
The Canadian Agency for Drugs and Technologies in Health (CADTH) 
is funded by Canadian federal, provincial, and territorial governments. (www.cadth.ca) 

Portable Home Hemodialysis for Kidney Failure 

Issue 108 • November 2007 

Issues in Emerging Health Technologies 
 

  
  

Summary 
 

 Home hemodialysis has been in limited use in 
Canada for some time. Newer, portable 
hemodialysis machines that are easier for 
patients to operate may encourage the uptake of 
this technology. 

 One portable system is already available in the 
US. The NxStage System One™ hemodialysis 
machine operates on standard electric current, 
does not require plumbing or specialized 
disinfection, and is small enough for patients to 
travel with. 

 It is not yet clear whether the use of the NxStage 
system improves long-term survival and quality 
of life.  

 Home hemodialysis is less costly than 
conventional in-centre programs, but it is 
unknown whether these savings extend to 
portable devices. 

Background 
The kidneys filter wastes and excess fluid and electrolytes 
from the blood. They also produce hormones that regulate 
blood pressure, red blood cell production, and bone density. 
Kidney failure (end stage renal disease) is fatal unless 
patients receive renal replacement therapy in the form of 
either dialysis or transplantation.1,2 
 
The number of Canadians with kidney failure has risen from 
nearly 20,000 in 1997 to 30,924 in 2004.3,4 The number of 
hemodialysis patients increased annually by an average of 
14% between 1995 and 2004.5,6 

The Technology 
Hemodialysis is a renal replacement therapy in which the 
patient’s blood is slowly pumped through an artificial kidney 
(dialyser). The dialyser is a canister containing tubes or 
fibres made of a semi-permeable membrane through which 
the blood passes. The outsides of these tubes are 
continuously washed with dialysis solution (dialysate). 
Wastes and excess fluid and electrolytes pass through the 
membrane from the blood into the dialysate, and the 
cleansed blood is returned to the patient. The natural kidney 
continuously filters the blood, but hemodialysis is 
intermittent and only one-tenth as efficient. Consequently, 
patients on hemodialysis have an increased risk of 

cardiovascular disease and usually suffer adverse effects, such 
as anemia, fluid overload, and high blood pressure 
(hypertension), which must be managed with medication and 
severe dietary restrictions.7-9 Hemodialysis does not cure 
kidney failure, and one in five dialysis patients die annually.5,8 

 
Hemodialysis is usually performed in a hospital or dialysis 
clinic. The standard regimen is three 4-hour sessions per week, 
but more frequent hemodialysis performed at home may 
provide better patient outcomes and quality of life than 
conventional hemodialysis.7,10-12 The most common home 
hemodialysis regimens are short daily (two to three hours) and 
slow nocturnal (eight hours overnight during sleep), 
administered five to seven times per week.7,8,13,14 
 
Earlier home hemodialysis machines were the size of 
refrigerators and complicated to use. They required extensive 
home plumbing and electric upgrades, separate water 
purification systems, and a large storage area for supplies. 
More mobile, compact machines were then developed, but 
these weighed at least 77 kg, required electrical and plumbing 
modifications to patients’ homes, and were not easily 
portable.15,16 
 
The NxStage System One is the only really portable 
hemodialysis system currently licensed in the United States.16 
The system weighs 30 kg and is the size of an older style 
computer monitor. It operates on standard electric current; does 
not require any water supply, plumbing, or disinfection; and is 
portable enough for travel. NxStage consists of a computer-
controlled delivery unit and a disposable cartridge containing the 
dialyser and fluid circuits. The dialysate comes in sterile, 
premixed bags, which eliminates the need for a water 
purification system.11,17,18 An optional accessory can produce 
dialysate from purified home tap water.11,19 

 
Another manufacturer, Home Dialysis Plus Ltd., has developed 
a portable hemodialysis machine that is smaller and more 
efficient than existing systems. The Home Dialysis Plus 
machine weighs around 14 kg and is the size of a large suitcase. 
This machine could be available for marketing as early as 
2010.20-23 

Regulatory Status 
NxStage System One (NxStage Medical, Inc., Lawrence, MA) 
was approved by the US Food and Drug Administration in July 
2003 for patients in acute or chronic care facilities, and for 
home use in June 2005.24,25 NxStage was licensed by Health 
Canada in July 2005, but it is not currently marketed in 
Canada.26 
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Patient Group 
The three leading causes of kidney failure are diabetes, 
hypertension, and kidney inflammation 
(glomerulonephritis).1,5 In 2004, most of the 15,292 
Canadians on hemodialysis were treated in a hospital or 
dialysis clinic, with only 2.3% using home hemodialysis.6 

Current Practice 
Dialysis and kidney transplantation are the two main 
therapies for kidney failure. Although transplantation is the 
preferred option, the supply of donor kidneys is limited, and 
nearly one-third of patients are ineligible due to 
comorbidities.7,27  
 
Peritoneal dialysis is another form of dialysis in which a 
glucose-rich dialysate is passed into the abdominal cavity via 
a permanent catheter implanted near the navel. Over six to 
eight hours, wastes and excess fluid pass across the 
peritoneal membrane lining the abdominal cavity into the 
dialysate, which is then drained and replaced. In continuous 
cyclic peritoneal dialysis, the exchanges are performed 
overnight using a machine.7,27 Only patients with some 
residual kidney function are eligible for this form of dialysis, 
which is gentler on the patient (e.g., causes less fatigue and 
nausea), but less efficient than hemodialysis.16,27 In Canada, 
only 19.2% of dialysis patients receive peritoneal dialysis.6 

The Evidence 
The only publications on the NxStage system are brief 
reports and conference presentations of case series studies, 
some of which pool results from different dialysis 
machines.28,29 One anecdotal report and three conference 
abstracts provide separate results. 
 
In 19 patients (median age 44 years, range 23 to 87 years) on 
short daily home hemodialysis, more than 85% achieved the 
recommended urea clearance.30 All patients’ serum albumin 
improved, and over one-half reduced their intake of 
medications for hypertension and anemia. The average 
treatment took 165 minutes and used 17 litres of dialysate; 
several patients travelled with the device. Patients previously 
on in-centre hemodialysis reported improved energy, 
appetite, sleep quality, and fewer symptoms with NxStage 
short daily hemodialysis, but the length of follow-up was not 
reported. While the report stated that these outcomes were 
superior to those of peritoneal dialysis and in-centre 
hemodialysis patients, details of the comparison group were 
not provided.  
 
Another uncontrolled study used the NxStage machine to 
administer short daily hemodialysis in 18 patients (mean age 
47 years, range 23 to 87 years) for an average of 9.8 
months.31 The average treatment took 155 minutes (range 
110 to 215 minutes) and used 16.5 L of dialysate. Serum 

albumin increased (p=0.02), and there was a slight, but not 
statistically significant, reduction in the use of anti-
hypertensive medication (p=0.05), compared with baseline. 
There was no discernible difference in the blood levels of 
hemoglobin, calcium, phosphate, or iron, and the intake of 
anemia and phosphate binding medication was unchanged at 
follow-up.  
 
Two studies reported biochemical outcomes for patients on 
NxStage short daily home hemodialysis. All patients (n=12) in 
one study32 still required dietary restriction and phosphate 
binders to achieve optimum blood phosphate levels. The other 
report (n=3) stated that urea, phosphate, and β2-microglobulin 
clearance was comparable to conventional dialysis, but did not 
provide any comparative data.33 

Adverse Effects 
Two studies reported safety outcomes. Among 19 patients, one 
exit site and three catheter-related infections were reported.30 
Two deaths occurred due to severe cardiac disease and 
congestive heart failure. In another study (n=18), no dropouts 
or patient deaths were reported over the mean 9.8 month 
follow-up, but one patient had two catheter-related infections 
and one developed a wound infection requiring intravenous 
antibiotics.31 

Administration and Cost 
A Canadian price for the NxStage System One was not 
available. In four Canadian studies, conventional home 
hemodialysis was significantly less costly than in-centre 
hemodialysis (2003 USD: $34,466 to $36,840 versus $58,959 
to $100,198), largely due to the reduced staffing requirement of 
home hemodialysis.34 Home hemodialysis could also 
potentially generate indirect savings by reducing medication 
intake and hospital admissions and enabling more patients to 
resume work.8,34 
 
Patient training for home hemodialysis is resource-intensive. 
Depending on the patient, it can involve extensive screening, a 
four- to 12-week (usually six-week) training period, and a 
home visit by a nurse or technician for the first treatment.8,30,35 
There is also the added cost of logistical support, particularly if 
the home program covers a large geographic area.34  

Concurrent Developments 
Prototype artificial kidneys are being developed to mimic 
natural kidney function.36 RenaMed Biologics, Inc. has devised 
a bionic kidney in which the dialyser membrane is covered with 
human kidney cells that help filter the blood.36 Other 
companies have focused on wearable devices. Philtre, Inc. has 
designed a paperback-sized device that operates 12 hours per 
day, seven days per week and does not require dialysate.37 The 
wearable artificial kidney developed by Xcorporeal, Inc. is a 
battery-powered device that uses a dialyser and continuously 
generated dialysate. It weighs less than 2.5 kg and operates 24 
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hours per day, seven days per week.38 However, these 
technologies will not be available to patients for several 
years.36,37,38 

Rate of Technology Diffusion 
The number of patients requiring renal replacement therapy is 
expected to double in the next decade.4 This, combined with 
the increasing shortage of dialysis clinicians and the advent of 
portable, user-friendly technology, will likely promote the 
expansion of home hemodialysis.8,11 Patient and provider 
attitudes, training, and reimbursement policies will also affect 
its adoption. 
 
A survey of Canadian patients revealed that 43% who were 
physically capable of performing home hemodialysis declined 
to because of a lack of knowledge about the various dialysis 
techniques; the misplaced belief that supervision is required; 
and fear of failure, social isolation, and receiving substandard 
care.39 While nephrologists are generally positive about home 
hemodialysis, only one in four in-centre patients are offered it, 
probably because few specialists have experience with such 
programs.11,27,40 The lengthy patient training required can also 
be a deterrent.11,18  
 
The US National Institutes of Health and Centers for Medicare 
and Medicaid Services are sponsoring two multicentre 
randomized controlled trials to assess the safety, efficacy, and 
impact on quality of life of conventional, in-centre daily, or 
home nocturnal hemodialysis.41,42 The results of these trials, 
which end in 2008, will likely influence reimbursement and 
adoption of home hemodialysis. 

 Implementation Issues 
The published data available on the NxStage system 
comprises only brief reports of feasibility studies. 
Consequently, it is not yet clear whether the suggested 
biochemical improvements seen in patients using the 
NxStage system translate into improved long-term survival 
and quality of life. The device’s portability and ease of use 
lessen the burden of dialysis on patients, but the effect of 
home care on family members and patient compliance has 
not been addressed.12,30 There are currently no evidence-
based recommendations to guide patient selection for home 
hemodialysis.43 In general, home hemodialysis is less 
expensive than conventional in-centre programs, but it is 
unknown whether this applies to home regimens using 
newer portable devices. 
 
The FREEDOM trial may address this lack of evidence by 
comparing clinical outcomes and cost-effectiveness data 
from 500 patients on NxStage daily hemodialysis with a 
matched conventional in-centre hemodialysis cohort from 
the US Renal Data System database.44 The results of this and 
other ongoing trials will influence the uptake of portable 
hemodialysis devices. 
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