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Description 

Background  of  the  Invention 

5  This  invention  relates  to  the  field  of  hemodialysis. 
The  life  expectancy  of  patients  with  irreversible  renal  failure  can  be  prolonged  by  hemodialysis  using  an 

extracorporeal  circuit  including  a  dialyzer  (or  artificial  kidney).  As  there  is  no  specific  measurable  toxin  in  the 
blood  of  such  patients,  the  provision  of  a  "dose"  of  treatment  has  been,  for  the  most  part,  trial  and  error.  A 
physician  bases  the  dialysis  prescription  often  empirically,  or  if  on  some  concept,  on  for  instance,  the  effect 

10  on  patient  well-being  or  on  blood  levels  of  waste  such  as  creatinine  or  urea.  Currently,  the  hemodialysis  pro- 
cedure  for  patients  with  end  stage  renal  failure  involves  treatment  three  times  per  week  for  three  to  six  hours, 
with  the  majority  of  patients  in  North  America  being  dialyzed  for  four  hours  or  less. 

The  lack  of  understanding  of  the  pathogenesis  of  uremia  has  made  it  difficult,  and  continues  to  make  it 
difficult,  to  clearly  define  an  adequate  dialysis  prescription.  Because  of  a  dispute  over  which  uremic  toxins 

15  were  important  and  because  of  the  clear  need  for  a  quantifiable  approach  for  the  dialysis  prescription,  the 
National  Cooperative  Dialysis  Study  (NCDS)  was  undertaken  in  the  1970's  and  has  been  a  source  of  continual 
review  since  its  publication  in  the  1980's. 

At  any  point  in  time  during  dialysis,  the  blood  concentration  of  urea  depends  on  its  rate  of  generation,  its 
volume  of  distribution,  the  residual  renal  function,  the  clearance  of  the  dialyzer,  and  the  elapsed  dialysis  time. 

20  The  clearance  of  the  dialyzer  will  depend  upon  the  nature  of  the  membrane,  the  effective  membrane  surface 
area,  the  blood  flow  rate,  and  the  dialysate  flow  rate. 

The  normalized  dose  of  dialysis  can  be  defined  for  urea  by  the  dimensionless  parameter  Kt/V,  where  K 
is  the  clearance  of  urea  by  the  dialyzer  (ml/min),  where  t  is  time  (min.),  and  where  V  is  the  volume  of  distribution 
of  urea  (ml).  Current  methods  of  calculating  Kt/V  (urea)  are  complex  and  require  accurate  measurement  of 

25  the  dialyzer  urea  clearance  and  subsequent  calculation  of  the  volume  of  distribution  of  urea.  The  only  accurate 
way  of  determining  the  dialyzer  urea  clearance  and  volume  of  urea  distribution  is  to  collect  the  total  dialysate 
and  assay  the  urea  content,  and  the  logistic  problems  of  this  approach  prevent  its  general  use. 

One  study  involving  a  mechanistic  analysis  of  the  NCDS  data  has  indicated  that  the  probability  of  uremic 
manifestations  is  high  (57%)  and  constant  over  the  treatment  range  0.4   ̂ Kt/V  (urea)   ̂ 0.8,  and  that  over 

30  the  treatment  range  0.9  <  Kt/V  (urea)  <  1  .5,  there  is  a  sharp  decrease  in  morbidity  to  a  constant  1  3%.  Other 
studies  have  confirmed  that  a  Kt/V  (urea)  of  1  or  more  should  be  targeted. 

However,  each  dialysis  is  not  equal.  Patients  may  not  receive  the  prescribed  Kt/V  (urea)  for  various  rea- 
sons  including  decrease  in  blood  pressure  and  decreased  blood  flow  rates. 

Work  by  Jindal  and  co-workers  utilizes  the  equation  Kt/V  =  0.04  PRU  -  1.2,  and  has  indicated  that  a  per- 
35  cent  reduction  in  blood  urea  concentration  (PRU)  of  approximately  55  during  hemodialysis  is  necessary  to  ob- 

tain  a  Kt/V  (urea)  of  1.  More  recently,  Daugirdas  has  argued  that  the  PRU  may  result  in  Kt/V  (urea)  values 
substantially  above  or  below  the  target  Kt/V,  and  suggested  the  formula  Kt/V  =  -In  (R  -  0.03  -  UF/W),  where 
R  is  the  post/pre-dialysis  plasma  urea  ratio,  where  0.03  is  a  constant  that  allows  for  urea  generation  during 
dialysis,  where  UF  is  the  prescribed  ultrafiltration  volume  (1)  over  dialysis,  and  where  W  is  the  prescribed  post- 

40  dialysis  weight  (kg). 
Increasing  numbers  of  nephrologists  are  using  various  methodologies  for  calculating  Kt/V  (urea)  as  a  basis 

for  the  dialysis  prescription.  However,  at  present,  few  renale  units  are  using  any  form  of  urea  kinetics  to  aid 
in  the  dialysis  prescription,  and  a  recent  study  shows  that  even  in  a  dialysis  unit  using  urea  kinetic  modelling 
on  a  regular  basis,  the  prescribed  dose  of  dialysis  Kt/V  is  frequently  not  achieved. 

45  Furthermore,  in  this  current  time  of  economic  restraint,  there  is  pressure  upon  health  care  teams  to  con- 
sider  cost  efficiency  in  therapeutic  strategies.  To  the  nephrologist,  this  may  mean  shortening  dialysis  time  by 
using  a  device  "more  efficient"  in  removing  uremic  toxins. 

As  illustrated  by  U.S.  Patents  4,231,366  to  Schael  and  4,897,184  to  Shouldice  etal,  computer  automation 
of  hemodialysis  has  been  considered  in  which  sensor  signals  are  inputted  to  a  control  circuit,  condition  control 

50  is  effected,  conditions  are  monitored  to  be  within  a  predetermined  limit,  and  a  failure  to  be  within  the  limit  is 
signalled.  Schael  uses  this  automated  approach  to  maintain  patient  blood  flow  within  predetermined  limits, 
due  to  the  effect  of  blood  flow  on  time  for  dialysis.  However,  computer  automation  has  not  been  employed  to 
predict  a  time  end  point  for  dialysis. 

From  DE-A-2,624,384  it  is  known  to  provide  a  dialysis  apparatus  which  comprises  a  computing  circuit  for 
55  computing  the  blood  urea  concentration  based  on  the  dialysate  urea  concentration.  A  printer  or  plotter  is  used 

for  recording  the  urea  concentration.  However,  an  optimum  efficiency  of  the  expensive  dialysis  apparatus  is 
not  possible  with  this  reference. 

Accordingly,  there  is  a  need  for  an  improved  hemodialysis  method  based  upon  urea  kinetics.  Advanta- 
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geously,  the  method  would  provide  guaranteed  dose  hemodialysis,  that  is,  would  target  the  optimization  of 
each  dialysis  treatment  and  no  longer  rely  upon  dialysis  treatments  equal  in  time  as  in  the  Schael  approach. 
Beneficially,  the  improved  hemodialysis  method  would  provide  cost  savings.  Preferably,  the  method  would  be 
automated  and  could  predict  a  time  endpoint  for  dialysis.  If  so,  better  scheduling  of  patients  would  result. 

5 
Summary  of  the  Invention 

It  is  accordingly  an  object  of  the  present  invention  to  provide  an  improved  method  for  hemodialysis  based 
upon  urea  kinetic  analysis. 

10  It  is  a  further  object  to  provide  a  hemodialysis  method  in  which  optimization  of  each  dialysis  treatment  is 
targeted,  and  which  would  no  longer  rely  upon  dialysis  treatments  equal  in  time. 

It  is  a  still  further  object  to  provide  a  dialysis  method  which  will  provide  cost  savings. 
It  is  an  even  further  object  to  provide  an  automated  dialysis  method  that  will  predict  a  time  endpoint  for 

dialysis. 
15  Additional  objects,  advantages  and  novel  features  of  the  present  invention  are  set  forth  in  the  description 

that  follows,  and  in  part  will  become  apparent  to  those  skilled  in  the  art  upon  examination  of  the  following  de- 
scription  or  may  be  learned  by  practice  of  the  invention.  The  objects  and  advantages  of  the  invention  may  be 
realized  and  attained  by  means  of  instrumentalities  and  combinations  particularly  pointed  out  in  the  appended 
claims. 

20  To  achieve  the  foregoing  objects  and  in  accordance  with  the  purpose  of  the  present  invention,  as  embodied 
and  broadly  described  herein,  there  is  provided  an  improved  dialysis  method  based  upon  urea  kinetic  analysis. 

The  method  requires  measuring  urea  concentration,  suitably  the  blood  urea  concentration  of  the  dialysis 
patient.  Urea  concentration  may  also  be  measured  on  the  dialysate  side.  Typically,  at  least  three  measure- 
ments  of  urea  concentration  are  made.  An  initial  measurement  is  suitably  made  immediately  after  beginning 

25  dialysis. 
A  preferred  post-dialysis  urea  concentration  is  determined.  A  value  for  Kt/V  (urea)  in  the  range  of  about 

0.8  to  1.4  is  appropriate  for  the  determination,  where  K  is  the  dialyzer  urea  clearance  (mis/minutes),  where  t 
is  time  (minutes)  and  where  V  is  volume  of  distribution  for  urea  (mis).  The  Kt/V  (urea)  value  is  typically  selected 
by  the  physician. 

30  An  essential  feature  of  the  method  is  that  a  time  endpoint  for  dialysis  is  predicted.  The  endpoint  prediction 
is  based  upon  the  preferred  post-dialysis  urea  concentration  and  measured  urea  concentration  values. 

Urea  concentration  is  measured  at  about  the  predicted  time  endpoint,  and  the  urea  concentration  value 
obtained  is  compared  with  the  preferred  post-dialysis  urea  concentration.  If  appropriate,  dialysis  should  be 
terminated. 

35  In  the  detailed  description  of  the  invention  that  follows,  there  is  essentially  described  only  a  preferred  em- 
bodiment  of  this  invention,  simply  by  way  of  illustration  of  the  best  mode  contemplated  of  carrying  out  this 
invention.  As  will  be  realized,  this  invention  is  capable  of  other  and  different  embodiments,  and  its  several 
details  are  capable  of  modification  in  various  respects,  all  without  departing  from  the  invention.  Accordingly, 
the  detailed  description  is  to  be  regarded  as  illustrative  in  nature,  and  not  as  restrictive. 

40 
Brief  Description  of  the  Drawing 

Reference  is  now  made  to  the  accompanying  drawing,  which  forms  a  part  of  the  specification  of  the  pres- 
ent  invention,  and  which  is  a  block  diagram  depicting  a  preferred  automated  approach  for  carrying  out  a  dialysis 

45  method  in  accordance  with  the  present  invention. 

Detailed  Description  of  the  Invention 

The  present  invention  is  an  improved  hemodialysis  method  based  upon  urea  kinetics.  Advantageously, 
so  the  method,  which  may  be  called  guaranteed  dose  hemodialysis  (GDHD),  targets  the  optimization  of  each 

dialysis  treatment,  and  no  longer  relies  upon  dialysis  treatments  equal  in  time.  Beneficially,  the  improved  he- 
modialysis  method  of  the  present  invention  provides  cost  savings.  Preferably,  the  method  uses  computer  au- 
tomation  to  predict  a  time  endpoint  for  dialysis.  As  will  become  clear,  the  improved  hemodialysis  method  of 
the  present  invention  provides  for  better  scheduling  of  patients. 

55  The  method  is  now  described  with  reference  to  an  embodiment  in  which  blood  urea  concentration,  more 
specifically,  concentration  of  urea  in  the  plasma  water,  is  measured.  However,  urea  concentration  could  be 
measured  on  the  dialysate  side.  The  urea  concentration  is  more  dilute  in  the  dialysate  fluid  than  in  the  plasma 
water. 

3 
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In  the  method  of  the  present  invention,  an  initial  measurement  of  the  urea  concentration  is  made,  suitably 
immediately  after  commencing  dialysis  of  the  patient.  To  this  end,  the  patient's  blood  may  be  sampled  and 
the  urea  concentration  of  the  blood  sample  may  be  measured.  This  step  can  be  achieved  through  conventional 
technology. 

5  In  the  method  of  the  present  invention,  it  is  essential  that  a  preferred  post-dialysis  urea  concentration  be 
determined  for  the  patient.  The  determination  is  based  upon  the  dimensionless  parameter  Kt/V  (urea),  which 
was  earlier  described  in  the  Background  portion  of  this  description  of  the  present  invention.  More  specifically, 
the  requisite  blood  urea  value  may  be  determined  for  the  patient  from  the  initial  blood  urea  concentration  and 
a  value  forthe  proportion  of  blood  urea  remaining  (R)  calculated  based  upon  Kt/V  (urea).  In  short,  the  preferred 

10  post-dialysis  blood  urea  concentration  may  be  calculated  as  the  mathematical  product  of  the  initial  blood  urea 
concentration  and  R,  or(1  -  PRU/100).  R  equals  1  -  PRU/100,  where  PRU,  as  earlier  explained,  is  the  percent 
reduction  in  blood  urea. 

It  has  been  found  that  the  proportion  of  blood  urea  remaining  (R)  is  beneficially  calculated  using  the  for- 
mula 

15 

R  =  1  -  (  Kt/V  +  1 . 2 ) / 4   +  UGEN  +  (UF / IDWT 

20  where  a  value  for  Kt/V  is  in  the  range  of  about  0.8  to  1.4,  with  a  value  greater  than  or  equal  to  about  1.0  being 
typically  advantageous.  UGEN  is  suitably  a  constant  of  about  0.03  that  allows  for  urea  generation  during  di- 
alysis.  UF  is  the  volume  (liters)  of  ultrafiltrate  to  be  lost  by  the  patient  during  dialysis.  IDWT  is  the  patient  ideal 
weight  (Kg).  The  values  for  Kt/V,  UF  and  IDWT  will  typically  be  physician  prescribed.  Typically,  it  has  been 
found  that  optimization  of  dialysis  results  when  Ris  less  than  0.45,  particularly  when  R  is  in  the  range  of  about 

25  0.4  to  0.35. 
In  the  method  of  the  present  invention,  urea  concentration  is  measured  at  two  or  more  subsequent  time 

intervals,  typically  at  about  60  and  120  minutes  of  dialysis.  Asuitable  additional  measuring  time  is  at  180  min- 
utes  of  dialysis.  These  urea  concentration  measurements  are  made  in  a  manner  similar  to  the  initial  meas- 
urement. 

30  As  an  essential  feature  of  the  method  of  the  present  invention,  a  time  endpoint  for  dialysis  is  predicted. 
This  feature  of  the  present  invention  provides  for  cost  savings  compared  to  the  use  of  dialysis  treatments  equal 
in  time.  The  predicted  time  endpoint  may  result  in  about  30  to  80  minutes  of  dialysis  time  being  saved.  In  such 
case,  dialysis  cost  to  the  patient  will  be  reduced,  and  the  dialysis  center  is  also  benefitted  because  it  can  more 
efficiently  handle  the  patient  load. 

35  In  a  preferred  embodiment,  the  prediction  of  the  time  endpoint  is  conveniently  achieved  using  a  linear 
relationship  between  proportion  of  blood  urea  remaining  and  time  based  upon  the  prior  readings  of  blood  urea 
concentration.  The  linear  relationship  may  be  determined  by  plotting  the  prior  readings  on  a  graph  having  axes 
of  time  (minutes)  and  proportion  of  blood  urea  remaining.  The  proportion  of  blood  urea  remaining  is  beneficially 
graphed  as  a  logarithmic  equivalent,  which  may  be  a  natural  logarithmic  equivalent.  The  time  endpoint  for  di- 

40  alysis  is  the  time  coordinate  of  the  intersection  of  the  value  of  the  ratio  of  the  preferred  post-dialysis  blood 
urea  concentration  to  the  initial  blood  urea  concentration,  with  the  linear  plot.  Alternatively,  as  will  be  descri- 
bed,  an  algorithm  based  upon  linear  regression  analysis  may  be  used  for  predicting  the  time  endpoint  for  di- 
alysis. 

In  the  method  of  the  present  invention,  urea  concentration  is  measured  at  about  the  predicted  time  en- 
45  dpoint  and  compared  with  the  preferred  post-dialysis  urea  concentration.  The  urea  concentration  measure- 

ment  is  made  in  a  manner  similar  to  the  initial  urea  measurement,  and  the  necessary  comparison  is  made. 
If  the  comparison  reveals  that  the  preferred  post-dialysis  blood  urea  concentration  has  been  obtained  or 

substantially  obtained  or  has  been  exceeded,  with  a  deviation  of  about  +/-  10%  generally  being  within  the  ob- 
jective,  dialysis  should  be  terminated.  On  the  other  hand,  if  the  comparison  reveals  that  further  dialysis  is  ap- 

50  propriate,  then  a  revised  time  endpoint  for  dialysis  should  be  predicted,  and  the  urea  concentration  at  that 
revised  endpoint  compared  with  the  preferred  post-dialysis  blood  urea  concentration. 

If  desired  orappropriate  for  enhanced  accuracy  of  the  method,  third  and  even  subsequent  measuring  times 
can  be  predicted  prior  to  predicting  the  time  endpoint.  The  prediction  may  be  made  by  using  the  prior  meas- 
urements  of  urea  concentration  either  to  graphically  determine  a  linear  relationship  between  proportion  of  urea 

55  remaining  and  time,  or  to  conduct  a  linear  regression  analysis.  Further  measurements  of  urea  concentration 
are  thereafter  made,  and  the  results  are  used  to  predict  a  time  endpoint  for  dialysis. 

The  method  of  the  present  invention  is  well  suited  for  a  large,  busy  dialysis  center.  Patient  identifying  in- 
formation,  the  desired  values  for  Kt/V,  UF  and  IDWT  for  the  particular  patient,  urea  concentration  measuring 

4 
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times,  and  urea  concentration  data  may  be  beneficially  inputted  to  a  computer  system  equipped  with  appro- 
priate  software. 

Referring  to  the  Figure,  a  suitable  computer  system  includes  a  conventional  microprocessor  12  and  a  con- 
ventional  programmable  memory  14,  which  operatively  intercommunicate.  In  a  preferred  automated  approach, 

5  urea  concentration  data  may  be  automatically  inputted  to  the  microprocessor  by  conventional  equipment  16 
for  analyzing  urea-containing  fluid  samples,  so  that  the  method  provides  for  measuring  the  removal  of  urea 
on-line  during  dialysis. 

Based  on  the  inputted  data,  the  computer  microprocessor  advantageously  determines  the  preferred  post- 
dialysis  urea  concentration  and  predicts  a  time  endpoint  for  dialysis,  or  may  predict  a  third  and  even  subse- 

10  quent  urea  concentration  measuring  times  and  then  predict  a  time  endpoint  based  upon  the  urea  concentra- 
tion  measurements.  In  any  event,  microprocessor  12  generates  a  signal  indicative  of  the  preferred  post- 
dialysis  urea  concentration  ora  signal  indicative  of  a  time,  and  communicates  the  same  to  programmable  mem- 
ory  14.  The  programmable  memory  receives  and  stores  the  signals. 

An  algorithm  for  predicting  a  time  endpoint  for  dialysis  may  be  stored  in  memory  14.  Asuitable  algorithm 
15  is  based  upon  a  linear  regression  of  the  curve  for  the  decreasing  urea  concentration  during  dialysis.  For  four 

blood  urea  concentrations,  the  algorithm  may  be  as  follows: 
1  .  Take  four  urea  concentrations  (representing  four  different  sampling  times):  c0,  c2  and  c3. 
2.  Non-dimensionalize  each  concentration  by  dividing  each  cn  by  c0  to  yield  Cn  (or  the  proportion  of  blood 
urea  remaining). 

20  3.  Also  non-dimensionalize  the  preferred  post-dialysis  blood  urea  concentration  (cep)  by  dividing  cep  by 
c0,  so  that  if  cep  is  5  and  c0  is  40,  then  Cep  =  5/40  =  0.125. 
4.  Determine  the  linear  constant  using  the  equation  for  a  regression  slope  for  a  line  through  the  origin, 
which  equation  is  b  =  [sum  of  (Xn  x  In  Cn)]/(sum  of  Xn2) 

a)  Compute  the  sum  of  the  square  of  each  time  Xn  (minutes)  at  which  the  samples  were  taken,  that  is, 
25  the  sum  of  Xq2,  X ,̂  X22  and  X32,  so  that  if  the  samples  were  taken  at  0,  60,  120  and  180  minutes,  then 

02  +  602  +  1202  +  1802  =  50,400. 
b)  Calculate  the  sum  of  the  product  of  time  (Xn)  and  In  Cn  (natural  logarithmic  value  of  the  proportion 
of  urea  remaining)  at  the  respective  time,  for  the  four  samples,  that  is,  if  the  urea  concentrations  of 
the  four  samples  are  40,  30,  20  and  10,  then  [0  x  In  (40/40)]  +  [60  x  In  (30/40)]  +  [120  x  In  (20/40)]  + 

30  [180  x  In  (10/40)]  =  -349.97. 
c)  Solve  the  foregoing  equation  for  b  using  the  illustrative  values  of  a)  and  b)  above,  such  that  b  = 
-349.97/50,400  =  -0.00694. 

5.  Calculate  the  predicted  time  endpoint  for  dialysis  using  the  linear  relation  Y  =  bXand  Yep  =  In  Cep,  such 
that  when  Cep  =  0.125  and  b  has  the  illustrative  value  of  4.c)  above,  then  In  Cep  =  -2.079;  and  Xep  =  Yep/b 

35  =  -2.079/-0.00694  =  299  minutes. 
If  desired,  the  computer  could  activate  an  audible  or  visual  signal  to  indicate  a  urea  concentration  meas- 

uring  time.  In  such  case,  programmable  memory  14  automatically  communicates  at  the  appropriate  time  with 
microprocessor  12,  which  in  turn,  as  represented  in  the  Figure,  may  activate  a  signal  light  18  to  indicate  the 
time. 

40  The  urea  concentration  at  about  the  predicted  time  endpoint  for  dialysis  is  compared  by  the  microproces- 
sor  with  the  preferred  post-dialysis  urea  concentration.  If  desired,  the  computer  could  cause  an  audible  or  vis- 
ual  signal  to  be  given  to  indicate,  if  appropriate,  termination  of  dialysis.  In  such  case,  microprocessor  12  may 
activate  a  signal  light  20,  which  may  be  green,  to  indicate  termination  of  dialysis. 

In  the  event  the  comparison  reveals  that  further  dialysis  is  appropriate,  the  microprocessor  beneficially 
45  may  predict  a  revised  time  endpoint  for  dialysis,  and  thereafter  compare  the  urea  concentration  at  the  revised 

time  endpoint  with  the  preferred  post-dialysis  blood  urea  concentration. 
Beneficially,  microprocessor  12  communicates  with  a  conventional  printer  22,  which  provides  a  paper  re- 

cord  in  the  form  of,  for  instance,  a  graph  of  proportion  of  blood  urea  remaining  and  time.  A  paper  record  would 
assist  the  physician  in  evaluation  of  the  patient. 

so  in  a  highly  automated  embodiment  of  the  method  of  the  present  invention,  computer  control  of  urea- 
containing  fluid  sampling  may  be  provided.  In  such  case,  signals  indicative  of  selected  measuring  times  such 
as  0  time,  60  minutes  and  120  minutes,  are  stored  in  programmable  memory  14.  At  a  selected  time,  the  pro- 
grammable  memory  automatically  communicates  with  the  microprocessor,  which  in  turn  activates  a  fluid  sam- 
pling  device  24.  Thus,  a  technician  would  need  only  to  commence  and  terminate  dialysis,  and  input  necessary 

55  data. 
Accordingly,  by  the  method  of  the  present  invention,  optimization  of  each  dialysis  treatment  is  targeted, 

rather  than  targeting  dialysis  treatments  equal  in  time.  The  improved  hemodialysis  method  provides  cost  sav- 
ings  and  provides  for  better  scheduling  of  patients.  While  the  method  hag  been  described  primarily  with  ref- 
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erence  to  blood  side  measurements  and  values,  urea  could  be  also  measured  on  the  dialysate  side. 

EXAMPLE 

10 

A  blood  sample  of  a  patient  is  taken  immediately  after  commencing  dialysis,  and  a  blood  urea  concentra- 
tion  of  17.4  mmol/L  is  found  and  inputted  to  microprocessor  12.  Physician-prescribed  values  for  the  patient 
are  1.0  for  the  Kt/V,  3  1  iter  for  the  volume  of  ultrafiltrate  to  be  lost  during  dialysis,  and  72  kg  for  the  ideal  weight. 
These  values  are  likewise  inputted  to  microprocessor  1  2,  which  uses  these  values  and  a  value  of  0.03  mmol/L 
for  UGEN,  in  the  formula 

R  =  1  -  (Kt/V  +  1 . 2 ) / 4   +  UGEN  +  (UF/IDWT 

15  to  calculate  a  value  of  0.38  for  the  proportion  of  blood  urea  remaining.  Thereafter,  the  computer  calculates  a 
preferred  post-dialysis  blood  urea  concentration  of  6.6  mmol/L  (the  mathematical  product  of  17.4  mmol/L  and 
0.38). 

Thereafter,  blood  samples  are  taken  at  60  min  and  120  min,  and  blood  urea  concentrations  of  12.2  mmol/L 
and  9.0  mmol/L  are  found.  These  values  of  blood  urea  concentration  and  time  are  inputted  to  microprocessor 

20  12,  which  predicts  a  time  endpoint  for  the  dialysis. 
A  blood  sample  is  taken  at  the  predicted  time  endpoint,  and  the  blood  urea  concentration  at  such  time  is 

found  to  be  6.8  mmol/L.  This  value  is  inputted  to  microprocessor  12,  which  compares  the  value  to  the  preferred 
value  of  6.6.  Microprocessor  12  activates  green  signal  light  20  to  indicate  that  dialysis  may  be  terminated. 

Having  described  the  invention  in  detail  and  by  reference  to  a  preferred  embodiment  thereof,  it  will  be 
25  apparent  that  modifications  and  variations  are  possible  without  departing  from  the  scope  of  the  invention  de- 

fined  in  the  appended  claims.  Several  changes  or  modifications  have  been  briefly  mentioned  for  purposes  of 
illustration. 

30  Claims 

1.  Operation  method  for  a  dialysis  apparatus,  said  method  comprising  measuring  urea  concentration,  char- 
acterized  by  determining  a  preferred  post-dialysis  urea  concentration  based  upon  a  value  for  Kt/V  in  the 
range  of  about  0.8  to  1  .4,  where  K  is  the  dialyzer  urea  clearance  (ml/minutes),  where  t  is  time  (minutes) 

35  and  where  V  is  volume  of  distribution  for  urea  (ml),  predicting  a  time  endpoint  for  diaiysis  based  upon 
said  preferred  post-dialysis  urea  concentration  and  upon  measured  urea  concentration  values,  and  com- 
paring  the  urea  concentration  at  about  said  predicted  time  endpoint  with  said  preferred  post-dialysis  urea 
concentration. 

40  2.  An  operation  method  according  to  claim  1,  characterized  in  prior  to  predicting  said  time  endpoint,  pre- 
dicting  a  urea  concentration  measuring  time. 

3.  An  operation  method  according  to  claim  1  or  2,  characterized  in  that  when  said  comparing  reveals  that 
further  dialysis  is  appropriate,  predicting  a  revised  time  endpoint  for  dialysis  based  upon  said  preferred 

45  post-dialysis  urea  concentration  and  upon  measured  urea  concentration  values,  and  comparing  the  urea 
concentration  at  about  said  revised  time  endpoint  with  said  preferred  post-dialysis  urea  concentration. 

4.  An  operation  method  according  to  one  of  the  preceeding  claims,  characterized  in  that  the  urea  concen- 
tration  measurements  are  on  the  blood  side  or  on  the  dialysate  side. 

50 5.  An  operation  method  according  to  one  of  the  preceeding  claims,  characterized  in  that  said  value  for  Kt/V 
is  greater  than  or  equal  to  about  1  . 

6.  Apparatus  for  dialysis,  comprising  means  (16)  for  measuring  urea  concentration,  characterized  by  means 
(12)  for  determining  a  preferred  post-dialysis  urea  concentration  based  upon  a  value  for  Kt/V  in  the  range 

55  of  about  0.8  to  1.4,  where  K  is  the  dialyzer  urea  clearance  (ml/minutes),  where  t  is  time  (minutes)  and 
where  V  is  volume  of  distribution  for  urea  (ml),  said  means  (12)  being  also  for  predicting  a  time  endpoint 
for  dialysis  based  upon  said  preferred  post-dialysis  urea  concentration  and  upon  measured  urea  concen- 

6 
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tration  values,  and  said  means  (12)  being  also  for  comparing  the  urea  concentration  at  about  said  pre- 
dicted  time  endpoint  with  said  preferred  post-dialysis  urea  concentration. 

7.  Apparatus  according  to  claim  6,  characterized  in  that  said  means  (12)  are  also  for  predicting  a  urea  con- 
5  centration  measuring  time,  prior  to  predicting  said  time  endpoint. 

8.  Apparatus  according  to  claim  6  or  7,  charcterized  in  that  said  measuring  means  (16)  are  provided  for 
measuring  urea  concentration  on  the  blood  side  or  on  the  dialysate  side. 

9.  Apparatus  according  to  one  of  the  claims  6  to  8,  characterized  in  that  said  value  for  Kt/V  is  greater  than 
or  equal  to  about  1  . 

10.  Apparatus  according  to  one  of  the  claims  6  to  9,  characterized  in  a  programmable  memory  (14)  is  pro- 
vided. 

15  11.  Apparatus  according  to  claim  10,  characterized  in  that  said  programmable  memory  (14)  is  for  storing  said 
preferred  post-dialysis  urea  concentration,  and/or  for  storing  an  algorithm  for  predicting  said  time  en- 
dpoint  for  dialysis,  and/or  for  storing  a  urea  concentration  measuring  time. 

12.  Apparatus  according  to  one  of  the  claims  6  to  11,  characterized  in  that  said  means  (16)  for  measuring 
20  urea  concentration  are  in  operative  communication  with  said  means  (12). 

13.  Apparatus  according  to  one  of  the  claims  6  to  12,  characterized  in  that  indicating  means  (18)  are  provided 
for  indicating  a  urea  concentration  measuring  time,  said  indicating  means  (18)  being  in  operative  com- 
munication  with  said  means  (12). 
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14.  Apparatus  according  to  one  of  the  claims  6  to  1  3,  characterized  in  that  indicating  means  (20)  are  provided 
for  indicating  that  dialysis  may  be  terminated,  said  indicating  means  (20)  being  in  operative  communica- 
tion  with  said  means  (12). 

15.  Apparatus  according  to  one  of  the  claims  6  to  14,  characterized  in  that  fluid  sampling  means  (24)  are  pro- 
vided  which  are  in  operative  communication  with  said  means  (12). 

16.  Apparatus  according  to  one  of  the  claims  6  to  15,  characterized  in  that  said  means  (12)  is  a  microproces- 
sor. 

Patentanspruche 

1.  Betriebsverfahren  fur  ein  Dialysegerat,  wobei  das  Verfahren  die  Messung  der  Harnstoffkonzentration 
aufweist,  das  gekennzeichnet  ist  durch  die  Festlegung  einer  bevorzugten  post-Dialyse- 

40  Harnstoffkonzentration,  die  auf  einem  Wert  fur  Kt/V  im  Bereich  von  ungefahr  0,8  bis  1  ,4  beruht,  wobei 
K  die  Dialysator-Harnstoff-Clearance  (ml/Minute),  t  die  Zeit  (Minuten)  und  V  das  Volumen  der  Harnstoff- 
verteilung  (ml)  ist,  durch  die  Vorherbestimmung  eines  Zeitendpunktes  fur  die  Dialyse,  der  auf  der  bevor- 
zugten  post-Dialyse-Harnstoffkonzentration  und  auf  den  gemessenen  Harnstoffkonzentrationswerten 
beruht,  und  durch  den  Vergleich  der  Harnstoffkonzentration  bei  ungefahr  dem  vorherbestimmten  Zeit- 

45  endpunkt  mit  der  bevorzugten  post-Dialyse-Harnstoffkonzentration. 

2.  Ein  Betriebsverfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dali  vor  der  Vorherbestimmung  des 
Zeitendpunktes  eine  Harnstoffkonzentrations-Melizeit  vorherbestimmt  wird. 

so  3.  Ein  Betriebsverfahren  nach  Anspruch  1  oder2,  dadurch  gekennzeichnet,  dali,  wenn  der  Vergleich  erken- 
nen  lalit,  dali  weitere  Dialyse  angezeigt  ist,  ein  korrigierterZeitendpunktfur  die  Dialyse  vorherbestimmt 
wird,  der  auf  der  bevorzugten  post-Dialyse-Harnstoffkonzentration  und  auf  den  gemessenen  Harnstoff- 
konzentrationswerten  beruht,  und  die  Harnstoffkonzentration  bei  ungefahr  dem  korrigierten  Zeitend- 
punkt  mit  der  bevorzugten  post-Dialyse-  Harnstoffkonzentration  verglichen  wird. 

Ein  Betriebsverfahren  nach  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  die 
Messungen  der  Harnstoffkonzentration  auf  der  Blutseite  oder  der  Dialysatseite  stattfinden. 
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5.  Ein  Betriebsverfahren  nach  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  der 
Wert  fur  Kt/V  grolier  oder  gleich  ungefahr  1  ist. 

6.  Dialysegerat,  das  eine  Vorrichtung  (16)  zur  Messung  der  Harnstoffkonzentration  aufweist,  gekennzeich- 
net  durch  eine  Vorrichtung  (12)  zur  Bestimmung  einer  bevorzugten  post-Dialyse-Harnstoffkonzentration, 
die  auf  einem  Wert  fur  Kt/V  im  Bereich  von  ungefahr  0,8  bis  1,4  beruht,  wobei  Kdie  Dialysator-Karnstoff- 
Clearance  (ml/Minute),  t  die  Zeit  (Minuten)  und  V  das  Volumen  der  Harnstoffverteilung  (ml)  ist,  wobei  die 
Vorrichtung  (12)  ebenfalls  zur  Vorherbestimmung  eines  Zeitendpunktes  fur  die  Dialyse  dient,  der  auf  der 
bevorzugten  post-Dialyse-Harnstoffkonzentration  und  auf  den  gemessenen  Harnstoffkonzentrations- 
werten  beruht,  und  wobei  die  Vorrichtung  (12)  ebenfalls  dem  Vergleich  der  Harnstoffkonzentration  bei 
ungefahr  dem  vorherbestimmten  Zeitendpunkt  mit  der  bevorzugten  post-Dialyse-  Harnstoffkonzentrati- 
on  dient. 

7.  Gerat  nach  Anspruch  6,  dadurch  gekennzeichnet,  dali  die  Vorrichtung  (12)  ebenfalls  fur  die  Vorherbe- 
stimmung  einer  Harnstoffkonzentrations-Melizeit  vor  der  Vorherbestimmung  des  Zeitendpunktes  dient. 

8.  Gerat  nach  Anspruch  6  oder  7,  dadurch  gekennzeichnet,  dali  die  Melivorrichtung  (16)  fur  die  Messung 
der  Harnstoffkonzentration  auf  der  Blutseite  oder  der  Dialysatseite  vorgesehen  ist. 

9.  Gerat  nach  einem  der  Anspruche  6  bis  8,  dadurch  gekennzeichnet,  dali  der  Wert  fur  Kt/V  grolier  oder 
gleich  ungefahr  1  ist. 

10.  Gerat  nach  einem  der  Anspruche  6  bis  9,  dadurch  gekennzeichnet,  dali  ein  programmierbarer  Speicher 
(14)  vorgesehen  ist. 

11.  Gerat  nach  Anspruch  10,  dadurch  gekennzeichnet,  dali  der  programmierbare  Speicher  (14)  der  Speiche- 
rungder  bevorzugten  post-Dialyse-Harnstoffkonzentration,  und/oder  der  Speicherung  eines  Algorithmus 
fur  die  Vorherbestimmung  des  Zeitendpunktes  fur  die  Dialyse,  und/oder  der  Speicherung  einer 
Harnstoffkonzentrations-Melizeit  dient. 

12.  Gerat  nach  einem  der  Anspruche  6  bis  11  dadurch  gekennzeichnet,  dali  die  Vorrichtung  (16)  fur  die  Mes- 
sung  der  Harnstoffkonzentration  mit  der  Vorrichtung  (12)  in  Betriebs-Verbindung  steht. 

13.  Gerat  nach  einem  der  Anspruche  6  bis  12  dadurch  gekennzeichnet,  dali  eine  Anzeigevorrichtung  (18)  fur 
die  Anzeige  einer  Harnstoffkonzentrations-Melizeit  vorgesehen  ist,  wobei  die  Anzeigevorrichtung  (18) 
mit  der  Vorrichtung  (12)  in  Betriebs-Verbindung  steht. 

14.  Gerat  nach  einem  der  Anspruche  6  bis  13  dadurch  gekennzeichnet,  dali  eine  Anzeigevorrichtung  (20)  vor- 
gesehen  ist,  urn  anzuzeigen,  dali  die  Dialyse  beendet  werden  kann,  wobei  die  Anzeigevorrichtung  (20) 
mit  der  Vorrichtung  (12)  in  Betriebs-Verbindung  steht. 

15.  Gerat  nach  einem  der  Anspruche  6  bis  14  dadurch  gekennzeichnet,  dali  eine  Fluidprufvorrichtung  (24) 
vorgesehen  ist,  die  mit  der  Vorrichtung  (12)  in  Betriebs-Verbindung  steht. 

16.  Gerat  nach  einem  der  Anspruche  6  bis  15  dadurch  gekennzeichnet,  dali  die  Vorrichtung  (12)  ein  Mikro- 
prozessor  ist. 

Revendications 

1.  Precede  d'utilisation  d'un  appareil  de  dialyse,  ce  procede  consistanta  mesurerla  concentration  de  I'uree, 
caracterise  en  ce  qu'il  consiste  a  determiner  une  concentration  preferee  de  I'uree  apres  dialyse,  sur  la 
base  d'une  valeur  de  Kt/V  comprise  entre  environ  0,8  et  1,4,  ou  K  est  la  clairance  de  I'uree  du  dialyseur 
(ml/mn),  t  est  le  temps  (minutes)  et  V  est  le  volume  de  distribution  de  I'uree  (ml),  a  prevoir  un  instant  final 
de  la  dialyse,  sur  la  base  de  la  concentration  preferee  de  I'uree  apres  dialyse  et  de  la  concentration  me- 
suree  de  I'uree,  et  a  comparer  la  concentration  de  I'uree,  approximativement  a  cet  instant  final  prevu,  a 
la  concentration  preferee  de  I'uree  apres  la  dialyse. 

2.  Procede  d'utilisation  selon  la  revendication  1,  caracterise  en  ce  que,  avant  de  prevoir  I'instant  final,  on 
prevoit  un  instant  de  mesure  de  la  concentration  de  I'uree. 

8 
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3.  Procede  d'utilisation  selon  la  revendication  1  ou  2,  caracterise  en  ce  que,  lorsque  la  comparaison  revele 
qu'une  dialyse  plus  poussee  est  necessaire,  on  prevoit  un  nouvel  instant  final  pour  la  dialyse,  sur  la  base 
de  la  concentration  preferee  de  I'uree  apres  dialyse  et  de  la  concentration  mesuree  de  I'uree,  et  on  compa- 
re  la  concentration  de  I'uree,  approximativement  au  nouvel  instant  final,  avec  la  concentration  preferee 

5  de  I'uree  apres  dialyse. 

4.  Procede  d'utilisation  selon  I'une  des  revendications  precedentes,  caracterise  en  ce  que  la  mesure  de  la 
concentration  de  I'uree  s'effectue  sur  le  cote  "sang"  ou  sur  le  cote  "dialysat". 

10  5.  Procede  d'utilisation  selon  I'une  des  revendications  precedentes,  caracterise  en  ce  que  la  valeur  de  Kt/V 
est  superieure  ou  egale  a  environ  1. 

6.  Appareil  de  dialyse  comprenant  un  moyen  (16)  destine  a  mesurer  la  concentration  de  I'uree,  caracterise 
par  un  moyen  (12)  destine  a  determiner  une  concentration  preferee  de  I'uree  apres  dialyse,  sur  la  base 
d'une  valeur  de  Kt/V  comprise  entre  environ  0,8  et  1  ,4,  ou  K  est  la  clairance  de  I'uree  du  dialyseur  (ml/mn), 
t  est  le  temps  (minutes)  et  V  est  le  volume  de  distribution  de  I'uree  (ml),  ce  moyen  (12)  permettant  ega- 
lement  de  prevoir  un  instant  final  de  la  dialyse,  sur  la  base  de  la  concentration  preferee  de  I'uree  apres 
dialyse  et  de  la  concentration  mesuree  de  I'uree,  le  moyen  (12)  permettant  egalement  de  comparer  la 
concentration  de  I'uree,  approximativement  a  I'instant  final  prevu,  a  la  concentration  preferee  de  I'uree 

2o  apres  la  dialyse. 

7.  Appareil  selon  la  revendication  6,  caracterise  en  ce  que  le  moyen  (12)  permet  egalement  de  prevoir  un 
instant  de  mesure  de  la  concentration  de  I'uree  avant  de  prevoir  I'instant  final. 

8.  Appareil  selon  la  revendication  6  ou  7,  caracterise  en  ce  que  le  moyen  de  mesure  (16)  permet  de  mesurer 
25  la  concentration  de  I'uree  sur  le  cote  "sang"  ou  sur  le  cote  "dialysat". 

9.  Appareil  selon  I'une  des  revendications  6  a  8,  caracterise  en  ce  que  la  valeur  de  Kt/V  est  superieure  ou 
egale  a  environ  1  . 

30  10.  Appareil  selon  I'une  des  revendications  6  a  9,  caracterise  en  ce  qu'on  prevoit  une  memoire  programmable 
(14). 

11.  Appareil  selon  la  revendication  10,  caracterise  en  ce  que  la  memoire  programmable  (14)  permet  de 
stacker  la  concentration  preferee  de  I'uree  apres  dialyse,  et/ou  de  stacker  un  algorithme  permettant  de 

„  prevoir  I'instant  final  de  la  dialyse  et/ou  de  stacker  un  instant  de  mesure  de  la  concentration  de  I'uree. 
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12.  Appareil  selon  I'une  des  revendications  6  a  11,  caracterise  en  ce  que  le  moyen  (16)  destine  a  mesurer 
la  concentration  de  I'uree  est  en  communication  operationnelle  avec  le  moyen  (12). 

13.  Appareil  selon  I'une  des  revendications  6  a  12,  caracterise  en  ce  qu'on  prevoit  des  moyens  indicateurs 
(18)  pour  indiquer  un  instant  de  mesure  de  la  concentration  de  I'uree,  les  moyens  indicateurs  (18)  etant 
en  communication  operationnelle  avec  le  moyen  (12). 

14.  Appareil  selon  I'une  des  revendications  6  a  13,  caracterise  en  ce  que  des  moyens  indicateurs  (20)  sont 
prevus  pour  indiquer  que  la  dialyse  peut  etre  terminee,  les  moyens  indicateurs  (20)  etant  en  communi- 

45  cation  operationnelle  avec  le  moyen  (12). 

15.  Appareil  selon  I'une  des  revendications  6  a  14,  caracterise  en  ce  qu'on  prevoit  des  moyens  echantillon- 
neurs  de  fluide  (24)  qui  sont  en  communication  operationnelle  avec  le  moyen  (12). 

50  16.  Appareil  selon  I'une  des  revendications  6  a  15,  caracterise  en  ce  que  le  moyen  (12)  est  un  microproces- 
seur. 
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