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Abstract
There is a resurgence in clinical adoption of home hemodialysis globally driven by several demonstrated clinical and
economic advantages. Yet, the overall adoption of home hemodialysis remains under-represented in most
countries. The practicality of managing ESKD with home hemodialysis is a common concern among practicing
nephrologists in the United States. The primary objective of this invited feature is to deliver a practical guide to
managing ESKD with home hemodialysis. We have included common clinical scenarios, clinical and infrastructure
management problems, and approaches to the day-to-day management of patients undergoing home hemodialysis.
CJASN 14: 1268–1273, 2019. doi: https://doi.org/10.2215/CJN.13931118

Introduction
Frequent home hemodialysis (HD) has been associated
with several clinical beneﬁts documented by observational and randomized, controlled trials, including BP,
extracellular volume, and phosphate control and lessened medication burden (1,2). Frequent home HD was
associated with a reduction in left ventricular hypertrophy and stabilization of left ventricular ejection
fraction (3,4). Observational studies have demonstrated
an association between intensive home HD and lower
risk for death (5). From a patient experience perspective,
patients on home HD have reported higher quality of
life and independence (6). Taken together, home HD is
considered an economically dominant kidney replacement modality to manage ESKD (7,8). However, practical considerations in the utilization of home HD
remain a common concern for most practicing United
States nephrologists (9). This review will explore these
practical issues and serve to demonstrate an approach
to managing ESKD with home HD.

Patient Selection and Training

Patient enrolment and training are the ﬁrst critical
steps in managing ESKD with home HD. Table 1
summarizes reasons to prescribe home HD. Table 2
explores characteristics of patients who are potential home HD candidates. Although registry data have
shown that patients on home HD are generally younger
with fewer comorbidities, several studies have focused
on the potential use of home HD as salvage therapy
(10,11). Although about 30% of patients on home HD
perform treatment without a partner, for those who do
have a partner, the use of caregiver- or skilled worker–
assisted home HD also broadened the general applicability of home HD as a dialysis modality to a larger
pool of patients (12,13). These studies emphasized the
need to improve system factors to enable patients who
are intellectually and physically capable of performing
self-care and home HD. Schatell (14) identiﬁed several
patient barriers and highlighted possible solutions that
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could be enacted in a multidisciplinary manner, which
are summarized in Table 3. A salient example includes
patients who are frail due to medical issues or immobility, for whom rehabilitation should be attempted
ﬁrst before home HD training. Indeed, in some centers,
patients with higher medical complexity have realized
beneﬁts from home HD due to the longer duration and
increased frequency of treatment in the home setting
(15). Timelines for training differ but range between 3
and 8 weeks, with training sessions done at a speciﬁed
home HD unit with trained and motivated specialized
nurse educators. Patients are selected from a variety of
sources, including predialysis CKD clinics, transplant
clinics, and in-center HD and peritoneal dialysis clinics.
The prevalence of each group will differ by center, but
education and planning should be offered to all groups.
There is also an increasing number of electronic
tools (e.g., “My life, My Dialysis, My Choice” [http://
www.mydialysischoice.org]) that aim to prioritize and
match patients’ preference and values with their
dialysis modality choice. The motivation to learn
and the willingness to train for home HD remain the
most important unmeasured characteristic for patient
selection.
Studies have also focused on various aspects of
patient training. The use of the Visual, Aural, Read/
write, and Kinesthetic sensory learning style assessment (the VARK tool) has classiﬁed patient learning
style preferences and observed an association between
visual learners and reduced hazards for adverse events
(such as bacteremia) (16). Although most home HD
centers have designed a training curriculum (averaging between 3 and 8 weeks), the veriﬁcation of
actual acquisition of knowledge and competency is
not always easily demonstrated. Efforts using standardized examinations and high-ﬁdelity simulation
have also tried to test the validity of knowledge transmission and have been linked to a reduced need for
home visits after graduation to home HD.
Home preparation is an important logistical step
in patient training, and it involves relevant plumbing
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Table 1. Proposed practical reasons to prescribe home HD
Eliminating long interdialytic interval
Reducing excessive interdialytic weight gain and intradialytic
hypotension while lowering ultraﬁltration rate (especially
with long dialysis)
Controlling BP and phosphate control with reduced medication
Preventing myocardial stunning, stabilizing LV function, and
decreasing LV mass
Improving quality of life, chance of successful pregnancy, and
lower death risk
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Table 3. Suggested strategies to enhance patient suitability for
home hemodialysis
Factor

Intervention

Poor personal hygiene

Hygiene education and dialysis
partner training
Physiotherapy, occupational therapy,
and dialysis care partner training
Multimedia training
Vibration/light alarms

Frail/nonambulatory
Illiterate
Hearing impaired

HD, hemodialysis; LV, left ventricular.

and electrical changes to accommodate the dialysis
machine and water treatment system. This step is usually
undertaken during the training process to prepare the
patient for transition to the home environment. Water
testing is included in patient training curricula in some
centers, with emphasis on technical support and backup
for any patient issues.
A home visit generally addresses the practicality of a
patient performing treatment ranging from hygienic issues
and technique audit/coaching to assessing the home environment for logistic and supply storage issues. As nursing
educators teach and interact with patients, the relationship
fostered is also inherently one of psychosocial support for
patients, and at times, a home visit can serve that purpose as
well. There are no speciﬁc standardized criteria or recommended frequencies of home visits, with some centers
prioritizing initial home visits after training and others
having continuing visits on an annual or semiannual
basis.

Access and Needling Considerations
Vascular access is vital to the success of all HD modalities. Given the complexity of home HD training, some
patients may initiate with a permanent cuffed central
venous catheter (CVC). Recently, Rivara et al. (17) have
shown that, in patients who started home HD with a
CVC, .50% had switched to a permanent arteriovenous
(AV) access after 1 year. From a pragmatic perspective,
it is likely more important to capitalize on the patient’s
motivation to pursue home HD. Ideally, with appropriate

Table 2. Potential candidates for home hemodialysis
Motivated patients with ESKD who are capable of self-care
Patients who are motivated to work or continue schooling
Suitable patients who require home to home transition (from
peritoneal dialysis to home hemodialysis)
Patients with ESKD and the following clinical conditions
(1) Obstructive sleep apnea
(2) Difﬁcult to control hypertension
(3) Intradialytic hemodynamic compromise (e.g., hypotension
or cramps)
(4) Refractory volume overload (associated with
decompensated right heart failure or uncontrolled ascites)
(5) Prolonged recovery time and/or inadequate uremia
control (e.g., uremic cardiomyopathy)
Women with ESKD who are planning to conceive

planning and predialysis follow-up, AV access (both
grafts and ﬁstulas) should be sought; however, at times,
because of failure of maturation/difﬁculty with needling
by experienced cannulators, CVC is used to start home
HD training. In select patients, such as those in whom
an appropriate AV access would not be possible (elderly
with poor access, patients who are vasculopathic, and those
with decompensated congestive heart failure), CVC may
be the most suitable option and would not preclude such
patients from home HD.
Cannulation is taught to patients or primary caregivers
by highly trained clinical staff. Instruction checklists, videos,
and demonstrations are used for teaching purposes of
cannulation. There is, predictably, concern over the risk
of infection with repeated use of AV access in the home
setting (18). Because this presents a safety issue, concerted
effort is placed on hygiene, appropriate use of antimicrobial
topical treatment (e.g., Mupirocin), and cannulation technique in education for patients on home HD. Two techniques are taught: button hole and rope ladder technique.
Use of rope ladder technique is associated with lower
infection risk, but it is balanced against perceptions by some
of patient comfort, increased risk of inﬁltration, increased
hematomas, and needling attempts (19). For patients with
AV ﬁstulas of adequate length and superﬁcial depth, those
with poor vision or tremor, and those with AV grafts, rope
ladder is preferred. For patients with short, tortuous, or
aneurysmal AV ﬁstulas, button hole may be considered.
Caution is particularly noted for button hole for patients
with a history of access infections or prostheses, including
mechanical heart valves (20). Equally important, it must
be noted that button hole cannulation should not be used
in patients with AV graft.
In some centers, patients performing home HD nocturnally are encouraged to use intravenous needles with
cannula (such as Supercath Clampcath Needles or Nipro
Biohole Cath) due to the risk of inﬁltration with sharp
needles. Major issues with needling and strategies for resolving them are summarized in Table 4.
Regardless of technique, auditing patients’ cannulation
procedure along with their adherence to aseptic and infection precautions may aid in decreasing infection rates.
Examples of such audits and checklists have been used by
Rousseau-Gagnon et al. (21). Equally important, patients
should be trained to recognize signs and symptoms of infection by the home HD staff to expedite diagnosis and treatment
of access-related infections appropriately. In patients using
button hole, superﬁcial cellulitis with no fever should be
treated with oral antibiotics for a 2-week course, with
relocation of the button hole site. Deeper abscesses and
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Table 4. Challenges with needling and potential solutions
Needling Issue
Painful needling
Fear of needles
Difﬁculty cannulating

Possible Intervention
Warm compresses and topical
anesthetic
Stepwise approach of observing
needling in other patients,
themselves, and holding needles
Review of technique in home
hemodialysis unit, auditing
technique, and examining
access/button hole sites if used

bacteremia are treated for a longer course (4–6 weeks
with intravenous antibiotics), with surgical intervention
as needed (22). If patients recognize any signs of infection, they are coached to contact their home HD unit to
arrange follow-up, ensure appropriate infectious workup,
and obtain parenteral antibiotics with dialysis.
Risk factors for noninfectious access complications have
been examined previously. History of kidney transplantation, use of AV grafts, and vintage of access were signiﬁcant
predictors of access dysfunction. Interventions and surveillance are not standardized, but some centers monitor AV
access annually and as needed intermittently with AV
access ﬂow measurement. Ultimately, each center should
decide on how best to monitor access surveillance, because
evidence on optimal monitoring in home HD is lacking.

Dialysis Machines
Intuitively, a dialysis machine that is easier to operate is
ideal for home HD, but ultimately, any available HD machine
can be used to provide home HD (23). Size of machine as
well as water and dialysate delivery are features that may
differentiate between platforms. From a home environment
perspective, dialysis machine size and footprint are important features in determining its suitability. Other features,
such as reliability, lower sound level, simplicity, and accessibility, are desirable properties for a home machine. Conventional technologies allow nontraditional/nonmunicipal
water to be used (i.e., wells and septic ﬁelds). Water puriﬁcation systems are otherwise installed in the home by technicians. Table 5 summarizes different categories of available
machines, with salient features for each platform. In North
America, the Food and Drug Administration has approved
Fresenius and NxStage systems for home HD use, with NxStage
being approved for both solo short daily and nocturnal use.

It is noteworthy to comment that other technologies are
being developed for home HD. Sorbent dialysis, which had
been previously used in the 1970s and 1980s, is currently
being redesigned for the home environment (24). This
system uses a sorbent column to adsorb uremic retention
solutes. Ion exchangers are used to provide the appropriate biochemistry to the patient. A catalytic converter may
be used to regenerate the appropriate cartridge system(s).
Other systems may use a traditional single-pass system
but with integrated or portable water treatment. Finally,
hemodiaﬁltration systems combining diffusive and convective
principles with the use of ultrapure water are being explored
for use in Europe and Australia (23).

Treatment Schedule, Dialysis Prescription, and
Clinical Considerations
Home HD prescriptions have a high degree of variability globally. Outside of the United States, patients
on home HD use both traditional single-pass system machines designed for conventional HD and low-ﬂow devices.
In the United States, there is an overall higher prevalence of
low-ﬂow system machines (25).
It is important to note that home HD prescriptions
should strive for optimal dialysis delivery rather than
pursuing adequacy for patients with ESKD (26). Optimal
dialysis, as the main driver of the home HD prescription,
should encompass factors, including solute balance, quality
of life, symptom control, BP and volume control, cardiac
structural and functional status, nutrition and mineral
balance, and overall survival.
Simplistically, one can modify home HD prescription
by changing dialysis frequency, duration, or both. More
frequent home HD (ﬁve to six sessions per week) has been
demonstrated to correlate with (1) BP control with less
vasoactive medications requirement, (2) regression of left
ventricular hypertrophy, and (3) phosphate control with
more liberalization of diet (27–31). Of note, pregnant
patients have a unique set of dialysis prescription requirements. The advent of the nocturnal HD regimen (ﬁve to
six sessions per week for 6–8 hours per session) has been
associated with higher live birth rate, gestational age, and
birth weight compared with standard HD parameters (32,33).
Their requirements are summarized in Table 6. Alternate HD
(four sessions per week) done either nocturnally or during the
day has also increased in popularity. Logistically, alternate
day 4-day diurnal therapy and long alternate HD mitigate
the “long” interdialytic break and provide a mechanism to

Table 5. Types of hemodialysis machines used at home
Features
Single-pass systems
Low-ﬂow systems

Most commonly used system globally, with onscreen instructions and fail-safe alarms
Bigger, more complex, requiring maintenance, cleaning of components within the circuit
Plumbing and electric modiﬁcation may be needed
Proprietary dialysis ﬂuid bags, travel friendly but need to travel or ship ﬂuid, much like peritoneal
dialysis
Option for online dialysate generator, not portable
Machine portable, no wet circuit, single cartridge that patient engages as a singular step, with all
pathways working automatically
Maximum dialysate 60 L and singular cartridge dialyzer option, limits individualized prescription
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Table 6. Home hemodialysis parameters
Modality

Treatments
per Week

Sessional
Duration, h

Blood Flow Rate,
ml/min

Dialysate
Flow
Rate, ml/min

Calcium,
mmol/L

Phosphate
Additive

Conventional
Alternate nightly
Short daily
Nocturnal
Low-ﬂow dialysate, short daily
Low-ﬂow dialysate, nocturnal

3
3.5
5–6
4–6
5–6
3.5–6

3–5
6–8
2–3.5
6–8
2.5–4
6–8

300–400
250–350
350–400
250–350
300–400
300–350

500–800
300–500
500–800
300
90–300
83–166

1.25
1.25
1.25
1.5–1.75
1.5
1.5

None
Rare
None
20%–30%
None
None

deliver moderate ultraﬁltration rate. However, the availability of evidence in support of this mode of home HD is
relatively scarce and warrants further attention. Short daily
home HD using standard blood and variable dialysis ﬂows
is presently the most common home HD modality in the
United States. Indeed, there is an emerging body of observational literature in support of this modality, including cardiovascular health, hospitalization, and overall
survival (34–37).
Recently, the focus on goal-directed dialysis has gained
more attention. To this aim, one may want to deﬁne the
patient’s priority while undertaking home HD. For instance,
if patients are pursuing a palliative approach, it is plausible
that an incremental approach may be more than appropriate. Taken together, the spectrum of home HD prescription
offers the ﬂexibility and plausibility to titrate the dose to the
targeted clinical outcome.

Patient Safety Issues

Although home HD offers ﬂexibility in dialysis dosing
and schedules, there is an innate tradeoff between dialysis
provision, quality, and safety. Indeed, Tong et al. (38,39)
identiﬁed several apprehensions relating to independently performing complex medical treatments at home
and the possibility of managing life-threatening complications. Consequently, a thriving home HD program
should foster a culture of safety and quality to all stakeholders. Several fundamental principles have been proposed
(40,41).
(1) The home environment should be conducive to patient
safety at all times. This includes ensuring that the patient
can access all lines and monitors quickly, with wetness
detectors placed under the dialysis machine and commercially available blood leakage alarms.
(2) From a dialysis prescription perspective, safeguards
should be set to limit total daily fluid removal. Appropriate
access alarm ranges should be set to alert potential access
malfunctions.
(3) Clinical and technical assistance should be accessible to alleviate potential patient anxieties, especially in the
initial phase of therapy. This may include an on-call nurse/
technologist who can address any immediate concerns
during the dialysis session.
(4) A simplified approach to managing complications
should be taught, such as the “clamp and call” mechanism
as outlined in Figure 1. This is a strategy that may be used for
intradialytic complications, such as blood loss.

(5) All home HD units should also monitor appropriate
quality metrics, such as
(a) prevalent patient count,
(b) training success rate,
(c) technique survival rate,
(d) hospitalization (cardiovascular and infectious) rate,
(e) access-related infection,
(f ) patient attrition rate (and reason), and
(g) noninfectious access complications.
Adverse events in home HD have been reported (42–44).
In most patients, serious adverse events are rare, which
is likely a function of training and reinforcement of best
practices with patients. Invariably, most adverse events
are driven by human error, and they are often related to
vascular access (cannulation, connection, and disconnection).
This highlights the need for constant support, retraining,
auditing of techniques, and creating a “blameless” environment where patients are encouraged to report all events.
The provision of respite care and dialysis is often suggested
to alleviate caregiver burden. To date, there is a paucity of

Figure 1. | In the work by Pauly et al. (41), the clamp and call
approach is used to manage complications experienced in home
hemodialysis (HD). Atypical symptoms include chest pressure,
palpitations, neurologic changes, and presyncope. EMS, emergency
medical services.
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data to document the actual effect of caregiver assistance.
Similarly, psychologic support through social work and
psychiatry involvement is used in some programs to address
mental health issues. Presently, there is no standard approach
for social support for patients on home HD. Given the high
attrition rate of home HD, strategies to enhance technique
survival are urgently warranted. Proper resources at the
unit level are necessary, and future progress in training,
technology, telehealth, and transitional care is desired to
grow all home therapies.
Finally, as technology continues to evolve, the use of
remote monitoring of patients on home HD may also
become a potential pathway to offer an enhanced safety
environment. Growth in telehealth may be associated
with reduction of burden, decreasing training time and
improving retention (45). However, the logistics, cost, and
balance between patient intrusion and safety will require
further investigation (46–48).

Infrastructure and Perspective
We have tried to outline several important practical
considerations in the day-to-day management of ESKD
with home HD. The most important component of any
home dialysis management is, in fact, the team infrastructure. Prior published literature has already substantiated
the value of a high-performing home dialysis center with
adequate critical mass of patients and highly trained staffs
(10). Indeed, technique survival is higher with larger home
dialysis centers (in both home HD and peritoneal dialysis).
Appropriate stafﬁng ratios for nursing and allied health
have been previously published (49). Most notably, we have
also highlighted several clinical domains starting from patient
selection and enrollment to the practice culture of quality and
safety.
Moving forward, innovative strategies to enhance clinical delivery and follow-up of patients on home HD will
broaden the generalizability of home HD to a wider patient
population.
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