








between antibiotics and antiseptics. Antibiotics
work at very low concentrations through specific
biochemical mechanisms. Subtherapeutic
antibiotic levels generally induce resistant
organism strains. Antiseptics work at higher
concentrations through physical effects on the
bacteria cell walls or cytoplasm. Sub-therapeutic
levels have no effect on microorganisms.
However, antiseptic lock solutions can have their
own challenges. Studies of taurolidine have
demonstrated an increased tendency towards
clotting of catheters, in spite of the presence of
4% sodium citrate. This clotting is probably due
to the protein denaturation which occurs from
aldehyde generation by taurolidine. Alcohol in
high concentrations such as 70% also denatures
proteins, but in lower concentrations of 30% or so
any clotting tendency can be offset by citrate, and
catheter materials are compatible with this level
of ethanol." Isopropyl alcohol was used effectively
in the LifeSite device, with some diminution in
infection rate."

Citrate in high concentrations such as 30% to

47% is more dense than blood, and therefore will
fall from a catheter into the blood stream from

an I catheter, when the patient is upright. This
happens with any lock solution that is different
from the density of blood, whether higher or
lower.” This results in mild symptoms generally as
we noted on our original paper on the effects of
highly concentrated citrate on CRBSL* However,
if injected rapidly and in high concentration,
citrate can cause dangerous arrhythmias due

to hypocalcemia. There was one case of cardiac
arrhythmia and eventual death of a patient who
received 10 ml of 47% sodium citrate, as noted in
an FDA warning.?' This prompted recall of all 47%
sodium citrate in the US, though it is still available
for use with white cell phaeresis procedures.

So, what is the safety margin when using citrate
as a catheter lock? What is the margin of error
or put another way, how many times the locking
volume would have to be injected to cause
serious symptoms? The following graph from
our previous article™ (Figure 5) indicates the
citrate content of normal plasma in the patient,

of various solutions that are already infused
frequently into our patients, and in 2 ml of 23%
sodium citrate concentration:

Figure 5 Citrate content in milligrams of plasma,
blood products, catheter lock
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The citrate content of the above 23% solution
would be approximately that contained in 11 ml
of 4% citrate. This is considerably less than in a
unit of FFP. FFP has been infused very rapidly
into some patient, and studies have been done
to indicate what the limits are for citrate infusion.
Figure 6 demonstrates the effects of very large
amounts of citrate infusion over periods of

3 minutes to 6 hours. We include

for comparison a slow infusion of 2 ml of 23%
citrate, performed in a volunteers and also

by accidental infusion in some patients (no
symptoms occurred) *":

Figure 6 Human studies, symptoms vs amount and
rate of citrale infusion without calcium reinfusion
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These studies still do not answer the question

of what happens with rapid bolus infusion of
citrate, but the following graph is a compilation
of data from several animal and studies with a
comparison of amounts of citrate contained in 2
ml of 23% citrate and 10 ml of 47% citrate (Figure
7).20

Figure 7 Animal study of safety of Bolus IV Citrate vs.
Cath lock amoun.
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As is seen, the infusion of 10 ml of 47% sodium
citrate rapidly into a patient is an approximate
dose of 25-30 mg/pound body weight, and
should result in transient EKG abnormalities (but
not immediate death). Infusion of 2 ml of 23%
citrate should result in no cardiac symptoms,

as predicted from animal
studies. From a cardiac
safety standpoint there is
margin of safety of 5-10 fold

With use of 4% sodium citrate as catheter lock
there is a 50-100 fold margin of safety and

there are virtually no symptoms when catheters
are locked appropriately. Several studies have
demonstrated that 4% sodium citrate as a catheter
lock maintains catheter patency at least as well

as heparin. A study by Lock demonstrated that
tunneled CVC exchanges were 2.98/1000 catheter
days with heparin versus 1.65/1000 pt-days with
citrate (P = 0.01).%

Frequency of tPA use was also higher in the
heparin group versus the citrate group, 5.49/1000
(HP) vs 3.3/1000 patient-days (P = 0.002). A study
by Grudzinski compared dialysis patients in two
periods of time, and demonstrated that the rate of
flow-related catheter exchange was not different
when using citrate versus heparin (1.81 vs 1.88 per
1000 catheter days, P = 0.89).”* However, falsely
elevated INR values were eliminated with citrate.
The frequency of use of tPA was similar during for
groups using citrate versus heparin (4.1 vs 3.23 per
1000 catheter days respectively, P = 0.07).

In vitro studies have shown that 4% sodium citrate
has almost no antibacterial effect. It is only when
the concentration is higher, such as 10%, that

the antiseptic effect is seen®’. Not surprisingly
there is no data proving
that 4% citrate is effective

in preventing CRBSI

when used as a catheter

for highly concentrated
sodium citrate locks of 47%.
As noted in our study and
that by Dr. Weijmer, when
catheters are locked with
highly concentrated citrate
some patients do complain
of a “metallic” taste and
sometimes tingling, as

some of the citrate “falls”
from the catheterS.'"#"

This is bothersome to some
patients and worrying to the
staff, obviously.
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The author has completeda
' large, randomized, prospectively:
 controlled trial to test a solution:
| to decrease the'ineidence of

CRBS| in ESRE patients with

tunneled centra! venous catheters

for access,

' Finall data collection this trial was
completed in June, 2008, Quest
hopes to report on this solution:
wheni the researchiis completed

- and pubhshed i

lock. In the Grudzinski
study, the number of
bacteraemias was similar
during the two periods
(0.77 vs 0.94 per 1000
catheter days respectively, P
=0.36) A study by MacRae
demonstrated 3.3 CAB/1000
catheter days for heparin vs
2.2/1000 catheter days for
4% citrate patients (NS).
There was, as expected,

a trend to more systemic
bleeds in the heparin
patients as compared to the



citrate 4% pts (11/29, 38% vs 6/32, 19%, P=0.09).

The proper concentration of sodium citrate for

locking catheters would actually be 7%. This

solution has a density of approximately 1.040,

which is the same as blood density in a mildly

anemic patient. This should be somewhat more

effective in preventing catheter clotting than 4%

citrate, and therefore be equal to or better than

heparin. However in order to obtain a catheter
lock that is antibacterial, other components
would be needed. In collaboration with other
scientists and pharmacists I began thinking of
various possibilities some years ago, and had the
following requirements for a desired antibacterial
lock solution which could be used as a standard
locking solution for central venous catheters:

* Anticoagulant properties comparable
to heparin.

* Components previously approved for [V
administration and generally regarded as
safe (GRAS)

* Lack of caustic effects and protein
denaturation.

* Safe for use prophylactically, with infusion of
both lumen volumes.

* Ability to kill planktonic bacteria and fungal
strains within 60 minutes.

* Ability to kill sessile bacteria in biofilm.

e No known bacterial resistance to components.

* Notan antibiotic

* Relative density of 1.040.

* Preferably has a color, so that it is apparent
when catheters are locked.

The practice of dialysis will be greatly aided by
an antibacterial catheter lock that can be used
routinely in all patients with tunneled dialysis
catheters. Though catheter access will still less
preferable than use of a fistula, at least catheter

access will not create significant dangers of CRBSI

and systemic infections.
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