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A wearable haemodialysis device for patients with end-stage
renal failure: a pilot study

Andrew Davenport, Victor Gura, Claudio Ronco, Masoud Beizai, Carlos Ezon, Edmond Rambod

Summary

Background More frequent haemodialysis can improve both survival and quality of life of patients with chronic kidney
disease. However, there is little capacity in the UK to allow patients to have more frequent haemodialysis treatments
in hospital and satellite haemodialysis units. New means of delivering haemodialysis are therefore required. Our aim
was to assess the safety and efficiency of a wearable haemodialysis device.

Methods Eight patients with end-stage kidney failure (five men, three women, mean age 51-7 [SD 13 8] years) who
were established on regular haemodialysis were fitted with a wearable haemodialysis device for 4-8 h. Patients were
given unfractionated heparin for anticoagulation, as they would be for standard haemodialysis.

Findings There were no important cardiovascular changes and no adverse changes in serum electrolytes or acid-base
balance. There was no evidence of clinically significant haemolysis in any patient. Mean blood flow was 58-6 (SD 11-7)
mL/min, with a dialysate flow of 47-1 (7-8) mL/min. The mean plasma urea clearance rate was 22-7 (5-2) mL/min
and the mean plasma creatinine clearance rate was 20-7 (4-8) mL/min. Clotting of the vascular access occurred in
two patients when the dose of heparin was decreased and the partial thromboplastin time returned towards the
normal reference range in both of these patients. The fistula needle became dislodged in one patient, but safety
mechanisms prevented blood loss, the needle was replaced, and treatment continued.

Interpretation This wearable haemodialysis device shows promising safety and efficacy results, although further
studies will be necessary to confirm these results.

Methods

Patients

Eight patients with established chronic kidney disease
treated by regular haemodialysis three times a week

Introduction
Nearly 1300000 patients worldwide have chronic kidney
failure that requires treatment with either dialysis or renal
transplantation. Despite haemodialysis being an estab-
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Treatment Weight (kg) Extracellular fluid/total Urea  Creatinine Plasmaurea Plasma  Standard
time () body fluid removed removed clearance  creatinine hourlyurea

(mmol)  (mmol)  (mL/min)  clearance clearance
(mL/min)  (Kt/V)

Before After Before After
treatment  treatment  treatment treatment

Patient 1 816 807 0-342 0-339 62 54 ~ ’ 0-02
597 593 0343 0337 91 54 316 : 005
564 555 0345 0-342 57 36 28 : 003
626 623 0324 0-319 /0 54 195 ’ 0-03
55 54 0344 0343 140 152 268 : 004
88 867 0-32/ 0-320 155 89 254 ’ 0-05
Patient / 1173 1158 0-352 0-350 180 134 213 ’ 0-02
Patient 8 480 466 0-33/ 0-335 67 45 184 169 0-04

Mean(SD) 64(20)  713(23)  705(226) 0339(0009) 0335(0010) 103(48) 77(44) 27(2) 207(48) 0035(001)

Patient 2
Patient 3
Patient 4
Patient §
Patient 6

+
+
+
/
8
8
8
8

Table 1: Characteristics of patients
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Time (h)

Before

Serum electrolytes

Na (mmol/L) 133(27) 134 (1-5) 135 (1-9) 135 (2-0) 135(2-6)

K (mmol/L) 42(03) 44 (0-5) 41(0-3) 41 (0-5) 41(0-5)

iCa (mmol/L) 11(0-9) 111(0-1) 113 (0-1) 114 (0-1) 1.11(01)

Acid-base balance

pH 7:35(0-1) 7-35 (0-06) 7-35(0-07) 7-33 (0-05) 7:36(0-05)

Bicarbonate (mmol/L) 24-9 (3-7) 233(3-2) 22-2(2-8) 22:1(2-4) 22:0(3-3)

Markers of haemolysis

Haematocrit (%) 0358(0:03)  0-34(0:04)  0-358(0-03)  0345(0-04)  0-35(0-04)

Serum haptoglobin (g/L) 129 (0-8) 139 (0-7) 1.20(0-8) 0-80 (0-5) 0-85 (0-5)

LDH (U/L) 307 (145) 345 (146) 381(93) 240 (149) 353(39)

Cardiovascular measurements

SBP (mm Hg) 139 (28) 138 (29) 137 (25) 142 (30) 153 (12-5)*

DBP (mm Hg) 86 (20) 85(17) 85 (18) 85 (19) 96 (13)*

Heart rate (bpm) 66 (12) 64 (9) 67 (10) 66 (6) 70 (10)
Data are mean (SD). DBP=diastolic blood pressure. iCa=serum ionised calcium. K=serum potassium. LDH=lactate

dehydrogense. Na=serum sodium. SBP=systolic blood pressure. *One patient, with an SBP of about 80 mm Hg, did not
contribute to 8 h blood pressure measurements because of circuit clotting.

Table 2: Electrolyte, acid-base changes, and markers of haemolysis and cardiovascular stability

Lancet 2007; 370: 2005-10




The Vicenza Wearable Artificial Kidney
for Peritoneal Dialysis (ViWAK PD)

Claudio Ronco? Luciano FecondiniP

2Department of Nephrology, St. Bortolo Hospital, Vicenza, and PR&D Department, Medica Srl, Medolla, Italy

Key Words
Vicenza wearable artificial kidney for peritoneal dialysis -
VIWAK PD - Wearable CAPD system

Abstract

Background: The study describes the structure and opera-
tional characteristics of a new wearable system for continu-
ous ambulatory peritoneal dialysis (CAPD) for chronic kidney
disease patients. Methods: We designed a wearable system
consisting of: (1) a double lumen peritoneal catheter; (2) a
dialysate outflow line; (3) a miniaturized rotary pump; (4) a
circuit for dialysate regeneration featuring a waterproof con-
tainerwith 4 cartridges in parallel with a mixture of activated
carbon and polystyrenic resins; (5) a filter for deaeration and
microbiological safety; (6) a dialysate inflow line, and (7) a
handheld computer as a remote control. The system has
been tested circulating 12 liters of exhausted PD solution
through the experimental adsorption unit at a rate of 20 ml/
min. Creatinine, B;-microglobulin (3:-MG) and angiogenin
were measured before and after the adsorption unit at base-
line, and after 4 and 10 h of use. Results: The cartridges con-
taining polystyrenic resin completely remowved B;-MG and
angiogenin from the fluid batch. Those with the activated
carbon removed completely urea and creatinine. The final
result was 11.2 liters of net solute clearance. The system is
designed to be used as follows: The peritoneal cavity is load-
ed in the morning with 2 liters of fresh PD solution. After 2 h,
when dialysate/plasma equilibration at approximately 50%
has occurred, recirculation is activated for 10 h at a rate of 20
ml/min. After this period, recirculation stops and glucose is
optionally added to the peritoneal cavity to achiewve ultrafil-

tration if needed. After 2 h the fluid is drained and a 2-liter
icodextrin exchange is performed overnight to achieve fur-
ther ultrafiltration. The clearance provided by the minicycler
is further increased by the 2-liter exchange and the over-
night exchange. Therefore, the system operates 24 h/day
and provides creatinine and B>-MG clearance in the range of
15-16 liters/day, corresponding to a weekly clearance of
100-110liters. The patient reduces the number of exchanges
compared to CAPD and uses less fluid than in automated
peritoneal dialysis (APD). Furthermore, the handheld com-
puter allows for prescription and assessment of the therapy
providing information on cartridge saturation, flow and
pressure conditions and offering the possibility of remote
wireless control of operations. Some problems still remain to
be solved in the present configuration including the addi-
tion of an injection system for glucose and bicarbonate
when needed, a system to reduce fibrin delivery to the sor-
bent and finally a more complex mixture of sorbents to make
sure a complete removal of small meolecules including urea
is achieved. Conclusion: The wearable PD system may be-
come a possible alternative to APD or CAPD reducing the
time dedicated to perform exchanges and improving peri-
toneal dialysis adequacy and patient’s rehabilitation.
Copyright © 2007 5. Karger AG, Basel

Introduction

The increased incidence of chronic kidney disease and
the parallel increase of the prevalence of patients treated
with renal replacement therapy are considered an impor-
tant factor in the future allocation of national budgets for
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Schematics of wearable hemofilter device
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Table 2| Treatment characteristics of the wearable hemofiltration device

Patient no. Qb (mImin ) Que (mlh b Heparin (lUh 1 time (h\ Final aPTT (s) SC urea SC creatinine
1 134.2 120 758.3 6 107 1.00 0.97
2 1189 288 300 4 49 0.96 0.98
3 1219 120 1000 6 150 0.93 0.96
4 106.1 250 500 6 60 0.88 0.96
5 106.8 175 533.3 6 72 1.00 1.01
6 108.6 200 1000 6 137 1.00 1.01
Mean 116.1 192.1 681.9 5.7 95.8 0.96 0.98
s.d. 11.1 68.3 286.1 0.8 419 0.05 0.02

Shows blood flow (Qb), ultrafiltration rate (Qur), duration of treatment (Rx time), activated partinoplastin time (aPTT), and sieving coefficients (SCs) for urea and
creatinine.

Table 3 | Patient parameters during treatment with the wearable hemofiltration device

Patient no. 1 2 3 4 5 6 Mean * s.d. P-value
MAP mmHg pre-UF 119.0 111.0 90.3 88.3 138.0 109.7 109.4 +18.5
MAP mmHg post-UF 873 111.0 98.7 76.7 120.0 117.0 101.8+17.3 0.03
| Total UF (ml) 770 084 708 1610 1233 1201 1084.3 +335.4
Naye (mmol) 107.8 132.8 97.0 223.8 172.6 171.7 150.0 £47.6

Shows mean arterial pressure (MAP), volume ultrafiltered (UF), and sodium removed in ultrafiltrate (Nayg). Data expressed as mean £ s.d.

Kidney International (2008) 73, 497-502
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RENAL TUBULE ASSIST DEVICE
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