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Introduction: Port catheters are essential for optimal and comfortable treatment of hematological malignancy.
Materials and Methods: Two hundred and ninety-five patients with acute leukemia were analyzed retrospectively.
Eighty-five patients with a port catheter (Group-1) who suffered a total of 151 infection attacks and 80 patients
without a port catheter (Group-2) who suffered a total of 107 infection attacks were included in the studly.

Results: The mean age of the patients was 54.80+33.51T months in Group-1(n:85) and 80.61+45.42 months in Group-
2 (n:80) (p<0.001). The mean duration of G-CSF requirement was 2.77+4.07 days/attack in Group-1and 0.86+1.96
days/attack in Group-2. The patients without a port catheter required Granulocyte Colony-Stimulating Factor (G-
CSF) for a shorter time during an infection attack (p<0.001). An analysis of the blood cultures taken during infection
attacks of Group-1 revealed 23 (15.2%) attacks by Staphylococcus epidermidis and 19 (12.6%) attacks by Staphylo
coccus hominis as causative agents. In Group-2, nine (8.5%) attacks were caused by Staphylococcus epidermidis,
and 5 (4.7%) attacks were caused by Staphylococcus hominis as causative agents. Staphylococcus epidermidis was
significantly more common in Group-1than Group-2 (p<0.001). In Group-1, the Neutrophil/Lymphocyte Ratio (NLR)
and Platelet/Lymphocyte Ratio (PLR) showed a significant difference between pre-treatment and post-treatment
period of infection attacks (p=0.025, p=0.008).

Conclusion: The duration of the use of port catheters may increase the incidence of bloodstream infection, but if
appropriate patient care is provided, port catheters can be used safely during the treatment of acute leukemia.
Besides, we suggest that CRP, NLR, and PLR values during an infection attack of patients with port catheters provide
valuable information about the duration and severity of the infection attack and are useful in clinical follow-up.
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Introduction

Leukemias are the most common pediatric
cancers in childhood, constituting 25-30% of
pediatric cancers. Acute leukemias account for
75-85% of cases (1). Intensive chemotherapy
during long-term treatment in acute leukemias
is difficult and challenging for patients (2). The

discovery of central venous catheters (CVC)
facilitates the administration of chemotherapy,
antibiotic, blood product, fluids, and parenteral
nutrition in children with hematological or
oncological diseases. Port catheters are the
most common CVC in leukemia patients.
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Port Catheter Associated Infections

Systemic and local infections due to port
catheters' widespread use continue to be an
important problem despite all preventive
measures (3). Possible infections due to port
catheters may lead to discontinuation of
treatment protocols, prolonged treatment time,
and a delay of treatment.

Diagnosis of catheter-induced bloodstream
infection (CIBI) is based on epidemiological,
clinical, and laboratory criteria. The Center for
Disease Control and Prevention (CDC) has used
the term laboratory approved bloodstream
infection (LABI) (4). A LABI should meet at least
one of the following criteria;

1. Bacterial or fungal pathogen growth that is
known to be relevant with one or more blood
cultures of the patient and not relevant with
an infection in another region.

2.A commensal organism (e.g., coagulase-
negative staphylococci) growth in at least two
blood cultures of the patient on 2 different
days; this organism is not relevant with an
infection in another region of the body, and
the growth is accompanied either with fever
(>38.0°C), chills, or hypotension.

3. Fever, bradycardia, hypothermia, or apnea
with the above clinical signs in patients who
are 1year old or younger.

The presence of at least one of the LABI criteria

within 2 or more consecutive days in a patient
with a central venous catheter suggests that the
primary infection is catheter-induced (4, 5).

In our study, a retrospective evaluation of
catheter-induced bloodstream infections was
performed in patients who were under follow-
up for acute leukemia and who used a port
catheter as a vascular access device. The aim of
our study was to compare the pooled data with
those of patients without a port catheter and
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other studies in this field and to determine
the incidence of bacteremia, a significant
complication of port catheters.

Materials and Methods

We retrospectively analyzed the medical
records of 295 patients with acute leukemia
who were under follow-up at Dicle University
Faculty of Medicine, Department of Pediatric
Hematology and Oncology between 2012-
2019. We excluded 41 patients who continued
their treatment at another center after
diagnosis, 34 patients whose data could not be
accessed or were found to be inadequate for
our study, 18 patients who died before acute
leukemia treatment was completed, 21 patients
without catheter-induced infection despite
having a port catheter in place, and 16 patients
who did not have an infection attack with an
unknown etiological agent and who did not use
a port catheter.

Eighty-five patients with a port catheter (Group-
1) who suffered a total of 151 infection attacks
and 80 patients without a port catheter (Group-
2) who suffered a total of 107 infection attacks,
making a total of 165 patients with a total of 258
infection attacks were included in the study.
Several patients had more than one infection
attacks at different times in both groups.

Infection attacks meeting CDC's LABI criteria
and infection attacks without an identifiable
focus were included in our study. The patients'
demographic characteristics (age, sex), medical
history, and laboratory assays (C-reactive
protein  (CRP), peripheral blood cultures,
catheter blood cultures, catheter tip cultures,
culture antibiograms) were screened from
the patient files. Blood cultures were studied
with an automated system (BACTEC) in the
microbiology laboratory.
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All routine care and interventions for port
catheters were carried out by nurses
experienced in the use of port catheters to
prevent contamination. All port catheters are
locked with heparin when not in use. In those
not used for a long time, the catheter was
washed once a month and locked again.

The study was conducted in compliance with
the criteria of the Declaration of Helsinki and
approved by the Institutional Ethics Committee
of Dicle University (Date: 02.10.2019, No: 205).

Data Analysis

Statistical Package for the Social Science (SPSS)
version 21.0 for Windows statistical package
program was used for the statistical analyses of
our study data. Quantitative variables were
presented as mean + standard deviation (SD),
and categorical variables with number and
percentage (%). The suitability of variables
to normal distribution was tested with
Kolmogorov-Smirnov test. The Student's t-test
was used to compare the two groups with
respect to variables meeting the criteria of
normal distribution. Mann-Whitney-U Test was
used to compare the two groups with respect
to variables not meeting the criteria of normal
distribution. Spearman's correlation test was
used to perform the correlation analyses
between the two groups with respect to
variables not meeting the criteria of normal
distribution. Chi-square (x2) test was used to
compare qualitative variables. Hypotheses were
evaluated bilaterally, and p<0.05 was accepted
statistically significant.

Results

The mean age was 54.80+33.51 months (min.
15, max. 179) in Group-1 (n:85) and 80.61+45.42
months (min. 12, max. 212) in Group-2 (n:80)
(p<0.001). In Group-1, 47 (55.3%) patients were

157

Darakci et al.

male and 38 (44.7%) were female; 40 (50%)
patients in Group-2 (n:80) were male and 40
(50%) patients were female (p>0.05).

A comparison of port catheter-induced blood
stream infection (PCIBI) attacks in Group-1and
infection attacks with unknown origin (IAUO)
in Group-2showed a mean of 1.78+0.98 attacks
/patient in Group-1 and 1.34+0.61 attacks/
patient in Group-2, with the mean number of
infection attacks being significantly greater in
Group-1 (p=0.07).

The time to fever response to treatment was
2.5+1.43 days/attack in Group-1, and 1.79+0.89
days/attack in Group-2, indicating that the
patients in Group-2 responded to empirical
antimicrobial treatment more rapidly (p<0.01).
An analysis of the mean duration of the
requirement of granulocyte colony-stimulating
factor (G-CSF) per attack showed that the mean
duration of G-CSF requirement was 2.77+4.07
days/attack in Group-1 and 0.86+1.96 days/
attack in Group-2, indicating that the patients
without port catheters required G-CSF for a
significantly shorter duration during infection
attack (p<0.01). The comparison of Group-1and
Group-2 was shown in Table 1.

According to a comparison of the infection
attacks of the groups by blood culture growth,
the two groups showed a significant difference
regarding the culture growth results (p<0.01).
An analysis of the blood cultures taken during
infection attacks of Group-1 showed that 23
(15.2%) attacks were due to Staphylococcus
epidermidis, and 19 (12.6%) attacks were caused
by Staphylococcus hominis as common agents.
In Group-2, 9 (8.5%) attacks were caused by
Staphylococcus epidermidis, and 5(4.7%) attacks
were due to Staphylococcushominis as common
agents. There was more growth in Group-1
compared with Group-2; also, Staphylococcus
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epidermidis grew significantly more commonly
in Group-Tthan Group-2(p<0.01).Table-2 shows
the other agents' growth in blood cultures
during infection attacks on.

Table 1. Comparison and demographic characteristics of
attacks in Group-1and Group-2

Group-1 Group-2

Parameter (n:85) (n:80) p
Gender
el 38/47 40/40 0.496
Age (Month) 548 +335 | 806+454 | <0.00]1
belore s 3.76+2.02 331+18 | 0.097
attacks

_ b
PLE = IALO 1784098 | 1344061 | 0.001
numbers
) 10574509 | 9.84+338 | 0714
time (day)
bYIeT) fever 254143 179+089 | <0.001
response (day)
il L= 277¢407 | 0864196 | <0.001
requirement (day)
Mean Neutro-penia | ¢35 416 | 6294300 | 0903

time (day)
aPCIBI: Port catheter induced bloodstream infecion; bIAUO:
Infectin attacks with unknown origin; c¢G-CSF: Granulocyte
colony stimulating factor

Since there was no response to antimicrobial
therapy in 15 PCIBI attacks in Group-1, the
port catheter was removed, and a catheter
tip culture was sent. No growth was oberved in
3 port catheter tip cultures; there were 3 (20%)
attacks due to Staphylococcus epidermidis
as the isolated agent, 3(20%) attacks due
to Candida albicans, 3(20%) attacks due to
Meticillin-Resistant ~ Staphylococcus — aureus,
1(6.6%) attacks due to Staphylococcus
haemolyticus, 1(6.6%) attack due to Entero
coccus faecium, and 1 (6.6%) attack due to
Candida parapsilosis (Table 3). However, the
revision of the port catheter due to infection
was not required in the other 136 PCIBI attacks
in Group-1, and the infection was successfully
treated while the catheter was in place.
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Table 2. Microorganisms isolated in blood cultures
Group-1 = Group-2
(n:151) (n:107)

67(44.4%)  84(78.5%)
<0.001
84(55.6%)  23(21.5%)

Blood Culture

Negative
Positive

Gram Positive

Staphylococcus epidermidis | 23(15.2%) = 9(8.5%)  <0.001
Staphylococcus hominis 19(12.6%) = 54.7%) | <0.001
Staphylococcus haemolyticus | 6(4%)

Staphylococcus aureus 4(2.6%) 3(2.8%)
Enterococcus faecium 4(2.6%)

Staphylococcus capitis 3 (2%) 2(1.9%)
Streptococcus oralis 3 (2%)

MRSA 3 (2%)

Staphylococcus cohnit 1(0.7%)

Streptococcus pneumoniae 1(0.7%)

Staphylococcus warneri 1(0.7%)

Gram Negative

Escherichia coli 426%) | 2 (1.9%)
Klebsiella pneumoniae 3 (2%)

Pseudomonas aeruginosa 2 (1.3%) 1(0.9%)
Salmonella tirleri 1(0.7%)

Acinetobacter baumanii 1(0.9%)

Fungi

Candida parapsilosis 2 (1.3%)

Candida albicans 4 (2.6%)

N: Infection Attack Number

A comparison of the laboratory parameters of
Group-1 between the pre-treatment and post-
treatment periods of infection attacks revealed
significant differences regarding white blood
cell count (WBC), hemoglobin (HGB), platelet
count (PLT), absolute neutrophil count (ANQ),
lymphocyte count(LYM), C-reactive protein
(CRP), Neutrophil/Lymphocyte ratio (NLR),
and Platelet/Lymphocyte ratio (PLR) (p<0.001,
p=0.003, p<0.001, p<0.001, p<0.001, p<0.001,
p=0.025 p=0.008, respectively). Significant
differences were found between the
pre-treatment and post-treatment values of
WBC, PLT, ANC, LYM, and CRP in Group 2
(p<0.001, p<0.001, p=0.006, p<0.001, p<0.001,
respectively) (Table 4).
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Table 3. Microorganism isolated in port catheter culture

Microorganisms Number of %
cultures (n:15)
Non-reproduction in culture 3 20
Staphylococcus epidermidis 3 20
Candida albicans 3 20
MRSA 3 20
Staphylococcus haemolyticus 1 6.6
Enterococcus faecium 1 6.6
Candida parapsilosis 1 6.6

Table 4. Comparison of parameters before and after
treatment

Parameter Before After 5
Treatment Treatment

Group-1

WBC (x10%/uL) 2.30+2.86 3.52+2.68 <0.001
HGB (gr/dl) 9.60+1.89 10.2141.89 0.003
PLT (x103/uL) 144.4+130.9 | 190.78+130 | <0.001
ANC (x103/uL) 11242.20 1.56+1.85 <0.001
LYM (x10%/uL) 0.79+0.86 2.36+13.51 <0.001
CRP (mg/dl) 545+9.69 0.73+1.07 <0.001
NLR (ANC/LYM) 2.20+4.96 2.10+6.49 0.025

PLR (PLT/LYM) 423.8+1428 | 229+344.8 0.008
Group-2

WBC (x10%/uL) 2.13+2.86 3.42+391 <0.001
HGB (gr/dl) 10.00+2.25 | 10.51+1.97 0.071
PLT (x103/uL) 123.4+103.3 | 199.2+147.3 | <0.001
ANC (x103/uL) 1.03+2.09 1.63+3.19 0.006
LYM (x103/uL) 0.79+0.81 41343058 | <0.001
CRP (mg/dl) 6.56+7.13 1.84+8.74 <0.001
NLR (ANC/LYM) 1.69+3.86 2.00+4.47 0.192
PLR (PLT/LYM) 280+379.5 | 268914330 | 0.422

An analysis of the relationship between CRP
value and other parameters before the initiation
of antibiotic treatment showed a positive
correlation between CRP and neutropenia
duration and a negative correlation between
WBC and ANC in both groups. The correlation
analyses of other parameters are presented in
Table 5.
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Table 5. Correlation of CRP and other parameters
before treatment
Group-1 Group-2
r p r o
Treatment time 0.187 0.026 -0.040 0.692
Neutropenia

Parameter

0.317 <0.001 0.238 0.017

time

Feverresponse 539 | 0004 | 0097 | 0336
time
WBC 0245 0003 | -0320  0.001
PLT 0204 0015 | -0114 | 0260
ANC 0169 = 0045 = -0413  <0.001
LYM 0201 00177 -0188 0062
NLR 0103 | 0224 | -0354  <0.001
PLR 0007 0930 0103 0304

WBC: White bloodcell count, PLR: Platelet lymphocyte count,
PLT: Platelet. NLR:Neutrophile Lmphocyte count, ANC:
Absolute neutrophile count, LYM: Lmphocyte
Discussion

Port catheter-induced bloodstream infections
may delay chemotherapy, hospitalization, lead
to recurrent hospitalizations, and repeated
surgical interventions for catheter revision
in patients with cancer (4,5). A prolonged
treatment period in leukemia patients leads to
the frequent use of peripheral veins for vascular
access, resulting in vascular injuries. Since
peripheral venous access is more difficult in
younger patients, port catheters are used more
frequently in younger age groups (3,6). The
incidence of catheter-induced infection is lower
with port catheters compared with other central
venous catheters (7,8). The incidence of port
catheter-induced bloodstream infections is
expressed as the number of infection attacks
per 1000 catheter days.

Sarper et al. reported an infection incidence of
2.46 attacks/1000 catheter days in 31 patients
with haemato-oncological malignancies using
port catheter was while Pektas et al. reported
an (3,9) incidence of 2.6 attacks/1000 catheter
days In a study performed by Miliaraki et al., 40
CIBI attacks were evaluated, and an infection
incidence of 2.62 attacks per 1000 catheter days
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was reported (10). In line with the literature, our
study showed an infection incidence of 3.04
attacks/1000 catheter days.

Microbiological documentation of infection
attacks is not always possible in patients with a
port catheter. Whether these attacks are caused
by a port catheter is determined by specific
definitions (11,12). In our study, a comparison of
the PCIBI attacks in Group-1 and the IAUO
attacks in Group-2 were compared after
excluding infection attacks with a known focus
revealed 1.78+0.98 PCIBI attacks per patient in
Group-Tand 1.34+0.61IAUO attacks per patient
in Group-2. Our patients without port catheters
experienced significantly fewer IAUO attacks
compared with PCIBI attacks in patients with
port catheters. This suggests that the incidence
of bacteremia increases in patients using totally
implantable port catheters.

After the empirical treatment was initiated, a
positive fever response to treatment was
considered as having a body temperature
below 38.5°C for at least 24 hours without the
need for revision of the antimicrobial treatment
(111 . In our study, the time to fever response to
treatment was 2.5+1.43 days in Group-1 and
1.79+0.89 days in Group-2. The analysis of the
duration of antimicrobial treatment showed no
significant difference between the treatment
duration of patients with or without a port
catheter. Sarper et al. reported that the time to
treatment response and the duration of the
febrile period did not change significantly in
patients with a port catheter; however, to the
contrary, our study showed that fever response
to antimicrobial therapy occurred in a shorter
time in the patients without a port catheter.

Sarper et al. reported that the patients with a
port catheter remained in neutropenia for
approximately 9.6 days and patients without a
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port catheter for approximately 7.4 days (9). We
found that most of the patients in our study
groups were neutropenic during the attacks.
The mean duration of neutropenia during an
infection attack was 6.37+4.16 days per attack
in Group-1 and 6.29+3.90 days per attack in
Group-2. Our study suggests that the use of
port catheters do not significantly increase the
duration of neutropenia during infection
attacks. Pektas et al. reported that the mean
number of days lived with a port in place was
375.1+340.1 days in acute leukemia; Sarper et
al. reported a corresponding duration of 185
days (3,9). Our patients had port catheters in
place for alonger period (mean 584.24 + 361.16
days), while the number of infection attacks per
1000 days was similar with both of the above-
mentioned studies.

Several studies have shown that pathogens
responsible for CIBIs are coagulase-negative
staphylococci  (Staphylococcus — epidermidis,
Staphylococcus hominis) and enterobacteria
(12, 13). In addition, Walz et al. showed that
candida species are also common agents
causing CIBIs, especially in patients with
malignancies(14). In their surveillance study on
pediatric cancer patients, Simon et al. reported
that the most common Gram-negative agents
causing CIBI  were Escherichia coli and
Pseudomonas aeruginosa (15). In line with the
literature, our study showed Staphylococcus
epidermidis and Staphylococcus hominis were
the most common isolated agents in infection
attacks (responsible for 41% of total attacks in
both groups). Pektas et al. reported that the
port catheter needed to be removed to
improve the clinical signs of infection in 9
(18.7%) of 48 patients (3). The catheters of 15
(17.5%) patients were removed due to port
catheter-induced infection, while the other
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patients received medical treatment without
removing the port catheter. In line with the
literature, our data showed that the catheter
should be removed, and the treatment should
be continued if catheter infection proves
resistant to optimal treatment.

White blood cells, neutrophils, and their
subtypes are among the markers of systemic
inflammation in the body (16). Proportional
changes occur in the amount of circulating
white blood cells during the inflammatory
response in the body. As the number of white
blood cells increases, the number of neutrophils
increases while there occurs a relative decrease
in lymphocytes. NLR is a simple, cost-effective
technique calculated by proportioning the
number of neutrophils and to the number of
lymphocytes in full blood count. NLR generally
increases in response to inflammation and
infection (17,18). Neutropenic inflammations are
commonly observed in patients with acute
leukemia since primary diagnoses of patients
with port catheters are related to bone marrow,
and chemotherapy suppresses bone marrow
(19). Our literature review failed to find any
study that examined the relationship between
NLR, port catheter-induced infections, and
infection attacks in acute leukemia patients. As
far as we know, our study is the first to study
this relationship. We found that the post-
treatment NLR and PLR values were significantly
lower compared with the pre-treatment values
in Group-T.

In most diseases, CRP is used as an acute
phase reactant to evaluate treatment response
in patients with clinical signs of infection. Our
study found that the pre-treatment and post-
treatment CRP values were significantly lower in
both Group-1 and Group-2 as expected; thus,
CRP was considered a parameter indicating
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treatment response. An analysis of the
relationship between the pre-treatment values
of CRP and other parameters in Group-T
demonstrated a positive significant correlation
between higher pre-treatment CRP levels, the
mean duration of antimicrobial treatment for
infection attacks, mean time to fever response,
and neutropenia rate time during the attacks.

Conclusion

Staphylococcus  epidermidis  and  hominis
bacteria are the most common isolated agents
in port catheter infections; therefore, empirical
treatment should be directed to these
agents. We think that the duration of the use of
port catheters may increase the incidence of
bloodstream infection, but if appropriate
patient care is provided, port catheters can be
used safely during the treatment of acute
leukemia. Besides, we suggest that in patients
with port catheters, CRP, NLR, and PLR values
during an infection attack provide valuable
information about the duration and severity of
the attack and are useful in clinical follow-up.
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