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ABSTRACT 

Background. A hemodialysis catheter may serve as a short- or medium-term vascular access solution. Current 
guidelines suggest restricting non-tunneled catheter use to 2 weeks, partially based on studies using straight 
non-tunneled jugular catheters, which have now been widely replaced with pre-curved catheters. We compared the rate 
of catheter-related blood stream infections ( CRBSIs) and possible CRBSIs ( PCRBSIs) of pre-curved non-tunneled and 
tunneled catheters in our hemodialysis center. 
Methods. This was a retrospective study including patients dialyzed on an outpatient basis between 1 January 2018 and 
1 July 2024, with a follow-up until 1 March 2025. The primary aim was to compare the rates of CRBSIs. 
Results. In 301 patients, 625 non-tunneled single lumen catheter pairs and 53 double lumen tunneled catheters were 
used. There were 53 CRBSIs in non-tunneled and 10 in tunneled catheters, with identical incidence rate ( 0.48/1000 
catheter-days in both groups) . Analyzing CRBSIs and PCRBSIs together also showed similar infection rates [0.66 vs 0.58, 
incidence rate ratio ( IRR) with 95% confidence interval 1.14 ( 0.6–2.1) , P = .68]. Two subanalyses were made: CRBSI IRR in 

27 patients with both types of catheters during study period was 1.37 ( 0.55–3.41, P = .49) and 2.01 ( 0.52–7.72, P = .47) in 36 
patients after their first CRBSI. Time to CRBSI was also comparable in all analyses. 
Conclusions. Our study found no significant difference in the incidence of CRBSIs. We conclude that prolonged use of 
non-tunneled pre-curved catheters, which are easily managed, is a viable option for patients awaiting construction of 
arteriovenous fistula, insertion of a peritoneal catheter or kidney transplantation in a reasonable time. Promising results 
on long-term use from this study need to be confirmed in prospective studies. 

Keywords: catheter-related blood stream infection, chronic hemodialysis, hemodialysis catheter, pre-curved jugular 
non-tunneled catheters, tunneled hemodialysis catheters 
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KEY LEARNING POINTS 

What was known: 

• Guidelines strongly recommend the use of tunneled cuffed hemodialysis catheters almost exclusively and suggest restricting 
the use of non-tunneled hemodialysis catheters to acute emergency situations for a duration of no more than 2 weeks; 
however, the level of evidence supporting this recommendation is low.

• Guidelines are partially based on studies comparing tunneled hemodialysis catheters with straight non-tunneled catheters 
used for jugular access.

• Straight non-tunneled catheters used for jugular access have higher infection rates than pre-curved non-tunneled catheters.

This study adds: 

• In 301 patients, 625 non-tunneled catheter pairs and 53 tunneled catheters were used. The rate of catheter-related blood 
stream infections ( CRBSIs) was identical in both groups ( 0.48/1000 catheter-days) ; analyzing possible and confirmed CRBSIs 
together also showed similar incidence ( P = .68) .

• As a sensitivity analysis, comparison of non-tunneled and tunneled catheters was made in smaller subgroups of patients 
who had both types of catheters during the study period and those after first CRBSI. Both showed only non-significantly 
higher CRBSI rate in non-tunneled catheters.

Potential impact: 

• The prolonged use of non-tunneled, pre-curved hemodialysis catheters, which are easily maintained, is a viable option, espe- 
cially for patients awaiting construction of arteriovenous fistula, insertion of a peritoneal catheter or kidney transplantation 
in a reasonable time.
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NTRODUCTION 

atients with end-stage kidney disease can choose from differ- 
nt modalities of renal replacement therapy [1 ]. Although kidney 
ransplantation is the best option in most cases and peritoneal 
ialysis is preferred for a subset of patients, the majority initi- 
te treatment with hemodialysis as the first modality of renal 
eplacement therapy [2 –5 ]. Many of these patients remain on 
emodialysis due to comorbid conditions or the limited avail- 
bility of alternative modalities in certain regions of the world 
6 –9 ]. 

For patients undergoing hemodialysis reliable vascular ac- 
ess is essential. An arteriovenous fistula ( AVF) or graft is gener- 
lly the preferred option [10 ]. If these are not feasible because of 
evere heart failure, inadequate peripheral vessels or patients’ 
oor life expectancy, a hemodialysis catheter becomes the only 
iable alternative [10 ]. Additionally, a hemodialysis catheter may 
erve as a practical short- or medium-term solution prior to cre- 
tion and maturation of an AVF, the insertion of a peritoneal 
ialysis catheter or a planned kidney transplantation. 
Current guidelines strongly recommend almost exclusive 

se of tunneled cuffed hemodialysis catheters and suggest re- 
tricting the use of non-tunneled catheters to acute emer- 
ency situations for a duration of no more than 2 weeks.
owever, the level of evidence supporting this recommenda- 
ion is low [10 ] and compliance with this recommendation in 
he real world is also questionable. The guidelines appear to 
e largely influenced by a study conducted by Weijmer et al .,
hich compared tunneled catheters with straight non-tunneled 
atheters—commonly used at the time of the study—inserted 
nto internal jugular veins [11 ]. The difference in infection rates 
etween the two groups was indeed substantial. However, later 
he same authors published a follow-up study after they had 
witched to pre-curved non-tunneled catheters for jugular ac- 
ess, demonstrating significantly improved outcomes, with in- 
ection rates more comparable to those of tunneled catheters 
12 ]. Moreover, several other studies have also shown similar re- 
ults of low infection rates for pre-curved non-tunneled jugular 
atheters, including reports from our center [13 –16 ]. 
When pre-curved hemodialysis catheters were first intro- 
uced at our center, we encountered issues with low blood flow 

rom the arterial lumen of the double-lumen catheters featuring 
 coaxial lumen design and side holes. Therefore, we adopted 
he use of two pre-curved single lumen catheters instead, and 
his approach has been maintained to the present with con- 
istently good results. Given the low infection rates observed 
ith this approach, which were comparable to the published 
ata for tunneled catheters, we have maintained a policy of us- 
ng two non-tunneled single lumen catheters for all acute pa- 
ients and most incident chronic hemodialysis patients requir- 
ng a catheter ( e.g. when AVF has not yet been constructed or 
atured or is not feasible) . According to our center’s policy, we 
se tunneled catheters only in selected patients who already 
ad at least one catheter-related blood stream infection ( CRBSI) 
r tend to repeatedly remove their non-tunneled catheters due 
o cognitive impairment. 

In this retrospective study, we compared the rate of 
RBSIs between non-tunneled and tunneled hemodialysis 
atheters used for chronic hemodialysis in our center to assess 
hether our clinical practice—despite deviating from guideline 
ecommendations—remains appropriate. 

ATERIALS AND METHODS 

tudy design and data collection 

his was a retrospective, single-center study that included 
hronic hemodialysis patients with non-tunneled or tunneled 
atheters treated in our tertiary hospital’s hemodialysis cen- 
er between 1 January 2018 and 1 July 2024. We included pa- 
ients who were dialyzed on an outpatient basis for at least 1 
onth and had jugular or subclavian, non-tunneled or tunneled 
atheters. We analyzed the electronic medical records and ex- 
racted data related to vascular access: catheter type, insertion 
ate and insertion site, and all recorded procedures and com- 
lications. Patients’ characteristics were also documented at 
aseline ( first catheter insertion) . To ensure that all possi- 
le catheter-related infections were recorded, we reviewed all 



Tunneled and non-tunneled catheters infections 3

h
b
t
M

 

m
f  

t

C

A
t
t
o  

s
n
t
u
o
s
s
u  

w
(  

M
c
a
e  

s
t
t  

n  

t  

r  

h
w
o  

o

c
c  

w  

fi  

c  

F
I
l  

s  

i
a

a  

b
s  

a  

i  

P
(
t
w
p  

W
l  

t  

2

O

T  

b  

s  

o
c  

c  

c
p  

[  

i  

a
 

p  

t
o  

w  

a  

b  

r  

a  

C
 

d  

o

S

S
(
r  

a  

e  

a  

c
 

t  

c  

o  

w  

i  

t  

p  

o  

n  

t
 

v

R

W  

6
f  

i  

c  

t  

t  

c  

n

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/19/1/sfaf392/8381221 by guest on 20 January 2026
ospitalizations during the follow-up period and screened all 
lood culture results obtained during the study period from 

he central microbiology database. Follow-up continued until 1 
arch 2025. 
The study was approved by the National Medical Ethics Com-

ittee ( No. 0120-179/2024-2711-5) and the requirement for in- 
ormed consent was waived due to the retrospective nature of
he study. 

linical practice regarding catheters 

ll catheters were inserted under local anesthesia using aseptic 
echnique and ultrasound guidance and were then sutured to 
he skin. Non-tunneled catheters were inserted by all nephrol- 
gists in the department skilled in central venous catheters in-
ertions, while tunneled catheters were inserted by subgroup of 
ephrologists specifically skilled in this procedure. Most non- 
unneled and tunneled catheters were inserted without the 
se of fluoroscopy. Two single lumen, pre-curved, 8F ( 12, 15 
r 20 cm) temporary catheters ( Medcomp®, Harleysville, Penn- 
ylvania, USA) were most often used for jugular access, while 
traight, 8F ( 15 or 20 cm) catheters ( Medcomp®) were mostly 
sed for insertion in subclavian veins. For tunneled catheters,
e used dual lumen, 14F ( 28 cm) or 16F ( 32 or 36 cm) catheter 

 Split Cath®, Medcomp®) or 15.5F ( 33 cm) catheters ( Symetrex®,
edcomp®) . Subclavian veins were used only when jugular ac- 
ess was not feasible. Non-tunneled catheters were removed 
nd subsequently reinserted in cases of suspected or confirmed 
xit-site infection or suspected or confirmed CRBSI. In most in-
tances, temporary femoral catheters were used during hospi- 
alization until another long-term vascular access could be es- 
ablished. In cases of confirmed CRBSI where AVF creation was
ot feasible, we often opted to insert a tunneled catheter rather
han a non-tunneled one after the infection had resolved. In
are cases where all potential catheter insertion sites were ex-
austed, catheters were exchanged over the guidewire. Over the 
ire exchanges were also performed in cases of catheter defect 
r insufficient flow. Prior to each over-the-wire exchange 1–2 g
f cefazolin was administered intravenously. 

Tunneled catheters were either removed or salvaged after a 
onfirmed catheter exit-site infection or a confirmed CRBSI. For 
atheter salvage attempts in case of CRBSI, an antibiotic lock
as used together with systemic antibiotics. In cases of insuf-
cient blood flow all newly inserted tunneled catheters were ex-
hanged over a guidewire, with a correction of the tunnel arch.
or older tunneled catheters an alteplase ( Actilyse, Boehringer 
ngelheim International GmbH, Ingelheim am Rhein, Germany) 
ock or perfusion for 1 h was attempted. In catheters with per-
istent blood flow issues or a malfunction, a new catheter was
nserted with over-the-wire exchange along with the creation of 
 new tunnel or a new catheter was inserted on a new location. 

Catheter care was performed by the dialysis nurse using 
septic technique with the use of a face mask and sterile gloves
efore or during every hemodialysis session. The catheter exit- 
ite was examined and cleaned with 2% chlorhexidine in 70%
lcohol ( or pure 70% alcohol in case of skin allergy) and dress-
ng was made with a sterile gauze after 2% mupirocin ( Betrion®,
liva Ljubljana, Ljubljana, Slovenia) or a polymyxin B/bacitracin 
 prepared by the hospital’s pharmacy) ointment was applied 
o the catheter exit-site. Non-tunneled catheters were locked 
ith either 4% trisodium citrate ( prepared by the hospital’s 
harmacy) or 30% trisodium citrate ( Citra-Lock®, Dirinco AG,
ilen bei Wollerau, Switzerland) and tunneled catheters were 

ocked mostly with 4% trisodium citrate or rarely with unfrac-
ionated heparin ( diluted with 0.9% sodium chloride solution to
500 U/mL) . 

utcomes 

he primary aim of the study was to compare the rates of CRBSIs
etween tunneled and non-tunneled catheters. The unit of ob-
ervation was vascular access, defined as a tunneled catheter
r two ( rarely only one) single-lumen non-tunneled catheters 
onsidered collectively as one “vascular access,” based on our
linical practice [15 ]. CRBSI was defined as systemic infection
haracterized by positive blood cultures, elevated inflammatory 
arameters and no alternative identifiable source of infection
17 ]. Systemic infections with a probable alternative source of
nfection but where CRBSI could not be excluded were classified
s possible catheter-related bloodstream infections ( PCRBSIs) . 

We compared non-tunneled and tunneled catheters in all
atients and also in a subgroup of patients who had both
unneled and non-tunneled catheters inserted during the 
bservation period. In our clinical practice tunneled catheters
ere typically inserted in patients after an episode of CRBSI with
 non-tunneled catheter. Such patients may be more suscepti-
le to subsequent CRBSI. Therefore, we also compared infection
ates between non-tunneled and tunneled catheters inserted in
 subgroup of patients after successful treatment of their first
RBSI. 
In-hospital mortality due to CRBSI was also assessed and was

efined as death occurring during the hospitalization for a CRBSI
r PCRBSI. 

tatistical analysis 

tatistical analyses were performed using Statistica 12.0 
 StatSoft Europe, Hamburg, Germany) . Descriptive statistics were 
eported as means and standard deviations or percentages, as
ppropriate. The frequency of infections and interventions was
xpressed as an incidence rate ( number per 1000 access-days)
nd compared by calculating incidence rate ratio ( IRR) with 95%
onfidence interval ( CI) and a chi square test. 

Kaplan–Meier survival analysis was used to estimate the
ime to first CRBSI or CRBSI/PCRBSI. In cases where an AVF was
reated, catheter observation time was censored at the date
f catheter removal. If the date was not available, observation
as censored 6 weeks after AVF creation, as this is the typ-

cal maturation period before the first cannulation. After ar-
eriovenous graft creation, observation was censored 3 weeks
ost-construction or on the day of graft construction in cases
f early cannulation graft, if the date of catheter removal was
ot recorded. The difference between the tunneled and non-
unneled catheter groups was assessed using the log-rank test. 

Mortality rates were compared using Fisher’s exact test. A P -
alue < .05 was considered significant in all analyses. 

ESULTS 

e included data from 301 patients with a mean age of
8 ± 15.5 years; 166 ( 55.1%) were male and 135 ( 44.9%) were 
emale. Altogether, 678 catheters or catheter pairs were used
n these patients, including 625 non-tunneled and 53 tunneled
atheters. Of the total, 446 catheters were newly inserted ( among
hem 38 tunneled) , while 232 catheters were exchanged over
he wire ( among them 15 tunneled) . The vast majority of the
atheters were inserted in jugular veins, altogether only 9 ( 1.4%)
on-tunneled and 13 ( 25%) tunneled catheters were inserted in 
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Table 1: Incidence rate for CRBSIs and PCRBSIs in both groups, which are compared by IRR and its 95% CI, for non-tunneled vs tunneled 
catheters and calculated mortality rates for CRBSI and PCRBSI compared with Fisher’s exact test. 

Outcome All catheters Non-tunneled catheters Tunneled catheters IRR ( 95% CI) P -value 

Observation period ( access-days) 131 060 110 435 20 625 
CRBSIs ( N /1000 access-days) 0.48 0.48 0.48 0.99 ( 0.5–1.95) .98 
CRBSIs and PCRBSIs ( N /1000 access-days) 0.56 0.66 0.58 1.14 ( 0.6–2.1) .68 
Mortality rate for CRBSIs, n / N ( %) 13/63 ( 20.6) 10/53 ( 18.9) 3/10 ( 30) .42 
Mortality rate for CRBSIs and PCRBSIs, n / N ( %) 23/85 ( 27.1) 18/73 ( 24.7) 5/12 ( 41.7) .29 

Figure 1: Kaplan–Meier curve comparing time to first confirmed CRBSI between tunneled and non-tunneled catheters. 
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ubclavian veins. Among 53 tunneled catheters, 9 ( 17%) were 
nserted in patients without a prior catheter, 18 ( 34%) in patients 
ho had previously experienced a CRBSI with a non-tunneled 
atheter and 26 ( 49%) in patients with a non-tunneled catheter,
ut without a prior CRBSI. Of the 301 included patients, 27 had 
oth tunneled and non-tunneled catheters inserted during the 
tudy period and were additionally analyzed as a subgroup. 

Total observation period amounted to 110 435 access-days 
or non-tunneled and 20 625 access-days for tunneled catheters.
he median access duration was 107 days for non-tunneled and 
13 days for tunneled catheters. 

atheter-related bloodstream infections 

uring the observation period, we identified 63 CRBSIs and 
2 PCRBSIs, resulting in an overall CRBSI rate of 0.48 per 
000 access-days. The majority of CRBSIs were caused by 
taphylococcus aureus , accounting for 62% of CRBSI and 32% of 
CRBSIs ( for detailed information on causative pathogens see 
upplementary data, Table S1) . 

A total of 53 CRBSIs occurred in non-tunneled catheters and 
0 CRBSIs in tunneled catheters, corresponding to an identical 
ncidence rate of 0.48 CRBSIs/1000 access-days in both groups 
 IRR 0.99, 95% CI 0.5–1.95, P = .98, see Table 1 ) . Time to the first
RBSI was also similar between the two groups ( log-rank P = .33; 
ee Kaplan–Meier curves in Fig. 1 ) . When CRBSIs and PCRB- 
Is were analyzed together, there were 73 ( P) CRBSIs with non- 
unneled catheters, compared with 12 ( P) CRBSIs with tunneled 
atheters. As represented in Table 1 , this difference was also not
tatistically significant ( IRR 1.14, 95% CI 0.6–2.1, P = .68) . Kaplan–
eier analysis also showed comparable time to first ( P) CRBSI be- 

ween the groups ( log-rank P = .75; see Fig. 2 ) . 
The mortality rates due to CRBSIs and PCRBSIs were some- 

hat higher in patients with tunneled catheters; however, the 
ifference was not statistically significant ( see Table 1 ) . 

ubgroup of patients with both types of catheters 

ue to our clinical practice of frequently placing tunneled 
atheters in patients who had previously experienced a CRBSI 
ith a non-tunneled catheter, we were able to perform a sub- 
nalysis comparing the difference in infection rate between 
atheter types inserted in the same individuals. A total of 27 pa- 
ients had both tunneled and non-tunneled catheters inserted 
uring the study period. Their mean age was 69.7 ± 15.6 years,
nd 30% of them had a CRBSI with the initial non-tunneled 
atheters. 

As expected, the incidence of CRBSIs was higher in 
his higher-risk subgroup, but still comparable between 
oth catheter types. There were 11 CRBSIs during 11 926 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf392#supplementary-data
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Figure 2: Kaplan–Meier curve comparing confirmed CRBSIs or PCRBSIs between tunneled and non-tunneled catheters. 

Table 2: Incidence rate for CRBSI and PCRBSI in a subgroup of patients after their first CRBSI; comparison by IRR and its 95% CI for non-tunneled 
vs tunneled catheters. 

Outcome All catheters Non-tunneled catheters Tunneled catheters IRR ( 95% CI) P -value 

Observation period ( access-days) 13789 7393 6369 
CRBSI ( N /1000 access-days) 0.73 0.95 0.47 2.01 ( 0.52–7.72) .47 
CRBSI and PCRBSI ( N /1000 access-days) 1.02 1.35 0.63 2.16 ( 0.68–6.9) .47 
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ccess-days with non-tunneled catheters ( 0.92/1000 catheter- 
ays) and 8 CRBSIs during 11 911 access-days with tunneled 
atheters ( 0.67/1000 catheter-days) , yielding an IRR of 1.37 
 95% CI 0.55–3.41, P = .49) . Kaplan–Meier analysis showed no
ignificant difference in time to CRBSI ( log-rank P = .93; see
upplementary data, Fig. S1) . Similar findings were observed 
or combined CRBSIs and PCRBSIs ( 1.09/1000 access-days vs 
.84/1000 access-days, IRR 1.3, 95% CI 0.57–2.96, P = .47) , log-rank
 = .84 ( see Kaplan–Meier curve in Supplementary data, Fig. S2) .

ubgroup of patients after first CRBSI 

e also conducted a subanalysis of patients who were success-
ully treated for their first CRBSI and subsequently had a new,
on-tunneled or tunneled catheter inserted. A total of 36 such
atients were identified with a mean age of 68.5 ± 13.9 years.
f these, 11 had a tunneled catheter inserted following their ini-
ial CRBSI, while the remaining 25 had a non-tunneled catheters
einserted for the second time. 

There were seven CRBSIs among non-tunneled catheters 
uring 7397 access-days and three CRBSIs with tun- 
eled catheters during 6396 access-days, which trans- 
ates to CRBSI rates of 0.95 and 0.47/1000 access-days.
he difference was still not statistically significant ( see 
able 2 ) . There was also no difference between the two groups
n the time to CRBSI ( log-rank P = .60, see Supplementary data,
ig. S3) . When comparing CRBSIs and PCRBSIs together,
here were 10 ( P) CRBSIs with non-tunneled catheters and 4 
 P) CRBSIs with tunneled catheters. Again, this difference was
ot statistically significant ( see Table 2 ) . Time to first ( P) CRBSI
as also similar between the groups ( log-rank P = .59; see
upplementary data, Fig. S4) , though the small sample size 
imits the statistical power of these comparisons. 

ISCUSSION 

n this retrospective study, we observed a comparable incidence
f CRBSIs between non-tunneled and tunneled hemodialysis 
atheters in our center. These findings support the adequacy
f our current clinical approach, which diverges from exist-
ng guidelines [10 ], as we routinely use non-tunneled dialysis
atheters for extended periods and reserve tunneled catheters
rimarily for patients with complications. 
The KDOQI Clinical Practice Guideline for Vascular Access

10 ] is partially based on the study by Weijmer et al ., which
eported a striking difference in infection rates between tun-
eled and non-tunneled catheters, becoming significant after 
nly 14 days of use [11 ]. In that study, the infection rate for tun-
eled catheters was 2.9/1000 catheter-days, while the rate for
on-tunneled catheters was approximately four times higher, at
2.8/1000 catheter-days. It is important to note that, at that time,
on-tunneled catheters used for jugular access were straight
ather than pre-curved, as is now the standard. 

In contrast, our current study demonstrated much lower
nfection rate of 0.58/1000 catheter-days for tunneled and
.66/1000 access-days for non-tunneled pre-curved catheters 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf392#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf392#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf392#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf392#supplementary-data
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 looking at CRBSIs and PCRBSIs together) . These findings sug- 
est a general decline in CRBSI rates, which might be partially 
ttributed to the use of pre-curved jugular temporary catheters,
hich were shown to reduce infection rates [5 ]. Notably, in a 

ollow-up study conducted after switching to pre-curved non- 
unneled jugular catheters, Weijmer et al. reported no infectious 
omplications over 2101 catheter-days and concluded that their 
se may be safe for up to 3 months [12 ]. 
We have previously published our experience with using pre- 

urved, non-tunneled jugular hemodialysis catheters as perma- 
ent vascular access in patients without a possibility for AVF 
lacement. In those reports, infection rates were low, ranging 
etween 0.2 and 0.4/1000 catheter-days [14 –16 ]. In the present 
tudy, we report on the largest cohort from our center to date.
lthough the infection rates are higher than in our previous 
eports, they remain comparable to recent reports from other 
enters. For instance, a retrospective study by Van Oevelen et 
l . reported 0.66 systemic infections/1000 catheter-days with 
unneled catheters and 0.84 infections/1000 catheter-days with 
re-curved jugular non-tunneled catheters [13 ]. A retrospective 
tudy from Spain found a slightly lower CRBSI rate for tunneled 
atheters at 0.4 per 1000 catheter-days; however, that analysis 
ncluded only confirmed CRBSIs [18 ], whereas our study also in- 
luded possible CRBSIs. 

In general, one would expect a lower infection risk for tun- 
eled catheters, as the subcutaneous tunnel should prevent the 
pread of infection from the exit-site to the circulation. While 
he previously mentioned study by Van Oeleven et al . [13 ] found 
o difference in infection rates between tunneled and non- 
unneled catheters, a more recent study by Lima et al . [19 ] did
eport lower infection rate associated with tunneled catheters.
owever, their analysis included all catheter insertion sites, in- 
luding femoral sites, which are known to carry a higher risk 
f infection [11 ]. Lawrence et al . also reported a difference in 
RBSI rates between tunneled and non-tunneled catheters ( 0.53 
s 1.25/1000 catheter-days) , although it did not reach statistical 
ignificance ( P = .1) [20 ]. 

In our study, we observed no difference in confirmed CRBSI 
ates between tunneled and non-tunneled catheters. There was 
 non-significant, 14% higher rate of ( P) CRBSI and a 37% higher 
RBSI rate in a small subgroup of patients who had both 
atheter types. Among high-risk patients who were success- 
ully treated for the first CRBSI—who are likely more susceptible 
o reinfection—we found twice higher risk of CRBSI with non- 
unneled catheters, although the difference did not reach statis- 
ical significance, probably due to low number of CRBSIs in both 
roups and low number of tunneled catheters, which translated 
o wide CIs. Nevertheless, this comparison still suggests that 
unneled catheters may offer some protection in patients at high 
isk for infection, e.g. after a CRBSI. Contrary to what is stated in 
he current guidelines, the Kaplan–Meier curves from our study 
 Supplementary data, Fig. S4) suggest that this potential reduc- 
ion in CRBSI rates with tunneled catheters becomes apparent 
nly after approximately 6–12 months of use. None of these find- 
ngs was statistically significant and the differences observed in 
ur study were also smaller than those reported in most of the 
arlier literature. Additionally, it is also possible that we over- 
stimated CRBSI rates in non-tunneled catheters, since many 
on-tunneled catheters were in place while AVFs were matur- 
ng and in cases where catheter removal dates were missing, we 
ssumed removal occurred 6 weeks after AVF creation. Many 
atients may have retained their catheters for longer, leading to 
n underestimation of catheter-days and an overestimation of 

nfection rates. i
Our study has several limitations. As noted, not all dates of 
atheter removal were precisely documented, which could lead 
o a slight overestimation of CRBSIs in non-tunneled catheters.
ince our center’s policy was mostly to insert tunneled catheters 
n patients who already had one CRBSI with non-tunneled 
atheter and those patients could be more prone to CRBSIs,
his could result in an indication bias and slightly worse CRBSI 
esults for tunneled catheters. We attempted to mitigate this 
ith a separate subanalysis of patients who had previously ex- 
erienced a CRBSI. Additionally, the total number of tunneled 
atheters in our study was low, which limits the statistical power 
f some comparisons and may be the cause why the differences 
n the incidence of CRBSIs in both subanalyses of patients, which 
ere more prone to CRBSIs, did not reach the statistical signif- 

cance. Another limitation is the difference in catheter locking 
olution ( a minority of tunneled catheters were locked with un- 
ractionated heparin, whereas all non-tunneled catheters were 
ocked with either 4% or 30% trisodium citrate) . Trisodium cit- 
ate has been reported to reduce infection risk compared with 
eparin in some studies [21 –23 ] though not in all [24 –26 ]. Ac-
ording to a recent meta-analysis [27 ] trisodium citrate may be 
he most effective when used in combination with antibiotics 
r at lower concentrations. In our study, however, trisodium cit- 
ate was also used in higher concentrations for non-tunneled 
atheters. Additionally, we occasionally used alteplase in tun- 
eled catheters with suboptimal function which has also 
een reported to decrease CRBSI risk as well [28 ], and may 
herefore have provided some protective benefit for tunneled 
atheters. 

In our dialysis center, AVFs are created by skilled nephrol- 
gists, and waiting times for AVF construction are typically 
 1 month. An environment where every nephrologist can in- 
ert a non-tunneled jugular catheter when needed and AVF 
an be created promptly by a trained nephrologist works well,
nd the results of this study do not indicate a need to change
ur practice. Even though we have not found significant differ- 
nces in infection rates between tunneled and non-tunneled 
atheters, we cannot recommend the widespread adoption of 
ur policy—favoring non-tunneled catheters as default vas- 
ular access in chronic hemodialysis patients—for all dialy- 
is centers. Our study focused only on the hard outcome of 
RBSIs and did not assess catheter function or patients’ qual- 
ty of life. Although the difference in CRBSI rates between 
roups was not statistically significant, the trend of higher CRBI 
ate for non-tunneled catheters appeared among patients with 
igher predisposition to CRBSI. Nevertheless, we think that 
hese data should encourage us to perform a randomized clin- 
cal trial to compare both types of catheters. Moreover, centers 
xperiencing high infection rates with non-tunneled catheters 
hould be encouraged to reassess their catheter management 
rotocols. 
In our view, tunneled catheters remain the preferred op- 

ion for permanent vascular access in patients who are more 
rone to CRBSIs or in whom such infection would be of par- 
icular concern—for example, in those with implanted artifi- 
ial materials. They are also preferable for patients with cogni- 
ive impairment, where accidental catheter pull-outs are a con- 
ern. However, the current recommendations discouraging the 
hort- or medium-term use of non-tunneled catheters before an 
arly AVF creation, insertion of a catheter for peritoneal dialysis 
r kidney transplantation should be called into question. The 
ong-term use of non-tunneled catheters in patients without a 
ossibility for an AVF or graft creation should be further studied 
n prospective randomized trials. 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf392#supplementary-data
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ONCLUSION 

ur retrospective study comparing tunneled and non-tunneled,
ut pre-curved catheters in chronic hemodialysis patients found 
o significant difference in the incidence of catheter-related 
loodstream infections with prolonged use, but these results 
eed to be confirmed in prospective studies. We conclude that
he use of non-tunneled, pre-curved hemodialysis catheters is 
 viable option for patients awaiting construction of an arte-
iovenous fistula, insertion of a catheter for peritoneal dial- 
sis or kidney transplantation in a reasonable time. How- 
ver, tunneled catheters should remain the preferred option 
or permanent vascular access, especially in patients with an 
ncreased risk of CRBSI, implanted artificial materials or in 
hose with cognitive impairment where accidental pull-outs are 
 concern. 
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5. Kovač J, Premru V, Buturović-Ponikvar J et al. Two single-
lumen noncuffed catheters in the jugular vein as long-term
vascular access: a preliminary report: two single-lumen 
catheters in the JV. Ther Apher Dial 2011; 15 :311–4.

6. Gubensek J, Zrimsek M, Premru V et al. Temporary catheters
as a permanent vascular access in very elderly hemodial-
ysis patients: frequency of complications and interven- 
tions. Ther Apher Dial 2016; 20 :256–60. https://doi.org/10.
1111/1744-9987.12433

7. Allon M, Brouwer-Maier DJ, Abreo K et al. Recommended
clinical trial end points for dialysis catheters. Clin J
Am Soc Nephrol 2018; 13 :495–500. https://doi.org/10.2215/CJN.
12011116

8. Almenara-Tejederas M, Rodríguez-Pérez MA, Moyano- 
Franco MJ et al. Tunneled catheter-related bacteremia 
in hemodialysis patients: incidence, risk factors and out-
comes. A 14-year observational study. J Nephrol 2023; 36 :203–
12. https://doi.org/10.1007/s40620-022-01408-8

9. Lima CSD, Vaz FB, Campos RP. Bacteremia and mortality
among patients with nontunneled and tunneled catheters 
for hemodialysis. Int J Nephrol 2024; 2024 :1–8. https://doi.org/
10.1155/2024/3292667

0. Lawrence CK, Boyce ML, Weisensel S et al. Impact of prac-
tice changes on catheter-related exit-site and bloodstream 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf392#supplementary-data
https://doi.org/10.1016/j.kint.2023.10.018
https://www.era-online.org/wp-content/uploads/2024/09/ERA-Registry-Annual-Report2022.pdf
https://doi.org/10.1093/ckj/sfaf013
https://doi.org/10.1053/j.ajkd.2022.12.001
https://doi.org/10.2215/CJN.06820619
https://doi.org/10.1097/MOT.0000000000000723
https://doi.org/10.1093/ndt/gfac193
https://doi.org/10.1097/MNH.0000000000000455
https://doi.org/10.1097/TP.0000000000003943
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.1093/ndt/gfg581
https://doi.org/10.1093/ndt/gfm767
https://doi.org/10.1177/1129729818805954
https://doi.org/10.1111/j.1774-9987.2005.00265.x
https://doi.org/10.1111/1744-9987.12433
https://doi.org/10.2215/CJN.12011116
https://doi.org/10.1007/s40620-022-01408-8
https://doi.org/10.1155/2024/3292667


8 M. Zrimšek and J. Gubenšek

2

2
 

2

 

2

 

2

 

2  

2  

2

R

©
C
i

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/19/1/sfaf392/8381221 by guest on 20 January 2026
infection rates in a Canadian hemodialysis center: a retro- 
spective study. J Vasc Access 2025; 26 :1952–8.

1. Weijmer MC, Van Den Dorpel MA, Van De Ven PJG et al. Ran- 
domized, clinical trial comparison of trisodium citrate 30% 

and heparin as catheter-locking solution in hemodialysis 
patients. J Am Soc Nephrol 2005; 16 :2769–77. https://doi.org/
10.1681/ASN.2004100870

2. Boucley I, Dargent A, Andreu P et al. Systematic review of 
locking solutions for non-tunneled hemodialysis catheters.
Hemodial Int 2023; 27 :12–20. https://doi.org/10.1111/
hdi.13047

3. Huang H, Jiang X, Meng L et al. Reducing catheter-associated 
complications using 4% sodium citrate versus sodium hep- 
arin as a catheter lock solution. J Int Med Res 2019; 47 :4204–14.
https://doi.org/10.1177/0300060519859143

4. Quenot J-P, Helms J, Bourredjem A et al. Trisodium cit- 
rate 4% versus heparin as a catheter lock for non-tunneled 
hemodialysis catheters in critically ill patients: a multicen- 
ter, randomized clinical trial. Ann Intensive Care 2019; 9 :75.
https://doi.org/10.1186/s13613-019-0553-4

eceived: 15.6.2025; accepted: 5.12.2025 
The Author( s) 2025. Published by Oxford University Press on behalf of the E
reative Commons Attribution License ( https://creativecommons.org/licenses/b
n any medium, provided the original work is properly cited. 
5. Grudzinski A, Agarwal A, Bhatnagar N et al. Benefits 
and harms of citrate locking solutions for hemodial- 
ysis catheters: a systematic review and meta-analysis.
Can J Kidney Health Dis 2015; 2 :40. https://doi.org/10.1186/
s40697-015-0040-2

6. Correa Barcellos F, Pereira Nunes B, Jorge Valle L et al.
Comparative effectiveness of 30 % trisodium citrate and 
heparin lock solution in preventing infection and dysfunc- 
tion of hemodialysis catheters: a randomized controlled 
trial ( CITRIM trial) . Infection 2017; 45 :139–45. https://doi.org/
10.1007/s15010-016-0929-4

7. Lai B, Huang W, Yu H et al. Citrate as a safe and effec-
tive alternative to heparin for catheter locking: a system- 
atic review and meta-analysis of randomized controlled tri- 
als. Front Med 2025; 12 :1530619. https://doi.org/10.3389/fmed.
2025.1530619

8. Hemmelgarn BR, Moist LM, Lok CE et al. Prevention of dial- 
ysis catheter malfunction with recombinant tissue plas- 
minogen activator. N Engl J Med 2011; 364 :303–12. https://doi.
org/10.1056/NEJMoa1011376
RA. This is an Open Access article distributed under the terms of the 
y/4.0/) , which permits unrestricted reuse, distribution, and reproduction 

https://doi.org/10.1681/ASN.2004100870
https://doi.org/10.1111/hdi.13047
https://doi.org/10.1177/0300060519859143
https://doi.org/10.1186/s13613-019-0553-4
https://doi.org/10.1186/s40697-015-0040-2
https://doi.org/10.1007/s15010-016-0929-4
https://doi.org/10.3389/fmed.2025.1530619
https://doi.org/10.1056/NEJMoa1011376
https://creativecommons.org/licenses/by/4.0/

	INTRODUCTION
	MATERIALS AND METHODS
	Study design and data collection
	Clinical practice regarding catheters
	Outcomes
	Statistical analysis
	RESULTS
	Catheter-related bloodstream infections
	Subgroup of patients with both types of catheters
	Subgroup of patients after first CRBSI
	DISCUSSION
	CONCLUSION
	SUPPLEMENTARY DATA
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

