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Abstract
Introduction: Uptake rates of home hemodialysis are the lowest among all modality types, despite
providing patients with clinical and quality of life benefits at a lower cost to providers. Currently,
there is a need to develop dialysis systems that are appealing to patients while also being suitable
for use across the continuum of care. The SC+ hemodialysis system was developed by Quanta Dialy-
sis Technologies Ltd. to provide patients with a dialysis system that is small, simple to use, and
powerful enough to deliver acceptable dialysis adequacy.

Methods: As part of the SC+ design validation, human factors testing was performed with 17
Healthcare Professionals (nephrology nurses and healthcare assistants) and 15 Home Users (patients
and caregivers). To assess usability and safety, the human factors testing involved between 4.5 and
6 hours of training and, after a period of training decay, a subsequent test session in which partici-
pants independently performed tasks on SC+.

Findings: Between the two user groups, there were only 29 errors observed out of 1216 opportu-
nities for errors, despite minimal training. Errors that did occur were minor and attributed to an ini-
tial lack of familiarity with the device; none were safety related.

Discussion: Among prevalent dialysis patients and healthcare professionals, the SC+ hemodialysis
system was easy to use, even with minimal training and a learning decay period, and had a high level of
use safety. By taking into account human factors to optimize the user experience, SC+ has the potential
to address systemic and patient barriers, allowing for wider self-care and home hemodialysis adoption.
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INTRODUCTION

In 2010, there were approximately 2.6 million individuals
on some form of renal replacement therapy worldwide.
Prevalence is expected to increase to 5.4 million by 2030,
driven by an aging population, increased survival of those
living with end stage renal disease (ESRD), and increasing
rates of diabetes and hypertension.1 In most developed
countries, the majority of patients with ESRD are treated
with traditional facility-based hemodialysis, typically
administered in an outpatient dialysis facility for sessions of
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4 hours, three times a week. This type of treatment can be
burdensome for patients and their support networks, as
well as costly for healthcare payers and patients. In compar-
ison, dialysis offered in the home setting, such as home
hemodialysis (HHD), is a more cost-effective treatment
option in the long term.2,3 Furthermore, HHD provides
patients with the ability to dialyze more frequently and/or
for longer periods of time on a flexible schedule, which is
generally associated with improved outcomes over tradi-
tional thrice-weekly in-center dialysis regimens,4 and may
also be associated with lower rates of dialysis-related com-
plications, hospitalizations, and mortality.5,6 Moreover,
HHD also provides patients with greater autonomy and
flexibility, allowing them to maintain a normal schedule
without frequent dialysis facility or hospital visits, while
also offering potential quality of life improvements.7

Despite the benefits that HHD offers, uptake rates are
the lowest among all dialysis modality types, with
reported utilization rates of 4.9% of dialysis patients in
Canada,8 4.4% in the United Kingdom,9 and 1.9% in the
United States.10 Compared to facility-based hemodialysis,
HHD can present as a complex treatment method for
patients, and the fear associated with self-managing treat-
ments at home can be a significant barrier when deciding
on modality type.11 To improve HHD adoption rates and
procure the associated benefits, it is imperative to
develop patient-centered, accessible dialysis systems that
will appeal to patients and encourage them to take con-
trol of their own treatments within the home setting,
while also reassuring nephrology care teams that a wide
scope of patients are capable of effectively and safely per-
forming patient-led care. Such systems should be suitable
for use across the continuum of care—from dialysis facil-
ities to the home—to allow dialysis programs to balance
and optimize clinical resources and transition patients
from one treatment setting to the other without needing
to modify dialysis systems or treatment prescriptions for
different settings. To specifically meet these priorities, the
SC+ was developed by Quanta Dialysis Technologies Ltd
(Quanta) for self-care dialysis treatments within the facil-
ity and home settings.

Human factors testing (HFT) is used during the devel-
opment of consumer products to evaluate how intended
users will interact with new technologies in a real-world
setting and is used in medical device development to
provide insights into systemic factors that may affect
usability and/or patient safety. This provides medical
device manufacturers the opportunity to eliminate or
mitigate potential safety and usability issues before bring-
ing products to market at scale.12

The primary objective of this report is to present the
results from the HFT performed using the SC+, which

was conducted to critically evaluate whether this device
can be used safely and effectively by prevalent dialysis
patients, caregivers, dialysis nurses, and healthcare assis-
tants within a simulated at-home setting, supported only
by instruction for use (IFU) and minimal training.

MATERIALS AND METHODS

The Quanta SC+ hemodialysis system

The Quanta SC+ hemodialysis system was designed for
self-care use in the home and facility settings, with the
intent to simplify the interactions users have when using
HHD systems. For the HFT described in this report, all
activities occurred using the device pictured in Figure 1.
The device is compact (height: 480 mm x width: 370 mm
x depth: 450 mm) and weighs approximately 35 kg. The
SC+ provides conventional high-flux, bicarbonate
dialysate-based treatments, and like conventional dialysis
systems, it uses standard consumables, including concen-
trates and a dialyzer. The only proprietary elements are
the machine itself and a consumable set consisting of a
nonsterile dialysate cartridge and a sterile blood tube set.
The fluidic system is based around a single-use disposable
cartridge to generate dialysate fluid on demand—achieved
by dosing and mixing water and concentrates on the
cartridge—and to accurately pump and deliver high

Figure 1 Quanta SC+ system, original design. [Color figure
can be viewed at wileyonlinelibrary.com]
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dialysate flow rates at 500 mL/min. This approach pro-
vides several benefits: enabling a smaller, lighter form fac-
tor of the machine, simplifying set-up and tear-down of
consumables required for each treatment, negating the
need for disinfection of the machine between treatments,
and eliminating the need for regular descaling.

The SC+ is compatible with commonly used water
sources used for dialysis treatments, including central
water purification plants and ring-mains typically used in
clinics and stand-alone reverse osmosis water purification
devices used in home settings. This approach allows the
system to provide virtually unlimited volumes of dialy-
sate per treatment, avoiding the volume restrictions of
other HHD systems. The SC+ features a touchscreen
graphical interface that displays step-by-step instructions
to control the functionality of the device to aid the
patient’s progression through treatment and to provide
onscreen guidance for resolving alarms. The layout of the
interface, screen progression, and menu hierarchy were
designed to be uncluttered and intuitive, with a focus on
simplifying the information presented to streamline
workflows. An accompanying IFU manual was developed
to be used both as training material as well as a reference
for troubleshooting.

Participants

Participants in this study consisted of two groups of
users: (1) Healthcare Professionals, including dialysis
nurses and healthcare assistants, who would typically
manage hemodialysis devices in a facility setting or pro-
vide HHD training to patients; and (2) Home Users,
including current dialysis patients and their caregivers.
All users had no previous training or experience using
the SC+ system. The participants were recruited from
across the United Kingdom, with study activities occur-
ring over July and August 2016 at Smethwick Dialysis
Centre in Birmingham, United Kingdom, and included
32 individuals—17 in group 1 (the “Healthcare Profes-
sionals”), and 15 in Group 2 (the “Home Users”).

Human factors testing

The HFT process involved a training phase followed by a
training decay phase and an evaluation phase. One-to-
one training was provided to subjects by qualified
instructors who advised participants on how to use the
device using a predefined training program. After a train-
ing decay period, a standardized testing session was con-
ducted to evaluate each subject’s competency in
performing the tasks required to operate the device.

Testing environment and protocol

The study consisted of a series of three, 2-hour training
sessions for the Home Users and one 4.5-hour training
session for the Healthcare Professionals. After training and
prior to the evaluation session, there was a period of 3 to
9 days of training decay with the Home Users and 1 to
12 days with the Healthcare Professionals. The testing
method employed in this study was adapted from IEC
62366-1:201513 and ANSI/AAMI HE75:2009.14 Each par-
ticipant provided informed consented to participate in the
study and was trained by personnel from Quanta. Given
that the HFT was used with an approved device, with low
risk observations, ethics board approval was not sought.

The test room was consistent for each test session and
was set up to adequately imitate a home environment,
with the SC+ device as the focal point (Figure 2). Each
participant received training on how to operate the SC+
system. The HFT assessed all tasks required to effectively
set up, operate, and shut down the system, including
handling and disposing of the consumable items and
responding to alarms. Altogether, 34 individual subtasks
related to administering dialysis treatment needed to be
completed, as well as an additional four subtasks related
to comprehension of the IFU. For analyses, the 38 subtasks
were subsequently grouped into 15 broad task categories.

A study protocol provided detailed information on the
testing methods, the testing equipment, the device and
the consumables, as well as the evaluation criteria
(Supporting Information Appendix S1). Table 1 lists the
risk assessment terms and definitions used to evaluate
the participants. Each participant was observed and then
scored according to the pre-specified criteria. Five

Figure 2 Test room set-up for Human Factors Testing of
the Quanta SC+ home hemodialysis system [Color figure
can be viewed at wileyonlinelibrary.com]
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descriptive criteria were used to evaluate the degree to
which participants attempted and completed each of the
subtasks. If a participant successfully completed a
subtask as per instructions within 10 minutes of begin-
ning the attempt, the attempt was recorded as a “Suc-
cess.” If a participant managed to eventually complete a
subtask as intended, but either deviated from the instruc-
tions, or had difficulties with completing the subtask
without any potential implications for safety, then this
was recorded as a “Success with Difficulty.” For all sub-
tasks attempted but not successfully completed by a par-
ticipant, the evaluator classified the outcome into one of
three categories. If the participant encountered initial use
errors preventing task completion, but managed to finish
the subtask as intended by self-correcting (e.g., by refer-
ring to the IFU), this was classified as a “Close Call.”
When a participant deviated from the IFU and was
unable to complete a subtask as intended, or when the
subtask attempt itself was halted by the lead investigator,
this was categorized as a “Use Error.” Attempts recorded
as a Close Call or Use Error were initially treated as
potentially safety related; these were then subsequently
assessed using an impact analysis to make a final safety

assessment. If it was not possible to complete a subtask
(e.g., due to a use error in a preceding step), then the
subtask was recorded as “Unperformed” and the user’s
comprehension of this task was assessed verbally.

RESULTS

Demographic characteristics

Table 2 presents the demographic characteristics of the
participants. Of the 17 Healthcare Professionals participat-
ing in the study, 13 were dialysis nurses, and 4 were
healthcare assistants. The group had a mean age of
42.5 years (with a range of 25–52 years), 70.6% were
female, and had a mean of 9.6 years (with a range of
1–19 years) working in dialysis. In the Home Users group,
there were 15 individuals: 7 caregivers and 8 patients. This
group had a mean age of 43.7 years (range of
19–76 years), 46.7% of the group was female, and the
group had a mean number of 4.65 years of dialysis experi-
ence (range of 2 months–19 years). The mean testing ses-
sion length was 75.5 minutes (range of 55–99 minutes)
for the Healthcare Professionals, and 99.5 minutes (range
of 78–132 minutes) for the Home Users.

Results of the human factors testing

Tables 3 and 4 present the results of the HFT evaluation,
showing how well participants in the Healthcare Profes-
sionals group and Home Users group performed the vari-
ous subtasks within the 15 major task categories. Each of

Table 1 Risk assessment terms and their definitions

Term Definitions

Success The participant was able to complete
a task as requested without any
issues, completely as per the
instructions.

Success
with difficulty

The participant managed to
eventually complete the task as
intended, but either deviated from
the instructions for small subtasks
or in sequencing, or had
difficulties in completing the task,
without a potential implication for
safety.

Close call The participant encountered initial
use errors that did not result in an
outcome, but managed to
complete the task as intended by
self-correcting (using the
instructions).

Use error The participant deviated from the
instructions and was unable to
complete the task as intended, or
the task attempt itself was halted
by the lead investigator.

Unperformed
task

A task that was not completed either
because of a previous use error
(i.e., sequence error), or for
another reason.

Table 2 Participant demographic characteristics

Healthcare Professionals (n = 17)

Renal nurses n = 13
Healthcare assistants n = 4
Mean agea 42.5 y old (25–52 y)
Sex (% females) 70.6%
Mean number of years
of dialysis experiencea

9.6 y (1–19 y)

Mean testing session lengtha 75.3 min (55–99 min)

Home Users (n = 15)

Caregivers n = 7
Patients n = 8
Mean agea 43.7 y old (19–76 y)
Sex (% females) 46.7%
Mean number of years
of dialysis experiencea

4.65 y (2 mo-19 y)

Mean testing session lengtha 99.5 min (78–132 min)

aRange presented in brackets.
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the 32 participants was required to complete 38 individual
subtasks, for a total of 1216 potential tasks to be com-
pleted: 646 by the Healthcare Professionals and 570 by the
Home Users. Between the two user groups, there were
28 use errors (2.3%) and 1 close call (0.1%), for a total of
29 errors observed (2.4%).

In the Healthcare Professionals’ group, 11 subtasks
(1.7%) were unperformed, as were 5 subtasks (0.9%) in

the Home Users’ group. These were largely due to
unrecoverable technical issues where the machine ended
the treatment as intended to protect the patient, resulting
in aspects of the session being skipped. In these situations,
performance for subsequent subtasks was evaluated by ask-
ing the participants to report the steps following the error,
and to provide an account of what they would do. None of
these technical issues were assessed as being safety related.

Table 3 Summary of recorded observations for the Healthcare Professionals group (n = 646 potential task attempts)

Task category Success
Success with
difficulties Close call Use error Unperformed

Task 1: Turning on SC+ 17 0 0 0 0
Tasks 2–4: Selecting dialyses mode 48 3 0 0 0
Tasks 5–6: Assembling consumables 33 1 0 0 0
Tasks 7–9: Loading the blood line 37 14 0 0 0
Tasks 10–17: Loading dialysate lines 120 11 0 1 4
Tasks 18–20: Priming 37 14 0 0 0
Tasks 21–23: Connecting the patient 43 7 0 1 0
Task 24: Starting treatment 16 1 0 0 0
Task 25: Responding to the low arterial pressure alarm 15 2 0 0 0
Task 26: Responding to the high venous pressure alarm 12 4 0 0 1
Task 27: Responding to the air in the blood alarm 7 7 0 2 1
Tasks 28–31: Ending treatment 55 8 0 0 5
Task 32: Disposing of consumables 11 6 0 0 0
Task 33: Manual washback 13 2 0 2 0
Tasks 34–38: Comprehension
of the instructions manual

80 5 0 0 0

Total 544 85 0 6 11

Table 4 Summary of recorded observations for the Home Users (patients and caregivers) group (n = 570 potential task
attempts)

Task category Success
Success with
difficulties Close call Use error Unperformed

Task 1: Turning on SC+ 15 0 0 0 0
Tasks 2–4: Selecting dialyses mode 42 3 0 0 0
Tasks 5–6: Assembling consumables 26 4 0 0 0
Tasks 7–9: Loading the blood line 33 9 1 2 0
Tasks 10–17: Loading dialysate lines 105 13 0 1 1
Tasks 18–20: Priming 33 11 0 0 1
Tasks 21–23: Connecting the patient 23 19 0 3 0
Task 24: Starting treatment 14 1 0 0 0
Task 25: Responding to the low arterial pressure alarm 14 1 0 0 0
Task 26: Responding to the high venous pressure alarm 7 7 0 1 0
Task 27: Responding to the air in the blood alarm 3 5 0 7 0
Tasks 28–31: Ending treatment 44 12 0 3 1
Task 32: Disposing of consumables 10 3 0 0 2
Task 33: Manual washback 5 8 0 2 0
Tasks 34–38: Comprehension
of the instructions manual

64 8 0 3 0

Total 438 104 1 22 5

Harasemiw et al.

310 Hemodialysis International 2019; 23:306–313



Healthcare Professionals
Out of 646 potential tasks for the Healthcare Profes-
sionals group, six use errors were observed across four
task categories, producing an error rate of 0.9%. None of
these errors were assessed as being safety related. One
error occurred in the category “Loading the dialysate
lines,” as well as one in the category “Connecting the
patient.” Two use errors occurred in each of the follow-
ing categories: “Responding to the air in the blood alarm”

and “Manual washback.”

Home Users (patients and caregivers)
Out of 570 potential tasks for the patient and caregiver
group, 22 (3.9%) use errors were observed across eight
task categories. In addition, there was 1 close call (0.1%),
providing a total of 23 errors observed (4.0%).

Three errors occurred in the category “Loading the
blood lines”; one was a “close call,” and the other two
were use errors. In the “Loading the dialysate lines” cate-
gory, one use error occurred, whereas three use errors
occurred in the “Connecting the patient” category. One
use error occurred during the task of “Responding to a
high venous pressure alarm.” The task category where
the highest number of use errors occurred was in the cat-
egory of “Addressing the air in the blood alarm”—a total
of seven participants performed this subtask with a use
error. Three use errors were observed during the task
category “Ending the treatment,” while two use errors
occurred in the “Manual washback” category. Lastly, dur-
ing the tasks evaluating the “Comprehension of the
instructions for use,” three use errors occurred. Subse-
quent risk analyses of all errors determined that none of
the observed errors were safety related.

DISCUSSION

Using a well-characterized HFT protocol and defined
evaluative criteria, SC+ has demonstrated excellent levels
of user safety and competency, despite minimal up-front
training and significant training decay time. The SC+ sys-
tem achieved an overall task-specific success rate of
97.4% among Healthcare Professionals, and 95.1%
among Home Users. The vast majority of the errors made
were attributed to an initial lack of familiarity with the
device, rather than safety-related design flaws.

Issues highlighted in this study have led to usability
improvements for SC+, resulting in an updated design of
the device (Figure 3). Specifically, this includes a new
design for the graphic user interface, improved color cod-
ing of the consumables and clamps, repositioning of the
treatment drain to a higher location on the rear door and

optimizations to the ‘air in blood’ alarm. Furthermore, an
important component of the HFT included evaluating
participants’ comprehension of the instructions for use,
and by extension, evaluating their health literacy as it
relates to risk management. For the majority of the use
errors that occurred in the two user groups, changes were
made to the IFU and/or the training documentation to
clarify proper procedures, such as how to properly con-
nect the two saline bags and how to resolve the air in the
blood alarms.

Despite being a cost-effective treatment option that may
improve patients’ health and psychosocial outcomes,15–17

HHD has relatively low uptake rates in many developed
countries.18 When deciding on which modality type to
pursue, patients value autonomy, as well as quality and
quantity of life as the most pivotal factors.19,20 However,
there are a number of barriers that have the potential to
prevent patients from choosing HHD, including being
wary of “medicalizing” their homes, wanting trained medi-
cal personnel to deliver treatments because of fears associ-
ated with making errors,19 as well as not having the
physical space within their homes to store the dialysis sys-
tem and equipment.21 Additionally, low HHD uptake rates
may also partially be a reflection of the dialysis population’s
high rates of multiple comorbidities and their social charac-
teristics that can impact their ability to self-manage dialysis
treatments at home. For example, 55% of the dialysis pop-
ulation has some form of diabetes,8 which in turn is associ-
ated with peripheral neuropathy, carpal tunnel syndrome,
arthritis, and macular degeneration. Additionally, given that
the overall mean age at dialysis initiation is approximately
64 years old,8 rates of cognitive impairment are estimated to
affect a significant proportion of dialysis patients;22–24 cogni-
tive impairment affects a person’s judgment and dexterity,

Figure 3 Quanta SC+ system, updated design. [Color figure
can be viewed at wileyonlinelibrary.com]
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hindering their ability to self-manage complicated HHD
systems. Moreover, although self-care can promote self-
empowerment, an individual’s support network often
needs to be involved in a patient’s care; and indeed this is
reflected in several studies that suggest home dialysis
users tend to be younger and married or cohabitating,
with fewer comorbidities.6,25,26

Given low uptake rates of HHD in developed countries,
it is imperative for the design of HHD systems to address
the needs of patients and caregivers of different ages and
abilities to help overcome some of these barriers and suc-
cessfully increase HHD uptake. SC+ was designed with
the intention of being a simple HHD system that delivers
adequate dialysis power when compared to traditional
hemodialysis systems, while having a compact size and an
approachable appearance, so that patients can integrate
the system within their homes with ease, without neces-
sarily overly “medicalizing” the home environment. Fur-
thermore, to make facility-based self-care HD and HHD
more accessible to a wider range of patients, SC+ was
designed as a user-friendly, easy to learn, and easy to use
system. In this HFT study, SC+ demonstrated that a broad
spectrum of prevalent patients and caregivers can easily
learn how to use this new dialysis platform, even with
minimal training and after experiencing significant training
decay. SC+ was also meant to be adaptable for use across
the continuum of care—from in-center HD, to self-care
within a facility, to self-care at home—to allow for patients
to transition between care settings with ease.

Before arriving to market, new medical technologies
generally undergo rigorous testing during their develop-
ment stages to ensure that the technology is safe, easy to
use, and appealing to patients. HFT is one methodology
that allows manufacturers and researchers to observe
how real users naturally behave with technology, which
is especially pertinent during the design validation of
HHD systems to avoid training and technique failures
attributed to system design flaws. Similar methodologies
have been employed for other HHD systems to assess the
clinical safety and performance of the systems within
controlled clinical environments prior to roll-out in
home settings. For example, HFT was conducted for the
recently developed Tablo hemodialysis system with
Healthcare Professionals and patients.27

This HFT study does have certain limitations; although
the home is the principle target environment for use of SC
+, usability testing is difficult to execute in the home.
However, our simulated home environment was deemed
an adequate representation, particularly because it
included similar distractions that would be found in a
home, such as televisions, noise from patients and staff,
and variation in lighting conditions (i.e., bright sunlight

hitting the screen, as well as low ambient lighting condi-
tions). Furthermore, the average age of our patient sample
was younger than the average age of patients starting dial-
ysis, limiting generalizability. As well, our study popula-
tion only included prevalent patients and caregivers—not
naïve users. Additionally, although this HFT study was
cross-sectional, further longitudinal clinical testing is cur-
rently ongoing to evaluate the clinical usability and safety
of the SC+. This is in addition to formative usability stud-
ies that were performed prior to the HFT conducted in
this current study, which identified safety issues that led
to redesigning of various aspects of SC+, such as enhanced
labeling and revised instructions, to ensure that the final
design of the device is optimized for human factors.

In conclusion, the HFT results presented in this report
demonstrate that, with minimal training, the SC+ hemo-
dialysis system is easy to use and has acceptable user
safety with intended users. We anticipate that the simple,
easy to use design of the SC+ might make HHD a more
appealing treatment option for a broader range of
patients, some of whom might otherwise choose facility-
based hemodialysis. Therefore, bringing the SC+ hemodi-
alysis system to market has the potential to support the
growing movement of shifting dialysis care from the clin-
ical setting into the home, in turn enhancing patients’
quality of life, while mitigating the cost burden associated
with facility-based dialysis.

Manuscript received November 2018; revised February
2019; accepted March 2019.

REFERENCES
1 Liyanage T, Ninomiya T, Jha V, et al. Worldwide access

to treatment for end-stage kidney disease: A systematic
review. Lancet. 2015;385:1975–1982.

2 Komenda P, Gavaghan MB, Garfield SS, Poret AW,
Sood MM. An economic assessment model for in-center,
conventional home, and more frequent home hemodial-
ysis. Kidney Int. 2012;81:307–313.

3 Beaudry A, Ferguson T, Rigatto C, Tangri N, Dumanski S,
Komenda P. Cost of dialysis therapy by modality in Mani-
toba. J Am Soc Nephrol. 2018;13:1197–1203.

4 Culleton BF, Asola MR. The impact of short daily and
nocturnal hemodialysis on quality of life, cardiovascular
risk and survival. J Nephrol. 2011;24:405–415.

5 Mathew A, McLeggon JA, Mehta N, et al. Mortality and
hospitalizations in intensive dialysis: A systematic review
and meta-analysis. Can J Kidney Health Dis. 2018;5:1–18.

6 Miller BW, Himmele R, Sawin D-A, Kim J,
Kossmann RJ. Choosing home hemodialysis: A critical
review of patient outcomes. Blood Purif. 2018;45:
224–229.

Harasemiw et al.

312 Hemodialysis International 2019; 23:306–313



7 Walker RC, Howard K, Morton RL. Home hemodialysis:
A comprehensive review of patient-centered and economic
considerations. ClinicoEcon Outcomes Res. 2017;9:
149–161.

8 Canadian Institute for Health Information. Annual statistics
on organ replacement in Canada: Dialysis, transplantation
and donation, 2006 to 2015. [Internet]. Canadian Institute
for Health Information; 2017. Available from: https://
www.cihi.ca/en/corr-annual-statistics-2007-to-2016

9 MacNeill S, Ford D, Evans K, Medcalf J. UK renal registry
20th annual report: Chapter 2 UK renal replacement ther-
apy prevalence in 2016: National and centre-specific ana-
lyses. Nephron: Clin Pract. 2018;139:47–74.

10 Saran R, Li Y, Robinson B. Chapter 1: Incidence, preva-
lence, patient characteristics, and treatment modalities.
Am J Kidney Dis. 2015;66:S93–S110.

11 Tong A, Palmer S, Manns B, et al. The beliefs and expecta-
tions of patients and caregivers about home haemodialysis:
An interview study. BMJ Open. 2013;3:1–13.

12 Garrick R, Morey R. Dialysis facility safety: Processes
and opportunities. Semin Dial. 2015;28:514–524.

13 International Standard Organization. IEC 62366-1: 2015
Medical devices part 1: Application of usability engineering
to medical devices. Geneva, Switzerland, International
Organization for Standardization; 2015.

14 Association for the Advancement of Medical Instrumen-
tation. ANSI/AAMI HE75-2009: Human Factors Engi-
neering—Design of Medical Devices. Arlington, VA,
Association for the Advancement of Medical Instrumen-
tation; 2009.

15 Culleton BF, Walsh M, Klarenbach SW, et al. Effect of
frequent nocturnal hemodialysis vs conventional hemodi-
alysis on left ventricular mass and quality of life: A ran-
domized controlled trial. JAMA. 2017;298:1291–1299.

16 Liu F, Sun Y, Xu T, et al. Effect of nocturnal hemodialy-
sis versus conventional hemodialysis on end-stage renal
disease: A meta-analysis and systematic review. PLoS
ONE. 2017;12:e0169203.

17 Nesrallah GE, Lindsay RM, Cuerden MS, et al. Intensive
hemodialysis associates with improved survival com-
pared with conventional hemodialysis. J Am Soc Nephrol.
2012;22:696–705.

18 United States Renal Data System. USRDS annual data
report: Epidemiology of kidney disease in the United States.
Bethesda, MD. 2017.

19 Dahlerus C, Quinn M, Messersmith E, et al. Patient per-
spectives on the choice of dialysis modality: Results from
the empowering patients on choices for renal replacement
therapy (EPOCH-RRT) study. Am J Kidney Dis. 2016;68:
901–910.

20 Walker RC, Hanson CS, Palmer SC, et al. Patient and
caregiver perspectives on home hemodialysis: A system-
atic review. Am J Kidney Dis. 2015;65:451–463.

21 Zhang AH, Bargman JM, Lok CE, et al. Dialysis modality
choices among chronic kidney disease patients: Identify-
ing the gaps to support patients on home-based thera-
pies. Int Urol Nephrol. 2010;42:759–764.

22 Foster R, Walker S, Brar R, et al. Cognitive impairment
in advanced chronic kidney disease: The Canadian
frailty observation and interventions trial. Am J Nephrol.
2016;44:473–480.

23 Griva K, Stygall J, Hankins M, Davenport A, Harrison M,
Newman S. Cognitive impairment and 7-year mortality
in dialysis patients. Am J Kidney Dis. 2010;56:693–703.

24 Kurella M, Chertow G, Luan J, Yaffe K. Cognitive
impairment in chronic kidney disease. J Am Geriatr Soc.
2004;52:1863–1869.

25 Fong E, Bargman JM, Chan CT. Cross-sectional com-
parison of quality of life and illness intrusiveness in
patients who are treated with nocturnal home hemodi-
alysis versus peritoneal dialysis. Clin J Am Soc Nephrol.
2007;2:1195–1200.

26 Harwood L, Clark AM. Understanding pre-dialysis
modality decision-making: A meta-synthesis of qualita-
tive studies. Int J Nurs Stud. 2013;50:109–120.

27 Wilcox SB, Carver M, Yau M, et al. Results of human
factors testing in a novel hemodialysis system designed
for ease of patient use. Hemodial Int. 2016;20:643–649.

SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.
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