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Objective: to elaborate and validate the content and appearance
of an algorithm for treating infiltration and extravasation
of non-chemotherapy drugs and solutions administered to
children. Method: a methodological study of the technology
formulation and validation type. To elaborate the algorithm, a
bibliographic review was carried out to list the scientific evidence
on the treatment of infiltration and extravasation. Content
and appearance validation was in charge of 14 specialists in
pediatric nursing, using the Delphi technique, adopting a value
equal to or greater than 0.80 as Content Validation Index.
Results: the algorithm was validated in the third evaluation
by the judges, reaching a Global Content Validation Index of
0.99, being composed by the perception of the occurrence of the
complication; discontinuation of intravenous therapy infusion;
verification of signs and symptoms; measurement of edema;
application of an infiltration and extravasation assessment scale
and conduits to be used according to the characteristics of the
fluid administered and the type of complication. Conclusion:
the algorithm was validated and can be used in a practical and
objective way by health professionals, in order to promote
safety in the care of hospitalized children, with regard to

reducing harms caused by infiltration and extravasation.
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Introduction

Peripheral intravenous catheterization is an invasive
procedure and is commonly performed in pediatric units®
for the administration of drugs, solutions, nutrients and
blood products. Many of these fluids can cause local
complications associated with intravenous therapy (IVT),
defined as adverse events that cause signs and symptoms
around the catheter insertion site®.

An international research study® conducted with
children from 278 hospitals in 47 countries in Africa, Asia,
Australia/New Zealand, Europe, the Middle East, North
America, South America and the South Pacific, demonstrated
that, in 11.4% of the catheter insertion sites, signs of some
complication were observed, while the incidence of these
events was estimated at 18.6% in a prospective longitudinal
study carried out in Bahia, Brazil™®.

In the aforementioned research, carried out in Brazil,
the following risk factors for complications associated
with the use of peripheral IVT were identified: history
of complications, prolonged use of this therapy, mainly
non-irritating/vesicant drugs and vesicant solutions®.

It is noteworthy that, although there are fluids
suitable for administration in peripheral veins, drugs that
have a hydrogen potential (pH) of less than 5 or greater
than 9 are not suitable for infusion by this route®, as they
may increase the risk of infiltration, extravasation and
depletion of the venous network throughout the child’s
hospitalization period, such as irritants and vesicants.

Infiltration is characterized by the exit of a non-
vesicant, non-irritating or irritating solution, from the
intravascular to the extravascular space®>®, while the
vesicant fluids will cause extravasation. A number of
research studies show that infiltration is more frequent
in children receiving medications such as 10% glucose,
ampicillin/sulbactam, vancomycin, high-concentration
electrolytes and phenytoin® and that acyclovir, antibiotics,
norepinephrine, dopamine, sodium bicarbonate, sodium
chloride, calcium gluconate, propofol, contrast, blood and
total parenteral nutrition” cause more extravasation.

Recent research studies show that the frequency
of infiltration in children varies from 2.9% to 35.8%®:89
and extravasation from 17.6% to 17.9%%!), Depending
on the amount of fluid that is displaced from the
intravascular to the extravascular space, the infiltration
may compress the tissue surrounding the vessel, causing
pain and swelling at the site, cold and pale skin, reduced
mobility of the affected limb, decreased blood flow and
extravasation of the solution at the catheter insertion
site®. In turn, vesicating fluids will cause bubbles and
tissue necrosis‘®>®), which may progress to compartment

syndrome or amputation of part of the affected limb®.

Therefore, given the diagnosis of infiltration or
extravasation due to the use of non-chemotherapy drugs
and intravenous solutions, it is necessary for pediatric
nurses to be able to, promptly, start the treatment of
these adverse events, through evidence-based care that
can reduce potential local or systemic harms. However,
a research study conducted in the United States(? with
147 children with infiltration, indicated that among the
precautions for the management of these complications,
the removal of the intravenous catheter, use of hot or
cold compresses, elevation of the limb or a combination
of these treatments stood out.

Thus, it is necessary to standardize the interventions
in view of the identification of infiltration and extravasation,
to develop valid tools based on scientific evidence that can
guide the care sequence that the pediatric nurse should
perform, with regard to the initial treatment of these
adverse events, by reducing harms and promoting safe
care for hospitalized children.

An example of these tools are the algorithms,
which contain standardized actions and contribute to
the improvement of the clinical practice by directing
health professionals in their actions®?®. Thus, the use of
algorithms, as they contain a sequence of clearly defined
and interconnected interventions, can facilitate the clinical
judgment of the pediatric nurse and her decision-making
in the face of an infiltration and extravasation.

In addition, an integrative review* concluded that
the incorporation of tools such as care protocols in the daily
clinical practice contributes to the prevention and reduction
of the severity of infiltration in children. However, in Brazil,
there is a gap in the production of Nursing knowledge about
the treatment of infiltrations and extravasation*® of non-
chemotherapy drugs or solutions in children and algorithms
that can be widely used in the daily clinical practice.

Thus, this study aimed to elaborate and validate
the content and appearance of an algorithm for treating
infiltration and extravasation of non-chemotherapy drugs
and solutions administered to children.

Method

A methodological, descriptive and exploratory study, of
the technology elaboration and validation type, carried out from
January 2016 to June 2017, through two stages: technology
construction and validation*>1®), by pediatric nursing specialists.

In the technology construction stage, articles
published in journals indexed in the Virtual Health
Library, Medical Literature Analysis and Retrieval System
Online (MEDLINE), Latin American and Caribbean Center
on Health Sciences Information (LILACS) and Scopus
were identified. The following descriptors in Portuguese
were used for the search: Enfermagem Pediatrica,
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Crianca, Crianca Hospitalizada, Cateterismo Periférico,
Infusdes Intravenosas, Efeitos Adversos, Extravasamento
de Materiais Terapéuticos and Diagndsticos. Similar
descriptors were also considered in English, Spanish and
expressions of the Medical Subject Headings (MESH).
These descriptors were crossed with each other, using
the Boolean operators "AND” and “OR".

The articles selected were those published in
Portuguese, English or Spanish, between 2009 and
2016, available in full and that addressed interventions
performed in the face of infiltration or extravasation in
children. Editorials and letters to authors or editors were
excluded.

The practice standards of the American Infusion
Nurses Society (INS)®, INS Brazil® and a book on infusion
therapy were also consulted”. The selected articles were
read in full, as well as the practice standards and the
aforementioned book, and information was extracted
regarding the interventions used during the treatment
of infiltrations and extravasations.

Microsoft Office Word and Adobe Acrobat Reader
DC were used to structure the algorithm. The first
version of the algorithm consisted of a header, algorithm
and references, distributed in five pages and entitled
“Algorithm for treating peripheral intravenous infiltration
and extravasation of non-chemotherapeutic drugs and
solutions administered to children”.

Therefore, the algorithm was submitted to the
content and appearance validation stage, from February
to June 2017, using the Delphi technique. This technique
was used due to the ease for obtaining the data, making
it possible to carry out several evaluations until reaching
consensus; accessibility to specialists in the theme of
different regions, eliminating geographical limitations;
reduction of induced answers, when collected in person.
However, this technique is limited by the low adherence of
the participants, delay in obtaining the data, and difficulty
in selecting those with affinity for the theme®,

The study sample was of the intentional non-
probabilistic type and no sample calculation was
performed. Initially, possible participants were consulted
by analyzing the resumes identified in the Lattes Platform,
using the expression “intravenous infiltration in children”
as keyword of the production. 38 potential resumes were
identified, which, after analyzing the scientific production,
allowed for the selection of 22 participants.

The criteria for the selection of participants were
delimited by the researchers’ own experience in the
subject matter, with no literature requirements being
adopted. The following criteria were considered: being a
health professional working in reference hospitals in the
pediatric area as a service manager or direct assistance to
children or in national public higher education institutions,
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involved in teaching and research; having a minimum
experience of one year in the insertion of peripheral venous
catheters in hospitalized children and treatment of local IVT
complications. These last two criteria were validated after
the participants’ acceptance. Those who did not complete
all the stages of technology validation and those who did
not fully answer the assessment instrument were excluded.

The 22 potential participants were invited via email,
e-mail messages, obtaining consent from 14 participants and,
of these, 13 remained until the third assessment. According
to studies of algorithm validation, the number of participants
varies between 19 and 38(516.19-20) However, it is verified
in the literature that there is no consensus regarding the
number of participants to make up the panel of experts®).

For the invitation, a letter was sent, containing the
research objective, origin of the technology and method
of validation, as well as the Free and Informed Consent
Form. After the participants’ acceptance, the assessment
instrument and the first version of the algorithm were sent.

The evaluation questionnaire was prepared by the
researchers of this study, according to the assessment
instrument of other studies regarding the validation of
technologies(?>23), presenting 14 questions considered
relevant for the evaluation of the material regarding general
impressions about the algorithm (four items), layout (four
items), content (three items), motivation (two items) and
applicability (one item), with opinions expressed through

IR\ AR\

the “strongly disagree”, “disagree”, “agree”, “strongly
agree” and "I don’t know” options, in addition to a space
for reporting suggestions for technology adjustments. It also
had information regarding the characterization of the judges.

The algorithm was validated after three evaluations
and, in the first, the experts judged the technology according
to the items presented in the validation instrument and
commented on improvements to be made, being grouped
in a chart according to the items, similarity and repetition.
The suggestions were accepted as appropriate.

Therefore, the second evaluation was started with
adjustments made to the algorithm, according to the
suggestions that were accepted, only the variables that
did not obtain the desirable level of agreement being
assessed. Likewise, the suggestions from the second
evaluation were assessed and the necessary adjustments
were made to the algorithm, proceeding to the third
evaluation, thus reaching validity.

Data was collected and entered twice using the
Statistical Package for the Social Sciences (SPSS) software,
version 22.0, the absolute and relative frequencies being
analyzed for the characteristics of the panel of judges,
in addition to mean, standard deviation, minimum and
maximum. For the analysis, the Content Validity Index

(CVI) of the category and global item was verified.
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The CVI was calculated by dividing the total number of
“strongly agree” plus “agree” answers by the total number
of participants, being performed for the indexes of each item
in the categories. The category CVI referred to the mean
CVI of the specific items in each category. Finally, the Global
CVI was carried out, with the relationship between the item
CVI of all evaluated items divided by the total number®4,
For content validity of the technology, a CVI value of 0.80
or greater was considered as a desirable index.

The research was approved by the Research
Ethics Committee of the State University of Feira
de Santana, State of Bahia (BA), Brazil (Certificate
of Presentation for Ethical Appreciation - CPEA
number 34172014.7.0000.0053 and opinion 841612).

Results

In the bibliographic survey stage, 17 productions
were identified on the treatment of infiltration and
extravasation, with only one of the articles presenting
an algorithm for the treatment of extravasation of
chemotherapeutic drugs in children with cancer.

The algorithm entitled “Algorithm for treating
peripheral intravenous infiltration and extravasation of
non-chemotherapeutic drugs and solutions administered
to children” displays the following sequence of information
provision: perception of the occurrence of the complication,
discontinuation of the intravenous therapy infusion,
verification of signs and symptoms, measurement of edema,
application of an infiltration and extravasation assessment
scale and conducts to be used according to the characteristic
of the fluid administered and type of complication.

The treatment presented for extravasation was
divided into two types: non-pharmacological and
pharmacological, shown in Figure 1.

After the process of elaborating the algorithm, it
was submitted to the evaluation of a group of specialists
composed of 14 professionals, all of whom are nurses,
female (92.9%), with PhD academic degrees (35.7%)
and who work in their greatest proportion in the field of
teaching and research (35.7%). Most work in an intensive
care unit (26.9%), and for this variable it was possible to
indicate more than one option.

The mean age of the specialists was 39.5 (£ 9.03) years
old, their professional training time was 15.2 (£ 9.53) years,
and the minimum time of professional training observed
among the specialists was 5 years with a maximum of
36. The mean time of work in the pediatric area was
14.4 (£ 10.5) years, with a minimum time in the area of
one and a maximum of 36 years.

For the algorithm validation process, the Delphi
technique was used, in which, by the evaluation method,
it is necessary to reach the level of agreement. Thus,
three evaluations were necessary, obtaining a Global CVI

of 0.99. Tables 1, 2 and 3 show the CVI values for each
technology assessment.

In the first evaluation, the experts expressed that
the algorithm did not prove to be self-explanatory, the
visual composition was not attractive and well organized,
the colors used in the algorithm were not relevant, the
content was not scientifically correct and the content did
not show logical organization (Table 1).

Table 1 - Distribution of the Content and Appearance
Validity Indexes given by the specialists (n=14)
according to the content and language criteria of the
first assessment. Feira de Santana, BA, Brazil, 2016-2017

Variables cvr
General impressions about the algorithm

It is easy to use 0.92

It is self-explanatory 0.71

It is didactic 0.93

| recommend the algorithm for the practice of

professionals dealing with intravenous therapy 0.92
Category CVI 0.87
Layout

The visual composition is attractive and well organized 0.78

The way the information is arranged favors the learning

of the theme 0.85

The instrument is easy to read 0.85

The colors used in the algorithm are pertinent 0.64
Category CVI 0.78
Content

The content is scientifically correct 0.78

The information is clear and concise 0.85

The content has a logical organization 0.57
Category CVI 0.73
Motivation

Feeling motivated to use the algorithm 0.85

The use of this technology can optimize the Nursing 1

professional’s working time
Category CVI 0.92
Applicability

The technology has practical applicability 0.92
Category CVI 0.92
Global CVI 0.84

*CVI = Content Validity Index

Through these results in the first evaluation, the
experts proposed suggestions regarding the content,
namely: define the interval for assessing the complication
site, detail the form and frequency of application of the
pharmacological antidotes, highlight the recommendations
of the institutional protocol, identify the infiltration and
extravasation scale.

The following were also proposed: to characterize
the compresses, add other pharmacological measures,
include criteria for the use of pharmacological measures,
introduce a technology presentation paragraph, point out
the need to record the conducts performed in the medical
record, list the characteristics that must be evaluated in
the medications or infused solutions and specify the type
of conduct for each type of extravasated drug.

serp.usp.br/rlae
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A judge requested the use of randomized controlled
clinical studies on the use of compresses; however, no
publications were found on the theme and with this type
of research, with only observational studies and case
reports available.

The layout was revised regarding the colors and size
of the charts. Regarding the logical presentation, it was
verified that the “stop the infusion immediately” approach
was the first intervention to identify the complication.
Regarding language, spelling corrections were made and
phrases were restructured to improve comprehension.

After the corrections, the algorithm proceeded to the
second assessment (Table 2). The experts pointed out
that the colors used in the algorithm were not relevant,
with suggestions to use lighter colors and the font color
was changed to black. Other suggestions regarding the
content were about the inclusion of signs and symptoms
of the complications, how to assess pain and clarifying
the wording of some excerpts.

Table 2 - Distribution of the Content and Appearance
Validity Indexes given by the specialists (n=14) according
to the content and language criteria of the second
evaluation. Feira de Santana, BA, Brazil, 2016-2017

Variables cvr

General impressions about the algorithm

It is easy to use 1.00
It is self-explanatory 0.92
It is didactic 1.00

| recommend the algorithm for the practice of professionals

dealing with intravenous therapy 1.00
Category CVI 0.98
Layout

The visual composition is attractive and well organized 0.85

The way the information is arranged favors the learning of

the theme 1.00

The instrument is easy to read 1.00

The colors used in the algorithm are pertinent 0.78
Category CVI 0.90
Content

The content is scientifically correct 0.92

The information is clear and concise 1.00

The content has a logical organization 1.00
Category CVI 0.97
Motivation

Feeling motivated to use the algorithm 1.00

The usg of this technolqu can optimize the Nursing 1.00

professional’s working time
Category CVI 1.00
Applicability

The technology has practical applicability 1.00
Category CVI 1.00
Global CVI 0.97

*CVI = Content Validity Index
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In the third evaluation, only the category “the colors
used in the algorithm were relevant” was evaluated and
only 13 experts answered the assessment, obtaining
desirable indexes in all the categories (Table 3). This
latest version of the algorithm was updated with five
studies published in 2019 and 2020 and the title was
changed to adapt to the technology proposal, in the
first version, “Treatment of infiltration and extravasation
of non-chemotherapy drugs administered to children”
for “Algorithm for treatment of peripheral intravenous
infiltration and extravasation of non-chemotherapy drugs
and solutions administered to children”, with the consent
of the judges, which did not change the content already
validated.

Table 3 - Distribution of the Content and Appearance
Validity Indexes given by the specialists (n=13) according
to the content and language criteria of the third evaluation.
Feira de Santana, BA, Brazil, 2016-2017

Variables cvr

General impressions about the algorithm

It is easy to use 1.00
It is self-explanatory 0.92
It is didactic 1.00

| recommend the algorithm for the practice of professionals

dealing with intravenous therapy 1.00
Category CVI 0.98
Layout

The visual composition is attractive and well organized 1.00

The way the information is arranged favors the learning of

the theme 1.00

The instrument is easy to read 1.00

The colors used in the algorithm are pertinent 1.00
Category CVI 1.00
Content

The content is scientifically correct 1.00

The information is clear and concise 1.00

The content has a logical organization 1.00
Category CVI 1.00
Motivation

Feeling motivated to use the algorithm 1.00

The use of this tech.nolo.gy can optimize the Nursing 1.00

professional’s working time
Category CVI 1.00
Applicability
The technology has practical applicability 1.00
Category CVI 1.00
Global CVI 0.99

“CVI = Content Validity Index

Figure 1 shows the final version of the algorithm
for the treatment of infiltration and extravasation of
non-chemotherapy drugs and solutions administered to
children.
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ALGORITHM FOR TREATING PERIPHERAL INTRAVENOUS INFILTRATION AND EXTRAVASATION OF NON-CHEMOTHERAPEUTIC DRUGS AND SOLUTIONS ADMINISTERED
TO CHILDREN

|

STOP THE INFUSION IMMEDIATELY 3%:17:25-29)

|

OBSERVE A VERBAL PAIN REPORT, REDUCE THE MOBILITY OF THE AFFECTED MEMBER, CHECK THE LEAKAGE OF THE SOLUTION AT THE LOCATION OF THE
CATHETER INSERT, REDUCE THE INFUSION SPEED AND SKIN SIGNS (EDEMA, COLD SKIN, PALE AND REDUCED FLUSH, FLUSH, FLUSH)%>!7:25-28)

}

MEASURE THE PERIMETER AROUND INFILTRATION/OVERFLOW WITH A METRIC TAPE

}

APPLY SCALE TO CLASSIFY THE DEGREE OF INFILTRATION/OVERFLOW!®- 2526, DEVELOPED BY POP AND VALIDATED FOR THE
BRAZILIAN PEDIATRIC POPULATION® AND NOTIFY THE OCCURRENCE OF THE EVENT)

COMMUNICATE TO THE CHILDREN AND THE FAMILY THE INTERVENTIONS THAT WILL BE CARRIED OUTC!)

|

CONNECT A 3-5ML SYRINGE®) IN THE /N SITU CATHETER AND ASPIRE THE RESIDUAL MEDICATION (17,2529, 32-33)

}

REMOVE THE PERIPHERAL INTRAVENOUS CATHETER®>2>3!)) AND DO NOT APPLY EXCESSIVE PRESSURE ON THE AREA%>31)

VERIFY DRUG AND SOLUTION NON-VESICANT, NON-IRRITANT OR IRRITANT
VESICANT
—_— CHARACTERISTICS (pH®@531:3334),

l osmolality,?® and nature, if vesicant,
irritating®?, non-irritating or non-

—

NON-PHARMACOLOGICAL
INTERVENTION
NON-PHARMACOLOGICAL GICAL l
v i

_ RAISE THE AFFECTED MEMBER FOR UP TO 72

Hou RS(2,5,25,27-29,3 1-33,35-36)

|

APPLY COLD AND DRY COMPRESSES 4X A DAY,
FOR 15 TO 20 MINUTES, UP TO 72 HOURS

(2,5,17,25,29-33)
ACTIVATE SKIN/WOUND CARE
RECORD IN ADVANCE ALL THE GROUPS OR PLASTIC SURGERY IN
INTERVENTION CASE OF EVOLUTION FOR
INFORMATION (occurrence, conduct NECROSIS, IN ORDER TO
and outcome)®%), AND OBSERVE > EVALUATE AND DEFINE THE

THE AFFECTED AREA PERIODICALLY

PROPER TREATMENT%31),
EVERY 4 HOURS %),

Figure 1 - Final version of the “Algorithm for treating peripheral intravenous infiltration and extravasation of non-
chemotherapeutic drugs and solutions administered to children”. Feira de Santana, BA, Brazil, 2016-2017

www.eerp.usp.br/rlae
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Discussion

The “Algorithm for treating peripheral intravenous
infiltration and extravasation of non-chemotherapeutic
drugs and solutions administered to children” algorithm
reached content validity in the third evaluation, together
with specialists in the theme referring to IVT, with a
Global CVI of 0.99.

An example of this, the algorithm directed to the
treatment of extravasation of antineoplastic agents in
children also reached content validity, through evaluation
using the Delphi technique, with a rate higher than 80%,
being analyzed by Brazilian and North American nurses®.

The development of this algorithm reflects a
technology that addresses the treatment of infiltration
and extravasation of non-chemotherapeutic drugs, given
that there is an incipient production of these instruments
for applicability in the clinical practice of pediatric nurses.

It is believed that the content validity of the
algorithm allows for its use in care units for pediatric
patients with need for IVT by the peripheral route
because it is a technology that promotes adherence due
to its accessibility and easy handling. As assessed by
the experts, the algorithm was considered easy to use,
being self-explanatory, didactic and recommended for the
practice of professionals who deal with IVT.

In accordance with this result, in a national study on
an algorithm for laser therapy in wounds, the evaluators
demonstrated that the technology presented an excellent
sequence, which is configured as didactic and self-
explanatory®®, Thus, these characteristics corroborate
that the technology validated in this research is frequently
used by pediatric nurses, as it provides rapid assessment
and the use of appropriate interventions for the treatment
of infiltration and extravasation in children.

As for the layout, the experts pointed out that the
visual composition was attractive and well organized,
that the way the information was arranged favored the
learning of the theme, that the instrument was easy to
read and that the colors used were relevant.

In a national survey on the construction and validation
of an algorithm for cleaning and topical wound therapy,
30 nurses participated, 63.3% of whom considered the
graphic presentation of technology to be excellent and
33.3%, good®), Regarding the validated algorithm, the
questions regarding the visual structure are essential
elements for its understanding and use, since it helps in
directing the decisions in an objective way and provides
the precise execution of the actions for the treatment,
avoiding clinical worsening of the complication.

Regarding the content category, the experts stated
that it was scientifically correct: the information was clear,
concise and presented a logical organization. As described

www.eerp.usp.br/rlae

in the Method, the initial approach when detecting
infiltration or extravasation is to stop the infusion® >17.25
29), aiming to decrease the amount of fluids in the region
adjacent to the insertion area of the peripheral intravenous
catheter, thus reducing potential harms. In addition, the
clinical signs and symptoms of these two complications
must be assessed?:517:25:28),

The algorithm also evaluated the clinical severity of
the complication based on a scale adapted for children and
called “Pediatric PIV Infiltration Scale”, recently translated
and adapted to Brazilian Portuguese®®,

The aforementioned scale makes it possible to
classify the infiltration in five grades. In grade 0O, there
are no symptoms characteristic of this complication and
infusion flows easily. Grade 1 is identified by localized
edema (1%-10%), difficulty in infusion and pain at the
site. In grade 2, mild edema (up to % or from 10%
to 25% of the extremity above or below the insertion
site), hyperemia and pain at the site can be identified.
Regarding grade 3, moderate edema (Vs to 2, or 25%-
50% of the extremity above or below the insertion site),
pain at the site, cold skin to the touch, pallor at the site,
and pulse decreased below the site can be observed; and,
in grade 4, edema classified as severe (more than %2 or
50% of the extremity above or below the insertion site),
cold skin to the touch, pallor at the site, skin rupture/
necrosis, blistering, decreased or absent pulse, pain at
the site and capillary filling > 4 seconds?,

In general, small volume infiltrations and
extravasations with less potent vesicating fluids will
be classified as stages 1 or 2, while more powerful
vesicants and/or larger extravasated volumes tend to
reach stages 3 or 463, In this sense, the conducts for
handling infiltrations and extravasations can be different,
considering the amount of fluid displaced and the grade
of the edema.

In the algorithm, the importance of communicating
with the family members and children is emphasized
by providing information about the occurrence of the
complication and clarifying the conducts that will be
adopted®V. The patients and their families must be
informed about the extent of the lesion®®. Thus, when
providing this information, the pediatric nurse will promote
Family and Child Centered Care, respecting the premises
of dignity and respect, information sharing, participation
and collaboration®®,

According to a research study carried out with family
members of hospitalized children in need of peripheral
intravenous catheterization, it was verified that the
provision of information about the procedure produces
safety, given that the family members express concerns
about the complications associated with the procedure
and the possibility of performing a new catheterization.
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The family members also expressed that the health
professionals must direct information about the procedure
to their children®.

One of the first procedures to be performed with the
in situ catheter is its aspiration through the connector
or hub of the catheter to remove the largest volume of
the liquid®:517:25-29,3233) being infiltrated or extravasated.

Large volumes of infiltrated/extravasated and
anatomically located fluids can cause vasoconstriction,
by mechanical compression, when interstitial pressure is
high enough to overcome venous pressure, blocking blood
flow and, even, causing compartmental syndrome©?,
Therefore, it is important to raise the affected limb,
as this can assist in the reabsorption of the infiltrated
or extravasated fluid, contributing to the reduction in
capillary hydrostatic pressure(®.,

The mechanism for the occurrence of infiltration
and extravasation depends on the type of medication
displaced to the extravascular space. Fluids that exhibit
pH extremes (below 5 or over 9) irritate the vascular
endothelium®33%, making the vessel more vulnerable
to inflammation and rupture®®. Medications and acid
solutions cause vasoconstriction, edema, and disintegration
of the skin, with evolution to necrosis caused by protein
coagulation and can lead to the formation of an ulcerG®,

Alkali, in turn, cause protein dissolution, collagen
destruction and fatty acid saponification, leading to
membrane rupture and cell death. After erythema and
edema, the denaturation of the extracellular matrix
allows for the diffusion in depth of the hydroxide ions,
causing damage to the tissue, which can be similar to a
liquefactive necrosis. The damage observed is generally
worse than with acid agents(?>),

Hypertonic solutions cause water imbalance between
the intracellular and extracellular compartments, causing
fluid displacement, dysfunction and cell death. The
accumulation of liquid also compromises the tissue through
hypoperfusion and, subsequent, tissue necrosis®>,

Vasoactive medications - they promote alpha
receptor stimulation and constrict capillary beds“®,
reducing blood flow in peripheral vesselsG3340) |eading
to edema, inflammation®Y, severe tissue hypoxia and
ischemiaG140),

Vasodilator medications, such as dobutamine and
dopamine, increase the lesion resulting from extravasation,
increasing the local blood flow and the lesion area.
Electrolytes, like calcium, stimulate smooth muscles to
contract the capillaries, leading to hypoperfusion and
ischemic injury“y,

Fat-soluble medications cause local harms by
remaining in the tissue for a long time, hindering
absorption due to low solubility®t4), Parenteral nutrition

is a complex mixture of substances, including nitrogen,

glucose, lipids, and electrolytes, potassium and calcium,
vitamins and trace elements. It is hyperosmolar and
its local tissue toxicity is due to a combination of toxic
effects of the local ions, hyperosmolality and acid pH of
the solution®b),

Thus, the use of cold, hot and dry compresses,
applied for 15 to 20 minutes every 4 hours, for 24 to
48 hours(2517:2529-33) is necessary to reduce the local
reaction and the absorption of the infiltrated medication
or solution®® and contribute to the reduction of potential
injuries.

Cold and dry compresses are indicated in order to
reduce the absorption of the extravasated fluid, keeping
it localized and reducing the triggering of inflammatory
processes. This type of compress is indicated for non-
irritating and hyperosmolar medications and solutions®. In
addition, the use of hot and dry compresses was indicated,
in order to promote vasodilation and dispersion of the
fluid through the tissues adjacent to the catheterization
site(539),

Regarding the pharmacological treatment, the use
of hyaluronidase and phentolamine is highlighted(:16:33-3%),
Hyaluronity is defined as an enzyme that acts by degrading
hyaluronic acid, which acts by intensifying intercellular
bonds and preventing the dispersion of the extravasated
fluid; thus, the enzyme acts by breaking the connections
and facilitating the absorption of the medications into the
bloodstream(®:2542),

A research study carried out with 13 cases of
extravasation in neonates with the treatment of
hyaluronidase showed that all children presented
edema (100%), erythema (38.46%), blister (23.08%)
and tissue necrosis (7.69%) as clinical signs edema,
erythema, blisters and tissue necrosis“?.

Phentolamine acts as an antagonist of the alpha-1
receptors located in the blood vessels in order to cause
vasodilation and increase the absorption of vasoconstrictor
drugs, preventing the occurrence of local necrosis due to
poor blood circulation®,

Another treatment presented in a literature review
was the use of saline irrigation with prior infiltration
of hyaluronidase; however, for this type of action,
effectiveness was not verified through rigorous studies
of randomized clinical trials“®. In addition, there is
the combined therapy between hyaluronidase and hot
compress, which has the adjuvant purpose of increasing
the absorption of extravasated fluids with a consequent
reduction in local harms®64%),

After conducting the procedures for the management
of infiltration or extravasation, some information must
be recorded: date and time of the extravasation, name
of the extravasated medication, signs and symptoms,
description of the extravasation area, approximate
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amount of extravasation and interventions performed. The
photographic record can be useful for future assessments
of the complication site and for monitoring its evolution(®).

The algorithm demonstrates the need for injury
monitoring by a group of wound specialists, with plastic
surgery being indicated in case of tissue necrosis®°:31,
Subsequent assessments should be made based on
whether the injury is receding or advancing®®.

Due to the various possibilities of pharmacological
and non-pharmacological treatments, there is still
little evidence to support its use in a completely safe
manner; thus suggesting the need to develop clinical
and randomized trials to achieve more effective results
in the clinical practice.

As for the motivation category, the evaluators
judged that they felt motivated to use the algorithm
and that this technology would optimize the Nursing
professional’s working time. The question of practical
applicability also obtained maximum satisfaction,
which demonstrates the importance of developing and
validating technologies applicable to the clinical context
of pediatric nurses, strengthening the translation
of knowledge and the implementation of scientific
evidence in the care of hospitalized children, promoting
patient safety.

In an international study, the results showed a
reduction in cases of infiltration in children after the
implementation of an educational project for nurses on the
development of practices based on scientific evidence for
the insertion and maintenance of intravenous devices via
the peripheral route, in addition to having the collaboration
of family members as protagonists in the process of early
identification of the adverse event®“®,

A research study highlighted that, after the
applicability of a guideline that defines the flow of care
for children and newborns who had an extravasation
to specialized care, there was a significant reduction in
the occurrence of tissue necrosis”, which adds value
to the use of the technology validated in this research,
as a resource for the management of infiltrations and
extravasations.

However, this research has some limitations. The
content and appearance validation has a subjective nature,
being necessary to verify the practical applicability of the
proposed algorithm. In addition, the scarce production
of knowledge about the construction and validation
of algorithms for the treatment of infiltration and
extravasation in children made it difficult to develop the
discussion of the data presented.

However, the study presents theoretical, practical
and social contributions. With regard to theory, it will be
able to strengthen the curricular components that involve
care for hospitalized children through the use of this visual

www.eerp.usp.br/rlae

technology in clinical Nursing and IVT teaching and thus
promote critical reflections on child care, innovating
undergraduate and graduate teaching.

For workers in the clinical practice, the instrument
may direct child care, helping them to use interventions
based on scientific evidence. In addition, children and their
families can benefit from access to safe and adequate
assistance to their needs, in addition to being able to
minimize the suffering caused by the occurrence of
infiltration and extravasation.

Conclusion

The “Treating infiltration and extravasation of non-
chemotherapy drugs and solutions administered to
children” algorithm was developed according to a literature
review and considered valid in terms of content for use
in the clinical practice, according to an evaluation by
specialists in the field of pediatrics.

The instrument is configured as a technology
that can be used in a practical and objective way by
health professionals, with the aim of promoting patient
safety with regard to reducing the harms caused by the
occurrence of infiltration and extravasation in children.

References

1. Ullman AJ, Bernstein SJ, Brown E, Aiyagari R, Faustino
DEVS, Gore B, et al. The Michigan Appropriateness Guide
for Intravenous Catheters in Pediatrics: miniMAGIC.
Pediatrics. 2020;145(Supplement 3):5269-5284. doi:
https://doi.org/10.1542/peds.2019-34741

2. Infusion Nurses Society Brasil. Diretrizes praticas para
a terapia infusional. 32 ed. S3o Paulo: INS; 2018.

3. Ullman AJ, Takashima M, Kleidon T, Ray-Barruel G,
Alexandrou E, Rickard CM. Global Pediatric Peripheral
Intravenous Catheter Practice and Performance: A
Secondary Analysis of 4206 Catheters. J Pediatr Nurs.
2020;50:e18-e25.

4. Santos LM, Silva CSG, Machado ES, Almeida AHV, Silva
CAL, Silva BSM, et al. Risk factors for site complications
of intravenous therapy in children and adolescents with
cancer. Rev Bras Enferm. 2020;73(4):e20190471. doi:
http://dx.doi.org/10.1590/0034-7167-2019-0471

5. Goski L, Hadaway L, Hagle ME, McGoldrick M, Orr M,
Doellman D. Infusion teraphy standards of practice. ]
Infus Nurs. 2016;39(1S):1-169.

6. Jeong IS, Jeon GR, Lee MS, Shin BJ, Kim YJ, Park SM,
et al. Intravenous infiltration risk by catheter dwell time
among hospitalized children. J Pediatr Nurs. [Internet].
2017 [cited Apr 22, 2017];32(sn):47-51. Available
from: https://www.pediatricnursing.org/article/S0882-
5963(16)30264-0/pdf



Rev. Latino-Am. Enfermagem 2021;29:e3435.

7. Ghanem AM, Mansour A, Exton R, Powell J, Mashhadi
S, Bulstrode N. Childhood extravasation injuries:
improved outcome following the introduction of hospital-
wide guidelines. J Plast Reconstr Aesthet Surg. 2015
Apr;68(4):505-18. doi: 10.1016/j.bjps.2014.12.029

8. Ozalp Gergeker G, Kahraman A, Yardimci F, Bilsin
E, Binay S, Gevik Ozdemir HN, et al. Infiltration and
extravasation in pediatric patients: A prevalence study
in a children’s hospital. J Vasc Access. 2018;19(3):266-
71. doi: https://doi.org/10.1177/1129729817747532
9. Abusafia BM, Boztepe H. Evaluation of peripheral
intravenous catheter-induced local complications in
pediatrics. J Clin Nurs. 2017. doi: 10.1111/jocn.13730
10. Fonzo-Christe C, Parron A, Combescure C,
Rimensberger PC, Pfister RE, Bonnabry P. Younger age and
in situ duration of peripheral intravenous catheters were
risk factors for extravasation in a retrospective paediatric
study. Acta Paediatr. 2018;107(7):1240-6. doi: 10.1111/
apa.14280

11. Yan YM, Gong M, Chen JL, Lin D, Xu TT, Zou H, et al.
Incidence, risk factors and treatment outcomes of drug
extravasation in pediatric patients in China. Turk J Pediatr.
2017;59(2):162-8. doi: 10.24953/turkjped.2017.02.008
12. Odom B, Lowe L, Yates C. Peripheral Infiltration
and Extravasation Injury Methodology: A Retrospective
Study. J Infus Nurs. 2018;41(4):247-52. doi: 10.1097/
NAN.0000000000000287

13. Gardona RGB, Barbosa DA. The importance of
clinical practice supported by health assessment tools.
Rev Bras Enferm. 2018;71(4):1815-6. doi: http://dx.doi.
org/10.1590/0034-7167-2018710401

14. Rodrigues EC, Cardoso MVLM, Campos FMC, Gazelle
TGA, Oliveira NR. Infiltration related to peripheral
intravenous therapy in newborns and children: integrative
review. Rev Soc Bras Enferm Ped. [Internet]. 2017 [cited
Jun 23, 2020];17(2):83-90. Available from: https://
sobep.org.br/revista/images/stories/pdf-revista/vol17-n2/
vol_17_n_2-artigo_revisao_1.pdf

15. Cunha DR, Salomé GM, Massahud Junior MR,
Mendes B, Ferreira LM. Development and validation of
an algorithm for laser application in wound treatment.
Rev. Latino-Am. Enfermagem. [Internet]. 2017 [cited
Sep 10, 2019];25:e2955. Available from: http://www.
scielo.br/pdf/rlae/v25/pt_0104-1169-rlae-25-e2955.pdf
16. Santos AC, Dutra RAA, Salomé GM, Ferreira LM.
Construgao e confiabilidade interna de um algoritmo
para escolha da limpeza e terapia tdpica em feridas.
Rev Enferm UFPE On Line. [Internet]. 2018 [Acesso
10 set 2019];12(5):1250-62. Disponivel em: https://
periodicos.ufpe.br/revistas/revistaenfermagem/article/
view/230675/28870

17. Phillips LD, Gorski L. Phillips’s manual of I.V.
therapeutics: evidence-based practice for infusion therapy.
6t ed. Philadelphia: F. A. Davis; 2014. 854 p.

18. Revorédo LS, Maia RS, Torres GV, Maia EMC. The use
of Delphi’s technique in health: an integrative review of
Brazilian studies. Arqui Ciénc Saude. [Internet]. 2015
[cited May 3, 2020];22(2):16-21. Available from: https://
doi.org/10.17696/2318-3691.22.2.2015.136

19. Kano EK, Borges JB, Scomparini EB, Curi AP, Ribeiro
E. Algorithms for monitoring warfarin use: results from
Delphi Method. Rev Assoc Med Bras. [Internet]. 2017 Oct
[cited Sep 10, 2019]; 63(10):842-55. Available from:
http://www.scielo.br/pdf/ramb/v63n10/0104-4230-
ramb-63-10-0842.pdf

20. Carvalho MRF, Salomé GM, Ferreira LM. Construcéo
e validagdo de algoritmo para tratamento da lesdo
por pressao. Rev Enferm UFPE On Line. [Internet].
2017 [Acesso 10 set 2019];11(Suppl 10):4171-83.
Disponivel em: https://periodicos.ufpe.br/revistas/
revistaenfermagem/article/view/231180/25156

21. Powell C. The Delphi technique: myths and realities. ]
Adv Nurs. [Internet]. 2003 [cited Jun 25, 2020];41(4):376-
82. Available from: https://pdfs.semanticscholar.
org/0707/aecd593c8eef182dd417bcb37e207edf4c3d.pdf
22. Fonseca LMM, Aredes NDA, Dias DMV, Scochi CGS,
Martins JCA, Rodrigues MA. Serious game e-Baby: nursing
students’ perception on learning about preterm newborn
clinical assessment. Rev Bras Enferm. 2015;68(1):13-9.
doi: http://dx.doi.org/10.1590/0034-7167.2015680102p
23. Gobes FSN, Camargo RAA, Fonseca LMM, Oliveira GF;
Hara CYN, Felipe HR, et al. Assessment of the digital
educational technology “vital signs and anatomy” by
students of vocational nursing education. REME Rev
Min Enferm. 2015;19(2):37-43. doi: 10.5935/1415-
2762.20150024

24. Coluci MZO, Alexandre NMC, Milani D. Construction
of measurement instruments in the area of health.
Ciénc Saude Coletiva. [Internet]. 2015 [cited Apr 16,
2020];20(3):925-36. Available from: https://www.scielo.
br/pdf/csc/v20n3/1413-8123-csc-20-03-00925.pdf

25. Reynolds PM, MacLaren R, Mueller SW, Fish DN, Kiser
TH. Management of Extravasation Injuries: A Focused
Evaluation of Noncytotoxic Medications. Pharmacotherapy.
2014;34:617-32. doi: 10.1002/phar.1396

26. Kim JT, Park JY, Lee HJ, Cheon YJ. Guidelines for the
management of extravasation. J Educ Eval Health Prof.
2020;17:21. doi: 10.3352/jeehp.2020.17.21

27. De Leo A, Leung BC, Giele H, Cogswell L. Management
of Extravasation Injuries in Preterm Infants. Surg
Sci. 2016(7):427-32.doi: http://dx.doi.org/10.4236/
ss5.2016.79058

28. Treadwell T. The management of intravenous
infiltration injuries in infants and children. Ostomy Wound



Santos LM, Nunes KJ, Silva CSG, Kusahara DM, Rodrigues EC, Avelar AFM.

Manage. [Internet]. 2012 [cited Sep 27, 2016];58(7):40-
4. Available from: https://www.ncbi.nlm.nih.gov/
pubmed/22798353

29. Chanes DC, Pedreira MLG, Gutiérrez MG. Antineoplastic
agents extravasation from peripheral intravenous line in
children: a simple strategy for a safer nursing care. Eur
J Oncol Nurs. 2012 Feb;16(1):17-25. doi: 10.1016/j.
ejon.2011.01.005

30. Rodrigues EC, Cardoso MVLML, Campos FMC, Gazelle
TGA, Nobre KSS, Oliveira NR. Tradugdo e validagdo de
conteldo da Pediatric PIV Infiltration Scale para o portugués
brasileiro. Rev Bras Enferm. 2020;73(4):e20190300. doi:
https://doi.org/10.1590/0034-7167-2019-0300

31. David V, Christou N, Etienne P, Almeida M, Roux
A, Taibi A, et al. Extravasation of Noncytotoxic Drugs.
Ann Pharmacother. 2020 Aug;54(8):804-14. doi:
10.1177/1060028020903406

32. Murphy AD, Gilmour RF, Coombs CJ. Extravasation
injury in a paediatric population. ANZ J Surg.
2019;89(4):E122-E126. doi: 10.1111/ans.14104

33. Ong JPD, Van G, Ruth MS. Recommendations for
Management of Noncytotoxic Vesicant Extravasations,
J Infus Nurs. 2020;43(6):319-43. doi: 10.1097/
NAN.0000000000000392

34. Doellman D, Hadaway L, Bowe-Geddes LA, Franklin
M, LeDonne J, Papke-O’Donnell L, et al. Infiltration and
extravasation: update on prevention and management.
J Infus Nurs. 2009;32(4):203-11. doi: 10.1097/
NAN.Ob013e3181aac042

35. Kreidieh FY, Moukadem HA, El Saghir NS. Overview,
prevention and management of chemotherapy
extravasation. World J Clin Oncol. 2016;7(1):87-97. doi:
10.5306/wjco.v7.i1.87

36. Martin SN. Extravasation Management of
Nonchemotherapeutic Medications. J Infus Nurs. 2013 Nov-
Dec;36(6):392-6. doi: 10.1097/NAN.0000000000000010
37. Rose TA Jr, Choi JW. Intravenous Imaging Contrast
Media Complications: The Basics That Every Clinician
Needs to Know. Am J Med. 2015;128(9):943-9. doi:
10.1016/j.amjmed.2015.02.018

38. Johnson B, Conway J, Simmons L, Edgman-
Levitan S, Sodomka P, For D. Partnering with patients
and families to design a patient and family-centered
health care system: recommendations and promising
practices. [Internet]. 2" ed. Bethesda: Institute for
Patient- and Family-Centered Care; 2008 [cited Mar 12,
2018]. Available from: https://www.ipfcc.org/resources/
PartneringwithPatientsandFamilies.pdf

39. Shave K, Ali S, Scott SD, Hartling L. Procedural pain
in children: a qualitative study of caregiver experiences
and information needs. BMC Pediatr. 2018;18(1):324.
doi: 10.1186/s12887-018-1300-y

40. Beall V, Hall B, Mulholland JT, Gephart SM.
Neonatal Extravasation: An Overview and Algorithm
for Evidence-based Treatment. Newborn Infant Nurs
Rev. 2013;13(4):189-95. https://doi.org/10.1053/j.
nainr.2013.09.001

41. Hannon MG, Lee SK. Extravasation injuries. ]
Hand Surg Am. 2011;36(12):2060-6. doi: 10.1016/j.
jhsa.2011.10.001

42. Weber GC, Buhren BA, Schrumpf H, Wohlrab ], Gerber
PA. Clinical Applications of Hyaluronidase. Adv Exp Med
Biol. 2019;1148:255-77. doi: 10.1007/978-981-13-7709-
9_12

43. Sakaida E, Sekine I, Iwasawa S, Kurimoto R, Uehara
T, Ooka Y, et al. Incidence, risk factors and treatment
outcomes of extravasation of cytotoxic agents in an
outpatient chemotherapy clinic. Jpn J Clin Oncol.
2014;44(2):168-71. doi: 10.1093/jjco/hyt186

44. Gopalakrishnan PN, Goel N, Banerjee S. Saline
irrigation for the management of skin extravasation
injury in neonates. Cochrane Database Syst Rev.
2017,;7(7):CD008404. doi: 10.1002/14651858

45. Le A, Patel S. Extravasation of Noncytotoxic
Drugs: A Review of the Literature. Ann Pharmacother.
2014 Jul;48(7):870-86. doi: https://doi.
org/10.1177/1060028014527820

46. Major TW, Huey TK. Decreasing IV Infiltrates in the
Pediatric Patient-System-Based Improvement Project.
Pediatr Nurs [Internet]. 2016 [cited Jun 20, 2017];42(1):14-
20. Available from: https://pdfs.semanticscholar.or
g/002c/48c0c2c365bd8f0319ce3fac4647c54220f2.
pdf?_ga=2.215512471.1453191894.1576182772-
2011967532.1550709192

Authors’ Contribution:

Study concept and design: Luciano Marques Dos Santos.
Obtaining data: Luciano Marques Dos Santos, Katharinne
De Jesus Nunes. Data analysis and interpretation:
Luciano Marques Dos Santos, Katharinne De Jesus
Nunes, Cleonara Sousa Gomes e Silva, Denise Miyuki
Kusahara, Elisa Da Conceicao Rodrigues, Ariane Ferreira
Machado Avelar. Statistical analysis: Luciano Marques
Dos Santos, Katharinne De Jesus Nunes. Drafting the
manuscript: Luciano Marques Dos Santos, Katharinne
De Jesus Nunes, Cleonara Sousa Gomes e Silva, Elisa Da
Conceicao Rodrigues, Ariane Ferreira Machado Avelar.
Critical review of the manuscript as to its relevant
intellectual content: Luciano Marques Dos Santos,
Cleonara Sousa Gomes e Silva, Elisa Da Conceigdo
Rodrigues, Ariane Ferreira Machado Avelar.

All authors approved the final version of the text.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Weber%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=31482503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buhren%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=31482503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schrumpf%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31482503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wohlrab%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31482503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerber%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=31482503
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerber%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=31482503
https://www.ncbi.nlm.nih.gov/pubmed/31482503
https://www.ncbi.nlm.nih.gov/pubmed/31482503

12 Rev. Latino-Am. Enfermagem 2021;29:e3435.

Conflict of interest: the authors have declared that
there is no conflict of interest.

Corresponding author:

Cleonara Sousa Gomes e Silva

E-mail: cleosilvauefs@gmail.com
https://orcid.org/0000-0002-4827-8306

Received: Apr 8™ 2020
Accepted: Sep 12t 2020

Associate Editor:
Maria Lucia do Carmo Cruz Robazzi

Copyright © 2021 Revista Latino-Americana de Enfermagem
This is an Open Access article distributed under the terms of the
Creative Commons (CC BY).

This license lets others distribute, remix, tweak, and build upon
your work, even commercially, as long as they credit you for the
original creation. This is the most accommodating of licenses
offered. Recommended for maximum dissemination and use of
licensed materials.

www.eerp.usp.br/rlae


https://orcid.org/0000-0002-4827-8306

