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Abstract: Conventional hemodialysis is associated with high morbidity and mortality rates, as 

well as a reduced quality of life. There is a growing interest in the provision of more intensive 

hemodialysis, due to associated benefits in terms of reduced cardiovascular morbidity, better 

regulation of mineral metabolism, as well as its impact on quality of life measures, fertility, and 

sleep. Nocturnal hemodialysis, both in center and at home, allows the delivery of more intensive 

hemodialysis. This review discusses the benefits of nocturnal hemodialysis and evaluates the 

evidence based on available literature.
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Introduction
The history of nocturnal hemodialysis (NHD) mirrors that of chronic hemodialysis 

itself. The first patient on chronic hemodialysis started on March 9, 1960, with the 

first dialysis session lasting for a total of 76 hours, including three nights on dialysis.1 

However, NHD in its current form is widely recognized to be pioneered by Dr Stanley 

Shaldon in 1963, where his team was the first to report the successful use of unat-

tended overnight hemodialysis.2 Dr Robert Uldall is recognized as having established 

the first successful regular nocturnal home hemodialysis program in Toronto in 1994.3

NHD is currently practiced in many parts of the world; however, its true prevalence 

is not known. The International Quotidian Dialysis Registry (IQDR) was established 

in June 2004, with the aim to study practices and outcomes associated with the use of 

hemodialysis regimens of increased frequency and/or duration. However, the IQDR 

only has established agreements with Australia, New Zealand, France, UK, USA, 

and Canada, hence data are only available from these countries. Based on the IQDR 

Annual Report 2010, there were 216, 1,030, 2,069, and 12 patients from Canada, USA, 

Australia/New Zealand, and France, respectively, undergoing NHD during that period.4

For this review, a search on PubMed for articles related to NHD in adults, that were 

published in English, was conducted up to August 2018, without a specific start date. 

As far as possible, full text articles were reviewed for completed studies, and refer-

ences were also evaluated. The indications for NHD, benefits in terms of quality of life 

(QOL), and other patient outcomes were reviewed as well as possible complications.

NHD: how is it performed?
NHD can either be performed in the center or within the home setting. Home NHD 

affords the patient the ability and flexibility to increase the frequency of dialysis beyond 
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the three times per week schedule, which is usually limited 

in-center for logistic or financial reason. Suitable patients 

for consideration should be physically and intellectually 

capable of performing such a therapy at home or have a suit-

able care partner. Most importantly, such patients should be 

motivated for this therapy. Patients will need to undergo a 

training program to assess competence. A physical space is 

also necessary to perform the therapy and provide storage for 

the supplies. However, it is recognized that not all patients 

may be suitable for a home-based dialysis program, due to 

physical inability, lack of home support or a suitable home, or 

an unwillingness to perform dialysis away from nursing care 

or medical support. In-center NHD provides an alternative to 

such patients who may want more intensive hemodialysis but 

are not suitable for a home program, while at the same time 

providing the associated benefits of more intensive dialysis.

The typical prescriptions for NHD are as indicated in 

Table 1. Of note, it may be necessary to alter the dialysate 

prescription due to the long duration of each dialysis session. 

A higher dialysate calcium (1.5–1.75 mmol/L), lower bicar-

bonate (30 mmol/L for 5–7 nights per week, 35 mmol/L for 

3–4 nights per week), and phosphate additives may become 

necessary for some patients.

What is wrong with conventional 
hemodialysis (CHD)?
The current standard of care for patients on hemodialysis in 

many parts of the world is a three times per week regime, 

ranging from 3 to 5 hours depending on local practice. How-

ever, mortality remains high in this group.6 Cardiovascular 

disease remains the leading cause of death in end-stage renal 

disease (ESRD). Risk factors contributing to these include 

hypertension, uremia, anemia, left ventricular (LV) hyper-

trophy, hyperphosphatemia, and poor extracellular volume 

control. Conventional intermittent hemodialysis has not been 

shown to correct these factors adequately, possibly leading to 

the high mortality in this group of patients. CHD also results 

in wide fluctuations in biochemical parameters and intravas-

cular fluid volumes. In hemodialysis patients, blood pressure 

(BP) steadily increases during the interdialytic interval, and 

the rate of BP increment is proportional to the interdialytic 

weight gain.7 In addition to the elevated interdialytic BP, 

excess volume accumulation over the long interdialytic 

interval also affects hemodynamic stability during dialysis.8 

Bleyer et al demonstrated that patients who died during the 

last 12-hour period of the long interdialytic interval had 

higher average serum potassium levels as compared to sur-

vivors.9 This was recognized as early as 1974 by Kjellstrand 

et al,10 who described this as the “unphysiology” of dialysis.

As a result, there is a growing interest in the provision of 

intensive hemodialysis, as it is believed to provide superior 

dialysis due to an increased dose, duration, and frequency of 

dialysis. Increasing dialysis duration is increasingly being rec-

ognized as an important factor in the delivery of hemodialysis. 

In the National Cooperative Dialysis Study,11 in both the high 

and low time-averaged urea groups, those patients dialyzed for 

the shorter therapy duration (2.3–3.5 hours) experienced more 

hospitalizations than the patients undergoing longer therapy 

duration (4.5–5 hours, P=0.06). Observational studies have 

suggested that rapid ultrafiltration rates are associated with 

poorer cardiovascular outcomes, with rates of >13mL/kg/hour 

associated with a 59% increase in all-cause mortality, and a 

71% increase in cardiovascular mortality (P<0.01) in a post 

hoc analysis of the Hemodialysis (HEMO) study.12 Besides 

contributing to an increased dialysis dose and clearance, an 

increase in dialysis duration also allows the need for rapid 

ultrafiltration rates to be mitigated due to lower hourly ultrafil-

tration rates. Home NHD with the capability of increasing the 

frequency of therapy also avoids the long interdialytic interval. 

Large registry-based cohort studies have consistently linked 

Table 1 Classification and characteristics of the various hemodialysis modalities

Modality Sessions/
week

Duration/session 
(hours)

Blood flow 
(mL/min)

Dialysate flow 
(mL/min)

Vascular access

Day time dialysis 
Conventional HD 3 3-5 300 500 Any
Long day time intermittent HD 3 6-9 300 500 Any
Short daily HD 6-7 1.5-3 400-500 500-800 Any
Nocturnal HD (NHD)
In-center NHD (INHD) 3 8 300-400 500 Any
NHHD – daily 5-7 6-10 200-350 200-300 Preferably AV fistula/graft
NHHD – alternate days 3 8 300 500 Preferably AV fistula/graft

Notes: Reprinted with permission from Ranganathan D, John GT. Nocturnal hemodialysis. Indian J Nephrol. 2012;22(5):323–332.5 Copyright © 2012, Wolters Kluwer 
Medknow Publications. Available at: http://www.indianjnephrol.org/article.asp?issn=0971-4065;year=2012;volume=22;issue=5;spage=323;epage=332;aulast=Ranganathan#. 
The Creative Commons license does not apply to this content. Use of the material in any format is prohibited without written permission from the publisher, Wolters 
Kluwer Health, Inc. Please contact permissions@lww.com for further information. 
Abbreviations: AV, arteriovenous; HD, hemodialysis; NHD, nocturnal hemodialysis; NHHD, nocturnal home hemodialysis.
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intermittent dialysis schedules with an elevated risk of death 

and cardiovascular complications, with such events occur-

ring more commonly on the first dialysis day of the week.13 

NHD, performed either in the center or at home, will allow an 

increase in either duration or frequency of dialysis, or both.

NHD: what are the clinical benefits?
Survival
NHD has been associated with improved long-term survival 

compared to CHD. Randomized controlled trials assess-

ing survival in this cohort of patients are limited, and data 

demonstrating benefit have been based mainly on observational 

studies. The Frequent Hemodialysis Network (FHN) Nocturnal 

Trial published by Rocco et al14 in 2011 randomized 87 patients 

to three times per week CHD or NHD six times per week, 

with the two coprimary outcomes of 1) death or 12-month 

change of LV mass and 2) death or 12-month change in the 

RAND 36-item Short Form Survey Physical Health Composite 

(PHC). There was no significant effect for NHD on either of 

the two coprimary outcomes (death or LV mass HR of 0.68, 

or of death or RAND PHC HR of 0.91). Of note, there were 

several limitations of the trial, including the small sample size 

(original sample size calculation of 250) and lower adherence 

to the dialysis prescription in the nocturnal arm. Recruitment 

for the trial was challenging due to the initial forced assign-

ment to either in-center or home.15 Patients included in the trial 

were also incident patients with better residual renal function 

and younger in age. The mortality in the control arm (1/42 or 

2.38%) was also a lot lower than that of the general hemodi-

alysis population in the USA. Lastly, the outcomes of the trial 

were driven predominantly by the nonmortality endpoints. In 

conclusion, the FHN Nocturnal Trial was a negative trial in 

terms of mortality benefit, limited by its lack of power.

Registry-based studies have reported an association with 

better survival for NHD. An analysis of 338 patients in the 

IQDR (which consisted mainly of NHD patients) reported 

an improved survival compared to 1,388 from the Dialysis 

Outcomes and Practice Patterns cohort, with an HR of 0.55 

(95% CI of 0.34 and 0.87, respectively).16 An analysis of an 

US Renal Data System (USRDS) cohort comparing frequent 

hemodialysis vs CHD included 94 patients on NHD. Ten pro-

pensity score-matched control patients for each NHD patient 

were identified from the USRDS database. NHD was associ-

ated with a significant reduction in mortality risk with an HR 

of 0.36 (95% CI: 0.22–0.61, P=0.0001).17 Lastly, data from 

Fresenius Medical Care North America facilities compared 

patients who converted to in-center NHD to patients on CHD 

in a 1:3 propensity score-matched cohort. NHD was associated 

with a 25% reduction in the risk of death after adjustment for 

age, body mass index, and dialysis vintage, with an HR of 0.75 

(95% CI: 0.61–0.91, P=0.004).18 It is important to remember, 

however, that registry data have its inherent biases, including 

the self-selection of patients for more intensive hemodialysis 

as well as the potential for other unknown exposures.

Renal transplantation is considered the gold standard 

renal replacement therapy for ESRD. However, not every 

patient may be suitable for renal transplant due to medical 

issues. Pauly et al19 performed a matched study of a Canadian 

cohort of home NHD patients with a matched cohort of 

patients from the USRDS who had undergone either a liv-

ing (LTX) or a deceased donor (DTX) kidney transplant in 

a 1:3:3 ratio, matching for race, diabetic status, and duration 

of CHD prior to treatment with NHD, DTX, or LTX. There 

was no difference in adjusted survival between DTX and 

NHD (HR: 0.87, 95% CI: 0.50–1.51, P=0.61, NHD control 

group), whereas LTX survival was better (HR: 0.51, 95% 

CI: 0.28–0.91, P=0.02). Of note, the CI in the comparison 

between the DTX and NHD group is wide.

In summary, as a randomized trial of survival on NHD 

vs CHD is unlikely to be repeated due to the challenges 

mentioned previously, the currently available literature sup-

ports the association between improved survival and NHD.

Cardiac
Patients with ESRD have a high cardiovascular morbidity 

and mortality. Factors unique to patients on dialysis include 

anemia, chronic inflammation, pressure, and fluid overload.20 

These lead to LV hypertrophy, which is a strong predictor 

of poor cardiac outcomes in chronic hemodialysis.21 NHD, 

both in-center and frequent home, has been shown to result 

in a reduction in LV hypertrophy and mass.

Chan et al22 first reported a significant reduction in LV 

mass index in 28 patients who were converted to NHD (from 

147±42 to 114±40 g/m2, P=0.004), with 20 of the 28 patients 

achieving normal LV mass by Framingham criteria. Culleton 

et al23 conducted a randomized controlled trial to compare the 

effects of frequent NHD vs CHD on change in LV mass (as 

assessed by cardiac MRI) and health-related QOL (HRQOL) 

over 6 months. Fifty-two patients were assigned in a 1:1 ratio 

to receive NHD six times weekly or CHD three times weekly. 

Frequent NHD significantly improved the primary outcome 

(mean LV mass difference between groups 15.3 g, 95% CI: 

1–29.6, P=0.04). As discussed previously, the FHN Nocturnal 

Trial14 included death or 12-month change of LV mass as one 

of its coprimary outcomes. Although the difference was not 

statistically significant, the mean difference in the change 

in LV mass between the two arms after adjustment for pre-

specified covariates was −10.9 g (95% CI: −23.7 to +1.8 g). 
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The authors commented that the results neither prove nor 

disprove the hypothesis that frequent NHD leads to clinically 

important reduction in LV mass, and that reduction of LV 

mass close to the center of the interval has been associated 

with differences in mortality in other studies.24 In addition, 

as the FHN Nocturnal Trial included a larger proportion of 

incident patients, it may have resulted in urine volume and 

renal solute clearance reducing the contribution of the dialysis 

regimens to total solute and fluid removal.

The effect of home NHD on cardiac remodeling has also 

been examined, however, the results are inconclusive. Eleven 

patients who underwent home NHD also underwent transtho-

racic echocardiography (TTE) and cardiac MRI at baseline, 

and after 1 year on NHD. LV mass index decreased signifi-

cantly at 1 year by both TTE (152±7–129±8 g/m2, P<0.05) and 

cardiac MRI (162±4–124±4 g/m2, P<0.05). There was also a 

significant reduction in both left and right atrial volumes as well 

as in right ventricular (RV) mass index over 1 year of follow-

up.25 Diastolic dysfunction also improved from a baseline grade 

of 3.4 to 1.2 at 1 year of follow-up. In contrast, an analysis of 

the FHN Nocturnal Trial26 revealed that there was no significant 

difference in LV or RV volume, or ejection fractions, with a 

good residual renal function for this cohort postulated to be 

one of the reasons contributing to this difference.

Conversion from in-center conventional to in-center 

nocturnal may also result in similar benefits to the cardiac 

structure and function. Wald et al27 conducted a retrospec-

tive cohort study on 37 CHD patients, who converted to in-

center NHD, examining the effects on LV mass as assessed 

by cardiac MRI. LV mass declined by 32±58 g (P=0.002) 

at 6-month postconversion and by 40±56 g (P=0.0004) at 

12-month postconversion. The rate of change of LV mass 

decreased significantly from 0.4 g/year before conversion 

to −11.7 g/year following conversion (P<0.0001). There 

was no significant change of left atrial volume or remodel-

ing after conversion to NHD.28 These findings on LV mass 

reduction were replicated in another cohort of patients on 

in-center NHD by Ok et al,29 where 247 NHD patients were 

compared to 247 CHD patients in a prospective controlled 

study, with LV mass assessed by echocardiography. With 

similar LV mass indices at baseline (NHD 140±44 g/m2 vs 

CHD 142±52 g/m2), the NHD group had a final LV mass 

index of 116±34 g/m2 compared to the CHD group (139±45 

g/m2), with a P-value <0.001. In contrast to the study by the 

Toronto group, left atrial diameter and left ventricular end-

diastolic diameter were also significantly reduced in this NHD 

group. Possible causes of the difference in outcome include 

a difference in assessment tool (echocardiography readings 

limited by geometric assumptions) as well as other factors 

affecting chamber remodeling. In summary, conversion to 

in-center NHD was associated with improvements in LV 

mass reduction in the above two studies.

CHD has also been associated with myocardial stun-

ning,30 with the induction of global and segmental myocardial 

ischemia. This has been associated with an increased mortal-

ity.31 Factors associated with myocardial stunning include 

ultrafiltration volume/rate and intradialytic hypotension.31 

Home NHD, as a form of frequent dialysis, has been shown 

to reduce the extent and severity of dialysis-induced regional 

wall motion abnormalities compared to CHD.32

Benefits in terms of hospitalization related to cardiovas-

cular events have also been demonstrated.33 In a prospective 

controlled study of patients converted to NHD compared 

to controls on CHD, conversion to NHD was associated 

with a decrease in the composite endpoint of dialysis or 

cardiovascular-related admission rate (0.5±0.15–0.17±0.06 

admissions per patient year, P=0.04). In contrast, patients on 

CHD had a stable admission rate.

In summary, NHD (both home and in-center) has been 

shown to have beneficial effects on cardiac parameters in 

terms of LV mass reduction. In addition, home frequent NHD 

has been associated with a reduction of myocardial stunning 

compared to CHD. The effect on other parameters like left 

atrial remodeling and volume reduction remain inconclusive.

Blood pressure
BP reduction has been consistently demonstrated in NHD, 

both in-center and home frequent NHD. A reduction of the 

number of BP medications has also been demonstrated. There 

are several postulated mechanisms by which this is achieved. 

A reduction of peripheral resistance has been demonstrated 

in NHD, driven in part by a reduction in sympathetic activ-

ity, with a significant reduction of plasma norepinephrine 

levels.34 Amelioration of sleep apnea is another mechanism 

by which BP control is improved, as nocturnal hypoxemia 

is strongly linked to sympathetic nervous system activation. 

NHD reduces the number of episodes of hypopnea and apnea 

significantly and improves the balance between sympathetic 

and vagal pulse rate modulations. There may also be an 

improvement in endothelial function with more intensive 

hemodialysis.35 Last, better volume control has also been 

postulated to contribute to better BP control.

In the two randomized controlled trials involving patients 

on frequent NHD, better BP control was achieved. In the 

study by Culleton et al,23 6-month SBP decreased in patients 

randomized to NHD by 7 mmHg and increased in patients 
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on CHD by 4 mmHg (mean difference of 11 mmHg, 95% 

CI: –2 to 24 mmHg). After adjustment for mean baseline BP, 

this mean difference between groups increased to 14 mmHg 

(95% CI: 3–26 mmHg, P=0.01). This was achieved despite 

a reduction of antihypertensive medication. In the FHN 

Nocturnal trial,14 hypertension was better controlled in the 

NHD arm, with a reduction in weekly SBP of −9.7 mmHg 

(95% CI: −16.9 to −2.5 mmHg, P=0.009). Again, this was 

achieved despite a significant reduction in the number of 

antihypertensive medications supplied.

With in-center NHD, despite the relative reduction in 

frequency of therapy as compared to frequent home NHD, 

a reduction in number of antihypertensive medications was 

noted, although the change in BP was not statically signifi-

cant. The study by Ok et al29 discussed earlier did not dem-

onstrate a change in BP levels over 12 months, however, the 

need for antihypertensive medication declined from 22% to 

8% in NHD patients (P=0.02), while it did not change in the 

conventional arm. In the study by Wald et al,27 conversion to 

in-center NHD was associated with a nonsignificant reduction 

in both SBP and DBP. The mean number of antihypertensive 

medications declined, with a between group reduction of −0.7 

(95% CI: −1.1 to −0.3, P=0.002). The difference in BP reduc-

tion between the frequent home and in-center NHD patients 

could perhaps be attributed to the increased frequency of 

treatment performed in the home setting.

Quality of life
CHD is an inadequate treatment for ESRD patients. Conven-

tional targets for dialysis adequacy in terms of small solute 

clearance represent only about 15% of that achieved by a nor-

mal functioning kidney.36 Patients also experience symptoms 

of cramps or dizziness during CHD due to high ultrafiltration 

rates or accumulated fluid volumes, with patients feeling 

“washed out” and fatigued after each dialysis session.37 Due 

to the inadequacy of CHD, medications must be consumed 

to achieve better BP control and phosphate control. This also 

contributes to the pill burden of this group of patients, which 

is one of the highest in any chronic disease state.38 It is hence 

unsurprising that patients on CHD have poorer QOL scores.

The effect of NHD on QOL is more variable, depending 

on the cohort and assessment tool/scale used. There have 

been several randomized controlled trials assessing QOL as 

one of their primary/secondary outcomes. The FHN Noctur-

nal Trial14 included death or 12-month change in the SF-36 

RAND PHC as one of its two coprimary outcomes. The mean 

PHC score increased for the entire cohort by 2.4 points (95% 

CI: 0.3–4.5 points, P=0.02). This increase in PHC score was 

similar between both the groups, with an estimated mean dif-

ference of only 0.6 points. One possible explanation of this 

result was that the improvement in PHC scores in both arms 

may have resulted from a change of venue rather than the 

therapy itself. The Culleton study23 also assessed HRQOL as 

one of its secondary outcome measures, using the EuroQoL 

EQ-5D (EQ-5D) index score (scale range 0.0 [dead] to 1.0 

[full health]) as its primary HRQOL outcome, with a mini-

mum increment of 0.03 being considered clinically important. 

This study also utilized the ED-5D visual analog scale score 

(0–100, with 100 representing perfect health) and the Kidney 

Disease QOL-Short Form (KDQOL-SF) questionnaire (the 

authors choosing four out of the 11 dimensions a priori, ie, 

kidney disease-related symptoms/problems, effects of kidney 

disease, burden of kidney disease, and sleep). In the primary 

analysis, NHD did not improve the change of EQ-5D scores 

from baseline to 6 months compared to CHD (between group 

difference: 0.05, 95% CI: −0.07 to 0.17, P=0.43). Similarly, 

NHD did not result in a statistically significant change of 

EQ-5D visual analog scale score from baseline. However, 

when the above scores were compared to the scores at time 

of randomization, the between group difference was larger 

for the EQ-5D score (between group difference: 0.12, 95% 

CI: −0.005 to 0.25, P=0.06) and was statistically significant 

for the EQ-5D visual analog scale score (P=0.03). In terms 

of the KDQOL-SF domains, NHD statistically improved the 

domains “effects of kidney disease” and “burden of kidney 

disease” compared to CHD, with the results not changing 

appreciably when adjusting for baseline HRQOL values and 

baseline dialysis modality. It is important to note that in this 

study, the baseline scores for the entire cohort was in the 

0.7 range for the EQ-5D score, which is substantially higher 

than what is typically seen in hemodialysis patients, in fact, 

being like the scores in patients following successful renal 

transplantation. This may have limited the ability of NHD in 

improving overall QOL scores in this study.

Several observational studies have also assessed the 

impact of NHD on QOL. An Australian group assessed 

changes in QOL after conversion from conventional home 

hemodialysis to home NHD in 63 patients in an observa-

tional cohort study.39 Outcome measures included KDQOL, 

assessment of QOL instruments, and 6-minute walk test, 

which were assessed at baseline and 6 months. For KDQOL, 

significant improvements in general health (P=0.02), overall 

health ratings (P=0.008), physical function (P=0.003), physi-

cal role (P=0.018), and energy and fatigue (P=0.027) were 

documented. There was a trend toward improvement in burden 

of kidney disease (P=0.05) and emotional role (P=0.066). On 
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assessment of QOL, there was a trend toward improvement in 

overall utility score from 0.65 (0.39–0.81) to 0.73 (0.46–0.86), 

P=0.096. A Toronto group conducted interviews with 24 home 

NHD patients and compared them to 19 in-center hemodi-

alysis patients.40 Home NHD was associated with a higher 

utility score (as assessed by the standard gamble technique), 

with NHD scoring 0.77±0.23 and CHD scoring 0.53±0.35 

(P=0.03). The London Ontario group also reviewed QOL 

among patients on more intensive dialysis, including 12 on 

NHD, compared to CHD, using the time trade-off method.41 

Utility scores were significantly higher for the NHD group 

(0.781±0.171) vs CHD group (0.703±0.266), P<0.05.

Lastly, further analyses of the FHN Nocturnal Trial 

were conducted to assess the impact of frequent home 

NHD on other aspects like physical performance, health, 

and functioning42 and mental health.43 With regards to 

physical performance, health, and functioning, the main 

outcome measures were adjusted change in scores over 12 

months on the short physical performance battery (SPPB), 

PHC, and physical functioning subscale (PF) based on an 

intention to treat principle. There was no significant differ-

ence in the SPPB (adjusted mean change of −0.92±0.44 to 

−0.41±0.43, P=0.41), PHC (2.7±1.4 vs 2.1±1.5, P=0.75), 

or PF (−3.1±3.5 vs 1.1±3.6, P=0.40). Depressive symptoms 

and self-reported mental health were assessed by the Beck 

Depression Inventory (BDI), and the mental health composite 

score and emotional subscale of the RAND 36-Item Health 

Survey were also assessed with the mental health composite 

score derived by summarizing the emotional, role emotional, 

energy/fatigue, and social functioning scales of the RAND 

36-Item Health Survey. Mean BDI score showed a 1.6-unit 

greater decrease (95% CI: −4.9 to 1.7, P=0.3). There were 

no statistically significant changes between the groups for 

any of the other assessments of depressive symptoms or self-

reported mental health at month 12. However, the signs for 

all comparisons were in the direction favoring the frequent 

NHD intervention, with trends generally showing magnitudes 

similar to those observed in the larger Daily Trial.

In summary, the effect of NHD on QOL is variable, 

depending on the population and assessment method used, 

with the associated limitations of each scale. Benefits in terms 

of QOL may be limited to certain kidney disease-specific 

QOL outcomes.

A summary of the studies is provided in Table 2.

Phosphate and mineral metabolism
Disorders related to hyperphosphatemia, hypercalcemia, and 

hypo- or hyperparathyroidism are prevalent in CHD.44 Hyper-

phosphatemia and hypercalcemia are associated with increased 

vascular calcification, increased cardiovascular morbidity, and 

mortality.45 The beneficial effect of NHD on phosphate and 

mineral metabolism is a lot clearer and consistent.

In their study comparing the effect of NHD vs CHD 

on LV mass, the Alberta group also performed analysis on 

secondary outcomes relating to mineral metabolism.46 Serum 

phosphate, serum calcium, calcium–phosphate product, and 

intact parathyroid hormone (iPTH) levels were collected as 

part of the study protocol. Patients in the NHD group had 

a 1.1-mmol2/L2 decrease in the calcium–phosphate product 

compared to the CHD group (95% CI: 0.53–1.68 mmol2/

L2, P<0.001). Serum phosphate decreased an average of 

0.49 mmol/L (95% CI: 0.24–0.74, P<0.001) in the NHD 

group compared to the CHD group. These differences in 

serum phosphate developed within the first 2 months of the 

study and remained stable for the remainder of the study. 

In addition, the reduction in serum phosphate occurred 

despite a significant reduction in the use of phosphate bind-

ers. Twenty patients (77%) decreased or discontinued their 

calcium-based and/or sevelamer phosphate binder dose in 

the NHD group compared to only three (12%) in the CHD 

Table 2 Summary of studies evaluating QOL outcomes in NHD

Reference Study  
category

Number of 
patients

Scale used Outcome

Rocco et al (FHN 
Nocturnal Trial)14

Randomized 
controlled trial

87 SF-36 RAND PHC Mean difference of 0.6 (−3.4 to 4.7, P=0.75)

Culleton et al23 Randomized 
controlled trial

52 EuroQOL EQ-5D Index Score, 
EQ-5D Visual Analogue Scale, and 
KDQOL-SF

Improvement in KDQOL-SF in domains “effects 
of kidney disease” and “burden of kidney disease”

van Eps et al39 Observational 63 KDQOL, assessment of QOL 
instruments, and 6-minute walk test

Improvement in several components of KDQOL

McFarlane et al40 Observational 24 Standard gamble technique Increased utility score in nocturnal arm
Heidenheim et al41 Observational 12 Locally designed questionnaire, SF-36, 

and health utilities index
Improved utility scores in nocturnal arm

Abbreviations: EQ-5D, EuroQoL EQ-5D; FHN, Frequent Hemodialysis Network; NHD, nocturnal hemodialysis; PHC, Physical Health Composite; KDQOL, Kidney 
Disease QOL; KDQOL-SF, Kidney Disease QOL-Short Form; QOL, quality of life; SF-36 RAND, RAND 36-item Short Form Survey.
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group (P<0.001). Of note, of the 23 patients that completed 

both baseline and exit dietary journals, phosphate intake 

was not different between the groups. With regard to iPTH 

levels, although the difference in median iPTH levels between 

the two groups was 99 mmol/L (P=0.05), analysis of iPTH 

levels using longitudinal models and adjusting for baseline 

values demonstrated no significant difference between the 

groups. The FHN Nocturnal Trial14 discussed earlier also 

demonstrated a reduction in serum phosphorus with NHD, 

with a treatment comparison of change between NHD and 

CHD of −1.4 (95% CI: −2.1 to −0.7, P<0.001).

NHD has also been shown to have benefits in improving 

both 25-hydroxy (25D) and 1,25D vitamin D levels. Nessim 

et al47 performed a longitudinal cohort study on 35 patients 

who were converted from CHD to frequent home NHD. Lev-

els of 25D increased significantly from 26 (10.8–41.2) to 32 

(6.4–57.6) ng/mL (P=0.009). 1,25D increased significantly 

from 7.32 (0.9–19.6) to 11.94 (0.02–23.9) pg/mL (P=0.004). 

Sun exposure did not differ significantly at baseline testing 

and subsequent testing. A significant correlation between 

dialysis dose and levels of both hydroxylated forms of vitamin 

D was found (r=−0.27, P=0.03 for 25D and r=0.28, P=0.02 

for 1,25D). The authors concluded that improving uremia 

with NHD in the absence of exogenous supplementation 

was associated with increased 25D and 1,25D levels, with 

improved 1-alpha hydroxylation possibly by normalization 

of serum phosphorus levels.

In summary, the use of NHD may allow improved 

phosphate control, as well as a reduction in the need for 

use of phosphate binders in patients on hemodialysis. In 

fact, patients on frequent NHD may require phosphate 

supplementation in the dialysate to avoid hypophosphatemia. 

Improvements in vitamin D levels may also be achieved via 

more intensive NHD.

Sleep
Sleep is an essential function of the body and is crucial in the 

daily performance of a person. Sleep-disordered breathing, 

including sleep apnea, is common in patients with ESRD, 

with sleep apnea being ten times more common in hemodi-

alysis than in the general population.48 Central and obstruc-

tive sleep apnea are believed to both occur in patients with 

ESRD on hemodialysis. Central sleep apnea is characterized 

by complete or partial cessation of airflow in the absence of 

upper airway obstruction, caused by cessation of the central 

respiratory drive. Obstructive sleep apnea is characterized 

by the repetitive collapse of the upper airway during sleep. 

These result in hypoxemia and disruption of sleep as well 

as increased sympathetic tone. Increased cardiovascular 

morbidity has been associated with sleep apnea, including 

an increased prevalence of atrial fibrillation and ventricular 

arrhythmias, LV hypertrophy, and congestive cardiac failure 

as well as an increase in mortality.49 In addition, sleep apnea 

may also result in daytime somnolence, affecting the QOL 

and function of the patient. Fluid overload and rostral fluid 

shifts (from the lower limbs) are believed to contribute to 

both forms of sleep apnea. The uremic milieu is also believed 

to contribute to altered chemo-responsiveness, affecting the 

respiratory drive.50

CHD has not been found to reduce the prevalence or 

severity of sleep apnea in patients with chronic kidney dis-

ease. NHD with its associated benefits in terms of fluid con-

trol and higher dialysis dose has been postulated to improve 

the severity of sleep apnea.

Hanly and Pierratos51 evaluated 14 patients on CHD, who 

switched to NHD for 8 hours during each six or seven nights 

a week. Polysomnography was compared from baseline on 

CHD to a repeat of 6–15 months later when they were on 

NHD (one night when they were undergoing NHD and on 

another night when they were not). The conversion from 

conventional to NHD was associated with a reduction in the 

frequency of apnea and hypopnea (95% CI: 25±25–8±8, 

P=0.03). This reduction occurred predominantly in seven 

patients with sleep apnea, in whom the frequency of epi-

sodes fell from 46±19–9±9 per hour (P=0.006). Of note, the 

apnea–hypopnea index (AHI) on nights when they were not 

undergoing NHD was greater than that of nights when they 

were undergoing NHD, but it remained lower than it had been 

when compared to the period they were on CHD (P=0.05). A 

systematic review and meta-analysis of the effects of conver-

sion from CHD to NHD on sleep parameters were conducted 

by Li et al.52 The pooled results based on four studies (62 

patients) showed that such a switch resulted in a significant 

reduction of the AHI (mean difference [MD] =−14.90, 95% 

CI: −20.12 to −9.68, I2=60.4%). In the subgroup analysis 

for the patients with sleep disorders, AHI decreased to a 

greater degree (MD =−20.01, 95% CI: −30.86 to −9.17, 

I2=71.1%). With regards to mean oxygen saturation (SaO
2
) 

during sleep, the two studies included in the meta-analysis 

showed a statistically significant increase after conversion 

to NHD (MD =1.38%, 95% CI: 0.35%–2.42%, I2=63.5%). 

In patients with sleep disorders, a larger improvement on 

SaO
2
 was observed, with an increase in off-dialysis SaO

2
 of 

1.01% (95% CI: 0.11%–1.91%, I2=0.0%) and increase in 

the combined on–off dialysis SaO
2
 level of 1.68% (95% CI: 

0.28%–3.09%, I2=62.9%).
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In conclusion, conversion from conventional to NHD is 

associated with improvements in sleep apnea and AHI as well 

as improvements in SaO
2
 levels. This effect is more prominent 

in patients with sleep disorders, suggesting that this may be 

a therapeutic consideration in this group of patients.

Pregnancy
It is well recognized that fertility reduces in parallel with 

glomerular filtration rate.53 Among patients on hemodialysis, 

the incidence of pregnancy has been quoted to be between 

<1% and 7%.54 Menstrual irregularities, infertility, and 

sexual dysfunction are known to occur in ESRD. The lack of 

ovulation, lack of luteal hormone surge, and estradiol peak 

are absent in patients with kidney disease.55 In addition, the 

use of medication, anemia, fatigue, and depression may also 

contribute to a lack of libido. Even if conception should 

occur, maternal, and fetal mortality rates are elevated.56 

Success in pregnancy in this group of patients seems to 

be dependent on an enhanced clearance of uremic solutes, 

and intensive hemodialysis has been shown to reduce the 

uremic milieu.

Barua et al57 retrospectively studied their cohort of five 

patients achieving a pregnancy and delivering a live infant 

while on NHD in Toronto, Canada from 2001 to 2006. All 

patients had previously been on CHD but failed to conceive 

during that time. While on NHD, these women became preg-

nant, with an intensification of dialysis dose after conception 

(from a weekly mean of 36±10–48±5, P<0.01). Mean pre-

dialysis urea and mean arterial BP were kept within physi-

ological limits. The mean gestational age of the cohort was 

36.2±3 weeks, and the mean birth weight was 2,417.5±657 

g. This cohort also had reduced maternal and fetal complica-

tions compared to historical controls.

The Toronto group subsequently compared pregnancy 

outcomes from 22 pregnancies in the Toronto Pregnancy 

and Kidney Disease Clinic and Registry (2000–2013) with 

outcomes from 70 pregnancies in the American Registry for 

Pregnancy in Dialysis Patients (1990–2011).58 The live birth 

rate in the Canadian cohort (86.4%) was significantly higher 

than the American cohort (61.4%, P=0.03). The median 

duration of pregnancy in the more intensely dialyzed Toronto 

cohort was 36 weeks (interquartile range 32–37) compared to 

27 weeks (interquartile range 21–35) in the American cohort.

In summary, intensive hemodialysis is associated with 

an increased likelihood of conception, as well as improved 

maternal and fetal outcomes. NHD is a feasible means by 

which more intensive hemodialysis can be offered to this 

group of patients.

Anemia
NHD has also been associated with an improvement in 

anemia and improvement in erythropoietin (EPO) respon-

siveness, although this has not been consistently demon-

strated. Using a prospective cohort design, Schwartz et al59 

evaluated the effect of conversion from CHD to NHD in 63 

patients. Postconversion, there was a significant improve-

ment in hemoglobin (Hb) concentration from a baseline of 

115±2 g/L to 122±2 g/L at 6 months and 124±2 g/L at 12 

months (P=0.03). This occurred despite a reduction in EPO 

requirement from 10,400±1,400 to 8,500±1,300 U/week at 6 

months and 7,600±1,100 U/week at 12 months (P=0.03). In 

contrast, the control group of patients on CHD demonstrated 

no change in either EPO requirement or Hb concentration. 

A higher proportion of patients on NHD also did not require 

the use of EPO (24% in NHD vs 9% in CHD, P=0.01). A 

similar observation was also noted in the Hong Kong group 

of 25 NHD patients when compared to 23 CHD patients.60 

Hb concentration improved from a baseline of 9.37±1.39 

g/dL to 11.34±2.41 g/dL at 24 months (P<0.001). EPO 

requirement decreased from 103.44±53.55 U/kg/week to 

47.33±50.62 U/kg/week, P<0.001). At 24 months, Hb con-

centration increased by 1.98±2.74 g/dL in the NHD group, 

whereas it decreased by 0.20±2.32 g/dL in the CHD group 

(P=0.007). EPO requirement also decreased by 53.49±55.50 

U/kg/week in the NHD group but increased by 16.22±50.01 

U/kg/week in the CHD group (P<0.001). The London Daily/

NHD Study group61 also noted an improvement in Hb con-

centration in the NHD cohort (n=12) at 18 months (11.94 g/

dL vs 10.95 g/dL at baseline, P=0.047). In contrast however, 

there was no significant effect on either Hb concentration or 

EPO requirement in both the Culleton study23 and the FHN 

Nocturnal Trial.62 The London Daily/NHD Study noted an 

increased EPO dose requirement in the NHD group, although 

this was not statistically significant. These studies are limited 

by their small numbers, hence the effect of NHD on anemia 

is still inconclusive.

Risks
There have been certain risks associated with the perfor-

mance of more intensive hemodialysis. The accelerated loss 

of residual renal function has been described in an analysis of 

the FHN Nocturnal Trial.63 In those assigned to frequent NHD, 

residual renal function as assessed by mean urine volume, 

mean urine creatinine clearance, and mean urine urea clearance 

were significantly lower at month 4 and mostly so at month 

12 compared to controls. Possible mechanisms leading to this 

phenomenon include discontinuation of angiotensin-convert-
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ing enzyme inhibitors as well as an increased inflammatory 

response due to an increased blood-to-circuit contact time.

An increase in access related events has also been 

described with more intensive hemodialysis. In the FHN 

Nocturnal Trial,14 there was a trend toward an increased rate 

of access complications in the nocturnal arm, mainly driven 

by a higher number of vascular access procedures. A total 

of 34 vascular events (17 failures and 17 access procedures) 

occurred in the frequent nocturnal arm, and 21 events (13 

failures and 8 access procedures) in the conventional arm 

(P=0.01). A total of 51% of the patients in the frequent 

nocturnal arm and 36% of the patients in the conventional 

arm suffered a vascular access failure or underwent at least 

one vascular access procedure (time to first access event HR 

=1.88, 95% CI: 0.97–3.64, P=0.06).

Summary
NHD is an important means to increase the intensity of dialy-

sis and is associated with many clinical benefits. Benefits in 

terms of reduction of LV mass, better BP control, phosphate 

and mineral metabolism, sleep apnea and sleep parameters, 

and pregnancy outcomes have been consistently demon-

strated. NHD has also been associated with improvements 

in survival, anemia management, and QOL, although these 

benefits have not been as consistently demonstrated. There are 

certain drawbacks in terms of loss of residual renal function 

and access complications. This modality should be included 

as an option for patients who reach ESRD.
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