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Purpose: During total body irradiation (TBI), customized shielding blocks are positioned in front of the
lungs to reduce radiation dose. The difficulty is to accurately position the blocks to cover the entire lungs.
A new technique based on Computed Tomography (CT) simulation was developed to determine the exact
position of lung blocks prior to treatment in order to decrease overall treatment time and reduce patient
discomfort.
Material/Methods: Patients were CT simulated and lungs were contoured using a treatment planning sys-
tem. Anteroposterior/posteroanterior (AP/PA) fields were designed with MLC aperture conforming to
lung contours. The fields were used to represent the extent of the lungs, which was subsequently marked
on the patient’s skin. The lung blocks were positioned with their shadow matching the lungs’ marks.
Their position was radiographically verified prior to the delivery of each beam. To evaluate the efficiency
of this technique, the treatment session time and the number of repeated attempts to correctly position
the shielding blocks was recorded for each beam. Exact treatment times for patients treated with the old
technique were not available and were hence approximated based on previous experience.
Results: We succeeded in positioning the shielding blocks from the first attempt in 10/12 beams. The
position of the shielding blocks was adjusted only one time prior to treatment in 2/12 beams. These
results are compared to an average of 3 attempts per beam for each patient using the conventional tech-
nique of trial and error. The average time of a treatment session was 29 min with a maximum of 41 min
versus approximately 60 min in past treatments and a maximum of 120 min.
Conclusion: This new technique succeeded in reducing the length of the overall treatment session of the
conventional TBI procedure and hence reduced patient discomfort while ensuring accurate shielding of
the lungs.
� 2017 The Authors. Published by Elsevier Ireland Ltd on behalf of European Society for Radiotherapy &

Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction The main aim of radiation therapy, and hence TBI, is to achieve
Total Body Irradiation (TBI) is a treatment technique that con-
sists of irradiating the entire body using very large mega-voltage
photon beams. It is used in the treatment of several diseases
including lymphoma, leukemia and aplastic anemia [1]. More
specifically, TBI is most commonly used in the treatment of acute
leukemia prior to hematopoietic stem cell transplantation. By
irradiating the whole body, not only cancerous cells are killed
but the patient’s immune system is also suppressed to prevent
any immunologic rejection of the transplanted stem cells [1,2].
the greatest possible therapeutic ratio by improving tumor control
probability and reducing the risk of normal tissue complication
[1,2]. In a TBI treatment, the target is the whole body in which
all organs are irradiated, however some organs in the body are
more radiosensitive than others and can tolerate less radiation
dose. Lungs are particularly a major concern during TBI treat-
ments; a radiation beam passing through the lungs (a region of
low electron density) is less attenuated compared to the rest of
the body and the absorbed dose is consequently higher than the
tolerable dose-limit [1,3]. It is necessary to reduce the dose
received by the lungs in order to prevent undesirable conse-
quences such as pulmonary toxicity: one of the major causes of
mortality after TBI [1,4]. This is done with the use of a blocking
material positioned over the lungs during treatment [1].

At our center, the most common TBI prescription for acute lym-
phoblastic leukemia is a fractionated schedule of 12 Gy given two
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Table 1
Patients characteristics.

Patient # Gender Age Patient thickness Diagnosis Treatment prescription

1 M 4 18 cm Acute lymphoblastic leukemia 12 Gy
2 M 12 20 cm Acute lymphoblastic leukemia 12 Gy
3 F 15 20 cm Acute lymphoblastic leukemia 12 Gy

14 H. Mekdash et al. / Technical Innovations & Patient Support in Radiation Oncology 3–4 (2017) 13–18
times daily over three consecutive days with a gap of at least six
hours in between daily fractions while limiting the total dose to
the lungs to 8 Gy. Customized lung blocks consisting of high-
density material such as Cerrobend should be accurately posi-
tioned as close as possible to the patient’s body to reduce the dose
to the lungs. The exact positioning of the blocks is normally veri-
fied radiographically with portal films prior to the delivery of each
beam [1,5]. Any error in the positioning of the shielding blocks can
either give higher doses to the lungs than intended or can lead to
excessive shielding of the target volume [6,7].

One of the downsides of a TBI procedure is the long treatment
session time [8]. Beam-on time is usually in the order of ten
minutes, however the position of the shielding blocks can be
very difficult and can extend the time spent by patients in the
treatment unit significantly [2]. The common technique nowa-
days is to approximately position the shielding blocks in front
of the lungs, verify the position with portal films, and then cor-
rect it accordingly. This trial-and-error technique is time-
consuming because it requires multiple sets of adjustments.
Most TBI patients are pediatric patients and complain of discom-
fort being immobilized for a prolonged period of time. A solution
for this time-consuming technique would be a different process
where the intended position of the blocks is known prior to
treatment for each specific patient. The purpose of this paper
is to describe a new technique based on Computed Tomography
(CT) simulation for accurate shielding to reduce lung toxicities
and also reduce patient’s discomfort by minimizing the overall
treatment session time.

Materials and methods

Three patients participated in this study and the characteristics
of each patient are described in Table 1. As this is a proof of concept
study, with no statistical analysis, additional patients are not
needed.

Patient and treatment set up without shielding blocks

On the first day, patients were prepared for CT simulation and
were immobilized in their lateral recumbent position with the pur-
Fig. 1. An example of a patient in position for a TBI treatment at our institution.
pose of being treated with opposing anteroposterior/posteroanter
ior (AP/PA) fields [1]. Patients were lying on a comfortable mattress
that can be later carried on a stretcher. The dimensions of the
patient separation along the beam direction were measured with
a caliper and monitor units (MU) were subsequently calculated
based on the patient’s largest separation determined at the level
of the umbilicus [5]. The irregular shape of the body causes a sig-
nificant non-uniformity of the dose distribution. To account for
these irregularities and hence deliver a more homogeneous dose
distribution to the body, tissue-equivalent bolus materials were
placed directly on the patient’s skin to decrease the dose delivered
to thin body parts and to result in an even separation along the
body [2,3].

A surface dose of at least 90% of the prescribed TBI dose is nor-
mally required to be delivered to the skin, the superficial lymphatic
and the marrow in the ribs, skull and clavicles. However, because
of the build-up effect characteristics of a 6 MV photon beams, sur-
face dose is less compared to the absorbed dose at greater depth
[9,10]. For this reason, a beam spoiler was employed to ensure that
the dose absorbed at the skin and subcutaneous tissue levels is
improved. The beam spoiler consists of a Perspex screen of 1 cm
thickness and is large enough to encompass the entire patient’s
body when placed at the stretcher’s edge closest to the patient
(approximately 30 cm away from the patient). When irradiated,
the beam spoiler will produce secondary electrons that will change
the build-up characteristics of the X-ray beam by shifting the dose
toward the surface and boosting the skin dose [3,5,9].

The patient lying on the stretcher in the desired position was
placed at one side of the treatment room and the gantry of the lin-
ear accelerator (Artiste, Siemens Medical Systems, Concord, CA,
USA) was rotated so that the source irradiates horizontally [4].
The largest possible field size of 40 � 40 cm was used and the col-
limator angle was set to 45� so that the diagonal of the square field
is aligned with the patient’s axis [11]. In order for the entire body
to fit in one radiation field, TBI treatments are usually performed at
extended source to surface distance (SSD) [4]. The patient’s legs
were bent at the knees if the field did not cover their full body
[3]. According to international protocols, the central axis of the
X-ray field should pass through the patient’s reference point,
which was defined at the level of the umbilicus [5,6]. An example
of the patient’s positioning is shown in Fig. 1.
CT simulation

The patient was transferred to the CT simulator (Somatom, Sie-
mens Healthcare GmbH, Erlangen, Germany) and CT scans of 3 mm
slice thickness were acquired for the chest in the exact same treat-
ment position (Fig. 2, left). For localization purposes, three fiducial
markers were attached and marked with ink on the skin in one
axial plane at the thorax level to ensure that patients will be posi-
tioned for treatment as previously simulated and to limit any axial
rotation during future fractions with lung blocks (Fig. 2, right).
Contouring and lungs delineation

A treatment planning system (TPS) (Panther, Prowess, Concord,
CA, USA) was used for contouring purposes. CT images were



Fig. 2. An example of a patient being CT simulated in the treatment position (left). Fiducial markers attached on the patient’s skin to be aligned with lasers for positioning
purposes (right).

Fig. 3. Beam’s Eye View (BEV) of the AP and PA fields created by the TPS and conforming to lung contours to be later projected on the patient’s skin.

Fig. 4. An example of a light field projected on the patient’s skin to mark the extent
of the lungs.
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imported into the TPS and lungs were contoured on the axial slices.
AP/PA beams were designed with multi-leaf collimator (MLC) aper-
ture conforming to lung contours as shown in Fig. 3. These MLC
fields were created to determine the shielding shape and not used
for treatment delivery. MLC fields were verified on the axial cuts
and transferred to themachine to be later projected on the patient’s
skin.

The last step was to have the patient back in the treatment
room and on the treatment couch. The fiducial markers previously
attached on the patient’s body were aligned with the laser in the
treatment room to ensure that the patient was properly positioned.
The MLC fields were used to project a light field on the patient’s
skin representing the extent of the lungs, which was subsequently
marked on the patient’s anterior and posterior skin (Fig. 4). The
steps required to mark the lungs on the patient’s skin are illus-
trated in Fig. 5.

Shielding blocks

Since the prescribed dose for a TBI treatment is higher than the
lungs tolerance, the dose to the lungs must be reduced [2]. Cus-
tomized and patient specific blocks made of low-melting point
metal alloy (Cerrobend) were placed near the patient’s body at
the beam entrance to shield the lungs during the time of treatment.
Studies recommend using Cerrobend shields of 7–8 cm thickness
to completely attenuate the X-ray beam and protect the lungs from
future complications [12].

Shielding blocks are individualized for each patient. In previous
practice, the blocks dimensions were determined by taking a portal
film when the patient is positioned for treatment and having the
physician estimate the extent of the lungs and mark them on the



Fig. 5. Illustration of the steps needed for marking the projection of the lungs on the patient’s skin: Room lights are turned off (a), a light field is projected on the patient’s skin
(b), physician marks the light field (c) and marks are kept on the patient for the remaining treatment days (d).

Fig. 6. A radiographic film acquired to delineate the lungs and to be later
reproduced on a Styrofoam.

Fig. 7. Cerrobend shielding blocks fixed on a tray to be used for treatment.
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developed film (Fig. 6). This imprecise procedure was not needed
in our novel technique, since the blocks dimensions were deter-
mined from the beam’s eye view (BEV) obtained from the TPS at
patient skin level (Fig. 3). Because the blocks were placed very
close to the patient’s body and divergence was neglected due to
the extended treatment distance, there was no need for any mag-
nification or reduction of the block size. The acquired blocks were
fixed on a tray and positioned on the table between the patient and
the spoiler to be used for treatment as shown in Fig. 7.

Positioning of shielding blocks and verification

For the lungs to receive a total shielded dose of 8 Gy, shielding
blocks were used in two out of six fractions for the three patients.
During treatment with lung blocks, the patient was placed on the
treatment gurney with shields positioned at a close distance from
the skin. After turning off the room lights and projecting the light
field of the 40 � 40 cm treatment beam on the patient’s body, the
shadow formed behind the blocks was superimposed to the lung
marks drawn earlier on the patient’s skin. At the time of block
positioning, the patient was kept in position and the fiducial
markers attached on the patient’s body were always aligned with
the lasers.

The position of the blocks is usually verified radiographically
prior to the delivery of each beam [2,8]. A digital cassette was
placed at the beam exit behind the patient and 1.5 MU were deliv-
ered by Siemens’ imaging beam line which uses a carbon target for
X-ray production. The position of the blocks was checked on the
film directly developed in the Diagnostic Radiology department.
If the film showed a full coverage of the lungs and hence, the place-
ment of the blocks was accepted by the physician, the treatment of
the corresponding beam was initiated. However, if the lungs could
still be seen on the film, adjustments of the position of the blocks
were made and portal films were repeated until position is
accepted.

To evaluate the efficiency of this technique, the number of
repeated attempts to correctly position the shielding blocks for each
beam and the overall treatment time were recorded. Treatment
time for patients treated with the old technique was not docu-
mented in the patients’ records and an approximate estimation
was made based on staff experience.



Fig. 8. A comparison of the overall time of the conventional vs. new technique.

Table 2
Number of attempts needed to accurately position the blocks.

Patient # 1st fraction 2nd fraction

AP PA AP PA

1 1 1 1 1
2 2 1 1 2
3 1 1 1 1
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Results

Films were reviewed for proper shielding of the lungs. If a
shielding block did not cover the entire lung or, in other words, if
part of the lung was still seen on the films, the films were charac-
terized as unsuccessful. Adjustments of the position of lung blocks
and another attempt for a successful film were then made.

As indicated in Table 2, all shielding blocks were positioned
accurately from the first attempt for two out of three patients. Nev-
ertheless, for one patient, two out of four films were considered
unsuccessful and hence an adjustment of the position of the shield-
ing blocks was made only one time and films were repeated after
the first attempt. These results are compared to an average of three
attempts per beam for one patient with the conventional tech-
nique of trial and error where the maximum number of film
attempts could go up to 5 films per beam in difficult cases.

The comparison included the time needed for patient set up and
preparation, blocks positioning and verification, in addition to the
irradiation time. Time was recorded for each patient and results
are shown in Fig. 8. The procedure for patient set up and position-
ing in addition to the treatment session without blocks remain
unchanged. With the new technique, an average of 20 min was
added for the determination of lung marks. This latter phase
involved a CT simulation, importing the CT images into the TPS,
lung contouring in the TPS and the creation of the MLC fields, in
addition to projecting the light field on the patient’s skin andmark-
ing the extent of the lungs. Lastly, with the new technique, the
average time of a treatment session with shielded lungs including
the positioning of blocks and film verification was 29 min with a
maximum time of 41 min. This compares to an average of approx-
imately 60 min in past treatments with the conventional technique
and a maximum time of 120 min.
Discussion

TBI is a dosimetrically and practically complicated procedure
that requires time, effort, and a lot of cooperation from the patient
[4,8]. The stringent immobilization that patients have to endure for
a long time is often unbearable and causes elevated levels of stress
and discomfort especially in children [8]. The purpose of this study
was to introduce into clinical practice a simple technique for posi-
tioning of lung blocks to reduce the overall treatment time and to
alleviate patient discomfort.

Pneumonitis is considered to be the most dangerous side effect
from TBI [1,4]. To protect the lungs from full prescription dose, Cer-
robend blocks were placed on a tray between the source of radia-
tion and the patient. [3,7]. These individualized shielding blocks
were shaped to accurately conform to the patient’s lungs [3]. Due
to the challenging treatment setup and the toxicity caused by
localization errors of the shielding blocks, the accuracy of the posi-
tioning of lung blocks in TBI treatments is a very important crite-
rion for a successful treatment [7]. If the placement of the
shielding blocks was not accurate, the delivered dose is either
lower or higher than the prescribed dose, which may lead to an
underdosage of the target volume or increased lung toxicities.
For this reason, the verification of block positioning is an essential
aspect of a TBI treatment quality control [7].

The drawback of the conventional technique is that the posi-
tioning of lung blocks is usually estimated and is based on a trial
and error process. Portal films are normally acquired and analyzed
for accuracy of block positioning prior to each fraction [7]. If sev-
eral adjustments are needed, then multiple portal films are also
required. This time-consuming procedure prolongs the length of
the treatment session time and generally distresses patients, which
sometimes disrupts the treatment workflow.

Films are processed in the Diagnostic Radiology department
that is often far from the treatment area. Another disadvantage
of the increased number of portal films is the time needed to go
back and forth to the Radiology department to process the films
[7].

The new technique described in this paper solves the problem
of the prolonged treatment time for TBI patients. The accurate
positioning of lung blocks is easier because radiation therapists
start by placing the lung blocks at the reference position defined
by the lung marks drawn on the patient’s skin. This definitely
reduces the number of trials needed and hence the number of por-
tal films acquired. In our case, only one adjustment was needed for
two out of twelve beams (Table 2). The reason was that the patient
was anxious and was unable to remain stable during those ses-
sions. For the other patients, all portal films were successful from
the first attempt and no adjustments were needed for all shielded
beams. These results are compared to an average of three films per
beam with the conventional technique. Therefore, the new tech-
nique was able to reduce the overall treatment time by reducing
the number of portal films acquired.

In addition, the new technique is very effective and guarantees
a precise and reproducible TBI treatment. The fiducial markers
attached on the patient’s skin on the day of CT simulation are
always aligned with the lasers of the treatment room. Conse-
quently, the patient is ought to be oriented everyday as the first
day of CT simulation. This ensures that patient inter-fraction
motion is avoided and that the patient is always well positioned.
Moreover, the lung marks drawn on the patient’s skin are an accu-
rate representation of the extent of the lungs. Therefore, if the
patient did not move and lung blocks are seen to be perfectly
matching the marks, then this results that shielding blocks stay
in perfect position. Portal films are subsequently acquired for qual-
ity control and documentation purposes.

Furthermore, with the conventional technique, the shielding
blocks dimensions are based on a portal film taken in the treat-
ment room when the patient is ready for treatment. The lungs
are then marked by hand on the films as shown in Fig. 6; however,
with the new technique, lung marks on patient skin were derived
from the CT scan, and projected with an MLC field created in the
TPS conforming to the lung contours. Shielding blocks were
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reproduced from the BEV acquired from the TPS and printed at skin
level. Therefore, this technique also guarantees a more accurate
block shape and size.

The only inconvenience of the new technique compared to the
conventional one is the additional time required for CT simulation.
This step can be performed on a separate day as a pre-treatment
preparation. However, this added procedure avoids the need of
an additional film to cut the blocks. Lastly, our results show that
an additional 20 min of CT simulation are better tolerated by the
patient compared to lengthy treatment sessions that may last up
to two hours in a single session.

In this study, time comparison between the old and new tech-
nique was not evaluated accurately because treatment time was
not recorded in the patients’ records for patients treated earlier
with the old technique. However, the high success rate of block
positioning from the first attempt (10 out of 12) with the new tech-
nique is in support of our conclusion that we are saving our
patients prolonged treatment session time. From previous experi-
ence, it is known that such a high success rate is not attainable
with the old trial and error technique.

In conclusion, we believe that the above described simple tech-
nique provides a shorter and more accurate method for TBI
treatments.
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