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Abstract

hemodialysis patients.

post-surgery.

Keywords: CVC, Renal Failure, Staphylococcus, Venous Access

Objectives: Infectious central venous catheter (CVC) complications, including mortality and care and hospitalization costs, are still
amajor clinical concern. This study aimed to determine the prevalence of hemodialysis catheter infection and its risk factors among

Methods: The present research was a descriptive, prospective cross-sectional study on hemodialysis patients in Babol hospitals
during 2020 - 21. The participants’ demographic information and some relevant data on clinical variables (namely underlying
diseases, cause of dialysis, and cause of catheter removal) and catheter-related variables (namely catheter location, frequency of
catheter placement, and apparent signs of catheter site) were collected and recorded directly and systematically during surgery

Results: One hundred and twenty-two patients with temporary double-lumen acute hemodialysis catheters for dialysis, including
56 women (45.9%), were included in this study, the mean age of whom was 58.9 + 16.4 years. Twenty-two patients (18%) developed
a catheter-induced systemic infection. There was no significant relationship between the catheter site and its removal inducing
infection (P > 0.05). The frequencies of microorganisms causing catheter infection included gram-positive Staphylococcus
epidermis (59%) and Staphylococcus aureus (31.8%). Moreover, there was no significant correlation between demographic variables
and clinical history with systemic infection induced by catheterization.

Conclusions: The rate of catheter-induced infection is relatively high among patients since sterile instructions were observed
during catheterization; therefore, it is recommended to pay more attention to the care and dressing of the catheter site.

1. Background

Dialysis for end-stage renal disease (ESRD) can
be performed by an arteriovenous fistula (AVF) or
catheters. However, the catheter usage is associated
with an increased risk of all-cause death, mainly due to
catheter-related infections (CRI) (1).

Temporary hemodialysis catheters are often associated
with early and delayed complications (2), including
infection, thrombosis, and torsion. However, infection is
the most common complication leading to the removal
of temporary catheters. In the fourth week following
catheterization, the infection risk is reported to be 10.3%

3)-

The infection complications of CVC, especially
mortality rate and general care expenses of septicemia
caused by catheterization and hospitalization, are still
major clinical concerns (4). CRI has increased the
length of hospital stay from 2.4 to 5.7 days with an
increasing mortality rate (2). CRI is responsible for 15 -
36% of all hemodialysis patients’ deaths and 20% of total
hospitalizations (5).

The prevalence of bacteremia caused by intravascular
devices is significantly increasing. Primary bacteremia
from IV catheters now account for half of all primary
bacteremia in ICU. Both local and systemic infections can
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occur following intravascular contamination (2).

Some factors such as long-term usage, the recent
history of CRI, recent surgery, diabetes mellitus, and
iron overload are the risk factors for catheter infection
(6). Gram-positive organisms are responsible for most
catheter infections. In this regard, infections caused
by gram-positive bacteria and Staphylococcus aureus
account for 40 - 81% of infections. Methicillin-resistant
Staphylococcus aureus is a critical pathogen inducing
infection in hemodialysis patients. Other infections are
attributed to enterococci and Gram-negative bacteria (7).

2. Objectives

Despite efforts to prevent catheter infection in
hemodialysis patients, the CVC infection is still one
of the main problems among hemodialysis patients.
Accordingly, this study aimed to evaluate catheter
infection’s causes and risk factors in dialysis patients.

3. Methods

This prospective, descriptive, and cross-sectional study
was performed to evaluate the causes and risk factors for
catheter infection in dialysis patients in hospitals affiliated
with the Babol University of Medical Sciences during 2020
-2021. In this research, we examined patients underwent
catheterization surgery. Inclusion criteria were patients
aged above 18 years, undergoing surgeries to place a
Sheldon catheter, and informed consent. Patients willing
to be evaluated for symptoms during the research were
excluded from the study.

Data were collected and recorded directly and
systematically by the researcher during and after
surgery using a pre-prepared checklist, which addressed
demographic information (namely age, gender, height,
weight, and place of residence), clinical variables (i.e.,
underlying diseases, cause of dialysis, catheter removal,
and others), and catheter-related variables (i.e., the site
and frequency of catheter insertion and the appearance of
catheter site). All procedures performed during catheter
placement were also recorded. The patients took part in
the study after being informed of the research objectives
and submitting their informed consent.

All patients underwent catheterization surgeries with
a three-way catheter (Arrow Multi Lumen Catheter) in
the operating room under similar conditions of local
anesthesia (lidocaine). The preparation and disinfection
of the operation area were done using Povidone-lodine
solution (10% Toluidine, manufactured by Toliddaru
Company, Iran). The surgeries were performed with the

full observance of the principles of sterility with gown
and gloves and full cap and disposable plastic combs in
the surgical area. Finally, the skin of the operation area
was sutured with 0.3 or 0.4 nylon suture and covered with
sterile gauze. During treatment, patients were routinely
monitored, and standard treatments were provided to all
patients.

The patients were followed up until the catheter was
removed. The catheter was taken away for different
reasons, including recovery, catheter dysfunction,
suspected infection, or death. Follow-up was also stopped
when each patient was discharged with a catheter to
continue treatment in the hemodialysis clinic. If the
infection symptoms were observed, to diagnose the cause
of infection and the type of bacterium, 3 - 5 cm from the
end of the catheter was transferred to a laboratory unit in
a sterile container by observing relevant principles to have
the necessary cultures (i.e., the culture of the interior and
tip of catheter). The test results and the types of bacteria
were recorded in a checklist.

Statistical analysis was performed using SPSS software
version 21. Chi-square test and Fisher’s exact test were
run for qualitative variables, and t-test was used for
quantitative variables. In this study, P < 0.05 was set as the
level of significance.

4. Results

In this study, 122 patients, who had undergone
temporary double-lumen acute hemodialysis catheters
in the operating room for dialysis, were selected, among
whom there were 56 women (45.9%) and 66 men (54.1%).
The participants’ mean age was 58.9 + 16.4 years (range: 19-
95years). The highest prevalence of the underlying disease
among dialysis patients was cardiovascular disease (CVD)
(76.2%). Figure 1 presents the prevalence of underlying
diseases.

Catheters were removed from 22 patients (18%) due to
infections. There was no significant relationship between
the catheter site and its removal inducing infection (P >
0.05). The types of the organism obtained from the inside
and tip of the catheter were Staphylococcus epidermis
in 13 patients (59.1%), Staphylococcus aureus in seven
patients (31.8%), Klebsiella pneumoniae in one patient, and
Escherichia coli in one patient. No significant relationship
was noticed between the catheter insertion site and the
type of bacteria (P > 0.05). In a review of the clinical
infection signs, the clinical signs of catheter infection were
redness at the catheter insertion site in 13 patients (10.7%)
and the discharge of pus in five patients (4.1%). In total,
only four patients (3.1%) had both redness and pus at the
catheter site.
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Figure 1. Frequency of underlying diseases

The catheter of 24 patients (19.7%) was removed due
to temporary double-lumen acute hemodialysis catheter
dysfunction (caused by blood clotting inside the catheter).
There was no significant relationship between the catheter
site and its removal inducing catheter dysfunction (P >
0.05). Table 1 shows the frequency of different catheter
sites and the reason for catheter removal.

Table 1. Frequency of Catheter Sites and Reasons for Catheter Removal

Variables No. (%)
Catheter site
Subclavian 59(48.4)
Jugular 54 (44.3)
Femoral 9(7.4)
Reason for removal
Infection during temporary double-lumen acute 22(18)
hemodialysis catheter use
Temporary double-lumen acute hemodialysis catheter 24(19.7)
dysfunction
Replacement to insert permcath catheter 33(27)

There was no relationship between gender, age, body
mass index, place of residence, and the number of dialysis

Nephro-Urol Mon. 2022;14(1):e117820.

sessions per week with an infection. However, among the
infected individuals in this study, there were more men
than women, with most of the patients aged < 45 years old
and with BMI > 30 (Table 2).

The relationship between infection during catheter
use and underlying diseases was not significant. Only
the prevalence of underlying diseases of diabetes,
hypertension, and CVD was higher among the infected.
There was no correlation between different causes of
catheterization with infection. Only people who had
catheterization caused by high blood pressure and
cardiovascular patients were more likely to become
infected by catheter insertion (Table 3).

5. Discussion

The findings showed that the total prevalence of
systemic catheter infection among dialysis patients was
18%. In different studies, 1.6 - 67% of catheterizations in
dialysis patients has induced systemic catheter-induced
infection (8). The CRI rates were 11% in Afshar et al.’s study
in Kashan with a sample size of 43 patients (9), 5% in
Adib-Hajbagheri’s study in Isfahan with a sample size of 38
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Table 2. Relationship Between Patients’ Demographic Variables and Frequency of Infection in Dialysis Patients

Infection
Variables

P-Value Test Statistic

Yes

No

Gender
Female 7
Male
Age
<45 8
> 45
BMI
<30
> 30 4
Residence
Village 1
City 1
Dialysis times per week
1-2 1
>2

49
51

19
81

82
14

55
45

89

0.14 214

0.07

3.15

0.51

0.67 0.17

0.69 0.84

(10), and 78% in Sanavi et al.’s (11) study in Tehran with a
sample size of 116 patients.

The inconsistencies in the findings of this study and
those of the previous studies could be caused by the
differences in study setting and time, as well as and patient
variables. Differences in catheter care behaviors, catheter
type, or placement time may also affect the outcomes (4).

In different studies, the infection of the catheter site is
reported to range from 4 to 15%. In the present study, local
infection was observed in 3.1% of the patients. In general,
in catheter-related infections, local infection, even in the
presence of septicemia, is less common (12). However,
this study’s lower infection rate may be due to the limited
definition of catheter site infection in this research.

Similar to the present study, previous investigations
have revealed the 40-80-percent CRI functions of
gram-positive bacteria (13, 14). In this research,
gram-positive bacteria of Staphylococcus epidermis
(59%) followed by Staphylococcus aureus (31.8%) were
the most common microorganisms causing catheter
infection. In many studies, there are different organisms,
including Staphylococcus aureus accounting for 3 - 74% of
infections, and Staphylococcus epidermis, inducing 7- 42%
of systemic infections (13).

Accordingly, most of the microorganisms in the
catheter are part of the skin’s natural flora. Gram-positive
bacteria are responsible for at least two-thirds of
these infections. In temporary catheter infections,
catheter colonization is usually (75 - 90% of cases)
the result of microorganisms migrating from the tip
of the catheter into a blood vessel. This observation
indicates that the principles of sterility adopted during
catheterization, dressings, and skin disinfection during
the care procedures in this site can significantly affect the

incidence of these infections (15). Due to the prospective
nature of this study, the researchers spared efforts to fully
observe the principles of sterility for catheter placement.
Given the temporary nature of these catheters and the fact
that they remain in place for a maximum of two weeks, the
transmission of infection from the skin to the tip of the
catheter can be caused by the dressing care of the catheter
site during these two weeks.

Studies have indicated that femoral catheters should
be avoided, if possible because they cause more infectious
and thrombotic complications compared to the internal
jugular and subclavian catheters. They are also associated
with a higher rate of deep vein thrombosis (16). However,
no relationship was noticed between catheter site and
infection in this study. Regarding concerns about catheter
dysfunction and the increased risk of infection, femoral
catheters are usually less preferred than internal jugular
catheters. However, in line with the findings of this
research, several studies have not reported a significant
relationship between the catheterization site and
infection (6, 17). Cathedia randomly selected 750 patients
from 12 different intensive care units to place an internal
femoral or jugular catheterization and documented
a similar infection rate between femoral and internal
jugular access (18). There was no significant correlation
between infectious complications and catheter failure
with catheter placement in different studies. Some studies
have reported a higher infection risk of internal jugular
access (3, 8-10).

In this study, the CRI risk was not correlated with
the patient’s age, gender, diabetes, vascular disease, heart
failure, and blood pressure. This finding was consistent
with several other studies (11, 13).

According to the findings of this study, gender

Nephro-Urol Mon. 2022;14(1):e117820.
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Table 3. Relationship Between Underlying Diseases and Causes of Catheterization with Infection in Dialysis Patients

Underlying Disease
Variables Test Statistic P-Value Infection
No Yes

Diabetes

Yes 0.51 0.47 40 7

No 60 15
Nephropathy

Yes 170 0.22 3 2

No 97 20
Retinopathy

Yes 0.48 0.45 2 1

No 98 21
Hypertension

Yes 1.00 0.31 66 12

No 34 10
CcvD

Yes 0.48 0.45 2 1

No 98 21
Asthma

Yes 0.99 0.29 4 2

No 96 20

Reason for Catheterization

Diabetes

Yes 0.88 0.34 59 9

No 48 13
Transplant rejection

Yes 0.12 0.71 1 3

No 89 19
Renal stone

Yes 0.00 0.99 19 4

No 81 18
Hypertension

Yes 1.02 031 66 12

No 34 10
Hereditary

Yes 234 0.12 79 14

No 21 8
Polycystic kidney

Yes 0.67 100 3 0

No 97 22

does not predict CRI. Shirotani et al., Coker et al., and
Mohammadkarimi et al.’s studies also documented no
relationship between gender and CRI (19, 20).

Poinen et al. found out that elderly patients accounted
for about one-third of all circulatory infections induced by
CVC; however, age was not a consistent predictor of the
infection risk. Statistically, age was not associated with the
incidence of infection (21). However, in this study, younger
ages increased the infection risk to some extent. In their
studies, Bozzetti et al. and Murea et al. report that older
people are less likely to develop infection (22, 23).

Hypertension is introduced as a risk factor in different
studies (24, 25). Despite the impact of high blood pressure

Nephro-Urol Mon. 2022;14(1):e117820.

on CRI, it revealed no statistically significant effect. Pawar
etal. and Hussein et al. also found no relationship between
high blood pressure and CRI (8, 14).

In some studies, diabetes is reported as a risk factor
for CRI (6, 24). A closer look at these studies suggests that
catheter infection in diabetic patients may be a function of
long-term usage of a catheter in such patients. However,
in the long-term use of temporary catheters instead of
venous, arterial fistulas can lead to infection, even in
non-diabetic patients.

There was no significant relationship between the
history of cardiovascular disease and CRI; however, the
prevalence of infection was higher among cardiovascular
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patients. Marcos et al. and Fram et al. also detected no
association between CRI and CVD (26, 27).

The variety of etiological factors or follow-up time
affects the frequency of risk factors reported in different
centers (7).

5.1. Limitations

This study had several limitations. First, the patients
revealing no clinical septicemia were not tested for blood
infections. Second, this study was performed during the
COVID-19 pandemic, which could have affected the results.
And finally, the other limitations of this study were not
following up the dressings and not taking care of the
catheter during the catheter usage time were. Accordingly,
future researchers are recommended to consider this
point in future prospective studies.

5.2. Conclusions

The CRI rate is relatively high among patients in
Babol medical-teaching centers, who had undergone
hemodialysis; however, sterile instructions were observed
during the catheterization. The pattern of pathogenic
catheter microorganisms observed in this study was
similar to other studies, and the gram-positive bacteria
of Staphylococcus epidermis and Staphylococcus aureus,
which are the natural flora of the skin, induced systemic
infection in the catheter. Attempts were made to observe
the principles of sterility for catheters in this study as
such, the transfer of bacteria from the skin to the tip
of the catheter may be a function of care and dressings
performed during the catheter usage. The findings
indicated no relationship between the catheter site and
the incidence of infection. Clinical history and patients’
diseases were not associated with systemic catheter
infection.
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