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Introduction

Tunneled dialysis catheters (TDCs) have firmly estab-
lished themselves as a valuable tool for providing vascular 
access in hemodialysis patients.1 Unlike the arteriovenous 
fistula (AVF) or graft (AVG), TDCs do not require matura-
tion. However, they are more prone to infectious compli-
cations than AVF or AVG.2 due to bacterial colonization 
secondary, mostly, to inadequate aseptic technique of dial-
ysis unit operators, as particularly evident from the reduc-
tion in catheter-related bloodstream infection (CRBSI) 
rates during the infection-conscious COVID-19 era.3 The 
higher rate of CRBSI experienced with TDCs translates to 
higher morbidity and mortality rates2 and to a considerable 

healthcare expenditure.4 Despite advances in the material 
design5 and introduction of antibiotic coatings,6 this chal-
lenge remains unresolved.7

Side holes at the tip of catheters, intended to support 
inflow in case of obstruction of the end hole of a 
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catheter,8 may exacerbate the infectious risk of TDCs. 
Presence of side holes favors clot formation by creating a 
low flow zone at the catheter tip,9 allowing rapid removal 
of anticoagulant lock solutions,10 and by presenting 
imperfections of the cut surfaces to which thrombi have 
been shown to attach firmly.8,11 Since, clinically, compli-
cated catheter-related bacteremia is linked to infected 
mural thrombi,12 a catheter devoid of side holes may be 
associated with less bacterial growth, thereby reducing 
occurrence of complicated CRBSI and their associated 
morbidity. Salvage of the already infected catheters is yet 
another hurdle that must be considered in hemodialysis 
patients with TDCs. While side-hole catheters allow an 
almost instantaneous wash-out of antibiotic locking solu-
tion from the catheter tip through the side holes,8 mainly 
the most proximal ones,13 in side-hole–free TDCs the 
antibiotic locking solution reaches the catheter tip and is 
likely to linger longer. This may increase the time of 
exposure of intraluminal bacteria to antibiotics in the 
locking solution, leading to resolution of infection and 
salvage of the affected catheter.

To test this hypothesis, we retrospectively assessed 
CRBSI associated with use of a side-hole–free catheter in 
a series of hemodialysis patients. The Pristine hemodialy-
sis catheter (Pristine Access Technologies Ltd., Israel) has 
a split, symmetrical, side-hole–free tip designed to be 
placed in the upper right atrium and oriented in the anterior 
posterior position (Figure 1). In an animal model, the 
Pristine hemodialysis catheter was largely superior to a 
symmetric tip catheter, which features multiple side holes 
at its tip, in impeding clot formation.14 In addition, the 
Pristine hemodialysis catheter also allowed complete aspi-
ration of the intraluminal thrombus which accumulated in 

the catheter tips. In this paper we aimed to assess how the 
reduction of clot accumulations with side-hole–free cath-
eter tip design translates to clinical practice, specifically 
with regard to CRBSIs.

Materials and methods

Patients

Between November 2016 and January 2019, the Pristine 
hemodialysis catheter was inserted de novo in 60 adult 
men and women, 18 years of age or older, diagnosed with 
end-stage kidney disease (ESKD), and prescribed chronic 
hemodialysis treatments three times per week for a mini-
mum of 90 days. All patients had a patent right internal or 
external or left internal jugular vein (RIJJV, REJV, and 
LIJV, respectively). None of the patients suffered from 
central venous stenosis, active infection, or bacteremia 
within 7 days prior to catheter insertion. None of the female 
patients were pregnant or breastfeeding. The study was 
approved by the local ethics committee and informed con-
sent was obtained from all participants.

Catheter insertion procedure

Catheters were implanted by six operators (one surgeon, 
one radiologist, and four nephrologists). Following local 
anesthesia of entry site, an introducer needle was inserted 
into the vein under ultrasound visualization. A 0.038″ J/
Straight stainless-steel guidewire was then inserted, and 
the introducer needle was removed. The Pristine hemodi-
alysis catheter was attached to the proximal end of its tun-
neler which was then inserted under the skin, leading the 
catheter through the created tunnel. The tunneler was then 
separated from the catheter, and the latter was positioned 
with its polyester felt cuff under the skin. The access hole 
to the vein was widened with 10-14–Fr dilators threaded 
one after the other over the guidewire. A peel-away sheath 
was inserted into the vein over the guidewire and the cath-
eter was introduced into the vein through the peel-away 
sheath (Figure 2). Anterior posterior orientation of the tip 
was maintained to allow for positioning of the arterial 
lumen in the mid-right atrium and prevent contact of the 
tip with tissue (Figure 3). The peel-away sheath was then 
extracted and both lumens of the Pristine hemodialysis 
catheter were forcefully aspirated with blood several 
times, using a 20-mL syringe. X-ray imaging was per-
formed to confirm tip placement in the mid- to upper-right 
atrium. If there was difficulty aspirating, the catheter was 
pulled back 2 cm until free flow was achieved. The cathe-
ter was then flushed with normal saline. Heparin lock was 
added to each lumen according to the amount indicated on 
the lumen, and the extension legs of the catheter were 
clamped. A sterile sealing cap was attached to the Luer 
adapters of the lumens. Finally, the insertion site was 

Figure 1.  Illustration of the Pristine hemodialysis catheter tip 
orientation in the right atrium.
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sutured. Catheter position was again confirmed by X-ray 
examination.

Treatment and follow-up

Dialysis treatments were delivered, and follow-up visits 
were performed, according to the standard dialysis treat-
ment common practice, at four different locations in the 

Dominican Republic (Manzano, La Romana; Cerdial, La 
Romana; MUSA/Hospital Dr. Jaime Oliver Pino, San 
Pedro de Macoris; Hospital El Buen Samaritano, La 
Romana). Four catheters were inserted in the left and the 
other 56 catheters – in the right internal jugular vein (LIJV 
and RIJV, respectively). Forty-one catheters were 19 cm in 
length, 15–23 cm, and 4–28 cm. All but one were inserted 
in patients in whom the previously inserted acute catheters 

Figure 2.  Images of the Pristine Hemodialysis catheter (a) pulled through the tunnel and proximally to the peel-away sheath, (b) 
catheter tip squeezed together, and (c) inserted into the peel-away sheath while maintaining the AP orientation.

Figure 3.  X-ray images in the anterior-posterior (a) and lateral projection (b) of the Pristine hemodialysis catheter preferred 
orientation in the right atrium.
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had failed. Contact with one of the 60 patients (19-cm–
long catheter inserted in the RIJV) was lost after catheter 
implantation and before dialysis.

Patients had dialysis three times per week for 6 months 
after insertion of the Pristine hemodialysis catheter. 
Treatments were administered at a dialyzer-delivered 
blood flow rate of 300–350 mL/min and follow-up visits 
were performed three times per week for 6 months. Inter-
treatment catheter locking was routinely performed with 
sterile saline solution containing 5000 units/mL of unfrac-
tionated heparin. No measures were taken to prevent 
CRBSI and thrombolytic agents were not administered in 
any of the patients. CRBSI was defined as occurrence of 
one positive blood culture without obvious source.

Results

The mean age of the patients was 53.38 (SD = 14.15). 
Demographic and baseline descriptors of the patients are 
summarized in Table 1. A total of 9152 catheter days were 
observed in 59 patients (mean and median follow-up 
length of 155 and 183 days, respectively).

In only two cases CRBSI eventually resulted in catheter 
removal. In all other cases, the infection was resolved by 
locking the affected catheter with an antibiotic solution 
(clindamycin admixed with heparin) and systemic antibi-
otic therapy with imipenem or meropenem. Administration 
of the systemic antibiotics was limited to 7–14 days in all 
cases but one. In the remaining patient, with gram-nega-
tive infection, 1 g of imipenem was administered in every 
dialysis treatment for a month. One patient experienced 
two infectious events. Both responded well to treatment, 
the catheter was retained, and the patient completed the 
planned follow-up.

Discussion

Historically, CRBSI rates in hemodialysis patients using a 
TDC range from 0.6 to 6.5 episodes per 1000 catheter 
days,15,16 with 1.6/1000 catheter days being the point inci-
dence rate calculated from data of 16 prospective studies 
conducted in adults.17 Consequently, the rate of 0.76 events 
per 1000 catheter days observed with the side-hole–free 
TDCs in the series reported here falls below the National 
Kidney Foundation Kidney Disease Outcomes Quality 
Initiative (NK KDOQI) guideline of low CRBSI rate.2 This 
statistic is of an even greater value when reported in a study 
conducted in a limited-resource country, where the rate of 
central-line associated blood stream infections, in general, 
is inherently higher18 than, for instance, in the United 
States.19 Equally interesting, in this regard, is the lack of 
CRBSI events in the first 9 weeks post implantation.

Of note, the CRBSI definition in this study differed 
from that recommended by the 2019 KDOQI guideline, 
which were published after the end of this study. However, 
it is aligned with the definition of “probable” CRBSI in 

the previous edition of the guideline, that is, deferves-
cence of symptoms after antibiotic therapy with or with-
out removal of the catheter, in the setting in which blood 
culture confirms infection, but catheter tip does not, in a 
symptomatic patient with no other apparent source of 
infection.2 Consequently, the results reported here repre-
sent the worst-case scenario in terms of the rate of CRBSI 
events observed with the side-hole–free TDCs.

The apparent ability to resolve catheter-related infec-
tion in this study is promising, as the reported salvage rates 
for antibiotic locks used in conjunction with systemic anti-
biotics, usually fall below 70%.20 Of note, contrary to 
these reports, treatment in our study did not include vanco-
mycin-based antibiotic locks, which may promote the 

Table 1.  Demographic and baseline characteristics.

N %

Age distribution
  Under 65 years 46 76.67
  65–79 years 13 21.67
  80 + years 1 1.67
Male gender 37 61.67
Body mass index (mean kg/m2) 24.41  
Cause of ESKD
  Diabetes 12 20.00
  Hypertension 38 63.33
  Diabetes and hypertension 3 5.00
  Glomerulonephritis 5 8.33
Medical comorbidities
  Diabetes 26 43.33
  Hypertension 55 91.67
  Tobacco smoker, past 17 28.33

Seven events of catheter-related bloodstream infection occurred dur-
ing the 6 months after insertion of the catheter, adding up to a CRBSI 
rate of 0.76 per 1000 catheter-days.
No CRBSI was recorded in the first 9 weeks after catheter insertion 
(Figure 4 and Table 2).

Figure 4.  Kaplan–Meier curve of estimated probabilities of 
freedom from catheter-related bloodstream infection.
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emergence of vancomycin-resistant pathogens.21 Also 
promising is the ability to salvage the catheter once a cath-
eter-related infection has occurred. Consequently, aside of 
the obvious immediate benefit to the patients, the results 
seen in the current study may also add the considerations 
of reducing the possible spread of antibiotic resistance.2

Randomized multi-center studies directly comparing 
side-hole to side-hole–free catheters are needed to better 
assess our observations. In addition, rigorous investigation 
of the role of side holes in TDC outcomes is warranted. As 
CRBSI-related mortality rate in hemodialysis patients with 
TDCs is high and, unlike the all-cause mortality, does not 
show signs of declining,22 future studies of TDCs should 
probably add assessment of infection-related mortality to 
their outcomes.
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