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KDOQI CLINICAL PRACTICE GUIDELINE FOR

HEMODIALYSIS ADEQUACY: 2015 UPDATE

Abstract

The National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative (KDOQI) has provided
evidence-based guidelines for all stages of chronic kidney disease (CKD) and related complications since 1997.
The 2015 update of the KDOQI Clinical Practice Guideline for Hemodialysis Adequacy is intended to assist
practitioners caring for patients in preparation for and during hemodialysis. The literature reviewed for this
update includes clinical trials and observational studies published between 2000 and March 2014. New topics
include high-frequency hemodialysis and risks; prescription flexibility in initiation timing, frequency, duration,
and ultrafiltration rate; and more emphasis on volume and blood pressure control. Appraisal of the quality of the
evidence and the strength of recommendations followed the Grading of Recommendation Assessment, Devel-
opment, and Evaluation (GRADE) approach. Limitations of the evidence are discussed and specific suggestions
are provided for future research.

Keywords: Hemodialysis; Clinical Practice Guideline; hemodialysis prescription; hemodialysis frequency;
initiation; adequacy; treatment time; hemofiltration; urea modeling; evidence-based recommendation; KDOQI.

In citing this document, the following format should be used: National Kidney Foundation. KDOQI clinical
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CARI	  -‐	  Australia	   1.2	  KtV	  Min	  
65%	  URR	  min	  

CSN	  -‐	  Canada	   1.2	  KtV	  Min	  
65%	  URR	  min	  

EBPG	  	  Europe	   ≈1.4	  
Kt/V	  eq	  ≥	  1.2	  

KDOQI-‐	  US	  
2002	  

1.2	  KtV	  Min	  
65%	  URR	  min	  

UK	  Guidelines	   >1.2	  KtV	  Min	  
>65%	  URR	  min	  



	  	   Mínimos	  	  	  	  	  	  	  	  
Generales	   Mujeres	   DM	  

Peso	  

<50	  Kg	  
3	  sesiones	  /	  
semana	   	  	   	  	   	  	   	  	  

Kt/V	  	  	  	  
MonoComp	   1.3	   1.6	   1.5	   1.5	  

Kt/Ve	  	  	  	  BiComp	   1.1	   1.4	   1.3	   1.3	  
PRU	  (%)	   70	   75	   73	   73	  
Kt	  (L)	  Monitores	  
con	  	  	  	  	  	  dialisancia	  
iónica	  

45	   45	   45	   45	  

Frecuencia	  independiente	  
EKR	  (ml/min)	   13	   13	   13	   13	  
Kt/V	  standard	   2.0	   2.0	   2.0	   2.0	  
PRU	  semanal	  (%)	   210	   225	   219	   219	  
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MEDLINE and ClinicalTrials.gov to identify any
recently completed studies.

ERT Study Selection and Outcomes of Interest

Studies were included if they were randomized
or controlled clinical trials in people treated with,
initiating, or planning to initiate maintenance HD for
CKD. To be included, studies needed to report the

effects of an intervention on all-cause mortality, CV
mortality, myocardial infarction, stroke, all-cause
hospitalization, quality of life, depression or cognitive
performance, BP or BP treatment, left ventricularmass,
interdialytic weight gain, dry weight, or harms or
complications related to vascular access or the process
of dialysis. Observational studies considered by the
Work Group that were not selected by the evidence

Box 2. Summary of Recommendation Statements

Guideline 1: Timing of Hemodialysis Initiation

1.1 Patients who reach CKD stage 4 (GFR, 30 mL/min/1.73 m2), including those who have imminent need for maintenance
dialysis at the time of initial assessment, should receive education about kidney failure and options for its treatment, including
kidney transplantation, PD, HD in the home or in-center, and conservative treatment. Patients’ family members and care-
givers also should be educated about treatment choices for kidney failure. (Not Graded )

1.2 The decision to initiate maintenance dialysis in patients who choose to do so should be based primarily upon an assessment
of signs and/or symptoms associated with uremia, evidence of protein-energy wasting, and the ability to safely manage
metabolic abnormalities and/or volume overload with medical therapy rather than on a specific level of kidney function in the
absence of such signs and symptoms. (Not Graded )

Guideline 2: Frequent and Long Duration Hemodialysis

In-center Frequent HD

2.1 We suggest that patients with end-stage kidney disease be offered in-center short frequent hemodialysis as an alternative to
conventional in-center thrice weekly hemodialysis after considering individual patient preferences, the potential quality of life
and physiological benefits, and the risks of these therapies. (2C)

2.2 We recommend that patients considering in-center short frequent hemodialysis be informed about the risks of this therapy,
including a possible increase in vascular access procedures (1B) and the potential for hypotension during dialysis. (1C)

Home Long HD

2.3 Consider home long hemodialysis (6-8 hours, 3 to 6 nights per week) for patients with end-stage kidney disease who prefer
this therapy for lifestyle considerations. (Not Graded )

2.4 We recommend that patients considering home long frequent hemodialysis be informed about the risks of this therapy,
including possible increase in vascular access complications, potential for increased caregiver burden, and accelerated
decline in residual kidney function. (1C)

Pregnancy

2.5 During pregnancy, women with end-stage kidney disease should receive long frequent hemodialysis either in-center or at
home, depending on convenience. (Not Graded )

Guideline 3: Measurement of Dialysis: Urea Kinetics

3.1 We recommend a target single pool Kt/V (spKt/V) of 1.4 per hemodialysis session for patients treated thrice weekly, with a
minimum delivered spKt/V of 1.2. (1B)

3.2 In patients with significant residual native kidney function (Kru), the dose of hemodialysis may be reduced provided Kru is
measured periodically to avoid inadequate dialysis. (Not Graded )

3.3 For hemodialysis schedules other than thrice weekly, we suggest a target standard Kt/V of 2.3 volumes per week with a
minimum delivered dose of 2.1 using a method of calculation that includes the contributions of ultrafiltration and residual
kidney function. (Not Graded )

Guideline 4: Volume and Blood Pressure Control: Treatment Time and Ultrafiltration Rate

4.1 We recommend that patients with low residual kidney function (, 2 mL/min) undergoing thrice weekly hemodialysis be
prescribed a bare minimum of 3 hours per session. (1D)
4.1.1 Consider additional hemodialysis sessions or longer hemodialysis treatment times for patients with large weight gains,

high ultrafiltration rates, poorly controlled blood pressure, difficulty achieving dry weight, or poor metabolic control
(such as hyperphosphatemia, metabolic acidosis, and/or hyperkalemia). (Not Graded)

4.2 We recommend both reducing dietary sodium intake as well as adequate sodium/water removal with hemodialysis to
manage hypertension, hypervolemia, and left ventricular hypertrophy. (1B)
4.2.1 Prescribe an ultrafiltration rate for each hemodialysis session that allows for an optimal balance among achieving

euvolemia, adequate blood pressure control and solute clearance, while minimizing hemodynamic instability and
intradialytic symptoms. (Not Graded )

Guideline 5: New Hemodialysis Membranes

5.1 We recommend the use of biocompatible, either high or low flux hemodialysis membranes for intermittent hemodialysis. (1B)
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-‐	  These	  measurements	  should	  be	  done	  at	  least	  monthly.	  

1.4	  
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Guideline 3: Measurement of Dialysis—Urea Kinetics

3.1 We recommend a target single pool Kt/V
(spKt/V) of 1.4 per hemodialysis session for
patients treated thrice weekly, with a mini-
mum delivered spKt/V of 1.2. (1B)

3.2 In patients with significant residual native
kidney function (Kru), the dose of hemodi-
alysis may be reduced provided Kru is
measured periodically to avoid inadequate
dialysis. (Not Graded)

3.3 For hemodialysis schedules other than thrice
weekly, we suggest a target standard Kt/V
of 2.3 volumes per week with a minimum
delivered dose of 2.1 using a method of
calculation that includes the contributions of
ultrafiltration and residual kidney function.
(Not Graded)

RATIONALE

Target Dose (Guideline 3.1)

This guideline is unchanged from the previous
guideline. Small-solute clearance is currently consid-
ered the best measure of HD and its adequacy. Kt/V,
the fractional urea clearance, is the most precise and
tested measure of the dialyzer effect on patient survival
and is the most frequently applied measure of the
delivered dialysis dose. The difference between the
minimum and the target dose is based on a within-
patient coefficient of variation in the HEMO (Hemo-
dialysis) Study of w10% and is designed to limit the
number of treatment doses that fall below the mini-
mum as explained in the previous KDOQI guidelines.7

Evidence for the Importance of Small-Solute Clearance

Although admittedly a crude correlate with clinical
outcomes, patients cannot survive without adequate
small-solute clearance. This in an inescapable
conclusion derived from the successful prolongation
of life by HD, and especially in the early era when
membranes removed few or no large-molecular-
weight solutes. Although the concentration of each
retained toxic solute is likely the proper target of HD
dosing (concentration-dependent toxicity), measure-
ment of any selected representative solute is
confounded by its generation (or appearance) rate. The
generation rate of a single solute may vary and stray
from the generation rate of other important toxic sol-
utes, effectively disqualifying the selected solute’s
concentration as nonrepresentative. Similarly, mea-
surement of a representative solute’s removal rate is
ultimately, in a steady state of mass balance, a measure
only of its generation rate. However, the ratio of the
removal rate to the solute concentration, defined as

solute clearance, is a genuine measure of the dialysis
solute purging effect and tends to be constant among
similar small solutes, independent of the various solute
generation rates and concentrations. Selection of a
marker solute to measure clearance is therefore more
reasonable than a concentration marker because
clearance is less encumbered by either the solute’s
concentration or its generation rate. The ideal repre-
sentative solute for assessment of clearance should be
easily measured and freely move by diffusion through
the dialysis membrane and among body compartments
without sequestration in remote compartments or
binding to macromolecules in the serum. Urea is
currently the best representative small solute because
of its abundance and close compliance with the above
criteria, as well as the reliability and low cost of urea
nitrogen assays. Native kidney function, when present,
can be measured as urea clearance and combined with
the dialyzer clearance to determine the total effective
small-solute clearance.7

Evidence for the Importance of Urea Clearance

For intermittent HD, the expression of clearance
should include the patient’s treatment time (t) and
adjustment for patient size. As explained below, the
most convenient measure that satisfies these re-
quirements is Kt/V. Several observational studies and
1 controlled clinical trial have shown a strong corre-
lation between urea Kt/V and mortality.126-128 An
additional clinical trial showed no survival benefit at
higher levels of Kt/V,129 but previous studies clearly
showed that lower values were strongly associated
with increased morbidity and should therefore be
avoided.126,127

Methods for Measuring Urea Clearance

Urea Kt/V is most conveniently measured using
mathematical modeling of the predialysis and post-
dialysis serum urea concentration.130,131 This method
provides an integrated or average clearance during the
entire HD and is patient specific, often called the
“delivered HD dose.”
The predialysis blood sample must be drawn before

injecting saline, heparin, or other potential diluents.
The postdialysis blood sample should be drawn from
the dialyzer inflow port using a slow-flow method
(100 mL/min for 15 seconds) or a stop-dialysate-flow
method (for 3 minutes). These measurements should
be done at least monthly as recommended in the
previous guidelines.7

Several methods have been used by laboratories
and dialysis clinics throughout the country to calcu-
late Kt/V; these methods include simplified explicit

KDOQI HD Adequacy Guideline: 2015 Update
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Methods and equations for measuring 
conductivitiy dialisance 
These	  methods	  require	  a	  correc`on	  for	  cardiopulmonary	  recircula`on	  and	  an	  
independent	  measure	  of	  V.	  Advantages	  of	  this	  method	  include	  ease	  of	  
measurementes,	  immediate	  feedback,	  no	  need	  for	  blood	  and	  dialysate	  sampling	  for	  
analysis,	  inexpensive,	  capability	  of	  more	  frequent	  measurements,	  and	  the	  poten`al	  
for	  using	  BSA	  as	  the	  denominator.	  Disadvantages	  include	  the	  need	  for	  an	  es`ma`on	  
or	  measerument	  of	  V	  for	  comparison	  with	  modeled	  urea	  KtV.	  These	  niw	  methods	  
can	  only	  be	  used	  if	  equivalence	  to	  the	  reference	  standard	  can	  be	  demonstrated.	  

stdKt=V5
S

12 0:74
F

h
Uf
V

i1Kr
10;080

V

(variable volume model with Kru)

S is stdKt/V derived from a fixed-volume model

(second equation above); N is the number of dialyses

per week; Uf is the weekly ultrafiltration volume in

mL; V is the volume of urea distribution in mL; Kru

is the residual native kidney clearance of urea in

mL/min; 10,080 is the number of minutes in a week.

In the absence of Kru
, the last equation ab

ove gives

a value for stdKt/V that is w7% higher on average

than the preceding equation.

To protect patients from underdialysis, the contri-

bution of Kru should be added only if a measurement

has been done within 3 months prior to the modeling

date.

4. Method for calculating SAstdKt/V

The volume of urea distribution (V) in the de-

nominator of the urea clearance expression (Kt/V)

is problematic. V is conveniently included in the

exponential expression of clearance as calculated

from simple measurements of pre- and postdialysis

BUN, and as a measure of total-body water is

closely tied to lean body mass, which is often used

to dose drugs. However, the
more commonly used

denominator for physiologic functions including

native kidney function is BSA. A secondary analysis

of the HEMO data, which showed improved out-

comes in women but not in men treated at the

higher HD dose, raised concerns about possible

inappropriate use of V as the dose denominator in

women and smaller patients (see Fi
g 3 below).

147,152

Efforts to eliminate this bias both in women and in

smaller patients led to an expression of stdKt/V with

BSA in the denominator that retained the current

targeted values
146,153,154:

SAstdKt=V5
stdKt=V

20
3

Vw
BSA

SAstdKt/V is the surface area–normalized standard

Kt/V (fraction/wk); VW is the patient’s volume of

urea distribution determined by the Watson formula

(L)15
5; BSA is the patient’s body

surface area based

on height and weight (m
2)156; and 20 is a normal-

izing factor (the population mean V/BSA, L/m2).

This normalizing factor may be different from 20

when using equations other then
those by Watson et

al155 and DuBois and DuBois
156 to estimate V and

BSA, respectively, f
or example, in children.

5. Method and equations for measuring conductivity

dialysance.

D5 ½Qd1Qf"½12ðCo12Co2Þ=ðCi12Ci2Þ"157

Co and Ci are dialysate outle
t and inlet conductivities

(mS/cm); D is dialysance (mL/min); Qd is dialysate

flow; and Qf is ultrafiltration flow.

Dialysance is used here because the inflow con-

ductivity is not zero. In practical terms, conductivity

dialysance is a measure of the dialyzer small-solute

clearance because the solutes responsible
for dialy-

sate conductivity are small (mostly sodium 1 anion)

and easily dialyzed. C
onductivity dialysan

ce is highly

correlated with urea clearance.
135,157

Figure 3. Delivered dialysis doses in the HEMO (Hemodialysis) Study. (A) A clear separation
of the delivered dialysis doses

expressed as standard Kt/V was achieved for all patients during the HEMO Study. (B) When normalized to BSA, women randomized

to the high dose received a dose comparable to the conventional dos
e in men.

129 Reproduced with permission of the American Society

of Nephrology from Daugirdas et al.
147
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Conduc`vity	  dialisance	  is	  highly	  correlated	  with	  urea	  clearance.	  
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•  Un	   método	   de	   referencia	   frente	   al	   cual	   pueden	   compararse	   otros	  
métodos	  para	  garan`zar	  la	  uniformidad	  y	  proteger	  a	  los	  pacientes	  de	  la	  
infradiálisis	  esta	  disponible	  en	  la	  web	  www.ureakine`cs.org	  	  

•  Es	  un	  modelo	  de	  referencia	  e	  incluye	  los	  cálculos	  del	  KtVsp,	  2-‐poolKtV,	  
KtVstd	  y	  SA-‐KtVstd.	  
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Several	  observa+onal	  
studies	  and	  1	  controlled	  
clinical	  trial	  have	  shown	  
a	  strong	  correla+on	  
between	  urea	  Kt/V	  and	  
mortality.	  
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Current status of renal replacement therapy in Japan: results of the
annual survey of the Japanese Society for Dialysis Therapy

T. Shinzato, S. Nakai, T. Akiba, C. Yamazaki, R. Sasaki, T. Kitaoka, K. Kubo, T. Shinoda,
K. Kurokawa, F. Marumo, T. Sato and K. Maeda

Abstract Beginning in 1966, the Patient Registration also collected information on survival of patients in
the survey years, and characteristics of the individualCommittee of the Japanese Society for Dialysis

Therapy has conducted a survey once a year on renal patients, i.e. the case mix. In order to be able to
evaluate the impact of various laboratory variables onreplacement therapy in Japan. As of 1983, the survey

covered the life/death of patients in the survey years, survival, a few variables were added each year to the
survey items, starting in 1990, and some were substi-as well as the case mix of individual patients. In 1990

several laboratory variables were added to the survey tuted for others every year. In 1993, information on
Kt/V, protein catabolic rate, pre- and postdialysisitems. The present report summarizes the data from

the 1993 and 1994 surveys. The Committee mailed out serum creatinine concentrations, predialysis serum
phosphate concentration and predialysis albumin con-questionnaire forms at the end of the survey year to

the heads of all dialysis facilities. Survey forms were centration was added, and this laboratory variable
package was then changed in 1994 to include thereturned from 99.6% of the dialysis facilities in the

1993 survey, and from 99.8% of the facilities in the predialysis serum phosphate concentration, predialysis
serum albumin concentration, predialysis serum b2-1994 survey. Some 143 709 patients were treated by

renal replacement therapy in 1994 (7509 were treated microglobulin concentration, systolic/diastolic blood
pressure, predialysis haematocrit value and dose ofby CAPD, and 131 016 by extracorporeal haemopuri-

fication). The gross mortality rate was 9.5% in the erythropoietin administered. The present report com-
piles the data on the number of patients on renalsame year. The mean values of the laboratory variables

among 88 693 patients undergoing thrice weekly replacement therapy, the number of patients beginning
renal replacement therapy in the survey year, life/deathhaemodialysis were as follows in 1993: Kt/V,

1.31±0.30; protein catabolic rate, 1.04±0.30 g/kg/ in the survey year, as of 1994, and summarizes the
laboratory data from the 1993 and 1994 survey replies.day; haemodialysis time, 4.12±0.50 h. In 1994, the

variables were: predialysis serum creatinine concentra-
tion, 11.54±2.85 mg/dl; predialysis serum albumin

Subjects and methodsconcentration, 3.91±0.55 g/dl; predialysis haemato-
crit, 28.69±4.36%.

Facilities
Key words: haemodialysis; mortality; renal failure

Information was received by the Patient Registration
Committee of the Japanese Society for Dialysis Therapy on
2641 dialysis facilities in 1993, and 2759 such facilities in
1994. Thus, the number of facilities increased by 118 (4.5%)Introduction
in the course of 1 year. In 1994, private clinics were most
numerous (998; 36.3%), followed by private hospitals (935;

Beginning in 1966, the Patient Registration Committee 34.0%), and public hospitals (650; 23.6%).
of the Japanese Society for Dialysis Therapy has
conducted a survey once a year on renal replacement Survey methodtherapy in Japan. The questionnaire surveys collect
information on the number of patients treated in the On an annual basis, the Patient Registration Committee of
dialysis facilities, the number of sta� members, the the Japanese Society for Dialysis Therapy mails out the
number of haemodialysis machines, and other specifics survey forms at the end of November to the heads of all
concerning the facilities. Since 1983, the surveys have dialysis facilities on record at the Society headquarters. When

new facilities are established within the survey year after the
survey questionnaires have been mailed out, survey formsCorrespondence and o�print requests to: Kenji Maeda, M.D., Patient
are also sent to them, later. The heads of the facilities areRegistration Committee Headquarters of the Japanese Society for
requested to return the survey replies by the end of JanuaryDialysis Therapy, c/o Nagoya University Branch Hospital, 1-1-20,

Daiko-Minami, Higashi-ku, Nagoya 461, Japan. of the following year. If the Committee fails to receive the

© 1997 European Renal Association–European Dialysis and Transplant Association
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laboratory data compiled for patients undergoing
thrice weekly maintenance HD.
Predialysis serum creatinine concentration. Figure 6
gives the results compiled for the predialysis serum
creatinine concentration. The mean level of predialysis
serum creatinine concentration was 11.54±2.85 mg/dl
overall, and was higher in males (12.36±2.93 mg/dl )
than females (10.34±2.30 mg/dl ).
Predialysis serum albumin concentration. Mean pre-
dialysis serum albumin concentration was 3.91±0.55
g/dl overall, with no major di�erence between males
(3.93±0.60 g/dl ) and females (3.87±0.55 g/dl ). HD
patients whose serum albumin concentration was less
than 3.0 g/dl accounted for no more than 3.4% of the
total population whose serum albumin concentration
was examined.
Predialysis serum phosphate concentration. The mean
predialysis serum phosphate concentration was
5.76±1.67 mg/dl for HD patients overall (malesFig. 4. Distribution of haemodialysis patients by protein catabolic
5.80±1.68 mg/dl; females 5.70±1.65 mg/dl ). Patientsrate.
with predialysis serum phosphate levels in excess of
7.0 mg/dl represented 21.5% of the total population.shown in Fig. 4, the patients whose PCR was less than
Predialysis serum b2-microglobulin concentration. The1.0 g/kg/day accounted for 43.5% of the overall popu-
mean concentration of predialysis b2-microglobulinlation. Thus, one may assume that around 40% of
was 33.7±10.9 mg/l for HD patients overall. InJapanese HD patients su�er from protein deficiency.
patients on HD for more than 2 years, no relation wasHaemodialysis time. Figure 5 gives the results compiled
noted between years on HD and serum b2-micro-for the HD time. The mean HD time was 4.12±0.50 h
globulin concentration (Table 2).overall, and was higher in males (4.15±0.47 h) than
Mean blood pressure. The mean predialysis bloodfemales (4.08±0.51 h). A total of 8728 (9.9%) patients
pressure was calculated from the systolic and diastolicwere dialysed for less than 4 h per session among the
pressures using the following formula:88 072 subjects surveyed; 67 698 patients (76.9%) were

dialysed for more than 4 h but less than 5 h, while mean blood pressure=
11 646 patients (13.2%) were dialysed for more than
5 h. 2×diastolic blood pressure+systolic blood pressure

3
Laboratory data of maintenance haemodialysis patients The mean blood pressure for HD patients overall was
surveyed in 1994 105.1±15.5 mmHg. The mean blood pressure for
Based on the results of the survey of individual patient
current status at the end of 1994, we present the

Fig. 6. Distribution of hemodialysis patients by predialysis serum
Fig. 5. Distribution of hemodialysis patients by treatment time. creatinine level.
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Fig. 3. Distribution of hemodialysis patients by Kt/V.Fig. 2. Survival rate of CAPD patients beginning the therapy after
1983 by sex.

and end of the first treatment of the week using thethe patients were, the less favourable was their
method of Shinzato et al. [2]. The mean Kt/V wasprognosis.
1.31±0.30 among all 76 188 HD patients for whomTable 1 presents the survival rates of patients for
the complete data needed for calculation wereeach of the underlying diseases (i.e. causes of renal
obtained. The mean Kt/V level was higher in femalesfailure). The more favourable diseases in terms of
(1.43±0.33) than males (1.23±0.24). This may be10-year survival were, in descending order, gestational
attributed to the lower body weight of females com-toxicosis, renal hypoplasia, tuberculosis and chronic
pared to males (post-dialysis body weight: malesglomerulonephritis. The reason for the more favour-
55.2±8.5 kg; females 45.6±7.8 kg). Gotch et al.able prognosis with gestational toxicosis and renal
reported a method to calculate Kt/V ignoring thehypoplasia may be the young age at which the
change in body weight during HD, and indicated thatpatients began their extracorporeal haemopurification
the risk of death or hospitalization increases once the(45.2±11.7 years in patients with gestational toxicosis,
Kt/V obtained by their method decreases below 1.031.6±21.7 years in patients with renal hypoplasia).
[3]. When Kt/V was calculated according to Shinzato,Conversely, the underlying diseases with the poorest
taking into account the body weight decrease andprognosis were as follows, in order of decreasing
urea generation during the treatment, the valuesfavourable outlook: myeloma of the kidney, amyloid
were approximately 20% higher (data not shown).nephropathy, malignant tumour of the kidney or urin-
Therefore, a Kt/V value of 1.0 according to Gotchary tract, metabolic disorder and diabetic nephropathy.
corresponds a Kt/V value of 1.2 according to Shinzato.CAPD patients. Figure 2 gives the cumulative survival
As shown in Fig. 3, in the present calculations, patientsrates for 9680 patients who began CAPD in 1983 and
whose Kt/V was less than 1.2 accounted for 34.8% offollowing. The Cutler–Ederer method was also used in
those for whom this value was computed.this calculation. Following the initiation of CAPD,
Protein catabolic rate (PCR). The PCR was deter-patients who were changed to a modality of treatment
mined based on the SUN from the beginning and endother than CAPD, including kidney transplantation or
of the first HD of the week using the method proposedthose who were lost to follow-up, were censored. The
by Shinzato et al. [2 ], together with Kt/V. Since theoverall 1-year survival rate was 0.940, and was 0.659
present questionnaire survey did not cover the residualand 0.455 at 5 and 10 years, respectively. The respective
renal function which significantly a�ects PCR calcula-rates for CAPD patients were slightly better than those
tion, the PCR value could not be calculated for allfor extracorporeal haemopurification patients.
patients. Thus, among those on thrice weekly HD at
the end of 1993, only the 59 622 patients who were onLaboratory data on maintenance haemodialysis patients HD for 2 years or more were used in the PCRin 1993 calculation, assuming that their residual renal function
was virtually zero.Here we report the laboratory data results for patients

undergoing thrice weekly HD at the end of 1993, based Figure 4 gives the results. The mean PCR value was
1.04±0.30 g/kg/day, slightly higher in females thanupon replies to the individual patient current status

survey at the close of that year. in males (males 1.03±0.34 g/kg/day; females 1.05±
0.25 g/kg/day). PCR values below 1.0 g/kg/day areKt/V. The Kt/V values were calculated from the serum

urea nitrogen (SUN) concentration at the beginning assumed to involve a higher risk of death [4]. As
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Current status of renal replacement therapy in Japan: results of the
annual survey of the Japanese Society for Dialysis Therapy

T. Shinzato, S. Nakai, T. Akiba, C. Yamazaki, R. Sasaki, T. Kitaoka, K. Kubo, T. Shinoda,
K. Kurokawa, F. Marumo, T. Sato and K. Maeda

Abstract Beginning in 1966, the Patient Registration also collected information on survival of patients in
the survey years, and characteristics of the individualCommittee of the Japanese Society for Dialysis

Therapy has conducted a survey once a year on renal patients, i.e. the case mix. In order to be able to
evaluate the impact of various laboratory variables onreplacement therapy in Japan. As of 1983, the survey

covered the life/death of patients in the survey years, survival, a few variables were added each year to the
survey items, starting in 1990, and some were substi-as well as the case mix of individual patients. In 1990

several laboratory variables were added to the survey tuted for others every year. In 1993, information on
Kt/V, protein catabolic rate, pre- and postdialysisitems. The present report summarizes the data from

the 1993 and 1994 surveys. The Committee mailed out serum creatinine concentrations, predialysis serum
phosphate concentration and predialysis albumin con-questionnaire forms at the end of the survey year to

the heads of all dialysis facilities. Survey forms were centration was added, and this laboratory variable
package was then changed in 1994 to include thereturned from 99.6% of the dialysis facilities in the

1993 survey, and from 99.8% of the facilities in the predialysis serum phosphate concentration, predialysis
serum albumin concentration, predialysis serum b2-1994 survey. Some 143 709 patients were treated by

renal replacement therapy in 1994 (7509 were treated microglobulin concentration, systolic/diastolic blood
pressure, predialysis haematocrit value and dose ofby CAPD, and 131 016 by extracorporeal haemopuri-

fication). The gross mortality rate was 9.5% in the erythropoietin administered. The present report com-
piles the data on the number of patients on renalsame year. The mean values of the laboratory variables

among 88 693 patients undergoing thrice weekly replacement therapy, the number of patients beginning
renal replacement therapy in the survey year, life/deathhaemodialysis were as follows in 1993: Kt/V,

1.31±0.30; protein catabolic rate, 1.04±0.30 g/kg/ in the survey year, as of 1994, and summarizes the
laboratory data from the 1993 and 1994 survey replies.day; haemodialysis time, 4.12±0.50 h. In 1994, the

variables were: predialysis serum creatinine concentra-
tion, 11.54±2.85 mg/dl; predialysis serum albumin

Subjects and methodsconcentration, 3.91±0.55 g/dl; predialysis haemato-
crit, 28.69±4.36%.

Facilities
Key words: haemodialysis; mortality; renal failure

Information was received by the Patient Registration
Committee of the Japanese Society for Dialysis Therapy on
2641 dialysis facilities in 1993, and 2759 such facilities in
1994. Thus, the number of facilities increased by 118 (4.5%)Introduction
in the course of 1 year. In 1994, private clinics were most
numerous (998; 36.3%), followed by private hospitals (935;

Beginning in 1966, the Patient Registration Committee 34.0%), and public hospitals (650; 23.6%).
of the Japanese Society for Dialysis Therapy has
conducted a survey once a year on renal replacement Survey methodtherapy in Japan. The questionnaire surveys collect
information on the number of patients treated in the On an annual basis, the Patient Registration Committee of
dialysis facilities, the number of sta� members, the the Japanese Society for Dialysis Therapy mails out the
number of haemodialysis machines, and other specifics survey forms at the end of November to the heads of all
concerning the facilities. Since 1983, the surveys have dialysis facilities on record at the Society headquarters. When

new facilities are established within the survey year after the
survey questionnaires have been mailed out, survey formsCorrespondence and o�print requests to: Kenji Maeda, M.D., Patient
are also sent to them, later. The heads of the facilities areRegistration Committee Headquarters of the Japanese Society for
requested to return the survey replies by the end of JanuaryDialysis Therapy, c/o Nagoya University Branch Hospital, 1-1-20,

Daiko-Minami, Higashi-ku, Nagoya 461, Japan. of the following year. If the Committee fails to receive the
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A mechanistic analysis of the National Cooperative Dialysis
Study (NCDS)
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A mechanistic analysis of the National Cooperative Dialysis Study
(NCDS). The purpose of the NCDS was to determine the probability of
clinical failure (PF) as a function of the level of dialysis and protein
catabolic rate (pcr, glkglday). The level of dialysis prescribed in the
NCDS was mechanistically defined as KtIV (product of dialyzer urea
clearance and treatment time divided by body urea volume), which
exponentially determines decrease in BUN during dialysis and is also a
mathematical analogue of pcr, BUN. Mechanistic analysis (MA)
showed that PF was a discontinuous function of Kt/V as it was
prescribed in the NCDS and that a dependence of PF on pcr could not
be assessed because of the study design. The MA results were com-
pared to those reported with statistical analysis (SA) that used BUN
and pcr. The SA predicts PF is strongly dependent on pcr with
nutrition-dependent high PF for pcr  0.8 and low PF with high pcr and
intensive dialysis. The MA suggests SA results may not be valid
because a continuous outcome function is assumed and, due to study
design, Kt/V was a dependent variable of pcr and these two variables
cannot be clearly separated by analysis of BUN and pcr alone.

Une analyse mécaniste de Ia National Cooperative Dialysis Study
(NCDS). Le but de Ia NCDS a été de determiner Ia probabilité d'un
échec clinique (PF) en fonction des niveaux de dialyse et de Ia vitesse
de catabolisme des protéines (pcr, g/kgljour). Le niveau de dialyse
prescrit lors de Ia NCDS était défini de facon mCcaniste comme Kt/V
(produit de Ia clairance de l'urée du dialyseur et du temps du traitement
divisé par le volume corporel de l'urée), lequel determine de facon
exponentielle Ia diminution de BUN au cours de la dialyse et est
également un analogue mathématique de pcr, BUN. L'analyse
mécaniste (MA) a montré que PF Ctait une fonction discontinue de
Kt/V, tel qu'il dtait present lors de Ia NCDS, et qu'une dépendance de
PF sur pcr ne pouvait étre prdcisée en raison du schema de l'étude. Les
résultats de MA ont été compares a ceux rapportés par analyse
statistique (SA) lesquels utilisaient BUN et pcr. SA prédit que PF
depend fortement de pcr, avec un PF dlevé, dCpendant de l'alimenta-
tion, pour pcr 0.8, et un PF bas avec un pcr dlevd et une dialyse
intense. La MA suggére que les résultats de SA pourraient n'être pas
valables car elle suppose le devenir comme une fonction continue, et en
raison du schema de l'étude, Kt/V était une variable dépendante de per.
Ces deux variables ne peuvent étre clairement separees par l'analyse de
BUN et de pcr individuellement.

The concept of a National Cooperative Dialysis Study
(NCDS) arose from the National Institutes of Health-sponsored
conference on Adequacy of Dialysis held in 1975 [1]. The
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persisting pathophysiology of multiple organ systems in dia-
lyzed patients was reviewed in depth at that conference, and it
was concluded that a carefully controlled multicenter coopera-
tive study was required to determine if quantitative relation-
ships between residual morbidity and the magnitude of dialysis
prescribed could be established.

The NCDS undertaken subsequently was a large-scale, care-
fully controlled study with comprehensive monitoring of multi-
pie treatment and outcome variables [2]. The probability of
clinical outcome failure in dialyzed patients as a function of
multiple treatment variables has been determined by stepwise
logistic regression, which is similar to ordinary multiple linear
regression [3]. The statistical model predicts that failure is very
high with protein intake less than .8 g/kg/day due to inadequate
protein nutrition and that minimal failure is associated with high
levels of protein intake (1.1 to 1,6 glkg!day) and intensive
dialysis [41 when quantitatively interpreted.

Consideration of the mechanisms of uremia, nutritional re-
quirements, and rates of hydrogen ion, potassium, and phos-
phate loading at high levels of protein intake results in some
skepticism with regard to these statistically derived results. A
reasonable approach would suggest that if the statistical results
are correct, it should be possible to reach the same conclusions
by mechanistic analysis of the nutritional and dialytic parame-
ters. The following is the result of such a mechanistic analysis.

Design of the study

It is necessary to review the design of the NCDS to elucidate
the mechanistic interrelationships between the dialysis treat-
ment and nutritional variables. The variable volume urea ki-
netic model [5, 6] was used to design and control the NCDS.
The clinical rationale for this model was based on two concepts:
1) Both inadequate and excessive protein intake are common
and undesirable in dialysis patients and, therefore, dietary
protein intake, as measured by the kinetically determined
normalized protein catabolic rate (see Eq(9) Appendix, pcr,
glkglday), should be documented to be within the usually
accepted normal range of 1.1 .3; and 2) the magnitude of
dialysis required for adequate therapy is dependent on the pcr
and should be sufficient to result in a relatively fixed midweek
predialysis BUN (CO2. mg/dl) at the prevailing pcr for individ-
ual patients. Thus, the urea model was used to determine pcr
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tive study was required to determine if quantitative relation-
ships between residual morbidity and the magnitude of dialysis
prescribed could be established.
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1) Both inadequate and excessive protein intake are common
and undesirable in dialysis patients and, therefore, dietary
protein intake, as measured by the kinetically determined
normalized protein catabolic rate (see Eq(9) Appendix, pcr,
glkglday), should be documented to be within the usually
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and should be sufficient to result in a relatively fixed midweek
predialysis BUN (CO2. mg/dl) at the prevailing pcr for individ-
ual patients. Thus, the urea model was used to determine pcr
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sion above was taken to be the regression of PF2 on Kt/V,
solved for constant levels of failure ranging from .75 to .10, and
then Kt/V was transformed to per, TAC coordinates. The
resultant constant outcome curves are plotted in Figure 5 along
with constant outcome curves calculated from the logistic
statistical model regression coefficients 3] fort =3.9 hr and no
prehospitalization. In Figure 5A the abscissa is expressed as
1/per for the mechanistic Kt/V regression and wt/PCR for the
logistic statistical analysis (SA). The statistical outcome curves
are linear since the data was actually fit to the linear statistical
model as Wt/PCR [3], while the MA outcome curves are
nonlinear since Kt/V relates directly, not reciprocally, to per. In
Figure 5B where the abscissa is expressed as per and PCR/wt,
the MA curves are linear while the statistical curves are
nonlinear, the inverse of Figure 5A.

It is apparent from the curves in Figures 5A and B that
mechanistic analysis with Kt/V alone gives results very similar
to logistic statistical analysis with Wt/PCR and TAC alone when
continuous functions are assumed for both analyses. The loca-
tion of the constant outcome curves on per, TAC coordinates
are nearly identical but curvilinear or linear depending on
whether or not per and pcrw are expressed reciprocally. As
noted above, the analyses agree well because per and BUN are
an analogue of Kt/V. However, mechanistic analysis of out-
come as a function of the Kt/V analogue, which can be readily
visualized graphically in Figure 4, shows outcome is a discon-
tinuous function of Kt/V and hence of per and BUN.

It does not follow that Kt/V is the sole parameter determining
the clinical outcome of dialysis therapy. The kinetics and study
design resulted in a strong relationship between prescribed
Kt/V to per and CO2 so that outcome dependence on Kt/V must
also be analyzed with respect to per and CO2. The distribution
of all patients (with success/failure coded) is depicted in Figure
6 on per, CO2 coordinates, with Kt/V identity lines depicted as
well. This plot reveals the graphic interrelationships of these
three variables clearly separated. Inspection of these data
shows that both per and CO2 distribute over a wide range for
Kt/V < .80. The mechanistic reasons are that, due to the kinetic
relationships and the study design, all of the groups 2,4 patients
with high BUN have low Kt/V values at all levels of per and the
groups 1,3 patients with low per have low BUN and Kt/V
values. Thus, it can reasonably be concluded that levels of
prescribed Kt/V < .80 provide inadequate dialysis with high
probability of failure irrespective of per (and hence BUN). This
provides a simple, unified explanation for the puzzling outcome
results depicted in Figure 3 with high failure rates in all groups
2,4 patients and in groups 1,3 patients with low per.

In contrast to the case for Kt/V < .80, inspection of Figure 6
reveals that when Kt/V> .80, the data base is comprised almost
entirely of groups 1,3 patients with per > .80 and CO2 tightly
constrained to < 90 mg/dl at maximal per. There were no
patients treated with high Kt/V who had high BUN. The
mechanistic reason for the constraint on BUN was that the
study design required that Kt/V increase linearly with per (Fig
1) to hold TAC constant which resulted in a minimal positive
slope on CO2 as a function of per. In view of the study design
and resultant data distribution, clinical outcome results are
unknown for patients treated with Kt/V > .80 and CO2 values
higher than those studied in the groups 1,3 patients. The NCDS
should be considered silent in this domain of high BUN which
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mechanistically would be comprised of therapy with low levels
of (Kt/V)/pcr which were rigorously excluded by the study
design when Kt/V exceeded .80.

It should also be noted in Figure 6 that no patients with per <
80 were treated with prescribed Kt/V> .80. Again, because of

a study design that resulted in low prescribed Kt/V for all
patients at low per, the NCDS must be considered silent in the
domain of per < .80 and Kt/V > .80.

Finally, it can be noted in Figure 6 that the maximal Kt/V
prescribed was 1.5. Since PF2 was constant at .13 over the
Kt/V range 0.8 to 1.5 (with CO2 constrained as described
above), it can be tentatively concluded that levels of Kt/V> 1.5
may be excessive dialysis and not likely to effect a decrease in
PF2 below the .13 level.

Mechanistic outcome failure probability map
The concept of an outcome failure probability map on per,

CO2 coordinates has considerable clinical value. The coordi-
nates for individual patients provide ready visualization of the
risk of treatment failure in terms of the nutritional parameter
and the BUN, which is a familar traditional parameter of
treatment and which, under well-defined conditions with re-
spect to Kt/V, can serve as a rigorous surrogate for the level of
dialysis prescribed.

A probability of failure 2 map was constructed from the data
in Figures 4 and 6 and is depicted in Figure 7. Domains A and
B were not included in the NCDS by design and are therefore
considered to be undefined by the study. Domain C is consid-
ered to be possibly an area of excessive dialysis bounded by .8
< per < 1.4 and Kt/V > 1.5. Domain D with Kt/V < .70
represents inadequate dialysis with constant PF2 = .52 .13, M

2 SD, as seen in Figure 4. A transitional zone is depicted
corresponding to Kt/V .8 .1 and represents the disconti-
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Fig. 7. Probability of failure 2 (PF2) domains defined by mechanistic
analysis of the NCDS.
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Results.— Across all age categories, blacks had lower URRs than whites, and 
men had lower URRs than women. In an age-adjusted model for evaluating 
interactions among URRs, race, sex, and diabetes, the association of URR 
with mortality risk was weak among blacks, particularly black men. After 
adjustment for age and diabetes, death probability curves were most 
steep for white women with URR values less than 60%. The death 
probability curves were least steep for black men. There was no meaningful 
difference between death probability and albumin or creatinine concentration 
among the race by sex clusters. 



Dialysis Dose and Body Mass Index Are Strongly Associated
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Abstract. Low dose of hemodialysis (HD) and small body size
are independent risk factors for mortality. Recent changes in
clinical practice, toward higher HD doses and use of more
high-flux dialyzers, suggest the need to redetermine the dose
level above which no benefit from higher dose can be ob-
served. Data were analyzed from 45,967 HD patients starting
end-stage renal disease (ESRD) therapy during April 1, 1997,
through December 31, 1998. Data from Health Care Financing
Administration (HCFA) billing records during months 10 to 15
of ESRD were used to classify each patient into one of five
categories of HD dose by urea reduction ratio (URR) ranging
from !60% to "75%. Cox regression models were used to
calculate relative risk (RR) of mortality after adjustment for
demographics, body mass index (BMI), and 18 comorbid con-

ditions. Of the three body-size groups, the lowest BMI group
had a 42% higher mortality risk than the highest BMI tertile. In
each of three body-size groups by BMI, the RR was 17%, 17%,
and 19% lower per 5% higher URR category among groups
with small, medium, and large BMI, respectively (P ! 0.0001
for each group). Patients treated with URR "75% had a
substantially lower RR than patients treated with URR 70 to
75% (P ! 0.005 each, for medium and small BMI groups). It
is concluded that a higher dialysis dose, substantially above the
Dialysis Outcomes Quality Initiative guidelines (URR "65%),
is a strong predictor of lower patient mortality for patients in all
body-size groups. Further reductions in mortality might be
possible with increased HD dose.

Several observational studies have shown that a higher dose of
hemodialysis (HD) is associated with lower mortality risk
(1–9). Most of these studies were before the large shift toward
use of high-flux dialyzers and toward higher doses of dialysis
that has occurred since 1994 (10). At present, Dialysis Out-
comes Quality Initiative (DOQI) guidelines recommend that
the urea reduction ratio (URR), a measure of dialysis dose for
small molecules, be "65% (11). This guideline was motivated
by the lack of evidence of a benefit from dialysis doses higher
than URR of 65%. Many studies have attempted to determine
the dose above which further increases have limited benefit
(1,5,12,13), but this remains a controversial issue. The ongoing
prospective randomized HEMO trial will not provide results
until its completion in late 2001 (14). In the interim, available
national data provide an opportunity to investigate these issues
for a more recent time period. Due to the limited sample size
and testing of only two dose levels in the current HEMO trial,
ambiguity could remain about both the magnitude and the
gradation of the potential benefit of higher dialysis doses,
regardless of whether the results of that trial are positive or
negative.

We have previously shown that the correlation between
lower dialysis dose and higher mortality is stronger when body
size is considered simultaneously through strata or statistical
adjustment. Furthermore, both low dose of dialysis (Kt/V) and
small body size were found to be independent risk factors for
mortality in chronic HD patients (9). We hypothesized that the
threshold level beyond which there is no mortality benefit
might differ among patient groups of different body size (15).
The optimal level of HD dose for end-stage renal disease
(ESRD) patients clearly continues to be a major question that
deserves monitoring and investigation.
This study asks two specific questions for recent years of

1998 through 2000: (1) Does the dose-mortality relationship
show diminishing benefit within the current dosing range; and
(2) Does the pattern vary by body mass index (BMI)? This
study is based on all Medicare ESRD patients treated with HD
in the United States with consideration of body size and ad-
justing for a wide spectrum of variables and minimizing the
potential effect of residual renal function.

Materials and Methods
Data Source
National data from the Health Care Financing Administration

(HCFA) Medical Evidence Form (HCFA 2728) and Patient Claims
(HCFA UB-92) were used for this study. From April 1, 1997, to
December 31, 1998, there were 149,074 patients who began treatment
for ESRD in the United States. To minimize the influence of residual
renal function on mortality risk, we included only patients who were
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ambiguity could remain about both the magnitude and the
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each of three body-size groups by BMI. Three linear models
for relative mortality risk by URR found per 5% higher URR
a decreased relative risk (RR) by 17%, 17%, and 19% among
small, medium, and large BMI groups, respectively (P !
0.0001 for each group). Patients treated with URR "75% had
a 10 to 19% lower RR than patients treated in the next lower
URR group of URR 70 to 75% in the three body-size groups.
This comparison of the two highest URR groups was statisti-
cally significant for the medium (P # 0.0002) and small (P #
0.004) BMI groups and overall when adjusted for body size (P
! 0.0001). The large body-size group had a 10% lower risk at
URR "75% than the next lower group, but this difference was
not statistically significant (P # 0.15). Adjusting for the same
demographic and comorbid conditions plus BMI revealed a

steeper gradient of RR by URR ranges than when BMI was
removed from the adjustments as shown in the right columns of
Table 3. When analyzing mortality risk by URR as a contin-
uous variable, the RR was 17% lower per 5% higher URR in
the fully adjusted model and 15% lower per 5% higher URR
when BMI was removed from the model. Linear trend analyses
with an interaction between dose and body size showed no
significant difference in the RR for dose among the three
body-size groups (P # 0.58).
The analyses by TBW groups showed similar results

except at the highest tertile. The large TBW group showed
no downward trend for URR "75% compared with the URR
group of 70 to 75% (RR, 1.05; P # 0.55). In all groups, 70
to 75% had significantly lower RR than the URR group of
65 to 70%. This significant difference continued in the next
higher URR category ("75%) for the tertile with the lowest
TBW.
The analyses performed on the basis of BMI were each

significantly more predictive of mortality than the analyses
performed on the basis of TBW (P ! 0.0001). There was little
difference between weight and BMI in predicting mortality.
Other sensitivity analyses without adjustment for comorbid
conditions also showed similar results to those reported here.
When using BMI groups in quartiles, the results were similar.
The highest BMI quartile showed the lowest risk for the URR
"75% group as compared with the 70 to 75% group (RR, 0.92;
P # 0.27).
Additionally, adjusting for the same demographic and co-

morbid conditions plus body weight and height revealed a
steeper gradient of RR by URR ranges similar to the BMI
adjustment as shown in the second to the rightmost column of
Table 3. In this analysis, the URR "75% group showed a 14%
lower mortality risk compared with the 70 to 75% group (RR,
0.86; P ! 0.0001). The analysis suggests that weight/height is
significantly (P ! 0.0001) more predictive of survival than is
BMI (weight/height2).

Figure 1. Annual adjusted death rates by urea reduction ratio (URR)
dialysis dose category for small, medium, and large body size by body
mass index (BMI) tertile. Death rates are adjusted for age, race,
gender, diabetes, year of incidence, and 18 comorbid conditions. The
size of data points corresponds with the sample size in each group. In
addition to the measured URR, the x-axis also indicates approximate
single-pool and equilibrated Kt/V values. *P ! 0.05 compared with
the next lower URR category.

Table 3. Number of patients and relative riska (RR) for patients in each urea reduction ratio (URR) and body-size group

URR

Small
(!23.1 kg/m2)

Medium
(23.2 to 27.8 kg/m2)

Large
("27.8 kg/m2) All

n RRa n RRa n RRa n BMI-Adjusted
RRb

Not BMI-Adjusted
RRc

!60% 267 1.73 414 1.33 645 1.30 1451 1.48 1.44
60 to 65% 1207 1.47 1731 1.20 2433 0.97 5629 1.21 1.19
65 to 70% 3672 1.22 4633 1.00d 5296 0.78 14045 1.00f 1.00f
70 to 75% 5998 1.04 5813 0.86 5381 0.69 17617 0.86 0.89
"75% 3852 0.92 2698 0.72 1927 0.63 8719 0.76 0.81
All 14996 1.19 15289 1.00e 15682 0.84 45967
a Relative mortality risk adjusted for factors of Tables 1 and 2.
b Relative mortality risk adjusted for factors of Tables 1 and 2 and BMI.
c Relative mortality risk adjusted for factors of Tables 1 and 2 but not BMI.
d Reference group for 15 BMI and URR groups.
e Reference group for three BMI groups (this row).
f Reference group for five URR groups (this column).
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A

 

BSTRACT

 

Background

 

The effects of the dose of dialysis and
the level of flux of the dialyzer membrane on mortal-
ity and morbidity among patients undergoing main-
tenance hemodialysis are uncertain. 

 

Methods

 

We undertook a randomized clinical trial in
1846 patients undergoing thrice-weekly dialysis, using
a two-by-two factorial design to assign patients ran-
domly to a standard or high dose of dialysis and to a
low-flux or high-flux dialyzer.

 

Results

 

In the standard-dose group, the mean
(±SD) urea-reduction ratio was 66.3±2.5 percent, the
single-pool Kt/V was 1.32±0.09, and the equilibrated
Kt/V was 1.16±0.08; in the high-dose group, the values
were 75.2±2.5 percent, 1.71±0.11, and 1.53±0.09, re-
spectively. Flux, estimated on the basis of beta

 

2

 

-micro-
globulin clearance, was 3±7 ml per minute in the low-
flux group and 34±11 ml per minute in the high-flux
group. The primary outcome, death from any cause,
was not significantly influenced by the dose or flux as-
signment: the relative risk of death in the high-dose
group as compared with the standard-dose group was
0.96 (95 percent confidence interval, 0.84 to 1.10; P=
0.53), and the relative risk of death in the high-flux
group as compared with the low-flux group was 0.92
(95 percent confidence interval, 0.81 to 1.05; P=0.23).
The main secondary outcomes (first hospitalization for
cardiac causes or death from any cause, first hospital-
ization for infection or death from any cause, first 15
percent decrease in the serum albumin level or death
from any cause, and all hospitalizations not related to
vascular access) also did not differ significantly be-
tween either the dose groups or the flux groups. Pos-
sible benefits of the dose or flux interventions were
suggested in two of seven prespecified subgroups of
patients.

 

Conclusions

 

Patients undergoing hemodialysis
thrice weekly appear to have no major benefit from a
higher dialysis dose than that recommended by cur-
rent U.S. guidelines or from the use of a high-flux
membrane. (N Engl J Med 2002;347:2010-9.)
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WO treatment-related factors implicated
in the substantial mortality and morbidity
among patients undergoing maintenance he-
modialysis

 

1

 

 are the dose of dialysis delivered
and the size of molecules removed. An index of the
dialysis dose is the fractional clearance of urea (molec-
ular mass, 60 D) which is commonly expressed as the
intradialytic urea-reduction ratio
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or as Kt/V, where
K represents the rate of urea clearance by the dialyzer
in milliliters per minute, t the duration in minutes of
the treatment session, and V the volume of distribu-
tion of urea in the patient in milliliters.

 

3

 

 Current guide-
lines in the United States target a urea-reduction ratio
of at least 65 percent or a single-pool Kt/V of at
least 1.20.

 

4

 

 The urea-reduction ratio and single-pool
Kt/V overestimate the delivered dose of dialysis, be-
cause they fail to account for blood urea rebound after
dialysis. A more accurate measure of the dialysis dose,
the equilibrated Kt/V, corrects for urea rebound and
is usually 0.15 to 0.20 lower than the single-pool
Kt/V

 

5

 

; by inference, current U.S. guidelines recom-
mend a minimal equilibrated Kt/V of 1.00 to 1.05.

The National Cooperative Dialysis Study was to our
knowledge the only randomized trial that evaluated
the effect of the dose of dialysis on clinical outcomes.

 

6

 

It established a beneficial effect of an increased dialysis
dose on morbidity at dialysis doses well below the cur-
rent standard and in patients with substantially fewer
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tervention and years of dialysis («3.7 years vs. >3.7
years, P=0.005). In the high-dose group, the risk of
death among women was 19 percentage points lower
than that in the standard-dose group, but the risk of
death among men was 16 percentage points higher

than that in the standard-dose group. The risk of death
was 32 percentage points lower in the high-flux group
than in the low-flux group among patients with more
than 3.7 years of dialysis before randomization but was
similar in the two flux groups among patients with

Figure 1. Survival Curves for the Treatment Groups.
After adjustment for the base-line factors, mortality in the high-dose group was 4 percent lower (95
percent confidence interval, ¡10 to 16; P=0.53) than that in the standard-dose group (Panel A), and mor-
tality in the high-flux group was 8 percent lower (95 percent confidence interval, ¡5 to 19; P=0.23) than
that in the low-flux group (Panel B).
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En	   el	   grupo	   de	   dosis	   alta,	   el	   riesgo	   de	   muerte	   entre	   las	  
mujeres	   fue	   un	   19%	   menor	   que	   el	   del	   grupo	   de	   dosis	  
estándar.	  
	  



-‐La	  cohorte	  del	  estudio	  HEMO	  es	  REPRESENTATIVA	  de	  los	  pacientes	  que	  reciben	  HD	  
tanto	  en	  U.S.	  como	  en	  Europa.	  
	  	  
-‐La	   población	   del	   estudio	   fue	   SUFICIENTEMENTE	   HETEROGÉNEA	   para	   que	   los	  
resultados	  sean	  APLICABLES.	  
	  
-‐Hubo	  una	  CLARA	  SEPARACIÓN	  ENTRE	  BRAZOS	  de	  dosis	  estándar	  y	  dosis	  alta	  y	   los	  
brazos	  de	  alto	  y	  bajo	  flujo.	  	  
	  
-‐El	   análisis	  de	   las	   intervenciones	   sobre	   la	  dosis	   y	   los	  dializadores	  NO	  MOSTRARON	  
NINGÚN	  BENEFICIO	  sobre	  la	  mortalidad	  ni	  en	  los	  obje`vos	  secundarios.	  	  
	  
-‐Testar	   los	   efectos	   sobre	   la	   UF,	   la	   P.A.	   y	   otras	   intervenciones	   potencialmente	  
importantes	  en	  el	  pronós`co	  requerirían	  otros	  ensayos.	  
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Introduction

The 2002 Lasker Clinical Medical Research Award
honoured Willem Kolff and Belding Scribner, whose
seminal work changed kidney failure from a fatal to a
treatable disease. What began as exploratory efforts to
sustain life and relieve uraemic symptoms in selected
patients now provides chronic life-saving replacement
therapy to millions of people worldwide. Continued
improvements in clinical expertise, accrued scientific
information and technical advances have improved
dialytic therapy and outcomes. Unfortunately, despite
this encouraging trend, there remain significant differ-
ences in clinical practice and less than optimal patient
outcomes. The annual mortality rate of dialysed
patients, albeit variable among different countries,
remains unacceptably high. Although medical comor-
bidities and late referral of patients to nephrologists
may contribute to this high mortality rate, the dialytic
prescription can also influence mortality. To address
this latter concern, national guidelines for dialysis
therapy have been developed, but are based, to a great
extent, on observational studies and registry data.

There have been two randomized clinical trials of
the dialysis prescription on outcomes in haemodialysis
patients. The first, the National Cooperative Dialysis
Study (NCDS), completed >20 years ago, established
the importance of dialysis dose in affecting patient
outcomes at dose levels substantially below current

standards [1,2]. Subsequently, a large number of
reports, from observational data sets, suggested that a
dose of dialysis substantially higher than that provided
in the NCDS trial is associated with a lower mortality
rate [3–6]. In response to these observational studies,
national standards for dialysis dose were developed in
the United States advocating a minimum single pool
Kt/V urea (spKt/V) of at least 1.2 [7]. The second
randomized clinical trial, the Hemodialysis (HEMO)
Study, begun in 1995, was designed to determine
whether further increases in dialysis dose above current
standards or the use of high-flux membranes would
improve patient outcomes. The main results of the
HEMO Study, published in December 2002 [8], showed
no statistically significant effects by the two study
interventions examined, dialysis dose and membrane
flux, on mortality rates or on intermediate composite
outcomes defined by time to either death or selected
first cause-specific hospitalizations. Since the publica-
tion of this report, several articles have appeared which
discuss the implications of the HEMO Study results for
clinical practice, including generalizability, statistical
power and design [9,10]. The goal of this report is to
address the major questions that have been raised
pending the publication of additional analyses of
HEMO Study data.

Study design and conduct

The details of the HEMO study design have been
described elsewhere [8,11,12]. In this article, only salient
and pertinent features of the study are reviewed. The
trial was conceived in 1992, a pilot study was conducted
in 1993 and 1994 and the full-scale trial was conducted
between March 1995 and December 2001. A total of
1846 patients were randomized to either a high dose
[target urea equilibrated Kt/V (eKt/V) of 1.45, which
approximates a spKt/V of 1.65] or a standard dose
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In the intention-to-treat analysis of the Hemodialysis Study, all-cause mortality did not differ significantly between the high
versus standard hemodialysis dose groups. The association of mortality with delivered dose within each of the two random-
ized treatment groups was examined, and implications for observational studies were considered. Time-dependent Cox
regression was used to relate the relative risk (RR) for mortality to the running mean of the achieved equilibrated Kt/V (eKt/V)
over the preceding 4 mo. eKt/V was categorized by quintiles within each dose group. Analyses were controlled for case-mix
factors and baseline anthropometric volume. Within each randomized dose group, mortality was elevated markedly when
achieved eKt/V was in the lowest quintile (RR, 1.93; 95% confidence interval [CI], 1.40 to 2.66; P < 0.0001 in the standard-dose
group; RR, 2.04; 95% CI, 1.50 to 2.76; P < 0.0001 in the high-dose group; RR relative to the middle quintiles). The mortality rate
in the lowest eKt/V quintile of the high-dose group was higher than in the full standard-dose group (RR, 1.59; 95% CI, 1.29
to 1.96; P < 0.0001). Each 0.1 eKt/V unit below the group median was associated with a 58% higher mortality in the
standard-dose group (P < 0.001) and a 37% higher mortality in the high-dose group (P < 0.001). The magnitude of these
dose-mortality effects was seven- to 12-fold higher than the upper limit of the 95% CI from the intention-to-treat analysis. The
effects were attenuated in lagged analyses but did not disappear. When dialysis dose is targeted closely, as under the
controlled conditions of the Hemodialysis Study, patients with the lowest achieved dose relative to their target dose
experience markedly increased mortality, to a degree that is not compatible with a biologic effect of dose. The possibility of
similar (albeit smaller) biases should be considered when analyzing observational data sets relating mortality to achieved dose
of dialysis.

J Am Soc Nephrol 16: 3371–3380, 2005. doi: 10.1681/ASN.2005030321

T here has been recent interest in reconciling findings
from observational studies and randomized clinical tri-
als (1–8). The field of nephrology relies heavily on

observational studies, most notably from the United States
Renal Data System (USRDS) and large providers of treatment
for patients with ESRD (9,10). In particular, by the early 1990s,
several observational studies had demonstrated an inverse re-

lationship between mortality and dialysis dose (11–17). In the
United States, these findings led to practice guidelines that
recommended a minimum single pool Kt/V (spKt/V) of 1.2,
corresponding to a urea reduction ratio (URR) of approxi-
mately 65% (18).

By the mid-1990s, technological advances led to the feasibil-
ity of substantially higher dialysis doses, and a randomized
trial, the Hemodialysis (HEMO) Study, was performed to com-
pare outcomes between patients who were assigned to a high-
dose group with target spKt/V approximately 1.65 and a stan-
dard-dose group with target spKt/V approximately 1.25.
Completed in 2001, the HEMO Study found no significant
differences in mortality or hospitalization between the dose
groups (19).
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malnutrition (manifest by a reduced V) that overcomes what-Exploring the reverse J-shaped curve between urea reduction
ever benefit might be derived from an associated increase in urearatio and mortality.
clearance. Identification of patients who achieve extremelyBackground. Although accepted worldwide as valid mea-
high URR (.75%) or single-pooled Kt/V (.1.6) values usingsures of dialysis adequacy, neither the Kt/V (urea clearance
standard dialysis prescriptions should prompt a careful assess-determined by kinetic modeling) nor the urea reduction ratio

(URR) have unambiguously predicted survival in hemodialysis ment of nutritional status. Confounding by protein-calorie mal-
patients. Because the ratio Kt/V can be high with either high nutrition may limit the utility of URR or Kt/V as a population-
Kt (clearance 3 time) or low V (urea volume of distribution) based measure of dialysis dose.
and V may be a proxy for skeletal muscle mass and nutritional
health, we hypothesized that the increase in the relative risk
of death observed among individuals dialyzed in the top 10 to

Defining the dose of dialysis to optimize health and20% of URR or Kt/V values might reflect a competing risk of
malnutrition. functional status for patients with end-stage renal disease

Methods. A total of 3,009 patients who underwent bioelec- (ESRD) has been among the principle goals of the ne-
trical impedance analysis were stratified into quintiles of URR. phrology community for more than two decades. In a
Laboratory indicators of nutritional status and two bioimpe-

landmark publication in 1985, Gotch and Sargent revolu-dance-derived parameters, phase angle and estimated total
tionized the field of dialysis therapy with their reanalysisbody water, were compared across quintiles. The relationship

between dialysis dose and mortality was explored, with a focus of data from the National Cooperative Dialysis Study
on how V influenced the structure of the dose–mortality rela- (NCDS) [1, 2], redefining the dose of dialysis in terms
tionship. of the clearance (K) 3 time (t) product normalized toResults. There were statistically significant differences in all

the urea volume of distribution (V), a dimensionlessnutritional parameters across quintiles of URR or Kt/V, indi-
quantity derived from the fractional reduction in ureacating that patients in the fifth quintile (mean URR, 74.4 6

3.1%) were more severely malnourished on average than pa- nitrogen (URR) achieved over the course of a hemodial-
tients in all or some of the other quintiles. The relationship ysis treatment. These authors and others who followed
between URR and mortality was decidedly curvilinear, resem-

them were successful at identifying a minimum dose ofbling a reverse J shape that was confirmed by statistical analysis.
dialysis above which death and complications were lessAn adjustment for the influence of V on URR or Kt/V was

performed by evaluating the Kt-mortality relationship. There likely, although the optimal dose of dialysis remained
was no evidence of an increase in the relative risk of death unknown. Application of this methodology to other pa-
among patients treated with high Kt. Higher Kt was associated tient cohorts similarly showed that an increase in URRwith a better nutritional status.

or Kt/V was generally associated with reduced mortalityConclusion. We conclude that the increase in mortality ob-
and less frequent complications [3–8]. Although it fol-served among those patients whose URR or Kt/V are among

the top 10 to 20% of patients reflects a deleterious effect of lowed that further increases in dialysis dose might be
expected to lead to fewer complications and better out-
comes, Owen et al initially showed that there appearedKey words: dialysis adequacy, hemodialysis, mortality and dialysis,

urea volume. to be a plateau at or around a URR of 60 to 65% [corre-
sponding to a single-pooled Kt/V (spKt/V) of approxi-Received for publication March 2, 1999
mately 1.2, with considerable variation depending on theand in revised form May 28, 1999

Accepted for publication June 7, 1999 degree of ultrafiltration] [8] beyond which no further
improvement in survival could be demonstrated [3]. 1999 by the International Society of Nephrology
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Table 3. Mean total body water estimates (in kg) stratified by
URR quintile

Q1 Q2 Q3 Q4 Q5

BIA-derived [13] 47.0 43.4 40.6 38.4 34.7
Chertow et al equation [16] 45.9 43.3 41.0 38.8 35.4
Watson equation [14] 41.9 39.3 37.2 35.4 32.4
Hume-Weyer equation [15] 42.6 40.3 38.2 36.3 33.2

BIA is bioelectrical impedance analysis.

was observed across URR quintiles. To generalize these
findings to populations in whom BIA may not be avail-
able, Table 3 provides mean total body water estimates Fig. 1. Relative risk of death by urea reduction ratio (URR) quintile.

Symbols are: ( ) unadjusted RR; ( ) RR adjusted for case-mix (age,within each URR quintile for each of three regression
gender, and race); (h) RR adjusted for case mix and nutritional vari-equations: the Watson formula [17], the Hume-Weyer
ables. The quintiles of URR correspond to the following values: Q1formula [18], and the formula that was derived elsewhere (,60.0%), Q2 (60.0 to 64.1%), Q3 (64.1 to 67.4%), Q4 (67.4 to 71.0%),
Q5 (.71.0%).using these data [19]. Although the Watson and Hume-

Weyer formulae consistently yielded lower estimates
than the Chertow et al equation or BIA, the estimates
of total body water were uniformly lower among patients

nutritional variables (phase angle and the serum concen-with higher URR.
trations of albumin, creatinine, and ferritin) that wereIn an effort to incorporate the inflammatory compo-
independently associated with the RR of death. Vintage,nent affecting nutritional status, we explored the rela-
diabetes, and Quetèlet’s index did not meet the pre-tionship between URR and ferritin, a marker of the acute-
specified criteria for model inclusion. The multivariablephase response [22]. There was a significant difference
RRs and 95% CI across URR quintiles were 1.67 (1.17in serum ferritin concentration across URR quintiles.
to 2.38), 1.34 (0.94 to 1.91), 1.00, 1.12 (0.78 to 1.61), andThese findings remained significant after adjustment for
1.12 (0.79 to 1.60). In companion multivariable modelsthe hemoglobin and serum iron concentrations (P ,
treating URR as a continuous variable, the adjusted lin-0.0001). Indeed, 12% of patients in quintile 5 had serum
ear (21.83 3 1021, P 5 0.01) and quadratic (1.22 3 1023,ferritin concentrations in excess of 1000 mg/liter com-
P 5 0.03) terms remained statistically significant. Casepared with 7% or less in the other quintiles (P , 0.0001).
mix and nutritional indicators did not influence the asso-To be certain that the trends in nutritional status across
ciation between URR and mortality (multiplicative in-URR quintiles were not confounded by demographic
teraction terms not significant, P . 0.20 for all cases).factors, we simultaneously adjusted the means for age,

To explore whether the relationship between URRgender, race, and diabetic status. For each parameter,
and mortality was dependent on the total body water,the adjusted means were significantly different across
URR was converted to a single-pool Kt/V (spKt/V) andURR quintiles, in the same pattern as noted earlier in
then the spKt/V multiplied by V estimated by BIA tothis article (reverse U shape for albumin and prealbumin
derive a clearance 3 time product (Kt, in L). The meanand linear relationships in other cases; data not shown).
Kt was 42.8 liters. The mean Kt values were 31.0, 38.0,

Urea reduction ratio, Kt/V and Kt and survival 42.5, 47.6, and 57.2 l in quintiles 1 through 5. There was
incomplete overlap of the URR or Kt/V and Kt groups.There was a significant relationship between URR and
The mean URR within Kt quintiles was 60.9, 65.0, 65.6,mortality (Fig. 1). Using the third quintile of URR as
66.9, and 68.5%, and the mean corresponding Kt/V wasthe referent category, the unadjusted RRs and 95% CI
0.96, 1.06, 1.08, 1.12, and 1.18.across URR quintiles were 1.27 (0.92 to 1.75), 1.10 (0.79

There was a significant relationship between Kt andto 1.53), 1.00, 1.04 (0.74 to 1.44), and 1.19 (0.86 to 1.64).
mortality, with a RR of 0.98 (0.97 to 0.99) per liter KtTo test the structure of the URR–mortality relationship,
increase (P 5 0.0004). In other words, the linear effectwe fit a companion model using URR and URR2 as
estimate was a 2% decrease in risk per liter clearancecontinuous variables. A negative coefficient for the linear
increase. There was no evidence of a reverse J-shapedterm (21.98 3 1021, P , 0.0001) and a positive coefficient
relationship between Kt and mortality (Fig. 2). Usingfor the quadratic term (1.47 3 1023, P 5 0.0002) con-
the third quintile of Kt as the referent category, the RRfirmed the reverse J shape of the URR–mortality curve.
of death declined with increasing Kt: 1.34 (0.99 to 1.81),The adjusted RR estimates for the URR quintiles were
1.06 (0.76 to 1.45), 1.00, 1.00 (0.72 to 1.38), and 0.83 (0.59similar whether adjustment was limited to demographic

factors (age, gender, race) or demographic and other to 1.16). Adjustment for age, gender, and race yielded
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Although V influences the rate at which the urea nitro-
gen concentration changes during hemodialysis and in
the interdialytic period, V has been shown to correlate
directly with several laboratory indicators of nutritional
status, including serum creatinine, albumin, and prealbu-
min [24, 25]. The inclusion of V in the reporting of hemo-
dialysis as a method of indexing dialysis adequacy across
patients of different size introduces a nutritional variable
into the clearance equation, making relationships be-
tween clearance and most outcomes of interest more
difficult to interpret.

Herein, we describe the results of a cohort study,
unique in its inclusion of estimates of body composition,Fig. 2. Relative risk of death by the clearance 3 time (Kt) quintile.

Symbols are: ( ) unadjusted RR; ( ) RR adjusted for case-mix (age, including total body water. URR was inversely corre-
gender, and race); (h) RR adjusted for case mix and nutritional vari- lated with total body water, whether estimated by BIA
ables. The quintiles of Kt correspond to the following values: Q1 (,35.5 or one of three published regression equations. URRliters), Q2 (35.5 to 40.0 liter), Q3 (40.0 to 44.8 liters), Q4 (44.8 to 50.7
liters), Q5 (.50.7 liters). was directly correlated with age and dialysis vintage,

most likely via the age/vintage–total body water associa-
tion. That is, with normal aging, there is a decrease in
muscle mass and total body water [26]; this decline may

slightly modified RR estimates: 1.47 (1.07 to 2.02), 1.14 accelerate among persons with chronic disease, including
(0.82 to 1.58), 1.00, 0.98 (0.71 to 1.36), and 0.85 (0.60 to ESRD [16]. The relationships among albumin, prealbu-
1.21). Further adjustment for phase angle and laboratory min, and URR were complex; albeit small in magnitude,
variables extinguished the trend toward a reduced RR we believe that they reflect the intricate interplay be-
of death in fifth Kt quintile: 1.39 (0.99 to 1.95), 1.19 (0.84 tween uremia and malnutrition. The direct relationship
to 1.68), 1.00, 1.02 (0.72 to 1.45), and 0.98 (0.68 to 1.41). between URR and Quetèlet’s index was not unexpected.
There were no significant interactions between Kt and Quetèlet’s index as a nutritional parameter has numer-
case mix or nutritional variables (multiplicative interac- ous limitations and, at best, reflects obesity rather than
tion terms not significant, P . 0.20 for all cases). body cell mass (hence, the misnomer “body mass index”).

Table 2 shows the means of nutritional variables by The relationship between URR and mortality was
Kt quintiles. In contrast to the URR quintile data, pa- carefully examined in two ways: first, ranking patients
tients who received a larger Kt (that is, more liters of by URR into quintiles and comparing the RR of death
clearance) tended to have better nutritional status by within each quintile, and second, examining URR and
the parameters measured. The direct relationship be- polynomial transformations of URR as continuous vari-
tween Kt and serum creatinine is most noteworthy be- ables in companion models. Although the RR of death
cause more clearance would have been expected to lower in quintile 1 was significantly different than in quintile
the steady-state serum creatinine concentration. 3 and other differences were not individually statistically

significant, the more powerful models employing contin-
uous variables confirmed the reverse J-shape trend. Pa-DISCUSSION tients in the fifth quintile had the greatest URR (mean

A detailed analysis of the NCDS study and several URR 74.4%, 10%, 90% range 71.5%, 78.3%), but expe-
observational studies that followed it in time have estab- rienced a mortality hazard that was 19% greater than
lished a relationship between URR or Kt/V and out- patients in the third quintile (mean URR 65.8%, 10%,
comes in hemodialysis patients. In spite of considerable 90% range 64.5%, 67.1%). Both quantities of hemodialy-
progress, we have failed to identify the optimal dose of sis exceed the minimum recommended by evidence-
dialysis [8]. Because of aggressive, national continuous based clinical practice guidelines [8].
quality improvement efforts, a steady increase in the There are several potential mechanisms for these find-
average prescribed and delivered dialysis dose has been ings. First, some patients who were small in stature may
observed, such that the majority of patients now achieve receive amounts of solute clearance that exceed their
URR $ 65%, and Kt/V $ 1.2 [23]. This success has metabolic needs. Transient plasma depletion of electro-
been achieved by the use of larger surface area dialyzers, lytes, such as potassium and magnesium, or excessive re-
higher blood and dialysate flows, and increased dialysis pletion of solutes such as bicarbonate and calcium could
time. Because Kt is actionable, this has been the principle provoke fatal arrhythmia. This contention (“overdialysis”)
focus of the intellectual analysis of urea kinetics and cannot be confirmed nor refuted. Nevertheless, it may

be difficult to differentiate electrolyte depletion fromhemodialysis outcomes.

%URR	   KT	  
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Anthropometry-based equations overestimate the urea distri- In chronic hemodialysis patients, a low dietary protein
bution volume in hemodialysis patients. intake (DPI) is associated with malnutrition and an in-

Background. Protein intake in hemodialysis patients can be creased risk for morbidity and mortality. Therefore, mon-estimated indirectly from the protein equivalent of total nitro-
itoring of protein intake in hemodialysis patients hasgen appearance (PNA) during the interdialytic period. A reli-

able estimate of the patient’s urea distribution volume (UDV) become an important issue [1, 2].
is required to assess protein intake from PNA values. UDV values Dietary protein intake can be assessed directly from
are derived frequently from simple anthropometric equations. food records. However, for a reliable estimate of proteinMethods. UDV values based on anthropometric methods were

intake, cooperation of the patients for at least one weekcompared with UDV values determined by direct dialysate
is necessary [3, 4], and the calculation of protein intakequantitation (DDQ) in 54 stable chronic hemodialysis patients.

The anthropometric methods included the following: the Wat- from food records is time consuming. More frequently,
son equations (WAT), a fixed proportion of postdialysis body DPI is estimated indirectly from the protein equivalentweight, 58% for males and 55% for females (% body wt),

of total nitrogen appearance (PNA), formerly calledand skinfold thickness measurements (SFT). Postdialysis blood
PCR. If the patient is in steady state with regard to hissamples were drawn at 15-minutes postdialysis.

Results. UDVWAT and UDVSFT overestimated UDVDDQ by protein metabolism, it is assumed that the urea nitrogen
about 8 L [limits of agreement (LOA): 2.6 to 14.2 L] in males appearance between two dialysis sessions is linearly re-and about 6 L (LOA: !0.8 to 12.4 L) in females. The overesti-

lated to the protein intake during that interdialytic inter-mation by UDV%BW was even larger: 10.5 L (LOA: 2.0 to 19.0 L)
val [5]. Urea nitrogen appearance can be calculated fromin males and 11.1 L (LOA: 2.1 to 20.1 L) in females. The dif-

ference between UDV%BW and UDVDDQ correlated with the the interdialytic rise in plasma urea concentration and
percentage of body fat (r " 0.57) and body mass index (r " the patient’s urea distribution volume (UDV) [6]. Equi-
0.48). In a subgroup of seven patients, UDV was also determined

librated postdialysis plasma samples are required forby dilution (DIL) of the stable isotope [13C]urea. UDVWAT
obtaining valid UDV and PNA values since the ureaand UDV%BW overestimated UDVDIL significantly. In contrast,

UDVDDQ was significantly smaller than UDVDIL, even after concentration rebounds after the dialysis because of the
correction for incomplete postdialysis equilibration. PNA val- multipool nature of the UDV [7–11].
ues calculated using the various UDV estimates were compared

To assess the protein intake from PNA measurementswith dietary protein intake (DPI) assessed from food records.
reliably, accurate values of the patient’s UDV are re-PNADDQ (61 # 10 g/day) did not differ significantly from DPI

(63 # 13 g/day), but the agreement in individual patients varied quired. Most frequently, UDV values are derived from
considerably (LOA, !24 to 20 g/day). Anthropometric-based simple anthropometric equations that estimate total
PNA values overestimated DPI by 8 to 16 g/day.

body water [6, 12–14]. However, these equations haveConclusions. Anthropometry-based equations overestimate
been derived from healthy populations and may not beUDV values in hemodialysis patients, leading to an overestima-

tion of PNA values. Although PNA measurements by DDQ ap- valid in hemodialysis patients. In addition, the validity
pear to be more reliable for assessing protein intake, PNADDQ of these anthropometrically derived UDV values may
values should be interpreted with caution in individual hemo- be reduced in individual patients because of deviationsdialysis patients.

in body composition. Dilution of an urea isotope is con-
sidered to be the gold standard for assessing the UDV,

Key words: urea kinetic modeling, direct dialysate quantification, di-
but this technique is not suitable for clinical practiceetary protein, nitrogen in protein, dialysis, body weight, protein equiva-

lent of total nitrogen appearance. [15, 16]. Urea kinetic modeling combined with quantita-
tion of urea in spent dialysate is considered to be the mostReceived for publication December 30, 1999
accurate kinetic method for assessing UDV in individualand in revised form October 2, 2000

Accepted for publication October 5, 2000 hemodialysis patients [6, 17, 18]. However, the direct di-
alysis quantitation (DDQ) technique for assessing UDV 2001 by the International Society of Nephrology
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Determination of urea distribution volume for Kt/V assessed
by conductivity monitoring.

Background. Kt/V can be calculated continuously during
dialysis without blood samples using the ionic dialysance
method. Unlike the usual method using blood samples, a pre-
cise value for the patients’ urea distribution volume is required.
This study compared different methods for the determination
of urea distribution volume (V) to evaluate their use in Kt/V
measurement, based on conductivity monitoring.

Methods. Ten patients were studied during 40 dialysis
sessions. Total body water and V were determined using
bioimpedance spectroscopy (BIS), anthropometric data, and
blood-based kinetic data. Ionic dialysance was measured by
conductivity monitoring.

Results. Total body water measured by bioimpedance was de-
termined as VBIS = 37.0 ± 7.1 L or 49.6 ± 4.4% of body weight. V
determined using ionic dialysance as input to urea kinetic mod-
eling (UKM) was found to correlate well with total body water
(VKecn = 36.4 ± 5.2 L). All anthropometric equations overes-
timated measured V: VWatson = 40.7 ± 3.9 L, VHume = 41.8 ±
2.5 L, VChertow = 44.6 ± 3.3 L, and VChumlea = 43.1 ± 2.9 L.
Single-pool Kt/V obtained by kinetic modeling was used as ref-
erence (Kt/V)SPVV = 1.49 ± 0.15. Using different Vs as the
V component in the ionic dialysance Kt/V, we obtained: Kecn∗ t/VWatson = 1.34 ± 0.12, Kecn

∗ t/VBIS = 1.51 ± 0.21 and Kecn∗ t/VKecn = 1.52 ± 0.18.
Conclusion. The single-pool Kt/V calculated using the ionic

dialysance method agreed with the conventional blood sample
method provided that V was calculated using BIS or urea kinet-
ics. V by either method was reproducible and varied little in an
individual patient. Monthly determination of V allows determi-
nation of Kt/V for each dialysis session by ionic dialysance.

The delivered dose of dialysis (expressed by Kt/V) is
an important predictor of patient outcome. Kt/V is usu-
ally calculated monthly from pre- and postdialysis blood

Key words: urea distribution volume, kinetic modeling, bioimpedance,
dialysis dose, ionic dialysance, Kt/V.
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samples. A number of factors lead to a lower delivered
dose than prescribed, such as cardiopulmonary and ac-
cess recirculation, compartmental disequilibrium, loss in
dialyzer clearance, and actual values of blood flow or ef-
fective treatment time being less than prescribed. If Kt/V
is measured once per month, important variations in de-
livered dialysis dose may be missed. Measurement of de-
livered dialysis dose each dialysis would be desirable if it
could be achieved without blood samples.

Recently, a practical method for measuring K semicon-
tinuously during dialysis using conductivity monitoring
has been described. This method relies on the princi-
ple that the diffusive properties of sodium and urea are
similar and that sodium flux can be measured noninva-
sively using conductivity measurements in the dialysate.
This method estimates K as ionic dialysance within the
dialysis machine and requires no reagent, disposable or
blood sample. The value of K calculated using this method
has an additional advantage as it represents blood water
clearance and includes the effect of cardiopulmonary and
any access recirculation [1, 2].

Devices using the ionic dialysance method measure
both clearance (K) and treatment time (t) but require
a precise input value for the urea distribution volume
(V) for calculating Kt/V. This is in contrast to the usual
method using pre- and postdialysis blood samples, which
is relatively insensitive to errors in V. In the blood sam-
ple method, Kt/V is calculated largely independently of
V from the ratio of pre- and postdialysis blood urea. Only
the relatively small component due to ultrafiltration and
renal function depends on V.

The purpose of this study was to compare the agree-
ment and reproducibility of different methods for calcu-
lating V and their practical relevance in calculating Kt/V
from the ionic dialysance.

Numerous methods for calculating V have been de-
scribed [3–7]. The gold-standard method calculates V
from the concentration of a suitable tracer in blood af-
ter equilibration, following injection. The tracer method
is not suitable for routine use and, ideally, requires
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Table 2. Comparison of volurm (V) (L) by different methods

VBIS VKecn VKkoA VKeff VWatson VHume VChertow VChumlea

Mean 37.0 36.4 41.1 38.1 40.7 41.8 44.6 43.1
SD 7.1 5.2 6.0 6.0 4.2 2.7 3.6 3.1

VBIS is total body water measured by bioimpedance spectroscopy.
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55

50

45
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Fig. 7. Individual per patient variation of kinetic distribution volume
(VKecn).

VBIS C0 Ct Cnext VBIS C0 Ceq Cnext

UKM UKM

Single-pool (Kt/V)SPVV Equilibrated (Kt/V)eqSPVV

Fig. 8. Determination of the reference single-pool and equilibrated
Kt/V’s (see Appendix, equations 10 and 11). UKM is urea kinetic mod-
eling.

is too high compared to the real value, the Kt/V will lie
consistently below the line of identity.

Using different Vs as the V component of the ionic
dialysance Kecn

∗t/V and comparing against the reference
we obtained the following results.

Watson volume. We obtained Kecn
∗t/VWatson = 1.34 ±

0.12. The agreement with the reference is weak, as well by
Bland-Altman analysis (! = −0.15, SD = 0.1) (Fig. 11)
as by linear regression (slope = 0.58 ± 0.08, correlation
coefficient R = 0.56).

Bioimpedance volume. We obtained Kecn
∗t/VBIS =

1.51 ± 0.21. Good agreement is found as well by

Mean + 2SD

Mean − 2SD

[(Kt/V)SPVV + (Kt/V)Daug]/2
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

0.4

0.2

0.0

−0.2

−0.4

Fig. 9. Bland-Altman analysis of agreement between (Kt/V)SPVV and
(Kt/V)Daug.

VKecn

Kecn × t

Kecn × t/VKecn

Kecn × t/VWat

Kecn × t/VBISVBIS

VWat

Fig. 10. Different values of V were used as component of the ionic
dialysance Kt/V in order to compare them against the reference
(Kt/V)SPVV.

Bland-Altman analysis (! = 0.02, SD = 0.14) (Fig. 12) as
by linear regression (slope = 1.10 ± 0.13, R = 0.64).

Kinetically determined volume is used as V component.
Nearly perfect agreement with the reference Kt/V is ob-
tained (Bland-Altman analysis (! = 0.03 and SD = 0.03)
as by linear regression (slope = 1.14 ± 0.03 and R = 0.99).
This agreement is, however, due to the fact that both re-
sults are not independent from each other. In the urea
kinetic model, the Kt/V depends almost entirely on the
blood concentrations and only to a minor extent on ei-
ther V or K, which is used as a small corrector to account
for volume changes during and between dialyses. Since
VKecn is obtained from the same set of blood samples as
(Kt/V)SPVV, Kecn

∗t/Vecn is not independent.
Since we found that V of an individual patient remains

relatively stable over the study period, we investigated
the agreement for the case that the kinetic volume de-
termined in the first treatment of a patient ((VKecn)1st) is
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Table 3. Comparison of blood sample–based reference Kt/V and different V values as V component of the ionic dialysance Kecnt/V

(Kt/V)SPVV (Kt/V)eqSPVV Kecnt/VBIS Kecnt/VKecn Kecnt/(VKecn)1st Kecnt/VWatson

Mean 1.49 1.31 1.51 1.52 1.52 1.34
SD 0.15 0.14 0.21 0.18 0.17 0.12

DISCUSSION
Our data suggest that the calculation of V using an-

thropometric data significantly overestimates total body
water calculated by bioimpedance and kinetic model-
ing, at least in the study group of hemodialysis patients.
Although we had no direct reference method for calcu-
lating V, bioimpedance has been found to agree closely
with body water calculated from deuterium-oxide dilu-
tion studies in hemodialysis patients [12, 26]. In our study,
the independent method of urea kinetic modeling agreed
with bioimpedance. Therefore, we conclude that V calcu-
lated from anthropometric data probably overestimated
total body water in our study patients.

Some previous publications have also concluded that
V calculated from anthropometric data overestimates to-
tal body water [4]. Others come to the opposite conclu-
sion [12]. It is possible that racial or other differences
between study populations may explain the different
agreements between V calculated from anthropometric
data and other measures of body water.

A possible explanation for our observation that V cal-
culated from anthropometric data may overestimate total
body water is that a significant depletion in muscle mass
is present in many dialysis patients [22]. Anthropometric
equations derived from healthy individuals would lead
to an overestimation of V in this case. In the presence of
overhydration, on the other hand, an underestimation of
urea distribution volume by anthropometric equations
would be expected. Therefore, there may be substan-
tial errors for individual patients if V is estimated from
anthropometric equations.

The patients studied had a typical range of body mass
indices (Table 1), but did not include very obese patients.
Therefore, our results may not be applicable to obese
patients and this requires further study. Bioimpedance
generally provides an accurate measurement of total
body water. If, however the subject exhibits an unusual
distribution of water between the trunk and the limbs
the accuracy could be impaired, since the bioimpedance
measurement is predominantly influenced by the resis-
tance of the arms and legs. This might be the case in one
of our patients, where VBIS was found to be 7 L higher
than kinetic volume.

Urea kinetic modeling can be used to determine urea
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tween OCM and blood-based Kt/V were determined from
Watson’s formula (VWatson), bioimpedance spectroscopy
(VBIS), classical urea kinetic modelling (VUKM_C) and a
simple computation of V (VUKM_S) from the blood-based
Kt/V and KOCMt.
Results. Comparison of KOCMt/V with (Kt/V)D shows that
using VWatson leads to significant systematic underestima-
tion of dialysis dose. KOCMt/VBIS agrees with (Kt/V)D to
within ± 10%. KOCMt/VUKM_S is, by definition, identical to
(Kt/V)D when initially calculated. However, if a historical
value of V is used, agreement between KOCMt/V and (Kt/V)D
over 6 months varies by 5% for VBIS and 10% for VUKM_S.
Conclusions. When investigating the effect of different
treatment strategies on dialysis efficiency, any estimate of
V can be used provided it is constant, as K is the relevant pa-
rameter. When frequent supervision of actual dialysis dose
is required, the greatest consistency between KOCMt/V and
the reference, Kt/VD, over time is achieved with VBIS.
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Introduction

Regular measurement of dialysis dose is an essential ele-
ment in assuring the quality of renal replacement therapy.
While blood sampling and measurement of blood urea nitro-
gen (BUN) is the mainstay of dose assessment, the method
is rarely performed more frequently than once a month for
both financial and practical reasons. Dialysis machines of-
fering on-line monitoring of dialysis efficiency are now
widely available. On-line clearance monitors measure the
difference in conductivity between the dialysate entering
and leaving the dialyser with two different dialysate in-
let electrolyte concentrations. These measurements can be
used to calculate the ionic dialysance, which is equal to
the effective urea clearance, provided dialysate flow, blood
flow and blood electrolyte composition are constant dur-
ing the measuring interval [1]. On-line clearance monitor-
ing (OCM) allows dialysis dose to be monitored at every
treatment with virtually no additional overheads. While it
is unlikely that these non-invasive measurements of Kt/V
will replace routine blood sampling, OCM affords staff the
opportunity to monitor unstable patients more effectively,
identify problems quickly and assess the effect of remedial
actions.

The use of OCM is based on the finding that ionic dialy-
sance and urea clearance are equivalent. This has been
demonstrated in a number of studies that have investigated
the influence of recirculation and blood water [2] and shown
that KOCM is comparable with blood water urea clearance,
taking into account recirculation [3]. The OCM thus pro-
vides the effective urea clearance. In order to calculate Kt/V,
the patient’s urea distribution volume is needed as an input.

The purpose of this study was to assess which of the
available methods for determination of V lead to a Kt/V that
is consistent with a reference Kt/V based on pre- and post-
dialysis blood urea concentrations. As KOCM does not take
into account rebound (two-pool) effects, it is appropriate
to choose a single-pool Kt/V as the blood-based reference
method. For this study, the well-established second gener-
ation Daugirdas ‘single-pool variable volume’ spVV Kt/V,
(Kt/V)D, was used [4].
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-VDUANT son significativamente mayores que el VDU estimado por MCU. 
-VDUWatson es por defecto es inexacto à infraestimación del KtV. 
-VDUBIS tiene una mayor reproducibilidad que el VDUMCU. 
-VDUBIS ofrece la menor variabilidad en la medida del VDU. 
-VDUBIS método de elección para monitorización frecuente vs toma de 
muestras. 
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Can Rescaling Dose of Dialysis to Body Surface Area in the
HEMO Study Explain the Different Responses to Dose in
Women versus Men?
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Background and objectives: In the Hemodialysis (HEMO) Study, the lower death rate in women but not in men assigned
to the higher dose (Kt/V) could have resulted from use of “V” as the normalizing factor, since women have a lower
anthropometric V per unit of surface area (V/SA) than men.

Design, setting, participants, & measurements: The effect of Kt/V on mortality was re-examined after normalizing for
surface area and expressing dose as surface area normalized standard Kt/V (SAn-stdKt/V).

Results: Both men and women in the high-dose group received approximately 16% more dialysis (when expressed as
SAn-stdKt/V) than the controls. SAn-stdKt/V clustered into three levels: 2.14/wk for conventional dose women, 2.44/wk for
conventional dose men or 2.46/wk for high-dose women, and 2.80/wk for high-dose men. V/SA was associated with the effect
of dose assignment on the risk of death; above 20 L/m2, the mortality hazard ratio ! 1.23 (0.99 to 1.53); below 20 L/m2, hazard
ratio ! 0.78 (0.65 to 0.95), P ! 0.002. Within gender, V/SA did not modify the effect of dose on mortality.

Conclusions: When normalized to body surface area rather than V, the dose of dialysis in women in the HEMO Study was
substantially lower than in men. The lowest surface-area-normalized dose was received by women randomized to the
conventional dose arm, possibly explaining the sex-specific response to dialysis dose. Results are consistent with the
hypothesis that when dialysis dose is expressed as Kt/V, women, due to their lower V/SA ratio, require a higher amount than
men.

Clin J Am Soc Nephrol 5: 1628–1636, 2010. doi: 10.2215/CJN.02350310

T he National Institutes of Health (NIH)-sponsored He-
modialysis (HEMO) Study used a randomized factorial
design to assess mortality, hospitalization, and a num-

ber of secondary outcomes in hemodialysis patients as a func-
tion of dose, targeted as an equilibrated eKt/V of 1.05 versus
1.45, and dialyzer membrane flux (1). The primary results dem-
onstrated no significant overall effect of dose (2) on mortality or
hospitalizations in the full study cohort. In a subgroup analysis,
women randomized to the “conventional” (lower) dose had a
higher mortality rate than women randomized to the higher
dose (3). Because there was an opposite trend toward higher
mortality in men randomized to the higher dose, the overall
difference in mortality by dose was not statistically significant (3).

The HEMO Study investigators have been cautious in inter-
preting the gender-dependent results due to the risk of a type
I error (false positive result) and other limitations of subgroup
analyses. Gender was one of seven prespecified factors consid-

ered for subgroup analyses, so after statistical adjustments were
made for multiple comparisons, neither the dose effect in
women nor the interaction characterizing the difference in the
dose effects between women and men reached statistical sig-
nificance (4). Several observational studies published during
the conduct of the HEMO Study and subsequently (5,6) sug-
gested that the association between dose expressed as per-
session Kt/V and mortality might indeed be different among
women and men. However, interpretation of the observational
study results is complicated by the demonstration within the
HEMO Study of substantial bias in the relationship between
achieved dose and mortality, with the further complication that
this bias appears to have been stronger in women than in men (7).

Lowrie et al. objected to normalizing Kt by V and initially
suggested giving the same dialysis dose, expressed as Kt, to all
patients (8). They later modified this approach to suggest that a
more appropriate denominator for dialysis dose should be
body surface area (9). Rescaling dose to body surface area is not
straightforward, because the measured predialysis and postdi-
alysis blood urea nitrogen (BUN) values are directly translated
to the urea elimination constant (K/V) by mathematical mod-
eling. Extracting V from this ratio requires knowledge of K (10).
We previously proposed a method of rescaling the normalized
clearance (Kt/V), based on the average ratio of anthropometric
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(variable volume model with Kru)

S is stdKt/V derived from a fixed-volume model
(second equation above); N is the number of dialyses
per week; Uf is the weekly ultrafiltration volume in
mL; V is the volume of urea distribution in mL; Kru
is the residual native kidney clearance of urea in
mL/min; 10,080 is the number of minutes in a week.
In the absence of Kru, the last equation above gives

a value for stdKt/V that is w7% higher on average
than the preceding equation.
To protect patients from underdialysis, the contri-

bution of Kru should be added only if a measurement
has been done within 3 months prior to the modeling
date.

4. Method for calculating SAstdKt/V

The volume of urea distribution (V) in the de-
nominator of the urea clearance expression (Kt/V)
is problematic. V is conveniently included in the
exponential expression of clearance as calculated
from simple measurements of pre- and postdialysis
BUN, and as a measure of total-body water is
closely tied to lean body mass, which is often used
to dose drugs. However, the more commonly used
denominator for physiologic functions including
native kidney function is BSA. A secondary analysis
of the HEMO data, which showed improved out-
comes in women but not in men treated at the
higher HD dose, raised concerns about possible

inappropriate use of V as the dose denominator in
women and smaller patients (see Fig 3 below).147,152

Efforts to eliminate this bias both in women and in
smaller patients led to an expression of stdKt/V with
BSA in the denominator that retained the current
targeted values146,153,154:

SAstdKt=V5
stdKt=V

20
3

Vw
BSA

SAstdKt/V is the surface area–normalized standard
Kt/V (fraction/wk); VW is the patient’s volume of
urea distribution determined by the Watson formula
(L)155; BSA is the patient’s body surface area based
on height and weight (m2)156; and 20 is a normal-
izing factor (the population mean V/BSA, L/m2).
This normalizing factor may be different from 20
when using equations other then those by Watson et
al155 and DuBois and DuBois156 to estimate V and
BSA, respectively, for example, in children.

5. Method and equations for measuring conductivity
dialysance.

D5 ½Qd1Qf"½12ðCo12Co2Þ=ðCi12Ci2Þ"157

Co and Ci are dialysate outlet and inlet conductivities
(mS/cm); D is dialysance (mL/min); Qd is dialysate
flow; and Qf is ultrafiltration flow.
Dialysance is used here because the inflow con-

ductivity is not zero. In practical terms, conductivity
dialysance is a measure of the dialyzer small-solute
clearance because the solutes responsible for dialy-
sate conductivity are small (mostly sodium 1 anion)
and easily dialyzed. Conductivity dialysance is highly
correlated with urea clearance.135,157

Figure 3. Delivered dialysis doses in the HEMO (Hemodialysis) Study. (A) A clear separation of the delivered dialysis doses
expressed as standard Kt/V was achieved for all patients during the HEMO Study. (B) When normalized to BSA, women randomized
to the high dose received a dose comparable to the conventional dose in men.129 Reproduced with permission of the American Society
of Nephrology from Daugirdas et al.147
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action between dose and VWatson/SA remained nominally significant
when VWatson/SA was divided into the four groups of Table 4 (P !
0.024) and when VWatson/SA was treated as a continuous variable (P !
0.026). Similar results were obtained for the interaction of dose group
with Vant/SA when Vant was computed using the HEMO Study
adjustment to the Watson formula (data not shown).

Discussion
When the HEMO study was designed, V was used to nor-

malize dialysis dose, and the dose intervention was carefully
formulated to administer the same dose of dialysis to subjects
in a given arm, regardless of gender. Our results, and those
published previously, show that the original design was fol-
lowed closely (2,3,7). The separation in mean dose based on
eKt/V, the primary dose measure, amounted to 33% (2), and
was similar among men and women (Table 2). After the HEMO
study was well underway, Keshaviah (23) and Gotch (24,25)
proposed a new concept of measuring the dose of dialysis using
a continuous equivalent clearance, defined by Keshaviah as the
weekly solute removal index, and by Gotch as standard Kt/V
(stdKt/V). We recalculated the HEMO dose in the two dosing
arms by gender using this new continuous measure of dialysis
adequacy, with a modification to account for ultrafiltration
using two-pool modeling (16,17). Our results indicate that sep-
aration between the two arms was cut in half when viewed
using stdKt/V instead of eKt/V, i.e., from about 33% to 16% to
17%. While it is possible that a higher dialysis dose is in fact not

Figure 2. Distribution histograms of baseline Vant/SA (Vant !
Watson V) in men (top panel) and women (lower panel) in 1765
HEMO study subjects without above-the-foot amputations.

Table 3. Cross-classification of Vant/SA category by
gender

Females Males

Vant/SA " 19.8 L/m2 968 18
Vant/SA ! 19.8 L/m2 25 754
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Para este propósito, la máquina de diálisis introduce
un pulso corto para incrementar (o disminuir) la con-
centración de Sodio en el líquido de diálisis, del cual
resulta un incremento en la difusión de los iones de
Sodio en la sangre o en la dirección opuesta (Fig. 9).
Asumiendo que el pulso no queda corto o excede el
límite de conductividad especificado, pulsos alterna-
tivos incrementan y disminuyen la conductividad para
asegurar que el balance de Sodio permanezca lo
más neutral posible [37 – 44].

Este incremento a corto plazo en la conductividad del
líquido de diálisis anterior al dializador es subsecuente-
mente reducido por la difusión de una porción de los
iones de Sodio a través de la membrana del dializador
a la sangre del paciente durante su paso por el diali-
zador. La señal de conductividad dinámica de entrada
(pulso) a la entrada del dializador es continuamente
monitorizada por el sensor de conductividad instalado
en esa posición: la señal a la salida del dializador es
registrada por un sensor equivalente posicionado ahí.
Las áreas relativas bajo las curvas para las dos señales
de conductividad recogidas reflejan la difusión de los
iones de Sodio a través de la membrana del dializador.
Cuanto más bajo el valor de la conductividad de salida
comparado con el de entrada, mayor la cantidad de
Sodio difundido del líquido de hemodiálisis a la sangre
como resultado del gradiente de difusión o, en otras
palabras, más permeable la membrana de diálisis es
para el Sodio [45]. 
Ya que la Urea – como se especificó anteriormente –
tiene un perfil de difusión similar al del ión de Sodio,
el aclaramiento de Urea puede determinarse (usando
los factores apropiados de corrección) respecto de
la actual concentración de Urea en la sangre.

Steil y cols. fueron capaces de demostrar en 1993
que la denominada dialisancia es proporcional al acla-
ramiento de la Urea [35]. Ellos demostraron la muy
cercana correlación entre la medición electrolítica y el
aclaramiento iónico en correlación, y la medición del
aclaramiento de la Urea. En un estudio validado y
realizado en el 2.001, Kuhlmann y cols. dejaron evi-
dencia clínica de que la dialisancia también se corre-
laciona con el aclaramiento de la Urea in-vivo, y que
puede ser determinada de forma precisa con un
error de análisis bajo del ±5 % por el OCM® (Fig. 10)
[39]. Como comparación, el error analítico para la
determinación de Urea en el laboratorio es aproximado
un ±7 %. En ambos casos mencionados anterior-
mente, fue posible demostrar que la correlación entre
el aclaramiento electrolítico y los valores de aclara-
miento para la Urea determinados utilizando métodos
estándar es casi ideal. La mayoría de los resultados
caen, con precisión suficiente, en la línea de identidad
y el valor de correlación r está cercano al valor ideal
1. Si todos los valores para el aclaramiento iónico y
los datos de aclaramientos del laboratorio fueron
exactos, todos los resultados estarían en una línea
ideal. La mayoría de los valores están dentro del
rango de error de sólo ±5 %.

Con la mejora del método OCM®, Goldau y cols.
reportaron en más series analíticas en el 2.002 
una mejora en el nivel de precisión por debajo del
margen de error del ±5 % [45].

Aclaramiento electrolíticos OCM® [ml/min]
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Fig. 10: Correlación del aclaramiento de electrolitos medido con el
OCM® y el aclaramiento de Urea en sangre

Co
nd

uc
tiv

id
ad

 e
nt

ra
da

/s
al

id
a 

[m
S/

cm
]

Tiempo de Diálisis [seg]

Conductividad 
de entrada

Conductividad 
de salida

Fig. 9: El Online Clearance Monitoring opera con un pulso dinámico
corto de conductividad

Recirculación

Error K: ± 5 %

13

Para este propósito, la máquina de diálisis introduce
un pulso corto para incrementar (o disminuir) la con-
centración de Sodio en el líquido de diálisis, del cual
resulta un incremento en la difusión de los iones de
Sodio en la sangre o en la dirección opuesta (Fig. 9).
Asumiendo que el pulso no queda corto o excede el
límite de conductividad especificado, pulsos alterna-
tivos incrementan y disminuyen la conductividad para
asegurar que el balance de Sodio permanezca lo
más neutral posible [37 – 44].

Este incremento a corto plazo en la conductividad del
líquido de diálisis anterior al dializador es subsecuente-
mente reducido por la difusión de una porción de los
iones de Sodio a través de la membrana del dializador
a la sangre del paciente durante su paso por el diali-
zador. La señal de conductividad dinámica de entrada
(pulso) a la entrada del dializador es continuamente
monitorizada por el sensor de conductividad instalado
en esa posición: la señal a la salida del dializador es
registrada por un sensor equivalente posicionado ahí.
Las áreas relativas bajo las curvas para las dos señales
de conductividad recogidas reflejan la difusión de los
iones de Sodio a través de la membrana del dializador.
Cuanto más bajo el valor de la conductividad de salida
comparado con el de entrada, mayor la cantidad de
Sodio difundido del líquido de hemodiálisis a la sangre
como resultado del gradiente de difusión o, en otras
palabras, más permeable la membrana de diálisis es
para el Sodio [45]. 
Ya que la Urea – como se especificó anteriormente –
tiene un perfil de difusión similar al del ión de Sodio,
el aclaramiento de Urea puede determinarse (usando
los factores apropiados de corrección) respecto de
la actual concentración de Urea en la sangre.

Steil y cols. fueron capaces de demostrar en 1993
que la denominada dialisancia es proporcional al acla-
ramiento de la Urea [35]. Ellos demostraron la muy
cercana correlación entre la medición electrolítica y el
aclaramiento iónico en correlación, y la medición del
aclaramiento de la Urea. En un estudio validado y
realizado en el 2.001, Kuhlmann y cols. dejaron evi-
dencia clínica de que la dialisancia también se corre-
laciona con el aclaramiento de la Urea in-vivo, y que
puede ser determinada de forma precisa con un
error de análisis bajo del ±5 % por el OCM® (Fig. 10)
[39]. Como comparación, el error analítico para la
determinación de Urea en el laboratorio es aproximado
un ±7 %. En ambos casos mencionados anterior-
mente, fue posible demostrar que la correlación entre
el aclaramiento electrolítico y los valores de aclara-
miento para la Urea determinados utilizando métodos
estándar es casi ideal. La mayoría de los resultados
caen, con precisión suficiente, en la línea de identidad
y el valor de correlación r está cercano al valor ideal
1. Si todos los valores para el aclaramiento iónico y
los datos de aclaramientos del laboratorio fueron
exactos, todos los resultados estarían en una línea
ideal. La mayoría de los valores están dentro del
rango de error de sólo ±5 %.

Con la mejora del método OCM®, Goldau y cols.
reportaron en más series analíticas en el 2.002 
una mejora en el nivel de precisión por debajo del
margen de error del ±5 % [45].

Aclaramiento electrolíticos OCM® [ml/min]
Ac

la
ra

m
ie

nt
o 

de
 U

re
a 

en
 s

an
gr

e 
[m

l/ 
m

in
]

Fig. 10: Correlación del aclaramiento de electrolitos medido con el
OCM® y el aclaramiento de Urea en sangre

Co
nd

uc
tiv

id
ad

 e
nt

ra
da

/s
al

id
a 

[m
S/

cm
]

Tiempo de Diálisis [seg]

Conductividad 
de entrada

Conductividad 
de salida

Fig. 9: El Online Clearance Monitoring opera con un pulso dinámico
corto de conductividad

Recirculación

Error K: ± 5 %

Nivel	  de	  precisión	  por	  debajo	  del	  margen	  
de	  error	  del	  ±5	  %	  	  



Kidney International, Vol. 56 (1999), pp. 729–737

The urea {clearance 3 dialysis time} product (Kt) as an
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not) and also with increasing body size (whether adjusted forThe urea {clearance 3 dialysis time} product (Kt) as an outcome-
Kt or not) for each estimate of size. Significant statistical inter-based measure of hemodialysis dose.
actions of Kt with gender, but not Kt with race, were observedBackground. The normalized treatment ratio [Kt/V 5 the

ratio of the urea {clearance 3 time} product to total body in all models. There were no statistical interactions, suggesting
water] and the urea reduction ratio (URR) have become widely that higher Kt was routinely required with increasing body
accepted measures of dialysis dose. Both are related to and size. Separate risk profiles for males and females suggested a
derived from pharmacokinetic models of blood urea concentra- higher Kt threshold for males.
tion during the dialysis cycle. Theoretical reconsideration of Conclusions. The urea {clearance 3 time} is a valid outcome-
the models revealed that the premise about V on which they based measure of dialysis dose and is not confounded by in-
rest (that is, that V is a passive diluent with no survival-associ- dexing it to an estimate of body size, which has outcome-
ated properties of its own) is flawed if the intended use of the associated properties of its own. Dialysis prescriptions for
models is for profiling clinical outcome (for example, mortality) males and females should be regarded separately, but there
rather than estimating urea concentration. As a proxy for body appears no need to make a distinction between the races.
mass, V has survival-associated properties of its own. Thus,
indexing {clearance 3 time} to body size could create an off-
setting combination whereby one measure favorably associated
with survival (Kt) is divided by another (for example, V). The primary finding [1] and final report [2] of the
Observed clinical paradoxes support that interpretation. For National Cooperative Dialysis Study (NCDS) were pub-example, patients with a low body mass have both higher URR

lished more than 15 years ago. That study evaluated fourand higher mortality than heavier patients. Increasing mortality
groups of patients arranged in a 2 3 2 factorial designis often observed at high URR, suggesting the possibility of

“over-dialysis.” Black patients tend to be treated at lower URR [3] where blood urea nitrogen (BUN) concentration, a
than whites but enjoy better survival on dialysis. Therefore, proxy for “small molecule”-directed therapy, and the
{clearance 3 time} was evaluated as an outcome-based measure

length of the dialysis treatment, a proxy for therapyof dialysis dose, not indexed to V, and various body size esti-
directed at larger molecules, were the factors [3, 4]. Amates were evaluated as separate and distinct measures.

Methods. The retrospective sample included 17,141 black computer-assisted, single-pool, variable-volume urea ki-
and white hemodialysis patients treated three times per week. netic model [5–7] was used to facilitate the control of
Logistic regression analysis was used to evaluate death odds in BUN at two levels (low and high) within two levels ofage-, gender-, race-, and diabetes-adjusted models. Kt and five

dialysis time (long and short). The urea kinetic equationsbody size estimates (total body water or V, body weight, body
weight adjusted for height, body surface area, and body mass can be solved to estimate BUN at the end of dialysis
index) were evaluated using two analytical strategies. First, all in terms of the predialysis BUN and the ratio (Kt/V:
of the measures were treated as continuous variables to explore dimensionless) of total clearance (Kt:ml) to the ureadifferent statistical models. Second, Kt and the body size mea-

volume of distribution (V:ml) that is presumed to equalsures were divided into groups to construct risk profiles.
Results. All evaluations revealed improving death odds with total body water (TBW). Here, K means urea clearance

increasing Kt (whether adjusted for the body size estimates or (ml/min), and t means the length of the dialysis treatment
(min). Kt/V was high in the two low-BUN groups of the
NCDS [8]; it was low in the two high-BUN groups. BUNKey words: dialysis dose, renal failure, ESRD, body surface area, hu-

man studies. was successfully controlled within the protocol-pre-
scribed limits in both the pilot [9, 10] and the final study
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[11]. The results of the NCDS suggested that therapyand in revised form March 4, 1999

Accepted for publication March 15, 1999 directed toward the control of small molecule concentra-
tion, such as BUN, was more closely associated with 1999 by the International Society of Nephrology
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Fig. 2. Risk profiles for four of the five body size measures. Body weight for height is not shown (discussed in text). The P values over the bars indicate the significance of the odds ratio
compared with the appropriate reference group. Symbols are: ( ) Kt not adjusted; ( ) Kt adjusted.
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Conclusions. Evidence supporting the intuition that smallerBody size, dialysis dose and death risk relationships among he-
patients require proportionately lower dialysis dose than largermodialysis patients.
patients was not found. To the contrary, smaller patients sufferBackground. The normalized treatment ratio, Kt/V derived
as much risk as or more risk than larger patients from reducingfrom urea kinetic models (UKM), is a commonly used measure
Kt. Deciding dialysis treatment using a Kt/V based intuitionof dialysis dose. This measure assumes that smaller patients

with low volume of urea distribution (V) require proportion- may lead to avoidable under-dialysis particularly among small
ately less total treatment (Kt) than larger patients. The conclu- patients.
sion has been questioned because the UKM use assumptions
that could make them invalid for accurately predicting a clinical
outcome like survival. It is possible that a relationship exists

The volume of urea distribution (V) is often dividedbetween Kt and body size whereby a different Kt is required for
into total dialysis treatment (Kt; the product of averagedifferent sizes. This study therefore explored the relationships

among body size, Kt, and death risk focusing on possible inter- urea clearance during dialysis and the length of the treat-
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Fig. 1. Log hazard response profile for Kt, body surface area (BSA; an absolute measure of body size), and body mass index (BMI; a relative
measure of body size). Analyses were unadjusted and adjusted for age, gender, race, and diabetic status. Symbols are: (!) unadjusted; (") case
mix adjusted.

Fig. 2. Continuous risk (hazard) plane for Kt
and BSA. The analysis did not include an in-
teraction term between Kt and BSA and was
case mix adjusted. The estimated hazard ratio
at Kt ! 75 and BSA ! 2.2 was 0.44 compared
to the ratio (1.0) at the mean Kt and BSA. It
deteriorated from 0.44 to 1.10 when Kt de-
clined from 75 to 25 at the highest BSA (2.2),
a 2.5-fold deterioration. It deteriorated from
0.44 to 1.04 as BSA fell from 2.2 to 1.2 at
the highest Kt (75), a 2.4-fold deterioration.
Finally, it deteriorated from 1.04 to 2.59 when
Kt declined from 75 to 25 among small pa-
tients (BSA ! 1.2), a 2.5-fold deterioration.

“Decidir	  la	  dosis	  de	  
diálisis	  basándose	  
en	  KtV	  puede	  dar	  
lugar	  a	  una	  
dosificación	  
“baja”,	  evitable,	  
en	  pacientes	  
pequeños”.	  
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The online measurement of hemodialysis dose (Kt): Clinical
outcome as a function of body surface area.

Background. Recent advances enable the direct measure-
ment of small molecule clearance, Kecn, during each dialysis.
Average Kecn and treatment length, t, are multiplied giving to-
tal clearance, Kt. The body surface area (BSA) is a fixed trans-
formation of height and weight and is a well recognized measure
of body size. This project was conceived to search for clinical
outcome-based functions for measured Kt in terms of BSA to
enable simple Kt prescription guidelines for clinicians who are
able to measure Kecn, and to provide foundations for future
clinical research.

Methods. The data came from Fresenius Medical Care (NA)
files and included more than 32,000 patients with height, weight,
and paired Kecn and t measurements during December 2002.
Measurements were averaged for the month and used as pre-
dictor measures in Cox models of survival time during 2003.
Candidate Kt values from 30 L/treatment through 70 were ex-
amined to determine the best statistical fit for quintile and decile
delimited BSA groups evaluating the best fit Kt treatment target
for each group. Functional forms representing the relationship
between target Kt values and mean BSA of the groups were
then evaluated to determine the best fit.

Results. Kt targets increased with BSA in a curvilinear way
such that the rate of increase is greater at low BSA than high.
The best statistical fit was a double reciprocal form, Kt = 1/(a +
b/BSA); “a” and “b” are statistically derived coefficients. The
form has an appealing mathematical property; Kt approaches
0 as BSA approaches 0. Other forms fit the data nearly as well,
however, and can be used to estimate Kt targets for patients
with different BSA.

Conclusion. Empirical, outcome-based functions of mea-
sured Kt in terms of BSA exist and can be used as aids for
prescribing and judging hemodialysis treatment.

Current methods for judging hemodialysis dose
evolved from mathematical models of urea kinetics [1].
The solution to those equations gives rise to a treatment
ratio [2], Kt/V, values for which are commonly used as
therapeutic targets [3, 4]. Total dose per treatment (Kt)
is the product of dialyzer small molecule (urea) clearance
(Ku) and the length of the treatment (time: t) that is di-

Key words: hemodialysis, mortality, dialysis dose.
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vided by an estimate of the urea distribution volume in the
body (Vu) yielding the ratio. Ku and Vu are not measured
directly in this system. Rather, Ku is typically estimated
from membrane properties (the overall mass transfer co-
efficient and membrane surface area, KoA) and dialysis
operating parameters (blood flow rate and dialysate flow
rate), then used with known values for t, blood urea ni-
trogen (BUN) values, and body weights before and after
a dialysis treatment, and the dialysis schedule in a mathe-
matical system that solves in iterative fashion for the un-
known value of Vu. A Kt/V value can then be estimated
from the results of those calculations [5].

Algebraic approximations have been developed as al-
ternative tools to estimate a Kt/V and require knowledge
of only t, fractional body weight change during treatment,
and the BUN concentrations [4, 6, 7]. Iterative and al-
gebraic methods are sometimes combined to estimate a
Kt/V [8, 9]. A simple quantity comparable to the Kt/V
and also calculated from BUN concentrations, the urea
reduction ratio (URR), is also used to evaluate treatment
[10, 11]. Those methods are part of accepted guidelines
for judging dialysis treatment [4] and have contributed
to better understanding of dialysis therapy over the years
that may have led in turn to lower mortality among pa-
tients [12]. All methods, however, are based on BUN
measurements and are not direct measurements of Ku,
t, or Vu. All except the URR require substantial calcu-
lation. As such, the frequency of estimating dialysis dose
has generally been limited to once monthly.

The urea kinetic methods were born and evolved dur-
ing a period of time when the convenient measurement of
small molecule dialyzer clearance during treatment was
impractical or impossible. All contemplate a value for Vu
but a number of methods are available for estimating Vu.
All anthropometric methods [13, 14, 15] use height and
weight as primary inputs but the exact numerical value
depends on the equation used. Several urea kinetic-based
methods are also available including estimates of 1 and 2
pool volumes [16]. Thus, a number of possible V values
are available for a patient at any particular time depend-
ing on the method use for its estimation. Furthermore, the
properties of Vu have recently come to question. Once
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Table 1. Distributions of measures

Percentiles

Measure Mean or% SD 99th 90th 75th 50th 25th 10th 1st

Age years 61.1 14.8 88.0 79.0 73.0 62.0 51.0 41.0 25.0
Gender% male 52.8
Diabetes% yes 46.4
Race
% White 49.0
% Black 43.3
% Other 7.7
Height cm 167.9 11.4 193.0 182.0 175.0 168.0 160.0 154.0 139.0
Predialysis weight kg 79.3 21.0 143.2 106.5 90.5 76.1 64.6 55.7 43.5
Postdialysis weight kg 76.3 20.4 138.8 102.8 87.2 73.1 62.0 53.4 41.5
Kecn mL/min 232.3 36.7 307.0 275.0 257.0 236.0 211.0 183.5 131.0
t minutes 219.2 27.3 286.0 244.0 240.0 215.0 205.0 180.0 156.0
Kt L/treatment 50.7 10.4 76.9 63.8 57.5 50.5 43.7 37.7 26.6
BSA m2 1.85 0.25 2.53 2.18 2.01 1.83 1.67 1.54 1.33
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Fig. 1. Risk profiles for deciles of BSA (left panel) and Kt (right panel) with and without statistical adjustments. CM adjustment means age, gender,
race, and diabetic status.

possible exception to that generality is the unadjusted
profile, which may have continued to improve through-
out its range. Hazard ratios for the sixth and seventh
deciles and the ninth and 10th deciles were not differ-
ent statistically from the eighth decile (the reference
group, P > 0.05) for any of the 4 models shown in the
figure.

Figure 2 illustrates the risk profile curves by BSA quin-
tile. Visual review suggests that death risk tends to plateau
at higher Kt in the higher BSA quintiles. The second and
third quintiles appear out of sequence, however, and de-
ciding possible targets or making therapeutic recommen-
dations from these curves would be difficult.

Estimating Kt targets as functions of BSA
The best-fit survival models for the first, second, fourth,

and fifth quintiles of BSA are shown in Figure 3. Maxi-
mum chi-square values were observed for each of the 5
quintiles (3rd quintile 55 L/treatment; curve not shown).

The peaks of these curves, used to identify the maxi-
mum chi-square value, are sharper for some curves than
others.

The regression analyses of Kt target on the mean of
BSA for the quintiles of BSA indicated that the best fit
was to a reciprocal X form (R2 = 0.774, P < 0.05) followed
by the S-curve (R2 = 0.772, P < 0.05), double reciprocal
(R2 = 0.767, P = 0.05), log X (R2 = 0.740, P = 0.06),
and multiplicative (R2 = 0.734, P = 0.06) forms. Figure 4
illustrates the relationship for the reciprocal X form. The
linear form equation was Kt = 18.8 + 17.3 × BSA (R2 =
0.702, P = 0.08).

The evaluation of different regression models for the
deciles of BSA indicated a best fit for the double recipro-
cal form (R2 = 0.648, P < 0.01) followed by the S-curve
(R2 = 0.632, P = 0.01), multiplicative (R2 = 0.621, P =
0.01), reciprocal X (R2 = 0.613, P < 0.02), and log X (R2 =
0.601, P < 0.02) forms. The linear equation was Kt = 20.7
+ 16.2 × BSA (R2 = 0.599, P < 0.02). The double recip-
rocal form is illustrated by Figure 5.
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Table 2. Comparison of the algebraic forms regression statistics and projections from equations

Quintiles Combined
Data Deciles
model 1/BSA 1/1/BSA 1/1/BSA 1/1/BSA S-curve 1/BSA Multip lnBSA

R2% 77.4 76.7 64.8 68.6 67.6 66.2 65.7 64.9
P value <0.05 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Coefficient ba −61.0 0.0260 0.0225 0.0237 −1.15 −56.8 34.6 31.0
Coefficient aa 84.4 0.0055 0.0075 0.0069 4.56 82.0 0.63 32.0

BSA m2 Values of Kt L/treatment
1.0 23.4 31.6 33.3 32.7 30.0 25.2 34.5 32.0
1.2 33.5 36.7 38.0 37.6 36.4 34.7 37.7 37.6

1.4 40.8 41.4 42.3 42.0 41.8 41.5 42.6 42.4
1.6 46.2 45.8 46.3 46.1 46.3 46.5 46.3 46.5
1.8 50.5 49.9 49.9 49.9 50.2 50.5 49.9 50.2
2.0 53.9 53.8 53.2 53.4 53.5 53.6 53.5 53.5
2.2 56.6 57.5 56.3 56.7 56.4 56.2 56.6 56.4
2.4 58.9 60.9 59.1 59.7 58.9 58.4 59.8 59.1
2.6 60.9 64.2 61.7 62.5 61.1 60.2 62.9 61.6

2.8 62.6 64.7 64.2 65.2 63.9 61.7 65.9 63.9
3.0 64.0 70.2 66.5 67.7 64.9 63.1 68.8 66.0

The dashed lines bracketing BSA 1.4 through 2.4 are the approximate 98% distribution interval for BSA. Values outside of the dashed lines are extrapolations
beyond those data limits to allow comparison of the estimates. Reciprocal BSA (1/BSA): Y = a + b/X; double reciprocal (1/1/BSA): Y = 1/(a + b/X); S-curve (S-curve):
Y = exp(a + b/X); multiplicative (multip): Y = aXb; log of BSA (ln BSA): Y = a + b(ln X)

aThe coefficients “a” and “b” are coefficients in the 4 equations.
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Fig. 6. The best-fit (double reciprocal) to Kt target for each BSA quin-
tile and decile by the mean of BSA for that quintile or decile. The dark
solid line is the best-fit relationship. The inner dashed lines indicate the
95% confidence interval for the regression. The standard error of es-
timates was 3.2 L/treatment, that is, 6.3% of the mean Kt at the mean
BSA. See Table 2 for other regression statistics.

directly. Two companies (Fresenius Medical Care, AG,
Bad Homburg, Germany and Lexington, MA, USA;
Gambro, AB, Stockholm, Sweden and Lakewood, CO,
USA) offer the capability, and other technologies have
been proposed [31] to support the goal. The body sur-
face area of patients is an unambiguous transformation
of measured height and weight [25] that is commonly
used to evaluate physiologic functions [32]. This study
was conceived and executed to see if empirical, clinical
outcome-based functions of Kt in terms of BSA could be
identified.

The studies suggest that higher total dialysis dose per
treatment, Kt, is required for persons of large body size
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Fig. 7. Comparison of extrapolated curves for the double reciprocal
(thick, black curve), S-curve (thick, dark gray curve), reciprocal X (thin,
gray curve), multiplicative (thick, light gray curve), and log X (thin,
black curve) forms. The linear form for these data is also shown (thin,
dash—dot—dash line). A linear, 0-intercept form taken from a regres-
sion of the mean BSA and mean Kt for males and females in the standard
treatment arm of the HEMO study [30] through the 0,0 origin is pro-
vided for comparison (thin, dashed line). The vertical arrows indicate
the approximate 98% distribution interval of BSA.

than small. The finding is not surprising, but to the best of
our knowledge has not been demonstrated before using
independent estimates of dose and size.

The mathematical forms of the empirical best fit rela-
tionships identified here appear curvilinear, bowing up-
ward such that the increase of “necessary” Kt increases
with BSA more rapidly at low BSA than high. Thus,
the target Kt/BSA is higher for small than large persons.
For example, the Kt projected for persons with BSA =
1.0 m2, 2.0, and 3.0 from the double reciprocal form
are 32.7 L/treatment, 53.4, and 67.7, giving Kt/BSA =
32.7 L/m2, 26.7, and 22.6, respectively. Similarly, Figure 8
suggests that the target Kt at V = 25 L, 40, and 55 are

•  El	  perfil	  HR	  sugiere	  una	  mejoría	  conVnuada	  del	  riesgo	  con	  el	  ↑	  de	  la	  S.C.	  
•  El	   perfil	  HR	   del	   Kt	   por	   deciles	   sugiere	   una	  mejoría	   del	   riesgo,	   alcanzándose	   un	  

plateu	  en	  55-‐60	  L.	  
	  
•  El	   Kt	   “necesario”,	   se	   incrementa	  mucho	  más	   rápidamente	   en	   los	   pacientes	   de	  

superficie	  pequeña.	  	  	  	  	  Kt:	  32	  +	  31(LnBSA).	  
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R2% 77.4 76.7 64.8 68.6 67.6 66.2 65.7 64.9
P value <0.05 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Coefficient ba −61.0 0.0260 0.0225 0.0237 −1.15 −56.8 34.6 31.0
Coefficient aa 84.4 0.0055 0.0075 0.0069 4.56 82.0 0.63 32.0

BSA m2 Values of Kt L/treatment
1.0 23.4 31.6 33.3 32.7 30.0 25.2 34.5 32.0
1.2 33.5 36.7 38.0 37.6 36.4 34.7 37.7 37.6

1.4 40.8 41.4 42.3 42.0 41.8 41.5 42.6 42.4
1.6 46.2 45.8 46.3 46.1 46.3 46.5 46.3 46.5
1.8 50.5 49.9 49.9 49.9 50.2 50.5 49.9 50.2
2.0 53.9 53.8 53.2 53.4 53.5 53.6 53.5 53.5
2.2 56.6 57.5 56.3 56.7 56.4 56.2 56.6 56.4
2.4 58.9 60.9 59.1 59.7 58.9 58.4 59.8 59.1
2.6 60.9 64.2 61.7 62.5 61.1 60.2 62.9 61.6

2.8 62.6 64.7 64.2 65.2 63.9 61.7 65.9 63.9
3.0 64.0 70.2 66.5 67.7 64.9 63.1 68.8 66.0

The dashed lines bracketing BSA 1.4 through 2.4 are the approximate 98% distribution interval for BSA. Values outside of the dashed lines are extrapolations
beyond those data limits to allow comparison of the estimates. Reciprocal BSA (1/BSA): Y = a + b/X; double reciprocal (1/1/BSA): Y = 1/(a + b/X); S-curve (S-curve):
Y = exp(a + b/X); multiplicative (multip): Y = aXb; log of BSA (ln BSA): Y = a + b(ln X)

aThe coefficients “a” and “b” are coefficients in the 4 equations.
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Fig. 6. The best-fit (double reciprocal) to Kt target for each BSA quin-
tile and decile by the mean of BSA for that quintile or decile. The dark
solid line is the best-fit relationship. The inner dashed lines indicate the
95% confidence interval for the regression. The standard error of es-
timates was 3.2 L/treatment, that is, 6.3% of the mean Kt at the mean
BSA. See Table 2 for other regression statistics.

directly. Two companies (Fresenius Medical Care, AG,
Bad Homburg, Germany and Lexington, MA, USA;
Gambro, AB, Stockholm, Sweden and Lakewood, CO,
USA) offer the capability, and other technologies have
been proposed [31] to support the goal. The body sur-
face area of patients is an unambiguous transformation
of measured height and weight [25] that is commonly
used to evaluate physiologic functions [32]. This study
was conceived and executed to see if empirical, clinical
outcome-based functions of Kt in terms of BSA could be
identified.

The studies suggest that higher total dialysis dose per
treatment, Kt, is required for persons of large body size
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Fig. 7. Comparison of extrapolated curves for the double reciprocal
(thick, black curve), S-curve (thick, dark gray curve), reciprocal X (thin,
gray curve), multiplicative (thick, light gray curve), and log X (thin,
black curve) forms. The linear form for these data is also shown (thin,
dash—dot—dash line). A linear, 0-intercept form taken from a regres-
sion of the mean BSA and mean Kt for males and females in the standard
treatment arm of the HEMO study [30] through the 0,0 origin is pro-
vided for comparison (thin, dashed line). The vertical arrows indicate
the approximate 98% distribution interval of BSA.

than small. The finding is not surprising, but to the best of
our knowledge has not been demonstrated before using
independent estimates of dose and size.

The mathematical forms of the empirical best fit rela-
tionships identified here appear curvilinear, bowing up-
ward such that the increase of “necessary” Kt increases
with BSA more rapidly at low BSA than high. Thus,
the target Kt/BSA is higher for small than large persons.
For example, the Kt projected for persons with BSA =
1.0 m2, 2.0, and 3.0 from the double reciprocal form
are 32.7 L/treatment, 53.4, and 67.7, giving Kt/BSA =
32.7 L/m2, 26.7, and 22.6, respectively. Similarly, Figure 8
suggests that the target Kt at V = 25 L, 40, and 55 are

•  El	  perfil	  HR	  sugiere	  una	  
mejoría	   conVnuada	  del	  
riesgo	   con	   el	   ↑	   de	   la	  
S.C.	  

•  El	   perfil	   HR	   del	   Kt	   por	  
deciles	   sugiere	   una	  
mejoría	   del	   riesgo,	  
alcanzándose	  un	  plateu	  
en	  55-‐60	  L.	  

	  
•  El	   Kt	   “necesario”,	   se	  

incrementa	  mucho	  más	  
rápidamente	   en	   los	  
pacientes	   de	   superficie	  
pequeña.	  	  	  	  	  

•  	  Kt:	  32	  +	  31(LnBSA).	  
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Influence�of�the�Ionic�Dialysance�Monitor�on�Kt�Measurement
in�Hemodialysis

Francisco�Maduell,�MD,�PhD,�Manel�Vera,�MD,�Marta�Arias,�MD,�Nuria�Serra,�MD,
Miguel�Blasco,�MD,�Eduardo�Bergadá,�MD,�Nestor�Fontsere,�MD,�PhD,�Aleix�Cases,�MD,�PhD,

and�Josep�M.�Campistol,�MD,�PhD

Background:� Ionic� dialysance� can� provide� accurate� monitoring� of� dialysis� dose� during� each
hemodialysis� session.� Increasingly,� hemodialysis� machines� incorporate� devices� that� measure� ionic
dialysance,�allowing�the�dialysis�dose�to�be�determined�noninvasively�in�real�time�and�in�each�session.
Because�Kt�product�was�proposed�as�a�measure�of�hemodialysis�dose�to�avoid�the�reverse�J-shaped
curve�between�urea� reduction� ratio�or�Kt/V�and�mortality,�we� investigated�whether� ionic�dialysance
values�and�Kt�measurements�are�affected�by�different�ionic�dialysance�monitors�(Diascan�and�online
clearance�monitoring�[OCM])�and�dialysis�machines.

Study�Design:�Four-period�crossover.
Setting�&�Participants:�31�adult�long-term�hemodialysis�patients�using�2�different�ionic�dialysance

monitors�in�4�dialysis�machines:�Diascan�in�Hospal�Integra�and�Gambro�AK-200�machines�and�OCM�in
Fresenius�4008S�and�5008�machines.

Predictors:� Ionic� dialysance� monitor� and� machine� used� in� 4� hemodialysis� sessions� for� each
participant.

Outcomes:�Kt�and�Kt/V�measured�by�using�ionic�dialysance�and�serum�urea�nitrogen.
Results:� Mean� values� for� initial� and� final� ionic� dialysance� were� similar� for� Integra� and� AK-200

machines,�both�measured�by�using�Diascan,�and�for�the�4008S�and�5008�machines,�both�measured�by
using�OCM;�however,�OCM�values�tended�to�be�greater�in�the�4008S�and�5008�machines.�Kt�measured
in�the�4008S�and�5008�machines�was�greater�(59.6�!�12�and�58.6�!�11�L,�respectively)�than�with�the
Integra�and�AK-200�machines�(53.4�!�11�and�53.8�!�11�L).�Mean�urea�reduction�ratio�and�Kt/V�were
78.0%�!�8%�and�1.89�!�0.43�for�Diascan�monitors�and�79.6%�!�8%�and�1.99�!�0.44�for�OCM�monitors,
respectively�(P�"�0.01).�Differences�between�monitors�in�Kt�determination�were�caused�in�part�by�a�real
difference�in�dialysis�effectiveness�(6%)�and�in�part�by�an�intermethod�difference�(4%).�Kt�adjusted�by
Kt/V�differences�was�recalculated,�and�because�of�good�correlation�between�Diascan�and�OCM,�we
were�able�to�apply�a�formula�(KtOCM�#�1.08�KtDiascan�$�2;�r�#0.95)�that�allowed�both�Kt�quantification
methods�to�be�compared.

Limitations:�Nonblinded�nonrandomized�small�sample.
Conclusions:�Kt�is�a�valid�method�for�judging�dialysis�dose�in�real�time�by�using�ionic�dialysance

measurements.�Adjustments�to�correct�intermethod�differences�may�be�necessary�to�ensure�generaliz-
ability�among�ionic�dialysance�monitors.
Am�J�Kidney�Dis�52:85-92.�©�2008�by�the�National�Kidney�Foundation,�Inc.

INDEX�WORDS:�Dialysis�adequacy;�ionic�dialysance;�Kt;�noninvasive�monitoring;�online�clearance.

Editorial,�p.�7

I�onic�dialysance�was�proposed�to�assess�dialy-
sis� efficiency� for� small� molecules� during

dialysis� sessions� and� can� be� calculated� easily
from�online�inlet�and�outlet�dialysate�conductiv-

ity�measurements�at�2�different�steps�of�dialysate
conductivity.� Ionic� dialysance� is� equivalent� to
urea� clearance� corrected� for� recirculation� and
can�provide�accurate�monitoring�of�dialysis�dose
in all dialysis sessions.1-4

More and more hemodialysis machines have
devices that measure ionic dialysance, allowing
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alysis BUN with blood sample) was observed
(r ! 0.917), and also between Dt/V measured by
using OCM and Kt/Vdp (r ! 0.925; Fig 4).

To compare the Diascan and OCM biosensors,
dialysis sessions with Diascan (Integra and AK-
200 machines) and OCM (4008S and 5008 ma-
chines) were grouped (Table 3). The Kt values
measured were 53.6 " 11 L with Diascan and
59.1 " 12 L with OCM (P # 0.001; repeated-
measures ANOVA). The Kt values measured by
using OCM were greater than those measured by
using Diascan, showing intermethod differences.
Only the 4 patients in daily hemodialysis had a
Kt less than 40 L in both methods. A comparative
analysis of Kt by using Diascan versus OCM was
performed using regression analysis. Results of

Kt values measured by using Diascan correlated
closely with those of Kt values measured by
using OCM (r ! 0.962; P # 0.001). A Bland-
Altman analysis was performed expressing the
difference between methods (Table 3) and indi-
cated an overall mean difference between Kt
measured by using Diascan and OCM of 5.5 L,
representing approximately 9.8%, a difference
that remained constant over the range of Kt
values (Fig 5). The limits of agreement indicate a
possible error of $5.7% when using KtOCM

instead of KtDiascan, which is in acceptable mar-
gins for routine practice.

Figure 2. Comparison of Kt measurements among
different dialysis machines (Hospal Integra, Gambro AK-
200, Fresenius 4008S, and Fresenius 5008). Analysis of
variance repeated measures, *P # 0.01 versus Integra
and AK-200 monitors.

Figure 3. Comparison of Kt/V, Kt/Vdp, and Dt/V mea-
surements among different dialysis machines (Hospal In-
tegra, Gambro AK-200, Fresenius 4008S, and Fresenius
5008). Kt/V is by the Daugirdas second-generation single-
pool variable volume formula, Kt/Vdp is by the Daugirdas
second-generation formula with correction for rebound,
and Dt/V is Kt measured with ionic dialysance divided by V
(Watson’s formula). Analysis of variance repeated mea-
sures, *P # 0.01 versus Kt/V; &P # 0.01 versus Kt/Vdp;
#P # 0.05 versus Kt/Vdp.

Table 2. Interdialytic Weight Gain, Postdialysis Weight, URR, Kt/V, and Initial and Final Ionic Dialysance for Each
Study Situation

Hospal Integra Gambro AK-200 Fresenius 4008S Fresenius 5008

Interdialytic weight gain (kg) 2.22 " 0.94 2.33 " 1.22 2.25 " 1.15 2.44 " 1.11
Postdialysis weight (kg) 66.7 " 14 66.3 " 14 66.3 " 14 66.3 " 14
Initial ID (mL/min) 228 " 36 225 " 36 236 " 36* 233 " 36
Final ID (mL/min) 207 " 32 208 " 34 213 " 31 215 " 32
Kt (L) 53.4 " 11 53.8 " 11 59.6 " 12†‡ 58.6 " 12†‡
Dt/V 1.57 " 0.36 1.58 " 0.32 1.75 " 0.38†‡ 1.72 " 0.37†‡
URR (%) 78.2 " 8 77.8 " 8 79.8 " 8‡§ 79.5 " 8‡§
Kt/V 1.89 " 0.44 1.88 " 0.45 1.99 " 0.46‡§ 1.98 " 0.45†‡
Kt/Vdp 1.66 " 0.41 1.65 " 0.42 1.75 " 0.43‡§ 1.74 " 0.42†‡

Abbreviations: URR, urea reduction ratio; ID, ionic dialysance; Dt/V, Kt/V calculated with Kt (ionic dialysance) divided by V
by using the Watson formula; ANOVA, analysis of variance; Kt/Vdp, parameter derived from pre/postdialysis blood urea
nitrogen measured from blood sample.

*P # 0.05 with respect to Gambro AK-200 (ANOVA repeated measures).
†P # 0.01 with respect to Hospal Integra (ANOVA repeated measures).
‡P # 0.01 with respect to Gambro AK-200 (ANOVA repeated measures).
§P # 0.05 with respect to Hospal Integra (ANOVA repeated measures).
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measured were 53.6 " 11 L with Diascan and
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measures ANOVA). The Kt values measured by
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(Watson’s formula). Analysis of variance repeated mea-
sures, *P # 0.01 versus Kt/V; &P # 0.01 versus Kt/Vdp;
#P # 0.05 versus Kt/Vdp.
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ABSTRACT

Background. Patients must receive an adequate dialysis dose
in each hemodialysis (HD) session. Ionic dialysance (ID)

enables the dialysis dose to be monitored in each session. The
aim of this study was to compare the achievement of Kt versus
eKt/V values and to analyse the main impediments to reaching
the dialysis dose.
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enables the dialysis dose to be monitored in each session. The
aim of this study was to compare the achievement of Kt versus
eKt/V values and to analyse the main impediments to reaching
the dialysis dose.
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-El eKt/V mínimo fue alcanzado en el 91.2% de los pacientes. 
-El Kt mínimo recomendado fue alcanzado en sólo el 66,8% de los 
pacientes. 
-Un 25.8 % de los pacientes no alcanzaban el Kt alcanzando el KtV. 
-El Kt objetivo no fue alcanzado por el 62% de los pacientes con 
catéteres y por el 37% de las mujeres. 
-Los principales factores que impedían alcanzar el Kt eran el uso de 
catéter, sexo femenino, edad avanzada, diálisis cortas y 𝟇B bajos. 

deviation. Student’s t-test, the Mann–Whitney U-test or ANOVA
were used to compare quantitative variables, in accordance with
the categories and types of normal or nonparametric distribution.
The chi-squared test was used for qualitative variables. A value of
P < 0.05 was considered to be statistically significant. Multivariate
logistic regression analysis was performed to identify factors pre-
dicting the achievement of the minimum target Kt and/or eKt/V.
Confidence intervals were calculated at 95%.

RESULTS

A total of 43584 ID sessions, 43% conventional HD and 57%
online hemodiafiltration, were analyzed in the 3275 patients
during the monitoring period. Blood samples for eKt/V analy-
sis were obtained once during the study for each patient.

The mean age was 67.3 ± 15 years, the mean length of time
on an HD program was 45.8 ± 41 months and 63% of all
patients were male. The mean body height was 162.1 ± 10 cm,
the mean BSA was 1.77 ± 0.27 m2 and the mean anthropo-
metric Watson volume was 35.5 ± 7.5 L, The etiology of
chronic renal failure was diabetes mellitus in 18.7%, nephroan-
giosclerosis in 13.5%, glomerulonephritis in 10.5%, chronic tu-
bulointerstitial nephropathy in 10.1%, polycystic kidney
disease in 7.8%, systemic disease in 3.3%, urological causes in

1.5% and unknown in 34.5%. Each patient received the HD
treatment with helixone filters (1.4–1.8 m2). Td was 236 ± 15
min, blood flow rate (Qb) was 388 ± 40 mL/min, dialysate flow
rate (Qd) was 513 ± 10 mL/min, and body weight was
69.0 ± 15 kg. Vascular access was through an autologous arter-
iovenous fistula (AVF) in 2266 patients (69.2%), prosthetic ar-
teriovenous fistula (PTFE) in 134 (4.1%) and venous central
catheters (CVCs) in 875 (26.7%).

A mean eKt/V of 1.57 ± 0.32 was obtained. The minimum
eKt/V target dose of 1.2, which was the initial prescription
goal, was achieved in 91.2% of the patients (Figure 1).

When the minimum recommended Kt dialysis dose was
49.3 ± 4.06 L, the mean delivered Kt was 52.6 ± 8.80 L. The
minimum Kt dose was achieved in 66.8% of the patients
(Figure 1). The difference between the actual liters of Kt re-
ceived and the minimum prescribed liters of Kt ranged from
−39 to +30 liters, expressed in deciles (Figure 2).

The main differences in dialysis parameters between patients
achieving and not achieving the minimum Kt dose are shown
in Table 1. The determining factors were older age, less time on
the dialysis program, shorter sessions and lower Qb. Body
weight was also a differentiating factor, with patients reaching
target values having a mean of 67.1 ± 14 kg and patients not
achieving these values having a mean of 72.8 ± 15 kg.

F IGURE 2 : Differences between the Kt administered and the minimum prescribed Kt (distribution by deciles of liters of Kt received;
n = 3275).

F IGURE 1 : Percentage of patients achieving the minimum prescribed eKt/V and/or Kt (n = 3275).
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Kt calculation as a quality indicator of haemodialysis
adequacy 

ABSTRACT

The haemodialysis dose is a good marker of dialysis adequacy, and

we usually monitor it with Kt/V measure. The dialysis dose

monitored with Kt allows a better discrimination, detecting a

percentage of the patients that perhaps do not get an adequate

dose for their gender or body surface area after treatment with a

minimum recommended dose of Kt/V. The objective of this study

was to evaluate Kt as a clinical indicator referred to dialysis adequacy

in the haemodialysis population. The aim was that more than 85% of

the patients would achieve the recommended Kt target for their

gender (at least 50 litres in men and 45 litres in women), or their body

surface area. In each of the patients (mean 129) the Kt mean value

was determined for three consecutive dialysis sessions, one every

two months, during the follow-up period (14 months). At the

beginning, the Kt/V value was on target (> 1.3) in 93.2% of the

patients, but only in 58% according to Kt measure for their gender.

After 4 months, we observed that 85% of patients’ Kt target

increased for their gender, but only 68% did if we used the Kt

individualised for their body surface area. From month 6 to the end

of the follow-up period, more than 85% of patients obtained an

adequate Kt for their body surface area (p < 0.001). A significant

increase of Kt mean (5.4 litres) was observed at the end of the study

(p < 0.001). The usual dialysis prescription parameters were modified

increasing blood flow rate (34.14ml/min, p < 0.001), session effective

duration (8.04 minutes, p < 0.001), dialyser surface area (24.1% of

patients changed from helixone 1.3 to 1.6m
2

, p < 0.001) and

haemodialysis modality (56.8% of patients changed from

conventional haemodialysis to on-line haemodiafiltration,p < 0.001).

We conclude that monitoring dialysis dose with Kt is a good clinical

measure of adequacy, and using it as a quality indicator can be done

in line with the more demanding quality standards. 

Key words: Adequacy. Kt. Dialysis dose. Quality indicator. 

INTRODUCCIÓN

La dosis de diálisis influye sobre la supervivencia del pacien-

te en hemodiálisis
1,2

y se le ha atribuido ser la causa principal

de la mayor mortalidad de los pacientes en EE.UU. en com-

RESUMEN

La dosis de diálisis es un marcador de diálisis adecuada, y el Kt/V
es el indicador más frecuentemente utilizado. La medición
de la dosis con Kt permite una mejor discriminación en la
adecuación e identifica a un porcentaje de pacientes que
quizás no alcanzarían una dosis adecuada para su género
o superficie corporal, pese a que el Kt/V supere el mínimo
establecido. El propósito de este estudio fue evaluar el Kt
como indicador de dosis de diálisis en población prevalen-
te en hemodiálisis, con el objetivo de que más del 85% de
los pacientes alcancen un Kt óptimo según el género
(cuando su valor es superior a 50 l en varones y 45 l en mu-
jeres) o la superficie corporal. En todos los pacientes (129
de media) se determina el valor promedio del Kt de tres
sesiones consecutivas, con periodicidad bimensual, duran-
te los 14 meses de duración del estudio. Al inicio, el 93,2%
de los pacientes presentaban un Kt/V mayor de 1,3, frente
al 58% con Kt óptimo por género. En el cuarto mes, el 85%
de los pacientes alcanzaban el Kt objetivo por género,
frente a un 68% según la superficie corporal. A partir del
sexto mes y hasta el final, más del 85% de los pacientes al-
canzaban el Kt prescrito por superficie corporal (p <0,001),
con un incremento del Kt (p <0,001) de 5,4 l entre el inicio
y el final del estudio. Se incrementó el flujo sanguíneo en
34,14 ml/min (p <0,001), el tiempo efectivo en 8,04 minu-
tos (p <0,001), el 24,1% de pacientes con un dializador de
mayor superficie (p <0,001) y el 56,8% de tratados con he-
modiafiltración on-line (p <0,001). Concluimos que, pese a
que el Kt se muestra más exigente que el Kt/V, su uso como
indicador de calidad de dosis de diálisis es compatible con
los estándares de calidad más ambiciosos.

Palabras clave: Adecuación. Kt. Dosis de diálisis.
Indicadores de calidad.
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hemodiálisis
22,23

como en hemodiafiltración
24

, aunque general-

mente infraestima con respecto al Kt/V analítico calculado

por la fórmula de Daugirdas de 2.ª generación. La obtención

del V es poco precisa tanto cuando se utilizan las fórmulas

antropométricas como por impedancia
25

.

Existe una discrepancia entre las diferentes formas de calcu-

lar la dosis de diálisis. Así, utilizando PRU y Kt/V, el 100%

de la serie de Maduell et al.
17

presentaría una dosis adecuada,

mientras que más de una tercera parte de la muestra estaría

infradializada en función del Kt, datos similares a los referi-

dos por nuestro grupo (8% con Kt/V bajo, 44% según Kt
18

) y

los resultados basales del presente estudio (7 y 42%, respec-

tivamente). Así, utilizar sólo el Kt/V como valor de adecua-

ción tiene el riesgo de no detectar situaciones de infradiáli-

sis, lo que podría repercutir en la supervivencia del paciente,

habida cuenta la relación encontrada por algunos autores en-

tre el déficit de litros de Kt y el riesgo relativo de muerte: de

4 a 7 l menos de los prescritos incrementan la mortalidad un

10%; de 7 a 11 l, un 25%, y más de 11 l, el 30%
15

.

El Kt óptimo medido en función de la superficie corporal se

muestra más exigente que el referido al género según los re-

sultados de nuestro estudio. Así, en el cuarto mes se alcanza

el objetivo en cerca del 85% referido a sexo, con un descen-

so del 17% según ASC. Estos datos son congruentes con los

de Maduell et al.
17

, en los que el porcentaje de pacientes con

Kt óptimo se reduce un 12%. Es por ello por lo que desde este

mes hasta el final del período de seguimiento utilizamos

como indicador el Kt según ASC. En cualquier caso, estas di-

ferencias entre las dos formas de clasificar el Kt pueden de-

berse tanto a diferencias antropométricas de los individuos de

cada género como a disparidades entre nuestra población y la

que sirve de referencia
14

.

Tanto las guías de la S.E.N. para centros de hemodiálisis
19

como la propuesta de indicadores del Grupo de Gestión de

Calidad de la S.E.N.
26

utilizan el Kt/V como indicador de ade-

cuación de dosis de hemodiálisis, medido por la ecuación de

Daugirdas de segunda generación, y recomiendan un valor

mayor de 1,3 al menos en el 80% de los pacientes. Reciente-

mente, algunos estudios proponen aumentar el estándar de re-

ferencia hasta el 85
20

y el 88%
21

. 

En cualquier caso, el cumplimiento de este indicador no re-

sulta sencillo. Los resultados del estudio DOPPS en España
27

objetivaron un 36% de pacientes en situación de infradiálisis.

En 6 de las 11 mediciones del estudio de Del Pozo et al.
20

no

Tabla 2. Resultados de adecuación de dosis de diálisis

Parámetro Basal 2 meses 4 meses 6 meses 8 meses 10 meses 12 meses 14 meses pa

Kt, litros 48,9 ± 7,2 51,7 ± 6,4 52,6 ± 6,6 55,1 ± 5,8 55,7 ± 5,8 55,1 ± 6,4 55,5 ± 6,6 54,3 ± 6,1 <0,001

Kt óptimo 

género, % 58 77,4 84,7 93,7 93,9 93,9 93,7 93,3 <0,001

Kt óptimo

ASC, % – – 67,9 91,4 90,6 91,2 90,5 88,2 <0,001

Kt/V >1,3, % 93,2 95,4 96,1 96,1 96,9 97,6 97,6 97,1 –

a Se comparan resultados basales con los del mes 14.

ASC: ajustado a superficie corporal.

Tabla 3. Evolución del flujo sanguíneo efectivo, tiempo efectivo por sesión, porcentaje de pacientes según dializador 
y porcentaje de pacientes según técnica de diálisis

Parámetro Basal 2 meses 4 meses 6 meses 8 meses 10 meses 12 meses 14 meses pa

Dializador %

Helixona 1,3 m2 87 79,7 77,9 68,7 65,4 66,4 65,4 62,9 <0,001
Helixona 1,6 m2 13 20,3 22,1 31,3 34,6 33,6 34,6 37,1

Tipo de hemodiálisis, %

Convencional 77,5 50 27,5 19,5 18,9 21,6 18,9 20,7 <0,001
HDFOL 22,5 50 72,5 80,5 81,1 78,4 81,1 79,3

Tiempo 

efectivo, min 233,93 ± 7,13 237,66 ± 8,73 238,9 ± 8,86 240,7 ± 7,01 241,18 ± 7,22 242,27 ± 7,76 241,98 ± 7,23 242,07 ± 7,56 <0,001

Qb efectivo, 

ml/min 358,65 ± 33,66 364,09 ± 31,24 368,29 ± 27,76 378,65 ± 27,74 382,56 ± 28,07 384,56 ± 28,21 386,41 ± 29,06 382,77 ± 28,82 <0,001

a Se comparan resultados basales frente al final del estudio.

HDFOL: hemodiafiltración on-line.
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Kt calculation as a quality indicator of haemodialysis
adequacy 

ABSTRACT

The haemodialysis dose is a good marker of dialysis adequacy, and

we usually monitor it with Kt/V measure. The dialysis dose

monitored with Kt allows a better discrimination, detecting a

percentage of the patients that perhaps do not get an adequate

dose for their gender or body surface area after treatment with a

minimum recommended dose of Kt/V. The objective of this study

was to evaluate Kt as a clinical indicator referred to dialysis adequacy

in the haemodialysis population. The aim was that more than 85% of

the patients would achieve the recommended Kt target for their

gender (at least 50 litres in men and 45 litres in women), or their body

surface area. In each of the patients (mean 129) the Kt mean value

was determined for three consecutive dialysis sessions, one every

two months, during the follow-up period (14 months). At the

beginning, the Kt/V value was on target (> 1.3) in 93.2% of the

patients, but only in 58% according to Kt measure for their gender.

After 4 months, we observed that 85% of patients’ Kt target

increased for their gender, but only 68% did if we used the Kt

individualised for their body surface area. From month 6 to the end

of the follow-up period, more than 85% of patients obtained an

adequate Kt for their body surface area (p < 0.001). A significant

increase of Kt mean (5.4 litres) was observed at the end of the study

(p < 0.001). The usual dialysis prescription parameters were modified

increasing blood flow rate (34.14ml/min, p < 0.001), session effective

duration (8.04 minutes, p < 0.001), dialyser surface area (24.1% of

patients changed from helixone 1.3 to 1.6m
2

, p < 0.001) and

haemodialysis modality (56.8% of patients changed from

conventional haemodialysis to on-line haemodiafiltration,p < 0.001).

We conclude that monitoring dialysis dose with Kt is a good clinical

measure of adequacy, and using it as a quality indicator can be done

in line with the more demanding quality standards. 

Key words: Adequacy. Kt. Dialysis dose. Quality indicator. 

INTRODUCCIÓN

La dosis de diálisis influye sobre la supervivencia del pacien-

te en hemodiálisis
1,2

y se le ha atribuido ser la causa principal

de la mayor mortalidad de los pacientes en EE.UU. en com-

RESUMEN

La dosis de diálisis es un marcador de diálisis adecuada, y el Kt/V
es el indicador más frecuentemente utilizado. La medición
de la dosis con Kt permite una mejor discriminación en la
adecuación e identifica a un porcentaje de pacientes que
quizás no alcanzarían una dosis adecuada para su género
o superficie corporal, pese a que el Kt/V supere el mínimo
establecido. El propósito de este estudio fue evaluar el Kt
como indicador de dosis de diálisis en población prevalen-
te en hemodiálisis, con el objetivo de que más del 85% de
los pacientes alcancen un Kt óptimo según el género
(cuando su valor es superior a 50 l en varones y 45 l en mu-
jeres) o la superficie corporal. En todos los pacientes (129
de media) se determina el valor promedio del Kt de tres
sesiones consecutivas, con periodicidad bimensual, duran-
te los 14 meses de duración del estudio. Al inicio, el 93,2%
de los pacientes presentaban un Kt/V mayor de 1,3, frente
al 58% con Kt óptimo por género. En el cuarto mes, el 85%
de los pacientes alcanzaban el Kt objetivo por género,
frente a un 68% según la superficie corporal. A partir del
sexto mes y hasta el final, más del 85% de los pacientes al-
canzaban el Kt prescrito por superficie corporal (p <0,001),
con un incremento del Kt (p <0,001) de 5,4 l entre el inicio
y el final del estudio. Se incrementó el flujo sanguíneo en
34,14 ml/min (p <0,001), el tiempo efectivo en 8,04 minu-
tos (p <0,001), el 24,1% de pacientes con un dializador de
mayor superficie (p <0,001) y el 56,8% de tratados con he-
modiafiltración on-line (p <0,001). Concluimos que, pese a
que el Kt se muestra más exigente que el Kt/V, su uso como
indicador de calidad de dosis de diálisis es compatible con
los estándares de calidad más ambiciosos.

Palabras clave: Adecuación. Kt. Dosis de diálisis.
Indicadores de calidad.
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Achieving an adequate dialysis dose is one of the key goals
for dialysis treatments. Here we assessed whether patients
receiving the current cleared plasma volume (Kt),
individualized for body surface area per recommendations,
had improved survival and reduced hospitalizations at
2 years of follow-up. Additionally, we assessed whether
patients receiving a greater dose gained more benefit. This
prospective, observational, multicenter study included
6129 patients in 65 Fresenius Medical Care Spanish
facilities. Patients were classified monthly into 1 of 10 risk
groups based on the difference between achieved and
target Kt. Patient groups with a more negative relationship
were significantly older with a higher percentage of
diabetes mellitus and catheter access. Treatment dialysis
time, effective blood flow, and percentage of on-line
hemodiafiltration were significantly higher in groups with a
higher dose. The mortality risk profile showed a
progressive increase when achieved minus target Kt
became more negative but was significantly lower in the
group with 1 to 3 L clearance above target Kt and in groups
with greater increases above target Kt. Additionally,
hospitalization risk appeared significantly reduced in
groups receiving 9 L or more above the minimum target.
Thus, prescribing an additional 3 L or more above the
minimum Kt dose could potentially reduce mortality risk,
and 9 L or more reduce hospitalization risk. As such, future
prospective studies are required to confirm these dose
effect findings.
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A dequate dialysis dose is one of the most important
goals in hemodialysis (HD) treatment and should be
appropriately prescribed. Achieving a minimum dial-

ysis dose is the responsibility of nephrologists and represents
an area open to improvement. Because age, gender, and co-
morbidity cannot be changed, dialysis parameters should be
adjusted to ensure that the patient receives the optimal
treatment.

Several clinical practice guidelines1–5 have recommended a
minimum Kt/V or urea reduction ratio (URR) as methods for
monitoring dialysis dose. Because the urea kinetic method
requires pre- and post-dialysis urea determinations, moni-
toring is performed monthly, bimonthly, or quarterly, and the
result of this 3% to 7% of total sessions is extrapolated to the
totality of the treatments. Given the relevance of dialysis dose
to survival and that multiple factors can influence dialytic
efficacy in each session, it seems reasonable to incorporate
biosensors to quantify the dose in each session and in real
time. Most monitors have incorporated ionic dialysance (ID),
which allows calculation of dialysis dose in all sessions,
without involving any additional workload, analytical de-
terminations, or cost.6 Consequently, many dialysis units have
already abandoned urea determinations.

In 1999, Lowrie et al.7 proposed Kt as a method of moni-
toring dialysis dose and mortality. These authors observed a J-
shaped survival curve when they distributed the patients into
quintiles from the smallest to the highest URR, while the curve
descended with Kt for the same patients.8 In 2005, the mini-
mumKt dose was individualized according to body surface area
(BSA)9 and validated in a further study.10 Since 2006, the
Guidelines of the Spanish Society of Nephrology5 have pro-
posed that dialysis centers with dialysis machines that have
ionic dialysance use Kt to monitor dialysis dose.

The Optimizing Results in Dialysis research initiative
began in 2010 with the aim of improving HD patient out-
comes by elucidating patient characteristics and practice of
care in Spain.11 In a previous retrospective study published by
this group,12 monitoring the dialysis dose with Kt instead Kt/
V was evaluated. The authors concluded that the advantage of
this method is that it identifies 25.8% of patients who did not
reach the minimum Kt while achieving Kt/V. This difference
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the achieved–targetKt groups became more negative. On the
other hand, as occurred in the mortality risk models, the
hospitalization risk appeared to decrease until the last achieved–
targetKt group, becoming significant with the þ6 to þ9 L
group in the univariate model and with the þ9 to þ12 L
group in the multivariate model.

DISCUSSION
In this study, the current recommendations for monitoring
dialysis dose with Kt individualized for BSA were validated in
the current Spanish dialysis population and found to be
suitable. A dose higher or lower than the recommended
minimum is predictably associated with lower or higher death
and hospitalization risk. To our knowledge, this is the first
prospective trial showing that prescribing more than 1 to 3 L
of the current Kt individualized for BSA recommendations
reduces mortality risk and more than 9 L reduces hospitali-
zation risk. Thus, both adjusted and unadjusted risk profile
results indicated that an adequate dialysis dose as measured
by Kt individualized for BSA improved the morbidity–mor-
tality rate in HD patients.

Traditionally, dialysis dose recommendations are based on
analytical pre- and post-dialysis urea determinations. US,
European, Canadian, United Kingdom, and Spanish guide-
lines1–5 recommend a minimum Kt/V of 1.2 and/or a URR of
65% (or Kt/V of 1.3 and a URR of 70% to ensure that these
minimum requirements are reached). If urea measurements
are carried out only monthly, bimonthly, or quarterly to
calculate the dialysis dose, the results from this 3% to 7% of
the total sessions will be extrapolated to everything that oc-
curs in all sessions. Because multiple factors can influence
dialytic efficacy in each HD session, control systems have

been developed to quantify the dose received by the patient in
each session and in real time. Most monitors have incorpo-
rated ID, which allows the dialysis dose to be calculated in all
sessions, without involving additional workload, analytical
determinations, or cost.6 Consequently, many dialysis units
have already abandoned urea determinations. In contrast, the
lack of the predialysis and postdialysis serum urea measure-
ments entails unknown information about the urea genera-
tion rate and net protein catabolic rate as a protein intake
guide.

Various authors who have used ID in HD and expressed ID
as Kt/V have concluded that Kt/V readings through ID differ
from analytical readings, although the correlation between
both procedures is good,13,14 which demonstrates variability
between the methods used. To obtain Kt/V, the V must be
introduced, but it is an inaccurate value that can be obtained
by anthropometric equations such as Watson’s, by calculating
the measured Kt divided by the analytical Kt/V, or by
bioelectrical impedance.15 Kt/V determined by ID is normally
underestimated compared with pre- to post-dialysis anal-
ysis.13,14,16,17 For these reasons, Kt/V with ID has not been
validated yet.

With the incorporation of ID, Kt instead of Kt/V was
proposed as a method to monitor dialysis dose7 because it
enables avoidance of the J-shaped survival curve, which oc-
curs when patients are distributed according to the URR or
Kt/V.8 In a previous study, minimum Kt dose was individu-
alized in terms of BSA9 and validated in 59,644 North
American FMC patients in a cross-sectional study (March
2004) as a predictor measure during a 1-year period.10 In the
Spanish population, monitoring the dialysis dose with Kt
instead of Kt/V identifies from 25% to 40% of patients who
did not reach the minimum Kt while achieving Kt/V,12,18,19

particularly in women, patients with VCC, and those with a
low body weight.12

Some authors since have proposed rescaling standard Kt/V
to BSA20,21 or using alternative methods instead of V for
scaling the dialysis dose.22 However, incorporation of these
alternatives into clinical practice has not been widely accepted
because of the difficulty in making appropriate calculations.
In our opinion, the use of Kt is simple because it is provided
directly by the monitor and its use has been directly pro-
portional to the incorporation of biosensors with ID.

The real possibility of continuous dialysis dose moni-
toring has been reflected in the growing interest in quality
policies regarding adequate dialysis treatment. In a 2006
study in a US dialysis population,10 the mean delivered Kt
was 51 L and mean achieved–targetKt was þ0.3 L. In a 2013
study in a Spanish dialysis population,12 the mean delivered
Kt was 52.6 L and the mean achieved–targetKt was þ3.3 L. In
the current study, also in a Spanish dialysis population, the
mean delivered Kt was 55.1 L and the mean achieved–targetKt
was þ6.5 L. These results reflect HD adequacy improvement
in the last 10 years, with the minimum Kt achieved in 53%,
67%, and 81%, respectively. The present study supports
achieved–targetKt as an independent mortality risk factor and
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modality of treatment is associated with survival in the uni-
variate analysis, confirming results of the ESHOL study,28

pooling 4 main randomized clinical trials29 and meta-ana-
lyses.30 Our results suggest that the mortality benefit provided
by online HDF is partly related to a higher dialysis dose;
however, the present study was not designed to evaluate the
effect of online HDF on mortality, and the sample size and
follow-up time are underpowered for such an analysis.

Cardiovascular, infectious, and sudden deaths represented
74% of mortality causes in our study and were also influenced
by dialysis dose received. An increment achieved–targetKt
above 6 to 9 L could reduce mortality risk 47%, 60%, and
48%, respectively.

The observational design of this study does not allow for
establishing a causal relationship between dialysis dose and
mortality. It is important to keep in mind that the HEMO
study31 is the sole randomized clinical trial designed to assess
the effect of dialysis dose, and since that trial, clinical guide-
lines have given Kt/V $ 1.2 as the minimum recommended
dose. Moreover, it is important to consider that the dose-
targeting bias was revealed under the controlled conditions
of the HEMO study, which emphasizes that caution is
necessary when interpreting nonrandomized relationships
between dialysis dose and outcome.32 To address this issue, we
have applied propensity score matching in our sample of pa-
tients showing that patients receiving a higher dialysis dose
have a reduced mortality risk independent of the other
comorbidities. The progressive incorporation of ionic dialy-
sance monitors in dialysis units has changed substantially, and
to reflect this changing reality for monitoring dose, new
randomized trials would be required. Our results suggest that
mortality can be further reduced with higher Kt adjusted for
BSA dose. In order to test this hypothesis we understand that a
prospective, randomized study will be needed, allocating pa-
tients with achieved–targetKt from 1 to 3 L (minimum target
dose) to maintain this dose or to increase it to higher than 9 L.

This study has some weaknesses but also major strengths.
A limitation is that the residual renal function was not
monitored, and it has been associated with better survival in
HD patients33 and may confound the dialysis dose–mortality
association. The strengths of this study include the large
sample size and prospective long follow-up, as well as
reflecting current HD treatment, including the high convec-
tive mode.

In conclusion, current recommendations for monitoring
the dialysis dose with Kt individualized for BSA have been
validated in this prospective study in the current Spanish
dialysis population, and the dose is predictably associated
with death and hospitalization risk. Prescribing an additional
3 L or more of the current Kt individualized for BSA could
reduce the risk of mortality, and an additional 9 L or more
could reduce the risk of hospitalization.

METHODS
Study design
The clinical trial was designed as a noninterventional, prospective,
observational, multicenter study in end-stage renal disease patients
undergoing HD performed in all of the Spanish FMC facilities. All
included patients signed the appropriate consent form approved by
the Hospital Ethics Committee and also for their introduction to the
EuCliD database, the Fresenius Medical Care clinical data system.34

The registered protocol number for this trial is NCT 01932853.
The primary objective was to assess whether patients receiving

the current recommendations of an adequate dialysis dose by Kt
individualized for BSA have improved survival at 24 months
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Kt/V (and especially its modifications) remains
a useful measure of hemodialysis dose
John T. Daugirdas1

1University of Illinois College of Medicine, Chicago, Illinois, USA

Removal of small molecular weight solutes shows a strong
relationship to hemodialysis outcomes. In contrast, survival
with high-flux dialysis or hemodiafiltration is only slightly
better than with low-flux hemodialysis. Despite laboratory
evidence regarding toxicity of protein-bound uremic solutes,
few data exist showing that increased removal of this class of
molecules impacts outcomes. In the FHN trials, there was no
effect of frequent dialysis, including frequent and long
dialysis, on nutrition or control of anemia, outcomes
expected to be sensitive to uremic toxin removal; the main
benefit appeared to be better volume control. Scaling of
hemodialysis dose to total body water may not be optimal.
Kt/V scaling to body surface area and use of a continuous
measure such as standard Kt/V reduces the likelihood of
underdialysis of small patients, including children, and
women. Minimum hemodialysis time may best be considered
in respect to ultrafiltration rate, and a maximum target
ultrafiltration rate unscaled to body size may be optimal.
Intensive, extended dialysis may cause adverse effects to
residual kidney function, and more information needs to be
collected to better understand how urine volume modifies
dose requirements, and how to maximize the chances of
preserving residual kidney function.
Kidney International (2015) 88, 466–473; doi:10.1038/ki.2015.204;
published online 15 July 2015
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A reanalysis of the National Cooperative Dialysis Study
(NCDS) showed a strong effect of dose calculated as Kt/V on
short-term outcome.1 This led to the widespread considera-
tion of Kt/V as a standard for measuring dialysis adequacy,
and the minimum single-pool Kt/V level of 1.2 was developed
based on the results of both the NCDS (in which outcomes
worsened precipitously when Kt/V was o0.8) and various
observational data sets.2 The only other randomized trial of
dialysis dose in terms of Kt/V large enough to provide hard
outcome data was the Hemodialysis (HEMO) Study, where a
single pool Kt/V of ∼ 1.3 was compared with a dose of ∼ 1.7,
and in which no difference in mortality or in many secondary
outcomes was found.3

In contrast to randomized trials, analysis of dialysis dose
(including time) in observational data sets is rendered
difficult to impossible because of the very strong effect of
dose-targeting bias that results in better survival in patients
meeting a given dose target, whether it be Kt/V or session
length, compared with patients who are not meeting the
target. The magnitude of dose-targeting bias can be
enormous, and is much larger than possible biological effects
of differences in administered dose.4–6

In an acute setting, in which patients should be most
vulnerable, it has been difficult to show benefits on short-term
survival of relatively large amounts of dialysis. Thus, in the VA
NIH trial, 6/week intermittent dialysis was not shown to be
superior to dialysis given using a 3/week schedule.7 In a
number of studies of acutely ill patients dialyzed either
intermittently or via continuous renal replacement therapy,
investigators have been unable to show a benefit of continuous
treatment (where solute removal as well as volume control
should be markedly enhanced) versus intermittent therapy, or a
benefit of using a higher dialysate and/or substitution flow rate
when using continuous therapy.8 In the Frequent Hemodialysis
Network (FHN) trials, despite some benefit in terms of
volume-related end points, including left ventricular mass and
physical functioning,9 there was absolutely no signal in terms of
improved anemia control or nutritional status with more
frequent dialysis, with either a ‘short daily’ schedule or a long
nocturnal schedule.10,11 One would expect that better removal
of uremic toxins would be particularly well reflected in terms of
improved anemia control and nutrition.

The use of Kt/V has been criticized on a number of
grounds, even within a 3/week schedule. The criticisms
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number of adequacy ‘points’ to more frequent dialysis. The so-
called ‘hemodialysis product’ of Scribner and colleagues53 is
essentially equivalent to standard Kt/V for a given body size and
clearance, and also gives a strong emphasis to frequency of
treatments per week.

Regardless of which of the above measure we decide to use,
the question of scaling to body size comes up, and one has the
choice of not scaling at all, scaling to total body water (which
is the same as scaling to urea distribution volume and similar
to scaling to lean body mass or to metabolic rate), or scaling
body surface area, as suggested later by Lowrie et al.54 The
question of scaling is especially important when considering
dialysis for women, smaller patients, and infants and children.
As we do routinely consider glomerular filtration rate scaled
to body size, it seems irrational to suddenly abandon all body
size scaling in a dialysis prescription. However, scaling of
dialysis dose to total body water has serious theoretical
issues,13,14 and scaling of dose to body surface area seems to
be a reasonable solution: it avoids potential underdialysis
(including use of short session lengths) for small patients,
women, and especially children.55 It also avoids the need to
target possibly unnecessarily large amounts of dialysis to very
large (mostly male) patients with high muscle mass, as in such
patients the increment in body surface area is substantially
less than the increment in total body water. In such large
patients, a session Kt/V of o1.2 may still translate to an
adequate Kt normalized to body surface area.

Many of these measures of adequacy do not reflect the
potential adverse effects of a long interdialytic interval. For
example, because of a quirk in calculations, a nonhomoge-
neous distribution of dialysis sessions during the week has
almost no impact on standard Kt/V.56 The one exception to
this might be the ultrafiltration rate limit of o800 ml/h. If, in
fact, the primary excess mortality associated with the long
interdialytic interval is because of a higher ultrafiltration rates
(this remains to be shown), then avoiding longer interdialytic

intervals may be of lesser importance in patients with residual
kidney function or in those with low sodium (and therefore
fluid) intake. This remains a topic for further study.

One main area for further investigation remains the
preservation of residual kidney function. Paying no heed to
the 2006 KDOQI hemodialysis adequacy guidelines, large
dialysis organizations in the United States are not routinely
measuring residual kidney function, or even residual urine
output. Because of this oversight, it is difficult to study the
impact of residual kidney function on the dialysis dose versus
mortality relationship and any important modifying role of
residual kidney function on other candidate parameters of
dialysis dose. Estimating residual kidney function by simple
methods, such as querying about urine volume, may be cost
effective and might still provide useful information.

Given the paucity of the outcomes data, what should one
do? My own (completely opinion-based) recommendations in
terms of dialysis dose are given in Table 3. In summary, there
are aspects of hemodialysis adequacy in 2015 that clearly
extend beyond Kt/V urea; however, the few pieces of hard
outcomes evidence that we do have suggest that monitoring
small molecular clearance, as measured by Kt/V and its
derivative, standard Kt/V, perhaps rescaled to body surface
area, remains a useful metric to monitor treatment, especially
in the overwhelming majority of patients receiving dialysis on
a 3/week schedule.
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Table 3 |Opinion-based adequacy recommendations

Dialysis procedure (My) opinion-based recommendation

2/Week hemodialysis Consider for incident patients with substantial residual kidney function (for example, daily urine volume 4600ml
and residual urea clearance 42–3ml/min per 1.73m2). Set session length to limit UFR to o800ml/h. No target
solute clearance.

3/Week hemodialysis Target small solute clearance would be a surface area adjusted standard Kt/V ≥ 2.45 (average value in high-dose
arm of HEMO study for women and conventional-dose arm in men). Adjust session length to keep UFR o800ml/h.

Fourth session (4/week schedule) Add for patients with baseline LVH, with UFR4800ml/h during dialysis session after weekend interval, and/or who
have high predialysis serum K before Mon/Tues session.

Every other day schedule Consider for all home patients as initial therapy.
Short daily schedule Consider for all home patients with baseline LVH, or problems with controlling fluid or blood pressure.
In-center 3/week nocturnal schedule Consider for patients who prefer this schedule for lifestyle, and also for patients who have baseline LVH or problems

with blood pressure, volume, or phosphorus control.
High-flux hemodialysis Consider for all patients, especially those with long expected remaining lifespan, to avoid problems with β2-

microglobulin amyloid deposition.
Hemodiafiltration Some data suggest lower cardiovascular risk.
Protein-bound uremic toxins Consider dietary manipulations (somewhat speculative); low-meat diet, keeping short gastrointestinal transit time.

Hemodiafiltration and long weekly dialysis time using a high dialysate flow rate may increase removal but effect on
blood levels not established.

Phosphorus Best controlled by increasing weekly dialysis time; hemodiafiltration lowers plasma levels in some but not all
studies.

Abbreviations: LVH, left ventricular hypertrophy; UFR, ultrafiltration rate.
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Once upon a time in dialysis: the last days of Kt/V?
Raymond Vanholder1, Griet Glorieux1 and Sunny Eloot1
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After its proposal as a marker of dialysis adequacy in the
eighties of last century, Kt/Vurea helped to improve dialysis
efficiency and to standardize the procedure. However, the
concept was developed when dialysis was almost uniformly
short and was applied thrice weekly with small pore cellulosic
dialyzers. Since then dialysis evolved in the direction of many
strategic alternatives, such as extended or daily dialysis, large
pore high-flux dialysis, and convective strategies. Although
still a useful baseline marker, Kt/Vurea no longer properly
covers up for most of these modifications so that urea
kinetics are hardly if at all representative for those of other
solutes with a deleterious effect on morbidity and mortality
of uremic patients. This is corroborated in several clinical
studies showing a dissociation between removal of urea and
that of other uremic toxins. In addition, randomized
controlled trials showed no benefit of increasing Kt/Vurea.
Finally, this parameter also hardly is evocative for metabolic
or intestinal generation of toxins, for their removal by
residual renal function and for the complex interaction of
dialysis length with removal pattern and patient outcomes.
We conclude that apart from being a baseline parameter of
dialysis adequacy, Kt/Vurea insufficiently represents all novel
strategic changes of modern dialysis. Kt/Vurea is too simple a
concept for the complexities of uremia and of today’s dialysis.
Kidney International (2015) 88, 460–465; doi:10.1038/ki.2015.155;
published online 10 June 2015
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Kt/Vurea (clearance of urea multiplied by dialysis duration and
normalized for urea distribution volume) was first proposed as
a parameter of dialysis adequacy in a period of worrisome
mortality on dialysis in the USA. After the randomized
National Cooperative Dialysis Study had demonstrated that a
higher time averaged urea concentration was related to higher
hospitalization,1 Kt/Vurea emanated from a post hoc mechan-
istic study on the same data.2 The threshold of this absolute
value was originally set at 0.8 but soon was increased to 1.2 or
higher. With the introduction of Kt/Vurea, adequacy of dialysis
was no longer assessed by a single static pre-dialysis value, of
which the low concentration could be due to negative
confounders such as low protein intake for urea or low muscle
mass for creatinine. Kt/Vurea instead is a dynamic parameter
that assesses removal by dialysis as a whole (Kt), including not
only clearance but also dialysis length and above all a correction
for body mass (V). For the first time not only the therapy but
also the patient was taken into account by acknowledging that a
voluminous person needs more dialysis compared with a tiny
one. This led to a more standardized dialysis approach and
was translated into a better survival with higher Kt/Vurea in
essentially observational studies.3,4

However, Kt/Vurea quite soon appeared to be far from the
only determinant of outcomes of dialysis. A study by Owen
et al.5 demonstrated a relation between urea reduction ratio
(as surrogate for Kt/Vurea) and outcomes, but a much stronger
consistent relationship was found for hypoalbuminemia, as an
index of malnutrition and fluid overload. In an analysis of the
Dialysis Outcomes Practice Pattern Study, dialysis length
appeared an important determinant of survival, even in
patients stratified for Kt /Vurea.4

When different thresholds of Kt/Vurea were compared in
controlled trials, increasing its value above standard did not
impact survival,6,7 suggesting that the upper limit of improving
outcomes based on this parameter had been reached. This
raised the question whether Kt/Vurea can grasp all effects of
modern dialysis in all its variants and also which potential
pitfalls skew its interpretation.

THE CONCEPT OF KT/VUREA IS BASED ON A TYPE OF DIALYSIS
THAT IS OFTEN NO LONGER APPLIED
Urea kinetic modeling was developed when hemodialysis was
applied almost systematically three times weekly with small
pore cellulosic dialyzers causing substantial inflammatory
reaction. Moreover, the session length of this dialysis
was usually short, and as Kt/Vurea was conceived in the US
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•  El	  concepto	  de	  KtVurea	  se	  basa	  en	  un	  Vpo	  de	  HD	  
que	  no	  se	  pracVca.	  

•  El	  VD	  y	  patrón	  cinéVco	  de	  otras	  toxinas	  urémicas	  
es	  completamente	  diferente.	  

•  No	  Vene	  en	  cuenta	  la	  generación	  metabólica	  o	  
intesVnal	  de	  otras	  toxinas	  urémicas.	  

•  No	  Vene	  en	  cuenta	  suficientemente	  el	  efecto	  de	  
la	  FRR.	  



	  

•  No	  refleja	  aspectos	  técnicos	  con	  impacto	  potencial	  en	  el	  
pronósVco	  como	  los	  raVos	  de	  UF	  o	  el	  efecto	  de	  la	  
duración	  de	  la	  HD	  en	  la	  eliminación	  de	  solutos.	  

•  Pasa	  por	  alto	  el	  efecto	  del	  uso	  de	  Mbs	  de	  alto	  flujo	  o	  de	  
la	  convección.	  

•  Vurea	  como	  índice	  del	  agua	  corporal	  puede	  ser	  inexacto	  
en	  parte	  de	  la	  población.	  

•  Es	  imposible	  sinteVzar	  la	  complejidad	  de	  la	  eliminación	  
de	  solutos	  en	  una	  simple	  y	  única	  fórmula.	  

•  ⇒Descartar	  KtV??	  	  UVlidad	  de	  un	  parámetro	  de	  
adecuación	  mínima.	  

•  Se	  recomienda	  una	  muestra	  mensual	  para	  calcular	  otros	  
parámetros	  del	  MCU	  como	  la	  PCRn.	  
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Para la determinación del volumen de distribución de
Urea de un paciente usando el DCTool, es necesario
introducir los datos básicos del paciente y la infor-
mación sobre el régimen de tratamiento. Entonces
se selecciona un tratamiento de diálisis, así como 
el tratamiento asociado, y los datos del OCM®, con
los valores pre y post diálisis, se introducen en el
programa DCTool. Con esta información, el DCTool
realiza un análisis de la cinética de la Urea y determina
un valor preciso para el volumen de distribución de
Urea V. Una vez este valor esta disponible, puede
ser introducido directamente en el módulo del OCM®

para posteriores tratamientos y permitiendo así al
OCM® poder calcular un valor exacto de spKt/V con
un error <0,1 para cada rutina de sesión de diálisis
durante un largo periodo de tiempo (más de 6 – 12
semanas).

Es posible convertir este Kt/V monocompartimental
determinado por el OCM® en un eKt/V (≈ Kt/V
bicompartimental) usando la fórmula propuesta en la
sección 2.1. Alternativamente, los valores del eKt/V
se muestran también en la tabla 1, página 10.

Con objeto de asegurar que el valor de V se actuali-
ce apropiadamente, es recomendable repetir los cál-
culos del modelo de cinética de Urea con el DCTool
en un marco de rutina de trabajo de laboratorio de 
6 – 12 semanas.

En dos estudios clínicos donde se analizaron 40 y
151 tratamientos respectivamente, se mostró en
ambos casos que el método del DCTool proporcionó
el valor óptimo para el volumen de distribución de
Urea del paciente [51, 52].

El uso combinado del OCM® y del DCTool hace
posible determinar el valor exacto del spKt/V durante
cada rutina de diálisis.

Los parámetros importantes del régimen y monitori-
zación del tratamiento, incluido los resultados del
OCM®, son mostrados en un claro diagrama a todo
color en la pantalla de la máquina de diálisis.

El aclaramiento en función del tiempo se representa
con una línea azul en el diagrama del OCM® durante
el tratamiento. El último o actual valor del aclara-
miento se muestra en uno de los campos negros de
información.

Las ventajas del OCM® en comparación con el méto-
do convencional de la sangre para la determinación
de la dosis de diálisis se resumen en el siguiente dia-
grama.

Fig. 14: Pantalla del OCM®: la línea azul indica el aclaramiento de
Urea, el Kt/V acumulado se representa en la línea roja

Fig. 15: El OCM® ofrece muchas ventajas para la medida del Kt/V en comparación con el método convencional.

Kt/V ≥ 1,2... 1.8
Frecuencia

Control calidad
Esfuerzo

Precisión de K
Funcionamiento

Garantía de calidad

Muestras de sangre (costoso)
Mensual/trimestral

Retrospectiva
Personal, jeringas, costes de 

lab., tiempo y energía
6 – 8 %

Inconveniente
No práctico para uso rutinario

Baño de diálisis, K y t (sin costes adicionales)
En cada sesión
Continua, en línea
Ninguno
5 %
Automático
Estándar

Procedimiento convencional Aspectos Con la opción OCM®

La	  realización	  de	  medidas	  en	  cada	  sesión,	  nos	  da	  información	  sobre	  las	  variaciones	  en	  la	  
dosis	  aportada	  en	  cada	  Hd.	  	  
	  
Tiene	  en	  cuenta	  el	  Vempo	  de	  tratamiento	  efecVvo	  (𝟇B	  efecVvos,	  la	  pérdida	  de	  K	  del	  
dializador	  durante	  la	  HD…).	  	  


