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Purpose: Patients with cancer are vulnerable to infectious disease, especially that receiving combination therapy. However, preventing
cross-infection during radiotherapy is time-consuming and challenging. This study aimed to construct an online information system to

monitor both patient and healthcare worker safety during radiotherapy.

Methods: We establish a platform that integrated hospital information and radiation therapy systems. From January 2017 to December
2018, we collected information on 27,643 person-times of treatment with radiation to review the effectiveness of the newly developed

system.

Results: After the interventions, the success rate for preventing infections increased to 94%, versus 14% before the interventions (p <
0.001). After further optimization, the success rate was improved to 100%. Treatment confidence among radiotherapy team members

was increased markedly from 2.6 to 4.2 (p < 0.05). In addition, the time needed for monitoring and medical costs were reduced.

Conclusion: The integrated information system can increase both patient and healthcare worker safety during radiotherapy.
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Introduction

Cancer treatment often requires multiple modalities.

Patients with cancer are vulnerable to infectious disease,
especially patients receiving chemotherapy [1]. In the
clinic, 40-60% of patients with cancer receive radiation
therapy as part of their cancer treatments [2, 3]. However,
radiation therapy systems are closed systems. Thus,
it is a challenge to confirm the condition of patients
during radiotherapy in a timely manner. Several studies

revealed that concurrent chemoradiotherapy significantly
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improved survival but also increased the incidence of
toxic effects, especially rates of infection, compared with
radiation alone [4, 5]. Combination therapy often causes
illnesses of varying complexity. Although patients must
be followed up at outpatient departments weekly during
radiotherapy, a well-established platform connecting
physicians, patients, and frontline technologists is
not available [6]. Thus, we attempted to establish an
online information system that can integrate hospital
information and radiation therapy systems and provide

physicians and technologists with immediate information
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concerning possible infectious disease among patients
receiving radiotherapy. In this study, we evaluated the
feasibility of computer-aided monitoring and reviewed its

effectiveness.

Materials and Methods

Ethics statement

The study protocol was approved by the Institutional
Review Board of Buddhist Dalin Tzu Chi Hospital
(no. B10403001). The procedures of the study were
conducted in accordance with both the ethical standards
of the Institutional Review Board of our institution and

the Declaration of Helsinki.

Integrated information system

We established a platform that can integrate hospital
information and radiation therapy systems (Figure 1).
In brief, the integrated information system can connect
hospital information and radiation therapy systems and
automatically search for symptoms of infectious disease.

If patients met the criteria of the integrated information

Table 1: Appropriate procedures for preventing cross-infection.

Integrated Information System to Improve Safety

system, the computer-aided monitoring system notified
physicians and frontline technologists to provide
appropriate management. For example, if radiotherapy-
treated patients developed tubercle bacillus infection,
the integrated system alerted physicians and frontline
technologists, permitting them to take appropriate

actions to prevent cross-infection (Table 1).

Hospital information Radiation therapy
system (HIS) system
Integrated

Physician Physicist

Integrated
information system

/

Nurse

Administrative staff

Technologists

Figure 1: A flowchart illustrating the integrated information system
architecture.

Isolation mode Protective procedure

Common diseases

Standard precaution | 1. Hand hygiene

2. Gloves, gowns, masks, eye or face
protective equipment, and other
personal protective equipment
depending on the type of possible

exposure

Contact isolation 1. Standard precaution

2. Gloves, gowns

gastrointestinal infections (Salmonella, Shigella, rotavirus)
scabies, exudate/abscess/cellulitis, bedsores, viral hepatitis,
multiple drug-resistant bacteria (MRSA, VRE, CRAB,
CRPA, CRE), conjunctivitis, enterovirus, AIDS

2. N95 masks, negative pressure
isolation wards

Droplet isolation 1. Standard precaution invasive Haemophilus influenzae type B infection,
whooping cough, scarlet fever, epidemic encephalitis,
2. Masks . ; . .
diphtheria of the throat, mumps, influenza virus, rubella
Air isolation 1. Standard precaution open pulmonary tuberculosis, measles, chicken pox, SARS
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Patients

From January 2017 to December 2017, we first
retrospectively collected data for 21,188 person-times of
treatment with radiation before the integrated information
system was established. In addition, a questionnaire was
used to confirm why frontline technologists failed to
respond appropriately when patients met the criteria for
infectious disease. From September 2018 to December
2018, we collected data for 6455 person-times of
treatment with radiation after the integrated system was
implemented to assess its effectiveness in preventing cross-
infections. A questionnaire was also used to test treatment

confidence after the system was implemented.

Statistical analysis

The SAS statistical package (version 9.2; SAS
Institute, Inc., Cary, NC, USA) and SPSS (version 21,
SPSS Inc., Chicago, IL, USA) were used for data analysis.
Statistical analyses were performed using Fisher’s exact
test to compare data for before and after implementation
of the monitoring system. p < 0.05 denoted statistical

significance.

From January 2017 to December 2018, we identified

35 person-times of infection that required adequate

infection control procedures during radiotherapy, but
appropriate measures were employed for only 14% (5/35)
of the cases. A questionnaire was used to determine why
infection control procedures were not employed. The two
major explanations were “inspection system did not send
messages because of statutory infectious diseases” and
“the alert-message-received department didn’t transfer
the information to radiation department” (Figure 2).
To solve these problems, we first conducted conferences
and reached consensuses. Then, we integrated different
systems to develop an online infection monitoring system.
After implementing the monitoring system, pathogenic
infection was identified 16 person-times over a 3-month
follow-up period. Of these, adequate infection control
procedures were adopted during radiotherapy in 94%
(15/16) of the cases. Thus, the developed monitoring
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system dramatically increased the use of infection control
procedures during radiotherapy (p < 0.001, Table 2). We
worked to improve the system, and through December
2019, the rate at which adequate measures were adopted
was improved to as high as 100%. Treatment confidence
among radiotherapy team members also increased
markedly (from 2.6 to 4.2; p < 0.05) after implementation
of the monitoring system (Figure 3). We also checked
the time required for patient monitoring. For manual
monitoring, 40 min were needed per 100 patients per
day. If we used the newly developed monitoring system,
all patients could be checked in approximately 1 min.
After further improvements, the display was divided into
different treatment rooms, and the monitoring time of

the system was shortened to 25 s (Figure 4).

Discussion

The safety of patients and frontline staff regarding the

administration of radiotherapy is a dynamic concept that
must be considered and measured using scientific methods
and feedback by the treatment teams [7]. In addition to
quality assurance and treatment parameters to ensure
that patients receive the safest precise therapeutic dose,
methods for immediately communicating information
in an interdisciplinary environment are increasingly
important [8, 9]. For example, healthcare workers may
serve as vectors of many infectious diseases, many of
which are not generally considered to be healthcare-
associated [10]. Infection transmission may result in
morbidity and mortality among patients and frontline
staff. To minimize the risk of infection transmission,
standard infection control precautions must be employed
[11]. In addition to training, the most important
issue is providing timely and accurate information to
healthcare workers. Radiation therapy systems are closed
systems. Thus, it is difficult to for radiotherapy teams to
communicate with other departments. In this study, we
integrated hospital information and radiation therapy
systems. This integrated platform could provide timely
and accurate information and allow healthcare workers
to provide appropriate management. As a result, we
improved response rates and decreased the time required

for patient monitoring.
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Figure 2: The standard protection guidelines.
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Figure 3: The figure of Plato presents the reasons why patients who met the criteria for infectious disease were not provided protective
modalities.
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Figure 4: The ratio of treatment confidence among healthcare workers.

Table 2: The numbers of patients for whom infection-preventing measures were adopted during radiotherapy before and after implementation

of the monitoring system.

C

Adoption Non-adoption
Number of of adequate of adequate "
. . . p value
patients protection protection
(person-times) (person-times)
Before 35 30 <0.0001
After 16 1

To ensure patient and frontline staft safety during
radiotherapy, infection transmission must be stopped to
prevent new infections [12]. Active case finding and real-
time management need to be aggressively implemented.
Several studies demonstrated that timely interventions
could effectively reduce infection rates and treatment costs
[13, 14]. In this study, the response rate was improved
from 14 to 94%. After further improvements, the rate
was increased to as high as 100%. The National Health
Insurance covers medical benefit claims for 97% of the
population in Taiwan [15], resulting in large workloads
among Taiwanese physicians. An excessive workload
could result in shortages of medical resources and affect
patient safety [16]. Thus, strategies are needed to maintain
medical quality and reduce physicians’ workloads in

Taiwan. We can increase treatment efficiency and reduce
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manual labor by using the developed monitoring system.
In this study, we reduced labor costs by approximately
12.5%. In addition, reducing physicians’ workloads
will also improve the hospital environment and patient-

physician relationships [17].

Members of the radiotherapy team include physicians,
nurses, physicists, technologists, and administrative staff.
The successful completion of radiotherapy requires
expertise, training, and coordination in an team-oriented
environment [7]. To ensure that the integrated system
functioned properly, we held several conferences and
reached consensuses. Because the warning system can
notify the proper target, standard guidelines have been
established. Technology can increase efficiency, reduce

workloads, and improve patient and frontline staff safety.
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We have developed the first real-time online system
for monitoring infection status during radiotherapy in
Taiwan. In addition, this integrated information system
could have additional applications. First, integrated
information system can monitor important risk values,
such as blood or biochemical data. This application can
allow frontline physicians to provide complete monitoring
for patients during radiotherapy. Second, as radiotherapy
treatment systems are closed systems, it is difficult for
other treatment teams to obtain real-time or complete
information during radiotherapy. This integrated system
provides a platform that can convey information to
different groups. Third, the complete integrated system
can be used as electronic medical records system to
achieve the goal of a paperless environment [18].

In conclusion, we have established an integrated
information system. This system can increase both patient

and frontline staff safety during radiotherapy.
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