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- Polyester cuff

that enabled sufficient ingrowth of granulation tissue
and vascularization. The granulation tissue that infil-
trated the porous material was mature and abundant
in collagenous fibers compared with the polyester
nonwoven material, which also indicated that it was
effective in mamtammg long-term adhesion. Further-
more, the novel skin-penetrating pad did not require
any wound care including disinfection during the
2-year experimental period, and there was no indi-
cation of exit-site infection such as necrosis of the
surrounding tissue or other infection during the
- experiment as well as at autopsy, demonstrating
that it was effective for the inhibition of epidermal
downgrowth.

The predicted advantages of the clinical applica-
tion of this novel skin-penetrating pad are as follows:
(1) the improvement of patient quality of life because
the patient is liberated from exit-site care; (ii)
decrease in the amount of disinfectants, film dressing
materials, and antibiotics needed for catheter care;
and (iii) decrease in treatment frequency of catheter
problems such as exit-site infection with an accom-
panying reduction in medical cost. As a disadvantage,
the skin and subcutaneous tissue must be removed
when the skin-penetrating pad is removed with the
catheter, but this is believed to be well within the
range of tolerance, considering its major merits
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FIG. 10. Histological analysis showed that
the ingrown granulation tissue between the
fibers of the polyester cuff was mainly imma-
ture granulation tissue mostly consisting
of fibroblastic cells (a), but the ingrown
granulation tissue in the porous material
cuff was mainly mature collagenous fibrous
tissue (b).

Segmented polyurethane porous cuff

such as simplified management and suppression of
infections.

CONCLUSION

The newly developed segmented polyurethane
porous material had excellent strength, flexibility,
durability, biocompatibility, and tissue ingrowth. The
novel skin-penetrating pad, which was devised by
using this material, firmly adhered to the tissue and
did not cause epidermal downgrowth at the site of
catheter penetration, which suggested that it may be
effective in preventing exit-site infection.
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d 6§mbsis Process for Dialysis
Fluid Regeneration
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Abstract: In a preliminary experiment, 38% of the spent
dialysis fluid water was reclaimed by a forward osmosis
process through a cellulose triacetate membrane. The sim-
plicity of forward osmosis and its minimal external energy
requirements ‘may allow the constriiction of a small bulk
device that can reclaim a considerable portion of the
water used in the patient’s dialysis process. For develop-
ing an acceptable ambulatory dialysis system, decreasing
the bulk of the fluid and equipment carried on the pati-
ent is essential. Forward osmosis may feasibly be used
for dialysis fluid regeneration in ambulatory dialysis
systems. Key Words: Ambulatory—Dialysis—Dialysis
solution regeneration—Osmosis—Forward osmosis.

In the forward osmosis process, water is drawn
. across a water-permeable but solute-impermeable
membrane from the feed solution into the more con-
centrated draw solution down the concentration gra-
dient (1). The cellulose triacetate (CTA) membrane
was made by Hydration Technologies, Inc. (Albany,
OR, USA). The CTA membrane has out-
performed other membranes in forward osmosis
applications. The structure and the performance of
this membrane have been reviewed (2-3). An
example of the current applications of forward
osmosis is the hydration bags made by Hydration
Technologies, Inc. Hydration bags consist of an exter-
nal feed solution compartment that is filled with
either sea water or unsafe water, and an internal draw
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solution compartment made of the CTA membrane.
Water is drawn from the feed solution through the
CTA membrane to dilute a concentrated sugary draw
solution generating a safe-to-drink sugary beverage.
In the current investigation, the potential use of the
forward osmosis process for dialysis fluid regenera-
tion was examined. A concentrated sodium chloride
solution was used to draw water from the spent dialy-
sis fluid across the same CTA membrane.

MATERIALS AND METHODS

In the current investigation, a sample of the spent
dialysis fluid was collected 15 min after starting the
patient’s dialysis session. Before starting the forward
osmosis experiment, the CTA membrane of the
osmosis bag (the SeaPack made by Hydration Tech-
nologies, Inc.) was prehydrated by washing the two
compartments of the osmosis bag with 0.45% saline.
The saline was then drained before introducing
250 mL of the spent dialysis fluid into the feed solu-
tion compartment and 20 mL of 10% sodium chlo-
ride (Na* concentration=1711 mmol/L) into the
draw solution compartment. The forward osmosis
process was carried out for 3 h at 35°C, while the
osmosis bag was shaken on an automatic shaker that
delivered 10-cm horizontal displacement at a fre-
quency of 60 cycles/min. These experimental settings
were found to increase the water reclamation rate in
the initial trials. The feed and the draw solution were
drained hourly. Their volume and sodium concentra-
tion were then determined before reintroducing
them into the forward osmosis bag. Creatinine, urea,
uric acid, phosphate, sodium, potassium, calcium, and
magnesium were measured in the feed solution at the
start of both experiments and in the draw solution at
the end of the experiment. Water reclamation ratio
was calculated as the gain in the draw solution
volume /250 x 100%. Sodium back-leak into the feed
solution was calculated as the decrease in the Na*
content of the draw solution / its initial Na* content at
the start of the experimentx 100%. In the initial
stages of the experiment, a search for the best settings
that gave the highest water reclamation rate was
done. The previously described shaking, membrane
prehydration, and temperature gave the optimal
results. The best obtained results were represented.

RESULTS -

At the start of the experiment, the concentra-
tion of urea in the spent dialysis fluid solution
was 32mmol/l, creatinine 796 pmol/L, uric
acid 635 umol/L, calcium 1.1 mmol/L, magnesium
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TABLE 1. Volume, Na* concentration, water reclamation, and Na* back-leak

At start 1h 2h 3h
Draw solution volume (mL) 20 62 90 114
Feed solution volume (mL) 250 208 180 156
Draw solution Na* (mmol/L) 1711 550 378 289
Feed solution Na* (mmol/L) 138 166 193 223
‘Water reclamation (%) 0 17 28 38
Sodium back-leak (%) 0 0.3 0.5 07

1.4 mmol/L, potassium 4.9 mmol/L, and phosphorus
1.6 mmol/L. Creatinine, uric acid, potassium, calcium,
magnesium, and phosphorus were undetectable in the
draw solution at the end of the experiment. In con-
trast, the draw solution urea concentration was
12 mmol/L at the end of the experiment. The hourly
volume of the draw and the feed solutions, their
sodium concentration, as well as the water reclama-
tion ratio and the sodium back-leak, are shown in
Table 1.

DISCUSSION

After 3h of forward osmosis, 38% of the water
content of the spent dialysis fluid was reclaimed and
114 mL of fluid was obtained from the draw solution
compartment of the osmosis bag. The draw solution
sodium concentration at the end of experiment
dropped to 298 mmol/L. If the obtained fluid is used
for fresh dialysis fluid preparation, dilution with
- 129 mL of exogenous free water is necessary to bring
its sodium concentration down to 140 mmol/L, which
is the usual concentration used in clinical dialysis. The
CTA membrane completely rejected potassium,
calcium, magnesium, and phosphate, which are highly
charged ions. Similarly, the rejection of the two tested
weakly charged substances with- high molecular
weight was complete. Creatinine, whose molecular
weight (MW) =113, and uric acid (MW = 168), were
completely rejected while the rejection of the
uncharged small urea molecule (MW = 60) was much
less. The purpose of the use of forward osmosis in
dialysis fluid regeneration is to build a small ambula-
tory dialysis system that can conveniently be used for
extended time dialysis prescription, for example,
10-12 h of dialysis therapy/day. The basic require-
ments of the system are simple: a low pressure pump
and the forward osmosis membrane. Minimal exter-
nal energy supply is needed because the concentra-
tion difference between the feed and the draw
solution is the source of the thermodynamic energy
that drives the process. Moreover, the required
volume of the exogenous solutions is reduced
because a substantial portion of the dialysis fluid
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water is recycled. Consequently, extended time
ambulatory dialysis with dialysis fluid regeneration
may be an acceptable option that may offer definite
therapeutic advantages. First, a much higher clear-
ance of middle- and high-molecular-weight uremic
toxins may be achieved by an extended time dialysis
prescription utilizing a highly permeable hemodia-
lyzer optimized for the removal of those molecules.
Also, an accompanying slow extended time ultrafil-
tration has important cardiovascular advantages. In
the current experiment, two drawbacks of the pro-
posed concept were found. First, the obtained fluid on
the draw solution side of the membrane will always
be hyperosmolar compared to the spent dialysis fluid.
Consequently, dilution with free water is necessary.
Possible sources of the required free water include:

1 Free water carried in a refillable reservoir attached
to the system.

2 The permeate resulting from a reverse osmosis
treatment.

3 Oral water intake by the patient during the
prolonged ambulatory dialysis session combined
with ultrafiltration. Deliberate slight dialysis fluid
hypernatremia may create a robust physiological
drive for increased water intake while the resultant
hypervolemia is corrected by ultrafiltration.

4 A combination of the previously mentioned
methods.

The second drawback is the suboptimal urea rejec-
tion ratio. Urea has no or minimal clinical toxicity (4).
Consequently, the observed low urea rejection ratio
is not likely to compromise the clinical outcome
when forward osmosis is used for dialysis fluid
regeneration. However, a dual modality therapy con-
sisting of a short home hemodialysis treatment for
1-2 h/day and an extended ambulatory treatment
with dialysis fluid regeneration may not greatly com-
promise the patient’s lifestyle. The dual modality
therapy may also provide the opportunity to target
the small and the larger uremic toxins with two
hemodialysis membranes, each optimized for the
removal of solutes with a particular range of molecu-
lar sizes.




THOUGHTS AND PROGRESS 1135

CONCLUSION

Forward osmosis process is a feasible and simple
method that may be suitable for use in dialysis fluid
regeneration systems. However, it is necessary to con-
struct a forward osmosis device that is specifically
devoted for dialysis fluid regeneration and test its
performance in water retrieval and uremic solute
rejection in vitro before conducting animal studies.
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