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More than 60,000 plastic cups were used annually for bladder preparation in one radiotherapy centre. As
an alternative, patients were provided with a specifically designed reusable water bottle, aiming to
reduce waste and improve bladder filling compliance.
Cup usage and bladder volume at treatment were calculated pre- and post-implementation. Bladder

volume was measured as a percentage of the planned volume and grouped for analysis.
Cup usage halved from 12,000 cups to 6000 cups. Percentage of bladder volumes in the optimal group

increased from 47% to 54%.
The introduction of water bottles reduced plastic cup usage and increased bladder filling compliance.

� 2021 The Authors. Published by Elsevier B.V. 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

Many patients receiving radiotherapy to the pelvis are required
to have a comfortably full bladder for treatment each day [1–3].
This is achieved by following a bladder filling protocol which
instructs patients to drink a pre-defined volume of water, often
measured in plastic cups, and aims to standardise bladder volume
over the course of treatment. Non-compliance with bladder filling
instructions has implications for patients’ side effects [4] and expe-
rience of radiotherapy treatment, whilst also impacting service
provision when patients need to empty or re-fill their bladders
causing delays.

At the Royal Marsden radiotherapy department, approximately,
1200 patients in the 2017/18 year were required to drink water in
preparation for their radiotherapy. This resulted in more than
60,000 single-use plastic cups being used and immediately dis-
carded as waste. Single-use plastic cups are known to be environ-
mentally unfriendly due to their low recycling rate and slow
degradation, which contributes to the huge amounts of plastic
waste ending up in landfill or oceans worldwide [5].

An alternative solution was proposed to provide patients, at
their pre-treatment appointment, with a reusable water bottle to
measure and hold the required volumes of water. The patients
would be advised to keep and bring the bottle for each session of
radiotherapy. By filling a reusable bottle to the required marker
each day, patients would not need single-use plastic cups. The bot-
tle would also serve as a reminder for patients to remain well
hydrated over the course of treatment. By providing patients with
an 850 ml reusable water bottle, radiographers could ask patients
to aim to drink two of these over the course of the day; a simple
instruction with a visual aid to help patients achieve the recom-
mended daily fluid intake for cancer patients [6]. The bottle could
then be kept for personal use or recycled in normal household
recycling as it was made of polyethylene terephthalate 1 (PET1),
an easily recycled substance that is commonly accepted in Local
Council curb-side collections [7].

This paper describes the water bottle design and the impact on
plastic cup usage and bladder preparation.
Methods

An application was made to the Royal Marsden Cancer Charity
‘Innovation Den’, an initiative which encourages members of staff
to apply for monetary grants to fund forward-thinking projects,
which was successful. Once funding had been secured, a water bot-
tle was designed to best fit the aims of the project and acknowl-
edge the funding of the charity (Fig. 1). The bottle was
specifically designed with graduations to define the volumes
required for radiotherapy bladder filling (e.g., 4 cups / 700 ml).
These graduations aimed to help the patients measure the correct
volume of water required for treatment and enabled preparation to
be carried out at home, during transit or at the hospital.
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Fig. 1. Image of reusable water bottle with cup markings.

Fig. 2. Proportion of bladder volumes in pre-defined ranges, with 81%–120%
deemed optimal volume.
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Instructions were printed on the bottles to indicate how the bottles
should be cleaned, in this case hand wash only. Storage require-
ments and staff education to implement the water bottles into
the patient pathway smoothly were also considered.

The bottles were introduced into the department in June 2020.
Water bottles were provided to all patients who were required to
fill their bladder for radiotherapy, including, but not limited to,
patients having prostate, rectum or gynae treatment. Data was col-
lected from the hospital procurement system to determine the
number of cups ordered over two three-month periods, from Jan-
uary to March 2020 and July to September 2020, before and after
implementation of the water bottles.

The impact on bladder volume was investigated by an audit of
patients receiving radiotherapy to a pelvic site that required a full
bladder for treatment. Bladder volume data was collected from the
Mosaiq record and verify system (Elekta AB, Stockholm, Sweden)
where therapeutic radiographers record patients’ bladder sizes as
viewed on daily CBCT scans. Bladder size is recorded as a percent-
age of the planned bladder volume, for example 50% represents a
bladder half the planning scan volume, 100% represents a bladder
filled to the same volume as the patient’s planning scan and 150%
represents a bladder volume 50% larger than at the planning scan.
Bladder sizes were grouped for analysis into the following cate-
gories: underfilled (�50%), small acceptable (51%-80%), optimal
(81%-120%), large acceptable (121%-150%) and overfilled
(�151%). Baseline bladder volume data was collected from 1st
March 2020 to 31st March 2020, before the water bottles were
implemented and then sampled again from 1st August 2020 to
31st August 2020 once the project had been established.
Results

From January to March 2020 the radiotherapy department
ordered 12,000 cups. From July to September 2020, after imple-
mentation of the water bottles, the radiotherapy department
ordered 6000 cups, halving the number of single-use plastic cups
purchased.

Bladder volume data was recorded for 78% (n = 758) of patients
during March and 88% (n = 579) of patients during August and the
mean bladder volumes were similar for both periods (Table 1).

When analysed by group, the percentage of bladder volumes in
the optimal range (81%-120%) increased from 47% to 54% between
March 2020 (pre-implementation) and August 2020 (post-
implementation) (Fig. 2). All other categories, which are considered
Table 1
Bladder volumes for March and August.

March 2020 August 2020

Mean (SD) 95% (39.7) 93% (34.7)
Range 15%-400% 10%-300%

30
less favourable showed a decrease between the same two time
points.

Discussion

The implementation of reusable water bottles to the radiother-
apy department has shown a marked reduction in the number of
single-use plastic cups purchased. This suggests that the demand
for single-use plastic cups has reduced and that patients are using
the specifically designed bottles to measure water. Although the
need for single-use receptacles remains for other patients, relatives
and visitors to the department, it is hoped that as environmental
awareness becomes more prevalent, further initiatives can be
introduced and cup usage will decrease further. NHS England has
a national ambition to reduce their environmental impact, via
the ‘‘For a greener NHS” programme [8], working towards overar-
ching worldwide sustainability strategies [9]. As part of this the
NHS have a directive to reduce waste in hospitals and encourage
greater reuse. Reducing the amount of single-use plastic cups in
the department and exchanging these for a reusable and PET1
recyclable water bottle has contributed to this aim. There is further
scope to exchange the remaining single-use plastic cups for a recy-
clable option, thus eliminating non-recyclable plastic cups in the
department completely.

A barrier to introduction of bottles in other departments may be
the additional costs associated with switching to reusable prod-
ucts. Reusable water bottles tend to cost more than single-use
plastic cups, although savings may be made in other areas such
as waste disposal. This project was funded by a charitable grant
and future funding must be secured to ensure the ongoing provi-
sion of the water bottles.

While the mean bladder volumes decreased between March
and August, an improvement in bladder filling can be seen when
comparing the grouped data. The increase in the proportion of
measurements recorded in the ‘‘optimal” group and decrease in
all other (less favourable) groups clearly shows a benefit to
patients, as treatments will have been delivered with an ideal sized
bladder more frequently. Whilst other disciplines such as surgery
[10] have highlighted to need to reduce the use of single-use plas-
tics in clinical settings, to the authors knowledge, this is the only
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published data on the use of reusable water bottles in
radiotherapy.

Despite warmer average temperatures in August compared to
March, which have been shown by an internal audit to reduce
compliance with bladder filling, the data demonstrates increased
compliance with bladder filling after the introduction of the water
bottles. This suggests that patients maintained or even improved
their levels of hydration at a time where it would be expected to
reduce due to external factors.

Informal feedback from patients on the water bottle project has
been positive overall, with one patient stating ‘‘I can easily monitor
how much water I am drinking. It gives me the impetus to drink
more water and the radiotherapy team are always pleased because
I have a full bladder for my appointments. . .” Some negative feed-
back was received from a patient due to the cancer charity logo
printed on the bottle, which is included in the design as an
acknowledgement of the grant funding. This served as an
unwanted reminder to the patient outside of their appointments
that they were having cancer treatment. Staff have also given pos-
itive feedback on the water bottle project and have expanded on
the idea by colouring in the correct cup marker on each patient’s
bottle in case they forget how much they were required to drink.

Conclusion

Reusable and recyclable water bottles reduce the amount of
single-use plastic cups required for radiotherapy preparation, con-
tributing to a positive environmental impact. Reusable water bot-
tles are an effective way of assisting patients to fill their bladder to
the required size for treatment, without the use of disposable cups.
Furthermore, water bottles are a helpful aid for maintaining hydra-
tion levels throughout treatment, even in warmer months of
summer.
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