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ABSTRACT

Introduction: The solution used to fill the lumens of the tunnelled catheters for haemodialysis (lock) influences
catheter-related complications, such as inadequate blood flow and dialysis efficacy. It is unknown whether a lock
strategy with weekly administration of Recombinant Tissue Plasminogen Activator (rt-PA) and of citrate during the
remaining dialysis sessions is associated with better catheter blood flow and increased dialysis dose compared
with citrate alone. Methods: We performed a prospective cross-over study in 16 patients to compare weekly
administration of 1mg per catheter lumen of rt-PA and citrate 4% in the remaining sessions with citrate 4% admin-
istration in all dialysis sessions. Each lock strategy was performed for 24 weeks, separated by a 4-week wash-out
period. We performed a random effects model and two paired t-tests (in each intervention group and in each
patient) to compare the mean blood flow and single-pool Kt/V (spKt/V) of each dialysis session. Results: In the 8
patients eligible for comparison, blood flow was higher in the rt-PA group (380.73 + 33.43 mL/min versus 368.86
+34.86 mL/min; p-value <0.001). The mean increase in the random-effects model after adjustment for time was
13.79 mL/min (95% Cl 10.23-17.34 mL/min). There was a high variability between subjects on the difference in
blood flow achieved with the two lock strategies (non-significant in 4 subjects; from 8 to 51 mL/min in the remain-
der). Mean spKt/V value was 1.43 in the rt-PA group and 1.39 in the citrate-alone group. Conclusions: When
compared with citrate alone, weekly administration of rt-PA was associated with higher blood flow and spKt/V.
The clinical benefit of this intervention is questionable, since the mean increase in blood flow was 13.79 mL/min
and in 4 out of 8 patients was not significant. Dose of dialysis achieved the recommended target in both groups.
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INTRODUCTION During their lifetime, 87% of tunnelled catheters for
dialysis have at least one episode of dysfunction

Tunnelled catheters are used as vascular access for  (defined by inability to obtain a blood flow equal or

haemodialysis by 16.1% of Portuguese patients®. Patients
who use a tunnelled catheter for dialysis are at a higher
risk of death than patients who perform dialysis through
an arteriovenous fistula or graft2. This is in part related
to the high number of catheter-related complications.

100

higher than 300 mL/min)3. Dysfunction episodes are
associated with lower dialysis efficacy® and higher risk
of bacteraemia (both due to increased necessity of
catheter manipulation to improve flow and due to for-
mation of thrombus that harbour bacteria). Half of
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tunnelled catheters need replacement due to dysfunc-
tion within the first year®. In up to 19% of cases, cath-
eter replacement can be complicated with bleeding,
pneumothorax or pulmonary emboli®.

The solution that fills the catheter lumens from the
end of one dialysis session until the beginning of the
next (lock) impacts on the risk of catheter dysfunction.
Heparin and citrate are widely used lock solutions. In
our haemodialysis centre, the lock used is heparin. In
the private haemodialysis centres within the referral
area of our hospital, more than 90% of the patients
with a tunnelled catheter use citrate 4% as a lock solu-
tion. In cases of catheter dysfunction, the catheter
lumens are filled with the fibrinolytic rt-PA (recombinant
tissue plasminogen activator) to restore blood flow.

A pilot study’ showed improved blood flow with the
weekly use of rt-PA compared with heparin. A subse-
quent randomized clinical trial® also compared weekly
administration of rt-PA in association with heparin with
the use of heparin alone. This trial showed superiority
of rt-PA measured by increased time until first episode
of catheter dysfunction and decreased number of
catheter-related bacteraemia episodes. However, in this
study, the mean follow-up time was 115.5 days in the
group on the lock strategy with rt-PA and 89 days in the
group on heparin alone. Since the administration of
rt-PA improves catheter function, it is unknown whether
the weekly administration of rt-PA prolongs the lifetime
of the catheter when compared with the administration
of rt-PA only in episodes of catheter dysfunction. Moreo-
ver, this intervention would only be cost-effective in
dialysis centres with a rate of catheter-related bacte-
raemia higher than 1 episode per 1000-catheter days®.
In our centre, the cost of rt-PA administration is 15 times
higher than the use of citrate or heparin (the adminis-
tration of 2mg of rt-PA costs approximately 30 euros
per session per patient while heparin or citrate cost less
than 2 euros per session per patient).

Regarding the comparison between heparin and
citrate as lock solutions, heparin was associated with
increased rate of severe haemorrhage (13 vs 4%)10,
while citrate was associated with lower development
of biofilm11,

A Cochrane systematic review on agents used to
prevent dysfunction of haemodialysis catheters was
published in 201612. The authors state that the avail-
able evidence is still insufficient to conclude on the
best agent available12. A direct comparison between
citrate and rt-PA has never been performed.

The aim of our study was to compare the catheter
blood flow and dialysis efficacy using two different lock
strategies: citrate after every dialysis sessions versus
weekly administration of rt-PA associated with citrate
administration at the remaining dialysis sessions. We
performed a prospective randomized crossover study.

SUBJECTS AND METHODS
H Study design

The study was designed by the investigators and
procedures were considered by the ethical committee
of the hospital to be in accordance with the ethical
standards on human experimentation and with the
Helsinki Declaration. This was an independent study.
The drugs used were provided by the pharmacy of the
hospital. All participants provided written informed
consent. The team responsible for lock administration
and for data registry was independent from the inves-
tigation team. The principal investigator trained the
nursing and administrative staff to ensure that the
protocol was being followed and that data was collected
correctly. Data was collected via a registration system
by the nurses assisting each dialysis session. This data
was then transferred to a computer database located
in a server of the hospital, accessible only in the Neph-
rology Department. Before delivering the database for
statistical analysis, the data was encoded in order to
prevent identification of the subjects and to blind the
statistician to the intervention performed in each peri-
od of the study. The investigators vouched for accurate
completion of the protocol. All subjects were monitored
for adverse events, and it was not considered necessary
to stop the study for safety reasons.

H Study population

Prevalent subjects performing regular haemodialysis
(three sessions per week) at Hospital Garcia de Orta
who were expected to use a tunnelled haemodialysis
catheter until study completion were included.

Catheter dysfunction (defined by Qb<300 mL/min)
during at least one dialysis session the week before
recruitment was considered an exclusion criteria. Other
exclusion criteria were antibiotic use for catheter-
-associated infection (recruitment was allowed after
completing the antibiotic); central nervous system
bleeding or any major bleeding 4 weeks prior to study
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enrolment; cancer located in the central nervous sys-
tem; pregnancy or breastfeeding; pericarditis.

H Study protocol

We performed a prospective randomized crossover
clinical trial to compare two lock strategies: 1) filling
the lumens of the tunnelled catheter with citrate 4%
after all dialysis sessions (strategy citrate alone) or 2)
administrating 1mg of rt-PA per catheter lumen weekly
(at the end of the mid-week dialysis session) and citrate
4% on the remaining sessions (strategy rt-PA/citrate).
The total duration of the study was 52 weeks (13
months). All subjects underwent one lock strategy for
24 weeks and then switched to the alternative lock
strategy for an additional 24-week period. To decrease
the influence of one lock strategy on the alternative
strategy, the observation periods were separated by a
4-week wash-out period, in which the lock administered
was heparin (5000 Ul/mL). The 4-week duration of the
wash-out period was considered sufficient since the
influence of the lock solution on the catheter flow is
greatest during the first two weeks after lock adminis-
tration®. The order of lock administration (citrate alone
on the first 24 weeks versus rt-PA/citrate) was decided
by simple randomization with a 1:1 ratio, in order to
decrease the influence of time on the results.

If a catheter dysfunction episode occurred, addi-
tional administration of rt-PA (on demand) was allowed,
independent of the lock strategy the patient was on.
Catheter dysfunction with indication for rt-PA admin-
istration was defined by the presence of at least one
of three criteria: 1. inability to start dialysis due to low
blood flow; 2. blood flow < 200 mL/min for at least 30
minutes of the dialysis session; 3. mean blood flow <
250 mL/min on two consecutive dialysis sessions.

After finishing the trial, the subjects continued to
be followed. We present the number of patients whose
catheters remained in useand the number who removed
them as well as reasons for catheter removal.

Procedures

The citrate formulation used was IntraLock® (Frese-
nius Medical Care), available in 5 mL vials. The rt-PA
formulation used was Actilyse® (Boehringer Ingelheim
Pharmaceuticals), available in vials with 2 mg of rt-PA
powder and a solvent solution. Immediately before
administration, the nurse added the rt-PA powder to
the solvent solution and completed the syringe with
NaCl 0.9% in order to obtain an amount equal to the
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sum of the volumes of both catheter lumens as defined
by the catheter manufacturer. Therefore, 1 mg of rt-PA
was administered into each catheter lumen.

In cases of catheter dysfunction with inability to start
dialysis, 2 mg of rt-PA were administered and catheter
patency was tested 30 minutes later. In the other cases
of catheter dysfunction, rt-PA was administered at the
end of the session and remained in the catheter until
the next dialysis session.

Variables

Age, sex, race and aetiology of the chronic kidney
disease were registered. Time since dialysis was started,
type of dialysis (high-flux versus haemodiafiltration)
and type of dialysis machine were also collected. Cath-
eter brand, location and insertion date were registered,
as well as the number of tunnelled catheters inserted
previously in the same location. Use of anti-coagulants
or platelet aggregation inhibitors was registered.

To evaluate catheter flow, the arithmetic mean of
the blood flow registered hourly during each dialysis
session was considered.

To evaluate dialysis efficacy, the single pool Kt/V
(spKt/V) was measured during every dialysis session
with the Online Clearance Monitor (OCM®) integrated
into the Fresenius 5008 dialysis machines used in our
centre.

Sample size calculation

Based on the available literature’ and the crossover
design, we estimated to require a sample of 7 subjects
to have 80% power to detect a 24.7 mL/min difference
on catheter blood flow with different lock strategies.

Since 50% of the tunnelled catheters are used for
less than a year?, we anticipated a high drop-out rate
and aimed a minimum sample size of 14 in order to
have a sufficient number of subjects completing the
13 months of the study.

Statistical analysis

Data were grouped by subject. Each dialysis session
was numbered consecutively from the beginning of
the study in order to account for the passage of time.

To compare catheter blood flow during each 24-week
period, we used a random effects model including the
following variables: baseline blood flow (defined as
mean blood flow in dialysis session number 1), mean
blood flow in each dialysis session, session number and
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lock strategy used (citrate alone versus rt-PA/citrate).
We calculated the regression coefficient of each vari-
able and the corresponding 95% confidence interval.

To calculate the difference in catheter blood flow
and spKt/V, we performed a paired t-test considering
all subjects simultaneously. Additionally, we evaluated
the difference on blood flow in each subject individually
by a paired t-test.

A p-value < 0.05 was considered statistically
significant.

RESULTS

Seventeen subjects were eligible for the study, one
of whom refused to participate. Fifteen out of the 16
subjects enrolled started the study in September 2015
(1 started one month later). At the time the lock strat-
egy was switched, only 8 out of the 16 subjects remained
in the study and were therefore eligible for comparison
of blood flow with both lock strategies.

In the subgroup of 8 subjects who did not start the
second period of the study, 3 died from causes not
related to the catheter (one from gastric cancer and
two from infected pressure ulcers). The catheter was
removed in 3 patients because either an arteriovenous
fistula or a graft became available. Of these six patients,
five were on the citrate-alone lock strategy. The seventh
subject, who was on the rt-PA/citrate lock strategy, had
his catheter removed due to catheter-related bacte-
raemia. The eighth patient, who was on the citrate-
-alone lock strategy, had an acute subdural haematoma

Table |

and the investigation team decided not to continue the
study into the rt-PA/citrate strategy. There were no
other cases of major bleeding or catheter-associated
infection in the remaining 14 subjects.

H Subjects eligible for blood flow comparison with the
two lock strategies

The 8 subjects who started the second period of the
study completed the 13 months of the study. Their
baseline characteristics are presented in Table I. Subjects
number 5 and 13 were black and the remainder were
Caucasians. All subjects used Fresenius 5008® dialysis
machines. Subjects number 6 and 13 were under hae-
modiafiltration (using CD-FX600® dialysis filters) and
the remainder used FX80® filters for high-flux dialysis.
All subjects had a tunnelled catheter of the Mahurkar®
brand (inserted in the right jugular vein in all except in
subject number 5, who had the catheter in the left jugu-
lar vein). Arterial and venous lumen volumes of the
catheters inserted in the right jugular vein were respec-
tively 1.8 and 1.9 mL and for catheters placed in the
left jugular vein of 2.0 and 2.1 mL. Four subjects (num-
bers 1, 2, 6 and 7) had already had a tunnelled catheter
placed in the same location. No subjects were under
anti-coagulants. Subjects number 2, 8 and 9 were under
platelet aggregation inhibitors.

Random effects model

The random effects model comparing blood flow
between the two lock strategies in the 8 subjects who
started the second observation period is presented in
Table II. In the random effects model, the variable lock
strategy used took the value 0 when citrate was admin-
istrated and 1 when the lock strategy was rt-PA/citrate.

Characteristics of the 8 patients who remained in the study until the date of lock strategy switch and that were eligible for blood flow and dialysis

efficacy comparison

Subject Age . Days since hemodialysis Days since insertion of Lock strategy performed on
Sex Cause of renal failure )
number (years) was started the tunnelled catheter the first 24 weeks of the study
1 Male 69 Diabetes mellitus 130 115 rt-PA/citrate
2 Female 83 Hypertension 468 438 rt-PA/citrate
5 Female 86 Urinary tract obstruction 2102 278 rt-PA/citrate
Autosomal Dominant
6 Male 48 . . 1302 749 rt-PA/citrate
Polycystic Kidney Disease
7 Male 48 Chronic pyelonephritis 704 444 Citrate alone
8 Male 65 Diabetes mellitus 129 124 rt-PA/citrate
9 Male 75 Cardiorenal Syndrome 152 132 rt-PA/citrate
13 Male 56 Unknown 5527 81 Citrate alone
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Table Il

Random effects model comparing blood flow between the lock strategy
citrate alone with the lock strategy rtPA/citrate

95%

Variable Regression )
. p-value confidence
Blood flow coefficient 3
interval

Baseline blood flow 0,543 < 0,001 0,26-0,83
Number of dialysis session 0,046 0,018 0,01-0,08
Lock strategy used 13,79 <0,001 10,23-17,34
Sigma_u 12,63
Sigma_e 27,52
rho 0,174

The blood flow was higher in the rt-PA/citrate lock
strategy than in the citrate-alone lock strategy (regression
coefficient 13.79 mL/min, 95% confidence interval 10.23-
-17.34 mL/min, p-value <0.001). As the number of dialysis
session was included in the random effects model, the
regression coefficient was adjusted for the factor of time.

The blood flow distribution was normal and pre-
sented a standard deviation (sigma_u) of 12.63 mL/
min. Importantly, a high variability in blood flow was
detected (sigma_e 27.52) and 17.4% of the variability
(rho) was due to differences between subjects.

Paired t-test

In the global analysis, the mean blood flow was
368.86 mL/min (SD + 34.86 mL/min) in the citrate-alone

Table Il

strategy and 380.73 mL/min (SD % 33.43 mL/min) in
the rt-PA/citrate strategy (mean difference 11.86mL/
min, 95% confidence interval 8.56-15.18mL/min, p-val-
ue <0.001).

Since a high variability between subjects was detect-
ed, we performed a paired t-test in each patient to
assess individual blood flow difference with both lock
strategies. There were no significant differences in
blood flow in 4 out of the 8 subjects (Table Il1).

Hl On demand administration of rt-PA

On the 8 patients evaluated with the two lock strate-
gies, there were 5 episodes of catheter dysfunction: 3
episodes occurred in patient number 1, one episode in
patient number 6 and one episode in patient number 7.
All episodes occurred while patients were on the citrate-
-alone lock strategy. In the five cases, 2mg of rt-PA were
administered at the end of the session and remained in
the catheter until the next dialysis session.

M Dialysis efficacy

The mean spKt/V of subjects while on the citrate-
-alone lock strategy was 1.39 and 1.43 on the rt-PA/
citrate strategy (mean paired difference 0.04, 95% con-
fidence interval 0.02-0.06, p-value 0.001).

Individual blood flow difference with both lock strategies [citrate alone versus rt-PA/citrate)
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) ) Mean difference on blood flow (mL/min)
Patient Blood flow (mL/min) i
number Lock strategy (MeantSD) between lock strategies p-value
B (95% confidence interval)

Citrate alone 346 + 36

1 ‘ 31(20a42) <0,001
rt-PA/citrate 376 +30

) Citrate alone 342 +28 2(-10213) 0764
rt-PA/citrate 343+36 ’
Citrate alone 363 +23

2(-4al 4

> rt-PA/citrate 366+ 22 (4a10) 0493
Citrate al 357 +29

6 trate alone 37(4a21) 0,005
rt-PA/citrate 370+ 24

. Citrate alone 356 +33 51 (252 49) <0,001
rt-PA/citrate 392 +36 ’
Citrate alone 397 +£22

8 8(0a1l5 0,04
rt-PA/citrate 40419 (0a15)
Citrate al 384 +£21

9 itrate ? one 0(-7a0) 0,951
rt-PA/citrate 384 +23
Citrate alone 406 + 17

1 -2 262

3 rt-PA/citrate 409+ 18 3(2a9) 0.26
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B Follow-up of patients after finishing the trial

After the trial, the 8 patients were switched to the
standard lock strategy of our dialysis centre: heparin
5000 Ul/mL at every session and on demand rt-PA
administration in cases of catheter dysfunction. Four
patients continue to use the catheter, which allows
adequate blood flow and dialysis efficacy. Two patients
continued to have an adequately functioning catheter
until they died from causes unrelated to the catheter.
Two patients obtained an alternative vascular access
for dialysis.

DISCUSSION

Our study enrolled 16 subjects to compare two lock
strategies for tunnelled catheters of dialysis (citrate
alone versus rt-PA/citrate) in a prospective randomized
crossover study. Three subjects died from causes unre-
lated with the dialysis catheter: 3 received a fistula or
graft; 1 (who was on the rt-PA/citrate strategy) had a
bacteraemia and catheter removal and 1 (who was on
the citrate-alone strategy) had a subdural haematoma
and the investigators decided not to switch to the lock
strategy with rt-PA/citrate. The group of 8 subjects who
switched to the second lock strategy completed the 13
months of the study and were eligible for blood flow
comparison. Blood flow was higher on the rt-PA/citrate
strategy but the calculated mean difference between
the two lock strategies was 13.79 mL/min (in the ran-
dom effects model adjusted for the factor of time) and
11.86 mL/min (in the paired t-test). An important vari-
ability between subjects was detected and only 4 out
of the 8 subjects had a higher blood flow in the indi-
vidual paired t-test. The efficacy of dialysis (measured
by spKt/V) reached the recommended minimal target!3
with both lock strategies.

We acknowledge some limitations to our study,
namely the fact that it is open-label and the small num-
ber of subjects enrolled. Despite the patients being
randomized, the number of subjects who reached the
switch date was unbalanced (of the 8 patients eligible
for blood flow and spKt/V comparison, six started on
the rt-PA/citrate lock strategy and two on the citrate-
-alone strategy). Importantly, the study was not pow-
ered to evaluate difference in catheter-related bacte-
raemia between the two lock strategies used.

Regarding the strengths of our study, this is a pro-
spective independent study. Although citrate is

frequently used to lock tunnelled dialysis catheters, as
far as the authors are aware, no direct comparison with
rt-PA has been previously performed. A crossover study
has two advantages over both a parallel study and a
non-crossover longitudinal study. First, the influence
of confounding covariates is reduced because each
crossover patient serves as his or her own control. Sec-
ond, optimal crossover designs are statistically efficient
and so require fewer subjects than do non-crossover
designs. The subjects were all from the same dialysis
centre and were included within one month, which
further reduces variability associated with different
medical care in different centres or in different periods
of time.

Only 8 out of the 16 subjects enrolled remained in
the study at the time of lock strategy switch. This was
expected because, both in our experience and in the
published literature, 50% of the catheters placed are
removed in the first year after the catheter is placed?.
Causes for removal were death unrelated with the
catheter (3 subjects) and maturation of an alternative
vascular access for dialysis (3 subjects).

The only patient who had a major bleeding was on
the lock strategy with the lowest haemorrhagic risk
(citrate alone). Additionally, the only patient who had
a catheter-related bacteraemia was on the lock strategy
with weekly administration of rt-PA, which was associ-
ated in previous studies with decreased risk of catheter-
-related infection8. Therefore, it seems important not
to overemphasize the benefits of each lock strategy.
Tunnelled catheters for dialysis are associated with
increased risks independent of the lock strategy used,
and must be reserved for subjects where a fistula or
graft cannot be used.

The lock strategy rt-PA/citrate was associated with
higher blood flow. It should be considered whether
this significant result from a mathematical point of view
is significant from a clinical perspective. A previous
pilot trial with methods very similar to our study com-
pared rt-PA/heparin with heparin alone and demon-
strated increased blood flow with the rt-PA/heparin
lock strategy’. The magnitude of the increase was
higher (24.7 mL/min)’ than the difference we detected
in our study. In a subsequent randomized clinical trial
also comparing rt-PA/heparin with heparin alone, the
use of rt-PA/heparin was associated with increased
time until first catheter dysfunction8. However, it is
unknown whether rt-PA administration can restore
blood flow so that the lifetime of the catheter or the
dialysis efficacy are unaffected. In our study, rt-PA was
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administered regularly in the rt-PA/citrate lock strategy
and on demand in cases of catheter dysfunction. Cath-
eter dysfunction occurred only in subjects on the
citrate-alone lock strategy (5 episodes, 3 of which were
in the same patient), but all catheters presented ade-
guate patency and allowed delivery of an adequate
dose of dialysis throughout the study. It is therefore
possible that a lock strategy with on-demand admin-
istration of rt-PA in cases of catheter dysfunction is
sufficient to prolong the catheter lifetime and deliver
an adequate dose of dialysis.

The randomized controlled trial previously described
also demonstrated a decreased incidence of catheter-
-related bacteraemia® with the lock strategy rt-PA/
heparin when compared with heparin alone (rate of
0.4 versus 1.37 episodes per 1000 catheter-days). A
cost-effectiveness analysis based on the results of this
trial was presented posteriorly®. The authors concluded
that the weekly administration of rt-PA would only be
cost effective in centres where the rate of catheter-
-related bacteraemia is higher than 1 episode / 1000
catheter-days. All subjects of our unit eligible for the
study except one agreed to enter the study, so we con-
sider this sample to be representative of the reality in
our centre. In our sample 1 episode of catheter-related
bacteraemia occurred in 16 subjects followed until the
catheter was removed or until the end of 13 months
of follow-up. The incidence of catheter-associated bac-
teraemia in our centre is therefore lower than 1 epi-
sode/1000 catheter-days. The episode of catheter-
-related bacteraemia occurred in a patient on the rt-PA/
citrate lock strategy, which was unable to prevent this
infection.

Itis surprising that there is a high variability between
subjects regarding change in blood flow when compar-
ing the use of citrate alone with the use of rt-PA/citrate
as a lock strategy. In some subjects, there is no effect
on blood flow with the change of lock strategy and in
others the blood flow is up to 51 mL/min higher with
the strategy rt-PA/citrate. If implemented, we consider
that the routine weekly administration of rt-PA as a
lock strategy must be maintained only after confirma-
tion of improvement in blood flow.

After the trial, patients were switched to a lock strat-
egy with heparin and rt-PA administration in cases of
catheter dysfunction. This lock strategy seems adequate
to maintain catheter blood flow and capacity to deliver
an adequate dose of dialysis. In fact, 4 out of the 8
patients maintained the catheter while it was necessary
(until an alternative vascular access was available or
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the patient died from causes unrelated with the cath-
eter), and the other four continued to have a function-
ing catheter.

In conclusion, our study showed increased blood
flow with the weekly administration of rt-PA as a lock
strategy compared with the use of citrate alone and
on-demand administration of rt-PA. The clinical signifi-
cance of the difference achieved is questionable, since
with the administration of citrate alone catheters
remained patent and able to deliver an adequate dose
of dialysis. We consider that the lock strategy with
weekly administration of rt-PA and of citrate in the
remaining sessions of dialysis should be reserved for
subjects where achieving a higher blood flow is con-
sidered clinically beneficial or in centres with an inci-
dence of catheter-related bacteraemia higher than 1
episode per 1000 catheter-days. Since the response in
blood flow is highly variable between subjects, we sug-
gest monitoring blood flow after change of the lock
strategy, and maintaining weekly administration of rt-PA
only in cases where blood flow improves.
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