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Clinical engineering: a new “bridge” for bioethics?

Dora Porto?, Demetrius Poveda Marques?

Abstract

This case study was based on a performance analysis of the hospital services offered by Dom Orione Hospital,
in Araguaina/TO, Brazil, as a result of the structuring of the department of Clinical Engineering in the institu-
tion, in which 70% of the services provided are aimed at patients from the Brazilian Unified Health System.
The increase achieved in the amount of care provided and in the quality of services offered points to the social
nature of this institutional structuring process, noting both its convergence with the principles and values
espoused by bioethics, whether from the clinical perspective regarding the social theoretical model, or as it
suits the assumptions that guide the Brazilian Unified Health System itself.

Keywords: Right to health. Bioethics-Engineering. Resource allocation. Biomedical engineering. Technology-
Total quality management.

Resumo
Engenharia clinica: nova “ponte” para a bioética?

Este estudo de caso baseia-se na analise de desempenho de oferta de servigos hospitalares no Hospital Dom
Orione, em Araguaina, Tocantins/Brasil, em decorréncia da estruturagdo do departamento de engenharia
clinica na institui¢do, na qual 70% dos atendimentos sdo destinados a pacientes do Sistema Unico de Satde.
O incremento alcangado na quantidade de atendimentos e na qualidade dos servigos ofertados aponta para
o cunho social desse processo de estruturagdo institucional, assinalando tanto sua convergéncia com os
principios e valores defendidos pela bioética, seja na perspectiva da clinica ou no que tange a vertente tedrica
social, quanto sua adequacdo aos pressupostos que orientam o préprio Sistema Unico de Saude.
Palavras-chave: Direito a saude. Bioética-Engenharia. Alocag¢do de recursos. Engenharia biomédica.
Tecnologia-Gestdo da qualidade total.

Resumen
Ingenieria clinica: ¢éun nuevo “puente” para la bioética?

Este estudio de caso se basa en el analisis de desempefio de los servicios hospitalares del Hospital Dom Ori-
one, en Araguaina/TO, Brasil, como resultado de la estructuracidn del Departamento de Ingenieria Clinica en
la institucion, en la que el 70% de los servicios prestados estan dirigidos a los pacientes del Sistema Unico de
Salud. El aumento de la cantidad de tratamientos y la calidad de los servicios ofrecidos apunta a la naturaleza
social de este proceso de estructuracién institucional, teniendo en cuenta tanto su convergencia con los prin-
cipios y valores defendidos por la bioética, desde la perspectiva de la clinica o en lo concerniente a la vertiente
tedrica social, como su adecuacién a los presupuestos que orientan al propio Sistema Unico de Salud.
Palabras clave: Derecho a la salud. Bioética-Ingenieria. Asignacion de recursos. Ingenieria biomédica.
Tecnologia-Gestion de la calidad total.
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Clinical engineering: a new “bridge” for bioethics?

The “bridge” between Science and ethics en-
visioned by Potter? still in the late 1970s has been
slowly consolidated by expanding the field of action
of bioethics, which is shown to be an effective tool
to promote reflection on conflicts in the health area,
both in the clinical perspective and in social terms.
This process marks greatly the Universal Declaration
on Bioethics and Human Rights?, that from 2005,
signalized unequivocally the close relationship be-
tween human rights and health, extending the
scope of the discipline to the humanities, particular-
ly philosophy, anthropology and Law.

Although related to conflicts from asymmetries
and inequalities asymmetries and inequalities in
power in social terms, the comprehensive bioethical
reflection also reflected on medical clinic, an area in
which bioethics is initially constituted, by including
problems related to other fields of knowledge that
contribute pari passu to medicine in the process of
eradicating the disease and promote health. This is
the case, among others, of clinical engineering (CE),
that in Brazil became mandatory in health care in-
stitutions, with the resolution of Agéncia Nacional
de Vigilancia Sanitéria (Anvisa) (National Health Sur-
veillance Agency) by means of RDC 02/20103.

Clinical engineering is the subarea of bio-
medical engineering (BE). According to Bronzino*,
clinical engineer is the one that graduated in an
academic program accredited in engineering and
that is involved in applying scientific and technolog-
ical knowledge in a health care setting with clinical
support. The clinical setting is the place where the
patients is assisted, and the activities include direct
assistance to patients, research and teaching, aimed
at improving health care.

The growing importance of hospitals through-
out the twentieth century as the main centers
related to health care, the increase of the elec-
tronic equipment park — some of them with very
complex operating principles — and the emergence
of new technologies, increasing the range of re-
sources used, made the presence of a specialized
professional essential, able to help, from the tech-
nical point of view, the medical staff to manage all
of these new technologies associated with health
care®. This professional is the clinical engineer,
whose role is to professionalize a hospital medical
technology management (HMTM) at a health care
facility (HCF), by applying engineering methods to
solve problems with equipment and services related
to them, provided by health care centers®.

Therefore, clinical engineering may be under-
stood by the definition of the role of its professional.
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According to the American College of Clinical Engi-
neering (ACCE), a clinical engineer is the professional
that applies and develops engineering knowledge
and management practices to health technology,
in order to improve the quality of health care for
patients”®. The activity is also characterized as a
branch of engineering that has the purpose of help-
ing and even interfering in the health area, aiming
at well-being, safety, cost reduction and quality of
services provided to patients, also supporting the
multidisciplinary team in the hospital, by applying
management knowledge and knowledge of engi-
neering to health technology®.

Based on the ethical and technical analysis of
the results from the implementation of the clinical
engineering services in a hospital, this paper is the
case study that exemplifies in a timely manner, the
contribution of bioethics in the process of planning,
and applying health technology (HT), showing its
importance to promote reflection according to prin-
ciples of the Sistema Unico de Satde (SUS) (Brazilian
Unified health System) and the imperatives to build
citizenship 11, Its main objective is to show opera-
tional processes of clinical engineering to health care
professional and to introduce its jargon in the field
of bioethics (appendix), in addition to showing the
correlation between technical actions in CE and rec-
ommendations and ethical presuppositions, related
to the bioethical reflection and to public health, to
promote the interdisciplinarity between these areas
and stimulate the construction of shared knowledge
among professional of these areas.

Brief history of clinical engineering

The history of CE started in St. Louis, United
States in 1942 with the creation of course on medi-
cal equipment maintenance by the American army.
This course consequently led to the implementation
of an equipment maintenance school for equipment
of the army itself in Denver/Colorado?*3. In the fol-
lowing decades, from 1960 to 1970, the intensity
in the use of Technologies in medical equipment,
such as ultrasonography, blood chemical analyzers
and tomography — increased enormously. Although
this technology might improve the diagnosis and im-
prove the process to detect diseases, its growing use
started to worry the professionals involved. Risks
have been identified such as the difficulty to make
tests, the high cost of equipment, and mainly gaps in
the legislation on safety, which was not sufficiently
specific to ensure that its use would really produce
the expected effects 1314,
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In the beginning of the 1970s, surgeon Cari
Walter, from Harvard Medical School, reported an
alarming fact: about three people were dying a day,
that is, 1,200 a year in the USA due to electrical
shocks related to the use of medical equipment>2®,
Although these data have not been proved, the con-
troversy showed the need to pay more attention
to medical equipment, particularly to the electrical
safety 2. In order to have an idea of the importance
of this, at that time in the USA, it was allowed to
design, manufacture and sell equipment as deli-
cate and invasive as a pacemaker with no previous
authorization from the government or any other
supervisory agency **'’. Moreover, most equipment
did not have even a operation and maintenance
manual.

After identifying the problem, even if not
proved yet, it is shown to be potentially dangerous
and thus the American government required the
Food and Drugs Administration (FDA) to elaborate
norms for registrations, sale, inspections and sci-
entific reviews in addition to suggesting improved
practices in the manufacturing process. The solution
presented by FDA at that moment was to classify
medical equipment as medications and submitting
them to evaluation and liberation for use to the
same approval criteria for medications. Soon the
proposal was shown to be inappropriate, since the
delay for approval, certification and liberation for
commercialization stimulated equipment manufac-
turers to certify their products using less rigorous
processes, which caused a double problem: in addi-
tion to not ensuring the quality of the equipment, it
also created a false illusion of confidence.

The certification of FDA exemplifies this pro-
cess, by means of which it is observed only if the
equipment worked according to what was described
in the manual, prohibiting the sale of equipment
adulterated or dismembered equipment without
verifying its safety and efficacy. This showed that
the FDA regulation presented serious failures and
needed to be changed, in addition to also signalizing
the need for a specific governmental legislation 3. In
May 1976, a law was passed on medical equipment,
requiring that two thousand American manufactur-
ers indicated safety and efficacy of their products in
protocols and manuals before submitting them to
FDA approval 2.

It is worth mentioning that, still in the 1970s,
this professional category was created and the first
clinical engineer was certified. The professional be-
came responsible for managing hospital equipment,
training those who used these technologies in the
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institutions, performing repairs, verifying safety
and performance, in addition to evaluating techni-
cal specifications for acquisition *2.Engineers did not
substitute physicians, but evaluated the technology,
controlled the process of automation and adjusted
communication systems to help physicians to en-
gage in clinical activities 138,

In the following decade, the role of the clin-
ical engineer was consolidated and expanded, no
longer being only the technician responsible for
maintenance of hospital equipment, and becom-
ing the professional that should actively participate
in the technology transfer areas and technological
evaluation, as well as managing these activities >°,
Thenceforth, and increasingly, clinical engineering
began to incorporate functions related to strategic
planning to acquire HT, as well as all aspects related
to its use, subsequently comprising several attribu-
tions such as technical advice to clinical research,
involving equipment and collaboration with the
hospital ethics committee in issues referring to the
use of HT.

In Brazil, activities related to clinical engineer-
ing have been restricted to corrective maintenance
(repair) for a long time, thus, delaying the consoli-
dation of the wider and more qualified process of
HMTM ®The perception of the importance of this
area only emerged in 1989, when Ministério do
Bem-Estar Social e o da Previdéncia Social (Ministry
of Welfare and Social Security) estimated that from
20% to 40% of medical equipment in the country
were deactivated due to lack of repair, lack of spare
parts, lack of supplies and even due to lack of in-
stallation?*. With a technological park estimated at
USS 5 billion, this amount of equipment not in use
represented an estimated loss from USS 1 billion to
USS 2 billion®. In addition to the waste resulting
from this huge percentage of unused equipment,
it was verified that when maintenance was carried
out, it was just done by manufacturers.

This severe situation directly affected the hos-
pitals, and several of them tried to create internal
maintenance teams, however, bumping into per-
sistent problems, such as lack of trained human
resources and of spare parts (due to the monopoly
of manufacturers and to the bureaucracy to import
parts). These difficulties that institutions all over the
country have make the need to create and formalize
CE groups 2. The proposal corroborated the initiative
of 1987, idealized in the state of Sdo Paulo, which
unified the public services and established HMTM
policy that integrated the research that was part of
the development, regularization and for all team
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that was part of the research, development. The
project has to received small the project was from
a multidisciplinary results that implanted a main-
tenance network in multinational project groups
which accounts for the implementation of the main-
tenance network and technologic management *2,

Between 1993 and 1995, the Ministério da
Saude (Ministry of Health) funded the creation of
annual specialization courses in CE, implemented in
universities: Universidade de Campinas (Unicamp)
(University of Campinas), Universidade de Sdo Paulo
(USP) (University of Sdo Paulo), Universidade Fed-
eral da Paraiba (UFPB) and Universidade Federal do
Rio Grande do Sul (UFRS) (University of Rio Grande
do Sul). The fact that in 1994 the American College
of Clinical Engineering — ACCE — started certifying
Brazilian engineers trained to perform the special-
ty occupation also contributed to consolidate the
activity.

Ins this period, a central technical reference
was established at “Centro de Engenharia Biomédi-
ca” (CEB) (Center of Biomedical Engineering) at
Unicamp, which has been in existence since 1883,
aimed at collecting technical documentation and
legislations, norms and regulations of manufac-
turers of medical equipment, both national and
foreigner, of governmental and non-governmental
associations of the USA and European countries, to
provide this material to national health care insti-
tutions . Lastly, in 1994, the Associa¢do Brasileira
de Normas Técnicas (ABNT) (Brazilian Association
of Technical Norms) approved the Norma Brasileira
Comissdo Internacional de Eletrotécnica (Brazilian
Standards regarding the International Electrotech-
nical Commission), which is based on international
parameters, provides for safety of the electromed-
ical equipment 322,

Still at that time, the Brazilian government is-
sued a series of decrees setting a deadline of up to 36
months for manufacturers and retailers of household
equipment to certify their products in laboratories
accredited by Instituto Nacional de Metrologia,
Normalizacdo e Qualidade Industrial (Inmetro) (Na-
tional Institute of Metrology, Standardization and
Industrial Quality), for the proper registration with
Vigilancia Sanitdria (Health Surveillance), consider-
ing determinations of NBR IEC 601.1 and additional
ones 322,

The analysis of the measures aimed at stan-
dardizing the production and the sale of equipment,
as well as ensuring its safety, shows the growing
awareness of the importance of clinical engineering
in the last decades of the XX century. Nevertheless,
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the need to formalize and implement this service for
all health facilities that have equipment for diagnosis
and treatment was just explained in the RDC (reso-
lution of the executive board) Anvisa 2/20103, that
deals particularly with the technical regulation for
the implementation and the use of HT, establishing
minimum requirements for managing health tech-
nologies in HCFs. From the edition of this resolution,
specialization courses in this area have been imple-
mented, focused on training personnel to meet the
requirements of planning, control and maintenance
of HT in healthcare institutions, such as post-grad-
uation courses in biomedical engineering — lato
sensu in clinical engineering —, course offered by
Faculdade Gama da Universidade de Brasilia (UnB)
(Gama College of the University of Brasilia) %, from
which this case study was conducted.

The analysis carried out in this study was based
on the list of disciplines offered in the specialization
course, considering aimed at both enabling students
to face technical challenges of their professional life
and to provide specific knowledge of CE and con-
tent related to ethical reflection in health. This case
study was presented in the discipline of bioethics
ministered in January 2014, and was conducted
from January to March, when it was presented as a
course conclusion thesis of the specialization in CE
that originated this article. The discipline comprises
traditional theoretical proposals of clinical bioeth-
ics 12432 and new social marks of the field, based on
parameters of citizenship and of human rights #334°,
The bioethical reflection is important to contextu-
alize, particularly for the students, the activities of
clinical engineers in the social mark of the health
area.

Method

This case study* resulted from the analysis
of technical (operational) and technological (man-
agement tools) actions proposed to structure the
clinical engineering department of Hospital Dom
Orione (HDO), based on the principles and concepts
used by clinical and social bioethics. Based on the
premise that this department would have HMTM
focused on the patient as the main attribution, the
study examines technical results obtained by this
structuration, carried out from January to December
2013, as well as its economic repercussion, consid-
ering how this process is linked to basic concepts
and principles of bioethics in health care that guide
ethics in health and the fundamental principles of
the current legislation in the area.

http://dx.doi.org/10.1590/1983-80422016243151



Characteristics of the place studied

Founded in 1976, HDO — “Casa de Caridade
Dom Orione” is a charity social assistance in health
care®. Itis located in the North of Tocantins state, in
the city of Araguaina, and has 70% of its health care
assistance focused on SUS patients, offering medi-
cal specialties such as obstetrics, neonatology, heart
surgery among others.

According to the 2010 Census, the population
of the municipality estimated for 2015 is 170,183,
with literacy rate of about 90%“. It is the regional
center, with direct influence on a population group
of about 1 million people, considering a radius of
300 km in the state of Tocantins and areas of the
state Maranhdo and Para.

HDO provides medical and hospital services
of medium and high complexity with 224 beds, 9of
them are adult ICU, 18 are neonatal ICU, 20 are in
the neonatal intermediate care unit and 5 kangaroo
beds. It has a surgical center (SC) with five operating
theaters, one of them is exclusive to heart surgeries.
The obstetric center (OC) has four delivery rooms,
one of them is a post-anesthetic recovery room,
with four beds, in addition to a pre-delivery room
with seven beds. The hospital also has a Medical
Specialty Center, with 22 medical and surgical of-
fices. It also has a center of diagnosis and therapy
comprising a clinical laboratory, electrocardiogram,
digestive endoscopy, physiotherapy, speech lan-
guage therapy, ultrasonography, Extracorporeal
lithotripsy, anatomical cytopathology laboratory,
cardiotocography, radiology and the only digital he-
modynamic-angiographic laboratory in the state.

The working process that brought about this
study started with the survey and detailed analysis
of the situation of the CE services at HDO, aiming at
identifying weaknesses and deficiencies that would
prevent the full use of the institutional technolog-
ical park. The parameters to measure the use of
equipment were: uptime of equipment (that is, time
in use — the amount of time a piece of equipment
is developing its activities uninterruptedly), rate
of preventive maintenance and rate of corrective
maintenance. Three sectors have been selected in
which the professional performance is directly relat-
ed to the use of equipment: obstetric and surgical
centers and adult and neonatal ICUs.

The collected information was systematized
and from these results, a structuring plan was elab-
orated in priority order, considering administrative
attributions, attributions in research and develop-
ment and attributions in services as shown below.

http://dx.doi.org/10.1590/1983-80422016243151
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e Administrative attributions

1) Planning: determining objectives, goals, policies,
programs, resources and reestablishing proce-
dures;

2) Organizing: organization structures, outlining re-
lations, describing positions and profiles and de-
veloping organizational and procedural manuals;

3) Integrating: selecting, guiding, training and de-
veloping areas of performance;

4) Managing: delegating responsibilities, motiva-
ting, coordinating, overcoming differences, fore-
seeing and promoting changes;

5) Assessing: establishing the information system,

determining efficiency standards, measuring and
providing feedback to other results.

e Attributions in research and development

1) Helping the implementation of new medical te-
chniques and procedures that involve enginee-
ring aspects;

2) Helping in medical or clinical researches related
to engineering;

3) Designing and supervising the construction and
the tests of equipment with special purposes;

4) Helping in medical and clinical researches rela-
ted to engineering;

5) Conducting a continuous study, research, de-
veloping and design of methods used in health
care;

6) Developing methods to calibrate and adjust to-
ols;

7) Developing applied research.

e Attributions in services

1) Maintaining the optimal functioning of biomedi-
cal instruments, thus ensuring safety both of the
patient and of the operator;

2) Planning the acquisition of hospital medical
equipment, aiming at incorporating technolo-
gy*

3) Coordinating the acquisition process;

4) Managing the maintenance of hospital medical
equipment from the acquisition to be discarded;

5) Planning and following changes in the physical
structure of EAS;

6) Interacting with the medical and paramedical
staff to identify problems and find solutions;

Rev. bioét. (Impr.). 2016; 24 (3): 515-27
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Clinical engineering: a new “bridge” for bioethics?

7) Help clinical specialists and investigators in the
definition of problems in clinical areas and servi-
ces, analyzing and proposing solutions;

8) Acting as the technical part in committees;

9) Helping to improve and maintain the quality
control of methods and tools;

10)Representing the institution beyond its walls in
aspects related to engineering;

11) Forming human recourses;

12)Helping in the investigation of accidents invol-
ving equipment in the hospital;

13) Educate the technical staff for na optimal use of
resources.

Each one of these types of attribution was
analyzed according to the quality management
method Plan, Do, Check, Act (PDCA)*, which guides
technical action in several areas, including CE. The
PCDA method defines the needs to plan, do (de-
velop), verify (check) and act, being subdivided in
distinct stages and specifying what should be done
in each stage.

Results obtained in the survey on the situa-
tion of the technological park at HDO were treated
according to the 5W proposal. The 5W2H is the
check-list of activities that need to be developed
by the company employees to solve the problems
identified and to improve the quality of the services.
Based on the mapping of the activities to establish
what will be done, who will do what, how long will
it be done, in which are of the company it will be
done, listing all reasons why this activity should be
done. Afterwards, this table should also include
how the proposed activity and its approximate cost
should be in this table*. The objective of the pro-
cess of HMTM is to promote efficiency, efficacy and
effectiveness #’ of the services regarding the opti-
mal functioning of the equipment required for the
exams, diagnoses and treatments.

Analytical principles of bioethics

From the survey of the technological park and
of the management strategies to implement the de-
partment of clinical engineering at HDO, out case
study was conducted, focused on verifying wheth-
er technical actions had produced ethical results,
whether described by different bioethical currents
or the recommendations by the instruments of HD
and by the regulations governing SUS.

As the study has been conducted in a hos-
pital, the bioethical analysis of technical aspects

Rev. bioét. (Impr.). 2016; 24 (3): 515-27

considered the perspective of clinical bioethics,
particularly focusing in the principialist theory and
the notions of beneficence, nonmaleficence, jus-
tice and respect to autonomy. The beneficence is
related to the availability of equipment, making it
possible to maximize exams and treatments indicat-
ed to patients; nonmaleficence was characterized
by correct exam and treatment results, from the
preventive and corrective assessment of the equip-
ment; the principle of justice considered maximizing
the access of the population to the technological
park and to essential resources for exams and treat-
ment consistent with the assumption of health
universalization; and the autonomy focused partic-
ularly on the professional dimension, considering
the effective possibility of performing exams and
treatments prescribed, aiming at the subdivision
“personal” and “professional”, proposed for the
term in Descritores em Ciéncias da Saude (DeCS)
(Health Sciences Descriptors) .

The importance of principlism for the analysis
of actions taken has not eclipsed other bioethical
formulations of a social nature, considered equally
important tools to evaluate the ethical dimension
of the actions taken. Thus, principles of equity in
the access of health care services, guarantees of
health protection, promotion and recovery, defined
in several currents of bioethical reflections have
been contemplated as analytical frameworks 3240,
in addition to notions of efficiency, efficacy and
effectiveness of services, indicated in several in-
ternational tools aimed to ensure human rights in
general > and particularly the right to health >3,

Results

The structuring of the CE department at HDO
has shown technical results, which are relevant
and measurable. Table 1 shows socioeconomic, op-
erational and technical impacts created from the
structuring of the CE department and of the tech-
nological park of the institution, that directly or
indirectly correlate to bioethical principles and con-
cepts, consistent with the current health legislation.

First, it is highlighted that operational results
assessed by HMTM action carried out by CE veri-
fied by the improvement in sectors analyzed in this
study, considered the most relevant to apprehend
the process of analysis and improvement of the
service structure of the institution. Gains in uptime
and, consequently, the increase in the number of
surgeries in the SC are achievements, which provide

http://dx.doi.org/10.1590/1983-80422016243151



indications to prove benefits that the structuration
brought to HDO. Other important results have also
been obtained: 1) increased uptime of the rooms
in the obstetric center (OC) and, consequently, less
waiting time for caesarian sections; 2) increased up-
time of ICU beds for adults and newborns; and 3)
reduction of 55% of expenses with HMTM in the
institution.

These aspects related to technical improve-
ment of health care at HDO, obtained due to the
implementation of CE actions, makes significant
gain in quality of health care for patients, consider-
ing that the larger amount of available hospital beds
also makes the access easy and helps to consolidate
the right of the citizen to health. It is important to
explain that the increased uptime of ICU beds for
adults and newborns does not affect only the users

Clinical engineering: a new “bridge” for bioethics?

of HCFs, but it reflects on the clinical staff, who feels
more relaxed. When the occupancy rate of hospital
beds reaches 100%, it tends to cause instability in
the professionals, who feel pressured by the situa-
tion, particularly because ICUs are fundamental for
patient’s life support.

Having in mind that, even if 70% of health care
services are carried out in the institution are for SUS
patients, improvement in health care by means of
CE actions are in accordance with bioethical prin-
ciples, as they are turned to groups and segments
that are economically and socially more vulnerable.
They also respond to constitutional principles and
legal requirements that regulate the health system
in Brazil, that advocate the universality and inte-
grality, the right to access to all users to all levels of
health care.

Table 1. Convergence chart among principles and concepts of bioethics and actions of CE

Item Convergence Chart

Action

Make an inventory of care and support equipment, verifying its functional and
operational state

Operational/Technical and
Economical Results

The inventory has had a large operational impact, since a lot of equipment
that would be discarded are in use again and in perfect state, and, in contrast,
equipment that was working and gave wrong results and thus have been through
comprehensive technical analysis, followed by maintenance, calibration and
disposal, when necessary.

Principles

Nonmaleficence, beneficence, protection, effectivity

Justification

Principles and concepts were contemplated for two reasons: 1) there was extremely
necessary equipment that was idle, due to the lack of minor adjustments and
amendments, which increases the time patients wait for an exam; and 2) results of
exams performed with this equipment were not reliable, causing misdiagnosis, and
consequently, wrong prognosis of those patients.

Action

Task force to solve problems with medical equipment (ME) and other ineffective
technologies

Operational/Technical and
Economical Results

This action was started after the inventory, which showed that about 28% of the
technological park was ineffective. Technical actions planned according to the
importance of the equipment to accomplish the mission of the institution reduced
this index to 4% in only 30 days.

Principles Beneficence, health promotion, health recovery, efficacy

Justification With the active recovery of technologies in the institution, the length of time for
patient care was extremely reduced in all areas of care.

Action To create, with software, planning for preventive, predictive and corrective

maintenance of the technological park

Operational/Technical and
Economical Results

Several positive operational, technical and economical results were achieved by
means of this action, but the most important was that about 29% of uptime of
equipment. Other dominant factors were: corrective maintenance rate dropped
from 77.5% to 24.8%, and preventive and predictive maintenance rate increased
from 22.5% to 75.2%.

Principles Justice, health promotion, health recovery, efficiency
e Due to the increase of uptime of equipment, access to health care was promoted
Justification o .
also contributing to a better cost-effectiveness of the management.
Action Adjust the structure referring to calibration equipment

Operational/Technical and
Economical Results

The technical aspect was extremely prioritized by taking this action (partly), since
it ensures results in HT.

Principles

Beneficence, nonmaleficence, efficacy, health promotion and health recovery

http://dx.doi.org/10.1590/1983-80422016243151
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Item Convergence Chart

By ensuring the reliability of results, any maleficence to the patient are avoided,
4 |Principles whether physical, by means of life-support or monitoring equipment, or
psychological and mental by means of equipment for complementary exam.
Action Developing and implementing evaluative indicators to manage maintenance
contracts
Operational/Technical and |Operational and technical results were widely achieved, since, with the supervision,
5 |Economical Results it is possible to assess the quality of the services.
Principles Promotion, beneficence, nonmaleficence and justice.
e Ensure that equipment which are responsibility of other management team have
Justification . .
the same established standard security.
Y- Establishing evaluation methods of assistance and support equipment, as for
security in the hospital setting.
Operational/Technical and |It will be guaranteed that all and every equipment that have a direct or indirect
6 Economical Results interface with the patient will be assessed with electrical insulation equipment.
Principles Nonmaleficence, professional autonomy.
It was ensured that, after technical interventions, any equipment of the institution
Justification had a perfect electrical isolation, not causing any risk of electrical chock to the
patient.
Action Do an action planning of the CE department, when the need to implement and/or
incorporating new technologies, via multidisciplinary team.
Operational/Technical and  |After starting this action, several operational, technical and economical results will
Economical Results achieve much higher levels than the current ones.
- Health promotion, protection and recovery, beneficence, nonmaleficence,
7 |Principles . . . ..
professional autonomy, efficiency, efficacy and effectivity
The main attribution of CE is life cycle management of HT, when technical and
Justification technological aspects that excel for quality are considered during acquisitions,
installations, installations and training of HT, qualitative and quantitative aspects
will be extremely optimized.
Discussion essential for the full operation of SUS, maximizing

Since Potter’s pioneer formulation, bioethics
aims at discussing the contrast between ethics and
technique, stimulating health care professionals to
be attentive to ethical aspects of the relationship
with patients. This file of study proposes that the
ethical discussions extends to beyond deontology,
covering aspects which are indistinguishable from
health, such as those characterized in human rights
and in the very definition of citizenship. Results ob-
tained in this case study allow us to point out that, as
for clinical engineering, the contrast between ethics
and technique based on a false dilemma, since the
two aspects may be in compliance, and even com-
plementarily, to ensure the efficiency, efficacy and
effectiveness of SUS.

It is a fact that CE is primarily applied to hospi-
tals, which affects the analysis of this work. However,
the restriction to this /ocus does not intend to be
an apology of health recovery as the only form of
treatment to be offered by SUS, that is, to defend
the exclusivity of the hospital-centric model and
of processes exclusively centered in hospital care.
Nevertheless, if health recovery mechanisms are

Rev. bioét. (Impr.). 2016; 24 (3): 515-27

the use of HT in the Brazilian HCFs by means of CE
actions may optimize the use of the national techno-
logical park by promoting a lower cost-effectiveness
ratio in hospitals and in other institutions focused
on health recovery, thus contributing to a better use
of resources.

If the merit of SUS in the implementation of
actionsin the Programa Saude da Familia (PSF) (Fam-
ily Health Program)>* is unquestionable, prioritizing
actions focused on health promotion and preven-
tion such as state policies, on the other hand, we
should know that other recovery measures related
to the hospital settings should not be disregarded.
Even if all factors that currently predispose most of
the Brazilian population to illness were complete-
ly eliminated, such as lack of infrastructure water
catchment, treatment and distribution, lack of a
sewage treatment system, lack of waste treatment
policies, as well as economic and social inequities
regarding education, housing and transport ser-
vices, health recovery services cannot be totally
disregarded. Whether it is a fall from a bicycle or an
emergent surgery, hospital health recovery services
— undoubtedly —are part of the health care process.
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Based on this finding, it is important to think
that each and every health system Works with lim-
ited resources that may be more or less scarce,
considering the morbi-mortality rates of the popu-
lation that should be assisted. In the Brazilian case,
whether due to lack of allocation or due to manage-
ment failures>>, it is a desolate picture, particularly
when the evaluations of the performance index of
SUS (Idsus) are considered. It used 24 indicators to
measure assistance in all Brazilian municipalities,
considering a scale from 0 to 10, which have been
available on the website of the Ministry of Health
since 2012: In the first evaluation, the Brazilian
score is 5.47°%.

Thus, the processes implemented by CE in
institutions are shown to be extremely important
since they maximize the association of gains in
cost-effectiveness of health technologies; stimulate
the extensive use of technological resources; avoid
waste and provide resources for a universal access
to the system, including at medium and high levels
of complexity. It is worth mentioning that the re-
duced spending on HMTM transcends the simple
economic sphere associated with making a profit;
since the health system works with limited resourc-
es and, at times, scarce, it is directly associated with
distributive justice in health.

In addition to operational and economic
results shown in this work, that converge with bio-
ethical principles and with what is recommended
by the current health legislation, other technical re-
sults obtained due to this technology management
in CE also contribute to the same principles, such as:
correct application of public resources in HT; guid-
ance about the direction of the institution as for the
requirement for a technical manager for HMTM of
HT applied at HDO; technical guidance to the clin-
ical staff at HDO and innovations in HT; discarding
of HT with no registration at Anvisa; notification to
Anvisa regarding HT failures, contributing to tech-
no-surveillance; technological assistance in HT for
the Hospital Infection Control Committee (HICC) of
HDO; operational training in HT for the clinical staff
and nurses of HDO.

Itis also worth mentioning that, in practice, ac-
tions to structure equipment shown in this study are
not restricted to places whose results are described
(SC, ICU and OB), but are extended throughout the
technology park of the institution, since, in addition
to monitoring and life support equipment, struc-
turing process of CE service extended to those who
need complementary examinations: ultrasonogra-
phy, radiology, clinical analysis, sterilization center,
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etc. Thus, considerations about promoting princi-
ples of beneficence, not maleficence and justice, as
well as notions on protection, equity, efficiency and
effectiveness of HTs implemented at HDO, should
be taken even more comprehensively than shown in
the analysis of sectors of the institution presented in
the convergence chart.

It is also considered that the regulation of
SUS prioritizes the promotion and protection to the
detriment of recovery, which is the access mode
mentioned on third place in the Magna Carta (Feder-
al Constitution), although it is where most resources
are invested. This analysis has shown how the im-
plementation of CE in HCFs may contribute to avoid
waste frequently identified in the instance manage-
ment aimed at the restoration of health (hospitals),
allowing that saved financial contributions would
be made available to promote and protect health.
Thus, it may be stated that, even indirectly, CE
actions meet proposals of the World Health Orga-
nization (WHO), such as the Ottawa Charter®” and
the Lalonde Report*?, as well as the Brazilian health-
care reform *+% and its main repercussions, from the
previously mentioned article number 196 from of
the Constitution *® and Law 8.080/90%, which define
the access to healthcare as a fundamental right of
citizenship.

Final considerations

The case study undertaken from the implemen-
tation of an improvement plan of the department
of clinical engineering at Hospital Dom Orione in
Araguaina/TO not only shows expected technical
results due to the introduction of survey processes
and analysis of the institutional technology park as
well as it also shows the correlation between this
technical activity and the recommendations and
requirements of international treaties on human
rights and in the health area, as well as the Brazilian
legislation, related to widely guaranteeing access to
healthcare for the population.

More specifically, bioethics allows us to ob-
serve a clear convergence among actions adopted
and some of the analytical frameworks of the field,
considering both concepts formulated by the prin-
ciplism®2432 and those from domestic laws and
international documents, related to extending guar-
antees to health and to social dimension %33, Both
bioethical perspectives are contemplated by the
implementation of CE in HCFs, particularly when
the process performs the necessary technical steps,
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not limited to simple maintenance. Thus, the as-
sociation between bioethical reflection and the
technical activity of CE is made evident, consolidat-
ing the bridge of knowledge to promote ethics in
health in the clinical perspective and in the global
dimension. Even considering methodological limita-
tions of a case study, which reduces the possibility
of generalizing results*, undeniable gains in effec-
tiveness achieved in the implementation process of
the CE department in the institution and its direct
association with clinical and social bioethical prin-
ciples22440 denote the importance of stimulating
further studies to improve and increase the under-
standing of such process.

Regarding this association, it is still fundamen-
tal to point out that the initiative to introduce the
bioethical reflection among the disciplines of CE
is shown to be right since it helps the future pro-
fessional to understand the big Picture in which its
profession is inserted, thus being able to understand
not only as a sequence of technical processes and
steps to be carefully followed, but also, as an organ-
ic and dynamics process to improve and strengthen
the institution, that enables HCF to effectively pro-
mote SUS principles and values %%,

Accordingly, it is worth mentioning that train-
ing in bioethics helps clinical engineers to know the
extension of their professional role, enabling them
to work in ethical committees and to take part in
research projects of the institution. Bioethical re-
flection may also make them more apt to work side
by side with the other members of the health team,
helping to meet the objective of SUS of ensuring ac-
cess to quality health care for all the population.

Facing the auspicious results verified by offer-
ing the discipline of bioethics to classes specializing
in clinical engineering, it may be inferred that it
would be also helpful to extend the teaching of this
discipline to other engineering courses (such as en-
vironmental, forest, and fishing engineering),as well
as to veterinary medicine and to animal husbandry,
which also deal with bioethical dilemmas and that
would benefit from a closer contact with the re-
flection, concepts and values discussed in this field.
Lastly, it is worth mentioning that the approximation
to the engineering would also benefit the bioethics
as it would incorporate to the reflection, the tech-
nical support and worldview of another area of
knowledge and, thus, it would further consolidate
the interdisciplinary vocation of the field.

This article is based on the monography presented in the lato sensu specialization in clinical engineering, offered by the
post-graduation program in biomedical engineering at Faculdade UnB Gama (FGA), Universidade de Brasilia (UnB).
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Appendix

Glossary of Clinical Engineering

CE = clinical engineering

BE = biomedical engineering

HMTM = hospital medical technology management
HCF = health care facility

HT = health technology

HICC = hospital infection control committee
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