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2 The initiation of dialysis

This guideline is an adaptation of Guideline I from
the first wave of the European Best Practice Guidelines
for haemodialysis (Nephrol Dial Transplant 2002;
17 [Suppl 7]: 7–15) and was developed in concert with
the Work Group responsible for this first wave of the
haemodialysis guidelines.

Guidelines

A. Patients with chronic renal failure should be
referred to a nephrologist when, on two consecutive
measurements, plasma creatinine exceeds 150 mmol/l
(1.7mg/dl) in men or 120 mmol/l (1.4mg/dl) in
women or if there is proteinuria, to assess renal
function more precisely and initiate treatment and
dietary counselling.
(Evidence level C)

B. Renal function should never be estimated from
measurements of plasma urea or creatinine alone, but
should include an assessment of GFR.
(Evidence level B)

C. The preferred method for calculating the GFR in
advanced renal failure is the mean of urea and
creatinine clearance. This value is best calculated
from a 24 h urine collection and normalized to 1.73m2.
(Evidence level B)

D. Conservative treatment should be aimed at
slowing the progression of renal failure, decreasing
proteinuria, strict control of blood pressure, prevention
of overhydration, and treatment of anaemia, renal
bone disease and metabolic acidosis. Detection of
protein-energy malnutrition requires active dietary
counselling.

In patients with diabetes mellitus, tight blood glucose
controls should be encouraged. Hepatitis vaccinations
should be considered. The effects must be assessed
regularly. The various options of renal replacement
therapy have to be discussed in a timely fashion with
the patients.
(Evidence level C)

When the GFR has declined to 15ml/min/1.73m2, the
assessments should be intensified to about once
monthly with special attention to control of hyper-
tension, fluid overload, biochemical abnormalities and

management of malnutrition. Access surgery should be
planned.
(Evidence level C)

E. Dialysis should be instituted whenever evidence of
uraemia is present, or blood pressure and hydration
status cannot be controlled, or when a deterioration of
the nutritional status is noticed. In any case, dialysis
should be started before the GFR is <6ml/min/1.73m2

(creatinine clearance 8ml/min/1.73m2).
(Evidence level C)

To ensure that dialysis is not started at a GFR of
<6ml/min/1.73m2, initiation at the level between 8
and 10ml/min should be considered. Diabetic patients
may require an earlier start.
(Evidence level C)

Commentary on Guideline 2: the initiation
of dialysis

Guideline A. Plasma creatinine

The plasma creatinine concentration is commonly
used for the assessment of the glomerular filtration
rate (GFR). This may give unreliable results, because
plasma creatinine is dependent not only on GFR, but
also on muscle mass, which varies with age, gender,
weight, race, nutrition, activity and disease [1]. In the
case of paraplegia or muscle diseases, plasma creatinine
is low because of reduced muscle mass [2,3]. In patients
with liver cirrhosis, muscle mass is reduced and, in
addition, a decreased ability to produce creatinine is
important [4–7]. Conversely, a high protein intake
can lead to a 10% increase in creatinine production,
and the ingestion of large amounts of cooked muscle
meat increases plasma creatinine because of absorption
of ingested creatinine in the bowel [8,9]. Furthermore,
a marked reduction in GFR can be present before it
is reflected in a plasma creatinine concentration above
the upper limit of the normal range. This is due to
four causes: (i) the creatinine generation rate declines
as renal disease progresses [10]; (ii) the exponential
relationship between the GFR and plasma creatinine
[11]; (iii) an increase of plasma creatinine within the
normal range in an individual patient; and (iv) tubular
secretion of creatinine, which is relatively more impor-
tant when the GFR is lower [12]. Moreover, in severe
chronic renal failure, creatinine can be excreted or
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metabolized by extrarenal pathways, probably the
intestinal microflora [13–15].

It follows from the above considerations that a
plasma creatinine concentration exceeding the normal
laboratory range usually indicates a severe impairment
of the GFR. Several studies have shown that late
referral of patients with chronic kidney disease to a
nephrologist is associated with high mortality and
morbidity [14–17]. This is the basis for the plasma
creatinine values given in guideline 2.A. The nephrol-
ogist should decide on further investigations and
treatment. These investigations must include a better
assessment of GFR than plasma creatinine. Based on
the results of these investigations, a decision should be
made as to whether the patient requires chronic kidney
disease care by a nephrologist, or can be temporarily
referred back to the referring physician with guidelines
for treatment and re-referral.

Guideline B. Measurement or estimation of GFR

Numerous different methods for assessment of the
GFR have been validated against ‘gold standard’ GFR
measurements. The most accurate ones, besides inulin
clearance, require the administration of a tracer with
timed blood and urine samplings. Measurement of the
GFR with these methods is unrealistic as a standard
for general practice, but also not without technical
problems. First, incorrect urine collections obtained
by spontaneous voiding will lead to an inaccurate
GFR when renal clearance is measured. Secondly,
when a plasma clearance is calculated, the GFR will be
overestimated due to extrarenal clearance of the tracer.
In clinical nephrology practice, the 24 h endogenous
creatinine clearance is often used. However, creatinine
is not only filtered, but also secreted in the proximal
tubules. Therefore, the endogenous creatinine clearance
overestimates the GFR. In normal renal function,
this accounts for 10–40% of the GFR [16,17], but it
can increase to >100% in patients with a GFR of
�40ml/min/1.73m2 [12,18–21]. The accuracy of the
creatinine clearance can be improved either by inhibi-
tion of tubular secretion by, for example, cimetidine, or
by taking the mean of the creatinine and urea clearance.
A high dose cimetidine has been shown to improve
the assessment of the GFR by creatinine clearance
in healthy volunteers [22], in patients with kidney
diseases [12,18,23–24], in those with a renal transplant
[25,26] and during continuous ambulatory peritoneal
dialysis (CAPD) [27]. Filtered urea is partly absorbed
in the collecting tubule. Consequently, renal urea
clearance will underestimate the GFR. The mean
value of creatinine and urea clearance gives a good
estimation of the GFR in patients with renal failure
[27,28] and has therefore been used in studies on the
contribution of residual GFR to adequacy of dialysis
treatment [29,30].

Normalizing the GFR for body surface area is
useful in children and common practice in adults.
The accuracy of all urine-based GFR estimations
is dependent on the accuracy of urine collections.

Inaccuracies can be due to failing to empty the bladder
at the start of the urine collection, failing to collect all
urine passed during the collection interval, and errors
in timing the interval. In theory, these errors can be
minimized when the patient is carefully and consis-
tently instructed and when duplicate urine collections
are made. To avoid these practical difficulties, formulae
have been developed to estimate the GFR or creatinine
clearance from plasma creatinine, age, gender and
body weight. The first formula to estimate creatinine
clearance was developed by Cockcroft and Gault [1]
and is still widely used. It will overestimate the GFR
in the low range. Since then, many new formulae have
been developed either for estimating creatinine clear-
ance by correcting plasma creatinine for age, gender
and weight, or to estimate the GFR. The latter
formulae were either obtained from multiple regression
analysis and also contained plasma urea and/or
albumin, or were based on the Cockcroft and Gault
formula after inhibition of tubular creatinine secretion
by cimetidine. The various formulae, their accuracy
and precision have been reviewed [31]. The most
recently published formula is that of the MDRD
study [21]. Besides demographics, it includes plasma
urea and albumin. The accuracy and precision were
better than those of the Cockcroft and Gault formula
and it has been validated over a wide range of GFRs
[21]. However, no separate validation has been done
for very low GFR values. It should also be noted that
the validation has been done in American black and
white racial groups. It is unclear how well the MDRD
equation predicts the GFR in Asians or other racial
groups.

It is concluded that the preferred method for
calculating the GFR in advanced renal failure is the
mean of urea and creatinine clearance. When accurate
urine collections are impossible, a formula based on
plasma creatinine can be used. The Cockcroft and
Gault equation after cimetidine [31] or the MDRD
formula are likely to give the best estimates. An
additional problem is the lack of calibration of
creatinine assays.

Guideline D. Conservative treatment
of chronic kidney disease

Patients with a chronic kidney disease and a GFR
<30ml/min generally progress to end-stage renal
failure, irrespective of the underlying renal condition
[32–35]. The progression can be slowed by a number of
means, including strict blood pressure control [36–39]
and certain drugs, e.g. angiotensin-converting enzyme
(ACE) inhibitors or angiotensin receptor blockers
[36,38,40,41]. Strict blood glucose control is important
in patients with diabetes mellitus [42]. Specific treat-
ment of any underlying renal condition may also be
required, such as revascularization procedures in
selected patients with renovascular disease [43–46].
Hyperlipidaemia [47] and smoking [48] have been
associated with an increased progression to end-stage
renal failure.
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Besides attempts to slow the progression to end-stage
renal failure, the treatment of patients with chronic
kidney disease should be directed at prevention and
treatment of other complications that can occur,
such as anaemia [49,50], fluid overload, hypertension
and left ventricular hypertrophy [51–53], abnormalities
in calcium and phosphate metabolism [54,55],
malnutrition [56–59] and lipid abnormalities [47,60].
Also vaccinations should be done (hepatitis B [61],
influenza [62], or considered (pneumococcus [63]).
Besides medical treatment, the various options of
renal replacement therapy should be discussed with
the patients, and often also with their family and
partners. It is obvious that the above specific treatments
should be prescribed and assessed by a nephrologist,
who is fully trained in all aspects of nephrology,
including the whole spectrum of renal replacement
therapy, and who has access to all its modalities.
The medical assessment should be intensified to
about once monthly when the GFR has declined to
15ml/min/1.73m2, because of imminent symptoms
of uraemia and sometimes unsatisfactory results of
medical treatment. Therefore, access surgery should
also be planned in this period.

Guideline E. The initiation of dialysis

The timing of initiation of dialysis is a controversial
issue because it has major implications on the patients’
lifestyle, dialysis capacity and costs. The opinion-based
DOQI recommendations advised starting dialysis
when Kt/Vurea falls to 2.0 per week, unless patients
had stable or increased oedema-free body weight and a
normalized protein equivalent of nitrogen appearance
(nPNA) of �0.8 g/kg/day, and a complete absence of
clinical signs or symptoms attributable to uraemia [64].
A renal Kt/Vurea of 2.0 per week is roughly equivalent
to a GFR of 10ml/min/1.73m2. The recommendation
had to be opinion based, because no randomized
controlled clinical trial has been published. Such a
study is extremely difficult to conduct because it would
be almost impossible to enforce an unbiased subject
allocation process. Consequently, results from observa-
tional studies will have to be used. Bonomini et al.
reported that an early start of dialysis was associated
with reduced mortality and morbidity [65], but the
control group was treated with a low protein diet for
at least 2 years and no information was given on how
the patients were selected for early start. Also, in a
number of other studies, no distinction was made
between late referral, causing a late start by definition,
and early referrals with a late start [66]. Also the lead
time bias was not taken into account. Lead time is the
interval between the start of a study and a defined
effect. Therefore, apparent prolonged survival may be
due simply to earlier registration of patients, who start
dialysis at an earlier phase in their life.

Well controlled prospective cohort studies are an
alternative when no randomized controlled trials are
available. The Netherlands Cooperative Study on the
Adequacy of Dialysis is a prospective cohort study

in which new dialysis patients are included at the
time of the start of dialysis and are followed at regular
intervals. In this study, a comparison was made
between patients who started dialysis on time according
to the DOQI recommendations and those who started
late [67]. It appeared that the mean difference in
survival time between timely and late starters during
the first 3 years after the initiation of dialysis was
2.5 months with a 95% confidence of 1.1–4.0 months.
It was estimated from the literature that the lead time
bias could have ranged from 4.1 to 8.3 months.
Consequently, the apparent gain in survival from a
timely start was presumably due to the effect of lead
time. These results have been confirmed in a large
retrospective analysis from Scotland, where the lead
time could be calculated [68].

The appearance of clinical symptoms of uraemia
can occur at various levels of GFR, once it is below
15ml/min/1.73m2. Therefore, the recommendation is
based primarily on clinical criteria. Once the GFR is
<15ml/min/1.73m2, access surgery should be planned
and dialysis should be instituted whenever evidence
of uraemia is present, or blood pressure and hydration
status cannot be controlled, or when deterioration
of the nutritional status is noticed. Timely insertion of
a peritoneal dialysis catheter will avoid the necessity
of temporal haemodialysis by a central venous line.
To prevent a too late start, a threshold level of a
GFR of 6ml/min/1.73m2 is recommended. To avoid
starting at a level of <6ml/min/1.73m2, initiation of
dialysis should be considered when the GFR level has
fallen to 8–10ml/min.

References

1. Cockcroft DW, Gault MH. Prediction of creatinine clearance
from serum creatinine. Nephron 1976; 16: 31–41 (C)

2. Mirahmadi MK, Byrne C, Burton C, Penera N, Gordon S,
Vaziri ND. Prediction of creatinine clearance from serum
creatinine in spinal cord injury patients. Paraplegia 1983; 21:
23–29 (B)

3. Quan A, Adams R, Ekmark E, Baum M. Serum creatinine is a
poor marker of glomerular filtration rate in patients with spina
bifida. Dev Med Child Neurol 1997; 39: 808–810 (B)

4. Coccetto DM, Tschanz C, Bjornsson TD. Decreased rate of
creatinine production in patients with hepatic disease: implica-
tions for estimation of creatinine clearance. Ther Drug Monit
1983; 5: 161–168 (B)

5. Delanghe JR, Lanagie HK, De Buyzere ML,
Leroux-Roels GC. Glomerular filration rate and creatinine
production in adult icteric patients. Clin Chim Acta 1994;
222: 33–44 (C)

6. Caregaro L, Menon F, Angeli P et al. Limitations of serum
creatinine level and creatinine clearance as filtration markers in
cirrhosis. Arch Intern Med 1994; 154: 201–205 (C)

7. Orlando R, Floreani M, Padrini R, Palatini P. Evaluation of
measured and calculated creatinine clearances as glomerular
filtration markers in different stages of liver cirrhosis. Clin
Nephrol 1999; 51: 341–347 (C)

8. Spencer K. Analytical reviews in clinical biochemistry: the
estimation of creatinine. Ann Clin Biochem 1986; 23: 1–25 (C)

9. Mayersohn M, Conrad KA, Achari R. The influence of a
cooked meat meal on creatinine plasma concentration and
creatinine clearance. Br J Clin Pharmacol 1983; 15: 227–230 (C)

The initiation of dialysis ix5

 at H
ospitais da U

niversidade de C
oim

bra on A
ugust 23, 2011

ndt.oxfordjournals.org
D

ow
nloaded from

 

http://ndt.oxfordjournals.org/


10. Adey D, Kumar R, McCarthy JT, Nair KS. Reduced synthesis
of muscle proteins in chronic renal failure. Am J Physiol 2000;
278: E219–E225 (A)

11. Gates GF. Creatinine clearance estimation from serum
creatinine values: an analysis of three mathematical models of
glomerular function. Am J Kidney Dis 1985; 5: 199–205 (C)

12. Shemesh O, Golbetz H, Kries JP, Meyers BD. Limitations of
creatinine as a filtration marker in glomerulopathic patients.
Kidney Int 1985; 28: 830–838 (B)

13. Jones JD, Burnet PC. Creatinine metabolism in humans with
decreased renal function: creatinine deficit. Clin Chem 1974; 28:
1204–1212 (C)

14. Mitch WE, Collins VU, Walser M. Creatinine metabolism in
chronic renal failure. Clin Sci 1980; 58: 327–335 (N.A.)

15. Hankins DA, Babb AL, Uvelli DA, Scribner BH. Creatinine
degradation I: the kinetics of creatinine removal in patients
with chronic kidney disease. Int J Artif Organs 1981; 4: 35–39 (C)

16. Perrone RD, Madius NE, Levey AS. Serum creatinine as an
index of renal function: new insights into old concepts.
Clin Chem 1992; 38: 1933–1953 (N.A.)

17. Bauer JH, Brooks CS, Burch RN. Clinical appraisal of
creatinine clearance as a measurement of glomerular filtration
rate. Am J Kidney Dis 1982; 2: 337–346 (C)

18. Van Acker BAC, Koomen GCM, Koopman MG,
De Waart DR, Arisz L. Creatinine clearance during cimetidine
administration for measurement of glomerular filtration rate.
Lancet 1992; 340: 1326–1329 (B)

19. Toto RD. Conventional measurement of renal function
utulizing serum creatinine, creatinine clearance, inulin and
para-aminohippuric acid clearance. Curr Opin Nephrol
Hypertens 1995; 4: 504–509 (N.A.)

20. Walser M. Assessing renal function from creatinine measure-
ments in adults with chronic renal failure. Am J Kidney Dis
1998; 32: 23–31 (C)

21. Levey AS, Bosch JP, Lewis JB et al. A more accurate method
to estimate glomerular filtration rate from serum creatinine: a
new prediction equation. Modification of Diet in Renal Disease
Study Group. Ann Intern Med 1999; 130: 461–470 (A)

22. Van Acker BAC, Koomen GCM, Koopman MG, Krediet RT,
Arisz L. Discrepancy between circadian rhythms of
inulin and creatinine clearance. J Lab Clin Med 1992; 120:
400–410 (B)

23. Roubenoff R, Drew H, Moyerr M et al. Oral cimetidine
improves the accuracy and precision of creatinine clearance in
lupus nephritis. Ann Intern Med 1990; 1134: 501–506 (A)

24. Hilbrands LB, Artz MA, Wetzels JFM, Koene RAP.
Cimetidine improves the reliability of creatinine as a marker
of glomerular filtration. Kidney Int 1991; 40: 1171–1176 (A)

25. Hirata-Dulas CAI, Halsenson CE, Kasiske BL. Improvement
in accuracy and precision of creatinine clearance as a measure
of glomerular filtration rate with oral cimetidine in renal
transplant patients. Clin Transplant 1993; 7: 552–558 (A)

26. Zaltzman JS, Whiteside C, Cattran DC, Lopez FM, Logan AC.
Accurate measurements of impaired glomerular filtration
using single-dose oral cimetidine. Am J Kidney Dis 1996; 27:
504–511 (B)

27. Van Olden RW, Krediet RT, Struijk DG, Arisz L.
Measurement of residual renal function in patients treated
with CAPD. J Am Soc Nephrol 1996; 7: 745–750 (B)

28. Milutinovic J, Cutler RE, Hoover P, Meijsen B, Scribner BH.
Measurement of residual glomerular filtration rate in the
patient receiving repetitive hemodialysis. Kidney Int 1975; 8:
185–190 (B)

29. Churchill DN, Taylor DW, Keshaviah PR for the CANUSA
peritoneal dialysis study group. Adequacy of dialysis and
nutrition in continuous peritoneal dialysis: association with
clinical outcomes. J Am Soc Nephrol 1996; 7: 198–207 (B)

30. Korevaar JC, Jansen MA, Dekker FW, Boeschoten EW,
Krediet RT. Estimation of residual glomerular filtration rate
and renal Kt/Vurea from creatinine clearance in end-stage renal

disease patients. The Netherlands Cooperative Study on the
Adequacy of Dialysis. Adv Perit Dial 1999; 15: 132–137 (B)

31. Kemperman FAW, Krediet RT, Arisz L. Formula-derived
prediction of the glomerular filtration rate from plasma
creatinine concentration. Nephron 2002; 91: 547–558 (N.A.)

32. Levey AS, Adder S, Caggiula, AW et al. Effects of dietary
protein restriction on the progression of moderate renal disease
in the Modification of Diet in Renal Disease Study. J Am Soc
Nephrol 1996; 7: 2616–2626 (A)

33. Hannedouche T, Chauveau P, Kalou F et al. Factors affecting
progression in advanced chronic renal failure. Clin Nephrol
1993; 39: 312–320 (B)

34. Jungers P, Hannedouche T, Itakura Y et al. Progression rate
to end-stage renal failure in non-diabetic kidney diseases: a
multivariate analysis of determinant factors. Nephrol Dial
Transplant 1995; 10: 1353–1360 (B)

35. Locatelli F, Alberti D, Graziani G et al. Factors affecting
chronic renal failure progression: results from a multicentre
trial. The Northern Italian Cooperative Study Group. Miner
Electrolyte Metab 1992; 18: 295–302 (B)

36. Crepaldi G, Carta Q, Deferrari G et al. Effects of lisinopril and
nifedipine on the progression to overt albuminuria in IDDM
patients with incipient nephropathy and normal blood pressure.
The Italian Microalbuminuria Study Group in IDDM. Diabetes
Care 1998; 21: 104–110 (A)

37. Giatras I, Lau J, Levey AS. Effect of angiotensin-converting
enzyme inhibitors on the progression of nondiabetic renal
disease: a meta-analysis of randomized trials. Angiotensin-
Converting-Enzyme Inhibition and Progressive Renal Disease
Study Group. Ann Intern Med 1997; 127: 337–345 (A)

38. Maschio G, Alberti D, Janin G et al. Effect of the angiotensin-
converting-enzyme inhibitor benazepril on the progression
of chronic renal insufficiency. The Angiotensin-Converting-
Enzyme Inhibition in Progressive Renal Insufficiency Study
Group. N Engl J Med 1996; 334: 939–945 (A)

39. Toto RD, Mitchell HC, Smith RD et al. ‘Strict’ blood pressure
control and progression of renal disease in hypertensive
nephrosclerosis. Kidney Int 1995; 48: 851–859 (B)

40. Kamper AL, Strandgaard S, Leyssac PP. Effect of enalapril
on the progression of chronic renal failure. A randomized
controlled trial. Am J Hypertens 1992; 5: 423–430 (B)

41. Ruggenenti P, Perna A, Benini R et al. In chronic
nephropathies prolonged ACE inhibition can induce
remission: dynamics of time-dependent changes in GFR.
Investigators of the GISEN Group. Gruppo Italiano Studi
Epidemiologici in Nefrologia. J Am Soc Nephrol 1999; 10:
997–1006 (B)

42. UK Prospective Diabetes Study (UKPDS) Group. Intensive
blood-glucose control with sulphonylureas or insulin compared
with conventional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33). Lancet 1998; 352:
837–853 (A)

43. Acher CW, Belzer FO, Grist TM et al. Late renal function
in patients undergoing renal revascularization for control of
hypertension and/or renal preservation. Cardiovasc Surg 1996;
4: 602–606 (C)

44. Hansen KJ, Lundberg AH, Benjamin ME et al. Is renal
revascularization in diabetic patients worthwhile? J Vasc Surg
1996; 24: 383–392 (C)

45. Reilly JM, Rubin BG, Thompson RW et al. Revascularization
of the solitary kidney: a challenging problem in a high risk
population. Surgery 1996; 120: 732–736 (C)

46. van Damme H, Jeusette F, Pans A et al. The impact of renal
revascularisation on renal dysfunction. Eur J Vasc Endovasc
Surg 1995; 10: 330–337 (C)

47. Cappelli P, Evangelista M, Bonomini M, Palmieri PF,
Albertazzi A. Lipids in the progression of chronic renal failure.
Nephron 1992; 62: 31–35 (B)

48. Regalado M, Yang S, Wesson DE. Cigarette smoking is
associated with augmented progression of renal insufficiency

ix6 The initiation of dialysis

 at H
ospitais da U

niversidade de C
oim

bra on A
ugust 23, 2011

ndt.oxfordjournals.org
D

ow
nloaded from

 

http://ndt.oxfordjournals.org/


in severe essential hypertension. Am J Kidney Dis 2000; 35:
687–694 (B)

49. Korte W, Cogliatti SB, Jung K, Riesen W. Mild renal
dysfunction is sufficient to induce erythropoietin deficiency
in patients with unexplained anaemia. Clin Chim Acta 2000;
292: 149–154 (B)

50. Hayashi T, Suzuki A, Shoji T et al. Cardiovascular effect of
normalizing the hematocrit level during erythropoietin therapy
in predialysis patients with chronic renal failure. Am J Kidney
Dis 2000; 35: 250–256 (B)

51. Amann K, Rychlik I, Miltenberger-Milteny G, Ritz E. Left
ventricular hypertrophy in renal failure. Kidney Int Suppl 1998;
68: S78–S85 (B)

52. Levin A, Singer J, Thompson CR, Ross H, Lewis M. Prevalent
left ventricular hypertrophy in the predialysis population:
identifying opportunities for intervention. Am J Kidney Dis
1996; 27: 347–354 (B)

53. Tucker B, Fabbian F, Giles M et al. Left ventricular hyper-
trophy and ambulatory blood pressure monitoring in chronic
renal failure. Nephrol Dial Transplant 1997; 12: 724–728 (B)

54. Martinez I, Saracho R, Montenegro J, Llach F. The impor-
tance of dietary calcium and phosphorus in the secondary
hyperparathyroidism of patients with early renal failure.
Am J Kidney Dis 1997; 29: 496–502 (C)

55. Nand N, Aggarwal HK, Anupam, Sharma M. Effect of protein
and phosphate restricted and calcium and alphacalcidol
supplemented diet on renal and parathyroid functions and
protein status in chronic renal failure patients. J Assoc
Physicians India 1999; 47: 869–873 (C)

56. Stenvinkel P, Heimburger O, Paultre F et al. Strong association
between malnutrition, inflammation, and atherosclerosis in
chronic renal failure. Kidney Int 1999; 55: 1899–1911 (B)

57. Kopple JD, Berg R, Houser H, Steinman TI, Teschan P.
Nutritional status of patients with different levels of
chronic renal insufficiency. Modification of Diet in Renal
Disease (MDRD) Study Group. Kidney Int Suppl 1989; 27:
S184–S194 (A)

58. Lusvarghi E, Fantuzzi AL, Medici G, Barbi L, D’Amelio A.
Natural history of nutrition in chronic renal failure. Nephrol
Dial Transplant 1996; 11 [Suppl 9]: 75–84 (B)

59. Ikizler TA, Greene JH, Wingard RL, Parker RA, Hakim RM.
Spontaneous dietary protein intake during progression of
chronic renal failure. J Am Soc Nephrol 1995; 6: 1386–1391 (B)

60. Massy ZA, Khoa TN, Lacour B et al. Dyslipidaemia and the
progression of renal disease in chronic renal failure patients.
Nephrol Dial Transplant 1999; 14: 2392–2397 (B)

61. Dukes CS, Street AC, Starling JF, Hamilton JD. Hepatitis B
vaccination and booster in predialysis patients: a 4-year
analysis. Vaccine 1993; 11: 1229–1232 (A)

62. Ortbals DW, Marks ES, Liebhaber H. Influenza immunization
in patients with chronic renal disease. J Am Med Assoc 1978;
239: 2562–2565 (B)

63. Fuchshuber A, Kuhnemund O, Keuth B et al. Pneumococcal
vaccine in children and young adults with chronic renal disease.
Nephrol Dial Transplant 1996; 11: 468–473 (B)

64. NKF-DOQI. Clinical Practice Guidelines for Peritoneal Dialysis
Adequacy. National Kidney Foundation, New York; 1997:
18–20 (N.A.)

65. Bonomini V, Feletti C, Scolari MP, Stefoni S. Benefits of early
initiation of dialysis. Kidney Int Suppl 1985; 17: S57–S59 (C)

66. Tattersall J, Greenwood R, Farrington K. Urea kinetics and
when to commence dialysis. Am J Nephrol 1995; 15: 283–289 (C)

67. Korevaar JC, Jansen MAM, Dekker FW et al. When to initiate
dialysis: effect of proposed US guidelines on survival Lancet
2001; 358: 1046–1050 (B)

68. Traynor JP, Simpson K, Geddes CC, Deighan CJ, Fox JG.
Early initiation of dialysis fails to prolong survival in patients
with end-stage renal failure. J Am Soc Nephrol 2002; 13:
2125–2132 (B)

Appendix

Calculation of GFR from urine collections

GFR¼ glomerular filtration rate in ml/min/m2,
BSA¼ body surface area in m2, t¼ duration of collec-
tion in minutes (usually 1440), Uvol¼ urine collection
volume in ml, Uurea, Ucreat¼ urine urea and creati-
nine concentrations; purea, pcreat¼ plasma urea and
creatinine concentrations.

Urea and creatinine concentrations must be in the
same units for urine and serum.

GFR ¼
Uvol

2� t
�

Uurea

purea
þ
Ucreat

pcreat

� �
�

1:73

BSA

Estimation of creatinine clearance from plasma
creatinine, age, body weight and gender
(Cockcroft and Gault)

Age in years, body weight in kg, GFR in ml/min.
SI units (creat in mmol/l)

Creatinine clearance ¼
ð140� ageÞ � BW

Pcreat

Multiply by 1.23 when the patient is male.

US units (creat in mg/dl, BUN in mg/dl)

Creatinine clearance ¼
ð140� ageÞ � BW

Pcreat� 72

Multiply by 0.85 when the patient is female.

Estimation of GFR from age, gender, race and plasma
urea, creatinine and albumin (MDRD equation)

Albumin in g/dl, age in years. GFR in ml/min/1.73m2.
Validated in US white and black (Afro-Caribbean)
patients. Multiply by 1.18 if patient is black. Multiply
by 0.762 if female.
SI units (creat in mmol/l, urea in mmol/l)

GFR ¼ 170� ðCreat� 0:0113Þ�0:999

� age�0:176 � ðUrea� 2:8Þ�0:17
�Alb0:318

US units (creat in mg/dl, BUN in mg/dl)

GFR ¼ 170� Creat�0:999
� age�0:176

� BUN�0:17 �Alb0:318
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