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Abstract

Peripheral intravenous catheterization is one of the main applications in the treatment of diseases. A
correct catheterization application helps treatment. A mistake or inability during catheterization process
causes many complications, especially catheter-related infections. Therefore, an effective
catheterization process, especially in the childhood group, requires a trained and equipped nursing care.
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1 INTRODUCTION

Intravenous therapy, which is one of the cornerstones of healthcare from past to present, is the most
commonly used route among nursing practices (O'Grady et al, 2011; Pujol et al, 2007; Rai et al, 2019).
Peripheral venous catheterization (PVC) is administered in patients admitted to hospitals or medical
centers for inpatient or outpatient treatment and evaluation or for intravenous treatments of the patients
(Hadaway, 2012; Ozyazicioglu & Arikan, 2007). PVC is commonly used in inpatients during processes
such as providing hydration, parenteral nutrition, hemodynamic monitoring, antibiotic and drug
treatment, chemotherapy, transfusion of blood or blood products, liquid and electrolyte replacement
(Ozyazicioglu & Arikan 2007; Camacho-Ortiz & Roman-Mancha, 2016; Uslusoy, 2006; Rai et al, 2019;
Choudhury et al, 2019).

2 HISTORY

Throughout human history, various methods have been tried for diagnosis and treatment of diseases and
inserting a catheter into a vein for intravenous treatments has been the most frequently used tool (Biger,
2017; Pasalioglu, 2012). The first known applications date back to the 15th century and the first
intravenous administration is the blood transfusion from two healthy people to Pope Innocent VIII
performed in Vatican. However, since the blood groups were unknown, this transfusion has resulted with
death. In the 17th century, a venous drug substance (opium) was administered to a dog via a hollow hair
after discovery of blood circulation (Karagdzoglu, 2001; Cihan Erdogan, 2014). Following these
developments, the first intravenous catheter was also produced in the 17th century.

Again, in the same century, the first blood transfusion was attempted from an animal to a human and was
resulted by death of the subject. These attempts were prohibited by governments due to the death of
subjects and the lack of information accompanying inadequate technology.

Blood transfusions from person to person initiated again in the 19th century in England in order to prevent
deaths caused by postpartum hemorrhage. The first intravenous drug administration in humans was water
and salt replacement to a patient with cholera diagnosis (Cihan Erdogan, 2014). Intravenous catheters
were made of steel until the 20th century, and the first plastic catheters were used by Mayer in 1945.
After this development, advances in intravenous therapy have accelerated (Simsek, 2012). While
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intravenous treatments were carried out only by physicians until the 20th century, a nurse at
Massachusetts General Hospital was trained for intravenous treatments in 1940, and after this
advancement, it was established that nurses can also take responsibility for these practices (Biger, 2017).

3 INCIDENCES

Since PVC is the most commonly used application in health system in the world, provides great benefit
in all age groups (Aktas et al, 2010). However, in addition to its benefits, it also increases the incidence
of mortality and morbidity because of the complications caused by factors both related to the catheter,
the treatment administered and the patient (Camacho-Ortiz & Roman-Mancha, 2016; Aktas et al, 2010;
Pujol et al, 2007). Catheter-related infections (CRI) have a large proportion among these complications
and they might be the most important one. CRIs are defined with local inflammation findings such as
redness around the catheter and increased heat, as well as systemic findings such as fever, chills, and
changes in blood analysis (Serane & Kothendaraman, 2016). CRI is one of the most three common
hospital related infections. CRI incidence was reported as 0.7-17% and the incidence of PVC among
them was reported as 0.2-0.5% (Yasuda et al, 2017; CDC, 2018). Considering the data obtained from
hospital records, CRIs were classified as catheter-related blood stream infections in 13.9% (n = 201),
catheter entry site infections in 6.4% and colonizations in 27.3% of the patients admitted in a one-year
period (Aktas et al, 2010).

4 RISK FACTORS AND COMPLICATIONS

The most commonly used PVC is one of the minor surgical procedures that require practive skills and
causes various complications if not done properly. PVC-related catheter complications are sorted as pain,
occlusion, cellulitis, sepsis, thrombophlebitis, infiltration / extravasation, air embolism, nerve tendon
damage, subcutanecous necrosis, circulatory loading, accidental dislocation or stealing of the catheter,
hematoma and CRIs (Hadaway, 2012; Zhang et al, 2016 Rai et al, 2019; Karagézoglu 2001; Wu et al,
2017; Aktas et al, 2011; Rundjan, 2011; Camacho-Ortiz & Roman-Mancha, 2016).

The development of complications depends on factors such as age, gender, weight, region selection,
material and length of the catheter that will be used, the type and osmolarity of the fluid or drug that will
be applied, presence of chronic diseases, dressing material that will be used, the level of knowledge and
experience of the person that will install the catheter, and the aseptic technique compliance during
administration. (Cihan Erdogan, 2014). Intravenous catheter complications cause prolonged
hospitalization, exposure to extra examination and treatment procedures, stress, economical losses and
additional workload for healthcare stuff (Timsit et al, 2011). Complications could be avoided by careful
evaluation and monitoring of the patient and proper administration (Cihan Erdogan, 2014; Rai et al, 2019;
Timsit et al, 2011).

There are many trials about PVC related infect, and when these studies are evaluated, it was determined
that most of them have been performed in adults and trials in pediatric population were very less (Serane
& Kothendaraman, 2016). In addition to age-related factors for pediatric patients; risk factors for
infection occurrence such as body weight, coexisting chronic disease, medical diagnosis, characteristics
of the catheter used and the drug administered, presence of interconnection are different from adults and
a separate discussion is needed for CRI in children (Timsit et al, 2011).

5 DIAGNOSIS

Clinical findings (evaluation of local and systemic findings) and microbiological analysis are important
for diagnosis (Oztiirk, 2000). The patient should be observed systematically and locally in terms of CRI
findings, and vital findings should be measured in regular intervals.

However, since the exact diagnosis of CRI is established by microbiological methods, a certain period of
time is required to determine the agent and establish a diagnosis (Oztiirk, 2000). In microbiological
diagnosis, the swab culture taken from the catheter and the catheter entry should be examined (Oztiirk,
2000). Diagnosis of CRI is based on the presence of positive culture results in venous blood analysis and
samples taken from the catheter or catheter entry site (Zhang et al, 2016).

In the presence or suspicion of a systemic infection, blood culture should be taken, and the catheter should
be removed (Oztiirk, 2000). If necessary, the drawn catheter tip should be sent for culture (Zhang et al,
2016; Oztiirk, 2000).

In the presence of local infection signs (swelling, redness, heat rise, and pain), the catheter should be
removed (O'Grady et al, 2011). If purulent discharge is present, sample should be sent for culture.
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6 TREATMENT

The treatment varies according to the type of infection (local, systemic), agent microorganism, catheter
type and status of the host (immune status, underlying disease) (Oztiirk, 2000). In cases with local
infection and the infection source is the catheter, it is adequate to remove the catheter (O'Grady et al,
2011). Antibiotherapy should be initiated due to the culture result obtained from the catheter and the
catheter entry site. Routine antibiotherapy administration should be avoided (O'Grady et al, 2011; Oztiirk,
2000). Antipyretics should be added to the treatment when high fever is present. The patient should be
observed in terms of infection parameters and vital findings should be recorded by measurements in
regular intervals.

7 PREVENTION AND NURSING CARE

Participation of nurses in IV examination and treatment practices initiated after the mid-twentieth
century, and subsequently, working groups were constituted to determine how nurses would safely and
correctly carry out these practices, and reports were published (Biger, 2017). Three main headings
including the rules and precautions that nurses should follow during IV treatment, asepsis, safety of
patients and healthcare professional was stated in these reports (Biger, 2017; HIDER, 2019). According
to these titles, the following protection precautions should be taken:

Education: Because catheterization and intravenous treatment is one of the nursing practices, nurses
should be trained about these topics initiating with undergraduate education (Ozyazicioglu & Arikan
2007; Yasuda et al, 2017; O’Grady et al, 2011; Zhang et al, 2016).

Intravenous catheterization teams: Recently, in order to carry out IV catheterization and treatment
process in a healthy way, it is necessary to primarily constitute practice-oriented teams (Biger, 2017).
PVC teams should be should take part in every stage of the PVC process and be fully equipped (Biger,
2017). It was reported in trials that the rate of catheter infection occurrence decreases by an equipped
team (Zhang et al, 2016; O’Grady et al, 2011).

Number of efforts: The PVC procedure should not be tried more than twice by the practitioner, and it
should be re-evaluated and attempted by another nurse, physician or anesthesiologist after two
unsuccessful attempts (Cihan Erdogan, 2014).

Prevention packages: Catheterization packages (bundles) containing standardized maximum barrier and
asepsis precautions should be used for management of catheterization process to prevent PVC-related
infections (Timsit et al, 2011; O’Grady et al, 2011). In these packages, rules such as hand washing,
healtcare professional training, patient privacy, material preparation, skin antisepsis, providence of
barrier methods, daily evaluation of catheters and removal of the catheter when it is not needed are
reported (O'Grady et al, 2011, CDC, 2018; Avci, 2015; Ozyazicioglu & Arikan, 2007; Timsit et al, 2011;
Boyd et al, 2011).

Catheter care and observation: Every patient that an intravenous catheter was applied should be
checked daily by inspection and palpation methods for signs and findings of local and systemic infection
(O'Grady et al, 2011; Timsit et al, 2011). The dressing should be changed if it is dirty and wet (Cihan
Erdogan, 2014).

Patient education: Children and their parents should be taught to report any abnormality in catheter site
or a general disturbance to nurses (O’Grady et al, 2011; Ozyazicioglu & Arikan, 2007).

Catheter existance period: Unless there is a complication such as phlebitis, PVC should be remained
in its place until completion of treatment in pediatric patients (HIDER, 2019).

Catheter insertion site: Scalp, hand and foot veins should be preferred primarily, instead of legs, arms
and antecubital regions for cannula site selection in children (O'Grady et al, 2011; HIDER, 2019; Cihan
Erdogan, 2014).

Hand Hygiene and Aseptic Technique: Because most of the agents responsible for CRI are originated
from skin flora, it is important to follow hang hygiene ruled and asepsis techniques (O’Grady et al, 2011;
Caylan, 2007; Zhang et al, 2016; Ozyazicioglu & Arikan, 2007).
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In combination with a non-touch technique for PVC, it is adequate to use disposable clean gloves for
prevention of CRI (Zhang et al, 2016; O’Grady et al, 2011; Choudhury et al, 2019). Unless the aseptic
technique is preserved, palpation of the joint area should be avoided after antiseptic application.
(O’Grady et al, 2011).

Skin antisepsis: The cannula entry site should be wiped with a highly efficient antiseptic solution that is
safe for children before inserting the catheter (HIDER, 2019). It was reported in a study that as a
consequence of providing skin antisepsis and hand hygiene, the rate of CRI is decreased from11.7% to
1.1% (Rundjan, 2011), and similar studies confirmed that the infection rate decreases with a proper
antiseptic solution (O'Grady et al, 2011; Avci, 2015; Zhang et al, 2016; HIDER, 2019).

Antiseptic solutions frequently used for cleaning the PVC entry site in the literature are 70% Alcohol,
2% Chlorhexidine Gluconate 70% Alcohol (CHG), 1% octenidine and 10% povidone iodine (Wu et al,
2017; Karpanen et al, 2016; Dettenkofer et al, 2009; Eser Mete et al, 2009).

When antiseptics were analyzed, it was reported that maximum 2% CHG solution was the most effective
antiseptic agent (Karpanen et al, 2016). In 796 patients that catheters inserted and skin antisepsis was
provided by CHG and povidone iodine, the rate of CRI was reported as 3% in CHG and 10.5% (p = 0.03)
in povidone iodine, and it was reported to be higher in povidone iodine colonization (p =0, 04) (Yasuda
et al, 2017; Eser Mete et al, 2009).

In recent years, drawbacks are reported about the use of CHG in children especially babies under 2
months of age because of strong binding to skin proteins, long-lasting antimicrobial effect on skin (48
hours) and inadequate number of'trials in children and infants (Serane & Kothendaraman, 2016; O’Grady
et al, 2011). Similarly, it is reported that also alcohol and povidone iodine cause many issues such as
abnormalities in hormonal functions and skin problems as a result of skin absorption in children. In line
with these data of these data, a safe antiseptic solution that is not harmful for childhood group is
necessary.
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