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YEAR
END REPORT

As the year comes to its end and this Journal publishes
its volume number six, the opportunity presents itself for
the Global Clinical Engineering Journal’s Editor-in-Chief
to look back. Measure if, and how far, we progressed and
reflect on the contributions that this Journal has made.
We know that healthcare services are a local issue, and
that technology on which these services are dependent
is a global one. This was especially evident in the case of
healthcare, as we dearly learned from the Pandemic era.
Therefore, an international journal that focuses on the
cross between patient care outcomes and the lifecycle
of the technological tools, particularly those used at the
point-of-care and the associated management of the
technology is critically important.

Healthcare technology is the result of an idea, an
innovation or application of an improvement, that has
been sufficiently funded to move on to the prototyping,
manufacturing, clinical trials, regulatory compliance,
and on to the commercialization and management of its
deployment at the conventional point-of-care or at home.
In short, the full spectrum of healthcare technology solu-
tions regardless of the location of deployment and use.

Our Journal is still the only international periodical
dedicated to sharing and expanding clinical engineering
applied knowledge, that is accessible on-line, Diamond
open access (CC BY 4.0) and free to both authors and
readers. It is conducting a double-blind review of sub-
missions received, check for plagiarism, managed by an
international Editorial Board of experts having clinical
engineering, academia, research, regulatory, industry,
medicine, surgical disciplines, and World Health Or-
ganization expertise. Our Journal is also unique as it is
published in both English and Chinese languages and is
advertisement-free. The double-blind review is fed by a
growing reviewers’ community (270) with wide range
of experiences representing almost 60 countries and are
committed to voluntarily serving the field and advancing
the Journal’s mission. Thus, ensuring that the Journal’s
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platform promotes up-to-date quality engineering infor-
mation on the relationship between technological tools, its
development and management, and patient experiences.

[ encourage you to find more information about the
Journal by visiting the website www.GlobalCE.org and
at the Global Clinical Engineering Alliance website un-
der the 2023 State of the Alliance State of the Alliance
report. When you visit the website, you will find rich
and interesting content that includes: Editor’s Corner,
Engineering Report, Book Review, and manuscripts rang-
ing in subjects from Molecular Sieve Oxygen Generation
and Procurement of Medical Devices in International
Context to Clinical Engineering Status in Post COVID-19
and Analysis of Dental Unit Failure as well as COVID019
Experience of Nigerian Radiotherapy Engineer. In addition
to the six volumes and issues that archives engineer-
ing and scientific manuscripts from over 150 authors,
the Journal is also unique in its ability to organize and
publish the Proceedings of the last three International
Clinical Engineering & Health Technology Management
(ICEHTMC) Congresses, a major accomplishment where
the 5th ICEHTMC Congress proceeding just published
this month https://doi.org/10.31354 /globalce.v5iSI5.

This year, the Journal achieved another milestone, that
of the recognition received by being indexed by Scopus.
The Comprehensive, multidisciplinary, trusted abstract and
citation database Using Scopus metrics, where a journal
can demonstrate the influence of its scholarly output.

There are times, like the yearend, that the Editor-in-Chief
mustring the alarm to create a needed inflection in Clin-
ical Engineering practitioners’ behavior. Practitioners
use variety of excuses, from “I am too busy” to “No one
taught me how to write a paper” and on to “No hablo
Ingles” to avoid the slight stress of added work associated
with authoring a manuscript. This is the golden era to be
in the Clinical Engineering field, however, without pub-
lishing your work you may fall short of developing your
career and allowing the discipline to stay static or even
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shrink. We all must advocate and share evidence for our
field criticality in building access to safe and quality care
experiences. You can trigger this inflection by submitting
your manuscript now and encouraging your colleagues
to follow the very same.

Our field is going through exciting evolution and our
year-end report is full of achievements and growing
readership. We encourage you to contact any member
of the Editorial Board or myself for specific information
relating to publishing your research or best practices.
Here are some general steps you can take:

1. Visit the Journal’s Website: Where you can find
information about the editorial board, submission
guidelines, how to write a scientific paper, and archived
issues of the Journal.

2. Contact the Editorial Office: Look for contact infor-
mation for the journal’s manager on the website. You
can send an email or make a phone call to inquire
about the any other information you may be seeking.

3. Write a Paper: Start now drafting an idea and read-

ing how to craft a full manuscript at - https://www.
globalce.org/index.php/GlobalCE/article /view /102

4. Professional Associations: The journal is associated

with a professional organization, Global Clinical Engi-
neering Alliance, you might find relevant information
through that organization’s website or publications.

Remember that the Journal is only a platform to help
build the C.E. discipline, its networking, sharing of qual-
ity information, and your professional future. You, as
participating authors and readers, will hopefully enjoy
reading in next year-end Editor’s Corner of the many
more achievements we will report together.
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Dr. Yadin David
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An Analysis of Adverse Event Reports in FDA's MAUDE
Database

By Spilios Zisimopoulos, Nicolas Pallikarakis

Institute of Biomedical Technology (INBIT), Greece

ABSTRACT

Background and Objectives: Medical devices (MDs) are pivotal in the modern healthcare environment. Adverse events
are an expected part of an MD’s lifecycle. Various vigilance systems have been established worldwide to prevent such events'
recurrence. The Manufacturer and User facility Device Experience (MAUDE) database of the US Food and Drug Administration
(FDA) is a publicly accessible database that contains data on medical device reports (MDRs) submitted to FDA since 1991. This
study aims to examine the evolution of MD adverse event reports and analyze several characteristic parameters as they evolved
during the last three decades.

Material and Methods: An analysis of MAUDE data was performed to examine the outcomes and device characteristics of
adverse event reports from 1991 up to 11/2022. These outcomes included the event type, remedial action, report source, re-
porter occupation and device evaluation by manufacturer. Specific MD groups were analyzed separately to examine their effect
on the event outcomes. Segregated files of the database that contain different types of information on adverse event reports
were combined to investigate the various aspects of these reports.

Results: Event outcomes are presented as annual histograms. An overall of about 15 million reports have been submitted to
MAUDE during the 30 years examined with more than 2.5 million of them during the first 10 months of 2022. This number is
growing at an increasing rate. Most of the events (63.5%) have resulted in simple device malfunctions without serious implica-
tions to the patient. Depending on the device type, however, the health risks may be higher (98.4% injuries from specific dental
implants and 3.2% deaths from implantable defibrillators). About 20% of the reports have led to recalls or corrective actions.
Most of the reports (96%) are submitted by manufacturers, and over 70% of the devices returned to them are evaluated, follow-
ing the requirements of FDA 21 CFR, 803. Finally, the average device age was found to be 5.4 years, with an increasing tendency
observed over the years, while 43% of the events that occur are associated with devices during their first year of operation.

Conclusion: A medical device adverse event reporting system is a critical component of safety in the use of medical technol-
ogy in modern healthcare. The information available in MAUDE and its use continues to grow at an accelerated rate and allows
critical improvements of MDs, especially in terms of risk prevention, as it gives perception about their safety issues. FDA has
taken various steps to encourage and facilitate adverse event reporting and make the data available to the public.

Keywords - MAUDE, FDA, Adverse Events Reports, Medical Devices, Vigilance.

Copyright © 2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY): Creative Commons -
Attribution 4.0 International - CC BY 4.0. The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright
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INTRODUCTION

In today's world, medical devices (MDs) have become
a fundamental component of modern healthcare systems.
MDs range from simple face masks and syringes to complex
implantable devices and medical imaging systems and
are used to diagnose, treat, and manage various medical
conditions. However, like any other medical procedure,
MDs are not without risks. Adverse events can occur due
to various factors like device malfunction or misuse, re-
sulting in serious patient harm. To prevent and mitigate
these risks, it is essential to have a robust MD vigilance
system involving Health Competent Authorities' and MD
manufacturers that investigate and eventually perform
necessary remedial actions following adverse events with
MDs. In most developed countries MD vigilance systems
have been implemented for more than 30 years, aiming to
reduce the likelihood of similar adverse events happening
again in another place and time. The cornerstone of the
MD vigilance systems is adverse event reporting.

A medical device adverse event reporting system is
a mechanism that enables healthcare facilities, patients,
and manufacturers to report incidents associated with
MDs. These systems provide standardized processes for
reporting such events and allow the collecting and analysis
of information related to MD safety. Such a system is of
the utmost importance, as itis critical in ensuring patient
safety and improving healthcare quality.

One of the primary benefits of an MD adverse event
reporting system is that it enables healthcare providers
and manufacturers to identify and address safety con-
cerns related to medical devices. The report of adverse
events by healthcare facilities helps manufacturers gain
insight into the performance and safety of their devices.
The information provided can then be used to identify
design flaws, manufacturing defects, software problems,
or other issues that may contribute to adverse events and
take appropriate action to address these issues, such as
modifying the device design or implementing new quality
control processes. On the other hand, when information
about the risks associated with specific devices is publically
available, healthcare providers can investigate whether an

event they faced has also been manifested in a different
facility, and, in that case, follow the instructions that the
manufacturer has proposed.

A medical device adverse event reporting system also
enables better communication between healthcare pro-
viders, regulatory agencies, and competent authorities.
When adverse events are reported, the authorities can
use this information to take appropriate action when
necessary. For example, if a particular device is associated
with a high rate of adverse events, regulatory agencies
may require additional testing or labeling changes from
the manufacturer to improve safety.

Finally, a medical device adverse event reporting sys-
tem can promote transparency and accountability in the
healthcare industry.® By publicly making information
about adverse events, the system can help hold manufac-
turers, distributors, and healthcare providers accountable
for their actions. This can help with the trust-building
process between patients and healthcare providers and
ensure that the healthcare industry is held to the highest
safety and quality standards.

The aim of this study is to examine the evolution of
medical device adverse event reports, available at the
Manufacturer and User facility Device Experience (MAUDE)
database of the US Food and Drug Administration (FDA)
and analyze several characteristic parameters of these
reports as they evolved during the last three decades.

There are several MDs adverse event reporting systems
worldwide, aiming to address safety issues that arise from
the use of medical devices. The reports can be generally
made by manufacturers, healthcare professionals and
volunteers.

FDA's MAUDE database, designed to collect reports
of adverse events associated with MDs is the most well
known, it is available to the public and can be accessed
online, allowing the analysis of the available data.? MAUDE
contains the reports submitted through the Medical Device
Reporting (MDR) system, which are used by manufacturers,

2 The Competent Authorities for Medical Devices (CAMD) facilitate implementing and enforcing the Regulations on medical devices and on In Vitro Diagnostic medical

devices in the EU. https://health.ec.europa.eu/medical-devices-dialogue-between-interested-parties/overview_en#competent-authorities-for-medical-devices---camd
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importers and users of MDs. The MDR system is a man-
datory reporting system, and manufacturers must report
any adverse event that involves their device.?

The European Databank on Medical Devices (EU-
DAMED) is maintained by the European Union (EU) and
is designed to provide a living picture of the lifecycle of
MDs, including modules related to device registration,
notified bodied and certificates among others. The data-
base has been established in the 2000s according to the
MDs Directives: 90/385/EEC for the Active Implantable
Medical Devices (AIMD), 93/42/EEC (MD) for the Med-
ical Devices and 98/79/EC for the In Vitro Diagnostics.
The EU vigilance system is based on the MEDDEV 2.12/1
rev.8 series of guidelines of 2012® on Post-Market sur-
veillance and Vigilance System adopted in 2019.©9 The
EU's new 2017/745 and 2017 /746 MDRs, reshaped the
structure and use of EUDAMED to improve the safety and
performance requirements of medical devices bearing a
CE Mark.* However, access to EUDAMED is restricted only
to Competent Authorities and partially to Notified Bod-
ies for devices that are involved, and the information on
MDs related incident reports is not yet available to other
parties, despite the explicit reference in the regulations.

Various other adverse event reporting systems are
being used at the national level. Some well known exam-
ples are the Australian Therapeutic Goods Administration
(TGA) Adverse Event Reporting System,® Health Canada's
Medical Device Adverse Event Reporting (MDAERS)® UK’s
Medicines and Healthcare products Regulatory Agency
(MHRA)” and Germany’s Federal Institute for Drugs and
Medical Devices (BfArM).2 These systems are used to
report or access adverse events associated with MDs and
are open to healthcare professionals, patients and man-
ufacturers, while they can also be accessed online. Many
other countries have also similar systems in place, and
many manufacturers have their own reporting systems
for post-market surveillance purposes.

A search was performed in the PubMed database
on papers published from 2000 to date, with the term
“MAUDE database” included in the title or abstract of

the paper (MAUDE database [Title/Abstract]). This was
done to include only papers whose content was focused
on the analysis of MAUDE'’s data, and the search yielded
303 results. Next, another query was performed, adding
the terms “MAUDE” and “FDA” in the title or abstract of
the journal papers (MAUDE database [Title/Abstract]
OR (MAUDE[Title/Abstract] AND FDA [Title/Abstract])).
The latter broader search was performed to find articles
that may have been eluded from the initial query, while
keeping their content mainly based on data from MAUDE
and excluding ones with simple references and various
irrelevant synonyms. The final search yielded 308 results
up to 2022 (Figure 1), with 31 additional articles been
published during the first quarter of 2023. Most of these
studies analyze adverse events for specific medical device
groups.’ Recent years examples involve MDs like Injectable
Fillers, Deep Brain Stimulators, middle ear prostheses,
ossicular prostheses and catheters.'®'* During the last
years, a couple of studies analyzed MAUDE data taking
into consideration the full spectrum of medical device
groups.'>'” However, they were focused on limited aspects
of the available data, like reporting source and reporter
occupation, and they were published before the boom of
reports submitted to MAUDE after 2019 (Figure 2).

The number of studies mining the information used
from MAUDE are constantly increasing during the last
ten years and provide very valuable insights on safety
issues concerning MDs. This trend was reported in a study
by P. Malataras and N. Pallikarakis, regarding the use of

FIGURE 1. PubMed articles with relevant MAUDE terms in
title/abstract.

bhttps://ec.europa.eu/docsroom/documents/32305
‘ttps://ec.europa.eu/docsroom/documents/32305
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FIGURE 2. Annual MAUDE adverse event reports. Data until
4/11/2022

MAUDE’s data in research between the years 2005 and
2014,° where a linear increase of papers published each
year was showcased. To add into that, a sharp increase
of publications has been observed in the last couple of
years, highlighting the developing interest in utilizing
FDA’s MAUDE data as shown in Figure 2.

MATERIALS & METHODS

The MAUDE database was used for the analysis per-
formed in this study. Of all the afore-mentioned adverse
event report databases, MAUDE is the best structured
and most complete, with data ranging from 1991 to date.
Furthermore, it can be easily accessed and has been used
in other studies in the past. Data processing and analysis
was performed using the Jupyter Notebook web applica-
tion, along with the Python Data Analysis (pandas) and
Numerical Python (NumPy) Libraries.

All data used in this study are publicly available on FDA’s
MAUDE page.? Data available in MAUDE span from 1991 up
to 2022 (user facility reports since 1991, distributor and
voluntary reports since 1993 and manufacturer reports
since 1996). For the remainder of this work, data referring
to the year 1997 will consist of events reported between
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1991 up to 1997, according to MAUDE'’s “foidevthru1997”
file. Data regarding 2022 contains reports that were
available on MAUDE until 4/11/2022, due to the time
of research. For the remainder of the work, data up to
4/11/2022 will be referred to as data for the year 2022.
Device information associated with an event was taken
from the available “foidevxxxx” and “devicexxxx” files, were
xxxXx annotates the year. Information about the adverse
event was found in the files named “mdrfoithru2021”, which
contains data from inception up to 2021 and “mdrfoi”,
which contains data of the present year (i.e., 2022). The
device and mdrfoi files were joined together using the
“MDR_REPORT_KEY” field as primary key.

A total mdrfoi dataframe was created by merging the
“mdrfoithru2021” and “mdrfoi” files. After data cleaning
by deleting rows with wrong field format, wrong delimiter,
unreadable characters, duplicate key values etc. 15,387,348
lines of data remained. The same process was carried out
for all “devicexxxx” files, and a total device dataframe
was created containing 15,386,069 lines of data. After
merging these mdrfoi and device dataframes, using the
MDR report key value as primary key, a final dataframe
with 15,343,314 lines of data was created, upon which
the analysis of adverse event reports was carried out.

All adverse event reports available on MAUDE were
analyzed under the scope of various event outcomes. Using
the various outcome codes presented below as queries,
the data are organized and presented as histograms of
number of reports for each year until 2022. Qutcomes
included whether the device was evaluated by the man-
ufacturer, event type, remedial action, problem code, and
device age (year of report minus year of manufacture).

The Event Type (H1 field on the 3500A form) is used
to describe the impact of adverse events. It is only consid-
ered relevant by the FDA when the reporter of the event
is a manufacturer and makes use of the following codes:
D = Death, {IN, IL, I]} = Injury, M = Malfunction, O = Other,
{Blank}= No answer provided. Only one code may be used
for each event. A malfunction refers to an adverse event
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where the device demonstrated an unexpected behavior,
without any further implications to the patient or the
user. One should keep in mind that the submission of an
MDR itself is not evidence that the device caused or con-
tributed to the adverse outcome or event. Moreover, the
Event Type field is not available on the form for voluntary
reporting of adverse events.

A Remedial Action (H7 field on the 3500A form)
corresponds to any actions outside the scope of routine
maintenance of a device, when necessary to prevent an
adverse event from recurring that could pose safety issues.
The following codes and their interpretations are being
used by the MAUDE database at this point: RC = Recall, RP
= Repair, RL = Replace, RB = Relabeling, OT = Other, NO
= Notification, IN = Inspection, PM = Patient Monitoring,
MA = Modification/Adjustment, {Blank}= Invalid Data/
NaN. According to 21 CFR Part 7, recall means a firm's
removal or correction of a marketed product that the FDA
considers to be in violation of the laws it administers and
against which the agency would initiate legal action, e.g.,
seizure'™ A recall can be initiated by the manufacturer, the
FDA, or both, and may be required when a device poses a
significant risk of harm to patients or users. Replacement,
on the other hand, is the process of providing a new, cor-
rected or modified device to replace a defective or unsafe
device that has already been distributed to patients or
healthcare facilities. A replacement may be initiated by the
manufacturer as a proactive measure to address a safety
issue or may be required by the FDA as part of a recall. In
some cases, the manufacturer may offer a replacement
device to patients as a voluntary corrective action, even
if the device has not been recalled by the FDA.

Apart from the removal of the unsafe device from the
market and the notification, healthcare providers and
patients may be requested to return the device for correc-
tive action to address the safety issue. Correction means
repair, modification, adjustment, relabeling, destruction,
or inspection (including patient monitoring) of a product
without its physical removal to some other location. As

aresult, an adverse event report may be associated with
one or more remedial action codes, for example RC, RP.

The Reporting Source refers to the official submitter of
the report to FDA. The available codes are P= Voluntary
report, U = User Facility report, D = Distributor report
and M = Manufacturer report. The initial reporter of the
event can be any person. For example, an affected patient
may choose to submit the report himself (using the 3500
form), which will then be classified as voluntary report,
or send it to the manufacturer who is obligated to submit
it (using the 3500A form). In the latter case, the code M
will be used. Track is also kept of the initial reporter.

Regardless of the formal submitter of an event to FDA
(i.e.,, a user or a manufacturer), the occupation of the initial
reporter is recorded separately (E3 field on the 3500A
form). The classification codes for the initial reporter
occupation consist of three digits and can be found on
the MAUDE database site.) The available occupations
range from physician and patient to biomedical engineer
or attorney.

According to CFR 21, 803, §50, manufacturers are
responsible for conducting an investigation of each event
and evaluating the cause of the event. In case the device
was returned to them and information in a report is not
complete, they must provide an explanation on why, as
well as the steps taken to obtain it. To this end, the “Device
Evaluated By Manufacturer” (H3 field on the 3500A form)
is being used. The acceptable values are: Y = Yes, N = No,
R = Device not returned to manufacturer and {BLANK}=
No answer provided. These values are mutually exclusive.

The associated device age for the adverse events was
calculated by subtracting the year of the device manu-
facture date (H4 field on the 3500A form), as filled in by

4 https://www.ecfr.gov/current/title-21/chapter-1/subchapter-A/part-7

¢ https://www.fda.gov/medical-devices/mandatory-reporting-requirements-manufacturers-importers-and-device-user-facilities/

about-manufacturer-and-user-facility-device-experience-maude
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the manufacturer of the device, from the year in which
the report was submitted to the FDA.

Event outcomes such as Event Type and Remedial Ac-
tion were analyzed separately for various device groups.
This was done to investigate the differences an adverse
event may have regarding the involved device. The MD
groups chosen were ones with a notable percentage of
each year’s total reports and are presented in Table 1.

RESULTS

The histogram of the annual number of submitted re-
ports to FDA from 1997 to 2022 is presented in Figure 1.
About 15 million reports have been submitted to MAUDE
until the end of 2022 and over 2.5 million of them occurred
during the last year. A big increase in the number of reports
can be observed over the last few years.

TABLE 1. Medical Device Groups with Frequently Presented
Adverse Events

FDA Group

Code Group Name

CFR HEXOKINASE, GLUCOSE
LFR GLUCOSE DEHYDROGENASE, GLUCOSE
SYSTEM, TEST, BLOOD GLUCOSE, OVER THE

NBW COUNTER
MDS SENSOR, GLUCOSE, INVASIVE

PUMP, INFUSION, INSULIN, TO BE USED WITH
0YC . ' !

INVASIVE GLUCOSE SENSOR
PQF SENSOR, GLUCOSE, INVASIVE, NON-ADJUNCTIVE

IMPLANTABLE CARDIOVERTER DEFIBRILLATOR
(NON-CRT)

DZE IMPLANT, ENDOSSEOUS, ROOT-FORM
FRN PUMP, INFUSION

PROSTHESIS, HIP, SEMI-CONSTRAINED (METAL
UNCEMENTED ACETABULAR COMPONENT)

LWS

KWA

J Global Clinical Engineering Vol.6 Issue 1, 2023

Table 2 presents the distribution of event types for 6
different examples of prominent MD groups, as well as
all the average values for all available FDA Device groups
that exist in MAUDE. From the grand total of the reports
in Table 2, we can see that most of the events result in
simple device malfunction, without further implications
to the patient (63.5%). About 1% of the total reported
events is associated with patient death.

TABLE 2. Event Type Distribution for Various MD Groups

Event type
Malfunction Injury | Death |Other - n/a
Glucose monitors N
[MDS','0YC, PQF'] 89.1 10.7 | 0.2 ~0.0
Glucose test ['CFR', N
'LFR', NBW'] 90.2 9.0 | =00 0.8
Pump, Infusion 98.3 14 | =0.1 =0.2
Implantable
Cardioverter N
Defibrillator 36.3 60.0 | 3.2 ~0.5
(Non-CRT)
Prosthesis, Hip, Semi-
Constrained (Metal N
Uncemented Acetabular| 2 950 | 03 =00
Component)
Implant, Endosseous, 16 984 | ~0.0 ~0.0
Root-Form
Average for all Device 63.5 343 12 1.0
Groups

The average numbers derived from all the available
device types can vary significantly across different device
groups. As observed in the trend (Figure 3), there is a
steady decline in the ratio of adverse events that result
in deaths, from 2.5% up until 1997 to 0.3% in 2022 (R? =
0.66). Similarly, events with outcome categorized as “Other”
or without applicable information (n/a) decreased from
7.5% in 1997 to almost 0% in 2022 (R? = 0.85), showing
the increased completeness of the information provided
to the FDA over the years. Subsequently, more incidents
are manifested as device malfunctions, with 73% reported

10


http://www.globalce.org
http://www.globalce.org

as such in 2022, compared to only 40% up to 1997 (R% =
38%). Although injury reports dropped from 49.2% in the
period 1991 - 1997 to 26.6% in 2022, their fluctuations
seem to be independent of the time (R? = 0).

FIGURE 3. Adverse Event Types. Number of reports(top) and
percentage evolution(bottom).

According to Table 2, more than 90% of events related
to glucose test groups have been about device malfunc-
tions, with the rest (about 10%) being associated with
injuries. In contrast, about 95% of the reported inci-
dents of Metal Uncemented Acetabular Component hip
prostheses (KWA) resulted in patient injury. Similarly
with implantable defibrillators, the majority of dental

1

implant event types were categorized as injuries (98.4%).
Implantable defibrillators adverse events have the high-
est probability of death (3.2%) compared to the rest of
the examined device groups, due to their crucial role in
physiological heart function. Finally, most of the reports
regarding infusion pumps (over 98%) were about simple
device malfunctions.

Figure 4 shows that most reports have no remedial
action connected with them (80%). Nevertheless, for
the remaining 20%, where information is available, the
most common action happens to be a recall, which is
associated with three-quarters of adverse events (Table
3). Repair of the affected devices was a common action
during 2011, 2013 and 2014 and may depend on the types
of affected devices. Actions categorized as “Other” were
more common until the mid ‘10s, while being the most
common remedial action during the older years. Recently,
the “Other” category stopped being used so frequently
(7% of total reports).

Different MD groups are associated with different
remedial actions (Table 3). For example, reports involv-
ing continuous glucose monitoring devices and infusion
pumps resulted in a recall action by the manufacturer or
FDA 9 out of 10 times. On the other hand, dental implants
resulted in almost no recalls, and the main action taken
by the manufacturers was either an inspection (69.7%)
or replacement of the implant (26.0%). Finally, about 1
out of 10 reports about glucose test device groups led
to arecall, as devices like test strips are not so crucial to
patient safety compared to previously referred devices.
Replacement (38.0%), Notification (28.6%) and Other
(23.3%) were the most frequent remedial actions for
dealing with issues such as incorrect measurements.

The majority of the total reports (96%) were filed
by the device manufacturers, as shown in Figure 5. This
concerns the stricter requirements about adverse event
reporting imposed on manufacturers. In the last 4 years
there has been an increase in distributor reports. During
these years, dental implants and implantable defibrillators
were the main types of devices reported.
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FIGURE 4. Adverse event remedial actions.

Figure 6 presents the occupation of the initial adverse
event reporter. The initial reporter may be different than
the one that submits the final report to FDA, like in the
case when a user of a medical device notifies an event to
its manufacturer, who is then obligated to file an official
report to the FDA. Physicians and other health care profes-
sionals have a constant rate of reporting adverse events.
In the years 2012 and 2013, a considerable number of
events were reported by attorneys. This was the period
of lawsuits filed against metal-on-metal hip prosthetics
manufacturers.'®?

Between 2013 and 2018 about 15% of reports (peaking
at 21% in 2016) were made by the patients themselves.
During this period, insulin pumps and glucose sensor
events were predominant, so it makes sense that home
users initially made a lot of the reports. An increase in
the percentage of reports initially submitted by dentists
can be observed after 2019. Deeper analysis showed
that many of the events were caused by dental implants
(peaking at 24% of the total reports in 2021) during the
last 4 years. Finally, more events have been reported in
the previous five years, especially in 2022 (35%), by other
non-healthcare professionals than in the past.

TABLE 3. Adverse Event Remedial Action Distribution for Various MD Groupss

Remedial Action (%)
. . . . . Patient Modification/
Recall Repair | Replace |Relabeling| Other | Notification | Inspection Monitoring | Adjustment
Glucose monitoring N
[MDS','0YC', PQF'] 93.58 0.01 4.27 0.01 0.12 1.99 0.01 0.01 ~0.0
Glucose test ['CFR', _
'LFR', NBW'] 9.55 0.10 38.03 0.02 23.27 28.60 0.02 ~0.0 0.40
Pump, Infusion 89.86 9.53 0.05 ~0.0 0.42 0.10 0.02 ~0.0 0.03
Implant, Endosseous, o 3¢ 003 | 2604 | 002 | 3.76 0.06 69.66 0.06 0.01
Root-Form
Average for all Device| ) | 7 5.5 0.1 7.0 3.6 21 0.2 0.5
Groups
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FIGURE 5. Adverse events report source.

FIGURE 6. Adverse event initial reporter occupation.
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Figure 7 shows the status of reports as far as the de-
vice evaluation by the manufacturer is concerned. More
than half of the devices reported (52.3%) are sent to the
manufacturer, and most of them are evaluated (70.8% of
sent devices). 2022 was an exception, with 55% of the
devices sent to the manufacturer not being evaluated.

The mean age of the devices involved in all adverse
events of the MAUDE database is 5.4 years. However,

FIGURE 7. Device evaluation by manufacturers.

this result is strongly influenced by the impact of the last
couple of years’ reports, as shown in Figure 8. Up until
2019, the average device age was 2.8 years. The seeming
rise in the device's age might be related to the reported
devices' types. Most of the events (43%) are associated
with devices during their first year of operation.

DISCUSSION

There has been an obvious increase in the number of
reports over the last years (see Figure 1), which can be
attributed to several factors. One reason is the increased
awareness and reporting of adverse events by healthcare
professionals and patients due to improved access to in-
formation and reporting systems. Another reason is the
growing number and complexity of MDs, which increases
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FIGURE 8. Device age distribution. Annual mean age of reported
devices (top) and Total device age histogram (bottom).

the likelihood of adverse events. In addition, the FDA
has expanded the types of adverse events that must be
reported by manufacturers and healthcare facilities, which
has led to an increase in the number of reports submitted
to MAUDE. Other changes included updated reporting
requirements for specific devices and improved clarity on
using the FDA Forms 3500/ 3500A for reporting. These

requirements are outlined in the Code of Federal Regu-
lations (CFR) Title 21, Part 803,(f) which establishes the
mandatory medical device reporting criteria. This Rule
was published in 2014 and implemented in 2015. Under
its requirements, manufacturers and importers of MDs
are required to report to the FDA any serious injuries or
deaths associated with their devices within 30 calendar
days of becoming aware of the incident. Additionally,
manufacturers must report any malfunctions that could
result in a serious injury or death within 5 workdays of
becoming aware of the issue. Moreover, healthcare facilities,
such as hospitals, nursing homes, and outpatient clinics,
must report certain adverse events related to MDs to the
FDA within 10 days. These events include incidents that
result in serious injury or death or require intervention
to prevent serious injury or death. Finally, in 2014, the
FDA published a final rule on Electronic Medical Device
Reporting (eMDR), effective from 2015, that requires
manufacturers and importers to submit MDRs to the FDA
in an electronic format that the FDA can process, review,
and archive(20). Last but not least, in the previous two
decades, there has been observed an increasing number
of MDs that have received a 510(k) clearance compared
to a premarket approval (PMA). Safety issues are raised as
the clearance provision pathway does not require clinical
trials and is less rigorous than the PMA process (21,22).

Considering the number of total reports in MAUDE
and the death event type percentage of these reports
presented in Table 2, it means that more than 180,000
adverse events are historically related to patient death.
However, this number can be used only as an approxima-
tion due to the limitations of the database (i.e., multiple
reports on the same incident, underreporting, incomplete
information, etc.). Although the decrease in deaths and
increase in malfunctions reported in Figure 3, although
possible, does not explicitly indicate an increase in device
safety, as it could also mean the intensified reporting of
less severe adverse events compared to the past years.

Some intuition can be gained about the event types
for each examined device group. Glucose testing devices,
such as test strips, are associated mainly with a less

fhttps://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-803. Medical Device Reporting: Electronic Submission Requirements. A Rule by the Health
and Human Services Department, and the Food and Drug Administration. Published 2014. Effective after 2015.
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serious malfunction (see Table 2). An example of such a
malfunction could be wrong glucose test results. Although
not crucial as an adverse event itself, such a malfunction
could pose more serious consequences for the patient in
the long term. This may be why these devices have a very
high rate of recalls (Table 3). In contrast to glucose testing
devices, most of the reported incidents of hip prostheses
(KWA) resulted in serious patient injury, with a probability
of patients having to undergo revision surgery. Patient
injury was almost universal (98.4%) for dental implant
adverse events. A factor that may be of importance is the
absence of implant dentistry from the recognized dental
specialties of the American Dental Association.(g) Al-
though the FDA monitors and regulates MDs, it does not
act toward healthcare practice regulations. The fact that
implantable defibrillators adverse events showcase the
highest probability of death (3.2%) compared to the rest
of the examined device groups is expected, due to their
crucial role in physiological heart function. Finally, the
fact that almost all the reports regarding infusion pumps
were about simple device malfunctions, without further
serious implications to the patients, may indicate an in-
creased awareness regarding adverse event reporting of
crucial devices. However, it should be noted that infusion
pumps malfunctions have a high potential for patient
injury and must be treated as near-miss adverse events.
These events are incidents that can potentially cause
harm to a patient but are caught or mitigated before any
actual harm occurs. Examples of reported infusion pump
problems that could lead to such incidents include lack of
warning when inappropriate data is entered or failure to
generate audible alarms for critical problems such as an
occlusion in the tubing.23 and adverse events are often
avoided due to luck or vigilant healthcare professionals.

Remedial action codes were found to be often omitted
from the adverse event reports. Itis unclear whether this
is because the event resulted in no action to be taken by
the manufacturer or the information was not correctly
updated in the database. As a silver lining, the rate of ex-
isting remedial actions has risen in the last year. Moreover,
the “Other” category is used less frequently, which may
indicate that the report form became more user friendly
and awareness toward adverse event reporting has risen.

The fact that the device manufacturers have filed 96% of
the reports, while the trend is continuously rising (Figure
5), is related to the stricter requirements imposed on man-
ufacturers by CFR 21, 803. This is also the reason behind
the high device evaluation percentage by the manufactur-
ers (Figure 7). Adding to this, many users from facilities
or homecare prefer to file a report to the manufacturer,
who then submits it to FDA. This is the reason why the
initial reporter occupation is analyzed separately. Data
for 1997 consists of all data available from 1991 to that
year. According to MAUDE, user facility reports have been
submitted since 1991, distributor and voluntary reports
since 1993 and manufacturer reports since 1996. For this
reason, the report rates by manufacturers are quite low
until 1996, compared to the next years.

According to CFR 21, 803, §50, manufacturers are re-
sponsible for conducting an investigation on each event
and evaluating the cause of the event. If the device was
returned to them and information in a report is incomplete,
they must explain why and the steps taken to obtain it. This
is why most devices returned to the manufacturer by the
user facility or the distributors are evaluated (70.8% on
average). The last year was an exception, and the reason
could be further investigated.

Regarding the MAUDE database, several issues were
discovered. First, there are some instances of unintuitive or
straight up incorrect information on the use or description
of the files. As an example, the “deviceproblemcodes” file
should contain the MDR report keys with the corresponding
device problem code, while the “foidevproblem” file should
contain alist of device problem codes with their matching
code description, according to the site’s description. How-
ever, the data contained in these files are interchanged.
Additionally, “mdrfoi” file’s description was not updated
for the current year, at the time of this work. Though it
contained data from 2023, it read “MAUDE Base records
received for 2022". The mdrfoithruxxxx file also contains
a vast amount of information of 5 GB, making it difficult
for casual users to access it. Splitting it as is the case with
device files would facilitate further database usage.

g https://ncrdscb.ada.org/recognized-dental-specialties
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Other shortcomings of MAUDE derive from adverse
eventreporting system issues. A common problem for all
vigilance systems worldwide is underreporting adverse
events. Though events seem to be reported more frequently
during the last years, it is still plausible that more adverse
events occur than those finally reported to the FDA. The
rate of medical device adverse events underreporting is
difficult to determine, as the number of incidents is un-
known accurately. Non-reporting can be attributed to many
factors, such as fear of blame, lack of time, complexity of
the reporting system, or even perceived ineffectiveness.
Adding to this, in cases of human error, underreporting
is expected to be even more prevalent.24,25

Other issues may be the symptoms of underutilizing the
MDR system’s potential. For example, although more than
one remedial action code can be assigned to an adverse
event, in practice reports in MAUDE, use a single code. As
aresult, when an event is marked with a corrective action
(i.e. replacement of the device), the recall code is omitted
and vice versa. Therefore, it becomes unclear whether
the corrective action was part of a recall, or a voluntary
preventive manufacturer action.

Finally, it is important to note that an increase in ad-
verse event reports does not necessarily mean that the
number of adverse events has increased, but rather that
reporting systems have become more effective in capturing
and documenting these events.

CONCLUSIONS

[tis obvious that the FDA encourages reporting adverse
events and MAUDE plays an essential role in identifying
potential safety issues and facilitating corrective actions
that protect public health. It also provides an essential
source of data for review studies in this area, as demon-
strated by the increasing number of related publications
mentioned in the introduction.

In Europe, despite the explicit reference in the MD
regulations on the availability of the vigilance data in the
EUDAMED, this part of the database is still not accessible.
This fact restricts the utilization of this critical data for
advancing safety in medical technology in Europe and
worldwide.

J Global Clinical Engineering Vol.6 Issue 1, 2023

In conclusion, using an adverse event reporting system
efficiently facilitates communication between regulatory
agencies and healthcare providers and promotes trans-
parency and accountability in the healthcare industry.
Ensuring that MDs are safe and effective will improve
patient outcomes, with clear benefits for the healthcare
sector that remains a cornerstone of our society.
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ABSTRACT

Background and Objectives: This article describes how sustainable procurement of medical devices (MDs) can be im-
plemented in operational projects in developing countries. It also further details how sustainability principles and the needs
assessment can be applied by the biomedical/clinical engineer lead (BCEL) responsible for the technical and quality aspects of
the procurement process of MDs. It also emphasizes the importance of the BCEL considering the country’s or region’s specific
healthcare context when working on MD procurement projects in developing countries.

Material and Methods: Based on the author’s experience of more than 20 years in procurement projects and implementation
of MDs in developing countries, the role of the BCEL will be analyzed from a theoretical point of view with the description of
the first pillar of a sustainable purchase, the needs assessment, to how it can be operationally applied through the analysis of
relevant literature, case studies and lessons learned from past projects.

Results: The BCEL has a key role in the sustainable procurement of MDs as an integrator able to understand clinical needs
and translate them into requirements while being aware of the sustainability and safety risks linked to technology implemented
in the fragile environment of a developing country with limited resources.

This context also creates additional challenges that can be managed if the BCEL is conscious of the country’s health expenditure,
geopolitical, healthcare, model of care, regulatory, infrastructure, and logistical conditions in which the MDs will be installed. Many
equipment may remain unused if the technology implementation is not in line with the needs of the beneficiaries. Therefore, a
thorough needs assessment performed by the BCEL to obtain the detailed list of MDs, their technological level and estimated
budget is of utmost importance to increase the project’s sustainability and mitigate the risk of unused MDs.

Conclusion: Besides traditional disciplines in biomedical and clinical engineering, the BCEL shall also learn at least basic
principles in public health, healthcare planning, project management, health infrastructure, and development aid to facilitate
the dialogue with stakeholders based on knowledge, flexibility, and capacity to anticipate and solve practical issues on the
ground. To this extent, it is advisable for a BCEL new to the environment of developing countries to have progressive exposure
to more complex projects and to extensively use the peer review mechanism to assure sustainability and quality during project
implementation. A theoretical background based on sustainable procurement principles, analysis of the local and national health
context and regulations, and knowledge of lessons learned from past projects should guide the BCEL's approach to performing
the needs assessment while implementing a new project.

Keywords - Medical device procurement, sustainable procurement, needs assessment, health services in developing coun-
tries, quality assurance, sustainability, Biomedical/Clinical Engineer role, international health procurement.
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INTRODUCTION

In a previous article,! the concept of sustainable
procurement of MDs has been discussed, and its impor-
tance regarding health services of developing countries
emphasized. Public investments in MDs aim to improve
health services and, thus the population’s health. This
creates a virtuous circle where a healthier population
improves the economy, which translates into a better
investment return. In this framework, the sustainability
aspect in MD procurement projects has been defined as
the critical factor that transforms financial resources into
results: improved population health and wealth. This is
particularly important in low-income countries (LIC)
where healthcare financial resources are often scarce,
and deciding where to invest them is paramount. An un-
successful project, where for example, funds are spent to
purchase equipment that is not needed or not efficiently
used, can disrupt the virtuous circle by creating a major
financial debt, which brings more poverty and, thus the
population to a more fragile status.! The sustainability
of MD purchasing projects is therefore intimately linked
to their resulting impact on the population as well as the
economy of the country. Therefore, the appropriate and
efficient use of the purchased devices should be at the
center of the efforts of the BCEL.

The concept of the three essential pillars to achieve
sustainable procurement of MDs has been proposed as
central to preventing the risk of purchasing equipment
that will not be properly and efficiently used. This concept
outlines the importance of concentrating the technical
effort in assessing (1) the needs, (2) the local condi-
tions, and (3) the conditions for the lifelong use of the
MD. Consequently, technical decisions along the project
should be strictly coherent with the results of these three
assessments and the resulting planned project impact
and objectives to guarantee the sustainable use of the
purchased devices.

The objective of this article is to detail further how
the first pillar for sustainability, the needs assessment,
can be implemented in procurement projects within the
environment of developing countries. The context of LIC
creates additional challenges regarding MD procurement
such as limited clinical, technical, and financial resources

19

which need to be considered, especially during the intro-
duction of complex MDs. The BCEL has a key role in facing
these challenges and ensuring the project’s sustainability.
The responsibility and recommended actions that the
BCEL can take in these circumstances are discussed and
analyzed using examples from implemented projects.

DEFINITION AND CONTEXT OF SUSTAINABLE
PROCUREMENT OF MDS

The concept of the three pillars to achieve sustainable
procurement of MDs! is an addition to the social, eco-
nomic, and environmental considerations that are widely
included in the policies of the four UN agencies mainly
responsible for MD purchase: WHO,? UNICEF? UNDP*
and UNOPS.® The sustainability concept of a purchase
shall be primarily linked to the use of the MD and only
secondarily to its social, economic, and environmental
impact. In fact, if the purchased MDs are unfit for purpose
or wrongly installed and unused, they shall not be con-
sidered sustainable even if they are compliant to certain
social, economic and/or environmental sustainability
standards. A low environmental impact is unacceptable
if the MD is not fit-for-purpose and brings no benefits
(EG1 and Figure 1).

FIGURE 1. PubMed articles with relevant MAUDE terms in
title/abstract.
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EG1 The purchase of a medical refrigerator meeting
certain sustainability criteria such as durable material
composition without ozone contaminants, high energy
efficiency, reduced and recyclable packaging, 1SO 13485
certification, and purchased at the best price available on
the international market, faces risks to be unsustainable
if the needs assessment was not correctly carried out. The
refrigerator is not really needed or is too large for the needs
of the beneficiary unit creating a problem of space and
utilization that is solved with its early disposal.

The context in developing countries creates additional
challenges in the procurement of MDs. According to WHO:
“in the Sub-Saharan Africa region, a large proportion (up
to 70%) of equipment lies idle due to mismanagement of
the technology, acquisition process, lack of user-training
and lack of effective technical support.”® Another study
reported an average of 38.3% of out-of-service medical
devices (MD) in developing countries due to a lack of train-
ing, health technology management, and infrastructure.”

EG2 In an important procurement process managed by
the Honduras Social Security Institute in 2011 and revised in
2014, itwas found that about 20% of the purchased goods
had not been used within 3 years from their installation
while an additional 10% was seldom used.

The main conditions that a BCEL shall consider during
the assessment of a new projectin a developing country are:

Health expenditure conditions;
Geopolitical conditions;
Pre-existing healthcare conditions;
Model of care;

Infrastructure and logistical conditions;

o 1 s W N e

Regulatory conditions.

Health expenditure conditions: the per-capita health
expenditure (Figures 2 and 3) linked to the availability
of human and material resources gives an overview of
the economic conditions of each developing country.
Low health expenditure is associated with few or limited
trained medical and technical resources that might impact
the technological level of the MDs to be purchased. It can
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also limit the availability of consumables and spare parts
on the local market and cause a lack of tools and knowl-
edge to repair the MDs. A BCEL shall, therefore, consider
that even when a budget is available for the purchase of
MDs, funds for their consumables or maintenance might
not be available in the long run and might compromise
their efficient use.

FIGURE 2. Worldwide health expenditure per-capita (US$).8

FIGURE 3. Health expenditure per-capita (US$) in Latin America
and the Caribbean region.?

The huge gaps in per-capita health expenditure between
the different regions of the world also hide important gaps
inside a particular region. For example, in the Latin America
and Caribbean region, the health expenditure has a mean
value of 594 USD. Still, when countries of this region are
taken individually, there is a great variance between the
Bahamas which has an expenditure similar to Europe &
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Central Asia, and Haiti, which has an expenditure similar to
the poorest countries of Africa and South Asia, (Figure 2).

While per-capita and public health expenditure can
estimate a country’s effort to manage healthcare and
improve universal health coverage, life expectancy is to
be considered as a parameter that can roughly summarize
the results of this effort, not considering other factors
like lifestyle, socioeconomic, and genetics. It can be ob-
served that the higher the health expenditure per-capita
the higher the life expectancy of the country (Figure 4)
with some interesting exceptions like the US where the
health expenditure is mainly out of pocket, leading to less
efficient use of the expenditures and the countries where
per-capita annual expenditures go below $400. Over time,
as countries invest more money in healthcare, the life
expectancy of their population increases (Figure 5): “on
average, a 10% increase in health spending per-capita is
associated with a gain of 3.5 months of life expectancy.””

Geopolitical conditions: tense geopolitical conditions
in countries affected by war zones, territories controlled

FIGURE 4. Life expectancy versus health expenditure per-capita
in 2019.1°

by rebel or criminal groups, and high criminality zones
might complicate the delivery of equipment or the travel
of technicians to perform the installation or the repair
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of MDs. In those cases, the delivery of the equipment or
the maintenance technicians’ access may require a police
or military escort and pose additional challenges to the
project.

Pre-existing healthcare conditions: available in-
formation on the local healthcare system, such as mor-
tality/morbidity rates as well as health statistics on the
population published by WHO!! and data on the present
workload and activity of the beneficiary center(s) sup-
porting the assessment of the context in which the MDs
will be implemented.

Model of care: different countries have different
organizations and operationalization of health services,
including different referral systems, processes of care,
providers’ organization and services management. These
differences directly impact the distribution of technologies
in the health infrastructures according to their complex-
ities. It is recommended that the BCEL adopts the vision
of a supply chain: a patient with a specific disease can be
progressively attended to in infrastructures of different
levels according to the diagnosis of the severity of the
illness, and thus, the complexity of the technology shall
be planned accordingly.

Infrastructure and logistical conditions: Delivery
of MDs in remote areas can be difficult due to poor road
conditions or accessibility by boat only. Remote areas
might also have limited or no access to reliable electrical
or water resources, which might affect the utilization of
MDs.12

Regulatory conditions: The BCEL working in de-
veloped countries is usually part of a multidisciplinary
team including medical planners, clinical experts, archi-
tects, and engineers with an exhaustive background of
norms, regulations, and guidelines. In opposition, the
BCEL working in developing countries has to cope with
a multidisciplinary team that is significantly reduced or
sometimes absent in a context of international rules and
regulations that may not apply to fragile contexts.

The presence of alocal National Regulatory Authority
(NRA) in the country and its level of maturity as defined
by WHO facilitates the understanding and implementation
of national regulations and the acceptance (or not) of
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international standards in MDs procurement projects. The
efforts of WHO and the Pan American Health Organization
(PAHO)*? to improve the capacities of NRAs in developing
countries shall also be considered and monitored as part
of the BCEL action in MDs procurement projects. The BCEL
shall also be aware of the WHO Listed Authority,'* which
will assess and classify the maturity level of NRAs based
on a transparent and objective set of indicators established
in the WHO Global Benchmarking Tool.*®

FIGURE 5. Life expectancy versus healthcare expenditure
per-capita from 2000 to 2019 in Latin America and the Car-
ibbean region.'?

When a procurement project of MDs for an LIC is assigned
to the BCEL, he should always consider the beneficiary
country’s conditions during all project steps. In fact, the
knowledge and consideration of the local health realities is
essential to ensure a sustainable result of the procurement
process and, finally the purchase of sustainable MDs that
will meet the needs of the local beneficiaries in the long
term. The role and expertise of the BCEL are crucial in
addressing the challenges related to the implementation
of MDs and the promotion of sustainable procurement
practices in developing countries. BCELs with adequate
experience should participate right from the start of the
planning phase of an MD procurement project to ensure
that sustainability criteria will be considered.
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THE NEEDS ASSESSMENT

The first pillar of sustainability is the needs assessment,
which involves investigating the demand and the intended
use of the MD requested by the beneficiary. Considering
the user’s needs is a central concept in the procurement
process definitions of the 4 main UN agencies procuring
MDs. WHO states that the benefits of good procurement
include: “the most economically advantageous terms for
the equipment acquired - not necessarily the lowest price
obtained through tender, but the best deal for the organi-
zation’s needs” and defines the needs assessment as the
“quantification of gaps between desired health service
provision and the current situation”** UNICEF and UNDP
also include the importance of meeting the needs of the
end-user and the “fit-for-purpose” concept!” in their pro-
curement processes: “The selected offers from a competitive
tender should display the optimum combination of quality,
whole life cost, effectiveness, and other factors such as so-
cial, environmental and other strategic objectives, to meet
end-user needs.”® UNOPS also mentions to “Re-consider
the needs, i.e. consider specifically whether those goods or
services need to be purchased.”® According to the clinical
engineering handbook,? the first step in the planning
phase of MDs acquisition projects is “Demonstrated needs
and benefits”. Effective and sustainable procurement is
thus based on getting the right goods to respond to the
needs. In fact, the whole procurement process is based
on a needs assessment as its essential starting point.
Public investment in MDs through the implementation
of an international purchasing process is a long journey,
and as “most journeys we take are considered successful if
we arrive at the right place, at the right time, and in good
condition. The “right place” is vital. Identifying where you
should head and justifying why you should get there will
provide you with the critical data upon which to do plan-
ning, design, development, implementation, and monitoring
and evaluation.”*!

The final objective of an MD procurement project is the
intended impact on population health. Thus, the needs
assessment’s objective has to align with this intended
impact on patient care.
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Itis important to clarify that the objectives and impact
of an MD procurement project shall be designed and
measured by clinical variables such as the number of
patients treated or the reduction of waiting lists, rather
than by the amount of equipment or money spent dur-
ing the project. Therefore, performing a thorough needs
assessment to define the project’s objectives and identify
the clinical variables upon which the project’s success
will be measured is essential. The project’s objectives
and clinical variables shall also be defined based on the
country’s health policy and statistics?? as well as on the
analysis of the context as developed in chapter 2.1. When
possible, it is recommended to involve, right from this
initial step of the project, the beneficiary country’s health
personnel that has, at different levels, a deep knowledge
of the local technical capacities, conditions, and needs.

A medical planner usually carries out the analysis of
the clinical needs along with the establishment of the
project’s clinical objective. The BCEL has to understand
the clinical objectives and the process that has been car-
ried out to define them by dialoguing with the medical
planner. Therefore, the BCEL should deeply understand
healthcare systems in developing countries and their
dynamics. Profound knowledge of the healthcare needs
and the locally and internationally available commercial
solutions are essential for the BCEL to evaluate and pro-
pose technological solutions for the assessed clinical needs
and objectives. Starting from this essential dialogue with
the medical planner, the BCEL can complete the needs
assessment by defining the objectives of the procurement
process in terms of technologies. Based on the planned
clinical activities and workloads, the BCEL can determine
the equipment list. In fact, an equipment type that may
be included in the list corresponds to an equipment class
that requires a technological-level definition to associate
the expected clinical throughput with its estimated value
and technical requirements in terms of space, installation,
electricity, etc.

EG3 A 20L tabletop autoclave used to sterilize labo-
ratory equipment performing a few analyses per day is
technologically much different and less complex than a
500L pass-through autoclave of a surgery center, requiring
more complicated installation steps. Still, often they are
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simply referred to as autoclaves in the purchasing lists
provided to the BCEL.

To define the project objectives, the needs assessment
should be analyzed, validated, and updated in the plan-
ning phase of the procurement process. All stakeholders
must be involved in the needs analysis, which must be
as detailed and complete as possible. The scope of this
assessment should also include present and future needs
ina 5 to 10-year projection. By focusing on the specific use
of the device, the procurement process can be tailored to
meet the needs of the beneficiaries and select the most
adequate equipment. The quality of the MD procurement
process can be maximized when all the actions of the BCEL
are coherent with the project’s objectives.

In the planning phase of a procurement project, the
BCEL should also consider the following conditions as
recommended by the clinical engineering handbook:

“1. Demonstrated needs and benefits of the MDs
2. Available qualified users

3. Approved and reassured source of recurrent oper-
ating budget

4. Confirmed maintenance services and support
5. Adequate environment support

6. Regulatory compliance”?°

Analyzing these conditions before purchasing the
equipment allows the BCEL to prevent potential issues
related to the use of the MD. These conditions are also
included as part of the three pillars of sustainability. This
process results in adequate equipment that meets the
beneficiary’s needs and thus is more likely to be used by
the clinical personnel (Figure 6). To perform a proper
needs assessment, the BCEL should always involve the
clinical end-user as stakeholders and purchase MDs and
services from local manufacturers whenever possible.

A reliable needs assessment conducted under the
responsibility of the BCEL is, therefore, the central point
of an effective health procurement process. It also helps
minimize sustainability risks, such as insufficient adequacy
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FIGURE 6. Description of the three main activities for each
needs assessment deliverables that the BCEL shall focus on.

between the clinical personnel’s needs and the purchased
MD'’s characteristics, compromising its usage. However,
this analysis can sometimes be difficult to achieve due to
the following pitfalls:

e Inadequate involvement of the relevant stakehold-
ers in the project is caused either by the difficulty
of implicating all the necessary stakeholders in the
needs analysis, deficient identification of the clinical
beneficiaries, or lack of consideration of the position
of the beneficiaries in the health system network.

* An outdated needs analysis caused by a significant
delay between the completion of the analysis and the
official launch of the project or by a change of the
actors or some of their characteristics (evolution of
the private sector, new government, new strategies
in the distribution of health services, change in the
clinical team, etc.).

e A short-term needs assessment does not consider
future needs caused by an analysis that considers only
the current necessities and lacks to foresee future
perspectives for at least the next 5-10 years related
to the new etiologies of diseases and the emergence
of new diagnostic and therapeutic needs.
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Depending on the project’s starting point when the
BCEL begins to be involved, the needs assessment may
be included or not in the project scope. The projects
that start from a list of MDs and technical specifications
already defined are considered “purely transactional.”
They can be considered high-risk projects since the pro-
curement project is separated from the needs analysis
and the evaluation of the impact of the purchase on the
local healthcare system. Implementing these transac-
tional projects represents a high risk to the sustainable
impact of the procurement project because no one in the
project team is responsible for ensuring that the MDs to
be purchased are genuinely needed and that the local
conditions allow for their efficient use. The clinical needs
are unknown to the project team, and the coherence of the
implementation is jeopardized. Other types of projects,
such as those where the dialogue between the BCEL and
the medical planner who defined the clinical objectives
is impossible, and has moderate risks. These risks shall
be mitigated by the BCEL, which can revise and validate
the medical planner’s analysis when possible or at least
the clinical objectives, focusing on the purchase of MDs.

In the following discussion, 2 case studies of projects
implemented in the Latin America and Caribbean region,
one in Uruguay and the other in Haiti, representing extremes
in terms of per-capita health expenditure differences in
the region, will be presented. Uruguay has a high health
expenditure and a mature public health system with
established capacities to understand and properly use
the funding for capital investment in MDs. On the other
hand, Haiti has minimal health planning capacities and
lacks technical experts.

In 2008, in Uruguay, as part of a project funded by a
soft loan from Italian corporations, 34 types of MDs were
purchased and destined for more than 300 health centers
nationwide.?? The needs assessment process carried out
before the beginning of the project has been an example
of good practice of sustainability (Figure 7). The pro-
ject’'s agreement stated the general objective: “Sustain
the capacity of the Uruguayan Public Health System to
meet the population’s needs while prioritizing the most
vulnerable groups.”
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FIGURE 7. Methodology of the needs assessment of the project “Italian Loan to support Uruguayan Health Services” implemented
in 2008, starting from the project’s objectives definition and ending with the types of equipment included, the list of equipment
requested by the beneficiary centers and its adjustment to meet the available budget.

This process, carried out transparently with an out-
standing maturity by the central office of the Ministry of
Health in contact with the regional directors, has produced
the expected results: each center was aware and prepared
to receive the equipment from the loan investment. The
BCEL validated the needs assessment carried out by the
beneficiary and assured coherence of the purchase with
the needs assessed.

In 2012, in Haiti, during the design phase of the con-
struction and medical equipment procurement project of
the Gonaives hospital, no local medical counterpart was
involved (Baio A. Gonaives Hospital Project - Raising from
destruction - The challenge of building in Haiti - Interna-
tional Federation of Hospital Engineering. Buenos Aires,
October 15%, 2014). The only person from the Haitian
Ministry of Health participating in the technical dialogue
was the recently appointed, but not yet contracted, direc-
tor of the new hospital. In this case, the BCEL had to plan
a methodology to define the list of equipment since no
dialogue with the clinical beneficiary could plan medical
equipment adequate to the intended level of care and
size of the hospital (a regional hospital with a 200-bed
capacity). To mitigate this risk, a workshop was organized
involving all the stakeholders working on MDs in the
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country. This workshop resulted in a scheme to follow for
the definition of the equipment list, primarily oriented
towards implementing simple technologies to facilitate
local maintenance (Figure 8). For example, manual op-
eration tables rather than electrical ones were chosen to
allow for ease of use and maintenance.

FIGURE 8. Health Technology Management Scheme (Nunziata
E. Technical workshop on MDs - towards health technology
management in Haiti. Haiti, June 15th 2012).
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The demand for local maintenance support was solved
during the tender process by asking the suppliers to
establish a maintenance center in the country (at that
time, no maintenance capacity - private or public - were
present in the country). To help suppliers comply with
this challenging requirement, the contracting authority
included a financial incentive: an important advanced
payment during the procurement process. Eight local
technicians were also hired and trained under the guid-
ance of international technical experts to open packages,
assemble, and install all the hospital furniture purchased.
At the end of the project, the hospital could recruit trained
technicians as maintenance employees. This also reduced
the costs for suppliers since they did not have to travel to
Haiti to assemble the purchased furniture.

In both case studies, a component of the procurement
project was focused on strengthening local technical ca-
pacities in terms of equipment maintenance to improve
the project’s sustainability. In Uruguay, maintenance
tools were purchased and provided to regional hospitals
where biomedical engineers trained during the project
execution could use them to maintain and repair MDs.*
In Haiti, training and tools for medical furniture repair
was provided to local technicians, and an incentive for
international suppliers to establish local maintenance
centers was added to the procurement project. As a les-
son learned, improving and strengthening local technical
capacities is strongly recommended as an objective of MD
procurement projects in developing countries to enhance
sustainability.

CONCLUSION

Sustainability is essential in implementing an interna-
tionally funded project in a developing country to procure
MDs. This factor determines if the project will improve
the population’s health conditions or the country’s im-
poverishment.1 Sustainable procurement of medical
devices shall be driven by the BCEL using the framework
of the three pillars: assessing (1) the needs, (2) the local
conditions, and (3) the conditions for the lifelong use of
the MD. The BCEL is responsible for ensuring the quality
of the project’s results and, thus, its sustainability. This
article presented the theoretical background of the first
pillar, the needs assessment, that the BCEL can follow as
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a guideline in the project’s planning phase. In this way, he
can assume the responsibility for the quality assurance
processes and the project’s sustainability while raising
awareness of the possible issues and discussing solutions
with the rest of the team, the beneficiary, and the stake-
holders to minimize the project’s risks.

An international procurement project of MDs requires
high technical specialties in a multidisciplinary team, in-
cluding project management. The needs assessment step
requires competencies and knowledge in public health,
clinical aspects, hospital design, infrastructure, MDs,
project planning, and market and technology analysis.
The BCEL has to dialogue with several stakeholders and,
therefore, understand and use their languages to inte-
grate their points of view, perceived risks, and suggested
mitigation measures. A good approach for the BCEL is to
begin the project from a risk analysis perspective. While
different stakeholders can raise any risk, the BCEL shall
focus on quality risks, which in the light of the previous
discussion means sustainability risks: the main risk being
the investment of money in the purchase of MDs that are
not or scarcely used because they do not respond to the
needs of the beneficiary. During the analysis, the BCEL can
integrate different viewpoints and brainstorm possible
prevention and mitigation measures.

Considering sustainability as the center of their activity
and responsibility, the BCEL's role in a project is much
more important than simply writing technical specifi-
cations or performing technical evaluations. Therefore,
the BCEL needs thorough professional preparation and
progressive exposure to the complexity and the issues
specific to the context of developing countries. In this
sense, the peer review mechanism is a tool commonly
used in organizational processes to assure higher quality
in project implementation and the continuing education
and professional growth of BCELs interested in leading
international procurement projects.

When implementing a specific project, balancing the
impact of time and budget constraints with quality assur-
ance actions is the main goal that any BCEL has to focus on.
The needs assessment should be included in the planning
phase of the procurement project and coordinated by the
BCEL, which can integrate the different stakeholders’ points
of view. The assessment of sustainability risks performed
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during the project’s planning phase allows the BCEL to
identify the challenges and evaluate the potential risks
that could impact the project’s outcome.
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ABSTRACT

This article addresses the fundamental role of Statistical Process Control (SPC) as a quality tool in the field of clinical engi-
neering, to improve and optimize internal processes. This study describes the methodology used to apply the SPC in a reference
hospital's clinical engineering department. Data was collected over an extensive period, involving multiple medical equipment
and verification procedures. These data were analyzed using various statistical tools, such as control charts, Pareto charts, and
descriptive statistics.

The results showed stability in the department's processes, which made it possible to identify areas for potential improvement.
Statistical analyses revealed behavior patterns and trends that were not previously apparent. Based on these conclusions, specific
modifications were proposed in the department's processes to optimize efficiency, reduce costs, and improve service quality.

The implementation of these modifications based on evidence suggests that they would positively impact the general per-
formance of the clinical engineering department if applied. Key indicators could improve significantly, reflecting increased
medical equipment reliability and availability, decreased unscheduled downtime, and increased satisfaction for department
staff and equipment users.

In summary, this study highlights the importance of using SPC as a powerful improvement tool in clinical engineering. By
adopting an approach based on data and scientific evidence, clinical engineering departments can achieve more efficient and
effective management of their processes, contributing to higher-quality medical care and patient safety.
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INTRODUCTION

The performance and efficiency of clinical engineer-
ing departments can be influenced by various factors
involving human, material, and financial resources. In the
same way, the intellectual capital of "know how" to carry
out critical activities i.e., to have a sound and effective
standardized methodology to realize procedures within
the department's operation, serves as an asset of great
value in organizations.

Within these activities, equipment maintenance and
continuous verification to ensure its correct operation
emerge as critical activities. Although a series of classic
activities are carried out in most clinical engineering
departments, each department establishes its processes
based on its conditions and scope. The standardization
of methodologies that ensure the quality of the processes
takes on significance in the impact these activities can
have on the general operation of the department.'?

The measurement of data on these processes and their
statistical use represents a tool of great value in the search
for improvement in their performance.? Statistical process
control (SPC) represents a series of tools among which
control charts stand out. This has traditionally been used
within different industries to improve processes based
on evidence generated by their own data.*

Within the healthcare field, it has been considered a
tool for research and improvement issues,® as a tool for
improving the culture of data measurement,® and even
for improvements in clinical issues.””

There are many statistical tools with endless applica-
tions within the field of biomedical/clinical engineering
to be used in the search for improvement of the efficacy,
effectiveness, and efficiency of its activities.'?

In the same way, there are studies in which tools used
within the statistical control of processes, such as the
Pareto diagram, are deployed to improve the activities of
a clinical engineering department, as Cecchini, Masselli,
et al. described.’ Or the evidence-based maintenance
method proposed by Wang'? in which using data gen-
erated by a medical equipment maintenance program
could modify the entire program itself. However, the use
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of control charts as a complement to traditional statistical
techniques and those associated with quality improvement
may represent a valuable option in the search for effective
evidence-based improvements.

This article aims to exemplify what was previously
explained through the use of SPC tools for formulating
improvement strategies in standardized processes of a
clinical engineering department.

METHODS

The methodology followed can be divided into the five
main phases shown in Figure 1. Only procedures related
to routine verification of medical equipment in different
hospital areas were considered.

To find opportunity areas through SPC, it is necessary
to comply with specific characteristics to be evaluated in
the processes. The first two activities were focused on this:
the definition of criteria, evaluation of these criteria and
selection of procedures to be analysed. The next two phases
correspond to the deployment of the statistical analysis,
first through data capture, followed by the development
of control charts. Finally, based on the results obtained,
improvement proposals were made to the department's
management to be evaluated and, where appropriate,
implemented.

Each phase is explained in more detail below.

FIGURE 1. Followed methodology.
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Definition of selection criteria for the opportunity areas
search was carried out considering the following factors:

« Standardized processes: The selected processes must
be well standardized so that the data collection when
performing them is carried out in a homogeneous
way regardless of the personnel that carries it out,
in addition to having written tools for capturing data
generated during the routine.

e More than nine months of registers: Generated
data by the processes in the lapse of the last nine
months of operation were only considered to have
an extended operation period, so the data reflects
the closest possible reality of the department.

e Percentage compliance greater than 90% on the
scheduled verification routines. The continuity and
quantity of data in the measurements represent im-
portant factors in carrying out the statistical analysis
of the processes since the consistency of the process
with the generated data can be detected.

Once the selection criteria were defined, it determined
which was compliant. Table 1 shows eight standardized
procedures for carrying out verification routines in the
department that met the first two selection criteria.

The routines for the vacuum and medical air systems
imply verifying the work pressures for both hospital
equipment. The operation theatres, intensive care units and
emergency department routines demand the verification
of technical aspects of the medical equipment installed in
those areas, such as correct functioning, autotest, etc. This
equipment ranges from vital signs monitors to stretchers.

Finally, the verification routine of the defibrillators
involves physical and functional verification of all the de-
fibrillators installed within the hospital through autotest
and discharge proof.

After identifying the standardized processes, it verified
the percentual compliance with carried-out routines.
Figure 2 shows the results for this verification, obtaining
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compliance with the criteria in four of the eight processes;
these correspond to:

e Emergency departments
e Defibrillators

e Medical air

e Vacuum systems

TABLE 1. Verification Routines Processes of the Clinical Engi-
neering Department.

FIGURE 2. Percentual compliance of done routines.

These were the procedures on which the statistical
study was studied further using SPC tools.

The next phase of the methodology implied the capture
of the registered data in department formats in the form of
verification sheets in a digital database within statistical
software. In this stage, the types of control charts to be
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used were selected based on the information generated
by the verification routine.

Individual values and Moving range, or I-MR charts, were
selected for medical air and vacuum system verification.
This is due to the measured variable in each verification
routine corresponding to an individual value, not a sub-
group. In this way, the behaviour of the systems can be
explored based on measurements made periodically to
the pressure variable generated by the system itself. The
moving range chart indicates the variability between each
measurement caused by comparing it with the immediate
previous measurement; this information makes it possible
to verify the process stability statistically.

Nonconforming units, also known as NP charts, were
selected regarding the verification routines of medical
equipment in the emergency department and for the installed
defibrillators. This chart evaluates the nonconforming
portion of several measurements made. This chart was
selected because there are a certain number of variables
to be verified in each routine, which may be compliance or
non-compliance. This number is constant in each routine.
Each test variable was categorized depending on its result:
"compliant” in case it was performed without problems
or "non-compliant” in case it presented any detail.

The next phase consists of developing the control charts
and the statistical analysis of the obtained results. Only
[-MR charts were generated for the verification routines
of the medical air and vacuum system; this is due to the
results obtained that denote procedures in statistical
control and it was not necessary to explore further.

Regarding the defibrillator verification routine, derived
from the results obtained, the decision was made to go
deeper through a Pareto diagram to make an improve-
ment proposal that could impact the department's work.

Finally, in the case of the emergency area and derived
from the results obtained, it was not necessary to carry
out a significant analysis to make proposals.

After the analysis of the obtained results, proposals for
improvements in the processes of the clinical engineering

J Global Clinical Engineering Vol.6 Issue 1, 2023

department were formulated. All based on evidence from
the same information that this department generated.

RESULTS

Figure 3 shows the NP chart obtained for the emergency
department's equipment verification routine. It can be
seen that the upper control limit is located at a value of
1.008, which indicates a maximum of one non-conformity
found per verification routine carried out in the period
analysed. The nonconforming portion is located at the value
of 0.093, which corresponds to a value of less than one
non-conformity per verification routine performed. Lastly,
the lower control limit is located at zero and corresponds
to zero nonconformities found by the verification routine
as the minimum value in the evaluated period. Within the
presented values in the measurement period, only two
values can be found in the upper control limit and one
outside said limits. The value outside the control limits
indicates two nonconformities in a verification routine.
This value is considered atypical due to the stable trend
of the evaluated process.

The emergency department dynamics implies an
active role on the part of the equipment user in terms of
continuous verifications; this is due to the high patient
turnover in the service. This is reflected in the data in the
control chart, and it is difficult to find technical failures
related to the equipment.

Regarding the verification routines for hospital de-
fibrillators, Figure 4 shows the obtained results. It has
a value of 3.45 for the upper control limit, zero for the
lower control limit, and 0.79 for the fraction nonconform-
ing. The chart interpretation indicates that, on average,
there can be a maximum of between 3 and 4 technical
failures per verification routine for the 15 equipment
distributed throughout the hospital, approximately one
failure per routine performed, and a minimum of zero
failures found. Two atypical values outside the control
limits are identified, carrying out a study regarding the
type of failures that led to these values; a special situation
was detected where the supply of printing paper for the
equipment presented a delay in delivery by the supplier.
Derived from these results, it was decided to carry out a
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FIGURE 3. NP control chart for the emergency department.

FIGURE 4. NP chart for the defibrillator verification routines.

deeper analysis that could offer a broader perspective of
the behaviour of this process.

Figure 5 shows a Pareto diagram that identifies the
equipment with the highest number of nonconformities
in the measured period. It can be seen that 80% of the
failures come from five specific defibrillators of the fif-
teen installed. These are installed in the areas of Nursery,
Operating Theatre 1, Radiological Imaging, Emergency
Department and Operating Theatre 2.

Finally, for the case of verification routines of the gas
system, Figure 6 and Figure 7 show the [ and MR control
charts, respectively, for the case of the vacuum system.
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FIGURE 5. Pareto chart for defibrillator failures.

Chart I shows an upper control limit of -13.480 inHg, a
lower control limit of -21.75 inHg, and an average value
of -17.63 inHg. It is observed that there are no values
outside the control limits; for its part, the system was
programmed to operate at a value of -18 inHg, so this
behavior presents reasonable statistical control.

On the other hand, the chart of moving ranges in Fig-
ure. 7 also denotes an excellent statistical control of the
process with only one atypical data outside the control

FIGURE 6.1 chart for the vacuum system verification routines.

limits. Regarding this atypical value, a significant vari-
ation in the hospitalized patient number between one
measurement and another was detected as a possible
attributable cause. This issue caused variability in the
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range of data. However, outside of said identified cause,
the data presents consistency in the statistical control
denoted in the chart of Figure 6.

FIGURE 7. MR chart for the vacuum system verification routines.

DISCUSSION

The data obtained for the selected processes denote
their stability over time. This means the data tends to be-
have similarly except for specific and atypical situations.
However, it would be essential to conduct more extensive
analysis in time. It is suggested to analyse the time of at
least one year of data collection to rule out that the be-
haviour may be affected by temporary issues.

In the case of the verifications of the equipment in
the emergency department and the gas systems, it was
recommended to the clinical engineering department to
extend the time between verifications so that they could
focus their work on other activities that require higher
priority. The stability represented in the control charts
gives the certainty that no values will require monitoring
as closely as it was carried out; therefore, it is possible to
carry out fewer verifications with the certainty that the
processes work correctly. If problems arise from imple-
menting this strategy, it would be convenient to return
to close monitoring.

Regarding the results obtained from the verification
process of the hospital defibrillators, a proposal was made
to the clinical engineering department to reinforce the
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monitoring of the equipment that represents the largest
number of failures to control the nonconformities that the
equipment could present. When dealing with life support
equipment, a failure at the time of the operation could
have serious consequences.

Once the failures have been solved or the processes
regarding the nonconformities presented have been
controlled, it could be considered to return to the weekly
verifications or extend the time between them.

CONCLUSIONS

The results show good general statistical control for
the selected processes. Based on these data, it can be
assumed that the proposed strategies respond to real
situations that occur in hospital operations.

However, it is important to highlight that the process
selection was done to comply with the necessary char-
acteristics mentioned for the data. The standardized
collection of data and sufficient data over time encourage
the behaviour description of the process to be as similar
to reality as possible. In this context, it is possible to
make effective suggestions for improvement strategies
based on evidence, in the opposite case for the other
processes whose data was insufficient to develop the
tools satisfactorily.

Accomplishing all the data characteristics, statisti-
cal process control arises as an effective strategy for
evidence-based efficiency improvement in the clinical
engineering department.

The proposals to the clinical engineering department aim
to guide its operation toward the needs detected through
the statistical analysis of its generated data. If they were
developed with insufficient or incorrect information, it is
possible that the improvement strategies had been guided
towards incorrect guidelines and were not effective.

Similarly, modifications could be considered to be done
to all the department's verification processes so that while
the verification times are prolonged in some of them, in
others, they become more constant, focusing on priority
points and detection based on evidence. However, it would
be necessary first to achieve the correct standardization
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of each process and capture sufficient data over time to
deploy the same strategy.

Finally, it could be considered to go even deeper into
the analysis of the statistics generated through individual
studies of the non-conformities found. Through a categori-
zation by type of non-conformity, improvement strategies
regarding verification routines could be directed toward
more specific issues.

ACKNOWLEDGMENTS

The research team acknowledges biomedical engineer
César Gonzalez for giving access to the clinical engineering
department data to elaborate on this work.

REFERENCES

1. Correa M, Villalba MP, Garcia JH. Protocolos para eval-
uacion de desempefio en equipos médicos. Revista
Ingenieria Biomédica [Internet]. 2017; 11(22):65-71.

2. LiJ, Mao Y, Zhang ]. Maintenance and Quality Control
of Medical Equipment Based on Information Fusion
Technology. Computational Intelligence and Neuro-
science [Internet]. 2022.

3. Sherwood MK. Quality Assurance in Biomedical or
Clinical Engineering. Journal of Clinical Engineering
[Internet]. 1991;16(6):479-83.

4. Ropella KM. Introduction to Statistics for Biomedical
Engineers. Synthesis Lectures on Biomedical Engineer-
ing. Cham: Springer International Publishing; 2007.

5. Benneyan |JC. Statistical process control as a tool for
research and healthcare improvement. Quality and
Safety in Health Care [Internet]. 2003; 12(6):458-64.
Available from: https://qualitysafety.bmj.com/
content/12/6/458

35

6. Barefio]. GUTA PEDAGOGICA CONTROL ESTADISTICO
DE PROCESOS COMO GENERADOR DE UNA CULTURA
DE LA MEDICION EN LAS ORGANIZACIONES DE SALUD
(IPS) [Internet]. 27-87

7. Govindarajan R, Llueguera E, Melero A, Molero ], Soler
N, Rueda C, et al. El control estadistico de proceso
puede ayudar a prevenir los errores de tratamiento
sin aumentar los costes en radioterapia. Revista de
Calidad Asistencial [Internet]. 2010; 25(5):281-90.

8. van de Glind EMM, Willems HC, Eslami S, Abu-Hanna
A, Lems WE, Hooft L, et al. Estimating the Time to Ben-
efit for Preventive Drugs with the Statistical Process
Control Method: An Example with Alendronate. Drugs
& Aging. 2016; 33(5):347-53.

9. Baker AW, Haridy S, Salem ], Ilies I, Ergai AO, Samareh
A, et al. Performance of statistical process control meth-
ods for regional surgical site infection surveillance: a
10-year multicentre pilot study. BM] Quality & Safety.
2017; 27(8):600-10.

10.Ropella KM. Introduction to Statistics for Biomedical
Engineers. Synthesis Lectures on Biomedical Engineer-
ing. Cham: Springer International Publishing; 2007.

11.Cecchini A, Masselli GMP, Silvestri S. Evaluation
and optimization of CES performances: application
of Pareto principle to KPIs. Glob Clin Eng ] [Inter-
net]. 2021;4(1):14-21. Available en: http://dx.doi.
org/10.31354 /globalce.v4i1.87

12.Wang B. Evidence-Based Maintenance of Medical
Equipment: An Outcomes-Based Method of Keeping
Medical Equipment Safe and Reliable,1st edition. USA:
Independently Published. 2019.

J Global Clinical Engineering Vol.6 Issue 1, 2023


http://www.globalce.org
http://www.globalce.org
https://qualitysafety.bmj.com/content/12/6/458
https://qualitysafety.bmj.com/content/12/6/458
http://dx.doi.org/10.31354/globalce.v4i1.87
http://dx.doi.org/10.31354/globalce.v4i1.87

Received August 16, 2023, accepted November 18 2023, date of publication December 6, 2023

Clinical Engineering and health policies in Venezuela:
challenges and achievements in a changing political context
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ABSTRACT

This article summarizes the evolution of clinical engineering in Venezuela and its interaction with the political environment
and health policies.

Method: The study consists of a comprehensive review of publications from the Health Technologies Management Unit of
Simo6n Bolivar University throughout 1992-2023, organized into three thematic areas: Technological and Environmental; Rela-
tionship with Public Health Policies; and Influence of the Political System.

Conclusions: The early history of clinical engineering in Venezuela stands out for its impact on training and technological
management to ensure quality and efficiency in the Venezuelan healthcare system. In the first area, it demonstrated the potential
for improvement in medical technologies, generating high expectations. The second area focuses on the relationship between
technologies and health policies, emphasizing the need to align public policies and technological management. However, challenges
identified include the lack of evaluation and selection of appropriate medical technologies and political influence in acquisitions.
The third area addresses political influence on the quality of medical care, emphasizing the importance of considering political
and technological aspects in decision-making.

Keywords - Clinical engineering, health technology, public policies, political systems.
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INTRODUCTION

Venezuela’s humanitarian crisis, the resurgence of
vector-borne diseases, and the implications of contagion
in the region are well known [1]. What is little known is
the struggle of the Health Management Unit to improve
medical technologies. Health Technologies are attached to
the Research and Development Foundation of the Simén
Bolivar University (UGTS-USB).

For the last 30 years, UGTS-USB has conducted clinical
engineering research. In this article, we will share how
these investigations have been enriched thanks to the
interaction with other areas of knowledge in a context
marked by the political situation in Venezuela, like many
Latin American countries. However, we want to point out
that this experience is in Venezuela. The desire is to make
known a little-known reality.

Our contribution in this field is especially relevant due
to the challenges we have faced when researching in a
country that has gone from a fragile democracy (1992-
1999), authoritarianism (1999-2018), and finally, a dicta-
torship (2019 to the present). Initially, our focus focused
exclusively on technology and the environment, aiming to
develop technical capabilities and solve problems around
clinical engineering. However, we soon realized that it was
crucial to understand and consider the country’s political
system to have any impact on society.

Therefore, we broadened our perspective and under-
stood that technologies originate through public health
policy. In this way, our research took a new direction,
incorporating health policy study, evaluation, and analysis.

This more holistic understanding allowed us to gener-
ate greater value in our research and, most importantly,
better understand the results obtained for the national
and international organizations requesting our work. By
considering the country’s political context, we were able to
interpret the results of our contributions more accurately
and how these may or may not be accepted to contribute
to improving the health system in a challenging environ-
ment, as is often the case in countries of Latin America.
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METHODOLOGY

The study consists of an exhaustive review of UGTS-USB
publications covering the period 1992-2023, categorizing
them into three thematic areas:

We focus on advancing technical capabilities in the
field of clinical engineering. We explore how these capa-
bilities have delivered tangible results, particularly in a
democratic context.

This area delves into the integration of health technolo-
gies into public policies. Examines how this integration can
influence the application and utilization of technologies,
especially in a politically authoritarian system.

The third area focuses on analyzing how the political
system, particularly a dictatorship, impacts the perfor-
mance of public policies.

Since the article is a narrative, Table Number 1 is pre-
sented to analyze the essential elements that characterize it.

TABLE 1. Fundamental Elements of the Article Narrative.

Characters

The Health Technologies Management Unit
(UGTS-USB), affiliated with the Research and
Development Foundation of Simén Bolivar
University, is the central figure in this narrative.

Protagonist

During the research period, governments
emerged as the primary antagonists. In
secondary roles, national institutions, private
companies, organized social entities, and non-
governmental and international organizations
that commissioned the research also feature,
each playing a role that adds complexity to the
narrative.

Antagonists

Setting

Place Venezuela, located in South America.
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;':rtiggca' 1992-2023
Political Fragile democracy (1992-1999),
conditions authoritarianism (1999-2018) and finally a
dictatorship (2019 to present).
The decrease in university salaries in the last
Social 22 years in Venezuela reaches historic levels.
conditions At the end of 2001, a full-time professor had a
of the salary equivalent to about $2,440. For January
protagonists 2023, the salary of a top-level and dedicated
teacher is $26.14, calculated at the official rate
of the Central Bank of Venezuela (BCV).

Mood

During the democratic period, hope, optimism, and
confidence defined our days, even facing challenges. The
transition to authoritarianism plunged us into a sense of
“amazement” as we witnessed foreign professionals taking
precedence over Venezuelans. In the dictatorship phase,
tension gripped us. Regime sympathizers closely monitored
the execution of projects with international organizations
within hospitals. Aware that we could face disappearances
or imprisonment upon completing our tasks, we lived under
constant pressure. However, we keep the hope alive for a
return to democracy in Venezuela and eagerly anticipate
contributing to improving our healthcare system.

In the democratic period, access to
information was relatively straightforward.
Yet, during authoritarianism, although

we could gain entry to health institutions,
formal requests for information often went
unanswered. The challenge escalated during
the dictatorship when we lacked access

to public institutions and information.

When access was finally secured during the
dictatorship, it came through international
organizations, with the commitment to
maintaining information confidentiality—no
direct or indirect disclosure to third parties
without the prior written consent of the
Contracting Party. The possession of sensitive
information directly impacting the health of
Venezuelans, coupled with the inability to
disclose it, poses an ethical and moral conflict.
Nevertheless, we maintain hope that these
highly esteemed organizations will carry out
effective work.

External

Style

Theme

This article summarizes the evolution of clinical engineering
in Venezuela and its interaction with the political
environment and health policies.

Point of view

We opt for the first person, identifying ourselves with the
acronym UGTS-USB. This approach immerses us in an
intimate perspective, allowing us to explore the thoughts
and emotions of the Management Unit throughout its
research journey.

We adopt a realistic approach reflected in the faithful and
detailed representation of reality over time, as depicted

in our published research. Our narrative authentically
portrays everyday life and organizational dynamics. Before
publication, many of our investigations underwent public
discussions, hoping they would be subject to contradictions
and debates, fostering a broadening of perspectives.
However, our resource constraints and the necessity to meet
established deadlines added an additional challenge to this
process.

Conflicts

During the democratic era, internal
harmony prevailed as we all belonged to
the engineering field. However, resistance
surfaced within the group with the onset of
authoritarianism and the incorporation of
areas related to public policies and knowledge
of political systems. This juncture evolved
into a phase of discussion and analysis,
highlighting the imperative to address
conflicts and integrate specialists in those
areas.

Inside the
UGTS-USB
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: table prepared by the researcher. Information

on social conditions can be detailed in: Human Rights
Observatory (2023), on its website.

HISTORICAL BACKGROUND

The early history of clinical engineering in Venezuela

is characterized by three fundamental milestones that
have shaped its evolution. In the 1970s, a technical health
training program known as “Hip6lito Unanue” was estab-
lished, which impacted not only Venezuela but throughout
Latin America, laying the foundations for the training of
personnel in the management of technologies. In 1993, a
survey conducted among engineers from the Foundation
for the Maintenance of Medical Assistance Infrastructure
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(FIMA) revealed the pressing need for training in medi-
cal devices, underscoring the importance of continuous
training in this constantly evolving field.?

However, the highlight was the introduction of clinical
engineering in Venezuela in 1992 under the visionary
guidance of Professor Luis Lara Estrella. His focus on
technological management as an integral part of health
care led to the creation of the Health Technology Manage-
ment Unit (UGTS), which became a fundamental pillar in
optimizing technological aspects in health institutions. His
definition of clinical engineering as integrating various
engineering and management processes, seeking effi-
cient and effective technological management with high
availability and satisfaction, reflected the holistic vision
necessary to ensure quality and efficiency in medical care.?

These historical milestones marked the beginning of
clinical engineering in Venezuela and underlined the crucial
relevance of technical training in health. The combination
of technical training and sound technological management
became the cornerstone to ensure the quality, availability,
and efficiency of medical infrastructure and devices used
in the country’s health system.

RESULTS

In the first area, which spanned since 1996, the Vene-
zuelan health system observed a push toward technological
and environmental modernization. A notable milestone
was the transformation of the JM de Los Rios Children’s
Hospital into an autonomous service as part of the de-
centralization of the health system. The newly assumed
administration decided to work with the UGTS-USB to im-
prove the hospital’s technological capacity, which resulted
in a significant increase in the hospital’s operational level,
rising from 26% to 64% in just one year.* The operational
level refers to recovering installed technologies, which
require corrective maintenance.

The fundamental points that generated this positive
and encouraging result have to do with a) financing; b)
political decentralization; c) transparency, by having
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scrutiny by the press or any interested organization;
and d) the link between the hospital authorities (public
world), the university (knowledge), and the private world.

On the other hand, the European Community generously
offered financing to continue the modernization process.
However, the political dynamics changed under the new
administration led by Mr. Hugo Chavez. The proposal
to involve the Cuban government in the project caused
disagreements and tensions, ultimately preventing this
opportunity from materializing. This disruption nega-
tively impacted the hospital’s ability to provide quality
care to patients by limiting their access to technology
and resources that would have significantly improved
medical services.

To understand the decision of President Hugo Chavez,
to create a new healthcare model in Venezuela, directed
and inspired by Cuba; An investigation was carried out
with another group of colleagues from the USB. One of the
most important conclusions was that the quantitative data
found did not allow for measuring the impact of the Cuban
mission, expressed in the population’s improvements in
health conditions and the prevention of diseases.®

In 2001, an evaluation of the Ministry of Health’s main
hospitals revealed a common deficiency in their techno-
logical management, highlighting recurring problems in
key areas such as the electrical system, elevators, and air
conditioning systems. This lack of adequate technology
management posed significant challenges to providing
an optimal healthcare environment.®

In 2019, evaluations were carried out in two hospitals
in Caracas by the UGTS-USB, under the observation of in-
ternational organizations. Although the results were not
published due to confidentiality requests, it can be noted
that the hospital infrastructure experienced a deteriora-
tion concerning the evaluation narrated in the previous
paragraph. This decline was exacerbated by a drinking
water shortage and environmental sanitation deficiencies
resulting from inadequate cleaning practices. Additionally,
a worrying 23% rate of healthcare-associated infections
was recorded. The work was presented to the country’s
health authorities and international organizations.
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In 2001, the Essential Public Health Functions (FESP)
of the Ministry of Health of Venezuela were evaluated.
“Guarantee and improvement of the quality of individual
and collective health services” obtained the lowest score.”
These results highlighted the importance of addressing
technology management in health policy planning. These
results prioritized our future work.

The UGTS-USB prioritized the creation of a protocol
for the evaluation of medical devices, which, after its
development, obtained approval from the Ministry of
Health as official policy. However, despite these established
regulations, devices purchased by public entities do not
undergo evaluations before use, raising concerns about
the effective implementation of such a policy.® Likewise,
it should be noted that the medical devices used and ac-
quired by Cuba were not subjected to evaluation either.

The UGTS-USB included the incorporation of the envi-
ronmental aspect in the studies. The disposal of hospital
waste and mercury by dental personnel were evaluated.
The findings pointed out deficiencies in waste management
and potential health risks in the hospital environment,
underlining the importance of addressing environmental
aspects in the management of technologies.**°

In 2013, a study carried out in collaboration with an oil
company exposed the relationship between technological
management and health infrastructure by identifying
damage to medical equipment due to fluctuations in the
electrical supply. This example highlighted the systemic
challenges in technology management and its impact on
public service delivery.!!

Finally, with the emergence of the COVID-19 pandemic
in 2020, the capacity for collaboration between health
organizations (private clinics), private companies, and
universities in creating essential medical devices was
demonstrated. The response to the crisis led to the
development of mechanical ventilators and protective
equipment prototypes, evidencing the importance of
clinical engineering in critical moments of public health.
Although the work was presented to the Red Cross and
communication was maintained with government enti-
ties, the expected viability was not achieved, highlighting
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possible challenges in promoting and accepting innovations
in the health system.113

These episodes highlight the evolution of clinical
engineering in Venezuela over the decades, marked by
technological advances, political challenges, and the im-
portance of technical training and effective management
to ensure quality and efficiency in medical care.

Research and health policies adopted by developed
nations significantly influence public health strategies
in developing nations. Typically, this process involves
adaptation, collaboration, and consideration of local
needs. Effective public policies in health must be based
on scientific evidence, local context, and international
collaboration.

Our first work on this topic took place in 2003, in col-
laboration with the Venezuelan Society of Cardiology, when
the institutional performance of a Cardiology service was
evaluated from 1990 to 2000. This analysis found that the
service complied with 73% of the guidelines established
by the American College of Cardiology and the American
Heart Association (AHA)." It should be noted that techno-
logical considerations were not addressed in this study.

In 2004, we developed a conceptual and methodo-
logical proposal in the context of a medical technology
management project sponsored by the Ministry of Health.
The main objective was to establish coherence between
public health policy and medical technology management.'

Subsequently, after a year of studying the health system
in France at the University of Nancy, we wrote an article
in 2005 to conceive a political-management model, sup-
ported by two specific experiences: a) the execution of
projects in various health institutions in Venezuela and
b) an in-depth analysis of the European health system,
particularly the French system.!¢

Our approach is built on a series of crucial steps that
allow for a more effective and sustainable intervention:
defining objective morbidity and mortality, analyzing the
determinants of health, evaluating current public health
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policies, delimiting the geographic and local context, and
selecting the relevant technologies. Without a doubt, it
is imperative to have the participation of all the actors
involved to carry out this work.

Delimiting the geographical and local context is essen-
tial due to the great differences in Venezuela. Our study
considers data from various sources and finds relevant
differences between territorial entities when designing
national public policies based on evidence.!’

Throughout our work in public health policies related
to the cardiovascular system, we have observed a lack of
evaluation and even less in selecting appropriate medical
technologies. In this sense, it has been identified that the
acquisitions of technologies after 1999 have been carried
out through agreements with ideologically related allied
nations. In many cases, they are selected by another coun-
try without due evaluation of their quality and relevance.

An example of acquisitions from ideologically related
countries was observed in the adoption of radiotherapy
and nuclear medicine rooms in 19 public centers through
a bilateral agreement with Argentina in 2011. This agree-
ment revealed that numerous pieces of equipment lost
their five-year maintenance guarantees because they were
at customs. In addition, several regulations related to ra-
diotherapy and those of the Health Comptroller’s Office
were not complied with. Unfortunately, the clause relating
to the training of human resources was not adhered to.'®

In October 2000, the Cuba-Venezuela Comprehensive
Cooperation Agreement was established, a strategic mech-
anism that would impact both countries’ health, economy,
education, sports, and culture. The relationship between
them is determined by two fundamental variables: politics
and economics.

In the political sphere, both nations share a socialist
ideology. However, economically they seek progress
through cooperative advantages, through the exchange
of goods and services according to their respective ca-
pabilities. Venezuela provides oil, while Cuba provides
its human capital.”®
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If we focus on the technological aspect in the health
area, although Venezuela has its own human resources, as
a financial provider, it could be expected that its person-
nel would have a dominant position in the relationship.
However, it is totally passive. Currently, due to the eco-
nomic situation that Venezuela is going through, experts
warn of a notable technological lag in the field of medical
technologies. More than 60% of medical equipment is
estimated to be obsolete.?’ No other situation could be
expected because, in both authoritarian and dictatorial
periods, the positions of the Venezuelan specialists who
had decision-making were postulated, not because of
their capacity but because of their ideological affinity.

Other specialists think that the Venezuelan govern-
ment found in Cuba great support to develop its regional
political project, involving the military sphere to remain
in power, avoid uprisings, and fight against internal op-
position and international pressure that advocates for a
regime change in Venezuela.?!

We are fully aware of the importance of considering
political and technological aspects when making sound
decisions. For a broader understanding, it is enriching to
examine the work of Togerson.*

An illustrative example is evident in evaluating the
quality of cardiology services in a hospital during the
study period (1990-2009). In the first stage (1990-1999),
adecline in the quality of care is observed, decreasing from
73% to 58% in the second stage (1999-2009), influenced
by two contrasting political systems.?

In the second stage, despite implementing improve-
ments in the environmental setting and acquiring medical
devices (unfortunately, we lacked information on the entity
responsible for these acquisitions and on the evaluation
of the quality of these devices, in compliance with Health
Oversight), a decrease in the quality of medical care was
observed. The increase in coverage by 75%, without con-
ducting fundamental studies to structure the local care
offering [16] effectively, resulted in a decline in quality.
The results were shared with authorities and patients. In
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2014, hospital authorities decided to revert to the same
coverage they had in 1999, indicating a lack of prepared-
ness to manage a 75% increase in the population served
in the second stage.

Likewise, we conducted a comparative analysis of the
management status of the JM de Los Rios Children’s Hos-
pital about its situation two decades ago (1996-2016). In
1996, a significant improvement in operational capacity
was evident, increasing from 26% to 64%. However, by
2016, a reduction in operability was observed, falling
below 25%. Additionally, unsanitary conditions were
identified, such as contamination of freshwater sources.?*
[tis worth mentioning that, in 1999, despite the European
Community seeking collaboration on the technological
improvement project alongside the USB, this initiative
did not receive government approval.*

These unsanitary conditions, among other pieces of
evidence, were used by the non-governmental organiza-
tion “Prepara Familia” to request the adoption of meas-
ures to protect the rights to life and personal integrity of
the children hospitalized at the J]M de Los Rios Hospital.
Consequently, in February 2018, the Inter-American
Commission on Human Rights (IACHR-0AS), in its Reso-
lution 8/2018, issued precautionary measure No. 1039-
17, which was expanded in Resolution 43/2019 dated
August 21, 2019.2526

In 2018, we shared our first experience with an or-
ganized civil society that had the desire to collaborate in
improving the healthcare system in their municipality.
UGTS-USB gathered information and transformed it into
a “Social Agenda” aligned with the Constitution. Subse-
quently, this agenda was discussed with various regional
social and political stakeholders.?” The regime rejected
the support.

Later, with the support of an international agency
(which we are prohibited from identifying), we managed to
secure adequate funding to improve the living conditions
of healthcare professionals in the locality. Subsequently,
the Civil Association took the initiative to create its own
spaces to provide medical care to the region’s citizens.
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In 2021, two international organizations hired UGTS-
USB to conduct research to assess the situation of hospi-
tals. However, restrictions limiting the disclosure of the
resulting information made it impossible to make the
obtained results public. We do not want to speculate on
the reasons for this limitation. Nevertheless, it is important
to note that censorship impacts the discussion of issues
concerning the problems in Venezuela in the context of
a dictatorial government situation.

Finally, based on our experiences, we propose conduct-
ing “Longitudinal Analysis of the Intersection between
the Political System, Public Policies and Technological
Management in the Context of Health”, abbreviated as
“policy-tech.” However, the challenges we face in this type
of research are notable, especially regarding information
acquisition.

Describing a political system seems like a relatively
accessible task. When it comes to public policy, a review
of medical records (when possible) reveals a loss of 47%
of such records. However, collecting technological infor-
mation in a longitudinal analysis is the real challenge.
Critical data such as annual inventory, operational status
of the equipment, life history of the equipment, operation
and maintenance manuals, experience evaluations of
technical personnel, selection procedures, and contracting
of service companies, among other fundamental aspects,
are non-existent. The absence of this data represents a
substantial obstacle to achieving a complete and accurate
evaluation.

Exploring the works cited in our bibliography pro-
vides suggestions for addressing these challenges. For
example, in public policy, we seek guidance from sta-
tistical experts. Regarding technological management,
we condense our strategies into the following activities:
identify colleagues or companies with experience in the
institution, carry out systematic literature reviews, and
establish dialogues with doctors, nurses, and technicians
who manage these technologies. Notably, many of these
institutions had been previously evaluated by the UGTS-
USB, which allowed comparisons to be made that would
facilitate decision-making.
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CONCLUSION

The health system is suffering degradation as a dic-
tatorship consolidates, resulting in a currently complex
humanitarian crisis. While the general situation is widely
recognized, the clinical engineering narrative is poorly
understood.

Clinical engineering in Venezuela is characterized by
three fundamental milestones: the establishment of the
“Hipo6lito Unanue” technical health training program in
the 1970s, laying the foundation for medical technology
training throughout Latin America; the introduction of
clinical engineering in 1992 under the visionary direction
of Professor Luis Lara Estrella, focused on comprehensive
technological management in health; and the evolution
towards technological and environmental modernization
of Venezuelan hospitals, although hindered by political
challenges and inadequate management.

In the first realm, clinical engineering in Venezuela
experienced notable technological advancements, polit-
ical challenges, and the constant need to adapt to ensure
quality healthcare. Collaboration between the public and
private sectors and efficient management emerge as crucial
elements to overcome these challenges.

The second domain underscores the importance of
coherence between health policies and technological
management, the necessity of considering the local con-
text in policy formulation, and the challenges associated
with technology acquisitions lacking proper evaluations.
Additionally, the strategic relationship with Cuba has sig-
nificantly influenced the landscape of clinical engineering
in Venezuela.

The third domain highlights how political changes
can directly impact healthcare quality. Instances such
as the decline in the quality of cardiology services, the
management of JM de Los Rios Children’s Hospital, and
collaboration with civil society emphasize the complexity
and challenges associated with the interaction between
the political system and public health. The presence
of censorship in a dictatorial context underscores the
limitations in discussing and evaluating the healthcare
situation in Venezuela.
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Finally, the narrative underscores the imperative of
overcoming challenges in the “policy-tech” research.
However, the lack of essential data poses a substantial
obstacle. Nevertheless, it is recommended that these
challenges be addressed by exploring cited works in the
bibliography. In the realm of public policies, seeking the
expertise of statistical experts is suggested to overcome the
loss of records. For technological management, concrete
strategies are proposed, including locating colleagues or
companies with experience in the healthcare institution,
conducting systematic literature reviews, and engaging
in direct dialogues with healthcare professionals.

The mention of previous evaluations by UGTS-USB
provides valuable insights to facilitate future decisions.
A proactive and collaborative approach is emphasized to
tackle the inherent challenges in the proposed research.
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ABSTRACT

Background: In recent years medical technology has progressed with the rapid development of medical services and required
optimization of medical equipment. However, a lack of effective management methods has led to the inefficient use of medical
equipment. Therefore, an effective medical equipment management mode is urgently needed to address these problems and
challenges.

Methods: The Internet of Things and digital twin technology are applied to intelligent medical equipment management as
the current standard of medical equipment management.

Results: The intelligent perception terminal can realize the dynamic acquisition of real data, such as the location, process, and
efficient use of medical equipment, and help carry out digital, networked, and intelligent monitoring and analysis. Meanwhile,
applications such as dynamic management software, real-time positioning software, and space-environment quality monitoring
software are being developed.

Conclusion: Automatic, intelligent, and visual management of medical equipment configurations, operations, and performance
evaluation, combined with good management based on digital twinning, can improve collaborative management efficiency and
operation resource support.

Keywords - Internet of Things, Medical equipment, Digital Twin Technology.
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INTRODUCTION

Throughout the past, the history of human society is a
history of struggle between human beings and diseases.
From blood-letting therapy in ancient times to modern
medicine based on scientific experiments, the health industry
has gradually become an incredibly complex system with
deep integration of multiple sectors. New technologies
such as cloud computing, big data, artificial intelligence,
5G, biotechnology, and detection-based technology con-
tinue to develop and mature, and the intelligent modern
health industry, based on new technologies, is booming
with increasingly high requirements for rational alloca-
tion of medical equipment. At a time when the quality of
information provided by medical device management is
poor and facing many challenges, the Internet of Things
(IoT) improves the ability to transfer important healthcare
data in the new century. However, most existing hospitals
have adopted IoT technology to track patients’ health
status, and there is a lack of understanding of the use
of IoT technology for medical equipment management.
Secondly, a hospital’s nature determines that medical
equipment use may change at any time, so an effective
dynamic management mode for medical equipment use
is urgently needed.*

Medical equipment is the core component of medical
resources and is very important to the quality of medical
service and the health protection of the people. Intelligent
management of medical equipment resources plays a cru-
cial role in the scientific and effective rational allocation
of medical equipment resources.>

Traditional medical equipment management has the
following pain points and difficulties3:

1. Therapid development of technology has led to a wide
range of equipment, clinical needs, users, supervisors,
and management personnel involved in the equipment’s
use and allocation;

2. Thelocation and ownership of medical equipment are
scattered, which leads to inconsistency between the
physical object and their recorded use.

3. The overall level of medical equipment asset manage-
ment in most hospitals is weak due to the monopoly of
technical data of imported products, alack of real-time
management information, insufficient allocation of
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professional personnel, and an emphasis on procure-
ment over maintenance;

4. The long product cycle of medical equipment and
heterogeneous and complex types of information sys-
tems and data sources make it impossible to develop
accurate and dynamic statistical analyses of medical
equipment data configuration and use benefit, effi-
ciency, and effect.

Some hospitals have affixed asset bar codes to medical
equipment, reducing labor intensity to a certain extent and
improving efficiency. However, problems, such as difficulty
in accurately positioning equipment, the overallocation of
equipment, and untimely deployment, lead to low work
efficiency and high error rates. Hospital managers face a
difficult problem in breaking through the bottleneck of
extensive traditional manual management.

The development of 5G, IoT, mobile Internet, industrial
Internet, and other technologies has provided technical
support for the refined management of medical equipment
and new solutions for intelligent management.*? Medical
equipment exists as “things,” 10T is a self-information
expression and management method based on “things”
itself. The earliest idea for the “Digital Twins” is an “Infor-
mation Mirroring Model,” named by Michael Grieves of the
University of Michigan, also known as digital mapping. In
2012, the National Aeronautics and Space Administration
gave the concept description of digital twinning: Digital
twinning refers to integrating multi-disciplinary and
multi-scale simulation processes by fully using physical
models, sensors, operation history, and other data. As the
mirror image of the physical product in the virtual space,
it reflects the “whole life cycle process” corresponding
to the physical product. In 2021, Pylianidis et al. pointed
out that digital twins are being adopted by increasingly
more industries, transforming them and bringing new
opportunities.® To summarize, a digital twin is a dynamic
digital clone created for one or more devices or systems.?
[tis possible to use IoT and digital twin technology to help
managers manage medical equipment.

This paper discusses a medical equipment manage-
ment system based on IoT and digital twin technology.
The overall technical design architecture includes 5G
networking, cloud on medical equipment asset data, and
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medical operation support resource coordination man-
agement platform based on spatial digital twin. Promote
the development of medical equipment management in
the direction of intelligence and automation. This man-
agement system has been tested in practice during the
COVID-19 pandemic, which has infected many people
worldwide and overwhelmed healthcare systems. Life
support equipment is important as the “main force” of
this outbreak. Use the medical equipment management
mode based on IoT and digital twin technology to grasp
the use of life support equipment in real time, including
but not limited to Airvo series respiratory humidifiers,
ECG monitors, and other medical equipment. Therefore,
the life support equipment of clinical departments is coor-
dinated and deployed, providing a sound decision-making
basis for the rational allocation of medical equipment and
greatly reducing equipment redundancy.

METHODS

To solve the problem of efficient hospital medical
equipment management. We will fully use 5G and IoT,
combining mobile Internet, big data, and cloud computing.
A smart management platform for medical equipment
in the IoT has been built.*® The overall technical design
architecture includes 5G networking, cloud on medical
equipment asset data, and a medical operation support
resource coordination management platform based on
spatial digital twinning, as shown in Figure 1.

First, the equipment state perception terminals and
space environment quality perception terminals are used
to complete the field big data acquisition. Then, equipment
networking can be achieved through Bluetooth, WiFi,
cable networks, and other hybrid networking technol-
ogy. A communication connection is established with
the cloud management platform through 5G technology
to complete massive data interaction. Different data
acquisition models are considered for different types of
medical equipment. The data acquisition model completes
training and iterative optimization on the platform side
and is dynamically delivered to the edge node. The edge
node applies the acquisition model to complete data
acquisition and upload. After that, it connects the man-
agement platform, the device management platform, and
the data distribution, storage, and computing platform.

J Global Clinical Engineering Vol.6 Issue 1, 2023

It provides users with dynamic management software,
real-time positioning software, space environment quality
monitoring software, and other applications. Realize the
intellectualization of resources, information sharing, and
interconnection. Finally, the sharing and collaboration
between the mobile and computer ends are realized
through the innovative use of digital twin technology in
hospital buildings, equipment, other physical and virtual
processes, and mechanism modeling. The index system of
multiple dimensions is integrated and presented allowing
managers to make decisions.

5G combined network scheme as the primary support
for application exploration. Realize the operation data
acquisition of hospital equipment assets with ultra-high
frequency and large data volume. The algorithm system
is trained on this basis. With the help of 5G technology,
the application value in medical scenarios can be jumped.
As shown in Figure 2.

Itis deployed in band, protected band, and independent
cellular network carriers with very small bandwidth. Give
full play to the mature technological advantages of nar-
rowband IoT, including strong flexibility and adaptability,
low power consumption, wide coverage, multi-connection,
and low cost. Realize the dynamic management of hospital
equipment assets, location, emergency management, and
other applications.

With edge computing, all data generated by the terminal
need not be uploaded to the cloud data center. Instead,
edge nodes deployed at the network’s edge and process it
quickly. Dynamic recognition of equipment state is carried
out by edge computing. Intelligent status identification and
data reporting are performed directly on the collection
side. It can reduce computing delay, device power con-
sumption, and cloud servers’ power consumption, thus
significantly reducing application barriers and costs. It
gives full play to Mind Evolutionary Computation (MEC),
which is good at searching and solving.'! To realize the
innovative integration of MEC and industrial Internet
data application systems, and gradually realize intelligent
algorithm optimization and online distribution. Realize
the solution of sensitive data in medical institutions, and
realize the security isolation of data within the Intranet.
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FIGURE 1. Systematic structure.

FIGURE 2. 5G networking scheme.
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The key to implementing related applications based on
[oT is to realize the data collection of perception terminal
and the data binding of object equipment assets. Typical
industrial Internet identification of three terminals:

1. Dynamic energy identification is a medical equipment
running state dynamic monitoring terminal. A dynamic
energy marker is deployed for each active medical device.
After the device is powered on, its operating status can be
collected and uploaded in real time as shown in Figure 3;

2. Dynamic environment identification is a monitoring
terminal for the environmental quality of medical space.
With low power consumption and wide area commu-
nication capability, a dynamic environment identifier
is deployed in each medical space to collect and upload
medical space environmental indicators in real time. As
shown in Figure 4;

3. Proactively locating and marking the terminal com-
pletes the space master data binding and distribution.
This combines with the medical device status dynamic
monitoring IoT terminal to achieve the room-level dy-
namic positioning of the equipment and links the data
service to the hospital inventory equipment assets ledger
information and the hospital’s existing equipment assets
deployment for a professional dynamic two-dimensional
code identification. This will build a cloud database of
equipment assets with logos as links. The identification
image information, location image information, original
asset card image information, and other image information
for medical equipment assets are collected. At the same
time, based on the management norms of special medical
equipment, an equipment assets benchmark database,
in line with the latest management requirements, is
established to complete the inventory equipment assets
information.

FIGURE 3. Dynamic energy identification.

J Global Clinical Engineering Vol.6 Issue 1, 2023

FIGURE 4. Dynamic environment identification.

Digital twinning is a digital method to establish a vir-
tual model representing a physical entity. And through
the simulation analysis to simulate the real activities
of these physical entities. The master data model of the
real physical space of medical institutions is established
to complete the datatization of objects such as organi-
zations, hospitals, buildings, floors, rooms, and spaces.
As an effective solution, digital twin technology gives
full play to timely, fast, and intelligent information ser-
vices. The comprehensive use of virtual-real interaction,
data fusion analysis, decision-making process iterative
optimization, and other technical means helps realize
the interactive integration and intelligent control from
physical entity to the virtual digital model and intelligent
management of support equipment location, inventory,
environmental warnings, fault repairs, fault locations,
and other applications.

RESULTS

Fine management based on the IoT and digital twin
can be realized and refined to the room level, improving
data acquisition and transmission coverage and improving
the efficiency of collaborative management of operational
resource support.

[oT terminals are deployed in every room to allow
dynamic monitoring of the room or designated area
for temperature, humidity, pressure, volatile organic
compounds, harmful gasses, particulate matter, and
other parameters. Room-level real-time positioning of
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medical equipment can be realized, as shown in Figure
5. Meanwhile, environmental warnings, electrical safety
warnings, position change warnings, and overall building
temperature information on medical equipment are also
provided.'?

FIGURE 5. Schematic diagram of room-level positioning of
medical equipment.

In the Medical Equipment Maintenance Programme
Overview report, the WHO states that maintenance
steps include identifying fault phenomena and causes,
maintenance, post-maintenance testing, and completing
maintenance reports. Traditional equipment warranties
are reported by telephone; however, maintenance reports
are mainly on paper, which multiple departments must
review and sign. Maintenance information also needs to
be counted manually monthly which is inefficient.

Traditional management methods have been unable
to meet the needs of hospital refinement, digitization,
and network management.'* The system can realize
the whole process management from repair reporting
to maintenance and evaluation through code scanning,
quickly locate the repair reporting area, and objectively
record the fault phenomenon, maintenance emergency,
response time, process, and quality, which allows the
development of an annual maintenance report.

3D visualization of medical equipment deployment
service position and state was realized based on digital
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twin. Digital twinning of hospital building appearance,
hierarchical structure, and other factors is carried out
to integrate medical equipment positioning, energy ef-
ficiency, and other IoT data.'* As shown in Figure 6, the
user can monitor queries, viewpoint adjustments, and
scene switches, strengthening closed-loop traceability
management.

FIGURE 6. The hospital-integrated management platform
based on digital twin.

On December 5, 2022, the Shanghai epidemic was
lifted, and the number of patients with respiratory tract
infections increased sharply. The utilization rate of life
support equipment in hospitals, especially Airvo series
respiratory humidifiers, has grown rapidly. Considering
that the use status of medical equipment changes in real
time, this paper takes the monitoring situation of a res-
piratory humidification therapy instrument in Shanghai
Sixth People’s Hospital at 10:00 a.m. from December 1,
2022 to December 30,2022 as an example. The monitor-
ing of equipment used in the system is shown in Table
1. The system can not only display the use status of the
device in real time, but also realize accurate positioning
synchronously. This ensures the prompt deployment of
the unused devices from Department A to Department B,
shortening the deployment time from 30 minutes to about
10 minutes. It helps decision-makers realize online, net-
worked, and intelligent medical equipment management,
replacing traditional manual paper records. Reduce the
repeated purchase caused by unreasonable allocation of
medical equipment, improve the efficiency of equipment
use, and improve the efficiency of cooperative management
of operational resources.
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TABLE 1. Monitoring Situation of Airvo Series Respiratory Hu- CONCLUSION

midifiers Used in the Whole Hospital from December 1% to De-
cember 30™ at 10:00 AM Sharp The configuration and optimization of medical equip-

ment, especially life support and other large medical

equipment, is an important task of hospitals. The basis of
. Actual |Available | Quantity . . .
Time ; c - Usage rate good resource configuration management is to grasp the
quantity | quantity | in use . . .
actual running status of the current device completely in
December 1 37 36 10 27.78% real time. Provide an objective basis for device configu-
December 2 37 36 1 30.55% ration to support configuration decisions.'>"* This paper
Decermber 3 37 37 10 27.02% proposes a pew me.(%wal equlpment management mode.
Compared with traditional medical equipment management,
December 4 37 37 12 3243% this mode not only realizes the information of archives
December 5 37 36 28 77.77% simply with the help of the [oT and digital twin technology.
December 6 37 37 28 75.67% It is important to ensure the real-time dynamic update
and maintenance of medical equipment to improve the
December 7 37 36 33 91.67% . . . . .
management efficiency of hospital medical equipment to
December 8 37 37 35 94.59% boost the continuous development of hospital medical
December 9 46 46 40 86.96% treatment, teaching, and scientific research.
December 10 46 46 44 95.65%
December 11 46 44 36 | 81.82% ACKNOWLEDGMENTS
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