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Effectiveness of Using Ultrasonography in Peripheral Intravenous

Catheter Application

Abstract

Background: Peripheral intravenous catheter applications, in addition to the traditional
method in various clinics, are among the common methods using ultrasound guidance.

Methods: The study was conducted using a quasi-experimental design on 30 patients who
were treated in a daily chemotherapy unit and agreed to participate in the study. The data of
the study were collected using “Patient Information Form,” “State Anxiety Inventory,” “Pain
Scale,” “Satisfaction Scale,” “Infiltration Scale,” “Visual Infusion Phlebitis Assessment Scale,”
and “Peripheral Intravenous Catheterization Follow-up Form.” Patients were randomly
assigned to the application groups, peripheral intravenous catheterization was performed
using ultrasonography-guided method and the traditional method, and the application
methods were repeated by crossing the groups. The data were analyzed by descriptive anal-
ysis, a Chi-square, and paired t-test.

Results: The mean age of the participants in the study was 56.16 + 12.29 and the mean body
mass index was 32.71 + 4.43. Of which, 53.3% of the patients were male and 36.7% of the
patients had lung cancer. There was no significant difference between ultrasonography-
guided method and the traditional method. Peripheral intravenous catheterization applica-
tions in terms of success rate (100.0%-93.3%), number of interventions (1 + 0.0-1.20 + 0.40),
and state anxiety score means (46.93 + 6.10-45.10 + 6.60), respectively. In the USG-guided
method, while the time spent was 63.33 + 34.52 second, pain intensity was 1.53 + 1.13,
and satisfaction level was 9.76 + 0.81, a significant difference was found in terms of the
time spent (84.53 + 47.13 second), pain intensity (2.96 + 1.77), and satisfaction score aver-
age (7.433 + 1.40) in the traditional method. A statistically significant difference was found
between these results obtained in both application methods (P < .05). There were no com-
plications that occurred in the patients of both application methods.

Conclusion: It was found that the application of peripheral intravenous catheter in ultra-
sonography-guided method reduced the time spent for the intervention, reduced the pain
felt, and increased the level of satisfaction, however, had no effect in terms of complication
development. The study is recommended to be repeated in different clinical area and patient
groups.
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Introduction

Peripheral intravenous catheterization (PIVC) is the procedure of placing a catheter into
the peripheral vein by impairing the patient’s skin integrity.! Peripheral intravenous cath-
eterization application, which is within the scope of the legal authority and responsibili-
ties of nurses, is one of the most frequently applied treatment methods, applied to more
than 80% of patients admitted to the hospital.! Peripheral intravenous catheterization
application is needed for reasons such as eliminating fluid and electrolyte deficiencies;
administering irritant drugs such as chemotherapy, transfusion of blood and blood prod-
ucts; and providing total parenteral nutrition support, hemodynamic monitoring, and
diagnostic aids.?®

Nurses may encounter various difficulties during catheter placement. These difficulties
may arise from factors related to the patient’s condition, as well as depending on the
clinical experience and skills of nurses. Some of these factors are age (infant, child,
and old age), obesity, current health status, thrombophlebitis due to previous interven-
tions, hematoma, ecchymosis, chemotherapy, peripheral edema, dehydration, hypovo-
lemia, burns, deep or small in diameter veins, individual anatomical differences, past
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experiences (history of unsuccessful PIVC application), fear of injec-
tion, and mental and emotional problems.*® Repetitive unsuccessful
attempts due to the difficulties experienced by nurses during PIVC
application may lead to a decrease in motivation over time and the
development of a sense of stress and panic.®” In addition, repeti-
tive unsuccessful PIVC attempts by nurses may lead to delays in
patient care and the initiation of treatment.® The effort to increase
the success of PIVC applications and to eliminate the negative fac-
tors caused by the patient led the nurses to search for different tech-
nigues. In this context, the use of vein viewer, near infrared devices,
and ultrasonography (USG) in addition to the traditional method in
emergency, intensive care, and pediatric services are among the
methods tried for successful PIVC application.” USG-guided PIVC
application is among the commonly used methods today in parallel
with medical technological developments. The vein and the depth of
the vein can be clearly visualized in both transverse and longitudinal
axes with the USG-guided PIVC method without the need for inspec-
tion or palpation technique. At the same time, it can be understood
whether the vein is an artery or a vein or whether it is an occluded
vein by using the Doppler effect.®

The goals to be achieved in successful PIVC applications with USG
are to reduce the number of multiple interventions, decrease the
level of pain felt by the patient, not to damage the tissues and vein
in the insertion area of the catheter, not to enter the artery, and
not to develop complications such as nerve damage and infection.
Thus, the trial-and-error method is eliminated; time loss in treat-
ment is prevented; and the relationship of trust between the patient,
family, and healthcare team members is preserved. As a result, the
patient’s satisfaction and comfort level increase by ensuring patient
safety.!! Besides all these, the fact that the USG device that can be
used in the procedure is portable, does not contain radiation, does not
require additional materials, the procedure is performed with a stan-
dard intravenous (IV) catheter, and the PIVC procedure is performed
with USG makes the application more secure.! Two techniques, which
are dynamic and static approaches, are used for USG-guided PIVC
placement.!*® The dynamic approach has one or two users. In the
single-person technique, the person performing the application must
be experienced and follow the catheter insertion in coordination
with the monitor during the application.”® In the two-person tech-
nique, while one person uses the probe, the other person inserts the
catheter into the vein. In this technique, practitioners must work in
coordination with each other during the application and monitor the
procedure simultaneously from the monitor. In the static approach,
the entry point of the vein is marked after determining the localiza-
tion of the vein with the USG probe. Intravenous catheter placement
is performed with the traditional method from the marked point with-
out imaging.tt

When studies on successful PIVC application are examined, it is
seen that the procedure has been performed with USG in different
patient groups abroad since 1999 and many positive results have
been obtained.>”' Although studies on the application of PIVC with
USG are increasing,?” studies on the applicability of PIVC in special
patient groups with difficulties in application are limited. It is recom-
mended to strengthen the level of evidence with more studies, espe-
cially because of the difficulties in the application of PIVC in certain
patient groups treated with cancer and the lack of strong evidence in
the systematic analyses.’®

Aim of the Study

This research was conducted to evaluate the effectiveness of USG
use in PIVC application.

Hypotheses of the Study

Hy: There is no difference between USG-guided and traditional PIVC
applications in terms of the number of interventions, time spent, pain
intensity, satisfaction level, and complication development frequency.

H.: In USG-guided PIVC application, the success rate is higher, and the
number of interventions is less compared to the traditional method.

H,: In USG-guided PIVC application, the time spent is shorter, the pain
intensity is lower, and the level of satisfaction is higher compared to
the traditional method.

H.: In USG-guided PIVC application, patient anxiety level and compli-
cation development frequency are lower compared to the traditional
method.

Materials and Methods
Type of the Study

The research is a quasi-experimental study.
The Place and Sample of the Study

The population of the study consisted of patients who were treated
in the outpatient chemotherapy unit of a private hospital, and the
sample consisted of 30 patients among this population who met
the inclusion criteria of the study. Individuals aged 18 and over, not
being pregnant, undergoing chemotherapy for the first time, having
the catheter inserted in the PIVC for at least 48 hours (for monitor-
ing signs and symptoms of infection) body mass index (BMI) of 25
kg/m? and above (in patients with difficult vascular access), and
voluntarily agreeing to participate in the study were determined as
the inclusion criteria of the study. Pregnant women, children, and
patients who had previously undergone chemotherapy were not
included in the study. The research was performed between May
2014 and February 2015. The sample size of the study was calculated
by using power analysis. The study was completed with 30 patients
after it was determined that 30 patients were sufficient for sam-
pling at a power of 80%, a margin of error of 5%, and a confidence
interval of 0.95.1

The crossover method was used in this study to eliminate the dif-
ferences that may arise from patient characteristics. The groups of
the patients were determined by drawing lots. For this procedure,
the patients were assigned to the groups by drawing lots from the
bag containing 15 traditional methods and 15 USG-guided (dynamic
approach, two-person technique) written papers (Figure 1). The first
application was performed for the patients with a suitable method for
the group they were assigned to. In both methods, veins in the ante-
cubital region were used for PIVC application. When these patients
came back to the outpatient clinic for treatment, the second applica-
tion was performed with the traditional method in the USG-guided
application group, and the second application was performed with
the USG method in the traditional method group. A total of 60 PIVC
applications, both with the traditional method and with USG, were
performed on 30 patients within the scope of the study when the
applications were completed.
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Figure 1. Flowchart of study selection.

Data Collection Tools

Inthe collection of data, Patient Information Form, State Anxiety Scale,
Pain Perception Scale, Satisfaction Scale, Visual Phlebitis Diagnostic
Scale, Infiltration Scale, and PIVC Follow-up Form were used.

The State Anxiety Scale is a very responsive tool for evaluat-
ing abruptly changing emotional reactions. It was developed by
Spielberger et al in 1970, translated into Turkish in 1975 for validity
and reliability, and adapted to the Turkish Society in 1985 by Oner and
Le Compte.”” The Cronbach « internal consistency coefficient of the
scale ranges from 0.94 to 0.96, and the total score obtained from the
scale varies between 20 and 80. A high score indicates a high level
of anxiety, and a low score demonstrates a low level of anxiety. The
Cronbach a internal consistency coefficient of the scale in this study
was found to be between 0.90 and 0.92.

With the Pain Perception Scale (Visual Analog Scale, VAS), the
patients were asked to mark the intensity of pain they felt during the
PIVC insertion procedure on a 10-cm ruler with the words “No pain” at
one end and “Unbearable pain” at the other end. The pain perception
of the patients was scored between 0 (I have no pain) and 10 (I have
unbearable pain).

In the Satisfaction Scale (with the Visual Analog Scale [VAS]), the
patients were asked to mark their satisfaction level during the PIVC
placement procedure on a 10-cm ruler with the words “very satisfied”
on one end and “very dissatisfied” on the other. The satisfaction level
of the patients was scored between 0 (not at all satisfied) and 10
(very satisfied).

The PIVC Follow-Up Form, which was prepared by the researcher in
line with the literature, included information about the duration of

catheterization, body temperature from the tympanic region, whether
a culture was taken as a result of the development of a catheter-
related infection, and whether hematoma, phlebitis, and infiltration
developed in the catheter region in the patient who had a peripheral
intravenous catheter. The Visual Phlebitis Diagnostic Scale, which
was developed by Alyce Schultze and Paulette Gallant and adopted to
20 languages by Pasalioglu (2012), was used to determine the devel-
opment of phlebitis. The Infiltration Scale, which is included in the
21 standards of the Infusion Nurses Association (2006), was used to
evaluate the development of infiltration.

Implementation Phase

PIVC was placed by the researcher and two different nurses were
working in the unit where the study was conducted. Both nurses who
voluntarily supported the study had 5 years of professional expe-
rience in this unit. The researcher and one nurse only took part in
the USG-guided (using dynamic approach—two-person technique),
while the other nurse took part in the PIVC application, which was
performed only with the traditional method. In the USG-guided PIVC
application, the researcher used the USG probe, while the nurse
inserted the catheter with simultaneous imaging. The other nurse
inserted the catheter using the traditional method. The durations in
the application were recorded by another nurse working in the clinic
while both methods were applied.

Before the application, 1 hour of theoretical and 3 hours of practi-
cal training was given by the radiology specialist to the nurse who
would perform the application with the guidance of researcher and
USG. In the theoretical training, the technical introduction of the USG
device, the selection of appropriate probe, the anatomical appear-
ance of veins, the probe positions that enable the differentiation of
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veins, arteries and other tissues during imaging were included. In the
practical training, the position of the probe and the angle of hold-
ing the catheter in the evaluation of the transverse and longitudinal
axes, how the depth of the veins was determined, and how the cath-
eter was placed in the vein were shown in line with the information.
At the end of this training, at least 10 successful applications were
performed on the IV arm model by the researchers and nurses, and
then the application phase was started. SonoSite M-Turbo Portable
Doppler USG device (with 13.5 MHz superficial probe) belonging to
the institution, from which the research data were collected, was
used for all patients both during the training and the implementation
phase of the study.

USG-guided PIVC Application

Patient Information Form and State Anxiety Scale were applied to the
patients. With the dynamic approach (using the two-person tech-
nigue), USG-guided PIVC was performed, and the patient’s future
date for the next treatment was recorded. After the PIVC procedure,
the Pain Perception Scale and then the Satisfaction Scale were
applied to the patients. It was noted that the next application would
be performed with the traditional method.

In the application with the traditional method, all the steps were the
same as the USG application phase, and the PIVC procedure was
performed with the traditional method in the application. After both
applications, the contact information of the researcher was given to
the patients, and they were informed that they could call if they had a
problem at home. Twenty-four hours later, the patients were called by
phone and redness, pain, discoloration, etc., at the catheter site were
questioned whether a condition occurred or not, and whether there
was a change in body temperature. When the patients came back to
the unit for chemotherapy after 48 hours, the body temperature was
measured (from the tympanic region) by the researcher, the catheter
site was checked in line with phlebitis and infiltration scales, and the
evaluation results were recorded in the PIVC Follow-up Form (Figure 1).

Ethical Aspect of Research

Ethical committee approval was received from Kog¢ University (Date:
February 27, 2014, Decision No: 2013.129.IRB2.43), written institution
permission of the hospital, where the practice was done, and of the
nurses who participated in the study, written permission was obtained
to ensure that they voluntarily supported the implementation phase
and that they would not claim any rights when the research was com-
pleted. The purpose, plan, duration, and use of the data obtained were
explained through the “Informed Consent Form,” and written consent
for their participation was obtained from the patients.

Analysis of Data

The data obtained in the study were analyzed using the SPSS
(Statistical Package for Social Sciences) for Windows 22.0 pro-
gram (IBM SPSS Corp.; Armonk, NY, USA). In the analysis of the data,
Shapiro-Wilk test was used to determine the conformity of the data
constituting the descriptive statistical methods (number, percent-
age, mean, standard deviation), independent variable (USG use), and
dependent variables (time spent, number of attempts, anxiety state,
patient satisfaction, pain, body temperature, and infection) to the nor-
mal distribution, and paired t-test was used to determine the differ-
ence between groups. The findings were evaluated with a confidence
interval of 95%, assuming a P<.05 value for statistical significance.

Results

The mean age of the patients was 56.16 + 12.29 (27-80), and the mean
BMI was calculated as 32.71 + 4.43 (25-43). It was determined that
53.3% of the patients were male and 36.7% of them were treated for
lung cancer (Table 1).

In this study, when the success rate of PIVC procedure with USG and
traditional method was compared, it was determined that the suc-
cess rate in the practice performed with USG was 100%, while it was
93.3% in the traditional method, but there was no statistically signifi-
cant difference between the two groups (P > .05; Table 2).

In the study, the mean number of interventions in the USG group was
1+ 0.0,and 1.20 + 0.40 in the traditional group. There was no statisti-
cally significant difference between the two groups in terms of the
mean number of attempts (t=-1.98, P > .05; Table 3).

In the study, while the average time spent was 63.33 + 34.52 seconds
in the USG group, it was found to be 84.53 + 47.13 seconds in the
traditional group, and when the averages of time spent were com-
pared, a statistically significant difference was found between them
(t=-2.55, P < .05; Table 3).

In the pain severity assessment performed immediately after the
PIVC application, it was determined that the mean pain score of
the patients was 1.53 + 1.13 in the USG group and 2.96 + 1.77 in the

Table 1. Descriptive Characteristics of the Patients

Descriptive Characteristics Mean + SD Min-Max
Age 56.16 +12.29 (27-80)
BMI 32.71 + 4.53 (25-43)
Number %
Gender
Women 14 46.7
Man 16 53.3
Type of cancer
Lung cancer 11 36.7
Breast cancer 9 30.0
Colon cancer 8 26.7
Testicular cancer 2 6.6

SD, standard deviation.

Table 2. Distribution of PIVC Application Success by USG and
Traditional Method According to PIVC Application Groups (N=60)

Traditional
USG Group Group
(n=30) (n=30)
PIVC Application n % n % P
Successful attempt 30 100 28 93.3 x2=2.069
. P =.246*
Failed attempt 0 0 2 6.7

PIVC, Peripheral intravenous catheterization; USG, ultrasonography.
Chi-square test, * P> .05.
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Table 3. Distribution of Measurement Means by USG-Guided and Traditional Method According to PIVC Application Groups (N=60)

USG (n=30) Traditional (n=30)
Measurements Mean + SD Min-max Mean + SD Min-max t P
Number of interventions 1+0.00 1 1.20 + 0.40 1-2 -1.98 .303
Time spent (s) 63.33 + 34.52 13-150 84.53 + 47.13 35-210 -2.55 .01
Severity of pain 163 +1.13 0-5 2.96 +1.77 1-9 4.24 <.01
State anxiety 46.93 + 6.10 4510 + 6.60 -1.98 .30
Satisfaction 9.76 + 0.81 6-10 7.43 +1.40 4-10 7.86 <.01
PIVC, Peripheral intravenous catheterization; USG, ultrasonography; SD, standard deviation.
Paired t-test.

traditional group. The lower mean pain score in the USG group was
found to be statistically significant (P < .05; Table 3).

In the study, it was observed that the mean of state anxiety
(46.93 + 6.10) in the PIVC application with USG was higher than the
average of the state anxiety (45.10 + 6.60) in the PIVC application
with the traditional method. However, this situation did not demon-
strate statistically significant difference (t=1.790; P > .05; Table 3).

In the study, it was determined that the mean satisfaction score of the
patients in the USG group (9.76 + 0.81) was statistically significantly higher
than the patients in the traditional group (7.433 + 1.40) (P < .05; Table 3).

It was observed that the mean body temperature after PIVC application
with USG was 36.41 + 0.16, and the average body temperature after
PIVC application with the traditional method was 36.36 + 0.2 when the
averages of body temperature measured 48 hours after the practice
were examined. No increase in body temperature was observed in both
treatment groups, and no statistically significant difference was found
between the mean body temperature scores (t=1.071, P > .05; Table 4).
In the study, it was observed that patients who had PIVC placed with
both USG and traditional method, when the catheter entry site was
evaluated 48 hours after the practice, phlebitis, infiltration (Grade
0), and hematoma did not develop in line with the Visual Phlebitis
Diagnostic Scale and Infiltration Scales (Table 5). As a result of these
results, it was not necessary to take cultures from the patients.

Discussion

In the literature, it is emphasized that the USG-guided PIVC applica-
tion has positive results for patients who have difficulty in vascular
access and for nurses who want to access IV vascular access.}¥7®

Table 4. Distribution of Patients' Body Temperature by USG-Guided
Method and Traditional Method According to PIVC Application
Measurement Results (n=30)

Traditional
With USG Method
(n=30) (n=30) t P
Measurements
after 48 hours Mean SD Mean SD
Body temperature  36.41 016 36.36 024 1071 .293

PIVC, peripheral intravenous catheterization; USG, ultrasonography; SD, stan-
dard deviation.
Paired t-test.

Although there was no statistically significant difference in this
study, the observation that the success rate of the PIVC procedure
performed with USG was slightly higher than the success rate of the
traditional method and the average number of interventions was
lower, which supported the literature. In similar studies generally
performed in emergency departments and intensive care units, it is
emphasized that the success rates of PIVC placement with USG and
the average number of interventions are higher than the traditional
method.571L18172224 |n this study, the fact that the success rates and
the average number of attempts in two methods were close to each
other was attributed to the fact that experienced nurses conducted
the practices. It was thought that the slightly higher success rate of
the first attempt in the PIVC application placed with USG was due to
the clear visualization of the vascular structures by USG and the more
anatomical images obtained for the differentiation of arteries, nerves,
and other tissues. In the study, the first hypothesis of the research
was not accepted as a result of the data obtained in the success
rates and the number of attempts.

Inthe study,asignificantdifferencewasfoundbetweentheaverages of
time spent for PIVC application with USG and traditional method. It was
observed that the time spent in the application with USG was shorter.
Similar studies by Keyes et al.> Costantino et al.’® Bauman et al.** and
Mabhler et al'? supported this finding indicating that the time spent for
USG-guided PIVC application was shorter than the time spent in the
application with the traditional method.

Although there are studies examining attempts to reduce pain in the
PIVC application,?® which is applied with the traditional method, only
one study was found that examined the perception of pain during
the PIVC application. In this study by ismailoglu,” it was determined

Table 5. Distribution of Complication Development Status in
Patients with USG-Guided Method and Traditional Method According
to PIVC Application Groups (n=30)

With USG Traditional Total
After 48 hours (n=30) Method (n=30)  (60)
Degree of phlebitis 1 1 60
Degree of infiltration 0 0 60
Hematoma development - - 60

PIVC, peripheral intravenous catheterization; USG, ultrasonography.
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that the mean pain intensity in the group treated with USG was lower
than the group treated with the traditional method. In similar to
ismailoglu’s17 study, the severity of pain felt during PIVC application
under USG was found to be lower in the study, which suggested that
the less time spent in the USG-guided PIVC application, and the few
numbers of interventions indirectly caused less pain in the patients.
In the study, the pain intensity felt during PIVC application under USG
was found to be lower.

The study indicated that the mean satisfaction score of the patients
in the application of PIVC with USG was higher than the application
with the traditional method. In the relevant studies,*21%152¢ the high
level of satisfaction of patients who underwent PIVC with USG is in
parallel with this finding. In the study, the difference between the two
methods was found to be significant in terms of the average satis-
faction scores of the patients. While this finding of the study was
similar to the results of the studies above, it was also evaluated as a
reflection of the shorter duration of the procedure, a smaller number
of interventions and lower pain felt during the application in patients
who underwent USG guided PIVC. The second hypothesis of the study
was accepted in line with the results obtained in terms of the time
spent in the study, pain intensity and satisfaction levels.

In this study, it was determined that the use of USG in the PIVC appli-
cation did not affect the state anxiety levels of the patients. There
was no study demonstrating the relationship between PIVC appli-
cation and state anxiety. This finding was evaluated as a result of
patients' perception of USG-guided PIVC application as a new method
and their concerns about whether the application would be success-
ful or not. In the study, it was observed that patients who had PIVC
placed with both USG and traditional method, when the catheter
entry site was evaluated 48 hours after practice, any complications
(phlebitis, infiltration [Grade 0], and hematoma) did not develop.
This study showed that no complications related to the intervention
developed in accordance with the aseptic technique in both methods
applied to the patients. Similarly, in the study of Mills et al.?* when
the catheter site was observed at 26 hours, no signs of infection
were found, and it was determined that no colonization developed
in the culture study performed after the catheters were removed. In
the study conducted by Gregg et al.?? it was determined that 0.7% of
the patients developed phlebitis and 3.4% developed infiltration. In
the systematic review of Diztepeliler et al.?’ it is emphasized that
the use of USG is not superior to the traditional method in terms
of complication rates, and the complication rates are close (infec-
tion, infiltration). While this finding of the study was similar to the
research results of Mills et al.? it differed from the research results of
Gregg et al?® and Duztepeliler et al.?” The third hypothesis of the study
was not accepted while considering the anxiety levels and complica-
tion development results of the study.

Limitations of the Study

One of the limitations of this study is that it contains a relatively small
sample (n=30) and the application was carried out in a private foun-
dation hospital. Since the nurses who supported the research have 5
years of experience, it should be considered that the nurses’ experi-
ence in practice may affect the success rate of the intervention in the
PIVC application. In addition, since it was thought that different years
of professional experience and the device used in the practice might
affect the research results, it was ensured that the professional expe-
rience years of the nurses who supported the practice were similar

and the same device was used in all interventions. Another limitation
is that the data obtained from the study cannot be generalized to all
patients treated in the chemotherapy unit due to the small number of
patients. On the other hand, the data obtained from this study indi-
cated that nurses should receive training on USG and that PIVC can
be a useful method in interventions.

Conclusion

In this study, it was found that USG-guided PIVC application short-
ened the time spent for the intervention, reduced the pain felt dur-
ing the application, and increased the level of satisfaction. On the
other hand, it was found that there was no effect in terms of success
rate, number of attempts, anxiety level, and complication develop-
ment in practice. Although there was no difference between the two
groups in terms of the number and rates of successful attempts, it
is considered that the difference in favor of USG in the time spent,
perceived pain, and satisfaction levels provide the necessary data for
the more widely use of this method. It is very important to dissemi-
nate the USG-guided PIVC application, especially in order to reduce
the pain during the procedure, as well as to provide timely care and
treatment applications, to shorten the time spent in performing
interventions in special clinical areas such as the emergency room,
intensive care, and operating room. In addition, it is recommended
to include the issue in in-service training programs in order to raise
awareness about the application of PIVC with USG in future studies,
and to repeat the research with different patients, age groups, and
larger samples.
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