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Background and objectives: Nocturnal home hemodialysis (NHHD) has been shown to improve clinical outcomes, although
adoption has been limited. Given the known benefits, an understanding of the barriers to adoption is needed.
Design, setting, participants, & measurements: Patient-perceived barriers were studied through a cross-sectional survey of
prevalent hemodialysis patients using validated instruments, study-specific questions, and ethnographic interviews. Fifty-six
of 66 NHHD patients and 153 of 199 conventional hemodialysis (CHD) patients were included in the survey. Twenty
interviews were conducted with NHHD, CHD, and predialysis patients.
Results: Compared with CHD patients, NHHD patients had higher perceived physical health scores (Short Form 12 [SF-12]:
41.47 ⴞ 10.9 versus 34.73 ⴞ 10.6, P < 0.0001), but had similar mental health scores (47.30 ⴞ 11.1[NHHD] versus 45.27 ⴞ
11.3[CHD]), P ⴝ 0.25). Despite having similar measures of education and perceived social support as NHHD patients, CHD
patients had a low interest (1.68 [out of 5] ⴞ 1.26) in adopting NHHD. The major barriers perceived by CHD patients were lack
of self-efficacy in performing the therapy, lack of confidence in self-cannulation, and length of time on current therapy.
Similar themes emerged from the qualitative analysis as well as: burden on family members and fear of a catastrophic event.
Conclusions: Patient-perceived barriers are primarily fears of self-cannulation, a catastrophic event, and the burden on
family. These findings should form the basis of screening patients for interest in NHHD and serve to mitigate these concerns.
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H

ealth care organizations continue to face resource
challenges to accommodate the sustained increase in
the number of end-stage renal disease (ESRD) patients requiring renal replacement therapy. Nocturnal home
hemodialysis (NHHD) has been shown in some studies to
improve cardiovascular health and sleep quality, as well as to
eliminate the need for dietary restrictions (1,2), while providing
resource and financial motivation (3– 6).
Despite these significant improvements in health outcomes
and resource utilization, the adoption of NHHD has been limited (7). As illustrated previously (8), understanding of patientperceived barriers to the adoption of any form of dialysis
central to the development of strategies to mitigate these significant concerns. The aim of the present study was to determine the perceived barriers to the adoption of NHHD by conventional hemodialysis (CHD) patients. Given that CHD is the
dominant form of renal replacement therapy in North America,
we elected to focus on this patient population to enhance our
understanding of their perception of NHHD. To this end, pa-
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tient-perceived barriers were studied through a cross-sectional
survey using validated instruments, study-specific questions,
and ethnographic interviews.

Materials and Methods
The study protocol was approved by the University Health Network
and University of Toronto Research Ethics Board. Patient-perceived
barriers were determined through a cross-sectional survey of prevalent
hemodialysis patients using validated instruments, study-specific questions, and ethnographic interviews.
Hemodialysis patients from the University Health Network in Toronto were recruited in the study. Specifically, 66 NHHD patients and
290 CHD patients were considered. The intent was to elicit a response
from a “typical” CHD population being considered for NHHD. Patients
were excluded on the basis of the following: medical contraindications
to NHHD, life expectancy ⬍6 mo, physical and/or visual impairments
limiting the ability to conduct home hemodialysis, and mental or
psychiatric diagnoses that would prevent them from living independently. All study subjects also were required to have a permanent
address and a working knowledge of English.
NHHD patients received hemodialysis at home for 6 to 8 h, 4 to 6
nights per week. Vascular access was achieved through either a longterm internal jugular catheter (Uldall catheter; Cook Critical Care,
Bloomington, IN) or an arteriovenous fistula. A dialysate flow rate of
350 ml/min and a blood flow rate of 200 to 300 ml/min were used. F80
polysulfone dialyzers (Fresenius Medical care, Lexington, MA) or Exceltra 120 dialyzers (Baxter, Chicago, IL) were used. CHD patients
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received hemodialysis 3 times per week for 4 h, via similar vascular
access. A blood flow rate of 400 ml/min, a dialysate flow rate of 500 to
750 ml/min, and F80 polysulfone dialyzers (Fresenius Medical Care,
Lexington, MA, USA) were used. Unfractionated heparin was used for
anticoagulation on CHD and NHD.
Two attempts were made to survey our eligible patient cohorts over
a 3-mo period. CHD patients were provided the survey in-center,
whereas NHHD patients received the survey by mail. The survey
consisted of 122 questions. SF-12 was used to determine general selfperceived health. The Modified Appraisal of Self-Care Agency was
used to measure a patients’ ability for self-care (9). The Spielberger
State-Trait Anxiety Inventory for Adults was used as a measure of trait
anxiety (10). The Multidimensional Scale of Perceived Social Support
was used to measure the perceived social support from patients’ family
and friends (11,12). (13) Specific questions related to NHHD included
the patients’ perceptions of NHHD, their likelihood of NHHD adoption, and their perceived barriers to adoption.
For the qualitative ethnographic interviews, we used a purposive
sampling method for recruitment with specific criteria for inclusion, as
above (14). In this case, we sought “typical” patients who could be
found in a nonrandomized qualitative study (15). The principal investigator for the study prepared a roster of recommended patients. A
series of ethnographic interviews of three ESRD patient groups was
undertaken. The three groups were NHHD patients, CHD patients, and
predialysis patients. The interview guide was structured around the
concepts of the Health Belief Model using the ethnographic interview
approach (16). Specifically, lines of questioning were around the informant’s (1) perceived susceptibility to and severity of their disease
condition, (2) overall perceived threat to their health, (3) perceived
benefits and barriers to adopting NHHD, (4) level of self-efficacy in
performing NHHD, (5) process for taking action, and (6) external
factors that affect their behavior or decision-making.

Statistical Analysis
Data are presented as mean ⫾ SD. We used t test to evaluate differences in variables between the two modalities of renal replacement
therapy. A two-tailed probability of ⬍0.05 was required for significance, using SPSS 15 (Chicago, IL).
To evaluate the levels of interest in the adoption of NHHD, we
performed a nonparametric analysis. Responses to Likert questions
were recoded into a dichotomous variable. Chi-square cross-tabulation
and Spearman correlations were generated to determine which factor
showed a significant relation to the dependent variable. A withinsubject logistic regression was performed to determine if any identified
barrier had an interaction with a demographic variable.

Qualitative Analysis
Interviews were recorded and later transcribed verbatim. Interviews
were conducted until it was felt that no new themes were introduced
and the interviewer felt that saturation had been achieved (17). A
general inductive method was used in the analysis of the transcripts.
Transcripts were read repeatedly, and text segments were coded for
potential themes. As the coding framework developed, transcripts were
reanalyzed in light of new emerging themes. Major themes were derived that were relevant to the research question. Coding was performed along various factors of the Health Belief Model to form a priori
codes, but was not limited to the theoretical framework. Coding was
free not to assume any presuppositions. NVivo qualitative analysis
software (QSR International, Doncaster, Australia) was used to facilitate the coding of the interview transcripts.
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Results
The response rates for the survey were 85% for the NHHD
group (56 of 66 patients), and 77% for CHD patients (153 of 199
eligible patients). A total of 91 of 290 CHD patients were
considered ineligible for the study (Figure 1). For the qualitative component, saturation occurred at 20 interviews, comprising seven NHHD patients, six CHD patients, and seven predialysis patients.
NHHD patients were younger than CHD patients (47.0 ⫾
13.4 versus 55.4 ⫾ 16.2 yr, P ⫽ 0.01). There were no significant
differences with respect to gender or educational attainment.
Compared with CHD patients, the majority of NHHD patients
were nonimmigrant (60.7% versus 35.8%, P ⫽ 0.01). NHHD
patients had lower prevalence of diabetes (12.5% versus 31.4%,
P ⫽ 0.006) and tended to have lower burden of heart disease
(10.7% versus 22.9%, P ⫽ 0.050). The prevalence of hypertension
and cancer were similar in the two groups. (Table 1).
Compared with CHD patients, NHHD patients had better
physical quality of life scores (41.47 ⫾ 10.9 versus 34.73 ⫾ 10.6,
P ⬍ 0.0001), but had similar perceived mental health outcome
(47.30 ⫾ 11.1 versus 45.27 ⫾ 11.3, P ⫽ 0.25). Interestingly,
NHHD and CHD patients scored similarly in their measures of
trait and state anxiety, appraisal of self-care agency, and perceived social support. (Table 2).
Despite similarities in self-perceived measures of health as
NHD patients, CHD patients had little interest in NHHD adoption (1.68 ⫾ 1.26, score of 5 indicates strong interest). CHD
patients differed from the NHHD population in multiple domains, including lack of self-efficacy in performing NHHD, the
lack of quality of care, lack of confidence in self-cannulation,
and fear of a catastrophic event. (Table 3)
Logistic regression modeling was focused on CHD patient
predictors of interest in the adoption of NHHD. The predictors
entered into the model that were found to be significant were
self-efficacy in performing NHHD, confidence in performing
self-cannulation, and time on current therapy (negatively associated). The mean length of time on their current therapy for
those patients who expressed an interest in NHHD was approximately 3 yr. For those with no interest, it was 5.3 yr. This
finding was not related to patient age. Using a conditional
stepwise method, we used the aforementioned independent
variables to develop a model of predicting a CHD patient’s
interest in NHHD. The analysis included four iterations before
resolving on a model that maximized the approximated R2 to
0.437 (Nagelkerke), explaining 43.7% of the variability in predicting interest in NHHD (Table 4).

Figure 1. Patient recruitment.
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Table 1. Demographic and comorbidity profile of CHD and NHHD patients
Variable

CHD

NHHD

P

Gender (% male)
Age, mean (SD)
Education
elementary
high School
college/undergradute
postgraduate
English as a first language
Born in Canada
Diabetes
Hypertension
Heart disease
Cancer

56.3
55.4 (16.24)

60
47.0 (13.38)

0.490
0.001

10.8%
37.2%
35.8%
16.2%
66.9%
35.8%
31.4%
57.5%
22.9%
6.5%

3.6%
40%
40.0%
16.4%
78.6%
60.7%
12.5%
50.0%
10.7%
7.1%

0.457

0.103
0.001
0.006
0.333
0.050
0.876

CHD, conventional hemodialysis; NHHD, nocturnal home hemodialysis.

Table 2. Comparison of mean (SD) self-perceived measures of health and psychosocial attributes between CHD
and NHHD patients
Measures

SF-12
Physical Component score
Mental Component score
Self-care agency
Perceived social support
Anxiety
state
trait

CHD

NHHD

P

34.73 (10.6)
45.27 (11.3)
3.85 (0.41)
5.18 (1.49)

41.47 (10.9)
47.30 (11.1)
3.91 (0.33)
5.42 (1.23)

0.000
0.251
0.394
0.274

38.44 (13.39)
39.68 (12.32)

38.15 (10.68)
37.93 (10.19)

0.882
0.350

CHD, conventional hemodialysis; NHHD, nocturnal home hemodialysis.

Table 3. Differences in mean (SD) patient perception of nocturnal home hemodialysis
Domain

CHD

NHHD

Self-cannulation (“I will be comfortable inserting the needles by myself”)
Quality of care (“I will receive as good care as I would in the hospital”)
Self-efficacy (“I will be able to perform the treatment 关nocturnal
hemodialysis兴 properly”)
Fear of a catastrophic event (“I worry that something will go wrong during
my treatment”)

2.11 (1.55)*
2.34 (1.48)*
2.57 (1.52)*

3.57 (1.44)
4.10 (1.29)
4.37 (1.19)

3.72 (1.54)*

2.94 (1.47)

*P ⬍ 0.05

Complementing the quantitative analysis, the main themes
identified in the qualitative component of the study as barriers
to the adoption of NHHD were burden on family members,
fear of self-cannulation, fear of a catastrophic event, and low
self-efficacy.

Perceived Burden on Family Members
Most patients were aware that a decision to adopt NHHD
would have a significant impact on their family members and

cohabitants. In multiple instances, family members who were
the primary caregivers voiced their lack of appreciation of the
extent of the patients’ condition until the therapy was administered in the home. Family members might be fearful of the
notion of complex home therapy and that there will be additional responsibility of caring for the patient.
Patient NHHD2: I know it was very hard for my family. My
mother was petrified. I don’t think she wanted me to, but I kind
of said, you know, I need to do it.
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Table 4. Predictors of interest in the adoption of nocturnal home hemodialysis
Predictor

␤

SE ␤

Wald’s 2

df

P

Constant
self-efficacy
self-cannulation
time on current therapy (in years)
Trait Anxiety
Test
Hosmer and Lemeshow

⫺5.469
0.457
0.450
⫺0.162
0.073

1.527
0.226
0.198
0.076
0.025

12.823
4.071
5.171
4.627
8.762
2
9.866

1
1
1
1
1
df
8

0.000
0.044
0.023
0.031
0.003
p
0.275

e␤

0.004
1.579
1.568
0.850
1.076

Logistic regression model–Classification Table (cut value of 0.5)
Observed

Interest in NHD

Predicted

Yes
No

Interest in NHD
Yes
No
15
14
8
54

Overall Percentage

Percentage Correct
51.7
87.1
75.8

Sensitivity ⫽ 15/(15 ⫹ 14)% ⫽ 51.7%. Specificity ⫽ 54/(8 ⫹ 54)% ⫽ 87.1%. False positive 8/(8 ⫹ 15)% ⫽ 34.8%. False
negative ⫽ 14/(14 ⫹ 54)% ⫽ 20.6%.

Fear of Self-Cannulation
Interviewer: So, with the proper training you think you could
do it, you could manage doing the needles yourself, setting up
the machine?
Patient CHD2: Oh, I’m afraid of needles.
Interviewer: You’re afraid of needles so that would be a
problem for you doing the needles?
Patient CHD2: Yeah, I don’t like needles.
Perhaps, the most often reported perceived barrier was the
act of self-cannulation. Patients recognized the need of frequent
cannulation when adopting NHHD. The fear of self-cannulation extended beyond the perception of pain to include the
potential occurrence of mishaps and complications.

Fear of a Catastrophic Event in the Absence of Nursing
Support
Patients also expressed a fear of a life-threatening event
associated with NHHD. In particular, patients who had experienced prior medical emergencies articulated potential problems with the adoption of NHHD. There was also the realization of the loss of nursing support during critical situations,
which was perceived as a loss of safety.
Patient NHHD5: If anything happens, you don’t have the
immediate support. There is a certain degree of comfort in
hospital, you know, if something goes wrong there is somebody who knows what they are supposed to do, in place, to
help you overcome this. At home, there’s nobody. There’s just
yourself.

Lack of Self-Efficacy
Patient CHD6: I’m still not confident to do it on my own. I felt
better going to the hospital to get the doctor to check me
regularly.
In addition to determining the benefits and barriers of a

therapy, patients must weigh their self-efficacy to perform such
therapy. Self-efficacy in this context can be defined as the
estimation of one’s capacity to engage in behaviors that contribute to desired health outcomes (18).

Discussion
Patients’ perception and attitudes toward NHHD are arguably the most important determinants of the widespread applicability of this form of renal replacement therapy. Despite the
clinical improvements of NHHD, home delivery of dialysis
may pose significant challenges and barriers to a chronically ill
population. The present study used a mixed-method strategy to
identify potential differentiating characteristics between CHD
and NHHD patients by contrasting their demographics, psychosocial attributes, anxiety measure, quality of life, and perceptions of NHHD therapy. Despite differences in patient demographics, CHD and NHHD patients scored similarly in most
of the aforementioned domains except for their perceptions of
NHHD. CHD patients had uniformly low interest in adopting
NHHD. It should be noted that our CHD population represents
a group from which NHHD patients had already been extensively recruited and hence may allow us to ascertain the difference between the two patient populations. Specifically, the
barriers to adoption that CHD patients identified included lack
of self-efficacy in performing NHHD, lack of confidence in
self-cannulation, perceived lack of quality of care, and the
length of time on the current therapy, indicating that the longer
patients remain on CHD, the less likely they are to adopt
NHHD.
Similar themes using a qualitative approach revealed concerns surrounding burden on family members, fear of selfcannulation, fear of a catastrophic event, and low self-efficacy.
Given that our CHD population has previously been recruited
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for NHHD, these fears may represent a natural accommodation
for CHD patients, forming a pretext to remain on their current
therapy. Taken together, our study represents a systematic
analysis of patient-perceived barriers to the adoption of
NHHD, which are primarily the fears and burden of undertaking this form of home hemodialysis.
Other important findings include that patient’s level of educational attainment does not appear to be a factor in adoption
of NHHD, and that English as a second language does not
appear to be a barrier. The use of anxiety as a measure to
contraindicate NHHD is also not supported.
Limited studies have determined the willingness of CHD
patients to convert to any forms of home hemodialysis. To date,
most investigators have focused on the notion of early referral
coupled with predialysis education in patients with chronic
kidney disease (CKD). Although CKD is admittedly an important public health issue, it is tempting to speculate that CHD
patients may benefit even more from conversion to intensive
hemodialysis. Choosing a dialysis modality for most ESRD
patients is a difficult decision. Given that our study has identified the patients’ perceived fears and burden of undertaking
NHHD, are there strategies to reconcile and mitigate these
concerns? Self-cannulation was highlighted as a central fear by
the CHD population. It is interesting to note that the early
Toronto NHHD experience as reported by Uldall et al. (19)
included exclusively patients who dialyzed via permanent indwelling catheters to facilitate the transition from CHD to
NHHD. Recently, our group has also implemented a step-wise
approach to those patients who are overwhelmed by the multiple tasks of learning dialysis and self-cannulation. To date, the
optimal strategy to teach and learn NHHD and self-cannulation
has not been studied systematically. The risk benefit ratio of the
various types of vascular accesses in home hemodialysis requires further clarification.
The second uniform barrier that emerged from our analysis
was the lack of confidence in conducting NHHD. Hemodialysis
is a technically complex procedure. Lehoux has previously
reported on patients’ perceived technical challenges of various
home-based therapies, such as peritoneal dialysis and oxygen
therapy (20,21). Consistent with prior published studies, our
results suggest that most patients may be overwhelmed by the
complexity of present medical technology and that future
home-based medical devices will require a greater focus on
patient-centric design to improve patient perception and confidence. Fear of a catastrophic event at home was the last
common theme emerged from our survey and interviews.
Given that the majority of hemodialysis performed in North
America is situated in a clinical setting, the perception of “loss
of safety” should not come as a surprise. In the future, novel
application of remote monitoring technology and further patient education are needed to potentially mitigate these concerns.
It is interesting to note that CHD and NHD patients had
similar self-perceived measures of health. Aside from the physical component of SF12 scores, the two groups of ESRD patients
did not differ in their psychosocial attributes, anxiety, and
mental quality of life scores. Previous studies have examined
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the impact of NHHD on quality of life and other psychosocial
metrics, with heterogeneous results (22–28). Some studies endorsed enthusiastic improvements, whereas others such as Heidenheim et al., using SF-36 as an indicator, showed a deterioration in mental quality of life scores over time for NHHD
patients. Our data do not support the notion that augmented
solute clearance alone determines an individual’s perceived
health-related quality of life. In addition, our study confirms
that the choice of renal replacement modality is not simply a
reflection of an individual’s psychosocial attributes, but rather
a complex interplay between the patient’s health state and the
perceived benefits and barriers to adopting the chosen therapy.
Our center has few short daily home hemodialysis (SDHD)
patients. However, given the nature of the themes derived from
the data, we speculate that patients considering SDHD would
have similar concerns as those considering NHHD. It is possible that SDHD candidates may express the fear of a catastrophic event to a lesser degree than those considering NHHD,
which requires further investigations.
Our study is limited by its observational design. Other populations, such as CKD and peritoneal dialysis patients, could
also have been studied. A future, prospective study of NHHD
dropouts may prove useful to determine actual rationale for
discontinuing the therapy. Currently there are insufficient patients who discontinued home hemodialysis for a proper evaluation, as the dropout rate is only 3.4% over a 10-yr period. We
have also noted that predialysis patients had difficulty articulating their opinions on modality choice as they had little
knowledge of the specifics of the various dialytic therapies.
Their lack of experience and knowledge of the ESRD therapies
limited their participation in the qualitative study, and thus it
was decided to exclude them from the quantitative component
of the evaluation.
In addition, few clinical studies have relied on the use of a
mixed-method design. Our study highlighted the unique complementary nature of combining quantitative and qualitative
approaches to assess our patients’ perception to NHHD. Existing instruments for measuring patient self-care agency and
social support may lack the sensitivity required for determining
a patient’s appropriateness for NHHD. The implementation of
a mixed-method approach enhanced the robustness of the
present results.
This is the first comprehensive mixed-methods study to specifically investigate the patient-perceived barriers of NHHD.
Beyond policy making and determining selection criteria, these
findings add to the existing knowledge in the implementation
of a NHHD program, including predialysis counseling, therapy
choice, dialysis training, and continual quality assurance.
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