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Prevention of infections associated
with peripheral catheters: instrument
development and validation
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ABSTRACT

Objectives: To develop and validate, for appearance and content, an instrument to assess the knowledge of nursing professionals
and students on measures to prevent peripheral venous catheter-related bloodstream infection. Method: Methodological study
carried out in two stages: instrument development, based on national and international guides, and appearance and content
validation by ten expert judges, considering Content Validity Index 20.80 on clarity, relevance, and pertinence, as well as semantic
analysis together with the target demographic. Results: After accepting the experts” suggestions, the final instrument consisted
of 36 questions in 6 dimensions with an overall Content Validity Index >0.90. Conclusion: The availability of the instrument
responds to a gap in knowledge and can be used to assess the knowledge of nursing professionals and students regarding measures
to prevent bloodstream infections associated with peripheral venous catheters.

Descriptors: Catheterization, Peripheral; Catheter-Related Infections; Infection Control; Validation Study; Nursing.

RESUMO

Objetivos: Elaborar e validar, por aparéncia e contetido, instrumento para avaliacio do conhecimento de profissionais e estudantes de
enfermagem sobre medidas de prevencio de infec¢ao de corrente sanguinea associada a um cateter venoso periférico. Método: Estudo
metodolégico realizado em duas etapas: elaboragio de instrumento, baseado em guias nacionais e internacionais, validagio de
aparéncia e contetido por dez juizes especialistas, considerando Indice de Validade de Contetido > 0,80 sobre clareza, relevancia e
pertinéncia, bem como andlise seméntica junto ao publico-alvo. Resultados: Apds acatar sugestoes dos especialistas, o instrumento
final foi composto por 36 questoes e 6 dimensées com Indice de Validade de Contetido global >0,90. Conclusio: A disponibilizagio
do instrumento responde a uma lacuna na drea de conhecimento e pode ser utilizado para avaliagio de conhecimentos de profissionais
e estudantes de enfermagem sobre as medidas de prevencao das infecgdes de corrente sanguinea associadas a cateter venoso periférico.

Descritores: Cateterismo Periférico; Infeccdes Relacionadas a Cateter; Controle de Infecgoes; Estudo de Validagao; Enfermagem.
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INTRODUCTION

Healthcare-associated Infections (HAIs) are frequent
adverse events, being considered a major public health problem
worldwide. They are also seen as a two-way phenomenon,
affecting both professionals and healthcare users®.

Despite being the most preventable HAI", Bloodstream
Infection (BSI) is the third most frequent (14% of the total)
and its mortality rate can reach 40%. The most common
causes of BSI are related to the presence of a catheter
retained in a blood vessel and to vascular catheterization,
a technological resource used in approximately 70 to 90%
hospital, with 95.4% of these
catheters being peripherally inserted®. The Peripheral Venous
Catheter (PVC) is an indispensable device for the care of

of hospitalized patients

people undergoing intravenous drug therapy, whether in the
administration of solutions, medications, nutrients, blood
products, or in blood collection®?.

A Spanish study, carried out in a community hospital,
shows that for every 60 PVC insertions, a central venous
catheter is inserted. These data give an idea of the frequency
with which this device is used, in addition to the relevance of
its proper use. The study also points out that there is a lack of
knowledge among professionals regarding its correct handling,
as well as the opportune time for its removal. This factor
means that about 19% of installed catheters are no longer
necessary for the patient’s therapy during the hospitalization
period, with daily records available in only 40.6% of cases®.

Although there is evidence in the literature of interventions
aimed at reducing BSI in some units or sectors of hospital
institutions, such as the intensive care unit, few actions have
been implemented in sectors with an abundant supply of PVC,
such as in the case of wards®?. Therefore, it is understood
that the existence of a validated instrument that enables for
obtaining accurate data on how BSI prevention practices are
carried out or not in healthcare services, would enable the
implementation of singularized professional qualification
strategies aimed at adopting best practices for insertion,
maintenance, and infection control measures related to the
vascular catheter”.

This study aimed to develop and validate, for appearance
and content, an instrument to assess the knowledge of nursing
professionals and students on measures to prevent peripheral

venous catheter-related bloodstream infection.

METHOD

This is a descriptive and methodological study, with a
quantitative approach, carried out between November 2018
and April 2019, in a city in the interior of the state of Sio
Paulo. For the elaboration of the instrument, the following
steps were followed: establishment of the conceptual structure;
definition of objectives and population; construction of items

2

and response scale; selection and organization of items; and

(8,9

instrument structuring®”. Instrument validation occurred in

two steps, content validation and semantic analysis (pre-test)
®89)

Establishment of the conceptual structure of the
instrument and the definition of the objectives and target
population were based on a literature review. The following
selected and used: Healthcare-Related
Infection Prevention Measures (2017), published by
the National Health Surveillance Agency (ANVISA)®;
Guidelines on Hand Hygiene in Health Care: a Summary
(2009), published by the Word Health Organization (WHO)
19; and Recommendations on the use of gloves in health
services (2016), published by the Center for Epidemiological
Surveillance (CVE) of the state of Sio Paulo Paulo™". From the

analysis and synthesis of the concepts and recommendations

references were

contained in the selected references, the steps of construction
of the items and the response scale, selection and organization
of the items, and structuring of the instrument were carried
out.

The instrument’s statements were carefully constructed
to ensure clarity, objectivity, simplicity, absence of mistakes,
and relevance to the construct®?. As such, the dimensions,
items, and response scale of the instrument were based on
the selected literature. The elaborated instrument was
then submitted to and discussed by peers during research
group meetings, and subsequently forwarded to the expert
judges.

For the validation of the instrument by expert judges,
21 nurses were invited, selected for convenience and not
probabilistically, by consulting the CVs of researchers
registered on the Lattes Platform of the National Council
for Scientific and Technological Development (CNPg),
using the available filters. The following inclusion criteria
were observed: minimum professional experience of two
years in hospital care; experience in infection control;
and being a researcher in the field of nursing in infection
control.

Initial contact with the expert judges took place by
e-mail, when the invitation to participate was sent, along
with information about the research (objective, justification,
relevance of the concept involved, and the instrument), the
criteria for their appointment as a judge, and a link, generated
by the Google Forms® platform, to access the electronic
survey form.

If the judge agreed to participate, they were to access the
link, read the Informed Consent Form (ICF) and “accept”,
and only then continue the session with specific instructions
on the procedure for judging content validity (how to
evaluate each item; how to evaluate the instrument in its
entirety; and how to complete the questionnaire) and the
instrument itself.
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The instrument was organized into two modules,
namely: Module A, containing 36 statements that were to be
analyzed for clarity, relevance, and pertinence, using a four-
point Likert-type scale of Totally agree (4), Partially agree
(3), Partially Disagree (2), and Totally Disagree (1); and
‘Module B’, containing six dichotomous questions — no (1)
and yes (2) — in order to verify the relevance, scope, and
representativeness of the material as a whole.

Of the 21 experts invited, only ten agreed to participate in
the study. It should be noted that, according to the literature,
to carry out content validation, a group of at least five to ten
expert judges in the field of the measurement instrument is
necessary®?.

At the end of the validation stage by the experts, the
semantic analysis stage (pre-test) was carried out®. To this
end, the snowball technique was used to recruit members
of the population for which the instrument is intended,
that is, professionals from different categories of nursing
(nurses, nursing technicians, and nursing assistants), and
students of technical courses and undergraduate nursing
programs.

Thus, a key participant was identified, who recommended
another potential participant, who was also part of the
population for which the instrument was intended, and so
on. These professionals answered the validated instrument,
and at the end of each question they could issue an opinion
on the understanding, clarity, and comprehension of the
item, in addition to suggesting possible changes to the
wording.

For the semantic analysis (pre-test), 75 representatives of
the target demographic were invited, of which 42 agreed to
participate, answering the instrument and informing their
understanding of the items and words used, in addition to
the clarity and comprehension of the statements.

Regarding the analysis of the results, in the stage of content
validation by the judges, the Content Validity Index (CVI)
of the items was calculated, adding the number of questions
answered with options “3” and “4” and dividing the result by
the total number of responses. To consider the item validated,
a CVI 2 to 80% agreement among the experts was adopted,
this being considered an adequate index in the literature®.
Items that did not reach this index were revised according to
the experts’ recommendations.

In the semantic analysis stage (pre-test), the respondents’
correct answers were counted, such that the higher the
number of correct answers, the closer to ideal. In addition,
the suggestions for changes to the statements were accepted
in order to better understand the sentences.

The project was approved by Research Ethics Committee
of the Federal University of Sao Carlos under decision No.
2,655,362, according to Resolution 466/12 of the National
Health Council and the participants signed the ICE

3

RESULTS
The

recommendations

the

and

instrument was based on
of ANVISA®; the WHO",
the CVEUY, It contains 36 statements, 20 correct and

developed

16 incorrect, organized into six dimensions that respected
the logical order of execution of the peripheral venous
catheter insertion technique, namely: Hand hygiene; Use
of procedure gloves; Skin preparation; Stabilization and
coverage; Flushing and Maintenance of the peripheral
venous catheter; and Removal of the peripheral venous
catheter .

Regarding the validation stage, all ten judges were women
from the state of Sio Paulo. Most (60%) had ten or more
years of professional training and the remainder (40%) had
seven to nine years of training. The highest professional
degree was a doctorate (70%), followed by a master’s (20%),
and specialist (10%), with 20% attending a post-doctoral
internship. Regarding the length of professional experience,
those with ten or more years of experience predominated
(40%), followed by those with six to nine years (40%), and
over 20 years (20%). Regarding professional practice, those
who worked in teaching prevailed (40%), followed by those
who worked in health care (30%) and in infection control
(20%).

As per the judges’ suggestions, some items were altered
in regard to the vocabulary and placement syntax, in order
to make the statements clearer, more objective, and more
direct. In a global assessment, the instrument obtained
100% agreement from the judges regarding the adequacy of
language, scope, and relevance to the professional practice of
the target demographic.

The average CVI obtained for each dimension, in relation
to clarity and representativeness, was >0.90 (Table 1).

All items, when evaluated individually, had a CVI >0.90
in relation to clarity and representativeness.

Dimensions 1 and 2 had an agreement rate of 80%
regarding the need to exclude or include items. However, in
both cases, the non-agreeing judges did not indicate which
items should be excluded, included, or modified. Thus, after
discussion with the research group, the decision was made to
maintain the items unchanged.

Dimension 3, in turn, achieved an agreement rate of 90%,
although one of the judges indicated the need to exclude the
item “In cases where there is a need to touch the catheter
insertion site after antisepsis, the professional should use
sterile gloves”, which was accepted.

One of the judges suggested joining two statements
in dimension 5, which was accepted, even though 100%
agreement was obtained. Thus, the final wording, after
unification, was “Flushing or washing of the peripheral venous
catheter must be performed before each infusion to check
the permeability of the catheter, and after each infusion, to
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Table 1. Judges’ agreement rate as a percentage of each dimension. Sao Carlos, Sao Paulo, 2021

_ Clarity — Mean CVI Representativeness - Mean CVI

Dimension 1 — Hand Hygiene 096 098
Dimension 2 - Use of procedure gloves 097 098
Dimension 3 - Skin preparation 098 098
Dimension 4 - Stabilization and coverage 098 1
Dimension 6 - Removal of the peripheral venous catheter 1 1

ensure complete infusion of the medication and reduce fibrin
deposits and drug precipitation”.

In the global assessment of the instrument, there was
100% agreement of the judges regarding the adequacy of
language, scope, and relevance to the professional practice of
the target demographic.

In the semantic analysis stage (pre-test), of the
42 participants, 27 (64.3%) were nurses, 7 (16.7%) were
nursing technicians, 6 (14.3%) were undergraduate nursing
students, 1 (2.4%) was a nursing assistant, and 1 (2.4%) was
a nursing technician student.

Table 2 shows the results obtained for the responses of the
participants in the semantic analysis, noting that dimensions
1,2, 3 and 5 obtained a correct-answer percentage > to 80%,
while dimensions 4 and 6 received a correct-answer percentage
of 70.2% and 74.3%, respectively. Statements related to
catheter stabilization and coverage had the highest error-
ratings (29.8%).

Participants in the semantic analysis also suggested
specific modifications to the statements, such as changing
words for synonyms, in order to facilitate understanding.
(n=41; 97.6%) in this group

regarding clarity, objectivity, and ease of understanding

There was consensus
the language used in the instrument. In addition, all
participants indicated that it is a comprehensive and
pertinent instrument for the professional practice of the
target demographic.

In summary, the initial instrument did not undergo major
alterations during the validation process, with the exclusion of
a single item, the unification of two questions, small changes
in the wording in another ten items in the validation stage by
the judges, and four minor wording changes in the semantic
analysis.

After making the modifications suggested by the
judges and the target demographic, the final version of the
instrument was obtained (Appendix 1). To guide the use of
the instrument, an operational manual was prepared and is
available from the study authors.

L

DISCUSSION

The high rate of acceptance by the judges (CVI 2 to
90%) can be explained both by the rigor of the theoretical
basis of the content covered, and by the refinement to which
the instrument was submitted, having been exhaustively
discussed by the research group members until arriving at the
version sent to the judges. The values obtained demonstrate
that the instrument is harmonious and robust, since the index
recommended in the literature for evaluating individual items
must be >0.78 and for evaluation in general, it must be
>0.809,

The same consideration is valid for the semantic analysis
(pre-test), which also reached an adequate number® of
participants from the target demographic, including at least
one representative of each category for which the instrument
is intended. Furthermore, an overall CVI >97.6% was
achieved, demonstrating that the set of items was satisfactory,
considering an adequate agreement rate in the literature of >
to 90%®.

As with this study, the availability of validated instruments
in the area of preventing the transmission of microorganisms
has taken shape in recent years!>'?. This will soon make it
possible to compare studies with standardized results.

What follows is a discussion of the themes that made up
the instrument and the answers obtained in the semantic
analysis step (pre-test).

Dimension 1 — Hand hygiene — obtained 93.6% correct
answers. Overall, more than 90% of the pre-test participants
know how and when to sanitize their hands, but 25% still use
soap and water as their first choice instead of hand sanitizer.
These findings are corroborated by the literature, which also
points out professionals’ difficulty in incorporating the use of
hand sanitizer%17.

The statements in dimension 2 — Use of procedure
gloves — which dealt with the use of gloves as a protective
barrier, as well as the use of gloves not replacing hand
hygiene, were indicated as correct by almost 90% of
respondents. It is understood that, although knowledge
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Table 2. Correct-answer percentage by pre-test parti-
cipants, by dimension (n=42). Sdo Carlos, Séo Paulg,
2020.

Dimension 1 - Hand hygiene Q3.6
Dimension 3 - Skin preparation 814
E;Vmeerngn L — Stabilization and 702
Dimension 5 - Flushing and

maintenance of the peripheral 874
venous catheter

Dimension 6 - Removal of the 71,3
peripheral venous catheter

on the use of gloves had a high answer-rating, the
literature indicates that, in the observation of practice,
the rates of compliance with the use of gloves and hand
hygiene are still below ideal, both in absence as well as in
misuse!>17-20),

In dimension 3 — Skin preparation — 33.3% of
respondents did not recognize the recommended application
time of the skin antisepsis solution, an important measure for
the reduction of microbiota at the puncture site. According
to ANVISA, the application time is 30 seconds for both
70% alcohol and chlorhexidine gluconate >0.5%™. Also in
dimension 3, 57.1% of the participants mentioned the
practice of removing hair with a razor blade before puncture.
However, the use of razors can subject the skin to microscopic
trauma, predisposing the invasion of microorganisms.
A study®? identified a postoperative infection rate of 0.9%
when hair is not removed, 1.4% when hair is removed with
an electric razor, and 2.5% when razor blades are used in the
region.

In dimension 4 — Stabilization and coverage — 29.8%
of the participants are unaware of BSI prevention measures
related to the stabilization and coverage of the catheter.
Aspects such as not valuing the importance of viewing the
insertion site through a transparent cover (11.9%); the use
of non-sterile adhesive tapes (42.8%); and affirmation of
the need to change the semi-permeable membrane covering
at pre-established intervals (76.2%) were the main incorrect
answers. Furthermore, 38.1% of participants did not identify
the use of transparent semi-permeable membrane or sterile
adhesive tapes as part of their daily practice. The use of this
type of coverage is not yet a reality in every health institution.
A study carried out in the interior of Sio Paulo shows that

5

32.4% (141) of catheters observed had non-transparent and
non-sterile coverage®.

The non-adoption of recommended practices increases
the risk of contamination of the insertion and coverage
of the catheter, becoming a potential trigger of HAI®.
These findings reinforce the need for changes in the concept
and updating of professionals on the applicability and

importance of stabilization and coverage as a measure to

prevent BSI by PVC.
In dimension 5 — Flushing and maintenance of the
peripheral venous catheter — it should be noted that

approximately 20% of the professionals who participated
in the semantic analysis step (pre-test) of the instrument
indicated that flushing between medications was unnecessary.
This finding agrees with a Brazilian article® that observed
234 procedures related to the maintenance of the PVC and
found that professionals did not perform flushing between
medications in 24.8% (n=58) of the observations performed.
A study carried out in Portugal demonstrated that the lack of
adherence to flushing may have influenced the permanence
time of the observed catheters, as most were removed due to
obstruction, especially in the first 48 hours after insertion.
In addition to the permeability of the catheter, flushing
prevents the incompatibility of different drugs administered
sequentially®.

Finally, in dimension 6 — Removal of the peripheral
venous catheter — the suspension of routine exchange, the
removal of unused PVC within 24 hours, and the suspension
of the replacement of PVC within 72 hours™ are still new
for the participants in the semantic analysis step of the
instrument in this study. The low overall correct-answer
percentage in this dimension (74.3%) can be attributed to
the slow incorporation of new guidelines into daily practice.

As a limitation, this is a methodological study on the
development and validation of an instrument, therefore, the
answers obtained in the semantic analysis step (pre-test) were
part of the instrument validation process and, as such, do not
have sample representativeness. Thus, the results obtained
cannot be extrapolated, but used only as preliminary data
to guide future studies. Furthermore, it should be noted
that HAI prevention measures, such as those published by
ANVISA, are constantly updated and, therefore, the now
validated instrument will need to be updated as soon as new
scientific evidence on the subject is published.

CONCLUSION

The instrument was validated by expert judges regarding
appearance and content. Participants in the semantic analysis
(pre-test) considered it clear and with accessible, easy-
to-understand language; comprehensive; and relevant to
professional practice.
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The availability of the instrument fills a gap in the area

of knowledge, since there is no similar validated material
available that is specific to PVC.

Thequestionnaire can serveasanimportanttool forassessing

knowledge on measures to prevent bloodstream infections

associated with PVC, as well as a device for monitoring the

impact of pedagogical interventions implemented with a view

to teaching and researching the subject.
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Appendix 1. Extracted from the master’s thesis by Aline Eloa Barbosa Pelizari, entitled “Assessment of the
knowledge of nursing professionals on measures to prevent bloodstream infection associated with peripheral
venous catheters” under the guidance of doctor professors. Rosely Moralez de Figueiredo and Raissa S. Souza,
of Programa de Pods-Graduacao em Enfermagem, Universidade Federal de Séo Carlos (PPGENRf/UFSCar).

Assessment of the knowledge of nursing professionals and students on measures
to prevent peripheral venous catheter-related bloodstream infection
(Suggestion: insert the data here regarding the categorization of the

population, such as initials, age, sex, function, sector of work)

READ AND ANALYZE THE FOLLOWING STATEMENTS BY MARKING YOUR RESPONSE WITH AN X
Dimension 1 - Hand hygiene

11 - Hand hygiene by the health professional must be performed immediately before and after the
insertion of peripheral venous catheters. Ans.: C

1.2 - For the manipulation of devices connected to venous catheters, such as: extenders, IV sets,
connectors and “caps”, prior hand hygiene is not necessary, since there will be no direct contact
with the catheter. Ans.: |

1.3 - If hands are visibly dirty prior to insertion and handling of peripheral venous catheters or
connected devices, cleaning should be performed with soap and water. Ans.: C

14 - The use of hand sanitizer for hand hygiene is only indicated when there are no sinks available
for this purpose. Ans.: |

15 - Hand hygiene must be carried out immediately before and after using gloves. Ans.: C

1.6 - The use of procedure gloves replaces hand hygiene. Ans.: |

Dimension 2 — Use of procedure gloves

Affirmative Incorrect

2.1 - The use of procedure gloves represents a protective barrier between the user’s bodily fluids
and the healthcare professional’s skin. Ans: C

2.2 - The use of gloves is not mandatory for the removal of peripheral venous catheters. Ans.: |

2.3 - After insertion, fixation and manipulation of the peripheral venous catheter, the procedure
gloves must be removed immediately. Ans.: C

24 — After using procedure gloves for handling peripheral venous catheters and devices connected
to them, the same gloves can be used to perform any other activity. Ans.: |

Dimension 3 - Skin preparation

3.1 - If there is visible dirt on the skin at the site selected for insertion of the peripheral venous
catheter, soap and water should be used to remove it and only then antiseptic applied. Ans.: C

3.2 — After an unsuccessful attempt to insert a peripheral venous catheter, the same catheter can be
used for further attempts. Ans.: |

3.3 — The antisepsis of the peripheral venous catheter insertion site must take place immediately
before puncturing, respecting the application and drying time of each product. Ans.: C

34 - When skin preparation for peripheral catheter insertion is performed with 70% alcohol or
chlorhexidine gluconate > 0.5%, the application time is 30 seconds. Ans.: C

3.5 - The professional should not touch the peripheral venous catheter insertion site after antisepsis
has been performed. Ans.: C

3.6 - Whenitis necessary to remove hair from the chosen location for insertion of the peripheral
venous catheter, razor blades should be used. Ans.: |

Continue..
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Appendix 1. Continuation.

Dimension 4 - Stabilization and covering

L] - The stabilization of the peripheral venous catheter after insertion does not require the use of
the aseptic technigque. Ans.: |

4.2 - The peripheral venous catheter covering should not interfere with the assessment and
monitoring of the insertion site. Ans.: C

43 — Non-sterile adhesive tapes (adhesive tape and microporous type tapes) must not be used to
cover peripheral venous catheters. Ans.: C

L4 — Stabilization and covering of the peripheral venous catheter must be performed with sterile
material, such as gauze and sterile adhesive tape or a transparent semi-permeable membrane
(polyurethane membrane). Ans.: C

45 — Peripheral venous catheter coverings with a transparent membrane, must be changed at pre-
established intervals. Ans.: |

L 6 - The peripheral venous catheter covering should be changed immediately if contamination is
suspected and alwaus when wet, loose, dirty, or when it is structurally compromised. Ans.: C

Dimension 5 - Flushing and maintenance of the peripheral venous catheter

Affirmative Correct | Incorrect
5.1 - Flushing or washing of the peripheral venous catheter must be performed before each infusion
to check the permeability of the catheter and after each infusion to ensure complete infusion of the
medication and reduce fibrin deposits and drug precipitation. Ans.: C

5.2 - Flushing or washing the peripheral venous catheter is unnecessary between the
administration of different medications during the same period. Ans.: |

5.3 -To carry out flushing, a 09% sodium chloride solution must be used in single-use ampoules.
Ans.: C

54 — An ampoule of sterile water can be used for flushing. Ans.: |

5.5 - Bags or vials of 09% sodium chloride of greater volume can be fractioned to obtain flushing
for different patients. Ans.: |

5.6 - Flushing should preferably be performed with 1 ml syringes as they provide greater pressure
in the lumen of the catheter. Ans.: |

57 - If the health professional observes resistance in performing the flushing, they must press the
syringe plunger until they are able to infuse the liquid. Ans.: |

Dimension 6 - Removal of the peripheral venous catheter

6.1 - The nursing professional must assess the need for permanence of the peripheral venous
catheter daily. Ans.: C

6.2 - The peripheral venous catheter must be removed when there are no prescribed intravenous
medications and in cases where it has not been used in the last 24 hours. Ans.: C

6.3 - When the peripheral venous catheter is installed in an emergency, with compromised aseptic
technique, it must be replaced after 96 hours. Ans.: |

64 - The peripheral venous catheter must be removed when there is suspicion of contamination,
complications, or malfunction. Ans.: C

6.5 - Peripheral venous catheter replacement should be routinely performed every 72 hours. Ans.: C

Ans. C: correct; Ans. | incorrect.
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