respiratory disease outbreaks.

Materials and Methods: Two exposure levels were examined, a “typical” mobile exposure of
100 kVp/1.6 mAs and a “high” exposure of 120 kVp/5 mAs. Exposures of an anthropomorphic
phantom were made, with and without a glass window present in the beam. The resultant
phantom images were provided to experienced radiographers for image quality evaluation, us-
ing a Likert scale to rate the anatomical structure visibility.

Results and Discussion: The incident air kerma doubled using the high exposure technique,
from 29.47 pGy to 67.82 puGy and scattered radiation inside and outside the room increased.
Despite an increase in beam energy, high exposure technique images received higher image
quality scores than images acquired using lower exposure settings.

Conclusion: Increased scattered radiation was very low and can be further mitigated by ensur-
ing surrounding staff are appropriately distanced from both the patient and X-ray tube. Although
an increase in incident air kerma was observed, practical advantages in infection control and
personal protective equipment conservation were identified. Sites are encouraged to consider
the use of this technique where appropriate, following the completion of standard justification
practices.
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Introduction

Healthcare associated infection is the most frequent adverse event in healthcare [1],
resulting in longer hospital admissions, higher costs, and unnecessary deaths of pa-
tients and health care workers. In recent years, outbreaks of highly infectious diseases
such as Ebola virus, Middle East respiratory syndrome (MERS) and coronavirus dis-
ease 2019 (COVID-19), have emphasized the importance of infection control measures
for the protection of patients and staff.

The spread of COVID-19 is slowed by infection control measures, such as hand and
respiratory hygiene, waste management and the use of personal protective equipment
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(PPE) [2]. The current World Health Organization (WHO)
guidelines advises droplet precautions be observed for sus-
pected or confirmed COVID-19 patients, unless an aerosol-
generating procedure (e.g., intubation, bronchoscopy) is be-
ing performed, where an N95 mask is recommended [2].
Due to increased demand, long-term issues have arisen with
the supply of N95 masks and other medical equipment es-
sential to the management of COVID-19 [3]. As the virus
causing COVID-19 has been detected on plastic and steel up
to 72 hours post application [4], X-ray tubes, tables and other
medical equipment must be thoroughly cleaned and disin-
fected [2]. The WHO therefore recommends the use of dedi-
cated portable X-ray equipment for imaging of COVID-19
patients [2].

Our hospital is a major trauma center with a 70-bed emer-
gency department (ED) and 60-bed intensive care unit
(ICU). The majority of ED patient rooms have a glass door
allowing observation by ED staff. Where possible, suspected
or confirmed COVID-19 patients have been imaged with the
digital radiography (DR) unit outside of the room, perform-
ing the exposure “through the glass.” This technique has
been previously described by Mossa-Basha et al. [5] and
Brady et al. [6] with the following advantages:

+ Decreased time required for each patient examination,
as cleaning of the mobile DR unit is reduced between pa-
tients.

+ Reduced risk of mobile DR unit contamination.

- Halving PPE consumption per examination, as only 1 ra-
diographer is required to put on (or “don”) PPE, rather
than 2.

This technique exploits the glass-fronted room design of-
ten present in the hospital environments. Making an X-ray
exposure through glass allows radiographers to see the pa-
tient and position the X-ray unit appropriately, whilst main-
taining a physical barrier between the infectious patient and
the machine. In order to compensate for the increased
source to image-receptor distance (SID), as well as the pres-
ence of the glass in the primary beam, a higher exposure
technique is used.

Whilst this technique provides some advantages, there are
potential disadvantages such as an increase in radiation ex-
posure due to scattered radiation and a potential for reduced
image quality. This study simulates both acquisition meth-
ods for the imaging of COVID-19 patients, measuring the
dose to surrounding staff and examining the impact on im-

age quality.
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This study was undertaken to critically evaluate the appro-
priateness of this technique in a clinical setting. The study
objectives were twofold, seeking to quantify scattered radia-
tion doses from a modified “through the glass” technique,
and address whether image quality is reduced by glass atten-
uation or increased exposure factors.

Materials and Methods

1. Shooting “Through the Glass”

The clinical protocol for chest X-ray exposures “through

the glass” is as follows:

(1) Radiographers take the mobile machine to the pa-
tient room.

(2) The digital cassette (without grid) is “double bagged”
in two disposable plastic covers to ensure that no
edges are exposed to the patient environment

(3) Typically used peak tube kilovoltage (kVp) and cur-
rent-time (mAs) values of 100 kVp and 1.6 mAs are
modified to 120 kVp and 5 mAs.

(4) Radiographer_1 dons PPE and enters patient room
with digital detector.

(5) Radiographer_1 identifies and positions patient.

(i) Antero-posterior (AP) erect: patient is erect on bed
facing window, the detector placed behind their
back.

(ii) Postero-anterior (PA) erect: patient is stood erect
with their back towards the window, holding the
detector to front of chest.

(6) Radiographer 2 positions mobile DR unit as close to
the glass as possible, communicating with Radiogra-
pher_1 using improvised hand signals. Light in pa-
tient room is turned off to aid visualization of the light
field on patient anatomy.

(7) Prior to exposure, Radiographer_1 moves to the cor-
ner of the room and gives the patient breathing in-
structions.

(8) Following exposure, Radiographer_2 confirms image
is adequate using hand signals.

(10) Radiographer 1 takes the detector from patient and
passes the detector to Radiographer_2, retaining the
outer disposable plastic cover.

(11) Radiographer_1 removes (or ‘doffs’) PPE before leav-
ing the patient room, while Radiographer_2 removes
the second disposable cover, cleaning the detector
surface with isopropyl alcohol wipes.
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(12) Radiographer_2 labels image and completes exami-
nation, including image annotation for reporting a
radiologist, indicating image was acquired through

glass.

2. Experimental Design

In order to mimic the conditions described above, a low

Fig. 1. Photographs showing (left to right) tube location outside
room, phantom as viewed through window, phantom with dosime-
ter at sternum.

140 cm

traffic room with a glass window was found in the Radiology
department and shown in Fig. 1. The glass was standard
household glass, with a thickness of around 5 mm. A RANDO
anthropomorphic phantom (Phantom Laboratory, Salem,
NY, USA) was placed on an ED bed inside the room with the
DR detector placed behind the phantom. This phantom is
composed of varying polymer densities, designed to mimic
the attenuation and scatter of real human tissue.

A Carestream DRX-Revolution mobile DR unit (Carestream
Health, Rochester, NY, USA) was positioned outside the room
at a SID of 219 cm to mimic the SID achieved clinically. The
source to glass distance, where applicable, was 49 cm and
full experimental setup is shown in Fig. 2. Absorbed dose,
peak dose rate, half value layer (HVL) and exposure duration
were measured using a RaySafe X2 solid state radiation do-
simetry system (RaySafe, Billdal, Sweden).

The dosimeter location, glass presence and exposure pa-
rameters were used in different combinations, creating seven
unique images listed in Table 1. The exposures tested were
100 kVp/1.4 mAs (a small patient exposure without glass pres-
ent), 100 kVp/1.6 mAs (a typical patient exposure without
glass present) and 120 kVp/5 mAs (exposure setting modified
for “through the glass” examinations). Combinations of these

%Sternum
measurement
location

A — dosimeter measuring scatter radiation 100 cm from glass window, to mimic location of emergency department staff

— dosimeter measuring scatter radiation 100 cm from the phantom, to mimic location of radiographer within patient room

Fig. 2. Experimental set-up with dosimeter locations marked.

122  www.jrpr.org

https://doi.org/10.14407/jrpr.2020.00269



X-Rays through the Looking Glass

Table 1. Experimental Set-up and Exposure Settings for Each Im-
age

Peak tube Tube Presence of

Image . ) Dosimeter
number voltage time-current glassin position
(KVp) product (MAs)  exposure

1 100 1.4 Yes Sternum

2 120 ® Yes Scatter in room
3 100 1.6 No Sternum

4 100 1.6 Yes Sternum

5 120 5 No Scatter in room
6 100 1.6 No Sternum

7 100 1.6 Yes Sternum

exposure settings were used both with and without glass pres-
ent. The modified “through the glass” exposure was chosen
based on a review of the limited body of existing literature,
and discussion with radiographers using this technique at
other clinical centers.

3. Image Quality Evaluation

There was concern expressed by radiographers that per-
forming imaging through the glass would produce poor qual-
ity and potentially non-diagnostic imaging, even with a higher
exposure technique. However, the objective image quality
evaluation is a notoriously difficult task. In order to assess the
quality of the images obtained here, a survey was created
based upon the Royal Australian and New Zealand College
of Radiologists (RANZCR) CT Image Review Self-Audit [7]
and the European Guidelines on Quality Criteria for Diag-
nostic Radiographic Images [8].

Images were made available to the clinical staff via the
hospital picture archive and communication system (PACS),
numbered from one to eight. All identifying exposure infor-
mation, including relevant DICOM (Digital Imaging and
Communications in Medicine) header information, was re-
moved to blind reviewers and ensure objectivity.

Images were rated from one (poorly represented/unseen)
to five (visually sharp) and the survey was completed by ra-
diographers ranging in experience from 7 to 20 years. Scor-
ing was based on the criteria listed below, with the phantom
images shown in Fig. 3:

- Sharpness of tracheal wall at the level of the carina

- Soft tissue representation

+ Bony trabeculae of clavicles

- Vertebral plates seen through mediastinum/upper abdo-

men

» Reproduction of costophrenic angles

https://doi.org/10.14407/jrpr.2020.00269
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Fig. 3. Example of phantom images taken at (A) 100 kVp/1.4 mAs/
glass and (B) 120 kVp/5 mAs/no glass.

Assessors were also asked to provide a wholistic assess-
ment of clinical image quality suitability and what (if any)
modifications to exposure settings would be suggested. One
image was also included twice, to assess intra-observer reli-
ability.

The five scoring criteria listed above were then totaled to
provide a quality weighted average mark (WAM) out of 25,
for each image, as per Equation (1).

Quality WAM = x(quality criteria 1) 1)
+ x(quality criteria 2) ... x(quality criteria 5)

Results and Discussion

1. Dose Results

Radiation dosimetry results are summarized in Table 2,
showing the impact of the 120 kVp/5 mAs technique. As ex-
pected, instantaneous dose rate and cumulative dose at the
scattered measurement locations was increased when high-
er exposure settings were used. In all instances however,
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Table 2. Measured Doses at Sternum, Location A and Location B (standard error shown to 1 significant figure)

Peak tube Tube time-current  Measurement Dose Peak dose rate HVL Exposure time Glass
volatage (kVp)  product (mAs) position (LGy) (mSv/min) (mmAl) (us) present

100 1.6 Sternum 13.25+0.08 123.96+0.24 5.886 6.21+0.02 Yes

100 1.6 Sternum 29.47+0.10 272.08+1.20 3.818 6.50+0.04 No

100 1.6 A 0.20+0.001 328.45+5.400 - - Yes

100 1.6 B 0.07+0.0005 111.28+2.4000 = ° No

120 5 Sternum 67.82+0.0003 208.60+1.2000 6.825 20.13+£0.08 Yes

120 5 A 0.99+0.11 1,571.76+0.48 = ° Yes

120 5 B 0.51+0.001 817.80+0.600 - - Yes

120 5 A 1.38+0.002 2,190.20+6.000 - - No

HVL, half value layer.

Table 3. Radiographer Evaluated Image Quality

e Peak tube  Tube time-current Glass Image based exposure optimisation recommendation Quality Dose area product

voltage (kVp) product (MAS) present Increase Decrease Adequate WAM of X-ray (dGy-cm?)

1 100 14 Yes 4/5 - 1/5 14.30 0.256

2 120 5 Yes - - 1/5 20.20 1.698

3 100 1.6 No - - 1/5 17.50 0.385

4 100 1.6 Yes 3/5 - 2/5 17.40 0.385

5 120 5 No 1/5 2/5 2/5 21.60 1.698

6 100 1.6 No - - 1/5 19.05 0.385

7 100 1.6 Yes - - 1/5 18.85 0.384

8 120 5 Yes - 2/5 3/5 21.60 1.708

WAM, weighted average mark.

doses remained below 1 pGy for cumulative scattered radia-
tion measurements. An increased dose rate without glass
was seen due to changes in exposure duration. This is shown
by the increased cumulative sternal dose for exposures per-
formed with glass, despite the lower dose rate.

2. Image Quality Results

Five experienced radiographers (mean years qualified =
13.25) evaluated the phantom images. The image quality cri-
teria described above were evaluated on a Likert scale be-
tween 1 and 5, allowing an average score to be evaluated for
each quality criteria.

As shown in Table 3, image #1 (100 kVp/1.4 mAs/glass) was
regarded as the poorest quality image, with 4/5 respondents
stating that they would increase the exposure if repeating.
This image also scored the lowest WAM across the five image
quality measures, and was ranked the worst overall by 3/5 of
the radiographers. Images #4 and #7 (100 kVp/1.6 mAs/glass)
also ranked lower overall and had low quality WAMs. The
best performing image, across both WAM and overall ranking
was image #5 (120 kVp/5 mAs/no glass), although this image
was considered overexposed by 2/5 respondents. The images

124  www.jrpr.org

obtained using a higher exposure technique (120 kVp/5 mAs)
had higher WAMs and rankings than images obtained at low-
er exposures.

3. Dose Discussion

This study was performed to quantify radiation dose to
both the patient and the surrounding medical staft by the
use of a higher exposure, “through the glass” technique. The
incident air kerma to the phantom using 120 kVp/5 mAs/
glass (67.82 uGy) was double that of the “normal” mobile X-
ray exposure at 100 kVp/1.6 mAs/no glass (29.47 pGy). How-
ever, both of these values remain below the 160 pGy diagnos-
tic reference level for PA chest X-rays, published elsewhere
[9]. While the high exposure technique produces a higher in-
cident air kerma, it also:

- Decreases the amount of time taken to perform chest
X-rays on patients with suspected COVID-19 or other in-
fectious disease, due to reduced equipment cleaning.

+ Decreases the infection risk of taking a mobile machine
between “dirty” rooms.

- Halves the amount of radiographers needed in the room,
saving PPE.

https://doi.org/10.14407/jrpr.2020.00269
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By measuring dose at the “sternum” of the phantom, a
HVL was calculated for glass across the tested exposures. At
100 kVp/1.6 mAs, the HVL was 5.89 mmAl (aluminum), whilst
at 120 kVp/5 mAs, the HVL was 6.83 mmAl. This is consistent
with the findings of Brady et al. [6], who tested six different
types of glass and found that the HVL for X-rays at 120 kVp
ranged between 6.0 and 7.1 mmAl. For this reason, Brady et
al. [6] recommend a “through glass” technique using 110-
120 kV, with a mAs value of four times the standard mobile
chest X-ray value, assuming a distance from tube to detector
of approximately 2 m. These recommendations are consis-
tent with the results seen here for a “through glass” exposure
of 120 kVp and 5 mAs, given the local standard AP chest X-
ray exposure of 1-1.6 mAs.

One of the concerns expressed by ED staff was the amount
of scattered radiation produced from the primary beam inci-
dent on glass. The measured radiation at position A (1 m away
from the glass outside the room) was 0.99 pGy using the high-
er exposure technique. This dose is very low and does not
place surrounding staff at risk if standard radiation protection
principles are adhered to. Similar measurements by Brady et
al. [6] found that, at 1 m from the glass outside the room, the
dose was less than 0.5 uSv. To contextualize these results, a
person would need to be exposed to this scatter 2,000 times
to exceed the 1 mSv Australian public dose limit. In practice,
it is rare that individuals stand as close as 1 m from the glass,
meaning that the exposure of the radiographer and ED staff
outside these rooms would be even smaller as a result of the
inverse square law. This dose would be further reduced by
adhering to normal radiation practices, such as:

+ Clearly stating “X-ray!” immediately prior to an exposure

being made.

- Asking emergency department staff to maintain a dis-
tance of more than 2 m during exposure (reducing the
dose to one quarter of that measured at 1 m).

The scatter at position B (1 m from the phantom inside the
room) was found to be 0.07 pGy for the low exposure tech-
nique and 0.05 pGy for the higher exposure technique. Ra-
diographers routinely wear lead under PPE, to reduce radia-
tion exposure when remaining in the room with the patient.
As mentioned above, this exposure is very low, even without
the addition oflead.

4. Image Quality Discussion
The above dose results are irrelevant if this technique com-

promises image quality. In order to assess image quality, im-
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age analysis was conducted by a number of experienced ra-
diographers. As expected, image #1 (100 kVp/1.4 mAs/glass)
was scored the lowest by respondents. This exposure would
be routine for patient imaging “without” the presence of glass
and at a shorter SID. It would be expected that the addition
of glass results in reduced image quality for these radiographs,
as is supported by the low WAM for these images.

Images scoring the highest WAM were 2, 5, and 8, all of
which were obtained using the higher exposure technique.
Images #2 and #8 were taken through glass, while image #5
was taken without glass. This indicates phantom anatomical
landmarks were better visualized using the higher exposure
technique. Interestingly, some radiographers indicated that
they would decrease the exposure setting for images #5 and
#8 if repeating. These data support the use of this technique
for the production of diagnostic chest X-ray radiographs.

In practice, chest X-rays acquired using this technique
were sent to radiologists with a note stating that they had
been acquired through glass. Anecdotally, feedback from ra-
diologists about this technique was positive, with radiogra-
phers also preferring to use this technique wherever possi-
ble. Radiographers are required to assess image quality at
the time of exposure to determine whether imaging is of di-
agnostic quality, and if the “through the glass” technique did
not produce diagnostic imaging, radiographers could revert
to the standard procedure of entering the room with the mo-
bile X-ray machine.

Conclusion

This study was designed as a test of the existing clinical
protocol, which results in several limitations. This study ana-
lysed a limited set of exposure values. Although not exam-
ined here, an intermediary exposure (e.g., 110 kVp/3 mAs)
may produce adequately exposed images with lower inci-
dent air kerma and could be examined in future work.

Analysis of anthropomorphic phantom images was also
challenging, due to the lack of “real” anatomy. For example,
the “bronchial tree” of the phantom (seen in Fig. 3) did not
extend far past the carina. Typical image quality criteria such
as rotation, projectional correctness and inspiration were not
applicable. Brady et al. [6] conducted a similar analysis of im-
ages obtained “through the glass” of hospital rooms, but ana-
lyzed radiographs obtained in clinical practice. Their thor-
ough analysis included criteria such as “mandible is not in
the exposure field,” unfortunately not applicable to our rigid
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phantom. Even with this limitation however, our assessing
radiographers consistently scored the higher exposure
“through glass” images better than lower exposure images.

In conclusion, highly infectious and/or airborne diseases
present both radiographers and the wider health community
with a slew of challenges. For many of these diseases, mobile
X-ray imaging has shown utility in both initial and ongoing
evaluation. In the particular case of COVID-19 management,
this study has shown that ED patients presenting with suspect-
ed or confirmed COVID-19 could be imaged through glass
with high image quality. By using the “through the glass” tech-
nique described above, the risk of transmitting infectious
diseases on the surface of the machine is almost entirely
eliminated. Additionally, the number of staff required to don
PPE and enter the patient room is halved, saving both valu-
able resources and reducing the risk to staff themselves. This
study demonstrated that a higher exposure technique did
result in a higher incident air kerma, but also resulted in fa-
vourable results for image quality. While the scattered radia-
tion is increased both inside and outside the glass, the in-
crease is negligible and the risk to the surrounding staff can
be mitigated by using standard radiation protection practices
such as ensuring sufficient distance of any staff from the tube
and patient.
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