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Abstract
Background: Long-duration (7-8 hours) hemodialysis provides benefits compared with conventional thrice-weekly, 4-hour 
sessions. Nurse-administered, in-center nocturnal hemodialysis (INHD) may expand the population to whom an intensive 
dialysis schedule can be offered.
Objective: The primary objective of this study was to determine predictors of INHD technique failure, disruptions, and 
technique survival.
Design: This study used retrospective chart and database review methodology.
Setting: This study was conducted at a single Canadian INHD program operating in Victoria, British Columbia, within a 
tertiary care hospital. Our program serves a catchment population of approximately 450 000 people.
Patients/Sample/Participants: Forty-three consecutive incident INHD patients took part in the INHD program of whom 
42 provided informed consent to participate in this study.
Methods: We conducted a retrospective observational study including incident INHD patients from 2015 to 2017. The 
primary outcome was technique failure ≤6 months (TF ≤6). Secondary outcomes included technique survival and reasons 
for/predictors of INHD discontinuation or temporary disruption. Predictors of each outcome included demographics, 
comorbidities, and Clinical Frailty Scale (CFS) scoring.
Results: Among 42 patients, mean (SD) age, dialysis vintage, CFS score, and follow-up were 63 (16) years, 46 (55) months, 
4 (1), and 11 (9) months, respectively. 52% were aged ≥65 years. TF ≤6 occurred in 12 (29%) patients. One-year technique 
survival censored for transplants and home dialysis transitions was 60%. Discontinuation related to insomnia (32%), medical 
status change (27%), and vascular access (23%). In unadjusted Cox survival analysis, 1-point increases in CFS score associated 
with a higher risk of technique failure (hazard ratio: 2.04, 95% confidence interval [CI]: 1.26-3.31). In an adjusted analysis, 
higher frailty severity also associated with temporary INHD disruptions (incidence rate ratio: 2.64, 95% CI: 1.55-4.50, 
comparing CFS of ≥4 to 1-3).
Limitations: The retrospective, observational design of this study resulted in limited ability to control for confounding 
factors. In addition, the relatively small number of events observed owing to a small sample size diminished statistical power 
to inform study conclusions. Use of a single physician to determine the clinical frailty score is another limitation. Finally, the 
use of a single center for this study limits generalizability to other programs and clinic settings.
Conclusions: INHD is a sustainable modality, even among older patients. Higher frailty associates with INHD technique 
failure and greater missed treatments. Inclusion of a CFS threshold of ≤4 into INHD inclusion criteria may help to identify 
individuals most likely to realize the long-term benefits of INHD.
Trial Registration: Due to the retrospective and observational design of this study, trial registration was not necessary.

Abrégé 
Contexte: L’hémodialyse prolongée (7-8 heures) offre des avantages comparativement aux séances habituelles de quatre 
heures, administrées trois fois par semaine. L’hémodialyse nocturne en centre (HDNC), administrée par une infirmière, 
pourrait permettre de proposer un programme de dialyse prolongée à davantage de patients.
Objectif: L’étude visait principalement à déterminer les prédicteurs de l’échec, de l’interruption temporaire ou du succès 
de la modalité HDNC.
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Introduction

Studies suggest that intensive dialysis beyond the conven-
tional 4 hours, thrice-weekly schedule associates with 
improved outcomes.1-4 Advantages include better blood 
pressure,1 regression of left ventricular hypertrophy,3 
improved anemia, phosphate,4 nutrition,4 quality of life,1,2 
and possibly lower mortality.5-8 These benefits are most often 
noted with frequent (>3 times per week), long duration (>6 
hours) dialysis using independent or helper-assisted noctur-
nal hemodialysis (NHD) performed in the patient’s home. 
However, barriers to adopting NHD remain. For example, 

fear of self-cannulation and reluctance to medicalize the 
home commonly limit NHD uptake.9,10 Moreover, at some 
centers, peritoneal dialysis (PD) and NHD serve distinct 
patient populations,11 whereas at others, these modalities 
may draw from overlapping patient pools. Despite concerted 
efforts it has been challenging to increase NHD utilization at 
our center, our older dialysis patients often decline NHD or 
are unable to complete training. Remoteness from training 
locations and our PD-assist program are additional factors, 
which may dissuade NHD candidates.12 In-center nocturnal 
hemodialysis (INHD) programs have been developed to 
broaden the population to which intensive hemodialysis can 
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Type d’étude: Une méthodologie rétrospective a été employée pour examiner les dossiers médicaux et bases de données.
Cadre: Étude menée dans le seul programme canadien d’HDNC, soit celui du centre de soins tertiaires de Victoria, en 
Colombie-Britannique. Ce programme dessert un bassin d’environ 450 000 personnes.
Sujets: Un total de 43 patients incidents consécutifs ont pris part au programme d’HDNC; 42 ont donné leur consentement 
éclairé pour participer à l’étude.
Méthodologie: Nous avons procédé à une étude observationnelle rétrospective examinant les résultats de patients 
incidents sous HDNC entre 2015 et 2017. L’échec de la modalité dans les six premiers mois constituait l’issue principale. 
La réussite de la modalité et les prédicteurs d’une interruption temporaire ou complète de l’HDNC constituaient les issues 
secondaires. Les prédicteurs pour chaque résultat incluaient les données démographiques, les maladies concomitantes et le 
score sur l’échelle CFS (Clinical Frailty Scale) mesurant la fragilité clinique.
Résultats: L’étude porte sur 42 sujets dont l’âge moyen s’établissait à 63 ans (ET: 16 ans); 52 % étaient âgés de 65 ans et 
plus. En moyenne, les patients étaient dialysés depuis 46 (55) mois, suivis depuis 11 (9) mois et présentaient un score CFS 
de 4 (1). L’échec de la modalité est survenu dans les six premiers mois pour 12 patients (29 %). La réussite de la modalité 
après 1 an, censurée pour les transplantations et les transitions vers la dialyse à domicile, était de 60 %. Les interruptions 
étaient liées à l’insomnie (32 %), au changement de statut médical (27 %) et à l’accès vasculaire (23 %). Dans l’analyse de 
survie de Cox non corrigée, des augmentations d’un point au score CFS étaient associées à un plus grand risque d’échec (RR: 
2,04; IC à 95 %: 1,26-3,31). Dans l’analyse corrigée, l’augmentation de la fragilité a également été associée à une interruption 
temporaire de l’HDNC (rapport du taux d’incidence: 2,64; IC à 95 %: 1,55-4,50; comparaison d’un score CFS entre 1 et 3 à 
un score CFS égal ou supérieur à 4).
Limites: La conception rétrospective et observationnelle de l’étude a limité le contrôle des facteurs confusionnels. De 
plus, le nombre relativement faible d’événements observés (échantillon de petite taille) a diminué la puissance statistique 
permettant d’étayer les conclusions. Enfin, l’étude est monocentrique, ce qui limite sa généralisabilité à d’autres programmes 
et contextes cliniques, et un seul médecin a déterminé les scores de fragilité clinique.
Conclusion: L’HDNC s’avère une modalité viable, même pour les patients plus âgés. L’accroissement de la fragilité a été 
associé à un risque accru d’échec de la modalité et à davantage de traitements manqués. L’ajout d’un seuil de fragilité clinique 
(score ≤ 4) aux critères d’inclusion pour l’HDNC pourrait aider à identifier les personnes les plus susceptibles de profiter 
des avantages à long terme de cette modalité.
Enregistrement de l’essai: Non nécessaire puisqu’il s’agit d’une étude rétrospective et observationnelle.
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be offered. These programs offer prolonged dialysis (>6 
hours) 3 nights per week. We initiated INHD in 2015 and 
rapidly grew to an 18-patient census. We hypothesized that 
INHD would be sustainable for our older dialysis population. 
The purpose of this study was to determine the proportion 
that experienced early technique failure; we also sought to 
document technique survival, the causes and determinants of 
technique failure, and the frequency of temporary interrup-
tions to INHD.

Methods

Retrospective chart and database reviews were conducted 
including incident INHD patients at the Royal Jubilee 
Hospital following program inception February 27, 2015, 
until last follow-up August 22, 2017. Our renal program 
serves Greater Victoria with a catchment population of 
approximately 450 000 including ~300 dialysis patients. 
Study inclusion criteria were developed a priori and were 
applied in multidisciplinary rounds to select INHD patients 
(Supplemental Material 1). Research ethics boards at the 
University of Calgary and Vancouver Island Health Authority 
approved this study. Informed consent was obtained in June 
2017 prior to retrospective data review.

Primary Outcome

The primary outcome was technique failure ≤6 months after 
INHD initiation. Technique failure was defined as permanent 
change to non-INHD dialysis not due to renal transplantation 
or transition to home dialysis. Although some published 
studies report 30-day technique failure, we chose a threshold 
of 6 months for the pragmatic reason that treatment beyond 6 
months is enough time to accrue objective health benefits 
such as improved phosphate control4 and reduction in left 
ventricular hypertrophy.3 Six months was also sufficient 
from a programmatic perspective to justify the time invest-
ment required to support INHD patient transitions.

Secondary Outcomes

Prespecified secondary analyses evaluated unadjusted time 
to technique failure and prolonged technique survival greater 
than 12 months. “INHD modality disruptions” were defined 
as 3 consecutive, non-INHD treatments. Length of disrup-
tion was defined by the number of days spanning the first 
missed INHD run and the date of INHD resumption. Reasons 
for permanent discharge were determined by chart review 
and verbal confirmation with charge nurses when required.

Baseline Characteristics

Baseline characteristics were recorded at INHD initiation. 
Education level and home status (own/rent) were patient-
reported. Distance from the renal unit was determined using 

mapping software (Google Maps, Mountain View, 
California). Dialysis vintage was defined as the time inter-
val between INHD start and first-ever dialysis (HD or PD). 
Vascular access was defined as that used for the first INHD 
treatment. Patients who had a central venous catheter 
(CVC) as well as an arteriovenous fistula (AVF) or arterio-
venous graft (AVG) were assigned to the CVC group to 
capture inherent risks associated with CVCs. Cause of end-
stage renal disease (ESRD) was obtained from patient 
charts or patients’ primary nephrologist. Mode of transpor-
tation was defined as that most commonly used to commute 
to dialysis.

Frailty

Frailty was measured by a single investigator (M.E.S.) using 
the Canadian Study on Health and Aging Clinical Frailty 
Scale (CFS) (Supplemental Material 2).13 The Fried et al14 
frailty phenotype and the CFS are 2 common tools that have 
been used to detect frailty among dialysis patients. The 5 
frailty criteria of Fried are weight loss, exhaustion, low 
physical activity, slowness, and weakness. Scoring the sum 
of these 5 criteria allows a subject to be placed into 1 of 3 
frailty categories: not frail (score 0), pre-frail (scores 1-2), 
and frail (scores 3-5). These criteria are often evaluated 
through patient self-reporting. Categorizing the frailty con-
tinuum by means of only 3 stages may lose some granularity 
in capturing degrees of frailty. The CFS allows an evaluator 
to place a patient into 1 of 9 frailty categories. This more 
incremental and subjective assessment may help to capture 
the gradual biologic continuum of frailty. It also allows the 
evaluator to subjectively weigh multiple layers of knowl-
edge about the patient including medical, social, and physi-
cal observations. We therefore chose to record CFS scores in 
our INHD patients as a measure of frailty. In addition, the 
CFS has been validated in hemodialysis patients and is 
applicable at the bedside without additional cost and mini-
mal training.15 A modified Charlson Comorbidity Index 
score for patients with ESRD was calculated for each patient 
at INHD initiation.16

Dialysis Parameters

Dialysis duration was 7 to 8 hours. Dialysis was performed 
thrice weekly. Dialysate and blood flow rates were pre-
scribed at 300 and 250 mL/min, respectively. Most of the 
patients ran on a dialysate prescription of 3 mmol/L potas-
sium, 1.5 mmol/L calcium, 138 mmol/L sodium, and 35 
mmol/L bicarbonate. Most patients used high-flux, steam-
sterilized, single-use Fresenius hemodiafiltration mem-
branes. All patients received bolus unfractionated heparin at 
the start of dialysis followed by heparin infusions, which 
were discontinued 60 to 120 minutes before dialysis comple-
tion for AVF/AVG accesses. Maximum ultrafiltration rates 
varied per nephrologists’ discretion.
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Data Collection

Charted data were recorded per clinical guidelines by regis-
tered nurses. Data were obtained via chart review (M.J.S.) at 
start-up, 3 months, 6 months, and 1 year.

Statistical Analysis

Categorical variables are reported as numbers and percent-
ages and continuous variables as means (SDs) for normally 
distributed data and medians (interquartile range [IQRs]) for 
data that were not normally distributed. To determine predic-
tors of technique failure, univariable logistic regression was 
utilized. Multivariable modeling was avoided to avoid over-
fitting given anticipation of a small number of outcomes. 
Time to technique failure or death was assessed using the 
Kaplan-Meier Product Limit method. For the Kaplan-Meier 
analysis, follow-up was censored for INHD discontinuation 
due to (1) kidney transplantation, (2) home hemodialysis 
transition, and (3) end of study period, August 22, 2017. 
Univariable associations with time to technique failure were 
analyzed using a Cox survival analysis and reported using 
relative hazards with 95% confidence intervals (CIs).

For the secondary outcome, “INHD disruptions,” the 
unadjusted incidence rate ratio (IRR) (number of disrup-
tions/follow-up time) for baseline variables was reported 
using the exact McNemar test. Significant univariable 
associations with disruptions were analyzed in an adjusted 
negative binomial regression model (to account for over-
dispersion), and IRRs and 95% CIs were reported. In all 
analyses, a 2-sided P value <.05 was considered statisti-
cally significant.

Results

From program start-up in February 2015 to May 2017, 43 
patients commenced INHD. Forty-two patients were 
approached in June 2017 and provided consent. Consent was 
unattainable from one patient who had died. Thus, 42 patients 
were followed for a total 471 patient-months until the first of 
either permanent discharge from INHD or study completion. 
The mean length of follow-up was 11.2 (SD 9.3) months for 
all participants (n = 42) versus 16.6 (SD 9.7) months among 
those who did not require discharge during the course of 
follow-up (n = 20). Table 1 shows baseline demographic 
characteristics. Figure 1 shows the age distribution of the 
patients.

Technique Failure <6 Months

Eighteen patients attended INHD for less than 6 months 
(Figure 2). Two of these 18 received a kidney transplant and 
4 were enrolled late in the study period and remained on 
INHD at the end of study follow-up, August 22, 2017.

Technique Failure at Any Time

Twenty-two of 42 INHD patients (52%) were permanently 
discharged at some point during the study. The reasons for 
discharge are outlined in Table 2. Four of 22 (18%) dis-
charged patients discontinued INHD due to kidney trans-
plantation and 1 (4.5%) due to a transition to home 
hemodialysis. Among the 17 (40%) patients permanently 
discharged for reasons other than kidney transplantation or 
transition to home dialysis, median technique survival was 5 
months (IQR: 1.3-7.7). Sixteen of 42 (38%) patients remained 
on INHD greater than 12 months. Time to death or technique 
failure is shown in Figure 3.

Table 1.  Characteristics of Patients Who Participated in the  
In-Center Nocturnal Hemodialysis Program Between February 
27, 2017 and August 22, 2017.

Characteristic Total (n = 42)

Mean age, y (SD) 63 (16)
Male, No. (%) 29 (69)
Education level, No. (%)
  Elementary 2 (5)
  High school 16 (38)
  University 24 (57)
Home status, No. (%) own 18 (43)
Mean distance from unit, km (SD) 10 (8)
Mean dialysis vintage, mo (SD) 46 (55)
Prior HD setting hospital in-center  

unit, No. (%)
25 (60)

Vascular access, No. (%)
  Catheter 17 (40)
  Arteriovenous fistula 19 (45)
  Arteriovenous graft 6 (14)
Cause of ESRD, No. (%)
  Glomerulonephritis 21 (50)
  Diabetes mellitus 9 (21)
  Obstruction 4 (10)
  Polycystic kidney disease 3 (7)
  Hypertension 2 (5)
  Other 2 (5)
  Interstitial nephritis 1 (2)
Mode of transportation, No. (%)a

  Independent 26 (62)
  Medical ride service 11 (26)
  Family/friends 11 (26)
  Taxi 2 (5)
Mean Clinical Frailty Scale score (SD) 4.0 (1)
Diabetes, No. (%) 13 (31)
Previous home dialysis, No. (%) 15 (36)
Prior kidney transplant, No. (%) 10 (24)
Charlson Comorbidity Index (median, IQR) 3 [1-6)

Note. ESRD = end-stage renal disease; HD = hemodialysis;  
IQR = interquartile range.
aSome patients had multiple modes of transportation; thus, the results 
have a sum greater than 100%.
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Predictors of Technique Failure

In an unadjusted “time to event” Cox survival analysis, 
which was censored for positive outcomes (4 transplants and 
1 home hemodialysis transition), there were a total of 17 per-
manent discharge events during the full follow-up period. 
Each 1-point increase in the CFS was associated with an 
increased risk of technique failure at any point during the 
study period (hazard ratio [HR]: 2.04, 95% CI: 1.26-3.31). 

When treated categorically, a CFS score of ≥4 was associ-
ated with a 4.5-fold increase in the relative hazard for tech-
nique failure (HR: 4.51, 95% CI: 1.02-19.87). Other factors 
associated with technique failure in unadjusted analysis are 
noted in Table 3. Figure 4 shows that the percentage of 
patients with technique survival >6 months or renal trans-
plant in each CFS category declined as CFS category rises.

Comparing those with prolonged technique survival of 
greater than 1 year (n = 16) to those who experienced tech-
nique failure in less than 6 months (n = 12; see Figure 1), 
the mean CFS score was significantly lower (3 ± 1 versus 
5 ± 2) (2-tailed t test, P = .001) for who remained on INHD 
greater than 12 months. The mean ESRD modified Charlson 
Comorbidity Index was nonsignificantly lower (2.6 ± 2.2) 
for the patient group on INHD for more than 12 months ver-
sus 4.5 ± 4.3 for the patient group on INHD for less than 
6 months (P = .06), respectively.

Sensitivity Analysis

We also calculated the odds of technique failure with increas-
ing CFS score compared with a reference group combining 
CFS scores of 2 and 3. The CFS categories 2 and 3 were 
combined because there were no technique failure patients 
with a CFS score of 2. Compared with the reference group 
the odds of technique failure with CFS scores of 4, 5, and 6 
were 1.3 (95% CI: 0.26-6.72), 5.5 (95% CI: 0.61-49.54), and 
7.3 (95% CI: 0.48-111.19). The Cochran-Armitage trend test 
was statistically significant (P = .0056).

INHD Attendance

Twenty-two of 42 patients had at least 1 temporary INHD 
disruption (Table 4). The median number of days per disrup-
tion was 22 (IQR: 10-35). Nine of 22 patients had 2 or more 
disruptions. A total of 1286 INHD days were missed due to 
disruptions accounting for 9.0% of INHD time. The inci-
dence rates of INHD modality disruptions for patients with a 
high (≥4) versus low1-3 The CFS scores were 1.42 per year 
and 0.61 per year, respectively (IRR: 2.30, 95% CI: 1.10-
5.25, P = .02). Unadjusted IRRs (number of disruptions/
follow-up time) for baseline variables were as follows: CFS 
of 4 or greater, IRR 2.3 (95% CI: 1.1-5.3); Charlson 
Comorbidity Index score greater than 5, IRR 1.58 (95% CI: 
0.8-2.0); home ownership, IRR 1.35 (95% CI: 0.7-2.6); med-
ical transport service dependence, IRR 1.2 (95% CI: 0.5-
2.56); age >65, IRR 0.77 (95% CI: 0.4-1.5); fistula dialysis 
access, IRR 0.72 (95% CI: 0.4-1.4); and dialysis vintage >1 
year, IRR 0.65(95% CI: 0.3-1.4). In a multivariable adjusted 
model (including categories of age, Charlson Comorbidity 
Index, dialysis vintage, access, and medical transport service 
dependence), a higher frailty severity was the only factor 
associated with modality disruptions (IRR: 2.64, 95% CI: 
1.55-4.50 comparing scores of ≥4 to 1-3).

Figure 1.  Age distribution of in-center nocturnal hemodialysis 
patients.

Figure 2.  Flow diagram for all incident patients initiating 
in-center nocturnal hemodialysis between February 2015 and 
August 22, 2017.
aMean time on INHD = 4 months as of August 22, 2017.  
INHD = in-center nocturnal hemodialysis.
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Discussion

This study considered 42 incident patients enrolled in a new 
INHD program. These individuals were older than those in 
prior case series. The mean age in our study was 63 years and 
10 individuals were greater than 80. Among 20 INHD cohorts 
included in the 2017 review of Wong et al,7 mean age ranged 
from 35 to 57 years. This difference may relate to older 
demographics on Vancouver Island or to our inclusion crite-
ria, which lacked age restrictions.12 Despite being older, we 
observed robust 1-year technique survival censored for 
transplants and home dialysis transitions of approximately 
60%. This contemporary benchmark is similar to the only 
other report describing INHD technique survival of ~54% by 
Lacson et al,5 which included American patients within the 
Fresenius network. In contrast to the Lacson report, our study 
involved incident patients in the first-ever INHD cohort at 
our institution, among whom 29% experienced technique 
failure within 6 months. Therefore, it is possible that 

refinement of selection criteria using novel predictors of 
technique failure may increase the proportion of patients 
who realize benefits of sustained intensive dialysis and 
lessen those for whom early discontinuation results in unnec-
essary modality transitions and limited net benefit.

Reasons for Permanent Discontinuation of INHD

A better understanding of factors leading to INHD discon-
tinuation may allow development of support measures 
intended to increase sustainability. For example, inability to 
sleep was the most common reason for discontinuation. The 
use of mechanical sleep aids (eg, eye masks and earplugs), as 
well as pharmacological ones, was found to be beneficial. 
Sequestration of loud snorers in isolation rooms also helped 
facilitate a quieter environment. In addition, exploration of 
other causes of insomnia such as excess ultrafiltration lead-
ing to cramping may be helpful in select patients. Nonetheless, 
our findings signify that individuals with refractory insomnia 
are unlikely to become long-term adopters of INHD.

Another issue that arose was that of a disruptive patient 
with a prior diagnosis of a personality disorder. This pro-
grammatic experience led to amendment of our selection cri-
teria. Half of the reasons for technique failure (change in 
medical status [27%] and vascular access issues [23%]) will 
likely occur at a fixed rate in INHD cohorts. However, the 
recognition that severe insomnia and inability to perform 
self-care activities are relative contraindications to INHD 
could attenuate the incidence of early technique failure.

It is also noteworthy that some patients discontinued 
INHD to pursue positive transitions; INHD functioned as a 
bridge to a beneficial modality in 5 of 42 patients (12%, 4 
transplants, 1 home hemodialysis). This confirms that INHD 
may be successfully, and appropriately, employed as a transi-
tional modality in some patients.

Table 2.  Major Reasons for Permanent Discharge From  
In-Center Nocturnal Hemodialysis Program.

Total patient pop. 
(n = 42)

Total number of discharges, No. (%) 22 (52)
Reasons for discharge, No. (%)a

  Could not sleep 7 (32)
  Change in medical status 6 (27)
  Vascular access issues 5 (23)
  Kidney transplant 4 (18)
  Inadequate self-care abilitiesb 2 (9)
  Disruptive to other patients and 

aggressive with staff
1 (5)

  Transition to home hemodialysis 1 (5)

aSome patients had more than one primary reason for permanent 
discharge; thus, the results have a sum greater than 100%.
bInability to transfer independently, inadequate level of consciousness to 
hold sites and/or travel independently postdialysis.

Figure 3.  In-center nocturnal hemodialysis technique survival 
(censored for transplants and transitions to independent 
hemodialysis modality).

Table 3.  Univariable Associations With Time to Technique 
Failure (42 Patients, 17 Technique Failure Events).

HR (95% CI)

Clinical Frailty Scale  
(each 1-point increment)

2.04 (1.26-3.31)*

Clinical Frailty Scale of 4 or greater 4.51 (1.02-19.88)
Fistula dialysis access 2.54 (0.83-7.81)
Medical transport service dependence 2.89 (1.09-7.71)*
Age (yearly increments) 1.01 (0.98-1.04)
Age (>65) 1.19 (0.46-3.09)
Dialysis Vintage (yearly increments) 1.07 (1.00-1.15)*
Dialysis Vintage (>1 y) 2.34 (0.53-10.34)
Home ownership 0.84 (0.31-2.28)
CCI score 1.06 (0.90-1.24)
CCI score>5 1.22 (0.46-3.24)

Note. CI = confidence interval; HR = hazard ratio;  
CCI = Charlson Comorbidity Index.
*P < .05.
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Predictors of Technique Failure

Our study used the Canadian Study of Health and Aging 
Clinical Frailty Scale to assess degree of frailty. This tool can 
be easily applied without extensive training. In addition, the 
CFS has been validated in hemodialysis patients both as a 
sensitive measure of frailty and as a factor predictive of 
mortality.15,17

In our study, increasing frailty as measured by the CFS 
emerged as the strongest predictor of early technique failure. 
Each 1-point increment in CFS associated with a greater risk 
of technique failure. Among patients deemed to be only 
“mildly frail” (CFS category 5), just 40% were able to remain 

on the modality for more than 6 months, compared with 74% 
of CFS category 4 patients. A CFS designation of 5 suggests 
that an individual may move slowly and/or require assistance 
with finances, housework, or medication management.

Our findings also suggest that worsening frailty may be 
more predictive of early technique failure in INHD than 
advancing age. Similarly, Alfaadhel et al15 found that the cor-
relation with advancing frailty and mortality in dialysis 
patients persisted after adjustment for age. We observed 4 
individuals who were above the age of 80 remain on INHD 
for more than 18 months. Thus, our findings do not support 
the use of “age” cut-offs for INHD program participation.

To our knowledge, no prior studies have described factors 
associated with technique failure in INHD. However, our 
findings align with previous studies of hemodialysis patients 
in which increasing frailty was found to predict other impor-
tant adverse clinical endpoints including mortality and hos-
pitalization.18 Previous studies of home nocturnal dialysis 
patients have identified diabetes, use of rental housing, 
smoking, and drug or alcohol use as risk factors for discon-
tinuing home hemodialysis.19,20 However, these findings are 
not directly comparable with our study, given heterogeneous 
patient populations participating in self-care home dialysis 
versus nurse-dependent INHD.

INHD Attendance

Temporary disruptions occurred in approximately half of 
INHD patients (median duration: 3 weeks), and almost 10% 
of scheduled runs were missed. These missed runs represent 
an opportunity loss both for patients who fail to realize ben-
efits related to intensive dialysis and program administrators 
wishing to maximize efficiency. Temporary disruptions were 
most commonly related to vascular access and medical com-
plications, which are not typically preventable. However, 
higher CFS scores were found to associate with significantly 
greater absenteeism from INHD. Those with a CFS score of 
at least 4 (“Vulnerable”) were found to have more than dou-
ble the incidence rate for modality disruption compared with 
those classed as CFS 1 to 3.

Study Limitations

This analysis is limited by its retrospective, single-center 
design, and small number of patients, which results in dimin-
ished statistical power to uncover other risk factors for tech-
nique failure. However, our study size is comparable with 
multiple previous reports.21-24 Moreover, the use of predeter-
mined INHD program admission criteria rather than accept-
ing all-comers might have reduced the incidence of technique 
failure and thus diminished statistical power. The observa-
tional study design also limited the ability to control for 
factors, which could have influenced the results. Use of a 
single assessor to determine the clinical frailty score is 
another limitation. Given the small sample size, use of second 

Figure 4.  Number of successful outcomes (technique survival 
>6 months or receipt of renal allograft) versus technique failures 
<6 months in each CFS category.
Note. The line graph shows that the percentage of successful outcomes 
declines as the CFS category rises. CFS = Clinical Frailty Scale.

Table 4.  Temporary Disruptions in In-Center Nocturnal 
Hemodialysis Modality.

Total number of INHD days, n 14 340
Total number of disruptions, n 42
Total number of disruption days, n 1286
Percent total days disrupted, % 9
Length of disruptions in days (median [IQR]) 22 [10-35]
Reasons for disruption, n (% of patients with this event)a

  Vascular access issue 15 (36)
  Cardiac event 12 (29)
  Change in medical status (noncardiac) 12 (29)
  Infection (non-vascular access) 10 (24)
  Travel 2 (5)
Patients who experienced a disruption, No. (%) 22 (52)
Multiple disruptions, No. (%)
  Patients with 1 disruption 13 (31)
  Patients with at 2 disruptions 4 (10)
  Patients with 3 or more disruptions 5 (12)

Note. Total patient population n = 42. INHD = in-center nocturnal 
hemodialysis; IQR = interquartile range.
aSome patients had more than one reason for disruption; thus, the results 
have a sum greater than 100%.
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investigator for independent verification of CFS category 
could have improved data quality. In addition, important 
metrics such as patient satisfaction, and clinical and bio-
chemical parameters, were outside the scope of this focused 
study and will be addressed in future studies.

Conclusions

Although limited by the retrospective design and small sam-
ple size, this study suggests that INHD is a sustainable 
modality choice, even in older patients. Increasing frailty 
was also found to be an important risk factor for technique 
failure as well as more frequent missed runs. Clinicians 
wishing their patients to access the benefits of INHD should 
consider whether they are likely to persist on the modality. 
The addition of a CFS score threshold of no greater than 4 
into INHD selection criteria may increase the odds of identi-
fying patients who will benefit from longer technique sur-
vival and lesser absenteeism.

Ethics Approval and Consent to Participate

This study was approved by research ethics boards at the University 
of Calgary and Vancouver Island Health Authority. Written 
informed consent was obtained in June 2017 prior to retrospective 
data review.

Consent for Publication

All authors have reviewed and approved this manuscript and con-
sent to its publication.

Availability of Data and Materials

Data and materials may be made available upon reasonable request 
to the corresponding author.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: M.J.S received a stipend from the BC Renal Agency and the 
University of Calgary to support his work on this project. M.E.S., 
J.M.C., E.G.C., and D.J.M. have no conflicts of interest relevant to 
this study. A.B. has no conflicts of interest relevant to this study, 
however, has received funding for an unrelated INHD research 
study from LeoPharma. K.K.T. has no conflicts of interest relevant 
to the content of this study, however, has unrelated financial disclo-
sures of advisory board participation for Baxter, AstraZeneca, 
Otsuka, and Janssen and has received unrestricted grant funding 
from Otsuka. A.A. has no conflicts of interest relevant to the con-
tent of this study, however, has unrelated financial disclosures of 
grants from AstraZeneca, Janssen, Ortho-Biotech, Sanofi, Merck 
Frost, Amgen, Pfizer, and Bristol Myers. The results of this study 
have not been previously published elsewhere, in whole or in part.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iDs

Marc J. Saunders  https://orcid.org/0000-0001-8883-9983

Ann Bugeja  https://orcid.org/0000-0002-4106-0451

Edward G. Clark  https://orcid.org/0000-0002-6767-1197

Karthik K. Tennankore  https://orcid.org/0000-0002-7919-6709

Supplemental Material

Supplemental material for this article is available online.

References

	 1.	 Pierratos A, Ouwendyk M, Francoeur R, et  al. Nocturnal 
hemodialysis: three-year experience. J Am Soc Nephrol. 1998; 
9(5):859-868.

	 2.	 Graham-Brown MPM, Churchward DR, Smith AC, Baines RJ, 
Burton JO. A 4-month programme of in-centre nocturnal hae-
modialysis was associated with improvements in patient out-
comes. Clin Kidney J. 2015;8(6):789-795.

	 3.	 Graham-Brown MPM, Churchward DR, Hull KL, et al. Cardiac 
remodelling in patients undergoing in-centre nocturnal haemo-
dialysis: results from the MIDNIGHT study, a non-randomized 
controlled trial. Blood Purif. 2017;44(4):301-310.

	 4.	 Ok E, Duman S, Asci G, et al. Comparison of 4- and 8-h dialy-
sis sessions in thrice-weekly in-centre haemodialysis. Nephrol 
Dial Transplant. 2011;26(4):1287-1296.

	 5.	 Lacson E Jr, Xu J, Suri RS, et  al. Survival with three-times 
weekly in-center nocturnal versus conventional hemodialysis. 
J Am Soc Nephrol. 2012;23:687-695.

	 6.	 Lacson E, Diaz-Buxo J. In-center nocturnal hemodialysis per-
formed thrice-weekly: a provider’s perspective. Semin Dial. 
2011;24(6):668-673.

	 7.	 Wong B, Collister D, Muneer M, et  al. In-center nocturnal 
hemodialysis versus conventional hemodialysis: a systematic 
review of the evidence. Am J Kidney Dis. 2017;70(2):218-234.

	 8.	 Burton JO, Graham-Brown MPM. Nocturnal hemodialysis: 
an underutilized modality? Curr Opin Nephrol Hypertens. 
2018;27(6):472-477.

	 9.	 Cafazzo JA, Leonard K, Easty AC, Rossos PG, Chan CT. 
Patient-perceived barriers to the adoption of nocturnal home 
hemodialysis. Clin J Am Soc Nephrol. 2009;4(4):784-789.

	10.	 Wong B, Courtney M, Pauly RP, Jindal K, Klarenbach S. Cost 
analysis of in-centre nocturnal compared with conventional 
hemodialysis. Can J Kidney Health Dis. 2014;1:14.

	11.	 Rioux J-P, Bargman JM, Chan CT. Systematic differences 
among patients initiated on home haemodialysis and peritoneal 
dialysis: the fallacy of potential competition. Nephrol Dial 
Transplant. 2010;25(7):2364-2367.

	12.	 Census profile, 2016 census: Vancouver Island and coast 
[economic region], British Columbia and British Columbia 
[province] [Internet]. Date unknown. https://www12.statcan.
gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm
?Lang=E&Geo1=ER&Code1=5910&Geo2=PR&Code2=59
&SearchText=Vancouverisland&SearchType=Begins&Sea
rchPR=01&B1=All&TABID=1&type=0. Accessed January 
6, 2020.

	13.	 Rockwood K, Song X, MacKnight C, et al. A global clinical 
measure of fitness and frailty in elderly people. Can Med Assoc 
J. 2005;173(5):489-495.

https://orcid.org/0000-0001-8883-9983
https://orcid.org/0000-0002-4106-0451
https://orcid.org/0000-0002-6767-1197
https://orcid.org/0000-0002-7919-6709
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=ER&Code1=5910&Geo2=PR&Code2=59&SearchText=Vancouverisland&SearchType=Begins&SearchPR=01&B1=All&TABID=1&type=0
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=ER&Code1=5910&Geo2=PR&Code2=59&SearchText=Vancouverisland&SearchType=Begins&SearchPR=01&B1=All&TABID=1&type=0
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=ER&Code1=5910&Geo2=PR&Code2=59&SearchText=Vancouverisland&SearchType=Begins&SearchPR=01&B1=All&TABID=1&type=0
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=ER&Code1=5910&Geo2=PR&Code2=59&SearchText=Vancouverisland&SearchType=Begins&SearchPR=01&B1=All&TABID=1&type=0
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=ER&Code1=5910&Geo2=PR&Code2=59&SearchText=Vancouverisland&SearchType=Begins&SearchPR=01&B1=All&TABID=1&type=0


Schachter et al	 9

	14.	 Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: 
evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 
2001;56(3):M146-M156.

	15.	 Alfaadhel TA, Soroka SD, Kiberd BA, Landry D, Moorhouse 
P, Tennankore KK. Frailty and mortality in dialysis: evalua-
tion of a Clinical Frailty Scale. Clin J Am Soc Nephrol. 2015; 
10(5):832-840.

	16.	 Hemmelgarn BR, Manns BJ, Quan H, Ghali WA. Adapting the 
Charlson Comorbidity Index for use in patients with ESRD. 
Am J Kidney Dis. 2003;42(1):125-132.

	17.	 Clark DA, Khan U, Kiberd BA, et al. Frailty in end-stage renal 
disease: comparing patient, caregiver, and clinician perspec-
tives. BMC Nephrol. 2017;18(1):148.

	18.	 McAdams-DeMarco MA, Law A, Salter ML, et al. Frailty as a 
novel predictor of mortality and hospitalization in individuals 
of all ages undergoing hemodialysis. J Am Geriatr Soc. 2013; 
61(6):896-901.

	19.	 Schachter ME, Tennankore KK, Chan CT. Determinants of 
training and technique failure in home hemodialysis. Hemodial 
Int. 2013;17(3):421-426.

	20.	 Seshasai RK, Mitra N, Chaknos CM, et al. Factors associated 
with discontinuation of home hemodialysis. Am J Kidney Dis. 
2016;67(4):629-637.

	21.	 Dai W, Zhang DL, Cui WY, Liu WH. Effect of long intermit-
tent hemodialysis on improving dialysis adequacy of mainte-
nance hemodialysis patients. Chin Med J (Engl). 2013;126(24): 
4655-4659.

	22.	 Wald R, Yan AT, Perl J, et al. Regression of left ventricular 
mass following conversion from conventional hemodialysis to 
thrice weekly in-centre nocturnal hemodialysis. BMC Nephrol. 
2012;13(1):3.

	23.	 Bugeja A, Dacouris N, Thomas A, et  al. In-center noctur-
nal hemodialysis: another option in the management of 
chronic kidney disease. Clin J Am Soc Nephrol. 2009;4:778- 
783.

	24.	 Weinreich T, De los Ríos T, Gauly A, Passlick-Deetjen J. 
Effects of an increase in time vs. frequency on cardiovascu-
lar parameters in chronic hemodialysis patients. Clin Nephrol. 
2006;66(6):433-439.


