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The Frequency of Catheter-Related Infections in Children:

One-Year Experience
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Abstract

Ozet

Objective: Intravascular catheters are used with increased frequency
in intensive care units in the management of children. However, in
parallel with the increase in the use of catheters there is also an increase
in the frequency of catheter related bloodstream infections. The aim of
this study is to evaluate the rate and risk of infections associated with
intravascular catheterization.

Material and Methods: Between the years 2014-2015 Septembers, in
Medical Faculty of Cerrahpasa, University of Istanbul, Pediatric Intensive
Care Unit, 105 patients and placed 171 intravascular catheters analyzed
retrospectively by the patients’ medical records.

Results: 78 of the patients (45.6%) were female, 93 (54.4%) were
male. Average age of catheter insertion was 4.45 + 5.48 years, ranging
between 3 days-228 months. One hundred and fifteen catheters (67.3%)
were used 7 days or more, the average length of usage was 20.33 +
38.80 days. One hundred sixty four of 171 catheters (95.9%) were central
venous catheters, seven of them (4%) were arterial catheters. Fifty one
of central venous catheters (31%) were hemodialysis catheters, three
of them were (1.8%) tunnelled catheters, 110 (67.0%) of them were
central venous pressure catheters. Catheter sepsis were reported in
3.5%, local sepsis were in 2.4%, colonisation were in 1.8% of central
venous catheters. As location had no risk for catheter related infections
(p> 0.05), increased time length for the usage of catheters and total
parenteral nutrition treatment via catheter showed a significant increase
in infection incidence (p< 0.05).

Girig: Damar ici kateterler giiniimiizde ¢ocuk hastalarin tedavileri ve iz-
lemleri sirasindaki 6zellikle de yogun bakim tnitelerinde gittikce artan
bir siklikla kullaniimaktadir. Fakat kateter kullanimindaki artisa paralel
olarak kateter ile iliskili enfeksiyon sikliginda da artis s6z konusudur. Ca-
lismamizda kateter ile iliskili enfeksiyon sikligi ve risklerin degerlendiril-
mesi amaglanmistir.

Gereg ve Yontemler: istanbul Universitesi Cerrahpasa Tip Fakiiltesi Co-
cuk Yogun Bakim Unitesi'nde Eyliil 2014 ile Eyliil 2015 tarihleri arasinda
damar ici kateter yerlestirilen 105 hasta ve 171 adet kateter geriye do-
niik olarak dosya kayitlari ile incelendi.

Bulgular: Kateterlerin 78 (%45.6)'i kiz, 93 (%54.4)'U erkek hastaya takildi.
Ortalama kateter takilma yasi 4.45 + 5.48 yil, dagilimi 3 glin-228 ay idi.
Yiiz on bes (%67.3) kateterin kalis siiresi yedi giin ve Ulzeriydi, kateter-
lerin ortalama kalis siresi 20.33 + 38.80 glindii. Toplam 171 kateterin
164 (%95.9)'U santral venoz kateter, 7 (%4.0)’si arter kateteriydi. Santral
venoz kateterlerin 51 (%31.0)'i hemodiyaliz kateteri, 3 (%1.8)'U tunelli
kateter, 110 (%67.0) tanesi santral vendz basing kateteriydi. Veno6z ka-
teterler incelendiginde kateter sepsisi %3.5, lokal enfeksiyon %2.4, kolo-
nizasyon %1.8 oraninda bulundu. Kateterin takildigi bolge enfeksiyon
sikhdi agisindan anlamli bir farka neden olmazken (p> 0.05), kateter kalis
sliresinde uzamanin ve total parenteral niitrisyon uygulamasinin enfek-
siyon sikhiginin anlamli olarak arttirdigi goraldi (p< 0.05).

Sonug: Cocuk hastalarin izleminde 6nem tasiyan kateterlerin tecriibeli
kisiler tarafindan yerlestirilmesi, kateter takilmasi sirasinda steril sartla-
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Conclusion: The insertion and care of catheters by skilled persons,
providing sterile conditions during catheterisation and taking care will
reduce the complication rates.

Keywords: Child, intravascular catheter, catheter related bloodstream
infections

Introduction

Catheterization procedures are used very often in intensive
care units and in hospital wards due to many interventions
such as the follow-up of hemodynamic parameters, vascular
access problems, fluid therapy, parenteral nutrition, admin-
istration of blood and blood products, and the provision of
extracorporeal treatments in children (1-3). As with any inter-
ventional procedure, catheterization has its own problems,
and perhaps the most important of these are catheter-related
infections (CRI) with high mortality and morbidity rates. Infec-
tion is often caused around the catheter entry site and junc-
tion site. In addition to symptoms of inflammation such as ery-
thema and temperature increase around the catheter, CRIs are
defined as being accompanied by systemic findings such as
fever and chills (shivering). The most commonly encountered
agents are coagulase negative Staphylococci, gram-negative
bacilli and Candida albicans (4,5). Many CRIs are known to be
preventable when adequate hygienic conditions are provid-
ed. In the present study, we investigated whether the use of
catheter is reliable when used by experienced individuals, and
to emphasize the fact that the rate of infections would signifi-
cantly be reduced when sterile conditions are provided during
catheter care and when effective catheter care is performed.

Materials and Methods

All catheters which were administered at the Pediatric In-
tensive Care Unit of Istanbul University, Cerrahpasa Faculty
of Medicine between September 2014 and September 2015
were retrospectively reviewed. The age, sex, diagnosis and
duration in the intensive care unit of patients with central
venous catheter were evaluated. The indications for catheter
insertion, insertion site and length of stay, total parenteral
nutrition, infection rates, breeding microorganisms, reasons
for catheter removal and mortality due to catheter infection
were examined retrospectively. We received written approval
for the study from the local Ethics Committee, with approval
number 326814.

The femoral, internal jugular, and subclavian veins were
used for catheter procedures. Our catheters were all with lu-
men and antibiotic-free. All the catheters were administered
by one expert. After sterilizing the catheter insertion site with
10% povidone iodine during administration, it was left to dry.

rin saglanmasi ve kateter bakimina 6zen gosterme ile enfeksiyon oranlari
azaltilabilmektedir.

Anahtar Kelimeler: Cocuk, damar ici kateter, kateter iliskili kan akimi
enfeksiyonlari

During the procedure, sterile gowns, masks and bonnet were
worn, and a single-use sterile dressing was used to cover the
entire body. All the catheters were inserted using the Selding-
er technique. The location of the catheter was confirmed
by chest X-Ray, after insertion of the subclavian and jugular
catheters. The catheter was covered with sterile gauze on the
first day and daily dressing was performed. No local antibiot-
ics were applied to the catheter inlet. Heparin was not used.
No lock solution or antibiotic was applied for closure after the
procedure. The catheter sets were changed every 24 hours if
the catheter sets used lipid-containing liquids, and every 48
hours for other sets.

Culture samples were obtained from patients with a clini-
cal picture of sepsis and laboratory findings during follow-up.
Growth of the same microorganism in blood culture samples
collected from the catheter and periphery was considered as
a catheter-related bloodstream infection and as colonization
when there was growth from that collected from the cathe-
ter and no growth from the blood cultures collected from the
periphery. Detection of erythema, discharge and temperature
increase about 2 cm from the catheter entry site was evaluated
as the presence of local infections, and under such conditions
the catheters were all removed by a pediatrician under sterile
conditions. The catheters were not changed routinely in the
absence of a catheter-related infection or luminal obstruction.
No catheter-tip culture sample was sent for evaluation unless
a catheter-related infection was considered.

Statistical Analysis

Statistical analysis was performed using the SPSS version
15.0 software (SPSS Inc., Chicago, IL, USA). Quantitative data
were expressed in mean + standard deviation, while categor-
ical data were expressed in frequency (n) and percentage (%).
The Student’s t-test was used for the evaluation of normal dis-
tribution of quantitative data, while the Mann-Whitney U test
was used for abnormal distribution and the chi-square test for
the evaluation of categorical data. A p value of < 0.05 was con-
sidered statistically significant.

Results

A total of 171 catheters were administered to 105 patients
who were admitted to the pediatric intensive care unit be-
tween September 2014 and September 2015. Catheters were
administered to our patients due to indications such as vas-



J Pediatr Inf 2017; 11(2): e65-e70

Ayglin et al.

e67/

Catheter Related Infections

Table 1. Demographic characteristics of patients

n* (%)

Sex

Female 78 (45.6%)

Male 93 (54.4%)
Clinical diagnosis groups

Metabolic 43 (25.1%)

Infectious 31(18.1%)

Renal failure 25 (14.6%)

Neurological 19 (11.1%)

Hematology-Oncology 16 (9.4%)

Others 37 (21.6%)

Reason for insertion
Inability to identify

Vascular access 77 (45.0%)
Hemodialysis 53 (31.0%)
Drug-fluid treatment 34 (19.9%)
Monitorization 7 (4.1%)

Type of central venous catheter
inserted

Central venous pressure 110 (67%)

Hemodialysis 51 (31%)

Tunneled permanent catheter 3 (1.8%)
Region of insertion

Femoral 98 (57.3%)

Jugular 48 (28.1%)

Subclavian 22 (12.9%)

Radial 3(1.8%)
Mode of insertion

Emergency 108 (63.2%)

Elective 63 (36.8%)

Reason for removal

No longer needed 95 (55.6%)

Patient mortality 25 (14.6%)
Prolonged duration 22 (12.9%)
Catheter occlusion 12 (7.0%)
Catheter infection 8 (4.7%)
Other 9 (5.3%)

Duration of catheter

7 days and above

Less than 7 days
Department for catheter
monitorization

Intensive care

Hospital ward

Intensive care and ward

115 (67.3%)
56 (32.7%)

107 (62.6%)
34 (19.9%)
30(17.5%)

*n= Number of catheters.

cular access problems, blood and blood product transfusions,
provision of total parenteral nutrition, and administration of
extracorporeal treatments.

Of the catheters, 78 (45.6%) were inserted into female pa-
tients and 93 (54.4%) into male patients. Age distributions of
the patients ranged from 3 days to 228 months. The mean age
of catheter insertion was 4.45 + 5.48 years. Patients weighed
between 2.5 and 110 kilograms. Metabolic diseases were di-

Table 2. Distribution of factors in catheter-related blood flow
infections

Infectious Agents n¥

Staphylococcus epidermidis 4
Campylobacter spp. 2
Enterobacter cloaca 1
Escherichia coli 1
Acinetobacter iwoffii 1
Klebsiella pneumoniae 1
Candida albicans 1
Staphylococcus aureus 1

* More than one microorganism was observed to have growth in some
catheters.

agnosed in 43 (25.1%) of the patients (Demographic charac-
teristics of the patient are shown in Table 1).

A total of 164 (95.9%) of the 171 catheters were central
venous catheters, while seven (4.0%) were arterial catheters.
Of the central venous catheters, 51 (31.0%) were hemodialy-
sis catheters, three (1.8%) were transurethral catheters, while
110 (67.0%) were central venous pressure catheters. In terms
of the site of insertion, 98 catheters (57.3%) were inserted to
the femoral region, 48 catheters (28.1%) to the jugular and 22
catheters (12.9%) were inserted to the subclavian region. One
hundred and eight catheters (63.2%) were administered un-
der emergency conditions. Blood product delivery was per-
formed via 124 catheters (72.5%). Total parenteral nutrition
(TPN) was administered to 13 patients via a catheter.

Catheter-related sepsis was detected in 3.5% of the 164
catheters, colonization in 1.8% and local infection in 2.4% of
the catheters. Evaluation of the rates among patients demon-
strated that catheter-related sepsis was detected in 5.7% of
patients, colonization in 2.8% and local infections in 3.8% of
the patients. The number of catheter infections per thousand
catheter days was calculated to be 3.38 for patients who were
followed up in the hospital wards; this number was 1.88 for
patients who were only monitored in the intensive care unit.
Two of the patients died due to the catheter-related sepsis.
Both patients who died were severely malnourished and
were under long-term total parenteral nutrition. Carbapen-
em-resistant Klebsiella pneumoniae (CR-KP) was detected in
one patient and Enterobacter cloacae in the other. All culture
growths were in the central venous catheters, and there was
no growth in the arterial catheters. Microorganism growth in
catheter-associated infections is shown in Table 2.

Ninety-five (55.6%) of the catheters were removed, as they
were no longer deemed useful. One hundred and fifteen cath-
eters (67.3%) had a stay of 7 days and above, with an average
stay of 20.33 + 38.80 days.

There was no significant difference in the incidence of
infection when comparing the site of catheter insertion
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Table 3. Comparison of risk factors for catheter infection

Catheter infection
Yes (n=13) No (n=158) P
Juguler 5 43
) ) ) Femoral 7 91
Site of insertion Subclavian ! . 0.194
Radial 0 3
) Yes 10 114
Blood product transfusion No 3 44 0.132
Yes 4 3
TPN status No 9 155 0.000
) <7 days 1 55
Duration of catheter > 7 days - 103 0.001
Intensive care 2 105
Hospital ward with catheter infection Pediatric ward 11 23 0.008
IC + ward 0 30

(p> 0.05). The incidence of infection was found to increase
significantly as the length of catheter-stay was prolonged (p=
0.001). Although TPN administration significantly increased
the risk of infection (p= 0.000), blood product transfusion was
not found to be associated with infection (p= 0.132). The in-
cidence of infection was found to be significantly high with
catheters monitored in the hospital wards (p= 0.008). Compar-
isons of risk factors for catheter infection are shown in Table 3.

Discussion

The successful application of catheterization in adult pa-
tients has led to its increased usage due to the advantages
it has on children. An intravenous catheter is reported to be
placed in 6% of patients admitted to the hospital (6). A safe in-
travenous route is of great importance in the management of
critical patients in pediatric intensive care units and in patients
with long-term hospital admissions. Moreover, the stress
posed by the difficulty of finding an intravenous route during
catheter placement, on health workers, the child and the fam-
ily is eliminated. Although it is reliable when performed by ex-
perienced individuals, intravenous catheterization has its own
complications as it is with every medical intervention. Cathe-
ter-related infections (CRI) are one of the most serious of these
complications.

Catheter-related bloodstream infections, which are a sub-
stantial cause of morbidity and mortality, and which increase
hospital stay and the costs of care, can be prevented with sim-
ple methods. Many guidelines have been published for the
prevention of CRIs. The most important of these were those
published in 2009 by the Infectious Diseases Society of Amer-
ica (IDSA) and in 2011 by the Centers for Disease Control and
Prevention (CDC). In these guidelines, five basic rules called
‘central road package’are emphasized (7,8). Washing of hands,

personnel training, skin antiseptics, provision of barrier meth-
ods, daily evaluation of the catheters and removal of the cath-
eter when no longer needed are the most important practices
to be considered. Studies conducted in pediatric intensive
care units demonstrate that in-staff training courses empha-
sized the reduced rates of infection (9,10). Particular attention
has been paid to this rule during catheter set up and care in
our unit.

Risk factors related to the catheter, host and hospital team
have been reported for the development of catheter-related
infection. The effect of substances used to make catheters, on
the infections is also known. In vitro studies have demonstrat-
ed that polyurethane and Teflon catheters have lesser risk of
infection than polyethylene and polyvinyl catheters, and that
polyurethane catheters are more resistant, particularly due
to the sticky nature of microorganisms on the catheters (11).
Polyurethane catheters were used in all of our patients.

Cleaning of the catheter insertion area is also another im-
portant condition to be considered. Antiseptic products used
include chlorhexidine, povidone iodine, and 70% alcohol (7).
Although it has recently been reported that chlorhexidine has
a very strong attachment affinity to skin proteins and that its
antimicrobial effect on the skin lasts for 48 hours, there are res-
ervations for its use particularly in infants less than two months
of age. In our unit, 10% povidone iodine was used during the
catheterization procedure. Transparent polyurethane or chlor-
hexidine-impregnated dressings are among the most preferred
methods for preventing catheter-related bloodstream infec-
tions in intensive care units; however, the use of these products
is also known not to reduce the rate of infection. In a study by
Hatler et al. in which two dressings were compared, no signifi-
cant difference was found with regards to the risk of developing
infection (12). Catheter placement in our unit was performed
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using aseptic techniques and the same care was taken for its
management; the entrance points were checked. Dressings
were changed daily if the catheters were dressed using sterile
gauze. However, catheter care is performed weekly if a dressing
with transparent polyurethane and a chlorhexidine gel in the
middle is used, as long as the integrity of the dressing remains
intact.

The risk of infection development was also thought to be af-
fected by catheter site; in particular the rate is suggested to be
higher in the femoral region due to the risk of urinary and fecal
contamination; however, recent studies have reported no dif-
ference between the femoral and subclavian regions in terms of
infection (13). In our study, no significant relationship was also
detected between catheter site and the risk of infection.

Review of the literature have demonstrated that the risk
of developing infection increases as duration of the catheter
is prolonged (6,7,14,15). In the study conducted by Mclaws et
al. the incidence of infection among the catheters that have
been in place for about 1-5 days was reported as 2.1 per 1000
catheter days, and about 10.2 for catheters of 16-30 days dura-
tion (16). However, in the Cochrane analysis published in 2015,
it was suggested that regular replacement of catheters every
72-96 hours did not reduce catheter-related complications,
but recommended that catheters could only be changed
when clinically necessary (17). Nevertheless, catheter dura-
tion of over 21 days is one of the most significant risk factors
for the increase in catheter-related infections. In our study, it
was also observed that the incidence of infection significantly
increased as the length of catheter-stay prolonged.

The use of catheter for total parenteral nutrition (TPN) and
blood transfusion, the presence of chronic metabolic disor-
der in the patient, and recurrent catheterization are the major
risk factors which increase catheter-related infections (14,15).
In our study, there was also no statistically significant differ-
ence between catheter blood product delivery and catheter
infection, as the vast majority of patients had blood product
transfusions. Patients receiving TPN were observed to have a
higher incidence of catheter-related infection.

To identify CRIs, culture samples should be collected from
both the periphery and the entire lumen of the catheter; cath-
eter-tip culture sampling should be performed in cases where
catheter removal is required. It should be, particularly, noted
that the first blood sample obtained when a culture sample
is collected from the catheter must be cultured in the culture
bottle. Culture growth in the blood culture obtained is a 66%
indication for CRI, and a negative culture has a 97% exclusion
rate for infection (18,19). Although interpretation of cultures
is more important with quantitative culture samples obtained
from catheters and the periphery, quantitative blood culture
sampling is not performed in many centers.

In the assessment of bacteremia, it is important to deter-
mine the risk of infection by calculating the number of cath-
eter-related infections per 1000 catheter days (20). In studies
conducted on pediatric patients, catheter-related infections
were reported in the range of 0.5 to 2.8 per 1000 catheter days
(6). In our study, similarly to literature studies, the number of
catheter infections per 1000 catheter days in patients of hos-
pital wards was found to be 3.38, whereas this rate was only
1.88 in patients of the intensive care unit. We suggested that
this difference is due to the fact that the intensive care nurses
and staff have received training on catheter care follow-ups.

Catheter-related sepsis was detected in 5.7% of the 105
patients, colonization in 2.8% and local infections in 3.8% of
the patients. The most frequent microbiological agents de-
tected in CRIs are gram-positive cocci (the coagulase negative
staphylococcus, Staphylococcus aureus). Staphylococci are
known to be protected from antibiotics by covering the cath-
eter with its biofilm property made from exopolysaccharides.
Gram-negative agents and fungi are also commonly observed
infectious agents (19,21). Staphylococcus epidermidis was the
most commonly cultured microorganism in our patients, while
two of our patients died due to carbapenem-resistant Klebsi-
ella pneumoniae and Enterobacter cloacae. The first patient’s
catheter infection was on subclavian catheter on the 48" day
and the other on the femoral catheter on the 10™ day. In addi-
tion, there was catheter removal in eight of our patients due
to catheter infection (4.7%).

Catheters should be removed and the proper systemic an-
tibiotics should be administered in the treatment of infection.
In our intensive care unit, routine changing of the catheter
was not performed, no closure with antibiotic or lock solution
was performed; however, the catheter was changed if any
complication developed.

In conclusion, in the present study, we showed with our
experience of the past one year that the use of intravenous
catheter in the pediatric age group by experienced physicians
and nurses would decrease catheter-related infections. How-
ever, we believe further prospective, large-scale studies are
needed need to confirm these findings.
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