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Introduction
End-stage renal disease (ESRD) is a major health problem 
associated with significant morbidity and mortality, part of which 
is related to hemodialysis (HD) access [1-3]. The Global Burden 
of Disease 2015 study estimated 1.2 million deaths worldwide 
resulting from kidney failure, which represents an increase of 32% 
since 2005 [4]. Infection is the second leading cause of death in 
HD patients and is a major cause of morbidity and hospitalization 
in this population. The majority of severe infections are caused 
by bacteremia, followed by pneumonia [5]. Vascular access is a 
major risk factor for bacteremia, with a much higher risk with 
central venous catheter (CVC) than with arteriovenous fistula 
(AVF) [6, 7]. AVF is known as the gold standard access for dialysis; 
however, high rates of CVC use are reported for both incident and 

prevalent HD patients [8].

Catheter-related blood stream infection (CRBSI) is one of the 
serious complications in HD patients using CVC [9]. Several 
international series after 2010 have reported a frequency of 
catheter-related bacteremia of less than two episodes per 1,000 
catheter days [10-12]. which showed an improvement when 
compared to findings reported in the majority of publications 
before 2010 [13-15].

In Saudi Arabia, there is a paucity of published data regarding 
vascular access and related complications, particularly regarding 
the risk of infection and bacteremia. A single center study published 
in 2011 reported a 2–4 fold higher access-related bacteremia 
among Saudi HD patients when compared to the international 
benchmark from the US National Healthcare Safety Network 
centers [16].

ABSTRACT
Background: Catheter-related infection (CRI) is a serious complication among hemodialysis patients, associated with significant morbidity and mortality. 
This study investigated the incidence, predictors, presentation, and complications of CRI.

Methods: This single-center, retrospective, observational study enrolled all eligible chronic hemodialysis patients with tunneled central venous catheters 
inserted between June 2016 and June 2019.

Results: Over 3 years, 63 patients (59% men) with a total of 27,395 catheter days were included of these patients. The median age was 68 years (interquartile 
range [IQR]: 58,76), and median hemodialysis duration was 62 months (IQR: 16,101). A total of 30 episodes of clinical CRI occurred, resulting in an overall 
incidence rate of 1.1 per 1,000 catheter days. CRI was significantly associated with baseline anemia (adjusted hazard ratio [AHR]=3.29; 95% confidence 
interval [CI], 1.42–7.64; P=0.006) and the use of the femoral vein as opposed to internal jugular vein (AHR=3.23; 95% CI, 1.29–8.06; P=0.012). The 
incidence of catheter-related bacteremia was 0.91 per 1,000 catheter days, and the most commonly isolated organism was Staphylococcus aureus (26%). 
Recurrent infection developed in 9/27 (33.3%) episodes and was lower among catheter salvage with antibiotic lock and catheter removal compared to 
catheter salvage alone.

Conclusions: Anemia and the use of the femoral instead of the internal jugular vein are associated with a higher incidence of CRI. Catheter-related blood 
stream infection was associated with increased mortality, recurrence rate, and resource utilization. Along with systemic antibiotics, catheter management 
such as catheter removal or antibiotic lock use may help reduce the recurrence rate.



Citation: Abdullah Hashim Almalki, Mariann Al-Jehani, Noor Alharbi, Afnan Malibari, Naji Dwid, et al. (2023) Catheter-Related Infections in Hemodialysis Patients: 
A Retrospective Study. Journal of Clinical & Biomedical Research. SRC/JCBR-174. DOI: doi.org/10.47363/JCBR/2023(5)158

J Clin Biomed Res, 2023          Volume 5(4): 2-5

There is a significant knowledge gap regarding catheter-related 
infection (CRI) in HD patients in Saudi Arabia. Therefore, this 
study aimed to examine the incidence, potential predictors, 
presentation, treatment, and clinical outcomes of CRI among 
HD patients.

Materials and Methods
In this single center retrospective study, we included all eligible 
chronic hemodialysis patients who underwent tunneled CVC 
insertion between June 1, 2016, and June 31, 2019. The study 
included adult patients aged >18 years who were on chronic 
hemodialysis with a tunneled CVC inserted at the same center 
and a minimum of 2 days of catheter life. Any patients with no 
access to follow-up data were excluded. In previous studies, the 
incidence of CRBSI was reported at 1.1–5.5 episodes per 1,000 
catheter days [17-19]. Accordingly, to achieve an incidence rate 
with a 95% confidence level and a relative precision of 0.03, 
our study required data collected from at least 48 patients with 
an average of 90 catheter days to satisfy a minimum of 4,269 
catheter days. The proposal was approved by the local institutional 
ethics committee (Study number: SP18/319/J). As this study 
comprised a retrospective chart review with no patient contact, 
per the institutional guidelines, informed consent was not required.
The data collected included demographics, medical history, 
occurrence of CVC-related infection, potential predictors, clinical 
presentation, bacteriology, and treatment pattern with regard to 
catheter management (catheter exchange, removal, or salvage 
with the use of antibiotic lock). Among the potential predictors, 
the last laboratory data reported within 1 month prior to the onset 
of suspected blood stream infection (BSI) or the end of the study 
period was considered as baseline data. Outcome data included 
hospitalization, length of stay, 90-day mortality, and recurrence. 
CRI was defined either by (1) laboratory findings of any positive 

blood culture finding obtained from the CVC or peripheral vein 
without any other source of infection or (2) when physicians 
clinically establish the diagnosis and treatment for sepsis in 
patients with at least one clinical sign of fever or hypotension 
in the absence of other recognized causes [20]. The charts of 
all patients who received systemic antibiotics were identified, 
reviewed, and classified as CRI or infection from other sources. In 
this paper, we use the term CRI to include all symptomatic patients 
with and without laboratory confirmation of BSI. Diagnosis for 
culture-negative cases was verified through reviewing charts to 
rule out other sources of infection and/or to observe defervescence 
of symptoms after antibiotic treatment or catheter removal.

The data were analyzed using SPSS Statistics for Windows, 
version 26 (SPSS Inc., Chicago, Ill., USA). Descriptive statistics 
are presented as mean (standard deviation) or median (interquartile 
range [IQR]) for continuous data, as appropriate. Categorical data 
are presented as counts and proportions for baseline characteristics, 
catheter management, and 90-day follow-up data. Finally, the 
predictors of CRI were analyzed using time-to-event analysis, 
log rank, and the cox proportional hazard model. A p-value <0.05 
was considered significant.

Results
From June 1, 2016, to June 31, 2019, 92 catheters were inserted a 
total of 63 patients, contributing to 27,395 catheter days. Of these 
patients, 37 (59%) were male, the median age was 68 years (IQR: 
58,76), and the median duration on HD was 62 months (IQR: 
16.4,100.8). Most catheters were inserted in the internal jugular 
vein (82.5%), and some patients had more than one catheter 
inserted at different time points during the study period. The 
patient and catheter characteristics are summarized in Table 1.

Table 1: Characteristics of the study population
All patients Total (n=63) CRI (n=21) No CRI (n=42) P-value
Age, years, median (IQR) 68 (58-76) 68 (61-73) 67 (55-79) 0.827
Sex, female 26 (41%) 10 (48%) 16 (38%) 0.469
Body mass index, kg/m2, median 
(IQR)

25 (21-30) 27 (20-32) 25 (21-30) 0.903

HD duration, years, median (IQR) 2.8 (1.3-8.6) 6 (2-11.6) 1.8 (1-6.9) 0.02
Comorbidities
- Diabetes mellitus 50 (79%) 17 (81%) 33 (79%) 0.826
- Hypertension 54 (86%) 18 (86%) 36 (86%) 1
- Dyslipidemia 28 (44%) 9 (43%) 19 (45%) 0.858
- Cardiac disease 36 (57%) 11 (52%) 25 (60%) 0.589
- Chronic steroid use 1 (1.6%) 0 1 (2.4%) 0.667
- Malignancy 2 (3.2%) 1 (4.8%) 1 (2.4%) 0.559
All catheters Total (n=92) CRI (n=30) No CRI (n=62) P-value
Tunneled cuffed catheter site: 0.181
- Internal jugular vein 43 (78%) 12 (70%) 31 (82%)
- Femoral vein 20 (22%) 9 (30%) 11 (18%)
Baseline laboratory tests
- Hemoglobin, g/L, mean (SD) 10.6+1.5 10.1+1.7 10.8+1.4 0.037
- Ferritin, ng/ml, median (IQR) 299 (138-506) 311 (187-452) 279 (137-631) 0.793
- Kt/v, mean (SD) 1.6+0.3 1.6+0.3 1.7+0.3 0.434

Data are presented as N (%), except where otherwise stated.
CRI: catheter-related infection; IQR: interquartile range; SD: standard deviation
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CRI Incidence Rate
Among the 63 patients, 30 episodes of CRI were noted for a 
total of 92 catheters, resulting in an overall incidence rate of 1.1 
per 1,000 catheter days. The median time to CRI was 165 days 
(IQR: 93,308), and the incidence rate for bacteremia was 0.91 
per 1,000 catheter days, with a median time to bacteremia of 191 
days (IQR: 102,438).

Clinical Presentation and Bacteriology
The symptoms and signs of CRI included fever/chills (83%), 
hypotension (34%), altered mental status (21%), nausea/vomiting 
(21%), and septic shock (17%). Moreover, concomitant exit-
site (ES) infection and/or tunnel infection were found in 18%. 
Leukocytosis was evident in 15/30 episodes (50%), with a mean 
white blood cell count of 10.2 (standard deviation [SD], 4.8), and 
C-reactive protein (CRP) was elevated in all 25 tested episodes 
(100%), with a median CRP of 64 mg/L (IQR, 26–160). These 
data are presented in Table 2.

The results of the blood cultures were positive in 23 (77%) 
episodes: 10 episodes involved gram-positive cocci (43%) and 
the remaining 13 involved gram-negative bacilli (57%). Among 
the positive findings for culture specimens, the most frequently 
isolated organisms were Staphylococcus aureus, Pseudomonas sp., 
and Staphylococcus epidermidis (CNSE), with 26%, 22%, and 
13%, respectively. No methicillin-resistant Staphylococcus aureus 
was reported in this cohort, while two episodes were attributed to 
extended-spectrum beta lactamase (ESBL) organisms.

CRI Predictors
Multivariate analysis using the cox proportional hazard model was 
conducted to examine the potential predictors of CRI. Catheter 
site, anemia, ferritin level, and urea clearance index (Kt/v) 
were included in the model. Baseline anemia (hemoglobin<10 
g/L) was associated with a higher risk of CRI (adjusted hazard 
ratio [AHR]=3.29; 95% confidence interval [CI], 1.42–7.64; 
p-value=0.006). The use of the femoral vein, as opposed to 
the internal jugular vein, was also associated with a higher risk 
(AHR=3.23; 95% CI, 1.29–8.06, p-value=0.012). 

Antibiotic and Catheter Management
Treatment of patients who reported the 30 CRI episodes with 
empiric antibiotics included the combination of vancomycin and 
ceftazidime (43%), vancomycin alone (10%), ceftazidime alone 
(3%), or others (43%). Most of the “others” included vancomycin 
with meropenem. The mean (SD) antibiotic duration was 17 (9) 
days. Catheter treatment for the 30 episodes of CRI included: (a) 
salvage alone in 8 (27%), (b) salvage with antibiotic catheter lock 
in 7 (23%), (b) catheter exchange in 6 (20%), and (d) catheter 
removal in 9 (30%) patients. 

Clinical Outcomes
Majority of episodes, 24/30 (80%), required hospitalization, and 
4 episodes (13%) required intensive care unit (ICU) admission. 
The median length of hospital stay was 14 days (IQR: 6,21). 
Disseminated infection with para-spinal abscess was reported in 
one episode (3.3%). This is presented in Table 2.

Table 2: Presentation, bacteriology, and clinical outcomes of 
CRI among hemodialysis patients
Variable Statistic
Clinical Presentation (n=29)
- Fever/chills 24 (83%)
- Hypotension 10 (34%)
- Septic shock 5 (17%)
- Exit-site/tunnel infection 5 (17%)
- Altered mental status 6 (21%)
- Nausea/vomiting 6 (21%)
Laboratory parameters (n=29)
- WBC, x 109/L, mean (SD) 10.2+4.8
- CRP, mg/L, median (IQR) 64 (26-160)
Blood culture results (n=30)
- Gram-positive organism 10 (33%)
- Gram-negative organism 13 (43%)
- No organism 7 (23%)
Clinical outcomes (n=30)
- Admission
o No 6 (20%)
o Ward 20 (67%)
o Intensive care unit 4 (13%)
- Length of hospital stay, days, median (IQR) 14 (6-21)
- Disseminated infection 1 (3.3%)
- Recurrence 9 (33%)
- Mortality 3 (10%)

Data are presented as N (%), except where otherwise stated.
CRP: C-reactive protein; CRI: catheter-related infection; IQR: 
interquartile range; SD: standard deviation; WBC: white blood 
cells.

The recurrence of CRI developed in 9/27 survivors (33.3%; 95% 
CI, 14–52%), with a median time to recurrence of 34 days (IQR: 
19,53). Numerically, the recurrence rate was observed to be higher 
among patients who underwent salvage without antibiotic lock 
(5/7) when compared to catheter removal (1/8) and salvage with 
antibiotic lock (0/7). When catheter exchange was utilized as an 
alternative option for catheter removal in 6 patients, recurrence 
developed in 3/5 patients. Of note, two patients had ESBL; of 
these, the catheter was managed with salvage alone in one patient 
and with catheter exchange in the other; however, both the patients 
developed recurrences. 

A total of 10 patients died during the study period; of these, 3 were 
attributed to the first episode of CRI (10%). All three patients who 
died presented with hypotension and required hospitalization. 
One patient showed negative blood culture, one showed positive 
finding for coagulase-negative Staphylococcus epidermidis, and 
one showed positive finding for Klebsiella. Of these three deaths, 
one patient underwent catheter salvage alone, one underwent 
catheter exchange, and one underwent catheter removal. 
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Discussion
In this single-center study including 92 catheters of varying 
catheter days, we reported an incidence rate of clinical CRI of 
1.1 and catheter-related bacteremia of 0.91 per 1,000 catheter 
days. Moreover, CRI was significantly more common among HD 
patients with baseline anemia (hemoglobin <10) and those with 
femoral catheters than among those with internal jugular catheters. 
In this cohort, gram-negative organisms were isolated more 
frequently (57%) when compared to gram-positive organisms; 
however, as a single organism, Staphylococcus aureus was the 
most frequently isolated organism (26%). Additionally, CRI was 
associated with a rate of hospitalization of 80% (ICU, 13%), 
septic shock in 17%, recurrence rate of 33%, and mortality in 
3/30 episodes (10%). The recurrence rate was observed to be 
higher among patients who underwent salvage without antibiotic 
lock (5/7) when compared to catheter removal (1/8) and salvage 
with the use of antibiotic lock (0/7). Moreover, ESBL organism 
was identified in two episodes, and both developed recurrence 
with catheter management that did not involve catheter removal.

This study was conducted in a hospital HD unit. The institution 
serves two additional HD units as outsourcing units in the same 
region. Therefore, the more stable patients are usually referred 
to the outsourcing units, leaving the hospital unit with older and 
more comorbid HD patients. This may explain the higher rate of 
hypotension (35%), hospitalization (80%), and other complications 
in this cohort. Despite this, the overall incidence rate is comparable 
to recent local and international data. In particular, a similar rate 
was observed in a recently published local study reporting a 
CRBSI incidence of 1.4 episodes per 1,000 catheter days [16]. 
Several studies have reported an incidence rate ranging from 
1.3–6.5 per 1,000 catheter days [13-15, 21, 22]. In contrast, the 
rate for bacteremia in our study was 0.91 per 1,000 catheter days. 
In a Danish study published in 2016, a similar rate of 0.9 per 
1,000 catheter days was reported, with the use of an extensive 
prevention bundle approach [11]. A lower incidence of catheter-
related bacteremia ranging from 0.19 to 0.63 per 1,000 catheter 
days was reported with the use of topical antibiotics from different 
studies [12, 18, 23].

Anemia was found to be a significant predictor for CRI (AHR=3.29; 
95% CI, 1.42–7.64; p-value=0.006). A similar association was 
reported in other studies [24-26]. However, the mechanism 
behind the association of anemia with CRI is hard to explain. It 
was previously suggested that multiple blood transfusions or the 
administration of systemic iron to treat anemia may expose patients 
to iron overload, which increases the risk of infection due to the 
impaired phagocytic activity of neutrophils and increased chance 
of bacterial growth [27]. However, in our study, the baseline 
ferritin level was not significantly different between those who 
developed CRI and those who did not. Moreover, other risk factors 
such as older age, total intravenous iron dose, lower serum albumin 
level and diabetes mellitus were reported to have an association 
with the CRBSI risk in prior studies; however, none were found to 
have any association in our study, as well as in some other more 
recent findings from larger studies [10, 23].

The majority (77%) of our population with CRI had positive 
findings for blood cultures. Among the culture-positive episodes, 
we observed higher rates for gram-negative organisms than for 
gram-positive organisms (57% vs. 43%); however, Staphylococcus 
aureus remains the single-most commonly isolated organism. A 

similar observation of increasing gram-negative organisms causing 
bacteremia in HD was reported, approaching 40% or higher [16, 
26, 28]. This can be attributed to poor compliance to infection 
control policies, a higher rate of diabetes mellitus or the misuse 
of antibiotics [16, 28, 29].

The overall recurrence of CRI in our study was reported in 30% 
of episodes and was more common for gram-negative organisms 
than for gram-positive organisms (33% vs 22%). This was also 
more common with catheter management that involved salvage 
alone or catheter exchange when used as alternative to catheter 
removal. Interestingly, the use of antibiotic lock in our study was 
associated with no recurrence. Similarly, catheter removal was 
associated with a lower rate of recurrence (1/8 [13%]). Therefore, 
our findings support catheter removal when indicated and the use 
of antibiotic lock when the catheter is not removed. However, the 
impact of catheter exchange as an alternative to antibiotic lock, 
i.e., when there are no indications for catheter removal, cannot 
be evaluated from our data. This is because catheter exchange 
was not routinely practiced in our center during the study period, 
owing to resource limitations related to interventional radiology. 
Therefore, the catheter exchange option was utilized as an alternative 
to catheter removal in patients with known difficulty in vascular 
access, as treating physicians may choose to use over-guidewire 
catheter exchange to avoid complete catheter removal and later “new 
insertion” that may carry the risk of failure to insert. Previous studies 
have shown lower rates of recurrent infection if CRBSI is treated 
with catheter exchange over a guidewire or with new replacement 
(catheter removal) when compared to salvage therapy [13, 15, 30].

We reported mortality due to CRI in three patients (10%). All were 
women and were sick with hypotension at presentation. Moreover, 
one patient showed culture-negative finding, one showed positive 
finding for coagulase-negative Staphylococcus epidermidis, and 
the third showed positive finding for Klebsiella organism. Of 
the three deaths, one patient underwent catheter salvage alone, 
one underwent catheter exchange, and one underwent catheter 
removal. Prior studies showed varying mortality rates of CRBSI, 
from 6–34%, and the mortality was particularly related to infective 
endocarditis [20, 31].

Our study has several limitations. First, the study had a retrospective 
single-center nature and small sample size. Second, the use of over-
guidewire catheter exchange as an alternative to catheter removal 
makes it difficult to draw a conclusion on its efficacy to prevent 
recurrence in cases of CRI. It is possible that patients who require 
catheter removal have associated persistent ES or tunnel infection, 
which are best treated with catheter removal. 

In conclusion, CRI developed at an incidence rate of 1.1 per 1,000 
catheter days and was significantly associated with anemia and 
the use of the femoral vein as opposed to the internal jugular vein. 
More than half of the episodes in this cohort were associated with 
gram-negative organisms. In addition, our findings suggest a lower 
rate of recurrence for salvage therapy when used with antibiotic 
lock as compared to catheter salvage alone. Furthermore, when 
there are indications for catheter removal (e.g., in patients with 
septic shock, tunnel infection, or persistent infection), catheter 
removal, but not catheter exchange, is associated with a lower 
rate of recurrence. A future prospective study comparing catheter 
salvage with antibiotic lock and catheter exchange is therefore 
required to compare their efficacy in preventing recurrent infection.
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