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Mohammad . tnot only in reduced treatment costs but also in shorter waiting times and increased
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Efficiency !focused group discussions with the participation of 15 experts using the content
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Diagnostic imaging ' Results: Among the assessed equipment, the lowest utilization coefficient was related
Hospital !to the CT angiography at 25% and the intervention ultrasound machine at 33%,

' respectively. The utilization coefficient for the ultrasound machine in the outpatient
:and the inpatient departments was 41% and 81%, respectively, and for the MRI
:machine in the outpatient and the inpatient departments was 84% and 46%,

: respectively. Common factors contributing to reduced utilization of diagnostic imaging
:equipment within the hospital comprised insufficient human resources, delays in
patlent transfers from inpatient departments, inadequate workspace in diagnostic
' imaging units, and suboptimal preventive maintenance systems.

!Conclusion: Maximizing the capacity of diagnostic imaging equipment in the
'hospital necessitates augmenting and motivating human resources, streamlining
‘workflow and patient transfer across departments, restructuring the workspace within
Ediagnostic imaging units, and making strategic investments in equipment maintenance

: systems.
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Extended Abstract

'Introduction

Optimal utilization of hospital equipment
not only reduces hospital costs but also
leads to faster patient care, improved
patient flow in hospitals, enhanced quality
of patient care, and increased patient
satisfaction. [1,2] Therefore, enhancing the
efficiency of diagnostic-imaging
equipment in hospitals can directly result in
cost savings in care provision and
indirectly, by reducing patient stay
duration, result in increased bed turnover,
improved patient satisfaction and the
advancement of the hospital's economy. [3]
The current study aimed to identify the
level of operation of diagnostic-imaging
equipment in one of the Iranian hospitals
and provide solutions to improve the
operation of diagnostic-imaging equipment
in hospitals.

'Methods

The current cross-sectional study was
conducted using a mixed-methods
approach in two quantitative and qualitative
phases in 2019-2020 at a specialized
hospital in Tehran, Iran. The study
population included all diagnostic-imaging
equipment in the hospital, from which the
most important main diagnostic-imaging
equipment, including CT angiography
(CTA) machine, sonography machine, and
magnetic  resonance imaging (MRI)
machine, were selected for evaluation
through  purposive  sampling.  The
utilization of diagnostic-imaging
equipment since the beginning of 21 March
2018 to the end of 20 March 2019 (1397
HS) was measured. The calculations of
utilization coefficients were based on the
guidelines of Rothman et al. [4] as follows:
A) Calendar utilization coefficient: This
coefficient represents the ratio of the
number of working days the equipment was
available to the total number of calendar
days. This measure is typically used to
evaluate equipment utilization over a

designed period of time. The calendar
utilization coefficient is calculated as
follows:

K_"calender” =t_"nominal" /t_"calender"

Where:

K "calender"
coefficient
t_"nominal” : The number of working days
in a given period when, based on the
institution's work schedule, the equipment
could be used.

t "calender" : The total number of calendar
days in the same period

Calendar utilization

B) Utilization coefficient of service
provision:This coefficient represents the
ratio of the number of hours the equipment
was actually used for providing services to
patients to the total potential working hours
of the equipment. This measure examines
the actual utilization of equipment in
service provision more precisely. The
mathematical equation for calculating the
utilization coefficient of service provision
was as follows:

n
_ iz Ni - T
Kservice - N
max
Where:
K "service" : Utilization coefficient of service

provision in a given time period

N_i: Number of times service i was provided in a
given time period

T_i : Time required to provide service i (average
time required to provide service i)

N_"max" : Maximum time the equipment could be
used in a given time period, which can be calculated
either potentially (full-time) or actually (based on
the existing equipment schedule)

Subsequently, the lost utilization (LU) of
diagnostic-imaging equipment was
calculated and reported using the following
equation:
=1 Ni - Ty
Nmax

The necessary information for calculating
the utilization coefficient for each

Lu=1- Kservice =1-
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diagnostic-imaging equipment, including
the number of days and hours of operation
of each machine, the number and type of
services provided by each machine during
the study period, was collected from the
machine performance records in hospital
information system (HIS). Moreover, the
time required to provide each service (T_i)
in the cases of minimum and maximum
interruption was  collected through
surveying the users of each machine, and
the average time required to provide each
service was calculated as the arithmetic
mean. After data collection, the utilization
coefficient for each diagnostic-imaging
equipment was calculated separately using
Stata 14. In the second phase of this study,
the most important barriers and solutions
for improving the utilization of diagnostic-
imaging equipment were identified through
the qualitative method by forming focus
group discussions with the participation of
15 subject matter experts including
Ssupervisors of diagnostic-imaging
departments, imaging technicians,
biomedical equipment experts, and with the
presence of a radiologist.

'Results

The calendar utilization coefficient of
diagnostic-imaging equipment in the first
and second six months of year is presented
in Table 1. Based on Table 1, the average
calendar utilization coefficient of the
equipment was 88.7%, indicating that
according to the existing work schedule, on
average the diagnostic-imaging equipment
was not used on 11.3% of the days of the
year. Among the evaluated equipment, the
interventional sonography machine had the
lowest average calendar utilization
coefficient (77%) and was not used on
average 23% of the days of the year.

Table 2 shows the utilization coefficient
of service provision for each main
diagnostic-imaging equipment.
According to Table 2, the utilization
coefficient of service provision for the
inpatient MRI machine was 45.9% which

could be improved up to 86.4% by
increasing the machine operating hours
to full-time. The lost utilization of the
inpatient MRI machine was 54.1% which
could be reduced to 13.6% by increasing
the machine operating hours to full-time.
The utilization coefficient of service
provision for the outpatient MRI
machine was 84.3% which could not be
improved since the machine was already
operating full-time.

Table 1: Calendar utilization coefficient of
main diagnostic-imaging equipment in the
studied hospital

Calendar Utilization
Coefficient (Kcal)
Equipment First6 | Second | Average
months | 6 (%)
(%) months
Inpatient MRI 100 98.4 99.2
Outpatient MRI 98.9 84.4 91.6
Inpatient 100 99.5 99.7
Sonography
Outpatient 88.8 72.6 80.7
Sonography
Interventional 81 73.7 77.3
Sonography
CT Angiography | 86 81.2 83.6
Average 924 84.9 88.7
Standard 5.7 10.6 8.7
Deviation

The utilization coefficient in service
provision for the sonography machine
was 33.4% and could be increased to
74.3% by increasing the machine
working hours. The lost utilization of the
sonography machine was 66.6%, which
could be reduced to 25.7% by operating
the machine on a full-time basis. The
utilization  coefficient in  service
provision for the sonography machine in
the inpatient department was 80.6% and
could not be increased due to the
machine full-time operation. The lost
utilization of the sonography machine in
the inpatient department was 19.4%.
The utilization coefficient in service
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provision for the CT angiography
machine was 25.5% and could be
increased to 55.4%, with the remaining

44.6% attributed to a lack of utilization
in service delivery.

Table 2: Utilization coefficient in service provision and lost utilization of diagnostic-imaging

equipment
Equipment Maximum Operating Time™ (N,,,.x) Utilization Coefficientin | Lost Utilization
Name Service Provision(Kervice) (LV)

MRI Current operating time (13 hours x 284 days) 0.864 0.136
Inpatient

Potential operating time (21 hours x 365 days) 0.459 0.541
MRI Current operating time (21 hours x 365 days) 0.843 0.157
Outpatient

Potential operating time (21 hours x 365 days) 0.843 0.157
Interventio | Current operating time (12 hours x 285 days) 0.743 0.257
nal
Sonograph | Potential operating time (21 hours x 365 days) 0.334 0.666
\VA
Inpatient Current operating time (21 hours x 365 days) 0.806 0.194
Sonograph
y Potential operating time (21 hours x 365 days) 0.806 0.194
Outpatient | Current operating time (12 hours x 280 days) 0.855 0.145
Sonograph
y Potential operating time (21 hours x 365 days) 0.406 0.596
CT Current operating time (12 hours x 294 days) 0.554 0.446
Angiograp
hy Potential operating time (21 hours x 365 days) 0.255 0.745

* The maximum operating time of the device is considered in two modes: potential (full-time) and current (based on
the existing schedule). In the potential mode, the device can be used for 21 hours every day for 365 days a year (with
consideration for 3 hours of shift change and device rest). However, the current mode is institution-specific for each
device. For example, according to the hospital schedule, the CT angiography device is available only on non-holiday
days (equivalent to 294 days) from 6 AM to 6 PM (12 hours) (12x294).

The reasons for the decline in service
provision efficiency and its enhancement
solutions for hospital diagnostic-imaging
equipment are presented in Table 3.
According to Table 3, the main common
reasons for the decline in efficiency of
hospital diagnostic-imaging equipment
include a weak preventive maintenance
system, inadequate department space,
delays in patient transfers from the
inpatient department (patient transfer
management), and a shortage of human

resources. In this regard, solutions such
as strengthening the preventive
maintenance system for equipment
management, workspace reengineering
for departments, improving patient
transfer time management, and
proportionally increasing specialized
human resources were among the most
important  solutions proposed to
improve the efficiency of hospital
diagnostic-imaging equipment.
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Table 3: Main reasons for the efficiency decline in diagnostic-imaging equipments and efficiency

enhancement solutions

Reasons for decreased efficiency in MRI device

Strategies to improve efficiency in MRI device

1 | Weak preventive maintenance system (delay in replacing | v To strengthen preventive maintenance
compressor filters, delay in updating device software) management system for equipment
2 | Inappropriate space of imaging department (lack of v" To reengineer the workspace of the
patient W.C within the department) inpatient MRI section
3 | Delay in manual patient acceptance and reporting v" Electronic processing and reporting of
processes in MRI MRI acceptance
4 | Lack of specialized and sub-specialized human resources | ¥~ Recruitment of resident and MRI
(MRI specialist and sub-specialized personnel for specialist
improving radiology reports)
Reasons for decreased efficiency in sonography device Strategies to improve efficiency in sonography
device
1 | Educational nature of the department (checking residents’ | v* To improve maintenance management of
work with professors) devices
2 | Weak preventive maintenance and periodic servicing (1- v" To identify and solve problems in patient
month delay due to ultrasound probe burning) transfer delays
3 | Delay in patient transfers from inpatient department to v" To enhance the quality of patient transfers
sonography department (delay in patient transfers) v" To reengineer the workspace of the
4 | Poor quality patient transfers (failure to perform tasks echocardiography department
related to patient transfers including changing sheetsand | ¥~ Time planning for timely physician
moving patients) presence in the department
5 | Mismatch in patient gender during transfer (using male v Adherence to gender diversity in patient
help for transferring a female patient and vice versa) transfers _
6 | Lack of department personnel and multiple duties (patient | ¥ 24'h0UV use of outpatient sonography
reception, typing sonography results, coordination of device
patient entries and e)(its7 te|eph0ne appointment v" Utilization of electronic health records to
scheduling, and medical order control by a single staff view patient treatment history for faster
member) consultations
7 | Irregular and delayed presence of specialists due to v' Addition of a new device for emergency
conflicting educational (training classes) and outpatient sonography patients .
treatment duties (practically present from 9 AM to 3 PM) | ¥ Addition of human resources as physician
8 | Inappropriate department space design (W.C, waiting assistants ] )
room, segregation of inpatient and outpatient spaces) v' Addition of interventional radiology sub-
9 | Lack of interventional radiology sub-specialist physician specialist physician
Reasons for decreased efficiency in CT angiography device Strategies to improve efficiency in CT
angiography device
1 | Recent establishment of the device site at the hospital (in v Structured design of the department space
2017 and 2018) for separating patient reception and
2 | Insufficient space in the department to provide CT preparation
angiography services (multiple use of a single space) v" To increase recovery beds and necessary
3 | Inadequate department design for patient preparation space for patient preparation
(lack of space and preparation and recovery beds for v' To establish a regular monitoring system
patients) for periodic servicing of equipment
4 | Lack of periodic maintenance and recurring device errors | ¥ To increase human resources (at least one
5 | Delay in patient transfers from inpatient departments to reception staff)
CT angiography department v" To identify and solve problems in patient
6 | Lack of human resources for reception and multiple transfer delays
duties (typing results and reception by a single staff)
7 | The time-consuming nature of preparing the patient in
terms of physical, physiological, and mental conditions
for receiving services (patient's heart rate stability)
'Discussion

According to the findings, among the

€q

uipment examined, the lowest utilization

rate belongs to the CT angiography device
with a 25% utilization rate (equivalent to
75% lost utilization) and the interventional
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sonography device with a 33% utilization
rate (equivalent to 67% lost utilization). It
is worth mentioning that the lost utilization
of these devices is related to factors such as
the lack of sub-specialized human resources
for continuous operation with these
devices, the time-consuming patient
preparation for these interventions, the
shortage of human resources assisting
physicians, and the inappropriate design of
the department for patient preparation
(patient preparation and recovery on service
beds). Additionally, among the examined
equipment, the highest utilization rates
belong to the MRI devices in the outpatient
department (84%) and the sonography
devices in the inpatient department (80%),
with less than 20% lost utilization in these
devices. The utilization rate of diagnostic
imaging equipment varies significantly in
different studies depending on various
factors such as the type of equipment, the
type of hospital, geographical location, and
patient population (community healthcare).
Studies have reported a wide range of
utilization rates for various medical
equipment, ranging from high usage rates
of around 80% to low usage rates of less
than 50%. [1-3,5,6] Estimated medical
equipment utilization rates in Ethiopia
showed that the average medical equipment
utilization rate in this country was 49.0%
(with a 95% confidence interval in the
range of 55.0-44.0). [3] A study conducted
by Lathwal and Banerjee [6] in a regional
hospital in Haryana, India, revealed that the
actual utilization of available equipment
capacity was only 39.3%. Additionally,
35.5% of the equipment either were
unusable or were not being utilized and
were kept as reserves. In a study by
Chaudhary and Kaul [1] in level 3 hospitals
(specialized and sub-specialized) in a
region of India, it was demonstrated that the
hospital equipment utilization rate based on
equipment prices in three categories of
expensive, average-priced, and inexpensive
equipment was equivalent to 58.1%, 62.1%,
and 60.4%, respectively. Although a

specific spectrum for categorizing levels of
medical equipment utilization (UC) has not
been presented, a review of studies
indicates that utilization rates below 50%
(equivalent to a loss of utilization above
50%) can be considered low utilization,
while utilization rates above 80%
(equivalent to a loss of utilization below
20%) can be considered appropriate or
good utilization. For example, a study by
Tesfaye and colleagues [3], regarding the
utilization rate of medical equipment in
Ethiopia, stated that out of 192 devices
examined, 111 devices (approximately
57%) were effectively used (UC > 50),
while 81 devices (about 42%) lacked proper
utilization (UC < 50). A study by
Chaudhary and Kaul[1] in a specialized
hospital in India in 2015 showed that 96%
of the equipment operated below their full
capacity, with 96% of the equipment having
a utilization rate (UC) of less than 100%,
and even 23% of the diagnostic hospital
equipment had utilization rates of less than
50%. Our findings emphasize the
importance of improving the utilization of
diagnostic imaging equipment in hospitals.
By addressing the identified factors in this
study, the efficiency of providing
diagnostic imaging services can be
increased. This, in turn, can reduce costs,
decrease patient waiting times and lengths
of stay, enhance quality of care, and
improve patient satisfaction. Strategic
investments in  maintenance systems,
allocation of sufficient human resources,
increasing employee motivation,
redesigning diagnostic imaging
departments, and optimizing patient flow in
these departments are key considerations
for achieving optimal use and maximizing
the benefits of expensive diagnostic
imaging  technologies in  hospitals.
Additionally, the necessity of managerial
interventions to improve time management
in the patient transfer chain, patient
preparation, and adequate utilization of
service personnel alongside specialized
human resources can be an effective
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solution for increasing the efficiency of
care delivery. Efforts should focus on
streamlining patient transfers between
departments to reduce delays, ensuring
smooth patient flow within departments,
and minimizing service interruptions by
optimizing the physical workspace of
departments and aligning human resources
with patient volumes.
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