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Objectives: to verify the correlation between the characteristics of professionals and the practice of
sustainable actions in the medication processes in an ICU, and to determine if interventions such as

training and awareness can promote sustainable practices performed by nursing staff in the hospital.
Methods: before-and-after design study using Lean Six Sigma methodology, applied in an
intensive care unit. Nursing staff were observed regarding the practice of ecologically sustainable
actions during medication processes (n = 324 cases for each group (pre and post-intervention))
through a data collection instrument. The processes analyzed involved 99 professionals in the
pre-intervention phase and 97 in the post-intervention phase. Data were analyzed quantitatively
and the association of variables was accomplished by means of statistical inference, according
to the nature of the related variables. Results: the education level was the only characteristic
that showed to be relevant to an increase in sustainable practices, with a statistically significant
difference (p = 0.002). When comparing before and after the intervention, there was an increase in
environmentally friendly actions with statistically significant differences (p = 0.001). Conclusions:
the results suggest that institutions should encourage and invest in formal education, as well as

training of health professionals to promote sustainable practices in the hospital.
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Introduction

For ethical, social, political, and economic reasons,
nursing and other fields of knowledge were convened to
engage with an important issue for any society, which is
environmental sustainability. This issue relates primarily
to actions that reduce the catastrophic impact of humans
on the environment and that threaten the health and
lives of people worldwide.

The importance of the nursing role in this problem
has been addressed by different authors. Nurses need
to perform their work in a sustainable manner*-2. It is
understood that a development will only be sustainable
if it satisfies the needs of the present generation without
compromising future generations®. For this, our actions
should be directed towards the preservation of the
environment, rational use of resources and proper waste
management.

This requires individual and collective changes
regarding our practices in health services. Nurses can
and should take a leadership role in partnering with
everyone involved in the operation of health care facilities
to bring about this transformation, in which healthcare
institutions become environmentally sustainable,
promote good health, and influence public policy™®. It
should be kept in mind that nurses interact with both
patients and other hospital staff in an environment that
is a primary user of materials, as compared to other
professionals. While the responsibility of implementing
these practices clearly lies with hospital administration,
nurses also are in a unique position to interact with most
of the hospital staff, aiming to assure the continued
adherence to these practices and to report failures to
maintain these actions, since that responsibility should
be shared among all members of the multidisciplinary
team.

But studies suggest that nursing staff have not yet
taken effective actions in this regard. A study done with
nurses and nursing technicians reveals that, despite
the assertion of these professionals that they separate
medical waste, most of them are unaware of the
rules, thus performing the actions improperly. Lack of
knowledge on the part of these professionals regarding
the impact of their actions reflects increased costs and
environmental damage®. In another study, only 27.4%
of the nurses had satisfactory knowledge about waste
management, while 18.9% of nurses had adequate
practices®. Another study shows problems regarding
attitudes toward recycling, primarily amongst nurses.

Some targets of environmentally responsible

practices in nursing include: energy consumption,

water use, and consumption of products and materials
(purchasing and waste management)®. By focusing

on reducing energy use, reducing waste, and handling
waste responsibly, as well as by reducing use of and
exposure to toxic chemicals, nurses can create safer and
more sustainable work environments, including those
for critically ill patients in Intensive Care Units (ICU).
High cost, high stress, and a highly vulnerable patient
population in ICU provide an excellent opportunity to
evaluate this area of the hospital through the lens of
hospital sustainability and environmental stewardship®.

The purpose of this study was to verify the
correlation between the characteristics of professionals
and the practice of sustainable actions in the medication
processes in an ICU, and to determine if interventions
such as training and awareness can promote sustainable
practices performed by nursing staff in the hospital,
in order to contribute to environmental sustainability
in health services since, despite an increase in policy
literature and programmes, there are few existing
international and national studies on environmental

issues in nursing®9,

Method

This is part of a larger study with a before-and-after
design (quasi-experimental). To achieve the objectives
of the study, Lean Six Sigma process management
methodology was also used. This methodology
optimizes the average reduction of a desired process,
It was initially developed in industry for production
improvement and has been implemented and integrated
by organizations, including hospitals, seeking better
results in productivity and in the quality of their products
or services'!). The successful implementation of Lean
Six Sigma has also been reported in health care as a
method by which hospitals can control rising costs,
reduce the likelihood of errors, improve patient safety
and the quality of health caret?13,

The setting was a hospital with 446 beds, located in
Sao Paulo - Brazil. The research was applied in the Adult
ICU, which has 41 beds distributed in nine units serving
different specialties. Authorization from the Committee
of Ethics in Research of the Federal University of Sao
Paulo was obtained prior to study implementation.

The sample consisted of observed actions that were
subsequently categorized relative to the medication
processes performed by the Nursing staff in the ICU
of the four shifts (morning, afternoon, night A and
night B).
size was calculated based on the mean of medications

In order to be representative, the sample

administered monthly in a given unit, with a confidence
interval of 95%. Considering that, per month, 1710
doses of medication were administered to each patient
in the year 2012, there were 324 processes analyzed
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before and after interventions for a total of 648. The
sample was selected by convenience, however, it was
distributed in a similar quantity in the nine units and
four shifts and included actions of 99 nursing care
professionals (58,2%) in the pre-intervention period
and 97 (57.1%) in the post- intervention period.

Included in the sample were actions relating to
the medication processes: performed by professionals,
who authorized their participation in the study under
an Informed Consent; contained in the daily patient
prescriptions (non-emergency); with prescription of
administration by enteral (oral, sublingual, and rectal),
topical (epidermal, vaginal, otologic, ophthalmic,
nasal, and inhalation) and parenteral (intravenous,
intramuscular, subcutaneous, and intradermal) routes;
performed by nursing staff (nursing technicians and
nurses). In Brazil, nursing staff is comprised of three
categories: nursing assistants (basic level), nursing
technicians (middle level) and nurses (higher level).
As the first category cannot be given responsibility for
the care of critical patients, the ICU Nursing team at
this hospital is only composed of nursing technicians
and nurses.

Excluded from the sample were actions related to
the medication processes: relating to blood products,
vaccines, enteral and parenteral nutrition; prescriptions
for administration by other parenteral routes, such as
intrathecal, intraperitoneal, intracardiac, intraosseous,
transdermal, transmucosal, inhaled, and epidural;
performed by a nursing professional from another sector
or by a professional from another health care area.

The study intervention comprised improvement
strategies in medication processes and in practices
of sustainable actions in hospital nursing care
measurement: rational use of resources such as water,
energy, packaging, materials, and drugs; reuse of paper
and packaging; return of materials and medications as
routine, targeting the possibility of reuse; recycling,
and proper waste disposal. The interventions were
directed to nursing professionals through training and
guidelines, posters distributed in units, publications
about environmental awareness in the ICU journal, and
spreadsheets for tracking the targets related to waste
in the ICU.

To test the intervention, the dependent variables
selected involved the practice of sustainable actions
in hospital nursing care in accordance with the policy
of the 3 R’s (reduce, reuse and recycle) of sustainable
management of solid waste, contained in the Global
Action Plan to achieve sustainable development of
the United Nations Organization®%. Regarding nursing
included: the reduction

professionals, the actions

of packaging and reduction of use of plastic bags for

transporting drugs, reuse of packaging and plastic bags,
removal of identification labels of the packaging to enable
Additionally,
variables related to demographic characteristics of

recycling, and correct waste disposal.
nursing were also studied.

data, the
an instrument based on the Lean Six Sigma tools:

To collect researchers developed
Detailed Map of Processes and Ishikawa Diagram. The
information contained in the instrument was grouped
into four groups: characteristics of nursing professionals,
characteristics of the patient involved in the medication
processes, medication characteristics, and medication
processes. The medication processes were grouped
into the following steps: withdrawal, preparation, and
administration of medications.

The complementary variables analyzed regarding
the characteristics of nursing professionals were:
age, gender, shift, category, education level, length of
education, working time in the institution, and previous
training about environmental issues and waste disposal.

Data collection was performed by nine nurses of
the unit selected for the application of the instrument.
The nurses received guidelines prior to its completion
and they were not part of the sample. Preceding the
beginning of the data collection, the nurses selected
the medication process by prescription, obtained the
Informed Consent of the nursing professional and
the information about their characteristics through
interviews. They then began the collection of data
through direct observation, without intervening in the
measure. Data collection was conducted in two phases:
before and after interventions in the period from January
21 to February 20, 2013 and September 23 to October
30, 2013 respectively.

The data obtained were stored in an electronic
database and submitted to tabulation spreadsheets in
a Microsoft Excel® program. The quantitative variables
are presented according to the mean, standard
deviation (SD), minimum and maximum values (min-
max); the qualitative variables according to absolute
and relative frequencies. The variables associated with
inferential statistics presented a normal distribution and
were analyzed through Pearson’s Correlation, t-test of
independent samples, and analysis of variance - ANOVA,
the level of rejection of the null hypothesis being set at
less than or equal to 0.05. For this purpose, we used the
software Minitab® version 16.1.

Results

The characteristics of nursing professionals were
assessed during the pre-intervention period as presented
in table 1. A total of 99 professionals were evaluated
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during this period, ranging in age from 20 to 64 years
(mean = SD) = 32.4 £ 7.8 years, mostly female (59.6%).
Twenty-three professionals (23.2%) worked the
morning shift, 30 (30.3%) the afternoon shift, 19 (19.2%)
the night A and 27 (27.3%) the night B shift. Relative
to the professional category, the vast majority (88.9%)
were nursing technicians; the remainder (11.1%) were
registered nurses. Sixty professionals (60.6%) reported
having attended high school, 33 (33.3%) with graduation
(with 10 complete and 23 incomplete), and 6 with a
specialist title (1 being incomplete and 5 complete). The
years of experience of these professionals ranged from
0.08 to 32 years (mean £ SD = 6.3 £ 5.3 years). The
working time at this hospital also varied from 0.08 to 32
years, with a mean £ SD of 5.0 + 6.3 years (Table 1).
In the pre-intervention period, 324 processes were
analyzed, with the possibility of 866 sustainable actions.
Each professional participated in an average of 3.3
processes (SD = 2.2), with an average percentage of
success of sustainable actions of 69.5% (SD = 23.1%).

Table 1 - The characteristics of nursing professionals
analyzed in the pre-intervention period. Sao Paulo, SP,
Brazil, 2013

Characteristics N (%)

Age (years)

Mean+SD 32.447.8

Min-max 20-64
Gender

Female 59 (59.6)

Male 40 (40.4)
Shift

Morning 23 (23.2)

Afternoon 30 (30.3)

Night A 19 (19.2)

Night B 27 (27.3)
Category

Nurses 11 (11.1)

Nursing technicians 88 (88.9)
Education level

Complete high school 60 (60.6)

Undergraduation / specialization 39 (39.4)
Years of Experience (years)

Mean+SD 6.615.3

Min-max 0.08 — 32
Working time in the institution (years)

Mean+SD 5.0+6.3

Min-max 0.08 —32
Background Training

Yes 94 (94.9)

No 5(5.1)
No. processes (per professional)

Mean+SD 3.312.2

Min-max 1-10
No. possibilities of sustainable actions (per
professional)

Mean+SD 8.7+6.7

Min-max 1-29

(continue...)

Table 1 - (continuation)

Characteristics N (%)

No. successes of sustainable actions (per professional)

Mean+SD 6.415.6

Min-max 0-25
% successes of sustainable actions (per professional)

Mean+SD 69.5+23.1

Min-max 0-100
Total of analyzed professionals 99 (100)

Regarding  the between  the
characteristics of professionals and their actions, only

relationship

the education level related to an increase in sustainable
practices in which professionals with an undergraduate or
specialization degree (complete or incomplete) showed
a higher percentage of success of sustainable actions
than professionals with only high school completed, with
statistical significance (p = 0.002). It should be noted,
however, that the percentage of correct answers among
those who reported having training on the subject was
70.2%, while the mean score of those who reported
having received no training was 57%, the number of
these professionals was small, which may explain the
lack of significance regarding this characteristic (Table 2).

Table 2 - Relationship between the characteristics
of nursing professionals with sustainable actions
(percentage of successes) in the pre-intervention period.
Sao Paulo, SP, Brazil, 2013

% successes

Characteristics (meanSD) p-value
Age - 0.596*
Gender
Female 68.3+22.6 0.5507
Male 71.2424 1
Shift
Morning 66.7+16.6 0.903*
Afternoon 69.2+22.7
Night A 70.6+28.5
Night B 71.4+251
Category
nurses 78.1+21.7 0.1907
nursing technicians 68.4+23.2
Education level
Complete high school 64.2+24.3 0.0021
Graduation/specialization 77.6+17.8
Length of education 0.988*
Working time in the institution 0.808
Background training
Yes 70.2422.5 0.429%
No 57.0+33.0

*Pearson correlation; tt test of independent samples; ¥Analysis of variance
(ANOVA)

The results related to sustainable practices
performed by nursing staff before and after interventions
can be seen from Table 3. There was an increase in
environmentally friendly actions post-intervention with

a statistically significant difference.

www.eerp.usp.br/rlae



Furukawa PO, Cunha ICKO, Pedreira MLG, Marck PB.

Table 3 - Comparison of the sustainable practices performed by nursing professionals before and after interventions.

Sao Paulo, SP, Brazil, 2013

Professionals Processes Sustainable Actions
Period p-value
N Mean Mean possibilities Mean success Mean % *SD
Pre interventions 99 3.2 8.7 6.4 69.9 2313 0.001*
Post interventions 97 3.3 10.7 8.4 79.9 18.39

*t test of independent samples

Discussion

As a result of this study, it was observed that most
of the personal and professional variables of the nursing
staff demonstrated no significant relationship with the
practice of sustainable actions.

With reference to personal characteristics such as
age and gender, the results of this research corroborate
another study”). The authors also correlated age and
sex to environmental behavior at home and at work by
nurses and other health professionals. The gender effect
was significant only in relation to electrical energy in the
household, in which women reported saving more than
men, while age was correlated with pro-environmental
behavior at home and “for reasons of cost” increased
significantly with age. At work, no correlation was
observed between these characteristics and the
sustainable attitudes.

Although some authors(*>-1® report that work in
the night shift can lead to impaired performance due
to sleep deprivation, they did not observe differences
in the practice of sustainable actions in different shifts.

The fact that most of the observed processes
were carried out by nursing technicians reflects the
distribution of nursing professionals in the ICU at the
institution, where about 70% are nursing technicians
and 30% are nurses, and also reflects a characteristic
of Brazilian nursing, where the majority of nursing staff
is composed of nursing assistants and technicians,
usually responsible for carrying out the administration
of medication in hospitals®”.

Education showed significant differences,
demonstrating that professionals with higher education
achieve more sustainable practices. So, nursing and
health care professional education programs should
incorporate  sustainability content in curriculum
development. Other authors also state that, for them,
only adding aspects relating to environmental issues to
the nursing curricula is not enough to lead to changes.
Awareness, criticality, and interest are essential in
approaches to the subject®®.

With the expansion of universities in the country
and greater accessibility, these mid-level professionals

have graduate degrees. The primary data found that 28

nursing staff (31.8%) were attending or had completed
college. Perhaps this justifies the insignificant difference
found in the number of sustainable practices between
nurses and nursing technicians (professional category).

The years of experience and working time in this
hospital showed large variations (from 0.08 to 32
years), demonstrating that the nursing team analyzed
consisted of professionals with little or much experience,
but these characteristics did not show any influence on
the practice of sustainable actions.

In the pre-intervention phase, no significant
differences were found among those who reported
having received or not received background training,
probably due to low figures. Moreover, the fact that
almost all professionals reported having prior knowledge
on the subject at the stage where the personal and
professional characteristics were analyzed contributed
to the reliability of the influence of other covariates on
the dependent variable.

The post-intervention results confirmed that
training and awareness about environmental issues
have a strong influence on sustainable attitudes of
professionals and that this must be constant, since
reported that they had
received previous training, a new approach on the

even professionals have

subject, more broadly involving the 3 R’s: reduce, reuse
and recycle in the sustainable management of solid
waste, contained in the Global Action Plan to achieve
sustainable development of the United Nations,4
which collaborated much to increase the sustainable
practices performed by the nursing staff. These results
corroborate two other studies that found that nurses’
knowledge of waste management is positively affected
by the presence of training programs(19, Another study
also showed that, in addition to knowledge, the nursing
staff recorded significant improvement in practices
as regards waste management after educational
intervention®9,

It is a matter of agreement, however, that it is
necessary to articulate knowledge in pursuit of nursing
training that is environmentally sensitive, adding
critical values and reflection to the theme®®, Workplace
environmental education programs focusing on why
sustainable actions are important and how to integrate
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them into practice also are beneficial. In both academic
and practical settings, educational interventions should
be tested in conjunction with contextualized, evidence-
informed re-configuration of workplaces to determine
effective approaches for supporting the adoption of
environmentally sustainable practices.

Limitations

Although it is an intervention research, it has not
been possible to conduct a randomized controlled study
due to the characteristics of the unit and the work of the
nursing staff.

The professionals observed may have had a
positive behavior change by being informed of the
research goals before the data collection in the pre and
post-intervention phases. But even allowing for this
possibility, there was an increase of successes regarding
the sustainable actions, indicating greater awareness or
knowledge about the subject after intervention.

This study was also restricted to a geographical area
and performed in a hospital engaged in issues relating
to environmental sustainability, where professionals
reported having prior knowledge of interventions.

So, there is a need for further studies related to
the practice of sustainable actions in different realities,
since it is a global problem and should be addressed
by countries around the world. Future investigation of
environmental sustainability in nursing services is still
justified by the scarcity of research on new practices
that can contribute to this issue.

Conclusions

The results of this study suggest that, regardless of
personal and professional characteristics, all the nursing
staff can contribute equally to the practice of sustainable
actions in the hospital, and that health care facilities
should encourage and invest in formal education for
better performance by professionals with regard to
environmental sustainability.

Interventions such as training and awareness
about the principles of the 3 R’s: reduce, re-use and
recycle can be implemented to promote the practice of
ecologically sustainable actions performed by nursing
staff by reducing waste, reusing materials and disposing
of waste properly, providing benefits to everyone:

institutions, society and the environment.

This will promote inclusion of the goals of
environmental sustainability in professionals, with
changes in attitudes and behaviors in all nursing

activities, contributing to the health of the planet and
consequently the health of people.
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