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Abstract: Lack of attention to the correct use of surgical
instruments leads to errors in practice and especially
difficult control losses. The present research aims to
effectively use a surgical instrument tracking and
maintenance system at University Hospital KDU in Sri
Lanka. The features required to develop a system for the
institution were identified by studying the existing
literature about traceability systems. We decided to use
QR code technology to detect and find the location of an
individual surgical instrument. While securing the main
purpose of the health and safety of patients, the system
would increase labor efficiency and lessen worker
responsibility, even though statistically significant data have
not yet been discovered. The paper also demonstrates the
benefits of using a surgical instrument tracking and
maintenance system in a hospital’s Central Sterile Supply
Department. The outcomes of this study will be used for
future implementation purposes of the system.
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1. Introduction

University Hospital KDU (Kotelawala Defence University) is
located in Werahara, Sri Lanka. The 814-bed hospital is
equipped with cutting-edge technology and ultramodern
facilities to offer round-the-clock emergency and trauma care
as well as specialist treatment of diseases from all medical
specialties, including surgery, pediatrics, obstetrics, and
gynecology. The hospital contains twenty operating rooms,
and the Hybrid Theatre stands out among them due to its new
medical treatment approach and the fact that it is the first of
its kind in Sri Lanka. Other theaters are likewise specialty
theaters built to ISO level 5 specifications. The hospital's
Intensive Care Unit is a sizable facility with 70 beds and
private rooms for each patient.

Central Sterile Supply Department (CSSD) is the heart of the
hospital, it is the place where they decontaminate, inspect,
repair, recycle, and sterilize used instruments thereafter
providing rapid, efficient, and low-cost maintenance and
repacking of used instruments for reuse at the hospital. The
records of the sterilization procedure and equipment
maintenance must be monitored and controlled by a manual
or automated information system at the CSSD.

Tracking is defined as the ability to track and identify surgical
equipment and its usage based on previously recorded
information. With the increase in surgical case volume, the
hospital sees the need of implementing an automated tracking
and maintenance system at the CSSD. By combining
technology with quality procedures, the automated system
would overcome any faulty or misplacement of instruments.

Thereby allowing fast information retrieval and an increase
in productivity.

An automated tracking and maintenance system would
provide a multitude of functions and benefits, such as
reducing human error, tracing instruments (identifying
frequency of use, sterilization, repair, storage, product
history, etc), identifying patients or procedures, and avoiding
scheduling conflicts, identifying instruments that may or may
not have been purchased, and having a streamlined workflow.

The CSSD's workflow consists of retrieving, sorting,
washing/decontamination, assembling, sterilizing, supplying,
and storage. These operations, which involve instruments
moving back and forth between various units of the
institution and CSSD, are ideal for implementing the system,;
data capture can offer the following information:

e  To which unit the instruments were sent

e By whom the instruments were received and

who handed over

e  Which instruments are in each set

e  Frequency of instrument usage

e  Which instruments were broken

e Which instruments were lost

This paper is structured as follows: section two will discuss
the existing literature on instrument tracking and
maintenance  systems; section three describes the
methodology and development approaches; its results are
given in section four. Discussion remarks are given in section
five. Finally, the conclusion is in section six.

2. LiteratureReview

The review of this literature comes from many sources. This
review will primarily focus on the various technologies used
to identify medical instruments and the methods used in
tracking and maintaining them throughout the sterilization
process. The review will provide a good representation of the
effective methods utilized by hospitals in handling medical
equipment.

All the researchers considered in this literature used some sort
of unique identification method for the surgical instruments.
(Chu, Lee and Wu, 2012) and (Nufiez and Castro, 2011) use
QR does identify the instruments uniquely. In Goodali’s
invention Scanners at each checkpoint will scan the
personalized code on each piece of surgical equipment. An
alarm is raised if any of the equipment fails to go through the
scanning process. (McCay et al., 2009) uses laser-embedded
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optically scannable code to identify the instruments. (Fuchs,
Hebestreit and Tummler, no date) and (Shipp, 1994) identify
each piece of equipment, using a barcode, which consists of
alphanumeric characters arranged in a 2-dimensional matrix.
The authors' Chu, Nunez, and McCay emphasize the need for
adopting mobile portable devices to boost the system's
portability and eliminate the need for engineers to leave the
repair site to look for information. Further, the authors go on
to discuss safety, including how to use personal technologies
safely in hospitals and how to handle information safely. The
authors, Nunez and Castro also indicate that they use
authorization mechanisms such as passwords to grant access
to the system to relevant personnel.

There were many other special features found in the research.
Goodali’s invention entails having an alert system at several
checkpoints, such as before surgery, from the nurse to the
doctor, after surgery, from the sterilization facility back to
surgery, inventory, and then back to the nurse, and so on.
Fuch's invention contains several unique features. One is that
the system keeps track of how long each piece of equipment
is held at a particular transit station. If a station's time is
exceeded, it is informed. In addition, the system has saved the
production date of each unit so that it can track the unit's age
and be notified when it needs to be serviced. The system
would also keep track of the weight of the units as they passed
through each station, ensuring that they were of the correct
composition. Kost and Fry’s invention allows searches to be
performed based on this last touch criteria to identify
instruments that may have been misplaced or need to be
cycled. Each instrument's record includes a photograph of it.
The technique also helps with comparing instrument counts
before and after operation to ensure that all instruments are
present. Shipp’s invention has a unique characteristic in that
it sends acknowledgment when a certain instrument reaches
a specific transition. This makes it easier to locate the
equipment.

3. Methodology

According to the study of existing literature, the features that
need to be in the system were identified. The surgical
instruments at UHKDU had already embedded QR codes.
Thus, with the available features, the rest of the system was
designed. The system will enable the traceability and control
of all sterilization process stages using QR code technology.

Figure 1. An instrument having an embedded QR code

The creation of the product and CSSD staff database would
require the longest time. Some instruments will be sent as a
set and some will be sent as individual instruments. Figure 2
shows how the data will be stored when the instruments are
stored as a set (Major basic set for general surgery, minor
basic set for general surgery, hernia and appendix set,
orthopedic major basic set, etc.). Each instrument will be
stored in a container as shown in Figure 3, which could also
have a unique QR code.

Item identification

item number

Figure 3. Instrument Sets stored in containers

The next stage would be to design the system. Figure 4
displays the schematic of the system. Using the information
stored on the QR codes, the web application is used to
generate services related to tracking and maintenance of
surgical equipment.

flow-Elo 8.

Instrument QR code Web t \
application
Figure 4. Schematic of the system
4. Results

CSSD is in charge of preparing instrumentation carts for
surgeries according to the daily schedule. An authorized
nurse at the CSSD can access the system. Some instruments
will be sent as sets and some as individual pieces. Each
barcode on a container (box carrying a set of instruments)
must be scanned separately. Once the case's QR code is
scanned, a list of the case's contents is displayed on the
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computer screen. The nurse should then scan each instrument
individually with a scanner. As a result, the nurse inspects
and assembles it. Images and notifications already entered
into the database now appear. If the count of instruments in
that particular set is correct, the verification button is pressed.
After that, a batch number is generated, and the cleaning
cycle begins as usual. Then an automatic report is generated
with the packing date, the nurse in charge at CSSD for
assembly, the number of pieces, and the nurse receiving the
package. The system generates a unique case number at this
point, which is used to identify the instrument set and track
the entire procedure in the administration module. The
surgical instruments are then released for the surgical
procedure. When the dirty equipment is returned to the
CSSD, the case is closed. When a set is returned, again the
same procedure is repeated to check the count of the
individual pieces. Similarly, an automatic report is generated
with the return date, the nurse in charge at CSSD for receiving
dirty instruments, the number of pieces, and the nurse who
handed over the package. The system implementation is
explained in Figure 5.

5. Discussion

Nowadays, the benefits of using automatic identification
technologies, such as QR codes, for improving patient safety
have been established. However, the success of these
technology projects depends on the understanding of
thorough planning for the management of requirements,
risks, and obstacles to implementation.

The present study demonstrates that, despite the fact that
unique identifying codes are embedded into some surgical
instruments, the technology has not been utilized at UHKDU.
It is a major concern because there is no planning for
restructuring and prioritizing these procedures. The majority
of hospital employees oppose changes in workflow, which
leads to a lack of awareness of new technologies.

A key difficulty in justifying and using technology in the
institution is employee training. People can be trained to
increase their awareness, acceptance, and proper use of
technology, both in terms of benefits and utilization. As a
result, training end-users can aid in the adoption of process
modifications and lead to higher efficiency in the new
processes. Users who have been properly trained can also
help to eliminate errors.

Another critical consideration is the type of instrument
identification. Various optically scannable identification
methods (such as barcodes, QR codes, and so on) were
discovered to be utilized in the existing literature. The
identifying type must be carefully chosen. In our research,
however, we preferred using QR codes because most
equipment at UHKDU already had the code affixed.

6. Conclusion

We found that the most significant challenges to the
successful implementation of the QR code system were a lack
of expertise and understanding of the infrastructure, as well
as insufficient staff training and funding for training.

Recommendations:

Managers and hospital directors should prioritize employing
this technology more effectively by explaining the benefit of
using QR codes and the return on investment or costs of this
technology to them.

It is advised that all medical staff who work with QR codes
be ready for its consumption. Employee training is necessary
to ensure performance at a level that is acceptable and
appropriate. Additionally, it is safer if the QR code system is
thoroughly tested in a much smaller space, such as a single
clinical department, before being introduced into all hospital
processes.

(" Mark all surgical instrument with a T
QR code indicating each
instrument's manufacturer or service
provider and unique identification
number

Read each QR code and enter the
information coveyed by each code
into a computer database

Record the name and ID of the nurse
handing over and retrieving
instrument set at the CSSD

e
Record the information into the W

database that identifies the unique

number of each instrument and for

L which procedure it has been used

Use instruments to perform surgical
procedures

Record the name and ID of the nurse
returning and recieving instrument
set at the CSSD

Input a maintenance schedule for
each instrument to the database

Perform maintenance according to
the maintenance schedule

Recording information on
maintenance procedure performed
on each instrument

Figure 5. System implementation
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7. Future Work

The benefits of having an automated tracking and
maintenance system for the hospital's CSSD are presented in
the study. It is a progressive and complete procedure that
requires time and adjustment even after it has been
implemented. The involvement of the CSSD nursing staff
will be critical throughout future implementation. Based on
the findings and design of this study, future work will entail
the development of an efficient and effective web-based
surgical instrument tracking and maintenance system. In the
future, anyone with an interest in this topic can use the tools
and procedures indicated as appropriate by this study.
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