REV

o~ .. .
OPEN (7" ACCESS @

Risk factors for hemodialysis catheter-associated in-
fection in patients on hemodialysis programs: A mul-
ticenter observational study.

Guido Andrés Mayorga Velastegui

!, Jorge Fabian Chonata Quinteros “ ', Jorge Washington Vélez " .

1. Postgraduate Department of Nephrology, Faculty of Medical Sciences, Universidad Central del Ecuador, Quito, Ecuador.

Received: February 12, 2025.
Accepted: April 5, 2025.
Published: April 5, 2025.
Editor: Dr. Salvador Magana.

How to cite:
Mayorga G, Chonata J, Velez J. Risk factors for
hemodialysis catheter-associated infection in
patients in hemodialysis programs: A multicen-
ter observational study. REV SEN 2025;
13(2):98-106.

DOI: http://doi.org/10.56867/119
Sociedad Ecuatoriana de Nefrologia, Diélisis
y Trasplantes.

ISSN-L: 2953-6448

@ Copyright 2025, Guido Andrés Mayorga
Velastegui, Jorge Fabian Chonata Quinteros,
Jorge Washington Vélez. This article is distrib-
uted under the Creative Commons CC BY-
NC-SA 4.0 Attribution License, which allows
the use and redistribution of the article, citing
the source and the original author for non-
commercial purposes.

* Corresponding author

Abstract

Introduction: The hemodialysis catheter is a vascular access that allows immedi-
ate dialysis therapy. However, it triggers a significant percentage of infections, af-
fecting patients' quality of life, increasing morbidity and mortality, and increasing
healthcare costs. Objective: To identify risk factors associated with catheter infec-
tion in chronic hemodialysis patients during the one year from January 2018 to
January 2019 in dialysis centers in Quito.

Methodology: A multicenter, analytical, observational, case—control study was
conducted in 304 patients receiving catheter-based hemodialysis in four dialysis
units in Quito.

Results: Risk factors for catheter infection were: history of smoking (OR 4.6), pre-
vious catheter infection (OR 3.2), temporary catheter use (OR 7.7), albumin levels
less than 3.5 g/dL (OR 25.5), hemoglobin levels less than 11 g/dL (OR 3.2), and
lymphocyte counts less than 1500 mm 3 (OR 9.4).

Conclusions: Patients with catheter infection were temporary catheter users with
a history of smoking, previous catheter infection, and lower albumin, hemoglobin,
and lymphocyte counts. The risk factors associated with catheter infection in this
study did not differ from those described in the literature, and it is worth mention-
ing that these infections are preventable.
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emodialysis catheter infection is a preventable cause of

death in patients with chronic kidney disease on dialysis,

and the use of a temporary catheter is widely used in inci-
dent patients with chronic kidney disease stage 5d. After obstruction,
infectious complications occur after the 7th day of catheter position-
ing [1].

Catheter-related infections include local and systemic infec-
tions, significantly increasing healthcare costs, morbidity, and mortal-
ity [2]. In patients with advanced kidney disease, sepsis is the second
most common cause of death, following cardiovascular disease [3].
The incidence of catheter-associated infections ranges from 0.6 to 6.5
episodes per 1000 catheter days, with Staphylococcus aureus being the
most common etiologic agent [4]. Given this issue, identifying risk
factors is crucial for establishing prevention policies; these risk factors
generally differ from one study to another. These factors include cath-
eter duration, diabetes mellitus, age, and low hemoglobin and serum
albumin levels [5-7].

Catheter infections pose a high-risk condition for multiple com-
plications in hemodialysis patients and for public health system costs.
Therefore, any information contributing to reducing catheter infec-
tions can represent significant progress in improving the prognosis of
hemodialysis patients and lowering healthcare costs in Ecuador,
which are exceptionally high for chronic kidney disease patients. The
hemodialysis centers in Quito, Ecuador, serve as national referral cen-
ters for patients in high demand. It is essential to gather information
to establish a database to identify the risk factors contributing to cath-
eter infections.

This study aimed to identify the risk factors associated with he-
modialysis catheter infections in patients undergoing chronic hemo-
dialysis during the one year from January 2018 to January 2019 in
dialysis centers in the city of Quito, Ecuador.

Matenals and methods

Study design
This was an observational, case—control study. The source is
prospective.

Scenery
The study was conducted in four hemodialysis clinics in Quito,
Ecuador. The participating units were as follows:
1. CLINEF North,
2. Nephrology,
3. Nephromedic
4. Contigo-Dialicon.
The study period was from January 1, 2018, to January 31, 2019.

Participants
Patients aged 18 years and older who had been undergoing
conventional hemodialysis for less than 3 months and who had used

a hemodialysis catheter for vascular access were included in the study.
Cases with a confirmed diagnosis of access site infection were
documented. Controls were established with patients who had
catheters but no infections. The case—control ratio was 1:3 because of
the natural incidence of infection. The following were excluded from
the study:

- Patients with neoplasms

- Patients with autoimmune disorders

- Patients with HIV, HBV, or HCV infections.

- Patients receiving immunosuppressive therapy.

Variables

The wvariables included sex, age, ethnicity, smoking history,
nutritional status, etiology of chronic kidney disease, catheter type,
duration of catheter use, vascular anatomical location, history of prior
catheter infections, albumin levels, hemoglobin levels, lymphocyte
concentrations, transferrin saturation index, and safety measures
implemented for catheter asepsis.

Data sources/measurements

The source of the information was indirect. Data were collected phys-
ically via a predesigned table that included all the variables relevant
to the study. Each patient's electronic file from the institution was con-
sulted. The data were then entered into the educational version of
SPSS statistical software from Central University of Ecuador for anal-
ysis. Finally, the report was completed and presented in physical and
digital formats.

Biases

Biases related to observation and selection were mitigated by imple-
menting participant selection criteria. A medical representative from
each coordinating center was tasked with gathering data recorded on
a single online form. The principal investigator consistently managed
the data via a guide and records approved in the research protocol to
avert potential interviewer, information, and recall bias. If any doubts
emerged regarding the standard deviation of the data, corrections
were made through onsite reviews of anomalous data. Two investiga-
tors independently analyzed each record in duplicate, and variables
were entered into the database after verification of concordance.

Study size

The sample was probabilistic. Ecuador has a population of
17,980,083 inhabitants (2023), with an incidence rate of CKD
totaling 21,394 cases for 2022 [8 -9]. According to EPI Info TM (Stat
Calc, Epi Info, CDC, Atlanta. Version 7.2.6 [October 2023]), with a
catheter use frequency of 18%, a confidence limit of 5%, and a
confidence level of 97.00%, the sample size was 274 cases.
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Quantitative variables
The results are presented as frequencies and percentages. Categorical
variables were not converted to scale variables.

Statistical analysis
The variables were analyzed using frequencies and percentages. The
95% confidence interval for a proportion is presented.

Results

Participants
A total of 304 patients were included, achieving the expected sample
size. Of these, 40.1% developed catheter-related infections, whereas
59.9% did not.

Description of the groups

The mean age of the patients was 60 * 15 years, and a higher
frequency of mixed-race patients was observed (82.6%). Table 1
summarizes the demographic characteristics of the study population,
showing that the characteristics found in both cases and controls are
comparable, except for a history of smoking, which was more
common in the case group.

Concerning catheters, 65.5% of patients had temporary
catheters, with a mean duration of catheterization of 60.9 * 44.4 days,
whereas those with permanent catheters had a mean duration of
catheterization of 664.2 * 336.4 days. A history of catheter infection
was present in 49.7% of the patients. Most patients (58.2%) were from
a hemodialysis center categorized as 0. Table 2 summarizes the
factors associated with the catheter and the hemodialysis center.

Regarding laboratory parameters, the mean albumin level was
3.5 + 0.4 g/dl, the mean hemoglobin level was 10.4 = 1.6 g/dl, and
the lymphocyte count was 1457.6 + 471.2 mm?®.

Table 1. Descriptive variables .

q Cases Controls
Variable n=122 n=182 P
Age (Years) 57%15 58+14 0.392
Sex Woman 57 (46.7%) 93 (51.1%) 0.454
Body mass index 24+4 95+4 0.289

(kg/m ?)
Hispanic, n(%o)
Mulatto, n(%o)

79.5%) 154 (84.6%)
1.6%) 3 (1.6%)

97 (
2(
: : 0.486
ﬁ‘f(ojl;an AR, 93 (18.9%) 25 (13.7%)
Smoking 82(67.2%)  56(30.8%)  <0.001 *

Etiology of kidney disease
16 (13.1%) 29 (15.9%)
60 (49.2%) 67 (36.8%)

Unaffiliated , n(%o)
Diabetes, n(%)

Hypertension , n(%) 28 (23.0%) 64 (35.2%) 0.079
Glomerular, n(%o) 10 (8.2%) 16 (8.8%) ’
Polycystic disease , 8 (6.6%) 6 (3.3%)

n(%)

Diabetes mellitus 60 (49.2%) 67 (36.8%)  0.032

Table 2. Data related to the catheter .

Cases Controls P
Variable n=122 n=182
Previous catheter <0.001
infection 83 (68.0%) 68 (37.4%) *
Catheter indwelling time
<0.001
Permanent, days 872£198 6061344 *
<0.001
Temporary, days 76.6126.6 45.5£52.8 *
Type of catheter

Permanent, n(%) 23 (18.9%) 82 (45.1%) <0.001
99 (81.1%)) 100 (54.9%)

Catheter location
64 (52.5%) 127 (69.8%)

33(27.0%) 36 (19.8%)

Temporary, n(%)

Jugular , n(%)
Jugular Left , n(%)

Left Femoral , n(%) 9 (7.4%) 2 (1.1%) 0.007 *
Femoral , n(%) 14 (11.5%) 15 (8.2%)
Subclavian , n(%o) 2 (1.6) 2(1,1)

Hemodialysis center

0, (%) 69 (36.6%) 108 (59.3%)

1, n(%) 12 (9.8%) 14 (7.7%) 0197
2, n(%) 21 (17.2%) 44 (24.2%)

3, n(%) 20(16.4%) 16 (8.8%)

On the other hand, 43.1% of the patients had albumin levels
less than 3.5 g/dl. In addition, patients with hemoglobin levels less
than 11 g/dl (62.5%) and lymphocyte counts less than 1500 mm?®
(60.2%) were more common. Table 3_summarizes the characteristics
of the laboratory parameters.

Table 3. Laboratory parameters prior to infection:
Cases Controls p
n=122 n=182

Albumin (<3.5g/dl) 108 (88.5%) 23 (12.6%)  <0.001
k

Hemoglobin (<11 109 (89.3%) 81 (44.5%) <0.001
g/dl) *
Lymphocytes (<1500 113 (92.6%) 70 (38.5%) <0.001
mm 3) *
Transferrin saturation 3 (2.5%) 104 (57.1%)  <0.001

(<20%%) *

Risk factor analysis for catheter infection

When the study variables were compared between the case and con-
trol groups, it was evident that having a history of diabetes mellitus
and a history of smoking were associated with catheter infection (Ta-
ble 1). Additionally, having a temporary catheter, a longer time with
a temporary catheter, and a history of previous catheter infection
were associated with a greater risk of infection. Among the catheter
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locations, the left jugular, right femoral, and left femoral areas pre-
sented a greater risk of infection, since approximately half of the pa-
tients with catheters at that level presented infection (Table 2).

Laboratory parameters obtained the month before catheter in-
fection revealed that the patients had lower albumin and lymphocyte
levels. Furthermore, hemoglobin levels were lower in the case group
than in the control group.

A logistic regression model was used to analyze all significant
variables relevant to the univariate analysis. An albumin level less
than 3.5 g/dL and a lymphocyte count less than 1500 mm?3 are the
most critical risk factors for catheter-associated infection, increasing

Table 4. Logistic regression analysis .

Univariate

Variables P value B OR
Age 0.391 -0.007 0.993
Female sex 0.454 -0.175 0.839
Type 2 diabetes 0.033* 0.507 1,661
Smoking <0.001* 1,529 4.612
Previous Catheter Infection <0.001* 1.272 3.568
Temporary Catheter <0.001* 1.261 3.530
Albumin < 3.5 g/dl <0.001* 3.976 53.33
Hemoglobin < 11 g/dl <0.001* 2.347 10.46
Lymphocytes < 1500 mm3 <0.001* 3,000 20.09

Discussion

This study investigated the risk factors associated with catheter-re-
lated infections in hemodialysis patients across four dialysis centers in
Quito. The risk factors included having a temporary catheter, a his-
tory of smoking, a history of catheter-related infections, an albumin
level less than 3.5 g/dL, a hemoglobin level less than 11 g/dL, and a
lymphocyte count less than 1500 mm?®.

Our study revealed that a history of smoking increased the risk
of catheter infection by 4.6-fold. This finding is consistent with a study
conducted in a Chinese population that reported a 2. A 3-fold in-
creased risk of developing catheter infection with a history of smoking
[10]. No studies have assessed this finding in the Latin American pop-
ulation. Another study reported that a history of smoking or current
smoking increases the risk of catheter infection by 2-fold, specifically,
the associated mortality [11]. This may be explained by smoking’s ef-
fects on both innate and adaptive immunity, leading to decreased lev-
els of immunoglobulins, impaired macrophage interleukin-1 produc-
tion, reduced tumor necrosis factor activity, and less effective T-cell
responses, thereby enhancing bacterial adhesion and proliferation
[11]. Other smoking-related factors, such as vasoconstriction and var-
ious comorbidities, especially cardiovascular conditions, may further

the risk 25- and 9-fold, respectively. Similarly, having a temporary
catheter increases the risk of catheter-associated infection sevenfold.
Furthermore, having a history of smoking increases the risk of cathe-
ter-associated infection nearly fivefold. A hemoglobin level under 11
g/dL and a history of previous catheter-associated infection triple the
risk.

Notably, diabetes mellitus achieved significant value in the uni-
variate analysis. Nevertheless, in the final adjustment of the multivar-
iate analysis, it was not a relevant variable for catheter infection be-
cause there were stronger factors that determined catheter infection

(Table 4).

Multivariate
R 2: 0.85 P value: <0.05
IC-OR 95% IC-OR 95%

Lower  Supe- Pvalue B OR Lower Supe-
rior rior

0.979 1.008 0.436  -0.014 0986  0.952 1.021
0.530 1.328 0.774 0211 1235  0.292 5.228
1,043 2.646 0.145 0.784  2.19 0.764 6.275
2.820 7.543 0.047* 1,547 4698 1,024 21,555
2.197 5.793 0.044* 1.192 3295  1.035 10.494
2.058 6.054 0.002*  2.042  7.703  2.053 28,896
26.274 108.25  <0.001*  3.241 25.558  8.06 81.05
5.485 19,930 0.048* 1.168 3216  1.013 10.212
9.569 42.173  <0.001*  2.245 9.44 2.889 30,842

increase the risk of developing catheter infections and warrant further
investigation.

Another significant risk factor is the presence of a temporary
catheter. In this study, this factor was associated with a 7.7-fold in-
crease in the risk of developing catheter-related infections. This find-
ing is supported by several studies, including a retrospective cohort
study in Denmark that examined the relationship between the use of
temporary versus permanent catheters and infection rates, new infec-
tion episodes, and mortality; these studies reported that patients with
temporary catheters face a 6. 9-fold greater risk of infection and a 5.1-
fold increase in mortality from any cause following an infection. Fur-
thermore, the risk of infection and mortality after experiencing an ep-
isode of infection with a permanent catheter is 2.2-fold and 1.4-fold,
respectively [12]. Overall, the risk of subsequent catheter-associated
infection events was significantly greater in hemodialysis patients with
previous infection episodes associated with temporary catheters than
in those with permanent catheters, with risks ranging from 1.6-3 times
greater and a 30% increased risk of hospitalization for this reason [12,
13].

Furthermore, the present findings are consistent with the
“Choices for Healthy Outcomes in Caring for ESRD” (CHOICE),
which shows a worse prognosis for patients with temporary catheters,
with a 40% rate of catheter infection, thus increasing the risk of
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mortality [14]. The risk of infection arises because, after catheter in-
sertion, the patient generates a biofilm of fibrin, fibrinogen, and fi-
bronectin that covers both the external and internal surfaces of the
catheter. This alters the material, promoting adhesion and subse-
quently bacterial proliferation.

Additionally, this biofilm facilitates platelet adherence, enhanc-
ing thrombogenesis and forming fibrin clots [15-16]. These clots serve
as nutrients for bacterial growth and may also lead to partial catheter
obstruction, resulting in increased manipulation and a greater risk of
infection [17]. Notably, a tunneled catheter has a lower risk of infec-
tion due to the presence of a cuff [18], which elicits a fibrotic reaction
in the surrounding subcutaneous tissue, preventing catheter move-
ment. Thus, it acts as a barrier to the exoluminal displacement of
pathogens toward the distal and endoluminal ends of the catheter, in-
hibiting bacterial colonization.

In contrast to the current study, a previous report indicated that
a history of infection was not statistically significant [19]. This discrep-
ancy may stem from the small sample size (100 patients) or the fact
that most catheters were placed for the first time.

Moreover, a study conducted in southern California concluded
that patients with temporary or permanent catheters experience
chronic inflammation, regardless of the presence of an infectious pro-
cess [20]. Consequently, the inflammatory state present in patients
with advanced chronic kidney disease, exacerbated by catheter pres-
ence, can weaken immunity, particularly T lymphocytes, thereby in-
creasing the likelihood of infection [18].

Patients with chronic kidney disease receiving dialysis maintain
an inflammatory state that is further intensified by catheters. This sig-
nificantly impacts catheter infections; however, additional factors,
such as hypoalbuminemia, anemia, and lymphopenia, also play cru-
cial roles.

In this study, hypoalbuminemia, defined as a level less than 3.5
g/dl, was noted in patients before infection and identified as the most
significant risk factor for catheter infection, increasing the risk by up
to 25 times. Albumin serves as both a nutritional marker and an indi-
cator of inflammation and a predictor of mortality. A Texas study in-
volving only permanent catheters reported a 3.7-fold increase in the
risk of catheter infection with albumin levels less than 3.5 g/dl [6].
Hypoalbuminemia has been linked to impaired immune activity; at
the cellular immunity level, it causes phagocytic and complement dys-
function, whereas in adaptive immunity, it leads to a decrease in im-
munoglobulins, particularly IgA and cytokines. As such, chronic kid-
ney disease patients on hemodialysis with catheters, who are in a state
of chronic inflammation, become susceptible to infections. A retro-
spective study in China involving 366 hemodialysis patients with cath-
eters revealed that having albumin levels exceeding 3.5 g/dl serves as
a protective factor against catheter infection and reported a 24.5%
mortality rate among hemodialysis patients hospitalized for various
reasons, indicating that low albumin levels (below 3.5 g/dl) signifi-
cantly increase the risk of mortality [21].

Another finding in the present study is that hemoglobin levels
less than 11 g/dl before infection resulted in a 3.2-fold increase in risk.

A multicenter retrospective study involving 400 patients in Malaysia
reported that anemia increases the risk of catheter infection by 3.4
times [22]. The type of anemia encountered in chronic kidney disease
patients is often inflammatory or anemia of chronic disease, which
correlates with infection in the following way: the inflammatory state
present in hemodialysis patients with catheters triggers the release of
cytokines such as IL-6, stimulating the production and release of hep-
cidin. This inhibits iron absorption, sequesters iron at storage sites
(within tissues or reticuloendothelial reserves), limits iron availability
for hemoglobin synthesis, and suppresses erythropoiesis. The out-
comes are functional iron deficiency (hypoferremia), decreased trans-
ferrin, hyperferritinemia, and restricted erythropoiesis [23]. Hyper-
ferritinemia can adversely affect adaptive immunity by disrupting an-
tibody production in B lymphocytes and inhibiting T-cell activation,
increasing patient susceptibility to infections [24].

Additionally, this study revealed that lymphocyte counts less
than 1500 mm? before infection resulted in a 9.4-fold increase in the
risk of catheter infection. This observation contradicts some studies
that utilized a lymphocyte cutoff of less than 1000 mm?® (lymphope-
nia). For example, a Mexican study involving 282 patients revealed
that the presence of lymphopenia (lymphocytes <1000 mm?) in-
creased the risk of catheter infection by 4.5 times [25]. This risk can
be explained by the reduction in lymphocytes, which weakens im-
mune responses due to decreased antibody production, thus increas-
ing infection vulnerability [26].

Finally, factors such as diabetes mellitus and advanced age were
not found to be significantly relevant in this study because, in the final
adjustment, much stronger risk factors influenced catheter infection.

Although our study has limitations, as it is retrospective, the
sample size is acceptable, and our findings align well with most of the
compared results. One strength of our research is the multicenter
evaluation and its novelty in examining laboratory parameters, such
as albumin and lymphocytes, which other studies in Ecuador have
overlooked. Additionally, we present epidemiological data on this sig-
nificant complication in hemodialysis. Our findings highlight modifi-
able factors to consider in this population to reduce morbidity and
mortality and improve the quality of life of our patients. Future studies
should explore additional infection prevention strategies in scheduled
hemodiafiltration for diabetic patients [27-29].

Conclusion

In the present study, the infection rate associated with temporary he-
modialysis catheters was 1.3/1,000, whereas the infection rate associ-
ated with permanent catheters was 0.03/1,000. Most patients with
catheter infections have diabetes mellitus and hypertension as their
main comorbidities. Patients with catheter infections were mainly pa-
tients with temporary catheters, had a history of smoking, and had a
previous history of catheter infections. Regarding laboratory param-
eters, hypoalbuminemia, low hemoglobin levels, low lymphocyte
counts, and having a temporary catheter were the most significant risk
factors in the present study. Regarding the location of the
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hemodialysis catheter, most patients had temporary catheters, pre-
dominantly located in the right internal jugular vein. Patients with
catheters in the left jugular, right, and left femoral veins were at
greater risk of infection.
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