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DEFINITION & HISTORICAL PERSPECTIVES 

    Incremental Haemodialysis (HD)  uses the concept of     
    adjusting dialysis dose according to Residual Kidney     
    Function (RKF) so that the HD dose is individualized. 
 
   This individualization of  HD prescription      
    allows for  initial use of  
    - shorter duration 
    -  less frequent 
    -  less intense dialysis                                                      
       (e.g. dialyzers with smaller surface areas, and lower blood &    
                dialysate flows)  
 
 
 



BASIS for Concept of Incremental HD 

Supply sufficient dialysis to remove uremic 
toxins & control hypervolaemia. 

 

Escalate dose of HD as RRF declines 
 



Historical perspectives  

• In the 1960's, hemodialysis treatment was first offered as a life-
sustaining treatment in the form of long sessions (≥10 hours) 
administered every 5 to 7 days. 
 

• Subsequently , twice- and then thrice-weekly treatment regimens 
were developed to prevent uremic symptoms on a long-term basis.  

    Thrice-weekly regimen  becoming the ‘standard of care’    

        despite a lack of comparative studies  

 



Existing Practice for HD : 

Stage 5 CKD 
 

HD 
 

Full dose HD 
3x / Week 

NO account taken of RKF 
 

Transition 

Most Clinical Practice Guidelines : 



HISTORICAL PRECEDENTS: 

Incremental dialysis is well established 
among PD patients 

 

RKF  
• Is routinely measured, has long been utilized in 

determining the optimal dialysis dose 1  
• has been reported in observational studies as an 

independent predictor of technique success and survival in 
PD 2-3 

 

1. Mehrotra R, Nolph KD, Gotch F.Early initiation of chronic dialysis:role of incremental dialysis. Perit Dial Int. 1997;17:426-430. 
2.   Bargman JM, Thorpe KE, Churchill DN, Group CPDS. Relative contribution of residual renal function and peritoneal clearance     
      to adequacy of dialysis: a reanalysis of the CANUSA study. J Am Soc Nephrol. 2001;12:2158-2162. 
3. . Diaz-Buxo JA, Lowrie EG, Lew NL, Zhang SM, Zhu X, Lazarus JM. Associates of mortality among peritoneal dialysis patients  
      with special eference to peritoneal transport rates and solute clearance. Am J Kidney Dis. 1999;33:523-534. 

 
 



DICTUMS 

II 
All landmark 
trials of HD 

adequacy * have 
been anchored to 
thrice-weekly HD 

regimes  

( albeit in 
patients with 
little/no RKF )  

III 
Recent trials of 
more frequent 
HD (FHN trial): 

HD 6x a week 
appeared to 

confer improved 
CV & survival 

benefits 

I 
Thrice weekly 

HD was 
established to 

provide 
adequate 

dialysis  
>30 yrs ago 

“ Standard of 
Care” 

• NCDS – CrCl ≤3 mL/minute  
• HEMO - urea clearance  ≤1.5 mL/mim/35L BW  



KDOQI 2006 

• The National Kidney Foundation–Kidney Disease Outcomes Quality 
Initiative (NKF-KDOQI) 2006 guidelines  have suggested a twice-
weekly schedule among patients with “substantial residual renal urea 
clearance (KRU)” (i.e. ≥3.0 mL/min/1.73m2) 

 



Existing Practice : 
Initiation of HD : 
 

USA  
>96% on 3x/Weekly 

China 
26% on 2x/Weekly 

Sudan 
75% commenced on 

2x/Weekly 



Haemodialysis in the new ESKD 
patients : Can Less be More ?   
 



NO RCTs comparing twice-weekly with thrice 
weekly HD   
 



Haemodialysis in the new ESKD patients : 
Can Less be More ?   
 



   Patient 

1. Preservation of residual   

     kidney function (RKF) 

2. Longevity of vascular     

    access 

3. Better QOL  

4. Cost saving   



   Patient 

1. Preservation of residual   

     kidney function (RKF) 

2. Longevity of vascular     

    access 

3. Better QOL  

4. Cost-saving 



2018 

Narrative review of 12 observational cohort studies of twice-
weekly compared to thrice-weekly HD.  
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Benefits of RKF: 
1. Better clearance of larger middle molecules    
     eg β2 microglobulin 

2. Better clearance of cytokines (TNF ⍺ , IL-1) 

3. Regulates fluid & electrolyte balance  more 
liberal dietary intakes  

4. Better nutritional status 



Benefits of RKF: 
5. Improved anaemia control. 

6. Improved bone mineral metabolism  

7. Reduced LVH & mortality  



   Patient 

1. Preservation of residual   

     kidney function (RKF) 

2. Longevity of vascular     

    access 

3. Better QOL  

4. Cost saving  



Preservation of vascular access 

• Less frequent arteriovenous fistula or graft cannulations may increase 
longevity of vascular access . 

 

• In an analysis from the FHN study, more frequent HD was associated 
with higher risk of vascular complications including repair, loss, or 
vascular access related hospitalization                                                     

 

 



Kalantar-Zadeh  et al AJKD 2014 

• In new ESKD patients, 
incremental HD could 
be viewed as a form 
of “breaking-in” the 
access, in particular 
those with  fragile or 
otherwise tenuous 
dialysis vascular 
accesses 



   Patient 

1. Preservation of residual   

     kidney function (RKF) 

2. Longevity of vascular     

    access 

3. Better QOL  

4.Cost saving 



 
QOL …. Robust prospective studies are lacking 

 



In 304 patients on a twice-weekly HD regimen and 982 patients on 
a thrice-weekly regimen, there was NO significant difference in HRQOL, 
measured using the KDQOL SF 12 



Less HD = More cost savings for patients  

In many countries in less economically privileged areas 

• co-payments for HD therapy are required  

• need to consider indirect costs e.g. for travel                                                        
( unlike developed countries which provide ambulance services etc to 
transport patients to HD units )  

• preserved RKF ↓  requirement  for medications to treat anaemia 
and CKD-MBD  

 

 



   Health care  
   Providers  

1. Easier to  persuade 
patients to initiate dialysis  

2. Helps build doctor-patient  
relationship because you are 
listening to their preferences, 
personalising their Rx  





   Healthcare Systems   

            1. LESS HD =  MORE MONEY  

 -  ↓ dialysis procedures/ transportation costs  

 - ? ↓  no. of dialysis stations  

 - ↓ dialysis access costs  through preservation     

     of vascular access  ( next leading expense    

     after dialysis costs & hospitalization  )    

2. SHARE LIMITED RESOURCES BETWEEN MORE 
PATIENTS  

 - IN PRACTICE , helps to  ration out the limited  
buffer HD slots  for unplanned HD starters  while 
looking for  permanent  HD slots/ waiting to start 
PD  



POTENTIAL RISKS 
1. Underdialysis due to unrecognized loss of 
kidney function. 

2. Reluctance to increase to thrice-weekly HD 
when needed. 

3. Possible increased risk of Heart failure 

4. Decline in nutritional status 

5. Increased risk of HTN, HyperPO4, 
Hyperkalemia & Mortality. 



• All-cause mortality was significantly higher on the day after the long, 
2-day interdialytic interval compared to other days (22.1 vs 18.0 
deaths per 100 person years, P < .001). 

 





• The cohort in both studies was prevalent HD patients, who 
likely had minimal /nonexistent RKF 

 

• Incident HD patient  would usually still have substantial RKF 
which may mitigate the rapid UF and electrolyte shifts after 
a long interdialytic interval 

 







• Variable effect of incremental HD on mortality may be related to 
?  a beneficial modifying effect of RKF, which is not accounted for in all studies. 
?  confounding by indication b/c healthier patients are put on less frequent HD  

 
• Note :  these are only associations  from observational studies. 

 



Hospitalisation  

 

✔  ️

✔  ️



NUTRITION  



Incremental HD – pros and cons  

Benefits :  

• Preservation of RKF  

• Extending the event-free life of 
arteriovenous fistulas and grafts 

• ± Patient survival and Quality of 

      Life -   variable associations  

• Reduction in costs  

 

Potential Risks  

• Increased hospitalization and 
mortality, perhaps related to 
fluid and electrolyte shifts after 
a long interdialytic interval 



Candidates for Incremental HD 

Kalantar-Zadeh et al, AJKD 2014  



IN ADDITION   ….. 

•  RKF,  patient symptoms and interdialytic weight gains, must 
be regularly monitored 

 

• Monthly timed urine collections for residual creatinine and 
urea clearance are advised  

   Alternative : urine volume as a surrogate measure       

                                                                                                                   
    (Kalantar-Zadeh et al. AJKD 2014;64:181-186) 

 

 



AND  ….. 
 

• Adjustment to the HD prescription should be made  

- as RKF declines  

- and/or with a change in patient factors. 

 

 



Incremental HD 

Benefits :  

• preservation of RKF  

• Extending the event-free life of 
arteriovenous fistulas and grafts 

 

• Patient survival and quality of 

life, however, has been variably 
associated with incremental HD.  

 

 

Potential Risks  

• increased hospitalization and 
mortality, perhaps related to fluid 
and electrolyte shifts after a long 
interdialytic interval 

Barriers 

• Logistics of arranging shifts to 
maximise HD machine use /loss of 
income (private sector )  

• Adminstrative complexity of billing  

 
Solution : attention to scheduling eg Mon-Thurs, Tues-Fri, Wed-Sat. 

=  3 pts x HD 2x/wk = 2 pts x HD 3x/wk    



Risk that patients may refuse to increase HD 
prescriptions   

 

• Clinicians must set out clear expectations prior to incremental HD 
initiation to ensure a smooth patient transition from twice to thrice-
weekly HD when this becomes necessary  

 

   ? Patient contract  

 



Conclusion (1) 

• Incremental individualized HD therapy may prove to be the most 

   appropriate approach for new ESKD patients starting their     

   dialysis journey 

 

• Doing “less” may be “more” for carefully selected (and 
monitored) new ESKD patients 

 

  



Conclusion (2)  

 

• Evidence so far is limited to  large observational studies in 
select populations 

 

•  Well-designed clinical trials are still needed to determine the 
safety, efficacy, and optimal patient characteristics to 
optimize outcomes with an incremental HD approach 

 

 



Conclusion (3)  

•  “PD first” should  be the preferred mode of dialysis for most  new 
ESKD patient, given consistent data demonstrating an association 
between PD, preservation of RKF & survival  

 

• For new ESKD patients with terminal conditions, may need to 
consider more conservative and palliative options rather than 
incremental dialysis 







Adequacy Targets : 



KDOQI Guidelines (1997) 

GFR reaches 10ml/min/1.73m2 

 

Start Dialysis 

 



Revised KDOQI Guidelines (2006) 

Dialysis initiation warranted if  
GFR < 15ml/min/1.73m2 

 

IF 

Uremic symptoms or Declining health 

 



 

• In the Frequent Hemodialysis Network (FHN) Daily Trial, which 
showed reduced left ventricular hypertrophy and better survival in 
patients with frequent in-center hemodialysis, most patients had 
dialysis vintages ≥2 years and two-thirds of patients were 
anuric.11,12 

•  In contrast, in the FHN Nocturnal Trial, where higher mortality was 
observed in the frequent nocturnal hemodialysis group, patients had 
comparatively shorter dialysis vintages (approximately 1 year in 
median), and about half of patients had urine volume >500 
mL/day.13-15  

 



“ A weekly standardized Kt/V perhaps of 1.8– 2.0 seems reasonable in 
some selected patients and there are no clear data to declare a 
minimum of 2.1 as the 2015 KDOQI Guidelines have suggested “   

 

“ KDOQI Guidelines are for clinicians…..The 2015 document states that 
they are neither intended as a standard of care nor should they be 
construed as one.”  

 

Curr Opin Nephrol Hypertens 2017, 26:000–000 
 



DEFINITION & HISTORICAL PERSPECTIVES 

1. Residual Renal Function (RRF)  

     = the residual GFR in patients with ESRD,  

     in particular those receiving RRT. 

 

2. Decline in RRF is noted in patients on dialysis  

     as renal parenchyma is lost with time. 



IMPLEMENTATION OF 
INCREMENTAL HD  



1 
Measure and Monitor RKF 

•Measure KRU and/or inter-dialytic UV in all 
patients initiating hemodialysis 
•Target KRU > 3mL/min/1.73m

2
 and UV> 

0.6L/day 
•Monitor KRU and/or UV every month to every 
quarter in year 1, then every quarter to every 6 
months, until UV <100 mL/day or KRU < 
2mL/min/1.73m

2
 

•Measure and monitor other parameters of 
adequacy (anemia, fluid gains, 
phosphate/potassium control, nutritional 
status and health-related quality of life) 



2 
Avoid or minimize 

nephrotoxic events 

•Radiocontrast dye 
•Aminoglycosides 
•NSAIDS & COX-2 
inhibitors 
•Withdrawal of 
transplant 
immunosuppression 

3  
Control Blood 

Pressure and Avoid 
Intradialytic 
Hypotension 

•Control Hypertension 
•Utilize RAAS blockade 
and loop diuretics 



4 
Adjust 

Hemodialysis 
Prescription 

•Initial dialysis modality (2x weekly HD 
or PD first approach) 
•Re-evaluate dialysis dose if RKF or 
adequacy changes 
•High-flux, biocompatible dialyzer 
membranes 
•Ultrapure water for dialysate 
•Avoid intra-dialytic hypotension 

5  
Consider 
Low Protein 
Diet 

•Low protein diet (0.6 to 0.7 g/kg/day) 
on non-dialysis and regular to high 
protein diet (1.2 g/kg/day) on 
hemodialysis days 



Residual Renal Function 

2 essential components of RRF 

 

II 
Urinary 
Volume 
(seen as 

increasingly 
important) 

 
  

2 essential components of RRF 

 

I 

Renal 
clearance of 

uremic toxins 

 

  



 

I 

Renal 
clearance of 

uremic toxins 

 

  

HD = 12 Hours / Week 

Native Kidneys GFR is 
5ml/min 

Significant contribution 
to removal of toxins as 
filtration is continous 



 

II 
Urinary Volume 

 

  

Urine output = fluid that 
does not need to be 
removed by HD 

Fluid removal = Less lntradialytic  
       hypotension 

Reduces IDWG 

Less Myocardial Stunning 



Factors affecting RRF 



Factors affecting RRF: 

1. Intradialytic Hypotension & Post Dialysis 
hypovolemia. 

Myocardial, 
mesenteric and 
cerebrovascular 

ischemia 

Decreased renal 
perfusion & loss of 

RRF 
 



Factors affecting RRF: 

2. Release of nephrotoxic mediators during 
HD procedure. 

3. Reduction in UREA = Reduction in osmotic 
diuresis 

4. Deactivation of remaining nephrons. 

5. Nephrotoxic drugs. 



Measurement of RRF 



Measurement of RRF 

1. Gold Standard = Inulin clearance 

2. KRU ( Residual Renal UREA clearance) 
  
 KRU = Urinary Urea (mg/dl) x U vol (mls) 
  Collected time(mins) x [ 0.9x BU mg/dL] 



Measurement of RRF 

4. Urine Volume 
• Used in Observational studies 
• Does correlate with patient outcomes. 

3. eGFR (EBPG) 
     Average of urea + Creatinine Clearance 

     GFR = Curea + Ccreat / 2 



Patient characteristics which may predict favorable 
outcomes with an incremental approach to HD :  
 
- substantial RKF 

- adequate volume control 

- lack of significant anemia/electrolyte imbalance 

- satisfactory health-related quality of life 

- low comorbid disease burden 

- good nutritional status without evidence of hypercatabolism.  

Mathew et al, Seminars in Dialysis 2018   



POTENTIAL BENEFITS 
1. Decreased frequency of HD sessions 

2. Shorter HD sessions (Frequency & length of 
HD are frequent patients complaints) 

3. Fewer HD access complications 

4. Better preservation of RRF 

5. Better QoL 

6. Decreased Mortality 







CHOICE STUDY : Preserved RRF at 1 Year  

= 30% lower risk of all cause mortality 

= 31% lower risk of CV death 





Achievement rate of the minimum total standard 
Kt/V>2.1 among patients with the incremental and 
conventional hemodialysis (HD), stratified by renal urea 
clearance (KRU). 



Trends over time of the mean and relative ratio of residual kidney function in the matched cohort of 8,419 patients across 5 
patient-quarters (PQs; the conventional vs incremental hemodialysis [HD] regimen). Analyses of (A, C) renal urea clearance 
(KRU) and (B, D) urine volume (UV). Data are based on weighted match according to baseline KRU and UV, as well as age, 
sex, race, central venous catheter as vascular access, and history of diabetes. Points and error bars represent point 
estimates and 95% confidence intervals, respectively. 



Overall and subgroup analyses of the association of the incremental regimen (vs conventional 
regimen) with all cause mortality in the matched cohort of 8,419 patients. Points and error bars 
represent point estimates and 95% confidence intervals, respectively. Abbreviations: HD, 
hemodialysis; IDWG, interdialytic weight gain; KRU, residual renal urea clearance. 



Case-mix–adjusted mortality risk of the incremental hemodialysis regimen among patients in 
the entire cohort stratified by baseline renal urea clearance (KRU), urine volume, or weekly 
interdialytic weight gain (IDWG) across the survival periods of 3, 6, 9, and 12 months (M). Points 
and error bars represent point estimates and 95% confidence intervals, respectively. 



Patient survival and technique success curves, according to RRF from the Andalusian 
Registry. Technique success refers to the probability of being both alive and on PD 
therapy. 



Sodium & Fluid Removal 

Fluid Overload 

Inflammation 

LVH 

Hypertension 

RRF Malnutrition 

Anemia 

Cardiovascular 
Disease 

Morbidity & Mortality in PD patients 



HOW TO PRESERVE RRF 



HOW TO PRESERVE RRF 

I 
Avoid Intradialytic 

Hypotension 

II 
Diuretics 
(a)Continue diuretics 
unless urine output is poor. 
(b)Loop diuretics increase 
Na & H2O loss, decreases 
need for water removal 
with HD. 
(c)Doses up to 160mg/day 
well tolerated. 



HOW TO PRESERVE RRF 

III 
ACEI & ARB’s 

Helps preserve RRF. 
Effective in PD patients 

 
 

IV 
Aminoglycoside / 
NSAIDS 
Avoid aminoglycosides if 
possible, nephrotoxic. 

V 
Iodinated radio contrast media 

Nephrotoxic = can lead to ATN & loss of RRF. 



HOW TO PRESERVE RRF 

VI 
Cardiac Disease 

Needs to be addressed. 
May adversely affect RRF 

 

VII 
Hyperuricemia 

 
 



Conclusion  meed chamge  

Incremental HD in suitable patients confers 
many benefits 

Decreased CV & all-cause mortality. 

Decreased morbidity ( > free time). 

Economic benefits. 

Less problems with vascular access. 



Introduction  

• most patients with end stage renal disease in the United States are 

    initiated on 3-times per week conventional HD regimen, with little 
regard to RKF or patient preference.  

 

in 2011 , only China practises incremental dialysis (25% )of incident pts 
vs all the other 11 countries ( <5%)  - From  DOPPS  

 



• While RKF has a long history of inclusion into the overall calculation 

• of peritoneal dialysis adequacy, it has been largely ignored when 

• initiating and prescribing HD   

• This may be in part due to the HD urea-based 

• “adequacy” targets set forth by the Centers for Medicare and 

• Medicaid Services Quality Incentive Program, which do not include 

• residual urea clearance (KRU). 

• Why now the interest in incremental HD ?  

 



• (While these larger studies provide a more rigorous analytic 

• approach,) the observation design has inherent limitations including 

• residual confounding by indication and lack of prospective data 
collection of all important variables. 

•  A randomized controlled trial has  not yet been conducted comparing 
twice to thrice-weekly HD, and would shed light on the safety and 
efficacy of incremental HD in select patient populations. 

 



Residual Renal Function 

 

Glomerular Filtrate = 150L / Day  

 

 

 Urine OUTput = 1.5L 

 Reabsorption  =  148.5L 

Normal 



Residual Renal Function 

 

Glomerular Filtrate = 5L / Day  

 

 

 Urine OUTput = 1.5L 

 Reabsorption  =  3.5L 

Stage 5 CKD 



Why is this so? 
Reasons : 

I 
Tubular 
damage 

II 
Volume 

Expansion 

III 
Osmotic  
Diuresis 

Total Renal Function = RRF + RRT 



• there are alternative means to 

• potentially slow the decline of RKF once HD is initiated, including: 

• (1) avoidance of nephrotoxins70,71 (aminoglycosides, nonsteroidal 

• anti-inflammatories, radiocontrast dye), (2) control hypertension 

• while minimizing intradialytic hypotension,72,73 (3) adjustment of the 

• HD prescription (high-flux biocompatible dialyzer membranes and 

• ultrapure dialysate water),44,74,75 and (4) possible consideration of a 

• low protein diet (0.6-0.8 g/kg/day) on nondialysis days 

 



DEFINITION & HISTORICAL PERSPECTIVES 

3. Decline in renal function depends on : 

• Aetiology of ESRD  

• Treatment modality 

• Exposure to nephrotoxic agents  

• Cardiac Disease 

 



Candidates for Incremental HD 

1. Urine output at initiation of HD is sufficient 
to keep IDWG < 2kg 

2. Serum K+ and PO4 is well controlled with 
diet & PO4 binders. 

3. No history of significant heart failure 

4. Good nutritional status. 

Look for KZ paper as he has recommendations  


