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In the beginning 
 University of Washington, Seattle, 

WA, USA 
 In-center: 20 – 40 hours/week on Kiil dialyzer. No 

blood pressure medications needed in 92% of 
patients 
 Pendras JP, Erickson RV. Ann Intern Med. 1966; 64(2):293-311. 

 At home: 8 – 10 hours thrice weekly. No blood 
pressure medications in 88% ofpatients,  
 Eschbach JW Jr, Barnett BM, Cole JJ, Daly S, Scribner BH. Ann 

Intern Med 1967; 67(6):1149-1162. 

 Royal Free Hospital in London, UK  
 10 hours thrice weekly. No blood pressure medications in 89 

patients. Very meticulous initiation of therapy to achieve dry 
weight 
 Craswell PW, Hird VM, Judd PA, Baillod RA, Varghese Z, 

Moorhead JF. Br. Med J. 1972 Dec 30; 4(5843): 749-753  

 No hypotensive episodes mentioned  



Early attempts to shorten 

dialysis duration in the USA  

 12 – 16 hr/week with the use of coil dialyzers 

 Biochemical control similar to that reported by the 

Seattle group 

 Worse control of blood pressure 

 In a group of 22 patients, 8 required 

antihypertensive therapy, 4 required bilateral 

nephrectomy, and two died of cerebral 

hemorrhage 

Schupak E, Merrill JP. Experience with long-term intermittent hemodialysis. 

 Ann Intern Med. 1965; 62(3):509-518. 



My study of HD adequacy   

 from March 1969 to May 1973 
 Twardowski Z: The Adequacy of Haemodialysis in 

Treatment of Chronic Renal Failure 
 Acta Med Pol 1974; 15: 227 - 243 

 Twardowski Z: Significance of Certain Measurable 
Parameters in the Evaluation of Haemodialysis 
Adequacy 
 Acta Med Pol 1974; 15: 245 - 254 

 Twardowski Z: Effect of Long-Term Increase in the 
Frequency and/or Prolongation of Dialysis Duration 
on Certain Clinical Manifestations and Results of 
Laboratory Investigations in Patients with Chronic 
Renal Failure 
 Acta Med Pol 1975; 16: 31 – 44. Republished in : HISTORICAL 

MILESTONES IN DAILY DIALYSIS. Hemodial Int. 2004; 8(1):30-
38. 

 



Conclusions of my study 

 Longer dialyses had beneficial effects on the clinical 

condition of patients, hematocrit, albumin, nerve conduction 

velocity, and blood pressure control. Increasing the 

frequency of dialyses had even more beneficial effect on 

these parameters. 

 As a result of these studies I came to the conclusion that 

adequate dialysis with blood flow of 200 ml / min on coil 

dialyzers in patients with diuresis less than 500 ml/day 

requires at least 24 hours of dialysis per week (3x 8-9), 

preferably more than 3 times per week ( 4x6-7 hrs.) 

 I predicted  „... that in the near future, the main form of 

treatment of uremia will be short daily hemodialysis.” 

 This prediction has not worked, because the development 

went toward the short dialysis but three times a week 



Reasons for the improvement of the clinical 

status with the more frequent HD 

 Smaller fluctuations of concentrations (lower deviation 

from the average during the week) 

 Urea, creatinine, uric acid, etc. 

 Maintaining normal concentrations before and after HD 

of very toxic substances at low and high levels  

 Potassium, phosphorus, calcium, pH, bicarbonates 

 Smaller fluctuations of extracellular fluid volumes  

 Elimination of pressure drops during dialysis 

 Shortening of the postdialysis "hangover„ (recovery of well-being 

after each session) 

 Improving blood pressure control 

Kjellstrand CM, et al. The "unphysiology" of dialysis: A major cause 

of dialysis side effects? Kidney Int 1975; 7: S30-S34.  



Medical/scientific justification of 

short hemodialysis 
 This was the result conducted by the 

National Cooperative Dialysis Study 

(NCDS), a multicenter prospective 

randomized study (from 1976-1980),  

 NCDS accepted Kt/Vurea as a single 

measure of dialysis adequacy  

 Godsend for short HD 



Conclusions of NCDS 
 Time of dialysis has little influence on results 

provided that dialyzer clearance is high 
 Lowrie EG, Laird NM, Parker TF, Sargent JA. Effect of hemodialysis prescription on 

patient morbidity: report from the National Cooperative Dialysis Study. NEJM 1981; 
305: 1176-1181. 

 Harter HR. Review of significant findings from the National 
Cooperative Dialysis Study and recommendations. Kidney Int Suppl. 
1983; 13:S107-12. 

 “…a fully adequate dialysis prescription is 
provided with Kt/V = 1.0 … with thrice weekly 
treatment schedule.” 
 Gotch FA, Sargent JA. A mechanistic analysis of the National Cooperative Dialysis 

Study (NCDS). Kidney Int 1985; 28:526-534. 

 In later years spKt/Vurea of 1.3 – recommended 
that led to the HEMO study and increased 
dialysis time 

 



Shortcomings of NCDS 

Time of dialysis rejected as a measure of dialysis 

adequacy  based on  

p = 0.056 instead of sacrosanct 0.05 

which indicates probability of 1 to 17 

instead of 1 to 20 that it was by chance 

Forgotten truth: Absence of 
evidence is not evidence of 
absence. Typical statistical β 
error.  



Why Kt/Vurea was enthusiastically accepted  

as a single measure of dialysis adequacy?  

 It justified short dialysis, very convenient 

for organizational and financial reasons 

 The formula could be calculated from pre 

and post concentrations of urea (C/C0 )  

without even knowing  

K or t or V. 
 It was not necessary to know any other 

data. Blood to a laboratory and the results 

from the laboratory.     

 



Results of HEMO Study 
Eknoyan et al. NEJM. 2002; 347(25):2010-2019.  

No benefits from higher spKt/Vurea above 

1.32 for 3 dialyses a week 

Higher spKt/Vurea of 1.71 was achieved 

mainly by increasing the flow of blood in 

the dialyzer 

Low dose High dose 

Time  min 190 219 (+15%) 

Blood flow ml/min 311 375 (+21%) 



Is urea toxic?(1799-1839) 
 Yes - The main constituent of urine is “urèe”. 

“...the overload of … urea is capable of causing 
diseases”.  

 Antoine François, comte de Fourcroy and Louis Nicolas Vauquelin. Ann 

Chimie 1799; 31: 48-71.  

 No - Infusion of urea into blood of animals caused 
diuresis but not toxicity.  

 Pierre-Salomon Ségalas d’Etchepare and Louis Nicolas Vauquelin. 

J.Physiol. 1821-1822; 2: 354 

  Yes - Uremic state is caused by retention of    

substances normally excreted by kidneys, particularly 

urea 

   Christison R. On granular degeneration of kidnies...London 1839   



The second half of XIXth century 

- Urea is not toxic  
 Its level did not rise much in anephric animals 

 Claude Bernard (1813-1881) and Charles Louis Barreswil 
(1817-1870), Arch Gén Méd 1847; 13:449-465 

 Injection of urea to anephric animals did not 
influence mortality  

 Friedrich Theodor von Frerichs (1819-1885). Die 
Brights’che Nierenkrankheit und deren Behandlung. Eine 
Monographie1851 

 The most toxic constituent of urine is 
potassium  

 Victor Feltz and Eugene Ritter. De l’urémie 
expérimentale.1881 



Is urea toxic? – XXth Century 

YES -All authors of early dialyses (1913-

1970), peritonal and extracorporeal 

assumed urea toxicity and urea 

concentrations served as measures of 

dialysis efficiency.  

YES - High urea level was considered an 

appetite supressant 

NO – Sharks have voratious appetite and 

BUN level over 1000 mg/dl (357 mmol/l) !!!   



Decisive hemodialysis study  
 Urea is toxic only at very high levels 

 BUN of 181-600 mg/dl (65-214 mmol/l) , 

maintained by adding urea to 

hemodialysate, was well tolerated at BUN 

<300 mg/dl (107 mmol/l).  

 Higher values were associated  with 

malaise, vomiting, and headaches. 

Johnson WJ, Hagge WW, Wagoner RD, Dinapoli 

RP, Rosevear JW.  Mayo Clin Proc. 1972 

Jan;47(1):21-9. 



 Uncharged molecules are transported fast in 

membranes of body compartments based only on 

concentrations through ultra small pores  

 Aquaporins in capillaries, red blood cells, and mesothelium 

permeable to carbon dioxide (AQ1), urea, glycerol (AQ3, 

AQ6, AQ7) and water. 

 Urea transporters (UT2, UT11) are also facilitating transport 

of neutral molecules 

 Charged molecules, even small (like sodium and 

potassium), are transported slowly between body 

compartments with the help of pumps like 

Na+/K+ATPase (adenosino-triphosphatase) 

Transport through biological 

membranes 
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Transport of other real uremic toxins, such as phosphorus, guanidines, and 

beta-2 microglobulin  is similar to that of sodium and water 



Saran R, Bragg-Gresham JL, Levin NW, Twardowski ZJ 
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Saran R, Bragg-Gresham JL, Levin NW, Twardowski ZJ, 

et al. Longer treatment time and slower ultrafiltration in 

hemodialysis: Associations with reduced mortality in the 

DOPPS. Kidney Int  2006; 69(7):1222-1228  

Reference  

category 

22,000 patients 

from 7 countries 

P = 0.01 

P = 0.0001 



Flythe JE, Kimmel SE, Brunelli SM. Rapid fluid removal during dialysis is associated  

with cardiovascular morbidity and mortality. KI  2011; 79: 250-257. 

Calculations based on  HEMO study  
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Correlation between ultrafiltration and mortality 
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Higher blood flow increases clearances of small 

uncharged molecules but is harmful otherwise 

 High blood flow requires large needles, 

low negative prepump pressure and high 

post pump pressure. 

 These flows and pressures cause higher 

damage to red and white blood cells. 

 High hemolysis is obviously detrimental  

 Large needles are worse for fistulas   

 Twardowski ZJ, Haynie JD, Moore HM: Blood flow, negative 

pressure, and hemolysis during hemodialysis. Home 

Hemodialysis Int 1999; 3: 45 - 50. 



Hemodialysis Every Other Day (EODD) 

 The mortality with dialyses three times a week is 

greatest after a prolonged period (M and T„killer gap”) 

 To reduce the mortality in these days in the article with 

Scribner we suggested dialysis every other day rather 

than three times a week.  

 Before my retirement I used this method in my 

patients on home hemodialysis. 

 In dialysis center in Columbia, Missouri, I could not 

use it because the center did not work on Sundays. 

 This pattern is now becoming popular in the US 
 Schiller B et al. Every other day nocturnal home hemodialysis: An alternative 

approach to reduce burden. Nephrology News and Issues. September  01, 2016   

  Scribner BH, Twardowski ZJ: The case for every-other-day dialysis. 

   Hemodialysis Int 2000; 4: 5-7. 

 

 



Home Hemodialysis 



PHD ® – Aksys 

First   

Machine for  

Home HD 

approved  

by FDA in 2002 

40 % - 1971 

<1 % 



PHD ® shown at the  

FDA approval dinner 



Advantages of the PHD® 

 The system combines four machines in 

one: 

 Dialysis machine 

 Reuse apparatus 

 Water treatment appliance 

 Device manufacturing ultrapure, infusion 

quality solution  

 Return of blood through arterial and 

venous lines allows 99.99% bood recovery 

post dialysis 
 Twardowski ZJ. PHD® – The technological solution for daily 

hemodialysis? Nephrol Dial Transplant. 2003; 18(1): 19-23. 

 



Years 2002 - 2007 

PHD® was used in 38 centers in 

308 patients. The results were 

excellent 

Reimbursement was insufficient 

for frequent HD and the company 

bankrupted in 2007 



The fate of PHD® 

 Patents were acquired by Baxter.  

 The new machine, called Vivia, has been 

approved for use in Europe in 2014 and in the 

US in 2016 

 However, Baxter departed from using Vivia due 

to low interest in home HD in the US and low 

reimbursement.  

All patents will expire this October 17, so 

somebody may take the idea anyway and 

build even better machine without charges 

for patents 



Other Machines for Frequent 

Home Hemodialysis  
NxStage – approved 2005 – has the 

highest number of patients on home 

hemodialysis. Will be acquired by 

Fresenius Medical Care in 2018 

 Fresenius - 2008@home - approved 2010 

Physidia – S3 - approved 2012 (Europe) 

Quanta - SelfCare+ - approved 2013 

(Europe) 





Future of Home Hemodialysis 

 In Australia and New Zealand (ANZ) all costs for home 

dialysis are covered by insurance, machines are the same as 

in the stations, water treatments are installed in homes, the 

doctors get allowance for home dialysis.  

 In the US, Medicare was supposed to increase fees for home 

and more frequent hemodialyses in 2017.  

 Turk JE. Home more frequent dialysis at the fore of Medicare dialysis 

rulemaking. Nephrology News and Issues. July 01, 2016 

 Unfortunately, I recently learned that only training went from 

an add on of $45 per training to an add on of $95 per training 

and nothing more.  

 I suspect that Medicare is afraid of longer patient survival, 

which is ... very expensive. 



Assessment of Dialysis Quality 
 Most recent studies determined the value of HD based on 

mortality 

 However; „there is more to life than absence of 

death” 

 Subjective assessment by patients is extremely important 

 Also objective data: blood pressure, hypotensive episodes, 

levels of phosphorus, albumin, hemoglobin, beta2 – 

microglobulin, etc.  

 These can be determined in individual patients changing HD 

prescription and observing results (before and after design) 

 Twardowski ZJ, Misra M. Randomized controlled trials 

(RCT) have failed in the study of dialysis methods. Nephrol 

Dial Transplant. 2013; 28: 826-832. 

 



My suggestions for schemes of home HD with 

QB 200-250 ml/min on hollow fiber dialyzer  

  The length, frequency, and UF should be adjusted individually 

according to body weight, symptoms during and post HD and 

residual renal function measured as urine output in ml/day 
 Twardowski ZJ, Short, thrice-weekly hemodialysis is inadequate regardless 

of small solute clearance. Intern J Artif Organs 2004; 27(6): 452-46 

 In patients with no urine output 

 Weekly dialysis time 16 – 18 hrs, the more frequent the better (7 x 2.5, 

6 x 3, 5 x 3.5, 4 x 4.5, EODD x 5, 3 x 6).  

 Ultrafiltration rate no more than 9 ml/hr/kg (~11,5L/week).  

 For frequent home dialysis with slower blood flow it is 

advantageous to use thinner needles (17G or 16G) for 

puncture of fistula with so called buttonhole method.  
 Twardowski ZJ. Update on Cannulation Techniques. J Vasc Access. 2015; 

16 (Suppl 9): S54 – S60. 

 

 



Summary (1)  
 The main problems associated with a short       

3 x a week HD 

 Increased mortality  

 Hypotension during dialysis 

 Poor control of hypertension, phosphorus level 

 The necessity of a paradigm shift 

 Increasing the time and frequency of dialysis 

Index Kt/Vurea should be forgotten 
 Regulation of body fluid volume and blood pressure 

should be the most important measure of the HD 
quality 



Summary (2)  
 Very indicated (by a financial incentive as in 

ANZ?) would be the development of the home 

hemodialysis 

 More and more appropriate equipment is 

available, but the same machines as in station 

dialysis can be used. Water treatment 

installation in the home would be required . 

 It is easier at home to adjust the time and 

frequency of dialyses for the individual patient.  

 The results are obviously much better than in 

the station, more patients can return to work.  



Useful references expanding  

the data of my talk 
 Scribner BH, Twardowski ZJ: The case for every-other-day dialysis. 

Hemodialysis Int 2000; 4: 5-7. 

 Twardowski ZJ. PHD® – The technological solution for daily hemodialysis? 
Nephrol Dial Transplant. 2003; 18(1): 19-23. 

 Twardowski ZJ. Short, thrice-weekly hemodialysis is inadequate regardless 

of small molecule clearance. Int J Artif Organs 2004; 27: 452-466. 

 Twardowski ZJ. Treatment time and ultrafiltration rate are more important in 

dialysis prescription than small molecule clearance. Blood Purif. 2007; 25: 

90 – 98. Republished in German by Dr. med. M. Gehrkens:  Nieren- und 

Hochdruckkrankheiten, Jahrgang 37, Nr. 3/2008, S. 136-147 

 Twardowski ZJ, Misra M. Randomized controlled trials (RCT) have failed in 

the study of dialysis methods. Nephrol Dial Transplant. 2013; 28: 826-832. 

 Twardowski ZJ. Update on Cannulation Techniques. J Vasc Access. 2015; 

16 (Suppl 9): S54 – S60.  

 Twardowski ZJ. Around the World with Nephrology. An Autobiography.  

World Scientific Publishing Company, 2012. Available through amazon.com 

 



Thank you 


