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Renal/Extracorporeal Blood Treatment

Initial Clinical Experience with a Symmetric Tip Tunneled
Hemodialysis Catheter Without Side Holes

MicHAEL G. TAL,* AND ALEXANDER S. YEVZLINT

The purpose of this article is to assess the performance and
safety of a novel, symmetric, side-hole—free tunneled cuffed
catheter hypothesized to sustain adequate flow without the
need for side holes. Between November 2016 and January
2019, Pristine hemodialysis catheters were placed de novo
in 45 end-stage renal disease patients (27 males and 18
females) at a single investigational site. Forty-one catheters
were placed in the right and four in the left internal jugular
vein. There were no incidents of insertion failure. Patients had
dialysis three times per week and were followed at four inves-
tigational sites. Nominal catheter flows, incidence of poor
flow, and catheter-related infections were recorded at each
dialysis session and analyzed. The average follow-up time was
161.69 days for a total of 7116 catheter days. Nine patients
died from reasons unrelated to the catheter and one patient
switched to fistula. Four patients had poor flows necessitat-
ing catheter replacement. Four patients had catheter-related
bloodstream infections which resolved with antibiotics. These
equate to 0.56 events per 1000 catheter days. Catheter sur-
vival was 100%, 97.6%, and 89.7% at 30, 90, and 180 days,
respectively. The initial clinical assessment of the symmetric
Pristine hemodialysis catheter featuring a Y-tip devoid of side
holes revealed good catheter performance and survival and a
low complication rate. ASAIO Journal 2021; 67;1257-1262
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A well-functioning vascular access is a prerequisite for
adequate blood flow rate (BFR) to allow successful hemodi-
alysis.! Failure to maintain an adequate BFR may lead to com-
plications and hospitalization of hemodialysis patients and,
in some cases, may result in death.! The native arteriovenous
fistula (AVF) remains the recommended first choice for vascu-
lar access, in Europe and in the United States, due to a more
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frequent association of synthetic means of vascular access,
especially central venous catheters (CVC), with infectious and
thrombotic complications.' The National Kidney Foundation’s
(NKF) Kidney Disease Outcomes Quality Initiative (KDOQI)
remains adamant with regard to this recommendation, but
recognizes that selection bias and confounding effects may
be held accountable, to some extent, for CVCs being a more
complication-ridden alternative.**

Despite the KDOQI recommendations and the Fistula First
Breakthrough Initiative program that commenced in 2003,” the
use of CVCs in the United States shows no signs of decelera-
tion in the past two decades. More than 80% of patients still
receive a CVC at hemodialysis initiation, much as it had been
15 years ago.>? Almost 70% still use catheters 90 days later.5°
An apparent increase in dependency on CVCs for hemodialy-
sis in the European Economic Area'®'? attests to the universal-
ity of this treatment paradigm, rather than to an idiosyncratic
modus operandi of the American healthcare system.

The most likely cause for a low BFR achieved with CVCs
is thrombosis of the catheter and formation of a fibrin sheath,
accounting for access loss in 30% to 40% of patients." In a bid
to curb the rate of complications, side holes were introduced in
the design of the CVC distal tip with the intent to support flow in
the case of thrombotic obstruction or sheathing of the end hole."
Unfortunately, having been implicated in promotion of thrombo-
sis by serving as anchors for irretrievable blood clots, side holes
have since earned a reputation as a double-edged sword."

The Pristine hemodialysis 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 a
limited animal study, the Pristine hemodialysis catheter was
largely superior to a symmetric tip catheter, which features side
holes at its tip, in impeding clot formation." Contrary to the
comparator, the Pristine hemodialysis catheter also allowed for
complete aspiration of the intraluminal thrombus which accu-
mulated in the catheter tips.

This study assessed the efficacy and safety of the Pristine
hemodialysis catheter in providing sustainable vascular access
in hemodialysis patients.

Materials and Methods

This was a prospective, nonrandomized, open-label study.
Following an institutional ethics committee approval, patients
were recruited between November 2016 and January 2019.
Informed consent was obtained from all participants. Catheters
were inserted by six operators (one surgeon, one radiologist,
and four nephrologists). Dialysis treatments were delivered,
and follow-up visits were performed, according to the stan-
dard dialysis treatment common practice, at four locations in
the Dominican Republic.
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Figure 1. lllustration of the Pristine hemodialysis catheter tip ori-
entation in the right atrium.

Subjects

Adult men and women 18 years of age or older diagnosed
with end-stage renal disease or acute renal failure in need of
hemodialysis through a tunneled CVC could be recruited to
the study if they had a patent right internal or external jugular
vein (RIJV and REJV, respectively) or left internal jugular vein,
had no clinical or radiographic evidence of superior vena cava
narrowing, and their treatment plan required chronic hemo-
dialysis treatments three times per week for a minimum of
90 days. All subjects had to be able to understand and sign
the consent form. Main reasons for ineligibility for the study
included known central venous stenosis, platelet count <50
x 10%L, which could not be corrected with platelet transfu-
sion, active infection at the time of enrollment, presence of
bacteremia or infected AVF or graft (AVG) within 7 days before
enrollment, absolute neutrophil count <1.5 x 10°L, known
sensitivity to heparin or previous incidence of heparin-induced
thrombocytopenia, and uncontrolled abnormal coagulation
parameters. Other exclusion criteria were known or suspected
pregnancy or pregnancy intent during the study period, breast-
feeding, concurrent enrollment in any other trial, and inabil-
ity or unwillingness to commit to follow-up visits and study
procedures.

Forty-six subjects with end-stage renal disease signed
informed consent for the study. Sixty-one percent (28/46) of
them were male. The mean age of subjects was 52.3. Thirty-six
subjects (78.3%) were under 65 and 10 (21.7%)—between 65
and 79 years of age. Demographics and medical history are
summarized in Table 1. Contact with one male subject was lost
before catheter insertion.

Catheter Insertion

Following local anesthesia of entry site, an introducer
needle was inserted into the vein under ultrasound visual-
ization. A 0.038 in. J/Straight stainless-steel guidewire was
then inserted, and the introducer needle was removed. In the
next steps, the area of the planned under-the-skin tunnel was
locally anesthetized, the skin was cut with a scalpel at both
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Table 1. Subject Demographics, Baseline Data, and Medical

History
Mean
N (SD; Range)
Demographics
Age at initiation 46  52.3 (14.58; 21.0-74.0)
Weight (kg) 45  65.0 (12.08; 41.0-92.0)
Height (cm) 45 164.0(10.92; 146.0-193.0)

BMI (calc) 45  24.3(4.78; 16.1-35.4)
Medical history
N %

Smoking history

Never 31 67.39

Past 15 32.61
Hypertension history

No 4 8.70

Yes 42 91.30
Diabetes mellitus history

No 23 50.00

Yes 23 50.00
Reason for renal failure

Diabetes 1 23.91

Glomerulonephritis 5 10.87

Hypertension 28 60.87

Hypertension and diabetes 1 217

Other 1 217

ends of the intended tunnel, and the holes were widened with
curved Kelly forceps. The Pristine hemodialysis catheter was
attached to the proximal end of its tunneler which was then
inserted under the skin, leading the Pristine hemodialysis cath-
eter through the tunnel created. The tunneler was then sepa-
rated from the catheter, and the latter was positioned with its
polyester 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, the dilators and the guidewire were
removed, and the Pristine hemodialysis catheter was intro-
duced into the vein through the peel-away sheath (Figure 2)
while maintaining the anterior-posterior orientation of the tip
(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. If
there was difficulty aspirating, that is, if the syringe would not
fill in under 2 seconds, the catheter was pulled back 2cm
until syringe filling time of 2 seconds or less was achieved
for both lumens.' The catheter was then flushed with nor-
mal saline. X-ray imaging was performed to confirm tip place-
ment in the mid- to upper right atrium by anatomic position
versus the cardiac shadow. 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 closed around the catheter and
the Y-hub was sutured to the skin. Catheter position was again
confirmed by x-ray examination.

Treatment and Follow-Up

Patients had dialysis three times per week for 6 months
after insertion of the Pristine hemodialysis catheter. Nominal
catheter flows, incidence of poor flows, and catheter-
related infections were recorded at each dialysis session and
analyzed.
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Figure 2. Insertion and right-atrium positioning of the Pristine hemodialysis catheter. A: lllustration. B: Image of the Pristine hemodialysis

catheter inserted into the peel-away sheath.

Outcomes

The primary study endpoint was primary patency at 30 days
following the catheter insertion. Primary patency was defined
as a catheter patency, which provides adequate hemodialysis
(BFR > 300ml/min; based on average dialysis blood flow, as
calculated by the dialysis machine) without need for interven-
tions intended to maintain flow or correct device failure, that
is, tissue plasminogen activator infusions, fibrin sheath strip-
ping, or catheter exchange. Secondary endpoints included
patency assessments at 60 and 180 days.

Safety Analysis

All adverse events that occurred until the end of the fol-
low-up, whether considered related to the study device and/
or procedure or not, were reported, coded, and mapped to
the National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCTAE) v. 5.0. Safety analyses were con-
ducted by reviewing safety listings and narratives.

Statistical Analysis

Continuous variables were summarized by a mean, SD, min-
imum, median and maximum, and categorical variables by a

A B

count and percentage. Two-sample t-test was used for com-
parison of means (continuous variables), and Fisher’s exact test
was used for comparison of proportions (categorical variables).

Time to catheter malfunction (loss of patency) was presented
in a Kaplan—-Meier curve. Patency probabilities at 30, 60, 90,
120, and 180 days were estimated from the curve and pre-
sented with 95% confidence intervals.

Results

Pristine hemodialysis catheters were placed in 45 subjects.
Four catheters were inserted in the left internal jugular vein. All
other catheters were inserted in the RIJV. Twenty-nine catheters
were 19cm in length, 12 catheters were 23 cm, and 4 catheters
were 28cm. All but one were inserted in subjects who had
acute catheters before participation in this study. One subject
was lost to follow up before receiving the first dialysis treat-
ment and was excluded from analysis.

None of the Pristine hemodialysis catheters implanted in the
44 subjects eligible for analysis were occluded at 30 days after
implantation; and infusions of tissue plasminogen activator,
fibrin sheath stripping, or catheter exchange were not required
in any of the subjects. Consequently, the primary patency was
100% at this mark.

Figure 3. Insertion and right-atrium positioning of the Pristine hemodialysis catheter. A: lllustration. B: X-ray images in the anterior-posterior
and lateral projection of the Pristine hemodialysis catheter preferred orientation in the right atrium.
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Of the 14 subjects who did not complete the protocol-
specified follow-up period, one left the study when his AVF has
matured, after 155 days of follow-up. Nine subjects died during
the 6 months of treatment and follow-up, all of causes unrelated
to the investigational device or procedure. Lack of catheter
patency was the reason for early termination in four subjects.
Removal of the catheters was uneventful in all four subjects.
The mean catheter survival time was 161.69 days (SE = 2.934).
The Kaplan—-Meier curve of time to occlusion of the Pristine
hemodialysis catheter within 6 months post-implantation
is depicted in Figure 4. The mean Kaplan-Meier estimates of
patency probability of the Pristine hemodialysis catheter are
presented in Table 2, and the true binary/proportion analysis of
patency is shown in Table 3. Eventually, the 180-day patency
probability was 89.7%.

Four events of catheter-related bloodstream infection (CRBSI;
defined as one positive blood culture without obvious source)
occurred and were successfully resolved with antibiotic ther-
apy. Two incidents of local infection were reported. The calcu-
lated rates of systemic and local infection events per 1000 days
are shown in Table 4. Other adverse events were abdominal
abscess (1), transient fever of unknown origin (2), and transient
loss of catheter patency (1), which was successfully treated
with DuraLock-C catheter lock solution (4% sodium citrate).

Discussion

Catheter failures due to low BFR or occlusion are common,
and their reported rate and timing depend, to some extent, on
the definition of failure.® The 2006 NKF Vascular Access Work
Group guidelines advocated that assessment of catheter per-
formance should take into account the dialyzer BFR of 300 ml/
min achieved, factored by the prepump arterial limb pressure.!
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Table 2. Kaplan—-Maier Estimated Probability of Primary
Patency of the Pristine hemodialysis Catheter Within 6
Months of Implantation

Kaplan-Meier Lower 95%  Upper 95%

Estimated Probability of Confidence Confidence
Time (Days)  Primary Patency (%) Limit (%) Limit (%)
30 100.0
60 100.0
90 97.6 84.3 99.7
120 95.0 81.6 98.7
180 89.7 747 96.0

Table 3. True Binary/Proportion Analysis of Patency of the
Pristine Hemodialysis Catheter

30 days

Proportion = 1.00

Type 95% Confidence Limits

Wilson 0.92 1.00
60 days

Proportion = 1.00

Type 95% Confidence Limits

Wilson 0.92 1.00
6 months

Proportion = 0.91

Type 95% Confidence Limits

Wilson 0.79 0.96

This recommendation was consistent with the earlier guide-
lines of the American College of Radiology'” and reporting
standards of the Society of Interventional Radiology'® and of
a joint committee of several surgical societies.” The require-
ment for dialyzer-delivered BFRs greater than 300 ml/min in
the adult practice reverberated beyond the United States. For
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Figure 4. Kaplan-Meier curve—time to catheter occlusion. All subjects reaching the end of the protocol-specified 6-month-long follow-up
period were censored at that timepoint. Subjects dying of a reason not related to the catheter patency were censored at the time of death.
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Table 4. Calculated Rates of Infection Events

Number of Events Events/1000 Days* (Total Catheter Dayst)

CRBSI Events
4 0.56 (7116)
Local infection events
2 0.28 (7116)
CRBSI + local infection events

0.84 (7116)

*Calculated as ([n of infection events]/[total catheter days]/1000).

tTotal catheter days = X of n of individual subject’s catheter days,
from insertion up to 6 months since insertion (183 days; protocol-
specified follow-up period) or until termination of subject’s partici-
pation in the study, whichever occurred first, for each respective
subject.

CRBSI, catheter-related bloodstream infection.

instance, the relevant European guidelines still consider blood
flow of 300 ml/min an adequate threshold in hemodialysis effi-
ciency assessment, despite providing a definition for catheter
dysfunction different from their 2006 American counterparts.>*
Noteworthy, in Europe, BFRs less than 300 ml/min could be
used, with longer dialysis treatment durations compensating
for any reduction in flow.?* The 2019 update of NKF KDOQ)I
guidelines retracted the strict 300 ml/min requirement, citing
misinterpretation of an opinion-based guideline recommenda-
tion as an absolute requirement by stakeholders. A more lenient
definition of CVC dysfunction was offered instead, namely,
failure to maintain the prescribed extracorporeal blood flow
required for adequate hemodialysis without lengthening the
prescribed hemodialysis treatment.®

The primary efficacy result of the Pristine hemodialysis cath-
eter showing that all devices inserted during the study were
patent at the 30-day post-implantation mark without interven-
tion aimed to support this patency, is aligned with the current
US® and European? vascular access recommendations. In fact,
it is also in line with the more stringent 2006 KDOQI guide-
lines," which viewed 5% as the acceptable rate of primary fail-
ure of tunneled CVCs, that is, the proportion of CVCs unable
to support blood flow of 300 ml/min within the first week after
insertion, despite at least one attempt to improve flow.?! The
89.7% patency at 6 months and the mean catheter survival
time of 161.69 days achieved with the Pristine hemodialysis
catheter in this trial are also promising. In this regard, it is worth
mentioning that insertion of the Pristine hemodialysis catheter
adhered to the rule of 2 seconds'® to assure the highest sensi-
tivity for predicting inadequate dialysis, a test of paramount
importance especially in non-side-hole catheters, considering
their propensity for positional occlusion. As it must take 2 sec-
onds to fill a 20-ml syringe with the plunger fully withdrawn to
pass this test, its success represents a 600-ml/min catheter BFR.

With regard to safety of use of the Pristine hemodialysis
catheter, in this study, the device presented results comparable
to those required from' or associated with the tunneled cuffed
CVCs.2>2 Specifically, the reported CRBSI rate of 0.56 per
1000 catheter days aligns well with the expected 0.6-6.5 epi-
sodes per 1000 catheter days.***" Of note, the updated KDOQI
recommendations consider it reasonable that in hemodialysis
patients for whom a cuffed, tunneled CVC is the most appro-
priate permanent dialysis access there is no maximum time
limit to CVC use.® As the economic toll of CRBSI treatment is

substantial *° reducing the number of infections has implica-
tions going far beyond the needs of an individual patient.

Finally, as there were no occurrences of safety events not
previously described in the peer-reviewed literature reporting
data from the state-of-the-art devices, the safety results of this
study are well in line with the expectations from a safe CVC,
surpassing the current safety recommendations.

Being a single-arm trial, this article is subject to certain
limitations inherently imposed by the trial setting.’? Although
more rigorous investigation is needed, the results of this trial
suggest that the unique side-hole—free design of the Pristine
hemodialysis catheter may improve performance and safety
in providing vascular access to hemodialysis patients relative
to the traditional catheters. This may be due, in part, to the
AP orientation of the Y-shaped tip, optimally positioning the
arterial lumen in the mid-right atrium and preventing contact
of the tip with tissue; and, in part, to the slot in the tip wall,
functioning as a pressure relief opening when occlusion starts
to form. A larger randomized trial is needed to better assess
these observations.
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