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ABSTRACT

Aim: Prevention of infiltration/extravasation (I/E) in pediatric patients is important. This study has examined the effect of an education
program, which aims to prevent and manage pediatric I/E, on I/E rates in pediatric patients.

Materials and Methods: This is a semi-experimental study with a single group pre-test/post-test design. A sample of 79 nursing staff and 289 IV
catheters of 150 pediatric patients was investigated. Pediatric I/E training was given to the nurses and the effectiveness of the training program
and I/E rates before and after the training were evaluated.

Results: Compared to the pre-education phase, there was a significant increase in the mean scores of the nurses’ knowledge in the post-
education phase (t: 7,328; p<0.001). The education program was implemented based on the probability rate that was calculated by the
researchers; this enabled a 12-fold reduction of pediatric I/E (odds ratio: 12,214, 95% confidence interval).

Conclusion: This study has led to an improvement in nursing care, an improvement in the quality of patient care and has helped progress toward
increased patient safety.
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Introduction the tissue (1,3,4). Tripi et al. (5) found I in 13% of catheters.
Wilkins and Emmerson (6) found a 0.38% level of E in their
study. Temizsoy et al. (7) noted that the | rate was 32% and
the E rate was 6%. Atay et al. (8) found that I/E occurred in
| involves leaking of the non-vesicant fluid into the tissue 45.6% of newborns. Gerceker et al. (9) stated that the | rate
and E is the leakage of the vesicant medication or fluid into was 2.9% and the E rate was 2.3% in Turkey.

Infiltration/extravasation (I/E) arethe two mostcommon

complications related to intravenous (IV) interventions (1,2).
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I/E of fluids or medication is usually caused by the
misplacement of the catheter or an increase in the
permeability of thevein (10). Small and fragile vein structures,
reduced peripheric circulation, capillary deficiency, and
flexible tissues under the skin increase the risk of developing
I/E in children (17).

Minor I's recover spontaneously within a short period.
However, major I/E’s in children lead to a loss of skin and
tissue; disruption of comfort due to pain, infection, and
malformation; muscle and tendon necrosis that requires
plastic surgery or amputation; extended hospitalization;
reductions in the satisfaction of patients and their families
and importantly a decrease in the safety of patients; and an
increase in morbidity and hospital costs (1,2,12,13).

The role of the nurse is vital in reducing IV intervention
complications and ensuring patient safety by applying
their knowledge and skills to IV interventions (2,14). Nurses
are expected to diagnose early on in the procedure the
symptoms and findings related to I/E and to act rapidly and
effectively to reduce possible damage in tissues (14). The
most important nursing intervention in I/E is prevention.
Previous studies have emphasized that the risk of I/E
development is reduced through training nurses and more
frequent observation of the I/E area (2). In studies conducted
in different countries, it has been determined that the
education given to nurses about pediatric I/E is effective
(2,13,15). At the same time, it is emphasized that it is
important to repeat these trainings regularly and to develop
education programs, education protocols and algorithms
(9,15). This study examined the effect of an education
program that aimed to prevent and manage pediatric I/E on
the subsequent I/E rates in pediatric patients.

Materials and Methods

This is a quasi-experimental study in a single group with
a pre-test/post-test design. The study data were collected
between February 2016 and September 2016. The researchers
decided to launch the pediatric I/E education program based
on the results of a previous study “I/E in Pediatric Patients:
A Prevalence Study in a Children’s Hospital” (9). The current
education program was initiated with the preparation of an
education program about the prevention and management
of pediatric I/E. The researchers had planned to give this
education program to all nurses in the hospital where
the study was carried out; however, only 79 nurses (66%)
participated in the study. The researchers collected the
relevant data from the pediatric patients on their I/E rate
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by monitoring 289 IV catheters in 150 patients during 1,221
patient days. The study sample included patients aged 18
years or younger (including newborns) who had IV catheters
and were inpatients during monitoring. A power analysis
was conducted based on the I/E rate determined. It showed
that 270 catheters were needed to detect a 0.20 effect
size using 0.80 power and a 0.05 significance level (16).
This study was completed in six months. We included 289
catheters in the study, taking into account a 5% loss of
sample.

Data Collection

A preliminary study was the basis of this study. In the
previous study, the rates of I/E were high and faulty practices
were performed (9). For this reason, we planned this
pediatric I/E education program. The erroneous applications
of I/E observed in the previous study, which directed the
researcher to conduct the present study, proved the need
to develop an urgent intervention in the prevention and
management of pediatric I/E. These previous observations
were the foundation of the pediatric I/E education program
and the pediatric I/E education program was prepared
subsequently. The pediatric I/E education program stage
of the study was performed in February and March 2016.
The pediatric I/E education program was delivered in five
sessions so that most of the nurses in the relevant hospital
could participate. However, the researchers managed to
reach only 66% of the population. The effectiveness of the
education program was evaluated using the “Pediatric I/E
Prevention and Management Information Form” before
and after the education program. The researchers also
hung posters in the service areas of the hospitals about the
education program content as a reminder to ensure the
continuity of the knowledge provided to the participants.
The researchers also anticipated that the posters would
help the non-participant nurses as well to become more
informed about the subject. Afterward, the researchers
conducted a data collection stage focusing on the pediatric
I/E rates and management after the education program.

In the framework of the study, all infants and children
in all services and units of the pediatric hospital who were
inpatients were monitored by the researchers. Before the
study, all the researchers were trained about pediatric
I/E, the education program, the forms and scales to be
used. | was observed in only one patient after the training.
Therefore, the harmony between the researchers was not
examined. To collect data, the researchers used the IV
Insertion Site in the Pediatric Patient Evaluation Form
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and the IV Insertion Site in the Pediatric Patients with I/E
Evaluation Form, starting from the patient’s admission to
the hospital and the implantation of the catheter. Those
patients who had IV catheters were monitored after an
evaluation of their demographic characteristics, catheter
insertion point, the purpose for the catheter, and intake of
fluids and medication. The researchers conducted a regular
daily follow-up of the patients, and evaluated them for
the development of I/E in their catheters, the reason for
removing the catheter if it was removed, and the presence of
a new catheter. If there was I/E, the researchers determined
its location; the fluid or medicine that was infiltrated
or extravasated; the speed of its flow; the days passed
after the implementation of the catheter until the I/E
development as well as the period until its recognition; and
any interventions/initiations. The researchers photographed
the relevant area in those patients who developed I/E and
determined its level with the assistance of the scales. The
I/E rate was determined by calculating the number of I/Es
divided by the total number of patient days (I/E number/
catheter days x 1,000).

Pediatric infiltration and extravasation education
program: The presentations in the pediatric I/E education
program were prepared with the guidance of evidence-
based studies as well as algorithms in the current
literature (1,16,17). The education program content included
descriptions of pediatric I/E, risk factors and symptoms of
I/E, the medications and fluid lists that have a greater risk
for I/E development (high risk, moderate risk, low risk),
scales of I/E, nursing initiations addressing the prevention
and management of I/E, special antidotes, and subjects
concerning wound care. The presentation was prepared
based on the current literature including related topics
and the subject was given as a lecture. In addition, the
algorithm was prepared and printed as a poster. These
posters were posted in the treatment rooms in children’s
clinics. Expert opinions were obtained from seven experts
from the pediatric nursing department about the training
content. The training content was reviewed and finalized
accordingly.

Data Collection Tools

Introductory Form for Nurses: This form includes
questions about the nurses’ age, their education level,
the clinics they worked in, their professional experience,
previous education programs on I/E, and any previous
encounters with I/E.

Pediatric Infiltration and Extravasation (PINE)
Prevention and Management Information Form: This
is a 20-question form with the options “True, False and
Don't Know"”, which was created to determine the nurses’
knowledge levels before and after the education program.
In the form, eight questions (questions 2, 6, 7, 8, 12, 14, 18,
and 20) should be responded to as “False” and 12 questions
should be responded to as “True". The possible scores on the
scale range from O to 20. The questions in the form asked
for descriptions of I/E, the fluids and medications that cause
I/E, the interventions to prevent them, and the nursing
interventions to be carried out after I/E development. The
content validity of the form was ensured by consulting the
opinions of seven experts. They were also asked to score
each item from 1to 4 (1 = Very Unsuitable, 4 = Completely
Suitable). The Content Validity Index was used to evaluate
expert opinions (18). The content validity index was 0.88.
This form is valid in Turkish. The form was reviewed and
finalized accordingly.

The IV Insertion Site in the Pediatric Patient
Evaluation Form: This form developed by researchers
includes questions about age, gender, disease diagnosis,
total patient days, date of IV catheter insertion day, IV fluid
and medication therapy flowing through the IV catheter,
IV insertion site and date and reason for removing the IV
catheter. This form was used in the previous study (9).

The IV Insertion Site in Pediatric Patients with the
I/E Evaluation Form: This form includes questions about
the IV catheter insertion day and when I/E occurred, the
localization of I/E, the time when the I/E was noticed
(time that passed since the I/E started), the infiltrated or
extravasated IV fluid(s) and the medication therapy(s), and
the applied interventions for I/E by the bedside nurses. This
form was developed by the researchers and used in the
previous study (9).

The Infusion Nurses Society Infiltration Scale: The
scale which evaluates the | site was developed by The
Infusion Nurses Society. It contains ratings on a scale
from O to 4 as follows: Grade 0 = No symptoms; Grade 1
= Skin blanched, edema <1 inch (2.54 cm); Grade 2 = Skin
blanched, edema 1 to 6 inches (2.54 to 15.24 cm); Grade 3
= Skin blanched, gross edema >6 inches (15.24 cm), mild to
moderate pain; Grade 4 = Skin blanched, bruised, swollen,
gross edema >6 inches (15.24 cm) moderate to severe pain.
The interrater reliability of the | scale was statistically
significant (k=0.393, p<0.001) (9,19,20).
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Extravasation Scale [National Cancer Institute
Common Terminology Criteria for Adverse Events version
4.0 (NCI-TCAE) Classification]: This classification was
made based on the NCI-CTCAE (21). It evaluates the E site
by rating it on a scale from O to 5 (Grade 1= No symptoms;
Grade 2 = Erythema with associated symptoms (e.g.,
edema, pain, induration, phlebitis); Grade 3 = Ulceration
or necrosis; severe tissue damage; operative intervention
indicated; Grade 4 = Life-threatening consequences; urgent
intervention indicated; Grade 5 = Death) (9,21).

Statistical Analysis

The analysis of the study data was done using SPSS 16.0
software. The characteristics of the nurses were evaluated in
numbers and percentages based on the information derived
from the forms. The pre-test and post-test mean scores on
the PINE Prevention and Management Information Form
were evaluated using Fisher's exact test. The individual
evaluation of the scale items before and after the education
program was carried out using the McNemar test and Paired
t-test. The study also calculated the I/E number for the total
number of patient days to produce the I/E rate (I/E rate /
patient days x 1,000 days). The number of I/Es in the previous
study was compared to the findings in the pediatric I/E
education program using a chi-square test. The researchers
also calculated the odds ratio between the incidences in the
previous study and this education program (9).

Results

Participant Characteristics: The average age of the
nurses in this study was 29.89+7.69 years [minimum
(min): 21, maximum (max): 50)]. Of the nurses, 49.4% had
encountered I/E before, whereas 89.9% had never received
any education program on I/E and 55.7% did not evaluate
I/E as a medical error. Of the patients; 20% were 1 to 20
months old, and 20% were aged 6 to12 years; 57.3% were
females; 24.7% were in the general pediatrics service, and

14 +
12,13

12 1
9,41

10 1

Pre-Education Post-Education

Figure 1. The knowledge level of nurses
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50.7% were monitored with one catheter (Table I). Before
the education program, the knowledge mean score of
the nurses was 9.41+3.22 (min: O, max: 17), and 12.13+1.58
(min: 8, max: 16) after the education program. The increase
in the knowledge level stimulated by the education was
statistically significant (t: 7,328; p<0.001) (Figure 1).

IV Infiltration and Extravasation Rates: In 48.8% of
the patients, the catheter was removed due to a blockage
(Table 1). In the PINE education program, the number of
catheter days was 1,221, and the I/E rate in 289 IV catheter
initiations was 0.8. A statistically significant difference was
found between the I/E numbers in the previous study and in

Table I. Characteristics of nurses and patients

Nurse characteristics n %
Age 29.89+7.69
(min: 21,
max: 50)
Years of 0-1year 29 36.7
study 1-5 year 23 291
in child 6-10 year 14 7.7
wards/ 11-15 year 5 6.3
units 216 year 8 101
Wards/ PICU+NICU 12 12.7
units Oncology/Hematology 28 354
General Pediatric 18 22.8
Other Clinics (Neurology, Nephrology, | 23 291
Cardiology, Respiratory)
Total 79 100
Patient Characteristics n %
Age Neonatal 22 14.7
Infant (1-12 months) 30 20.0
1-3 years 18 12.0
3-6 years 31 20.7
6-12 years 30 20.0
12 years and older 19 2.7
Gender Male 86 57.3
Female 64 42.7
Patients’ NICU 18 12
ward/unit PICU 15 10
Neurology 20 13.4
Nephrology 10 6.6
Cardiology 10 6.6
Respiratory 18 12
General Pediatric 37 24.7
Oncology/Hematology 22 14.7
Total 150 | 100

NICU: Neonatal intensive care unit, PICU: Pediatric intensive care unit, min:

Minimum, max: Maximum, n: Number of patients
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Figure 2. Extravasation and infiltration rates

Table Il. Catheter characteristics

Catheter Characteristics Post-
education
n (%)
The site of the Left 172 (59.5)
peripheral IV line Right 117 (40.5)
Inserted in Dorsal metacarpal 146 (50.5)
peripheral vein Brachial 79 (27.3)
Vena marginalis medialis 10 (3.5)
Cephalic 15(5.2)
Cephal 18 (6.2)
Radial 3(1.0)
Vena temporalis 9 (3.7)
Femoral 1(0.3)
Antecubital 8(2.8)
The reason for Obstruction 141 (48.8)
catheter removal The end of treatment 112 (38.8)
Dislocation 35(12.7)
Infiltration/Extravasation 1(0.3)
Total 289 (100)

this education program (% 9,234; p=0.002) (Table Ill, Figure
2). The education program was implemented based on the
probability rate that was calculated by the researchers; this
enabled a reduction of pediatric I/E by 12-fold (odds ratio:
12.214, 95% confidence interval).

After the education program, there was a Grade 2 | in
only one patient. That | developed in a two-month-old male
patient who was being monitored in the general pediatrics
service with a diagnosis of urinary tract infection in the right
dorsal metacarpal vein and receiving a 5% Dextrose+0.9%
NaCl fluid treatment during the second day of the catheter.
The | was recognized 15 minutes after its development.
Subsequently, the fluid treatment was ceased, physiological
saline solution washing was applied after a fluid aspiration,
and the extremity was elevated.

Table Ill. Infiltration and extravasation incidence rate between
pre-education and post-education

Variables Pre- Post-
education | education

Total catheter days 908 1,221

Number of intravenous

catheter insertions 297 289

Number of infiltrations and extravasations

« Number of infiltrations 5 1 X2
« Number of extravasations 4 0
!nﬁ'ltration and extravasation | 9.9 0.8 9234
incidence rate
«Infiltration incidence rate 5.5 0.8 p:
«Extravasation incidence rate | 4.4 0 0.002
Odds ratio 12.214 95% confidence
interval
Lower Upper
1,545 96,576

Discussion

Several researchers have emphasized that the education
of nurses is one of the most effective ways to prevent I/E in
hospitalized children (2,13,16,22). In the present education
program, the nurses improved their knowledge about
pediatric I/E management and increased their rates of
correct response to most of the statements. Similarly, the
study by Taylor (2) evaluated the efficiency of education on
evidence-based studies of the prevention of | and found that
there was a significant difference in the knowledge scores
before and after the education, proving that the education
increased the information level of the participants. Tofani et
al. (13) stressed that compulsory education given to nurses
using a touch-look-compare method to reduce pediatric I/E
rates led to an improvement in team communication and
systematic recovery. Another relevant study stated that
algorithms developed to prevent pediatric E's contributed
to the prevision of nursing care and helped rapid and
effective intervention in E incidents (16).

A review of the relevant literature indicated that there
has been an increased number of studies in recent years on
the effectiveness of the initiation of education in pediatric
I: the I/E rates examined in these studies were high, and
there was an obvious reduction in these I/E rates thanks
to these initiations or the education provided to the nurses
(2,13,23,24). In this education program, the rates of pediatric
I/E were reduced 12-fold. In the study by Taylor (2), the rate of
1in 1,000 patient days was 20.00 before the education, 11.83
after the education, and 8.93 at the end of the education
program. In the study by Paquette et al. (11), 42 patients had
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documented E and the incidence of E was 0.04% for every
patient day. Tofani et al. (13) evaluated the PIV initiation area
using a touch-look-compare method at the beginning of
every hour and found that the I/E rate was reduced from 4.2
to 1.8 per 1,000 patient-days. The present study is based on
that study and similar studies for the development of PINE
education programes; it led to an important reduction in the
I/E rate as in those other studies.

In the present study, the interventions applied to the
patients with I/E before the study were not sufficient, and
none of the patients had an antidote (9). After the study,
only one patient received a correct | intervention. There
was no administration of hyaluronidase to any of the
patients either before or after the education. In the study
by Paquette et al. (11), 50% of the subjects with E were
treated using the correct antidote. In that study, 81% of the
participants needed an antidote; however, only 33% of them
were provided with that treatment.

In this study, catheter obstruction was the leading cause
of catheter removal. The relevant literature also indicates
that catheter obstruction is one of the most common
catheter-related complications; it is key in order to maintain
IV usage to give bolus flushing fluid to the patient and to
make a safe determination (17).

Study Limitations

The present study aimed to prevent and manage
pediatric I/E. This study also developed nursing practices
and reduced rates of I/E. Some limitations of the study
need to be taken into consideration. First, only 66% of the
nurses working in the hospital where the study was carried
out participated in the study. Another limitation of this
study was that the patients were only monitored for six
months after the education about I/E. These factors limit
the generalization of the study results.

Conclusion

Pediatric I/E is common among children who are
inpatients in health institutions because of acute and/
or chronic health problems. This study has shown that
a pediatric I/E education program improved nurses’
knowledge about I/E management, and reduced I/E rates as
well. This situation led to an improvement in nursing care
and the quality of patient care and helped progress toward
increased patient safety. It is recommended that prevention
of I/E should become standard practice, institutional policy
should be regulated to ensure appropriate treatment and
care after injury has occurred and that in-service education
to ensure that the information received about I/E should be
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up to date and lasting and all health personnel should be
aware of this issue.
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