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Introduction n 

Aimm and outline of the thesis 

Improvementss in the use of plasma creatinine as a marker of the 

glomerularr filtration rate: the importance of tubular creatinine secretion 

andd plasma creatinine assay. 
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Introduction n 

Introduction n 
Thee plasma creatinine concentration is commonly used for the assessment of renal function, i.e. 

thee glomerular filtration rate (GFR). However, there are some drawbacks that prohibit accurate 

GFR-predictionn from plasma creatinine. First, plasma creatinine is not only dependent on GFR, 

butt also on muscle mass, age and gender [1]. Second, the power relationship between plasma 

creatininee and GFR causes a much faster decrease of GFR than an increase of plasma creatinine. 

Therefore,, an important loss of GFR has already occured in many patients, when plasma 

creatininee increases above the upper limit of normal [2]. Third, the alkaline picrate or Jaffé assay 

off  plasma creatinine, based on a colour reaction, gives rise to falsely high values due to non-

creatininee chromogens [3], And finally, creatinine is not only filtered by the glomeruli, but also 

secretedd by the tubules [4]. Therefore, the endogenous creatinine clearance overestimates GFR 

byy the tubular creatinine secretion. The reference values for GFR are 90-170 ml/min/ 1.73m2 for 

maless and 90-150 ml/min/1.73m: for females [5]. In a large group of renal patients the 

overestimationn of GFR by the creatinine clearance is higher when GFR is lower. The 

overestimationn is 10-20 % in the normal range and 70-80 % at a GFR of 20 ml/min, below 

whichh the overestimation is lower again [6]. Furthermore, the amount of creatinine secreted by 

thee tubules in an individual can be variable during the course of the disease and therefore 

creatininee clearance can change discordantly from GFR during follow-up [7]. Consequently, no 

standardd formula can convert creatinine clearance to GFR 

I tt is notoriously difficult to obtain a correct urine sample without bladder catheterization. 

Urinee collections can be obviated when formulas and nomograms are used to assess creatinine 

clearance.. These formulas are derived from plasma creatinine and from variables such as age, 

weightt and gender, that are related to muscle mass, i.e. creatinine production. The formula of 

Cockcroftt and Gault, described in 1976 [1], is used most often, in the past mostly for drug dosing 

butt more recently also for prediction of GFR Newer formulas for GFR-prediction have been 

describedd later, comparing 'gold standard' GFR-measurements with formulas derived from 

multiplee regression analysis [8-11]. 

Tubularr creatinine secretion can be inhibited competitively by cimetidine. In this way the 

overestimationn of GFR by the endogenous creatinine clearance can be prevented or at least 

reduced.. A previous study has shown that the creatinine clearance during cimetidine 

administrationn became equal to GFR, when a sufficient dose of cimetidine was administered [12]. 
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Becausee of the allowed maximal daily dose of cimetidine some patients needed a single high dose 

off  cimetidine and a 3-hour clearance period, which is inconvenient. The creatinine clearance, 

assessedd by the formula of Cockcroft and Gault, also approached GFR in patients with renal 

disease,, when cimetidine was administered for one day in order to obtain a new steady state of 

plasmaa creatinine [13]. 

Aimm and outline 
Thee aim of this thesis was to investigate whether plasma creatinine could be improved as a 

markerr of GFR after inhibition of tubular secretion by cimetidine. This was studied in other 

patientt groups at risk for deterioration of renal function, such as patients with type 2 diabetes 

mellituss and renal transplant recipients. Furthermore, the contribution of the accuracy of 

differentt plasma creatinine assays on the estimation of renal function was studied. 

Inn chapter 1 the literature on the prediction of GFR from the plasma creatinine 

concentrationn as applied in different formulas is reviewed. The accuracy and precision of the 

predictedd GFR in various patientgroups is analyzed. In chapter 2 GFR-estimation by the 

endogenouss creatinine clearance or the formula of Cockcroft and Gault before and during 

cimetidinee administration is studied in patients with non-insulin dependent or type 2 diabetes 

mellitus.. Patients are divided in subgroups without albuminuria, with microalbuminuria or with 

overtt nephropathy. Chapter 3 contains a follow-up study on the accuracy of GFR, estimated 

fromm the Cockcroft-Gault formula after cimetidine in the type 2 diabetic population. The 

hypothesiss is tested that the over- or underestimation of a weight-based formula for GFR is due 

too the inappriopriate reflection of muscle mass by body weight in diabetic patients and that the 

over-- or underestimation is for a large part consistent in time. In chapter 4 the Cockcroft-Gault 

formulaa with cimetidine is compared to the endogenous creatinine clearance without cimetidine 

forr the prediction of GFR in renal transplant patients. In this patientgroup tubular creatinine 

secretionn is especially important, because of a relatively low GFR (see above). Subgroups of 

patientss with a GFR below and above 40 ml/min/1.73 m2 are analyzed separately. 

Inn chapter 5 the importance of the plasma creatinine assay for GFR-estimation is studied in 

patientss with type 2 diabetes. The alkaline picrate or Jaffé assay is compared to an automated 

enzymaticc assay and to the reference high performance liquid chromatography method. Chapter 

66 describes the influence of ketoacidosis on the plasma creatinine assay. The metabolic 
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disturbancess and their severity is studied during and after episodes of ketoacidosis in patients 

withh diabetes mellitus. In the appendix a survey is given of the various methods and their 

limitationss to measure GFR. A refinement of the GFR-measurement by 125I-iothalamate and 131I-

hippuran,, using correction for inaccurate urine collections and for varying plasma tracer 

concentrationss is described. This GFR-measurement is used as the reference method in chapters 

22 to 5. In the general discussion the improvement of the plasma creatinine concentration after 

inhibitionn of tubular creatinine secretion as a marker of GFR is debated. The relevance of an 

accuratee plasma creatinine assay is discussed. Practical guidelines when to use plasma creatinine 

andd especially when not to use it and directions for future study are presented. 
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Chapterr 1 

Formula-derivedd prediction of the glomerular  filtratio n rate 

fromm plasma creatinine concentration 

Fritss AW Kemperman, Raymond T Krediet, Lambertus Arisz. 

Departmentt of Internal Medicine and Nephrology of the Academic Medical Center, University 

off  Amsterdam, The Netherlands 

Nephron,Nephron, in press 
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Chapterr 1 

Abstract t 

AA review is given of the various published formulas to predict GFR from plasma creatinine 

concentration.. Special attention is given to their accuracy and precision in various patientgroups. 

Thee accuracy (or bias) and precision was good in patients with mild to moderate renal 

insufficiencyy and with Child A liver cirrhosis. The accuracy was less in african american patients 

andd in healthy subjects. Precision was less in diabetic patients. Both accuracy and precision were 

poorr in severe chronic renal failure, in Child C cirrhosis and in the elderly. Administration of 

cimetidinee to inhibit tubular creatinine secretion and the use of an enzymatic creatinine assay that 

lackss interference lead to an improvement of GFR-prediction and follow-up. It corrects 

overestimationn in the low GFR-range and underestimation in the high GFR-range, often 

reportedd in studies of prediction formulas. Formulas for GFR-estimation can only be applied 

whenn plasma creatinine is stable and when patients are not severely wasted or obese. The formula 

off  Cockcroft and Gault is still the most widely used for GFR-estimation. Newer formulas did not 

improvee the precision in a meaningful way. 
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GFR-estimationn from plasma creatinine 

Introductio n n 
Estimationn of the glomerular filtration rate (GFR) in individual patients is required for the 

assessmentt of the severity of renal disease, for dosing regimens of various drugs and for appraisal 

off  renal involvement in systemic diseases, such as diabetes mellitus or systemic lupus 

erythematosus.. In clinical practice an approximation of GFR is often obtained from the plasma 

creatininee concentration. This may give unreliable results, because plasma creatinine is not only 

dependentt on GFR, but also on muscle mass, which varies with age, weight and gender [1]. In 

casee of paraplegia or muscle diseases, plasma creatinine is low because of reduced muscle mass 

[2];; in patients with liver cirrhosis muscle mass is reduced and in addition a decreased ability to 

producee creatinine is important [3,4]. Conversely, a high protein intake can lead to a 10% 

increasee in creatinine production and the ingestion of large amounts of cooked musle meat 

increasess plasma creatinine because of absorption of ingested creatinine in the bowel [5,6]. 

Furthermore,, a marked reduction in GFR can be present before it is reflected in a plasma 

creatininee concentration above the upper limit of the normal range. This is due to 3 causes: (1) 

thee power relationship of GFR and plasma creatinine [7]; (2) an increase of plasma creatinine 

withinn the normal range in an individual patient; (3) tubular secretion of creatinine, which is 

relativelyy more important when GFR is lower [8]. Moreover, GFR can remain in the normal 

rangee while functional reserve capacity is reduced or when hyperfiltration occurs in a lower total 

nephronn mass [9]. And finally, in severe chronic renal failure (GFR < 10 ml/min) creatinine can 

bee excreted or metabolized by extrarenal pathways, probably the intestinal microflora. This may 

accountt for up to 66% of the daily creatinine production in these patients [10-12]. 

Thee laboratory assay used is important when GFR is estimated from plasma creatinine. Most 

laboratoriess still use the alkaline picrate assay based on a colour reaction [13], which despite 

modifications,, gives a falsely high plasma creatinine concentration. This is due to non-creatinine 

chromogenss and may increase measured plasma creatinine up to 120 % of the true value in the 

normall  range [5,14,15]. Also some drugs, especially cephalosporins, and endogenous substances 

suchh as glucose and acetoacetate interfere positively with the alkaline picrate assay [16]. In case of 

diabeticc or alcoholic ketoacidosis plasma creatinine concentrations can be falsely elevated by 35-

3899 /unol/l, depending on the type of analyzer, the concentration of acetoacetate and to a lesser 

extentt that of glucose [17,18]. Enzymatic assays lack this interference, except for dopamine and 

5-flucytosine,, and give identical results to the reference method that uses high-performance liquid 
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Chapterr 1 

chromatographyy [16,19-21] Bilirubin, even in a slightly enhanced concentrations of 10-50 frniol/1, 

interferess negatively with both alkaline picrate and enzymatic assays [5,16,22]. 

Thee use of endogenous creatinine clearance as an estimate of GFR, introduced by Popper 

andd Mandel in 1937, also has major shortcomings [23-28]. In addition to the necessity for 

accuratee urine collections, creatinine clearance overestimates GFR because of tubular secretion of 

creatinine.. In normal renal function this accounts for 10-40 % of the GFR [29-31] with marked 

interindividuall  variability. Tubular secretion can increase to more than 100 % in patients with a 

GFRR of about 40 ml/min/1.73m2, especially in glomerulopathic and proteinuric patients 

[8,32,33].. When GFR is reduced below 20 ml/min this percentage decreases again [30,34]. 

Tubularr reabsorption of creatinine in humans has only been demonstrated in case of dehydration 

andd very low urine flow [29,35,36]. 

Tubularr creatinine secretion can be inhibited by administration of cimetidine, trimethoprim, 

highh dose salicylates or pyrimethamine [37-39]. Already in 1935 Shannon described inhibition of 

tubularr creatinine secretion in humans by phlorizin [40]. Gmetidine has a higher affinity for the 

organicc cation transporter at the luminal side of proximal tubular cells and may inhibit creatinine 

secretionn completely [41-44]. Famotidine and ranitidine do not have this effect, probably due to a 

lowerr affinity for the transport carrier [45,46]. CXher drugs also increase plasma creatinine 

concentrationn either due to an influence on the production rate and release of creatinine, such as 

corticosteroidss and active vitamin D metabolites, or by a decrease in the distribution volume of 

creatininee due to inhibition of creatinine influx into the erythrocytes [47]. This has been 

describedd for phenacemide [48], 

Too improve GFR-estimation from plasma creatinine concentration, formulas or nomograms 

whichh incorporate variables such as age, weight and gender can be used. These have been 

designedd to estimate creatinine clearance for adequate drug-dosing without the neccesity of 

accuratee urine collection [1,7,49-57]. The value of these formulas for GFR-prediction is likely to 

increasee when an accurate plasma creatinine assay and inhibition of tubular secretion is 

performed. . 

Thee aim of this review is to analyze the accuracy and precision of formula-derived GFR-

estimationss on the basis of plasma creatinine concentration, in situations with normal and 

impairedd GFR and in different patientgroups. First, we will briefly refer to formulas for 

estimationn of creatinine clearance. The use of other endogenous GFR-markers, such as the 

concentrationss of serum (^-microglobulin or cystatin-C, will not be discussed. 
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GFR-estimationn from plasma creatinine 

Creatininee clearance prediction formulas 
Severall  formulas have been developed for bedside estimation of creatinine clearance, most often 

too facilitate drug dosing (Table 1) [1,7,49-55]. These formulas use individual variables to give an 

estimatee of creatinine production per unit of time. This estimate is then divided by the plasma 

creatininee concentration to obtain a clearance value. Several authors performed 24-hour urine 

collectionss of patients without overt renal disease in different age groups [1,50,51,56-58]. The 

urinaryy creatinine excretion per kg of body weight was shown to decrease with age, so most 

formulass had age and body weight in the numerator. A 10-20 % reduction of the numerator has 

beenn suggested for female patients, because of a lower muscle mass/body weight ratio [1,50,51]. 

Lottt et al. suggested that lean body mass (LBM) should be used instead of body weight [58]. 

However,, the formula to calculate LBM is more difficult than the prediction formula itself. 

Therefore,, this approach has not been generally adopted. Siersbaeck-Nielsen et al. and later 

Bjomssonn et al. constructed nomograms to estimate creatinine clearance [56,57]. 

Otherr authors designed formulas for specific patientgroups, such as those with paraplegia, 

obesity,, cancer, severe infections or trauma [2,55,59-61]. For paraplegic patients Mirahmadi et al. 

suggestedd a correction factor for the Cockcroft-Gault formula of 0.8, because of a lower muscle 

mass/bodyy weight ratio, but later Thakur et al. proposed that compensatory muscle hypertrophy 

duee to intensive physical therapy obviated the need of a correction factor in younger paraplegic 

patientss [2,62]. In obese patients more importance has been attributed to height instead of weight 

[55].. Also, formulas for a changing plasma creatinine concentration were designed, calculating the 

creatininee clearance from a change in creatinine output, assuming that the change in creatinine 

concentrationn is equal over the whole volume of distribution [63,64]. It was suggested that in this 

way,, there was no need to wait for a new steady state of plasma creatinine to be reached, which is 

requiredd for all other formulas. In a study of elderly patients Goldberg et al. concluded that no 

acceptablee formula existed for bedside estimation of creatinine clearance in this patientgroup 

[65].. The same holds true for patients with liver disease [54]. In hospitalized patients with 

advancedd HIV disease each of the existing formulas overestimated creatinine clearance, even 

afterr correction for lean body mass [66]. For healthy individuals and renal patients the formula of 

Cockcroftt and Gault gave the best estimate of creatinine clearance [67]. In cardiac patients, who 

weree often older, obese and had diabetes, the more complicated formula of Salazar and Corcoran 

wass slightly better [68]. 
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Tablee 1 Formulas for rapid estimation of creatinine clearance (Qr). 

Author(-s) ) 

Edwardss and Whythe 

Jelliffe e 

Mawerr et al 

Jelliffe e 

Cockcroftt and Gault 

Bjornsson n 

Hulll  et al. 

Gates s 

Salazarr and Corcoran 

Formulaa for Qr 

94.3 3 
o""  Scr - 1.8 

69.99 (rnl/min) 
¥¥ SCT + 2.2 

100 0 
o-- Scr - 12 

_800 (ml/min/1.73m2) 
?? Scr - 7 

BW*(29.33 - 0.203*ageVjri-0.03,fS.r) 
o""  14A%T (ml/min) 

BW:Y25.33 - 0.175:;ageV;Yl-0.03;:-S.T) 
¥¥ 1 4 . 4% 

age-20 0 
98-16:-- 20 

ö""  SlT (ml/min/1.73m2) 
¥¥ correction factor 0.90 

Q40-ageV;-BW W 
cTT Scr

:;72 (ml/mm) 
¥¥ correction factor 0.85 

(27-(27- (0.173*ageïï*BW»O.07 
o""  Scr (ml/min) 

(25-- f0.175*age^*BW!1O.07 
?? s„ 

145-age e 
cff  Scr - 3 (ml/min/70kg) 
?? correction factor 0.85 

89.44 + f55-ageV:-(0.005!;-89.4) 
o""  Scr

12 (ml/mm/1.73m2) 
600 + f56-age);;-fO.O05:;-6O,l 

fl37-age):i-f0.285:;'BWt:;tl2.r;-Ht2l l 
o""  51*Si r (ml/min) 

fl46-ageV;-f0.287:;-BW)::-(r9.74:;-Ht^ ^ 
99 60*S„ 

Reference e 

[49] ] 

[50] ] 

[52] ] 

[51] ] 

[1] ] 

[53] ] 

[54] ] 

[7] ] 

[55] ] 

Scrr = serum creatinine (mg/dl); BW = body weight (kg); Ht = height (m) 

18 8 
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Tablee 2 Formulas for GFR-estimation obtained from multiple regression analyses. 

Authors s 

Walser r 
ett al. 

Agarwal l 
ett al. 

Nankivell l 
ett al. 

Nankivell l 
ett al. 

Toto o 
ett al. 

Nguyen n 
ett al. 

Baracskay y 
ett al. 

Levey y 
ett al. 

GFR-estimationn formula 

7570 0 
o""  Pcr - 0.103*age + 0.096!;BW- 6.66 

6050 0 
¥¥ Pcr -Q.08::-age + 0.08*BW -4.81 

(16195-a&eV;-BWi:-1.057 7 
d""  Pcr 

(190.4.Vaeeï*BW0.707 7 
¥¥ Pcr 

55200 age 
o""  71.4 + Pcr + 0.27:;'BW- 2 - 0.29*height(cm) 

55200 age 
¥¥ 50.4 + Pcr + 0.27*BW- 2 - 0.29!;height(cm) 

67000 BW Ureafmmol/1) 100 
d""  35 + Pcr + 4 - 2 - height(m)2 

67000 BW Ureafmmol/n 100 
¥¥ 25 + Pcr + 4 - 2 - height(m)2 

9282 2 
o""  -0.30:;-(age-52) + Pcr +BW-86 

7780 0 
¥¥ -0.29::"(age-52) + Pcr - 0.77*(BM-30) 

218.11 - 0.916:;"age - 0.635:;'Pcr 

4420 0 
Pcrr + 88- age 

15028 8 
rfrf  Pcr

0"9 *(age)-°-17b*  Urea(mg/dl)° '7 *albumin(g/dl) 
¥¥ correction factor 0.762 
africann american factor 1.180 

(ml/min/33 m2) 

(ml/min/1.73m2) ) 

(ml// min) 

(ml/min) ) 

(ml/min/1.73m2) ) 

(ml/min/1.73m2) ) 

(ml/min) ) 

8 8 

(ml/min/1.73m2) ) 

Ref. . 

[72] ] 

[76] ] 

[73] ] 

L74J J 

[71] ] 

L70J J 

L75J J 

[69] ] 

Pcrr = plasma creatinine (/xmol/1); BW = body weight (kg); BMI = body mass index (kg/m2). 

Walserr et al. used squared height instead of body surface area to standardize the GFR-estimate. Nankivell 
ett al. studied 33 patients after a combined pancreas-kidney transplant [73] and 146 patients after a kidney 
transplantt [74]. The study of Nguyen et al. comprised 122 recently diagnosed diabetic patients. The 
studygroupss of Walser et al., Toto et al. and Baracskay et al. are described in Table 3 and the text, that of 
Leveyy et al. in the text only. 
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Formulass used for GFR-estimation 
Thee plasma creatinine concentration has also been used for direct estimation of GFR, This has 

beenn investigated in a number of studies. GFR was measured as the plasma or renal clearance of 

inulinn or radiotracers. This was then compared with formulas, already in use for creatinine 

clearancee or with newly designed formulas. The latter were based on plasma concentrations of 

solutess - in most cases only plasma creatinine - and individual variables that correlated with GFR 

inn multiple regression analyses [69-76]. These formulas are shown in Table 2. 

Al ll  studies that compared the renal clearance of a tracer to the result of a GFR-estimation 

formulaa in terms of accuracy (or bias: mean difference between formula-estimate and GFR) and 

precisionn (SD of this difference) [77,78] are shown in Table 3 and will be discussed below 

[71,72,75,79-84].. We excluded studies that used the plasma clearance of a tracer for GFR-

determinationn as gold standard [73,74,85-94], studies that only provided the mean ratio 

estimate/GFRR and its SD [95-99] or that provided no or insufficient information concerning 

bothh the accuracy and precision of their estimation [69,70,100-112]. Studies of intensive care 

patientss were also excluded, because of the possible interference of bilirubin or dopamine with 

bothh the alkaline picrate and enzymatic plasma creatinine assay [113-115]. Most studies still used 

thee formula of Cockcroft and Gault (CG) for GFR-estimation. 

Rolinn et al. investigated a group of patients with a wide range of GFR [84]. GFR-estimation 

byy CG was not only inaccurate, but especially imprecise (Table 3). The accuracy improved after 

correctionn of CG for body surface area, but the precision did not. The authors concluded that 

thee use of a formula was only justified in case immediate action was necessary. Later studies with 

moree distinct patientgroups showed better results with coefficients of variation ranging between 

133 and 22 % [71,79,82,83]. In case of diabetes a larger variability has been reported (26 %) [82], It 

iss speculative whether this was caused by an inappropriate reflection of muscle mass by body 

weightt in these patients. Even more variability has been shown in elderly patients and in patients 

withh advanced renal disease [72,75]. The mean overestimation of GFR by CG was 45 % in the 

latterr patientgroup. This was most likely due to a relatively higher degree of tubular creatinine 

secretionn in these patients. In the african american patients the CG-formula underestimated GFR 

[71].. This might be due to the relatively large muscle mass compared to body weight in these 

patients,, leading to an underestimation of creatinine production from body weight [116]. 
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Tablee 3 Nine studies in chronologic order, which reported accuracy (or bias) and precision and in which 
GFRR was measured as the renal clearance of a tracer (ml/min/ 1.73m2); GFR was compared with four 
GFR-estimationn formulas; the last two studies were done with cimetidine administration. 

Methodd of 
GFR R 
determination n 

IOTT s.c. 

IOTi.v. . 

Inulinn contin. 

DTPAA i.v. 

IOTT i.m. 

IOTT s.c. 

IOTT s.c. 

Inulinn i.v. 

IOTT contin. 

IOTT contin. 

Pcrr assay-

alkaline e 

picrate e 

alkaline e 

picrate e 

alkaline e 

picrate e 

alkaline e 

picrate e 

alkaline e 

picrate e 

alkaline e 

picrate e 

enzym. . 

enzym. . 

enzym. . 

formulaa for 
GFRR estimation 

GG G 

GGG + bsa corr. 

CG G 

GG G 

CG G 

Walser r 

GG G 

Baracskay y 

GG G 

Toto o 

CG G 

GG G 

CGG +cimetidine 

GGG +cimetidine 

Patientgroupp (mean 
GFRR  SD) and 
range e 

renall  (71  35) 

rangee 6-170 

DMM 1(78  35) 

healthyy (117) 

GRF(13) ) 

rangee 2-37 

>65jr(711 ) 

range36-124 4 

) ) 

rangee 11-126 

) ) 

rangee 11-122 

) ) 

) ) 

) ) 

renall  (72 ) 

rangee 20-120 

DMM 2(89 ) 

rangee 40-163 

n n 

394 4 

132 2 

110 0 

85 5 

41 1 

193 3 

110 0 

10 0 

10 0 

10 0 

19 9 

30 0 

Accuracyy + 
Precision n 

++ 9.8 2 

++ 3.1 7 

++ 2  20 

-- 8 6 

++ 5.9  4.4 

0.00 0 

-- 1.1 8 

++ 0.5  16.4 

-- 9.6  14.9 

++ 0.1 8 

-- 8.9  14.5 

-- 6.5  12.3 

-- 5.4  12.7 

+23.77  19.7 

-- 2.5  7.1 

-- 3.8  14.8 

CV V 

(%) ) 

48.1 1 

41.8 8 

25.6 6 

13.7 7 

33.8 8 

23 3 

33.5 5 

23.1 1 

21.6 6 

18.6 6 

22.3 3 

12.6 6 

13.4 4 

19.3 3 

9.9 9 

16.6 6 

Ref. . 

[84] ] 

[82] ] 

[72] ] 

[75] ] 

[71] ] 

[79] ] 

[83] ] 

[80] ] 

[81] ] 

Accuracy:: mean difference between estimate and real GFR; precision: SD of this difference. 
Abbrevations:: CV = coefficient of variation: SD/mean GFR; IOT = 125I-iothalamate; DTPA = " mTc-
diethylene-triamine-pentaceticc acid; contin.= continuous i.v. infusion; s.c.= subcutaneous injection; i.v.= 
intravenouss bolus; enzym. = enzymatic; GG = Cockcroft-Gault; + bsa corr. = after correction for body 
surfacee area; SLE = systemic lupus erythematosus; DM 1/2 = diabetes mellitus type 1/2; CRF = chronic 
renall  failure; afr.am. = african american; cirrhA/C = liver cirrhosis Child class A / C 
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CGG slightly underestimated GFR in patients with Child A cirrhosis, whereas in Child C patients it 

overestimatedd GFR by 23 % and the precision was worse than in Child A patients [83]. These 

findingss could be explained by a lower muscle mass, a reduced ability to produce creatinine and 

thee presence of ascites in these patients, making body weight an inaccurate estimate of the 

musclee mass. The possibility of a negative interference of the enzymatic plasma creatinine assay 

byy even a relatively low concentration of bilirubin had not been taken into account in this study. 

Neww formulas have been proposed for african american patients, patients with advanced 

renall  disease and elderly patients. These formulas used multiple regression techniques to improve 

thee accuracy and precision [71,72,75]. The mean difference of the formula-estimate and GFR 

approachedd zero, indicating a high accuracy. However, the population from which the formula 

waswas derived and the test population were the same in these studies. In patients with advanced 

renall  disease and in elderly patients the new formula had a slightly better precision than the CG-

formulaa (coefficient of variation 23 % instead of 34 %). The formula proposed by Toto et al. was 

nott better than CG in a follow-up study of Coresh et al. [79]. Also in cancer patients a new 

formulaa has been constructed using a multiple regression technique [98]. Although the accuracy 

improved,, the precision did not. 

Recently,, a new formula has been developed in a large patientgroup participating in the 

Modificationn of Diet in Renal Disease study group [69]. It was derived from 1070 patients and 

incorporatedd age, gender, ethnicity and serum concentrations not only of creatinine, but also of 

albuminn and urea (Table 2). It was tested in a different population from the one used for deriving 

thee formula (n = 558, GFR range 8-110 ml/min/ 1.73m2). The accuracy and precision of this 

formulaa was better compared to CG, but no SD of the difference between the formula-estimate 

andd GFR was given. Consequently, no definite comparison with the studies mentioned in Table 3 

couldd be made. Although this formula was derived from patients with a wide GFR-range and 

excludingg insulin requiring diabetic patients, it has also been used for end stage renal disease 

patientss [117] and patients with type 2 diabetes mellitus or impaired glucose tolerance [118]. 

Besides,, it incorporates laboratory determinations which can vary independently of GFR, such as 

serumm albumin and urea. The plasma urea concentration is dependent on protein intake, 

catabolism,, hydration state and urine production [5]. The assay for serum albumin has a high 

interlaboratoryy variability, which makes it difficult to adopt the formula in other laboratories 

[119]. . 
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Inhibitio nn of tubular  creatinine secretion 
Gmetidinee can be used to inhibit the increasing amount of tubular creatinine secretion as GFR 

decreasess [8]. This could improve the accuracy and precision of GFR-estimation. Most studies 

havee been done comparing GFR, measured with inulin or radiotracers, to creatinine clearance 

(Qr)) after cimetidine administration. Different cimetidine dosing regimes have been suggested in 

thesee studies. Roubenoff et al. studied 24-hour Qr after cimetidine comparing it to a 4-hour GFR 

measurementt [95]. This approach did not take into account the circadian rhythm of Ccr after 

administrationn of cimetidine [120]. Despite this, it was shown that the ratio 24-hour Q / G FR 

decreasedd from 1.33 to 1.07 and the SD of the ratio from 0.32 to 0.10 [95]. The coefficient of 

variationn was lower than that of the formula-derived GFR-estimation without cimetidine. Similar 

resultss of the simulaneous CC/GFR ratio were obtained in the study of Hilbrands et al.: 1.23

0.200 before and 0.96  0.08 after a rather complicated cimetidine dosing schedule [121]. This 

seemss to indicate a better inhibition than in the previously mentioned study, but the tubular 

secretionn was less elevated in this patientgroup and therefore probably easier to inhibit. Van 

Ackerr et al. studied a glomerulopathic patientgroup with a mean GFR of 40 ml/min/1.73m2. The 

ratioo Q / G FR in that study ranged from 1.14 to 2.27 [32]. After administration of cimetidine this 

ratioo approached unity in half of the patients (1.02 + 0.03), indicating complete inhibition of 

tubularr creatinine secretion. In the other patients the ratio remained elevated (1.33  0.14), due 

too a high renal cimetidine clearance. However, a single high cimetidine dose of 1200 mg inhibited 

tubularr secretion completely from the third to sixth hour after administration in patients with a 

plasmaa creatinine less than 220 ftmol/1. Choi et al. showed that the ratio after cimetidine was 

higherr in patients with a GFR below 40 ml/min/1.73 m2: 1.22 opposed to 1.09 in patients with a 

GFRR of 40-80 ml/min/1.73m2 and 1.10 above 80 ml/min/1.73m2. This indicates decreased 

inhibitionn of tubular secretion in more advanced renal failure [122]. 

Thee use of cimetidine has also been studied in renal transplant patients. A single intravenous 

boluss of cimetidine 5 mg/kg reduced the ratio Q / G FR from 1.43 to 1.03 two hours later [123]. 

Zaltzmann et al. performed a 3-hour urine collection period one hour after a single oral 800 mg 

cimetidinee dose [124]. The Q / G FR ratio decreased from 1.53 to 1.12. The reason it did not 

decreasee to unity was probably the early timing of urine collection and an insufficient dose of 

cimetidine.. rÜrata-Dulas et al. were also unable to inhibit tubular creatinine secretion completely 
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inn transplant patients with Ccr below 60 ml/min, probably because the cimetidine dose was 

reducedd according to renal function and therefore insufficient [125]. 

Althoughh the creatinine clearance during a timed collection period after cimetidine has been 

advocatedd as an alternative for the clearance of inulin or radiotracers [28,32], the neccesity of 

eitherr a short supervised or a 24-hour unsupervised urine collection period makes these methods 

lesss practical for clinical routine. The formula derived GFR-estimation is expected to improve 

afterr inhibition of tubular secretion by a sufficient dose of cimetidine. The Cockcroft-Gault 

formulaa (CG) after cimetidine administration has been studied using an enzymatic plasma 

creatininee assay [80,81]. Ixkes et al. studied patients with various renal diseases and found a very 

goodd accuracy and precision of CG (Table 3) [80]. The accuracy and precision were the same as 

inn the early creatinine clearance studies after cimetidine [95,121]. In two patients with a GFR 

beloww 40 ml/min/ 1.73m2, tubular secretion was not completely inhibited. This study also 

showedd that a new steady state of elevated plasma creatinine could only be expected within 24 

hourss when plasma creatinine concentration was less than 180 /imol/1. This is because a new 

steadyy state is reached after 3-4 plasma creatinine half lives. The half life proved to be short 

enoughh to obtain this situation witin 24 hours in patients with a plasma creatinine of less than 

1800 /^mol/1 [80]. It is in this range of renal function that a higher sensitivity of clinical GFR-

estimationn is needed, because it may have important consequences for the management of 

patients. . 

AA creatinine concentration < 180 ^mol/1 was also an inclusion criterium in the second larger 

studyy of type 2 diabetic patients with normo-, micro- and macroalbuminuria [81]. After 

cimetidine,, the accuracy of CG was similar to that in patients with a primary renal disease, but the 

precisionn was lower (coefficient of variation 17 instead of 10 %, Table 3), but still much better 

thann that of a 24-hour outpatient creatinine clearance. It remains speculative whether this was 

duee to the inappropriate reflection of muscle mass by body weight in this type 2 diabetic 

population.. In renal transplant patients the ratio GG/GFR was found to decrease from 1.30 to 

1.100 after cimetidine administration [126]. The explanation for the incomplete inhibition of 

tubularr secretion in these patients was probably the low GFR-range, with a mean GFR of 38 

ml/min/1.73m2. . 
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Follow-upp of GFR by formula estimations 
Inn 1976 Mitch et al. proposed a simple method for estimating progression of chronic renal failure 

[127],, When the urinary creatinine excretion remains constant, the decline of creatinine clearance 

shouldd correspond with the reciprocal plasma creatinine concentration. This decline of reciprocal 

plasmaa creatinine was concluded to be linear in 31 of 34 patients and could be used to predict 

whenn dialysis would become necessary. Tougaard et al. designed an individual nomogram for 

follow-upp of GFR from reciprocal plasma creatinine, using a single GFR-determination and 

assumingg that the urinary creatinine excretion remained constant as GFR decreased [128]. Later 

studies,, in which radiotracer measured GFR was used instead of creatinine clearance, showed 

thatt the change in reciprocal plasma creatinine only had a weak correlation with the change in 

GFRR in patients widi diabetic nephropathy and that reciprocal plasma creatinine gave inaccurate 

estimationss of the rate or even the presence of progression in chronic renal failure [129,130]. This 

wass caused by the varying degree of tubular creatinine secretion among individuals and a 

decreasee in total renal excretion of creatinine in advanced renal failure due to extrarenal 

metabolismm [131,132]. Moreover, a change of diet also changes the relationship between GFR 

andd reciprocal plasma creatinine [131]. Therefore, reciprocal plasma creatinine can not be used 

forr follow-up of GFR in both (dietary) intervention trials and clinical practice. 

Thee Cockcroft-Gault formula has been used for follow-up of GFR in diabetic and transplant 

patientss [91,99,110,133-135]. The mean rate of decline of the CG-estimate was similar to the 

declinee of GFR in type 1 diabetic patients with nephropathy [91], but overestimated this in type 2 

diabeticc patients without nephropathy [133]. However, the variability of GG for follow-up was 

unacceptablyy high [91,133]. The same variability was found in a study of renal transplant patients, 

probablyy due to the variable amount of tubular secretion, whereas no data of the variability were 

givenn in heart transplant patients [99,110], In lung transplant recipients GG underestimated the 

ratee of GFR decline [135]. The formula proposed by Levey et al. was slightly better to detect a 

smalll  decrease in GFR in these patients [69]. C>ne study used cimetidine and an enzymatic plasma 

creatininee assay for follow-up of GFR with the GG-formula in type 2 diabetic patients with all 

stagess of albuminuria [134]. The discrepancy between GG and GFR remained constant over time 

andd the change in GFR was reflected by the change in GG. This might make CGt when plasma 

creatininee is determined enzymatically after cimetidine administration, a suitable parameter for 

thee clinical follow-up of GFR. 
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Pitfallss in formula derived GFR-estimation 
AA major problem of GFR-estimation is that it is less precise in the normal range, above 70-100 

ml/minn [28,90,103,133]. In general, estimates bythe Cockeroft-Gault and other formulas tend to 

overestimatee GFR at low values and to underestimate it at high values [89,100,136]. This explains 

thee finding that in diabetic patients with normal to elevated GFR CG underestimated GFR 

[70,104,137,138].. The overestimation at low values is partly caused bythe increasing amount of 

tubularr secretion at low GFR-values, which can be improved with cimetidine administration. 

However,, the underestimation at higher GFR-values can not be improved with cimetidine 

administration,, when an alkaline picrate creatinine assay is used [21,97]. This is explained by the 

factt that non-creatinine chromogens have a greater percentual impact on the false elevation of 

plasmaa creatinine at low-normal values, corresponding with normal-high GFR-values [5]. When 

calculatingg CG - and other formulas in which plasma creatinine is in the denominator - this 

falselyy high plasma creatinine leads to a falsely low value for estimated GFR This can be 

overcomee using a plasma creatinine assay that lacks influence by non-creatinine chromogens, 

suchh as an enzymatic or HPLC assay. The possibility exists that CG over- instead of 

underestimatess GFR when only an enzymatic assay is used [139]. However, the administration of 

cimetidinee prevents this overestimation. 

Anotherr important subject is the reproducibility of GFR-measurements and its estimates. 

GFRR can be measured with a day-to-day variability of 2-3 % as the renal clearance during 

continuouss infusion of  125I-iothalamate and 131I-hippuran [140,141]. The simultaneous infusion of 
131I-hippurann makes it possible to correct for inaccurate urine collection [140]. A correction can 

alsoo be made for a changing plasma concentration of inulin or radiotracers during constant 

infusion,, caused bythe circadian rhythm of GFR or by an inappropriate infusion rate [142,143]. 

Studiess that reported a higher day-to-day variability of GFR-measurements, up to 17 %, did not 

usee these corrections [71,97,111,144]. This variability in 'gold standard*  implies that the outcome 

forr a study comparing GFR with formula-estimations can be hampered. The coefficient of 

variationn of the enzymatic plasma creatinine assay is less than 3 % and therefore the analytical 

variabilityy has a minor influence on CG and other formulas using plasma creatinine only [16,120]. 

Thee coefficient of variation of CG was reported to be 5 to 6 % without the use of cimetidine and 

55 % with cimetidine [92,97,111]. Moreover, the most important advantage of the formula derived 
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estimationss over GFR measurements is the convenience to obtain it as often as necessary during 

follow-upp of patients. 

Conclusionn and Recommendations 
Inn this review we discussed studies that used plasma creatinine in the denominator of formulas, 

originallyy developed for bedside drug dosing, for prediction of GFR in various adult 

patientgroups.. The inaccuracy of these formulas was mainly due to tubular secretion of 

creatinine,, causing overestimation of GFR in the low range, and the use of the alkaline picrate 

creatininee assay, causing underestimation of GFR in the normal to high range due to falsely high 

plasmaa creatinine values. The accuracy of GFR-estimation improved by administration of 

cimetidinee applied to the formula of Cockcroft and Gault [21,80,81,122]. Other, newer formulas 

didd not improve the precision in a meaningful way [71,72,75]. The variability of GG was too high 

too obtain an acceptable estimate of the decline in GFR in follow-up studies [91,133,135]. 

However,, GG after cimetidine administration, using an en2ymatic plasma creatinine assay might 

bee suitable for follow-up [134]. 

Beforee using plasma creatinine in prediction formulas of GFR one must bear in mind some 

limitationss mentioned earlier in this paper, also described in previous articles [89,107,145]. First 

off  all, plasma creatinine needs to be in steady state. In patients with acute renal failure or in 

hospitalizedd patients with diseases or interventions affecting plasma creatinine, formulas cannot 

bee used. Shortly after strenuous exercise or a (cooked) meat meal plasma creatinine increases. 

Formulass are also inaccurate in patients with liver disease or muscle wasting and in extreme 

adiposee (BMI above 35 kg/m2) or edematous patients. Furthermore, the plasma creatinine assay 

iss important. Although the formulas originally used alkaline picrate creatinine values, recent 

studiess showed that GFR is estimated more accurately with an enzymatic plasma creatinine assay 

[21,80,81,83,134].. Still, bilirubin, dopamine and 5-flucytosine can interfere with the enzymatic 

assay,, making formula estimations inappropriate [16]. Finally, the formulas described in this 

articlee were studied in adult patients most often younger than 70 years of age, except for 3 studies 

[75,86,112].. Consequently, these formulas are not well validated for GFR-estimation in elderly 

patients. . 

Appreciatingg these limitations, GFR can estimated with reasonable accuracy and precision 

usingg the Cockcroft-Gault formula, preferably using an enzymatic plasma creatinine assay and 
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Inhibitionn of tubular creatinine secretion by cimetidine administration. In african americans and 

patientss with advanced renal failure or advanced liver cirrhosis, there is a larger inaccuracy. In 

diabeticc patients the precision is less. If the individual effect of an intervention has to be known, 

thenn GFR should be measured. For routine clinical practice of patients, likely to suffer from renal 

dysfunctionn in the future, or for population studies GFR-prediction by formulas is sufficient. 
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Abstract t 

Background:: The glomerular filtration rate (GFR) can be estimated in patients with renal disease 

fromm plasma creatinine concentration, age, gender and body weight, according to the formula of 

Cockcroftt and Gault. The hypothesis that this method can be improved when tubular secretion 

off  creatinine is inhibited by cimetidine was studied in patients with diabetes mellitus type 2. 

Methods:: In 30 outpatients with normo (n-10), micro- (9) or macroalbuminuria (11) GFR was 

measuredd as the urinary clearance during continuous infusion of  125I-iothalamate. Plasma 

creatininee concentration was analyzed with an enzymatic assay before and after oral cimetidine 

8000 mg t.i.d. during 24 hours. 

Results:: Plasma creatinine rose in all patients after cimetidine administration and as a 

consequencee the GFR estimated from the formula of Cockcroft and Gault (CG) fell. The ratio 

CG/GFRR decreased from 1.16  0.20 (mean + standard deviation) to 0.97  0.16. This ratio 

tendedd to be smaller in the normo- (0.93) than in the micro- (0.98) and macroalbuminuric group 

(1.00).. Also 20 patients with a BMI <30 kg/m2 had a smaller ratio (0.92) than those with a BMI 

>300 (1.07, P <0.05). Bland and Altman analysis showed a difference of CG and GFR of 12.0

17.44 ml/min/1.73m2 which decreased to -3.8  14.8 ml/min/1.73m2. The same analysis of the 

endogenouss creatinine clearance with urine collection and GFR showed larger standard 

deviations. . 

Conclusion:: GFR can be estimated in an acceptable way from the plasma creatinine 

concentrationn after cimetidine administration in outpatients with diabetes mellitus type 2. Despite 

aa nonsignificant underestimation in normoalbuminuric and overestimation in overweighted 

patientss this method is superior to the endogenous creatinine clearance with outpatient urine 

collection. . 
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Introductio n n 
Thee assessment of glomerular filtration rate (GFR) in diabetes mellitus type 2 is of importance in 

clinicall  management and intervention studies. Some investigators have used radio-isotope 

labelledd filtration markers in follow up studies, but this is hardly feasible in daily practice. One of 

thee major drawbacks in the use of creatinine as a marker of GFR is the variable amount of 

creatininee secreted in the proximal tubule. This may cause an unpredictable overestimation of 

GFR,, sometimes as high as 100 % or more [1,2]. Tubular secretion can be blocked by cimetidine, 

becausee this drug inhibits competitively the cation transport in the proximal tubular luminal 

membranee [3,4]. Consequently, the endogenous creatinine clearance after administration of 

cimetidinee is a more accurate approximation of GFR that can be used in clinical medicine [5-7]. 

Inn order to circumvent the difficulty and inaccuracy of urine collections, Cockcroft and 

Gaultt have developed a formula to assess the creatinine clearance from the plasma creatinine 

concentration,, age, gender and body weight [8]. After administration of cimetidine the formula 

providedd an accurate estimation of GFR in patients with a mild to moderate decrease in renal 

functionn due to various nephropathies and without important overweight [9]. However it is not 

clearr whether this formula can be applied in patients with diabetes mellitus type 2, because 

obesityy is present in 50-90% of these patients [10]. This causes an altered relationship between 

weightt and muscle mass which may interfere with the accuracy of the Cockcroft-Gault formula. 

Alternatively,, the endogenous creatinine clearance based on urine collection may also be 

inaccuratee due to possible autonomic neuropathy of the bladder in this patient group. 

Too determine the most accurate estimation of GFR in outpatients with type 2 diabetes 

mellitus,, we compared GFR to GFR-estimates from the Cockcroft-Gault formula or from the 

endogenouss creatinine clearance, before and after the administration of cimetidine. 

Materiall  and Methods 
StudyStudy population 

Thirtyy outpatients of a mixed ethnic group with diabetes mellitus type 2 gave informed consent 

too participate in this study. Inclusion criteria were: plasma creatinine < 180 fundi/\, as we have 

previouslyy shown that below 180 pimol/1 plasma creatinine reaches a new steady state after 

inhibitionn of tubular secretion by cimetidine during 24 hours [9]. Other inclusion criteria were age 

<< 70 years because of possible inconvenience during the 5-day study and body mass index < 35 
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kg/m22 in the absence of edema, because important excess of fluid or fat increases the inaccuracy 

off  the Cockcroft-Gault formula. None of the patients had jaundice as this interferes with the 

enzymaticc creatinine analysis (see below). The patients were not allowed to take regular 

cimetidine,, trimethoprim or salicylates, known to inhibit tubular creatinine secretion, during the 

studyy period and the preceding week. The patients were divided in three subgroups according to 

urinaryy albumin excretion (UAE): 10 patients with normoalbuminuria (UAE < 3 mg 

albumin/mmoll  creatinine), 9 with microalbuminuria (UAE 3-30 mg/mmol) and 11 with 

macroalbuminuriaa (UAE >30 mg/mmol). The patient characteristics are mentioned in Table 1. 

Tablee 1 Characteristics (number, mean  standard deviation or range) of 30 NIDDM-patients. 

normo-- micro- macro-
albuminuriaa albuminuria albuminuria 

UAEE (mg/mmol) <3 3-30 >30 

numberr of patients (cV ?) 10(6/4) 9(4/5) 11(8/3) 

racee (Ca/As/Af) 6/2/2 4/3/2 5/6/1 

agee (years) 52(38-69) 50(32-66) 58(42-70) 

diabetess duration (years) 8(1-30) 7(1-19) 11(1-27) 

patientss with insulin therapy 6 6 5 

patientss with oral antidiabetics 3 3 3 

patientss with insulin + metformin 1 0 3 

patientss with antihypertensives 4 6 10 

BMM (kg/m2) 27.5  3.4 27.8 + 4.0 28.5 + 3.5 

BPP systolic (mmHg) 131+18 133  13 146  20 

diastolicc (mmHg) 75  9 80  9 83+10 

HbAkk (%) 7.7  ̂ 1-0 lA 9.0+2.3 

UAE:: urinary albumin excretion (mg/mmol: mg albumin/mmol creatinine); Ca: Caucasian, As: asian, 

Af:: african; BP: blood pressure; HbAlc reference value <6.7%. ANOVA did not detect significant 

differencess between the 3 groups, with the exception of UAE. 

StudyStudy protocol and laboratory methods 

Thee study was performed on five consecutive days. On day 1 a plasma sample was drawn in 

thee morning for creatinine determination; the 2nd, 3rd and 4th day patients were asked to collect 

threee 24-hour urine samples starting at 8 a.m. They were instructed to take cimetidine 800 mg 

orallyy at 7 a.m., 3 p.m. and 11 p.m. on day 4 (total dose 2400 mg). The 5th day the patients 
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visitedd the outpatient clinic; fasting blood samples were drawn around 8 a.m. for analysis of 

creatinine,, glucose and HbA,c. From 9 am to 3 p.m. the GFR was measured during continuous 

infusionn of  125I-iothalamate and 131I-hippuran as described previously [9,11] and in the appendix 

off  this thesis. The study protocol was approved by the committee of Medical Ethics of the 

Hospitall  Onze Lieve Vrouwe Gasthuis, Amsterdam. 

Creatininee concentration in plasma was measured in duplicate with an enzymatic PAP 

(Phenol/4-AminoantiPyrine)-assay,, in urine with the kinetic Jaffé reaction (Hitachi 747 and 717, 

Boehringerr Mannheim, Germany). Urinary albumin analysis was performed with a nephelometer 

(BN-100,, Hoechst-Behring, Marburg a/d Lahn, Germany). HbAl c was analyzed with HPLC 

(Diamat,, BioRad, Anaheim, California USA). Activities of radio-isotopes in plasma and urine 

weree determined in duplicate with a gamma counter (Pharmacia type 1277, Wallac, Turku, 

Finland).. GFR was calculated as the mean urinary clearance of  125I-iothalamate of two 2-hour 

periodss after a 2-hour equilibration period. Blood and urine samples were taken every 2 hours. 

Patientss were seated and drank at least 200 ml every hour to maintain sufficient urine flow. In the 

GFRR determination a correction is made for changes in plasma concentration, for instance due to 

thee circadian rhythm of GFR, and for inaccuracies of urine collection during the GFR 

determination.. This is based on the fact that urinary and plasma clearance of  131I-hippuran are 

equall  since there is no extrarenal clearance [11,12]. The Cockcroft-Gault formula was calculated 

beforee administration of cimetidine with the plasma creatinine concentration of day 1 and after 

cimetidinee with that of day 5. The endogenous creatinine clearance was calculated before 

cimetidinee administration using two 24-hour urine samples (day 2 and 3) and during cimetidine 

usingg one 24-hour urine sample (day 4). All clearances were corrected to a body surface area of 

1.733 m2 according to the DuBois-DuBois formula [13]. 

StatisticalStatistical analysis 

Dataa are expressed as means  standard deviations (SD). ANOVA, with logarithmic 

transformationn when appropriate, was used to study differences between subgroups of patients 

andd the paired t-test for changes due to cimetidine administration in each subgroup. The 

agreementt between GFR and either creatinine clearance or the Cockcroft-Gault formula was 

testedd with Bland and Altman analysis [14]. The accuracy and variability are shown in this type of 

analysiss by relating the difference between two methods in each patient to the mean of the same 

twoo methods in the same patient. It can also be analyzed whether a trendwise change in the 
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differencee is present for increasing mean values. This method is preferred to correlation 

coefficientss as it analyzes the agreement and not the relation between two methods. In a perfect 

correlationn the points lie along any straight line, whereas in a perfect agreement the points lie 

alongg the line of equality. The variances of these agreements were compared with the method 

describedd by Armitage and Berry [15]. 

Tablee 2 Plasma creatinine concentration, GFR-estimates from the Cockcroft-Gault formula or the 

endogenouss creatinine clearance and the glomerular filtration rate in 30 patients with NIDDM before 

andd after administration of cimetidine 800 mg t.i.d. during one day (mean  standard deviation). 

beforee cimetidine after cimetidine 

plasmaa creatinine 
(fimol/ï)(fimol/ï) 78 6 93  30* 

Cockcroft-Gaultt formula 
(ml/min/1.733 m2) 101 3 85  30t 

endogenouss creatinine clearance 

(ml/min/1.733 m2) 102 0 86  34+ 

glomerularr filtration rate 
(ml/min// 1.73 m2) not^lone _ 

**  the difference due to cimetidine administration was significant (p <0.001). 

tt the difference due to cimetidine administration was significant (p <0.001). 

+.. the difference due to cimetidine administration was significant (p < 0.005). 

Results s 
Thee results of plasma creatinine analysis, GFR-estimates from the Cockcroft-Gault formula or 

thee endogenous creatinine clearance and the glomerular filtration rate determined as clearance of 
I25I-iothalamatee are shown in Table 2. GFR was normal in the normoalbuminuric group (105

233 ml/min/ 1.73m2) and reduced in the micro- (86  28) and n^croalbuminuric group (76  32 

ml/min/1.733 m2). The effect of cimetidine on plasma creatinine concentration is illustrated in 

Figuree 1. The increase tended to be most pronounced for the macroalbuminuric patients, but the 

differencess between the three groups were not significant. The ratio of the GFR, estimated from 

thee Cockcroft-Gault formula (GG), and the GFR determined with 125I-iothalamate is shown in 

Figuree 2. In all three groups an overestimation of GFR was observed before administration of 

cimetidine.. After cimetidine the mean ratio decreased to 1.0 (macroalbuminuric group) or slightly 

beloww 0.98 for the microalbuminuric and 0.93 for the normoalbuminuric group (N.S.). Ten 
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Figur ee 1 Plasma creatinine concentrations of 30 patients before and after cimetidine administration in 

thee 3 subgroups (normo-, micro- and macroalbuminuria). 
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Figur ee 2 Ratio of the GFR, estimated from the Cockcroft-Gault formula (CG), and the GFR 

determinedd with 125I-iothalamate of 30 patients before and after cimetidine in the 3 subgroups (normo-, 

micro-- and macroalbuminuria). The horizontal lines indicate the mean ratio of each group. 
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patientss were overweighted (BMI >30 kg/m2). They had a higher ratio than the other 20 patients 

(1.077 + 0.18 versus 0.92 + 0.13, P <0.05). This was partly due to one extreme overestimation 

(1.466 in the microalbuminuria group) in the patient with the highest BMI (33.6 kg/m2). 
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Figuree 3 Analysis according to the method proposed by Bland and Altman of all 30 patients, which plot 

thee difference against the mean of the 125I-iothalamate GFR and its estimated value, namely the 

Cockcroft-- Gault formula (CG) and endogenous creatinine clearance (0,24 ) before and after cimetidine. 

Panell  A plots the difference against mean of CG and GFR before the administration of cimetidine. Panel 

BB shows the same analysis for CG after cimetidine and GFR Panel C plots the difference against mean of 

Ccr244 and GFR before the administration of cimetidine. Panel D shows the same analysis for Q.24 after 

cimetidinee and GFR 
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Thee Bland and Altman analysis of GFR and its estimates from either the Cockcroft-Gault 

formulaa (CG) or from the endogenous creatinine clearance (Q.,24), both before and after 

cimetidinee is shown in Figure 3. CG overestimated GFR by 12.0  17.4 ml/min/1.73m2. After 

cimetidinee this overestimation changed to a slight underestimation of 3.8 ml/min/1.73m2 and the 

variationn (SD 14.8 versus 17.4 ml/min/1.73m2 before cimetidine) tended to be smaller. The 

comparisonn of Q.,24 with GFR showed a mean overestimation of 12.8 ml/min/1.73m2, which 

alsoo decreased to an underestimation of 2.5 ml/min/ 1.73m2. The difference of Q.,24 and GFR 

hadd a higher variation than that of CG and GFR (SD 24.4 versus 14.8 ml/min/ 1.73m2, P <0.05) 

andd this remained high after cimetidine (SD 23.1 ml/min/ 1.73m2). 

Conclusions s 
Thee best approximation of GFR in this type 2 diabetic population was obtained by applying the 

formulaa of Gockcroft and Gault to the plasma creatinine concentration determined by the 

enzymaticc PAP-assay after oral administration of cimetidine on the preceding day. This method 

provedd to be better than three other approximations of GFR (1) without administration of 

cimetidinee there was an overestimation and the variation tended to be larger, (2) the endogenous 

creatininee clearance using 24-hour urine samples had a larger variation and (3) this was 

unchangedd after cimetidine administration. 

Otherr authors have reported an underestimation of GFR by the Gockcroft-Gault formula in 

patientss with diabetes mellitus [16-18]. Gross et al. observed a 38% underestimation of GFR 

determinedd with a single shot 51Cr-EDTA technique in patients with diabetes mellitus type 2 [16]. 

Idink-Meckingg et al. also found a 13% underestimation of GFR, determined by continuous 

infusionn of  l25I-iothalamate, in patients diabetes mellitus type 1 [17]. Zietse et al. described an 

underestimationn of  125I-iothalamate GFR by the formula of Cockcroft-Gault in type 1 diabetic 

patientss with normal or elevated GFR [18]. 

Theree were 3 differences between these studies and the present study 

1.. Cimetidine had not been given to inhibit tubular creatinine secretion, but this does not explain 

thee difference as tubular secretion would have compensated part of the underestimation. 2. The 

usee of a single shot radio-isotope tracer might be associated with an overestimation of GFR due 

too extrarenal clearance resulting in a too low ratio between the GFR-estimate from the 

Cockcroft-Gaultt formula and GFR 3. The plasma creatinine analysis with the (modified) Jaffé 
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reactionn is known for overestimating plasma creatinine because of non-creatinine chromogens or 

glucosee interference; therefore, the GFR will be underestimated by the formula of Cockcroft and 

Gaultt as plasma creatinine is in the denominator. 

Inn our study no important underestimation of GFR by the Cockcroft-Gault formula, using 

ann enzymatic creatinine assay after inhibition of tubular secretion, was found. Only in the 

normoalbuminuricc group, with the highest GFR, GG tended to be lower than GFR This is partly 

inn accordance with the results of the previous authors, because their patients had a normal or 

evenn elevated GFR and were normo- or microalbuminuric. In the subgroup of overweighted 

patientss (BM > 30 kg/m2) the GFR-estimates from the Cockcroft-Gault formula were 

significantlyy higher than in the group with a BMI < 30. Apart from one extreme overestimation 

thee Cockcroft-Gault formula after cimetidine estimated GFR quite well up to a BMI of 33.5 

kg/m2,, and much better than the endogenous creatinine clearance did. 

Wee found a mean overestimation of GFR by GG of 12.4 ml/min/ 1.73m2, that changed into 

aa slight underestimation of 3.8 ml/min/1.73m2 after cimetidine. This implies a marked 

improvementt of the accuracy of GG. The reduction in the SD (17.4 to 14.8 ml/min/1.73m2) of 

thee difference between CG and GFR was not significant. When patientgroups are compared this 

stilll  influences the precision of the GFR estimations. However, the SD of the difference between 

CGG and GFR is to a major extent due to the inappropriate reflection of muscle mass by weight. 

Onee might speculate that the precision of the Cockcroft-Gault formula after cimetidine would be 

muchh better when used for follow-up of individual patients. 

Inn conclusion the formula of Cockcroft and Gault after cimetidine provides the clinician 

withh an acceptable estimation of GFR that can be obtained in a feasible way in an outpatient type 

22 diabetic population (up to a BMI of 33.5 kg/m2), as it only requires a single bloodsample after 

onee day of cimetidine administration. 
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Abstract t 

Background:: The glomerular filtration rate (GFR) can be estimated from plasma creatinine 

accordingg to the formula of Cockcroft and Gault (CG). When tubular secretion of creatinine is 

inhibitedd by cimetidine the mean difference between the Cockcroft-Gault formula (CGGm) and 

GFRR approximates zero, but there is still some interindividual difference, especially in type 2 

diabeticc patients. We studied during longitudinal follow-up, whether the discrepancies between 

CGGmm and GFR per patient are consistent in time in type 2 diabetic patients. 

Methods:: In 1996 and 1998 (interval 20 - 26 months) GFR was measured in 21 patients as the 

urinaryy clearance of continuously infused 125I-iothalamate. Plasma creatinine was analyzed with an 

enzymaticc assay before and after oral cimetidine 800 mg t.i.d. during 24 hours. GFR-estimations 

weree calculated with the Cockcroft-Gault formula before (CG) and after cimetidine (CGaJ and 

expressedd as means + SEM. 

Results:: GFR deteriorated from 89.7  5.7 to 81.3  5.8 rrd/min/1.73m2 and C G^ from 85.3

5.77 to 81.1 + 6.6 ml/min/1.73m2, whereas CG decreased from 102.4  6.8 to 98.4  7.0 

ml/min/1.73m2.. Changes in GFR and changes in CGGm were correlated (r = 0.72, P < 0.001) 

andd were not significantly different from each other. The discrepancy between CGGm and GFR 

perr patient in 1996 also correlated with the discrepancy between CGGm and GFR in 1998 ( r = 

0.85,/><0.001). . 

Conclusions:: In individual patients the discrepancies between the CGGm and GFR are consistent 

inn time and the change in GFR is reflected by the change in CGĉ  . This small variability means 

thatt CGG m, based on an enzymatic plasma creatinine assay, would be suitable for follow-up of 

GFRR in type 2 diabetic patients, independent of albuminuria. 
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Introduction n 
Thee degree of renal impairment in patients with type 2 diabetes mellitus is usually examined by 

determiningg urinary albumin excretion [1]. However, there is a potential for misleading 

conclusionss when proxy markers of nephropathy progression are used and hard endpoints are 

neededd such as a change in GFR or the incidence of end-stage renal disease [2]. Only recendy it 

waswas shown that GFR was preserved by captopril in normotensive type 1 diabetic patients with 

microalbuminuriaa [3]. The usefulness of the plasma creatinine concentration - or its reciprocal 

valuee - for follow-up of GFR is limited because the contribution of tubular creatinine secretion 

increasess when GFR deteriorates, thus keeping overall clearance fairly constant [4,5]. The same 

holdss for the endogenous creatinine clearance based on an outpatient urine collections and for 

assessmentt of this clearance from plasma creatinine, age, weight and gender using the formula of 

Cockcroftt and Gault (CG) [6-10]. 

Tubularr secretion of creatinine can be inhibited by administration of cimetidine, which uses 

thee same organic cation transporter in the proximal tubule but with much higher affinity [11], 

whereass this drug has no influence on GFR or renal plasma flow [12]. In an earlier studie we 

havee shown that in patients with a plasma creatinine concentration < 180 ^imol/1 a new steady 

statee of - increased - plasma creatinine is reached within 24 hours of cimetidine administration 

[13].. Using this approach the Cockcroft-Gault formula ( C G QJ was shown to give a good 

approximationn of GFR in patients with various nephropathies and with type 2 diabetes at 

differentt stages of albuminuria [13,14]. It was also noticed that the application of an enzymatic 

creatininee assay was necessary for accurate GFR-estimation, compared to the alkaline picrate 

Qaffé)) method [15]. 

However,, while there was a good accuracy of GFR-estimation in type 2 diabetic patients, the 

precisionn of GFR-estimation was found to be lower than in renal patients. We hypothesized that 

thiss was due to a larger variability in the relationship between body weight, used in the 

Cockcroft-Gaultt formula, and muscle mass than in non-diabetic patients. If the discrepancy 

betweenn CGĉ  and GFR is patient-specific and consistent in time, than any change in GFR 

wouldd be reflected by a change in CGQm, provided that body mass index (BMI) and muscle mass 

remainn constant [16]. The aim of the present study was therefore to investigate the usefulness of 

CGon,, for GFR-estimation during longitudinal follow-up in type 2 diabetic patients. 
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Materiall  and Methods 
StudyStudy population 

Wee studied a cohort of 30 patients of mixed ethnic origin, aged 30-70 years with a plasma 

creatininee concentration < 180 ^imol/1, equally distributed over a normo-, micro- and 

macroalbuminuricc group; BMI was <35 kg/m2 in the absence of edema. The results of the 

initiall  evaluation have been published previously [14]. Two years later the same patients were 

askedd to participate in a second assessment of GFR This could be done in 21 of them, 20 to 26 

monthss after the first investigation. Median age was 52 years (range 32 to 68), median BMI was 

299 kg/m2 (22.5 to 34.2) and median change in BMI was 0.6 kg/m2 (-2.2 to +5.1). There were 12 

malee and 9 female patients. Nine were Caucasian, 7 Asian and 5 were African patients. During 

thiss study no patient had jaundice or used drugs known to interfere with tubular creatinine 

secretion. . 

Studyprotocd Studyprotocd 

Thee study was performed on three consecutive days. The patients collected 3 morning urine 

sampless for calculation of the albumin/creatinine ratio. Plasma creatinine samples were drawn 

thee 1st and 3rd day around 8:00 A-M. and the patients were instructed to take cimetidine 800 mg 

orallyy on the 2nd day at 7:00 A.M. and at 3:00 and 11:00 P.M. The 3rd day from 9:00 A.M. to 

3:000 P.M. GFR and renal plasma flow was measured during continuous infusion of  125I-labeled 

iothalamatee and 131I-labeled hippuran as described before [13,17]. The study protocol was 

approvedd by the committee of Medical Ethics of the Hospital Onze Lieve Vrouwe Gasthuis, 

Amsterdam. . 

Creatininee concentration in plasma was measured in duplicate with an enzymatic PAP+ 

(Phenol/4-AminoantiPyrine)-assayy (Hitachi 747, Roche Diagnostics, Mannheim, Germany). GFR 

wass calculated as the mean urinary clearance of  125I-iothalamate of two 2-hour periods after a 2-

hourr equilibration period as described before [13,17] and in the appendix of this thesis. GFR-

estimationss were calculated with the formula of Cockcroft and Gault: 

(140-- age) *body weight 

0.815*plasmaa creatinine 

[forr women correction factor 0.85; age in years, weight in kg, plasma creatinine in jmiol/I] . 
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Priorr to administration of cimetidine this was done with the plasma creatinine concentration of 

dayy 1 (CG) and after cimetidine with the concentration of day 3 (CGG|11). All clearances were 

correctedd for body surface area according to the DuBois-DuBois formula [18] and expressed as 

ml/min/1.733 m2. 

StatisticalStatistical analysis 

Dataa are expressed as means + standard deviations (SD), unless stated otherwise. The paired t-

testt was used for comparison. Pearson's correlation coefficients were calculated for comparison 

off  discrepancies between and changes in GFR and CGam. The agreements between GFR and 

CGaraa were tested with an analysis of agreement, as described by Bland and Altman [19]. The 

accuracyy and precision of agreement are shown in this type of analysis by relating the difference 

betweenn two methods in each patient to the mean of the same two methods in the same patient. 

Itt can also be analyzed whether a trendwise change in the difference is present for increasing 

meann values. The limits of agreement can be expressed as mean + 2SD and mean - 2SD, in 

whichh 95% of the values are situated. A difference with P < 0.05 was considered to be 

significant. . 

Results s 

Figuree 1 The mean + standard 

errorr of the Cockcroft-Gault 

clearancee before (CG) and after 

cimetidinee (CGGm) and GFR of 

211 type 2 diabetic patients in 1996 

)) and 1998 . The values are 

102.44 + 6.8 , 98.4 + 7.0 , 85.3

5.77 , 81.1  6.6 , 89.7 + 5.7 and 

81.33 +5.8 ml/min/1.73 m2. 
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Figuree 2 The analysis of agreement in 21 patients. In this analysis the difference between two methods is 

plottedd against their mean for each individual patient. This was done for the Cockcroft-Gault clearance 

afterr cimetidine ( G G QJ and GFR in 1996 (left panel) and in 1998 (right panel). Mean difference is 

indicatedd by a drawn line, the limits of agreement (mean - 2SD and mean +2SD) are indicated by the 

dashedd lines. 

Thee comparison between 1996 and 1998 for CG, CGam and GFR is shown in Figure 1. In both 

yearss CG overestimated GFR {P < 0.001), whereas GGGm did not. The decrease in mean GFR 

waswas 8.4 and in C G^ 4.2 ml/min/1.73 m2. In 1998 GFR ranged from 27 to 139 ml/min/1.73 m2. 

Inn Figure 2, the analysis of agreement demonstrated a discrepancy between CGQ,,, and GFR of 

-4.44  15.1 ml/min/1.73 m2 in 1996 and -0.2  18.4 ml/min/1.73 m2 in 1998 (N.S.). The 

differencee between the change in GFR and the change in C G^ was 4.2  9.8 ml/min/1.73 m2 

(N.S.).. Figure 3 shows that the changes in GFR correlated well with the changes in GGQ,,, (r = 

0.72,, P < 0.001). In only 3 cases the changes were discordant, i.e. GFR remained constant while 

C G ^^ increased. The discrepancy between GGĉ  and GFR per patient in 1996 also correlated 

withh the discrepancy between CGQ,,, and GFR in 1998, as shown in Figure 4 (r = 0.85, P < 

0.001). . 
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Figuree 3 The change in GFR and the change in 

Cockcroft-Gaultt clearance after cimetidine 

( C G QJJ of all 21 patients in relation to the line 

off  identity. Negative values indicate a decrease 

betweenn 1996 and 1998. The Pearson's 

correlationn coefficient was 0.72 (P <0.001). 

Figuree 4 The discrepancy of GGam and GFR 

inn 1996 and that of 1998 of all 21 patients in 

relationn to the line of identity. Positive values 

indicatee an overestimation of GFR by GGGm. 

Thee Pearson's correlation coefficient was 0.85 

(P(P < 0.001). 
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Conclusions s 

Inn this study it was analyzed whether the cimetidine aided GFR-estimation by the formula of 

Cockcroftt and Gault ( C G QJ might be a useful approach for the routine follow-up of renal 

functionn in type 2 diabetic patients. For this purpose we studied on two occasions with an 

intervall  of two years a group of patients with a BMI < 35 kg/m2 and a plasma creatinine < 180 

/imol/1.. We used the urinary clearance of continuously infused 125I-iothalamate as representing 

truee GFR. We chose this patientgroup because weight, used in the numerator of the Cockcroft-

Gaultt formula, overestimates muscle mass at higher BMI and then leads to inaccuracies in GFR-
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estimationn from the Cocke roft-Gault formula (CG). Furthermore the change in GFR is not 

accuratelyy reflected by the plasma creatinine concentration or its reciprocal value in the range 

investigatedd [4,5]. The study shows that the accuracy and precision of the GFR-estimations from 

CGGmm were the same on the two occasions. In individual patients the discrepancy between the 

CGGmm and GFR appeared to be consistent in time. Also, the change in GFR was reflected by the 

changee in CGGn). This indicates that CGGm is a simple and useful approach for the follow-up of 

renall  function in type 2 diabetic patients at all stages of albuminuria. 

Otherr studies have shown that follow-up of GFR by plasma creatinine with or without the 

CG-formula,, the reciprocal value of plasma creatinine or timed urinary clearance is not accurate 

[5]]  [7-10]. These studies used an alkaline picrate method for determination of the plasma 

creatininee concentration. Shemesh et al. followed patients with deteriorating or improving renal 

functionn during treatment of glomerular disease [5]. They demonstrated large percentual 

differencess between the change in GFR, measured with continuously infused inulin, and the 

changee in simultaneously measured creatinine clearance, plasma creatinine and the reciprocal 

valuee of plasma creatinine. Nielsen et al. reported follow-up in type 2 diabetic patients with 

microalbuminuriaa and normal renal function [10]. GFR was measured by the plasma clearance of 

singlee shot 51Cr-EDTA and estimated by the CG-formula. The change in GFR did not correlate 

welll  with the change in CG-clearance (r = 0.49). They therefore considered the CG-formula of 

limitedd value. In an earlier study we have found major differences between plasma creatinine 

measurementss using an alkaline picrate or an enzymatic plasma creatinine assay [15]. As a 

consequence,, C G^ calculated with the alkaline picrate creatinine concentration was not 

appropriatee for GFR-estimation. This makes it likely that the negative results of the previously 

publishedd studies can be explained by the method of plasma creatinine determination used. 

Thee most important advantage of the CGCjni over GFR measurements is the convenience to 

obtainn it as often as necessary during follow-up of patients. It is conceivable that our results can 

bee extrapolated to non-diabetic patients as we have previously shown in a transversal study that 

inn these patients GFR-estimation has the same accuracy and even a better precision [13]. We did 

nott correct the decrease of GFR for changes due to aging, since the cause of a change in GFR 

wass not the primary goal of our study. However, caution should be made in patients above the 

agee of 70 years, who were excluded from this study. In an elderly patientgroup an 

underestimationn of GFR by CG without cimetidine was reported [20]. 
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Inn conclusion, during an interval of two years the discrepancies between C G^ and GFR in 

individuall  patients are consistent and the change in GFR is reflected by the change in CGQ,,,. 

Thiss small variability means that GFR-estimation from the Cockcroft-Gault formula after one 

dayy of cimetidine administration would be suitable for follow-up of GFR in type 2 diabetic 

patients,, independent of albuminuria, provided plasma creatinine is determined with an 

enzymaticc assay and below 180 /imol/1 and BMI is less than 35 kg/m2. 
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Abstract t 

Background:: The glomerular filtration rate (GFR) can be predicted from plasma creatinine, age, 

genderr and body weight, using the formula of Cockcroft and Gault. Cimetidine improved the 

accuracyy of GFR-prediction in renal disease and also in diabetes mellitus type 2, duee to inhibition 

off  tubular creatinine secretion. We investigated the accuracy and precision of GFR-prediction 

fromm the Cockcroft-Gault formula after cimetidine (CGam) in renal transplant recipients and 

comparedd the results to the endogenous creatinine clearance without cimetidine. 

Methods:: The endogenous creatinine clearance was measured in 24 outpatients from a 24-hour 

urinee collection (Ccr24). CGclm was calculated from plasma creatinine after oral cimetidine 2400 

mgg during 24 hours preceding the GFR-measurement. GFR was measured as the urinary 

clearancee of continuously infused 125I-iothalamate. Creatinine was determined with an automated 

enzymaticc assay in plasma and with an alkaline picrate assay in urine. 

Results:: GFR was 47.8  16.8 ml/min/ 1.73m2 (mean  SD), Q.,24 was 71.8  23.1 

ml/min/1.73m22 and CGcim was 52.8  14.9 ml/min/l.73m\ Ccr24 overestimated GFR in every 

patientt by an average of 23.8 ml/min/l.73m2 and up to 57 ml/min/ 1.73m2, whereas CGcim 

overestimatedd GFR significantly less by an average 4.9 ml/min/1.73m2 (P < 0.001) with a 

maximumm of 20 ml/min/1.73m2. Also the precision of CGcim was significantly better than that of 

CC[24:: the SD of the difference from GFR was 9.0 ml/min/ 1.73m2 for CGc[m and 14.5 

ml/min/1.73m22 for Ccr24 {P <0.05). 

Conclusion:: CGcim is useful for GFR-prediction in outpatient renal transplant recipients and has a 

farr better accuracy and precision than Ccr24. We propose a strategy after kidney transplantation 

off  one GFR-measurement at baseline and follow-up with CGcim. 
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Introductio n n 
Inn renal transplant patients accurate information on the glomerular filtration rate (GFR) is useful 

bothh for clinical management and for analysis of the long term results of kidney transplantation. 

Assessmentt of renal function in patients with a kidney transplant is usually done by plasma 

creatinine.. This is not an accurate reflection of GFR in patients with renal disease [1-3] and also 

nott in renal allograft recipients [4], because creatinine is not only filtered by the glomeruli but 

alsoo secreted in the proximal tubules [5]. Similarly, the endogenous creatinine clearance is of 

limitedd value and has been reported to overestimate GFR by 38-60 % in patients with a kidney 

transplantt [4,6,7]- Not surprisingly, a comparable but slightly lower overestimation is found when 

ann assessment of the creatinine clearance is made by the formula of Cockcroft and Gault: 33-38 

%% [6-8]. Furthermore, the endogenous creatinine clearance and Cockroft-Gault formula are not 

onlyy inaccurate but also not suitable for follow-up, because the relative contribution of tubular 

secretionn often changes with time [9,10]. 

Thee H2-receptor antagonist cimetidine, a weak organic base, inhibits tubular creatinine 

secretionn competitively in the proximal tubular organic ion transporter system [11,12] and has 

beenn shown to improve GFR-estimation by the endogenous creatinine clearance [13-16]. 

However,, intravenous or prolonged oral dosing schedules have been used in these studies. A 

one-dayy course of oral cimetidine was sufficient for accurate GFR-estimation by the Cockcroft-

Gaultt formula in patients with renal disease and in type 2 diabetic patients with plasma creatinine 

concentrationss below 180 jxmol/1 [17,18]. 

Thee aim of the present study was to investigate the accuracy and precision of the Cockcroft-

Gaultt formula with cimetidine administration, compared to the endogenous creatinine clearance 

withoutt cimetidine, for GFR-estimation in outpatient renal allograft recipients. 

Material ss and Methods 

StudyStudy population 

Betweenn November 1998 and June 2000 twenty-four adult renal transplant patients participated 

inn the study. The following exclusion criteria were applied. 1. Plasma creatinine concentration 

abovee 180 jtmol/1. The reason for this is, that during inhibition of tubular creatinine secretion a 

neww steady state of plasma creatinine will be reached at a higher level. In a previous study we 

havee shown that it takes less then 24 hours to reach this new steady state in patients with a 
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plasmaa creatinine less than 180 /xmol/l [17]. Therefore one day of cimetidine administration was 

sufficient.. 2. Body mass index below 15 or above 30 kg/m2, as muscle mass is not reflected well 

byy body weight in these patients. 3. Regular use of cimetidine, trimethoprim or high dose 

salicylates,, as these drugs inhibit tubular secretion. Plasma creatinine concentration had to be 

stablee during the preceding outpatient controls. 

Fourteenn patients were male, median age was 50 years (range 29 - 58), median duration after 

transplantationn was 32 months (range 2.5 - 240). Twenty patients received a cadaveric donor 

kidney,, the other four a living related donor kidney. Systolic blood pressure was 133  14 mm 

Hgg (mean + SD), diastolic blood pressure was 84  6 mm Hg and body mass index was 24.5

2.11 kg/m2. Eighteen patients were treated with a combination of prednisone and calcineurin 

blockers;; three with a combination of prednisone and purine antagonists, two with triple therapy 

andd one patient received no immunosuppression, because of an identical donor. It has been 

shownn before that cimetidine does not influence ciclosporine levels [19]. No adverse effects 

relatedd to cimetidine were observed in these patients. 

StudyStudy procedures 

Thee patients delivered a 24-hour urine collection during a regular outpatient visit. A plasma 

creatininee sample was taken at the same time for measurement of the endogenous creatinine 

clearancee (Ccr24). An appointment was made for the GFR-measurement within 6 weeks. Patients 

weree instructed to take 800 mg of cimetidine at 8 AM . and 8 P.M. the day before and at 8 AM . 

thee day of the GFR-measurement. A second plasma creatinine sample was drawn at 10.30 AM . 

duringg the GFR-measurement. This plasma sample was used for prediction of GFR from the 

Cockee roft-Gault formula (CGcim): 

(140-- age) :;'body weight 

0.815"'plasmaa creatinine 

[forr women correction factor 0.85; age in years, weight in kg, plasma creatinine in fimol/1] 

Thee GFR-procedure started a 8.30 A.M. Patients were seated and drank at least 200 ml of 

tapp water every hour to maintain sufficient urine flow. After a blank urine sample was voided and 

aa blood sample drawn a loading dose of  125I-iothalamate and 1MI-hippuran was given and 

continuouss infusion of both tracers -was started for measurement of GFR and effective renal 

plasmaa flow (ERPF). After an equilibration period of two hours, two clearance periods of two 

hourss each were analyzed. Urine samples were collected at least every 2 hours by spontaneous 
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voiding.. After the blank sample, plasma samples were taken at 1, 2, 4 and 6 hours. GFR was 

measuredd as the mean of two urinary clearances of  125I-iothalamate with the formula U*V/P, 

wheree U and P are tracer concentrations in urine and plasma and V is the urine flow rate 

(ml/min).. The 125I-iothalamate clearances were corrected for inaccurate urine collections with a 

correctionn factor obtained from the 131I-hippuran clearance, as described by Donker et al. and 

Apperlooo et al. [20,21]. During continuous infusion the plasma tracer concentrations will not be 

stable,, due to the circadian rhythm of GFR and E RPF and sometimes also because of an 

incorrectt estimate of the infusion rate [22,23]. For instance, in case of a falling 125I-iothalamate 

concentrationn the GFR is higher than the measured 125I-iothalamate clearance. Therefore, a 

secondd correction was made for a systematic increase or decrease of plasma tracer concentrations 

[23,24]. . 

Activitiess of radio-isotopes in plasma and urine were determined in duplicate with a gamma 

counter.. Creatinine concentration was measured in urine widi the kinetic alkaline picrate (or 

Jaffé)) reaction (Roche Diagnostics, Mannheim, Germany), in plasma with an enzymatic PAP+ 

(Phenol/4-AminoantiPyrine)-assayy (Roche Diagnostics, Mannheim, Germany). The alkaline 

picratee assay is known for its falsely elevated plasma creatinine values due to non-creatinine 

chromogenss [25], For accurate GFR-prediction an enzymatic creatinine assay that lacks this 

interferencee is obligatory, as we have shown previously in patients with type 2 diabetes mellitus 

[26]. . 

StatisticalStatistical analysis 

Dataa are expressed as means  SD, unless stated otherwise. Statistical analysis was performed 

usingg SPSS for Windows, release 7.5. A P-value less then 0.05 was considered to be significant. 

Clearancess were corrected for body surface area according to the formula of DuBois and DuBois 

andd expressed as rnl/rnin/ 1.73m2 [27]. GFR-estimates from the endogenous creatinine clearance 

withoutt cimetidine or the Cockcroft-Gault formula with cimetidine were compared to the 

measuredd GFR both in correlation plots and in an analysis modified from Bland and Altman [28]. 

Thee accuracy and precision are determined in this type of analysis by relating the difference 

betweenn the estimated and measured GFR in each patient to the measured GFR in the same 

patient.. Whether a systematic increase or decrease of the difference is present for an increasing 

GFRR can also be analyzed. The limits of agreement can be expressed as mean difference + 2 SD 

andd mean - 2 SD, in which 95% of the values are located. The mean difference is a measure of 
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accuracy,, while the SD of the difference is a measure of precision. The coefficient of variation is 

calculatedd as the SD divided by the mean GFR The variances of the agreements were compared 

withh the method described by Armitage and Berry [29]. The paired t-test was used to compare 

thee differences. For comparison of the ratio estimated/measured GFR a division was made for 

GFR-valuess below and equal to or above 40 ml/min/1.73m2, as an earlier study had shown that 

tubularr secretion could not be inhibited completely by usual dosages of cimetidine in the low 

GFR-rangee [17]. 

Figuree 1 The plasma creatinine 

concentrationn of 24 renal transplant 

patientss before and after the 

administrationn of cimetidine. The mean 

valuess are 122 îmol/1 without and 147 

/rniol/11 with cimetidine, indicated by 

horizontall  lines. 

Results s 
Thee plasma creatinine concentration increased in all patients after cimetidine administration, 

fromm 122 + 28 to 147 + 41 /xmol/1 (Figure 1). A large variation of the increase was present. 

Thee relation between estimated and measured GFR is shown in Figure 2. GFR was 47.8 + 16.8 

ml/min/1.73m2,, the endogenous creatinine clearance without cimetidine administration (G-,24) 

waswas 71.6 + 23.1 ml/min/1.73m2 and GFR-prediction from the Cockcroft-Gault formula with 

cimetidinee (CGcün) was 52.8  14.9 ml/min/1.73m2. Q.,24 overestimated GFR in every patient. 
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Figuree 2 Left panel: GFR and endogenous creatinine clearance without cimetidine administration (Q.,24) 

inn relation to the line of identity. Right panel: GFR and GFR-prediction from the Gockcroft-Gault 

formulaa with cimetidine administration (GGciJ in relation to the line of identity. 

Thee agreement between the estimated and measured GFR is given in Figure 3. Ccr24 

overestimatedd GFR by an average of 23.8 ml/min/ 1.73m2 and up to 57 ml/min/ 1.73m2. CGcim 

overestimatedd GFR significantly less than C„24 by an average of 4.9 ml/min/1.73m2 (P < 0.001), 

indicatingg a better accuracy, with a maximum of 20 ml/min/1.73m2. The precision of CGcan was 

alsoo significantly better than that of Ccr24, as shown by a smaller SD of the difference from GFR-

9.00 ml/min/1.73m2 for CGclm and 14.5 ml/min/1.73m2 for Ccr24 (P <0.05). The coefficient of 

variationn was 19 % for CGcim and 30 % for CCf24. CGcim overestimated GFR in all cases where 

GFRR was below 40 ml/min/1.73m2. Therefore, the ratio estimated/measured GFR was 

comparedd for a GFR above and below 40 ml/min/1.73m2. The mean ratio CGcim/GFR was 1.05 

inn the seventeen patients with a GFR > 40 ml/min/1.73m2 and 1.46 in the seven patients with a 

lowerr GFR The ratio Q.24/GFR was 1.41 in the high and 1.99 in the low GFR-range. 

73 3 



Chapterr 4 

or r 
u. . 
o o 

jg g 
b b 

200 40 60 
GFR(ml/min/1.73m2) ) 

a. a. 
IL . . o o 
TJJ 40 

a a 
oo o 

It t 
b b 

''  . / .  . 

++ 22.9 

mean n 

200 40 60 80 
GFR(ml/min/1.73m2) ) 

Figuree 3 Analysis modified from Bland and Altman of 24 patients. In this analysis the difference between 

twoo methods is plotted against the reference method for each individual patient. This was done for the 

endogenouss creatinine clearance without cimetidine administration (Q.-24) and GFR (left panel) and for 

thee Cockcroft-Gault formula with cimetidine administration (CGc iJ and GFR (right panel). The mean 

differencee is indicated by the drawn line, the limits of agreement (mean - 2 SD and mean + 2 SD) are 

indicatedd by the dashed lines. 

Discussion n 

Thee present study has shown that prediction of the GFR in renal transplant recipients can be 

markedlyy improved by administration of cimetidine, using the Cockcroft-Gault formula. The 

accuracyy and precision of CGcim was significantly better than that of Ccr24, as shown by a far 

smallerr and less variable difference from the measured GFR The ratio estimated/measured GFR 

waswas larger, when GFR was below 40 ml/min/1.73m2, but the absolute differences between 

estimatedd and measured GFR remained within the limits of agreement. It is speculative why 

tubularr secretion was not inhibited completely in every patient by the applied dose of cimetidine. 

Thiss has also been observed before in patients with renal disease [17]. Van Acker et al. found that 

patientss with incomplete inhibition had a higher cimetidine clearance and that a higher degree of 

inhibitionn could be obtained by a higher dose of cimetidine [16]. It can be hypothesized that 

cimetidinee administered above the maximum daily dose of 2000 mg or in combination with 

trimethoprim,, which inhibits the same tubular transporter [30], will inhibit tubular secretion 

completely. . 
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Onlyy one comparable study has been done in renal allograft recipients [6]. Mareen et al. 

studiedd 32 patients with a varying degree of renal dysfunction. They found that GFR-estimation 

byy the Cockcroft-Gault formula was superior to the endogenous creatinine clearance. Without 

cimetidinee the overestimation was 38 % instead of 60 % and with cimetidine 10 % instead of 18 

%.. However, no absolute differences were given in that study and no analysis according to Bland 

andd Altman was performed. The coefficient of variation for the Cockcroft-Gault formula in that 

studyy was 35 %. In the present study this was 19 %. The explanation for this is unclear. A 

differencee between the two studies is a more accurate plasma creatinine assay used in the present 

study.. Although not mentioned by the authors, they most likely used an alkaline picrate or Jaffé 

assay,, known for its falsely elevated plasma creatinine values due to non-creatinine chromogens 

[251. . 

Twoo other studies have been published on the accuracy and precision of the endogenous 

creatininee clearance with cimetidine administration for GFR-estimation in renal transplant 

patientss [31,32]. Krata-Dulas et al. reported an improvement of the accuracy and precision of the 

creatininee clearance with cimetidine, measured simultaneously with the renal inulin clearance, but 

thee mean overestimation was still 23 % [31]. In patients with a reduced allograft function the 

overestimationn was relatively more pronounced. This was probably due to the dose reduction of 

cimetidinee applied in that study. In a second study a finding of van Acker et al. was used, that a 

singlee high cimetidine dose of 1200 mg caused complete inhibition of tubular creatinine secretion 

fromm 3 to 6 hours after administration [16]. Zaltzman et al. applied this finding in renal allograft 

recipientss with a GFR ranging from 7 to 47 ml/min/ 1.73m2 [32]. The 3-hour creatinine clearance 

startingg one hour after 800 mg of cimetidine overestimated GFR by 12 %. The reproducibility of 

thiss test was good with a day-to-day variability of 7.1 %. 

Wee did not investigate the value of the Cockcroft-Gault formula for follow-up of GFR 

Follow-upp of predicted GFR from this formula, but without cimetidine administration, was 

studiedd by Schuck et al. [7]. A significant discrepancy was found between the change in GFR and 

thee change in predicted GFR in 14 of 22 patients. It can be speculated that this was caused by a 

changee in the relative contribution of tubular creatinine secretion in individual patients. If so, 

cimetidinee is a useful tool to abolish or at least reduce this discrepancy. In a previous follow-up 

studyy in type 2 diabetic patients, using cimetidine, we found no discrepancy between the change 

inn GFR and the change in predicted GFR by the Cockcroft-Gault formula in 18 of 21 patients, 

whichh supports this contention [33]. A similar study should be done in renal transplant recipients. 
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Iff  this also appears satisfactory, then a strategy can be advocated to determine GFR once after 

transplantationn with a reference method, such as inulin or radiotracers, in order to analyze the 

differencee between GFR and the Cockcroft-Gault formula after cimetidine (CGcim). Further 

follow-upp of renal function can then be done with CGcim. 

Inn conclusion, after kidney transplantation GFR can be predicted from plasma creatinine, 

determinedd with an enzymatic assay after 2400 mg of cimetidine in three divided doses during 24 

hourss and applied in the Cockcroft-Gault formula. The accuracy and precision of CGcim were 

significantlyy better than those of the endogenous creatinine clearance without cimetidine (0^4). 

Thee ratio predicted/measured GFR was higher in a small number of patients with a GFR < 40 

ml/min/1.73m:: than in the others. We suggest that GFR is measured once in renal allograft 

recipients,, after which follow-up of GFR can be done with CGom. 
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Abstract t 

Background:: Estimation of GFR from plasma creatinine concentration after inhibition of tubular 

creatininee secretion with cimetidine provides a good assessment in patients with various 

nephropathiess and with diabetes mellitus type 2. The aim of this study was to compare 

cimetidine-aidedd GFR-estimations using various creatinine assays. 

Methods:: In 30 outpatients with type 2 diabetes GFR was measured as the urinary clearance of 

continuouslyy infused 125I-iothalamate. Plasma creatinine concentration was analyzed after oral 

cimetidinee with an alkaline picrate (AP) method, with an enzymatic (PAP) assay and with HPLG 

GFR-estimationss were calculated with the Cockcroft-Gault formula (CG). 

Results:: AP-creatinine concentrations were significantly higher than PAP or HPLC values. GFR 

estimationss by AP {CG  ̂ 66  19 ml/min/ 1.73m", mean + SD) were significantly lower than 

GFRR (89  30), whereas CGPA], (85  30) and CGHPL C (84  34 ml/min/1.73m2) were not. Bland 

andd Altman analysis showed a difference between C G^ and GFR of -22.4 + 17.7 

ml/min/1.73m22 for. This difference was larger the higher the GFR The difference between 

CGPAPP and GFR was only -3.8  14.8 ml/min/ 1.73m2 and between CGHPLC and GFR the 

differencee was -4.4  17.5 ml/min/l.73m2 for HPLC, without any systematic duierence. 

Conclusion:: A good assessment of the GFR from plasma creatinine after cimetidine 

administrationn is possible when creatinine is measured with an enzymatic assay or with the less 

convenientt FïPLC method. The more widespread and cheaper alkaline picrate assay is not 

suitablee for GFR-estimation. 
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Introductio n n 
Assessmentt of renal function is important for clinical management of patients and for 

interventionn studies. The plasma creatinine concentration is not an accurate reflection of the 

glomerularr filtration rate (GFR) [1]. Furthermore, accurate measurement of plasma creatinine is 

laboriouss [2]. The alkaline picrate (AP) method - described byjaffé more than 100 years ago - is 

usedd most often, but is influenced by other chromogens than creatinine [3]. This causes 

overestimationn of the plasma creatinine concentration, especially within the normal range in 

adultss [2,4]. Several modifications of the AP method have not solved this problem [2]. The more 

recentt enzymatic creatinine assays have a higher accuracy than the AP methods, but there is still 

ann interference of bilirubin and various drug metabolites [5]. The coefficient of variation has 

beenn reported up to 6.4 % [5]. High performance liquid chromatography (HPLQ and gas 

chromatographyy with mass spectrometry (GGMS) are the best methods for plasma creatinine 

analysiss [6-8]. 

Creatininee clearance, used as a marker of GFR, is frequently incorrect because of errors in 

urinee collection [9,10]. For this reason Gockcroft and Gault developed a formula to calculate 

creatininee clearance from plasma creatinine [11]. When plasma creatinine is overestimated by the 

APP method, an inappropiately low value of creatinine clearance will be the result, as plasma 

creatininee is in the denominator of the Cockcroft-Gault formula. On the other hand, creatinine 

clearancee overestimates GFR because of tubular secretion of creatinine. This overestimation can 

bee corrected using cimetidine as a competitive inhibitor of tubular creatinine secretion [12-15]. 

Wee have shown previously that a good estimation of GFR can be obtained by the Cockcroft-

Gaultt formula in patients with normal or moderately reduced renal function, after administration 

off  cimetidine 2400 mg during the 24 hours before a plasma creatinine sample is taken [16,17]. 

Thee aim of the present study was to compare the accuracy of cimetidine-aided GFR-

estimationss by the Cockcroft-Gault formula using various assays for plasma creatinine. The 

HPLCC method was compared with an AP method and an enzymatic creatinine assay. The study 

wass done in patients with diabetes mellitus type 2, because correct evaluation of interventions to 

preservee renal function is important in this patient group. 
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Tablee 1 Demographic data of 30 patients with diabetes mellitus type 2 

mediann (range) 

agee (years) 55 (30-70) 

genderr (male:female) 18:12 

weightt (kg) 81 (53-115) 

bodyy mass index (kg/m2) 28.3 (21.2-33.6) 

bodyy surface area (m2) 1-89 (1.52-2.50) 

racee (White: Asian:B lack) 15:11:4 

Materiall  and Methods 
StudyStudy population 

Thirtyy patients of the outpatient clinic with type 2 diabetes and various degrees of albuminuria 

weree included [17]. Demographic data are described in Table 1. The most important exclusion 

criteriumm was a body mass index above 35 kg/m2, because in these patients weight overestimates 

musclee mass. This will lead to an inappropriate overestimation of GFR [18]. Other exclusion 

criteriaa were plasma creatinine concentration exceeding 180 /zmol/1, age above 70 years and regu-

larr use of cimetidine, trimethoprim or salicylates, since these drugs inhibit tubular creatinine 

secretion.. The study protocol was approved by the committee of Medical Ethics of the Hospital 

Onzee Lieve Vrouwe Gasthuis, Amsterdam. 

Studyprotood Studyprotood 

Thee patients were instructed to take 800 mg of cimetidine at 7 a.m. and at 3 and 11 p.m. the day 

beforee a plasma creatinine sample was drawn. This was done at 8 a.m. This sample was analyzed 

byy 3 methods: -a- an AP assay (two-point, fixed time kinetic Jaffé reaction, Hitachi 717, 

Boehringerr Mannheim, Mannheim, Germany). The assay is based on the formation of an orange-

redd Janovsky complex between creatinine and picrate under alkaline conditions; -b- an enzymatic 

Phenol/4-AminoantiPyrinee (PAP) assay (Hitachi 747, Boehringer Mannheim, Mannheim, 

Germany).. This assay consists of three enzymatic - creatininase - steps and a final chromogen 

couplingg reaction; -c- a HPLC assay, as described by Zwang and Blijenberg [7]. The formula of 

Cockcroftt and Gault (GG) was used for the estimation of GFR from plasma creatinine 

concentrationn [11]: 
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(140-age)) "'body weight 

0.815*plasmaa creatinine [ml/min] 

forr women a correction factor of 0.85 was applied because of a different body composition; age 

iss expressed as years, weight as kg and plasma creatinine concentration as pimol/1. 

Usingg the three plasma creatinine assays in this formula we obtained results of CG^, CGPAP and 

^-GHPLC--

Immediatelyy after taking the blood sample for creatinine determination, GFR and renal 

plasmaa flow (ERPF) were measured during continuous infusion of  125I-iothalamate and 131I-

hippuratee after a loading dose was given. GFR was calculated as the mean urinary clearance of 
125I-iothalamatee of two 2-hour periods after a 2-hour equilibration period as described earlier 

[16,19].. GFR and the CG were corrected for body surface area according to the formula of 

DuBoiss and DuBois [20] and expressed as ml/min/1.73m2. 

200 0 

Figuree 1 Plasma creatinine concentrations 

analyzedd by the alkaline picrate (AP) 

method,, HPLC and an enzymatic PAP-

assay.. The data of each patient are 

connectedd with a drawn line. 
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StatisticalStatistical analysis 

Thee results are given as means  standard deviation (SD). Comparisons were made using two 

wayy ANOVA and the paired Wilcoxon test in case of non-Gaussian distribution. Agreements 

betweenn the various plasma creatinine assays or between GFR and its estimated value were 

analyzedd by the method proposed by Bland and Altman [21]. The accuracy and precision are 

shownn in this type of analysis by relating the difference between two methods in each patient to 

thee mean of the same two methods in the same patient. Whether a trendwise change in the 

differencee is present for increasing mean values can also be analyzed. The limits of agreement can 
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bee expressed as mean + 2SD and mean - 2SD, in which 95% of the values are situated. This 

methodd is preferred to correlation coefficients as in a perfect agreement the points lie along the 

linee of identity instead of any straight (regression) line. 

o o 
«« , 
EE s 
IAA O 

 E o 
o-- * 

APP -HPL C 

- M - ?? «-«, 

400 80 120 160 

Meann of Plasm a Creatinin e (jimol / 

PAPP - HPLC 

' . V \ \ 
-- +6.5 

mean n 

-- -12.7 

400 60 120 160 

Meann of Plasm a Creatinin e (^  mol/l ) 

Figuree 2 Bland and Altman analysis of all 30 patients. In this analysis the difference between two 

methodss is plotted against their mean for each individual patient. This was done for the alkaline picrate 

(AP)) and HPLGcreatinine concentrations (left panel) and for the enzymatic PAP and HPLCcreatinine 

concentrationss (right panel), after cimetidine administration. Mean difference is indicated by a drawn line, 

thee limits of agreement (mean - 2SD and mean +2SD) are indicated by the dashed lines. 

Results s 
Figuree 1 shows the results of the various assays for plasma creatinine concentration. The 

differencee between creatinine results of AP and HPLC was highly significant (P < 0.001). The 

differencee between creatinine results of PAP and HPLC was much smaller, but the PAP value 

wass lower in 24 of 30 patients and therefore statistically significant (P < 0.005). In Figure 2 the 

Blandd and Altman analysis shows a mean difference between plasma creatinine analyzed by AP 

andd by HPLC of 19.0 /miol/1. The limits of agreement were 3.4 and 34.6 /anol/1 . Especially in 

thee lower range of creatinine values the (percentual) difference was large. More agreement was 

foundd between the enzymatic PAP-assay and HPLC (mean difference -3.1 /xmol/1, limits of 

agreementt -12.7 and 6.5 /xmol/1). PAP-creatinine values were lower than HPLC the higher the 

creatininee concentration. 
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Figuree 3 Glomerular filtration rate (GFR) and its estimated value by the Cockcroft-Gault formula (GG) 

afterr cimetidine of all 30 patients in relation to the line of identity. Left panel: GG-estimation using the 

alkalinee picrate (AP) creatinine assay, middle panel: using the enzymatic PAP-analysis; right panel: using 

thee HPLG method. 

Thee data of GFR and its estimated value are shown in Figure 3 in relation to the line of 

identity.. GFR-estimations by CGAP (66 + 19 ml/min/1.73 m2) were significantly different from 

GFRR (89 + 30 ml/min/1.73m2, PO.001), whereas there were no differences between GGPAP (85 

++ 30) or CGHPLC (84  34) and GFR The Bland and Altman analysis of GFR-estimations is 

shownn in Figure 4. The difference between CGAP and GFR was larger the higher the GFR Some 

agreementt between the two methods existed only in the lowest range. The mean difference was -

22.8,, the limits of agreement were -58.8 and 12.6 ml/min/ 1.73m2. A better agreement over the 

wholee range of measurements without any systematic difference was seen between either CGPAP 

orr CGHPLC and GFR The differences were -3.8 ml/min/1.73m2 for CGPAP and GFR and -4.4 

ml/min/1.73m22 for CGHPLC ancl GFR Moreover, the limits of agreement were similar for CGPAP 

(-33.44 and 25.8 ml/min/1.73m2) and CGHPLC (-39.4 and 30.6 ml/min/1.73m2). This means that 

estimationn of GFR by the enzymatic PAP-assay was as good as by HPLG 

Discussion n 

Thiss study has shown that a good estimation of the GFR by the Cockcroft-Gault formula in 

patientss with diabetes mellitus type 2 and a body mass index up to 35 kg/m2 is difficult, but if the 
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plasmaa creatinine concentration was analyzed after cimetidine administration by an enzymatic or 

HPLCC assay the best possible estimation was obtained. We chose patients with plasma creatinine 

concentrationss less than 180 ixmol/l, because the GFR in these patients can range between 

normall  and markedly reduced. Also, in this range the period after administration of cimetidine 

neededd to reach a new steady state of plasma creatinine - without tubular secretion - is less than 

244 hours [16]. 

400 BO 120 160 200 40 80 130 160 200 40 80 120 160 200 

Meann of CG and GFR (ml/min/1.73m3) Mean of CG and GFR (ml/min/1,73m2) Mean of CG and GFR (ml/min/1 -73m1) 

Figuree 4 Bland and Altman analysis of all 30 patients. In this analysis the difference between the CG-

estimationn of GFR after cimetidine and the 12:,I-iothalamate GFR is plotted against the mean value of CG 

andd GFR for each individual patient. Left panel: CG-estimation using the alkaline picrate (AP) creatinine 

assay,, middle panel: using the enzymatic PAP-analysis; right panel: using the FIPLC method. Mean 

differencee is indicated by a drawn line, the limits of agreement (mean - 2SD and mean +2SD) are 

indicatedd by the dashed lines. See Figure 3 for abbrevations. 

AA marked underestimation of GFR occured in the range above 60 ml/min/1.73m2, when 

AP-creatininee values were used in the CG-formula. Consequently, estimation of GFR with this 

proceduree might erroneously suggest a decrease in renal function. This can be an important 

factorr in the clinical management of these patients, for instance, when a renal biopsy is 

considered.. Other authors have also reported underestimation of GFR by the CG-formula using 

ann AP assay in diabetic patients [22,23]. The mean difference of AP-creatinine and FTPLG 

creatininee values in the present study was 19.0 /xmol/1, but the relative difference could increase 
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too 94% when the creatinine concentration was lower. This caused a considerable difference of 

CGAPP and GGHPL O the latter of which represented GFR more accurately. CGPAP and C G ^^ 

weree similar and the mean difference with GFR was small. 

However,, the scatter of the values reflected by the limits of agreement was quite large. Such 

aa scatter is typically shown in a Bland and Altman analysis, where moderate differences with the 

"linee of identity" (zero difference) become more apparent than in a correlation plot. Nevertheless 

GGPAPP and GGHPLC are useful for estimation of GFR, as we have previously shown that 

estimationss based on 24-hour creatinine clearance have an even wider scatter [17]. Because the 

HPLC-assayy is too elaborate for clinical practice, the enzymatic PAP-assay is the preferred 

creatininee analysis for GFR-estimation. 

Inn the literature many studies dealt with the question of GFR-prediction and many formulas 

havee been advocated as being the most accurate [13-17,22-24]. None of these studies mentioned 

thee importance of the creatinine assay employed. The alkaline picrate or (kinetic) Jaffé method is 

stilll  widely used, but is inaccurate despite its modifications [2,3]. This is especially so in the 

creatininee concentration range up to 110 ^mol/1, where impairment of renal function is usually 

nott expected. In this range significant changes in renal function can be reflected by rather small 

changess in plasma creatinine. Yet, the main benefits can be expected from interventions aimed to 

preservee renal function in this group of patients. Especially in diabetic nephropathy, where 

hyperfiltrationn is present in the initial phase, early treatment with ACE-inhibitors and tight 

controll  of blood pressure can slow down deterioration of renal function, both in type 1 and in 

typee 2 diabetes mellitus [25-27]. 

Inn conclusion, GFR-estimation after cimetidine administration using an enzymatic plasma 

creatininee assay and the formula of Cockcroft and Gault leads to good results compared to 

HPLC,, clearly superior to estimations obtained with an alkaline picrate analysis. 
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Abstract t 

Background:: Plasma creatinine can be elevated in diabetic ketoacidosis (DKA), due to ketoacid 

interferencee with the creatinine assay. This has been reported for the alkaline picrate (Jaffé) 

methods.. Enzymatic assays lack this interference, when ketoacids are added to plasma samples in 

thee laboratory. We performed a clinical study comparing enzymatic and alkaline picrate assays 

withh a high performance liquid chromatography (HPLQ method. 

Methods:: Nine patients who experienced 10 episodes of DKA were included in the study. Blood 

sampless were drawn before, during and after standard in-hospital treatment. Plasma creatinine 

wass measured with two dissimilar enzymatic assays (creatininase PAP + and creatinine 

irninohydrolasee Serapak), a kinetic alkaline picrate method (Jaffé) and an HPLC procedure. 

Acetoacetatee and p-hydroxybutyrate were analyzed by enzymatic methods. 

Results:: At presentation, the Jaffé assay gave falsely high values of plasma creatinine (median 99 

/rniol/1),, in contrast to the PAP+ (median 60.5 /^mol/1) and HPLC assays (median 67.5 ^mol/I). 

Thiss positive error decreased during treatment. This was due to a decrease in acetoacetate, as the 

positivee error by the Jaffé method correlated with the acetoacetate concentration (r = 0.79, P < 

0.0001).. In the multiple regression analysis, |3-hydroxybutyrate caused no additional interference 

byy the Jaffé assay, confirmed by in liim experiments. Analysis of agreement showed that the 

differencee between PAP+ and HPLC creatinine was -4.6 + 3.0 /xmol/1 (mean + SD) and 2.0 + 

5.33 pimol/1 between Serapak and HPLG This was statistically significant, but clinically negligible. 

Conclusion:: Aacetoacetate caused severe interference oi the alkaline picrate (Jaffé) assay, which 

mightt influence therapeutic decisions at the start of diabetic ketoacidosis. Enzymatic assays lack 

thiss interference. 
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Introductio n n 
Inn patients presenting with diabetic ketoacidosis (DKA) the plasma creatinine concentration can 

bee elevated due to three causes. First, diabetic patients may have an elevated plasma creatinine 

duee to the presence of diabetic nephropathy. Second, dehydration may develop in the course of 

DKA ,, because of osmotic diuresis of glucose and ketoacids [1]. Finally, interference of ketoacids 

withh the plasma creatinine assay can result in a falsely high plasma creatinine concentration [2-4]. 

Inn acute situations it may be difficult to distinguish these three factors, especially when 

informationn on a previous plasma creatinine concentration is not available. Plasma creatinine is 

oftenn elevated in case of dehydration. This is especially relevant in older patients with moderate 

orr poor cardiac function possibly in combination with impaired renal function, who should be 

rehydratedd carefully, opposed to young patients presenting in a comatose state. 

Inn case of DKA the plasma creatinine concentration is also used as a measure of the 

glomerularr filtration rate. A stable plasma creatinine can be applied for calculation of the 

creatininee clearance, either by using urine creatinine concentration and urine volume per unit of 

timee or in a variety of formulas by estimating urinary creatinine excretion from age, gender and 

bodyy weight [5-9]. In litro^ the alkaline picrate - or Jaffé - method leads to a falsely increased 

plasmaa creatinine value due to non-creatinine chromogens, such as acetoacetate [10]. Protein 

precipitationn and dialysis have been used to decrease these interferences [2,3]. p-Hydroxybutyrate 

hass been reported to cause no interference, while acetone and glucose interfere to a lesser extent 

[2,4,11].. The time dependent or kinetic alkaline picrate method has been advocated as an 

improvementt for interferences, compared to the end point analysis [12-15]. However, even 

negativee interferences induced by acetoacetate have been reported with the kinetic method [16]. 

Enzymaticc methods are likely to have less interference than the alkaline picrate method. 

Automatedd enzymatic creatinine assays were introduced in clinical medicine more than ten years 

ago,, but still are not generally used because of financial reasons [17-20]. The ion-exchange high 

performancee liquid chromatography (HPLQ procedure with ultraviolet detection at 234 nm has 

beenn proposed as a candidate reference method, because results obtained with it are similar to 

thee definitive isotope-dilution mass spectrometry [21,22]. 

Laboratoryy studies, using "spiked" plasma samples i.e. with added acetoacetate, have shown 

thatt the enzymatic assay is not susceptible to acetoacetate interference [17,18,20,23]. However, in 

patientss with DKA who have a variety of metabolic disturbances such as hyperglycaemia and 
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dehydration,, ketoacidosis and sometimes hyperchloraemic acidosis, the accuracy of the 

enzymaticc method is not known. The aim of our study was to investigate the degree of 

interferencee of ketoacids in patients during and after DKA in the clinical situation. Therefore the 

alkalinee pic rate and enzymatic assays were compared with an HPLC method. 

Materiall  and methods 

Patients Patients 

Fromm december 1997 to december 1998 nine patients presenting with 10 episodes of DKA to the 

Departmentt of Medicine, Academic Medical Center, Amsterdam were included in the study. 

Meann age was 36 years, four patients were male. Two patients had de now diabetes, three patients 

weree treated with a subcutaneous insulin pump, the other four with a combination of long-acting 

insulinn at bedtime and regular insulin before meals. Proteinuria was absent in these patients. 

Nonee of the patients was jaundiced or treated with cephalosporins. The diagnosis of DKA was 

madee in diabetic patients when the following two conditions were present: 1. a high anion gap (> 

200 mmol/1) metabolic acidosis or an arterial bicarbonate < 17 mmol/1 and 2. a positive Ketostick 

inn the urine. The patients were treated according to a standard in-hospital protocol with 

intravenouss fluids and insulin until normovolaemia and normoglycaemia without acidosis were 

reached. . 

Studypratacol Studypratacol 

Att presentation one arterial and two venous heparinized blood samples were drawn. One 

sodiumfluoridee coated tube was drawn for analysis of ketoacids and put on ice immediately. 

Ketostickk and Albustick (Boehringer Mannheim, Mannheim, Germany) analysis of the urine was 

performed.. The collection of blood samples was repeated at 1, 3 and 6 hours after the start of 

treatment,, and later untill correction of DKA had been obtained. In all patients one extra 

samplingg was done 24 hours after correction of ketoacidosis. The study was approved by the 

comitteee of Medical Ethics of the Academic Medical Center, Amsterdam. Patients were asked to 

participatee in the study within 24 hours after presentation. All patients gave written informed 

consent. . 
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LaboratoryLaboratory rretbods 

Creatininee was analyzed immediately in heparinized plasma on a Hitachi 747 with the enzymatic 

PAP++ assay (Phenol/4-AminoantiPyrine, Boehringer Mannheim, Mannheim, Germany). This 

assayy consists of three enzymatic steps starting with creatininase and a final chromogen coupling 

reaction.. Heparinized plasma was also stored at -20°C and analyzed later by three methods: 

-1-- The modified or kinetic alkaline picrate - Jaffé - method (Synchron CX3 analyzer, Beekman, 

U.S.A.).. The assay is based on the formation of an orange-red Janovsky complex between 

creatininee and picrate under alkaline conditions. The time between introduction of sample and 

startt of reaction rate absorbance measurement was 25.6 seconds. This is relevant as this lag time 

partlyy determines the magnitude of interference. 

-2-- A second enzymatic creatinine Serapak assay (Bayer, Tarrytown, USA) on a Beekman 

Synchronn CX-4 analyzer. In this assay the enzymatic step is creatinine iminohydrolase. 

-3-- An HPLC method after sample ultrafiltration as described by Zwang and Bleijenberg [24]. 

Acetoacetatee and f5-hydroxybutyrate were measured with enzymatic assays (Boehringer 

Mannheim,, Mannheim, Germany). Prior to measurement these samples were deproteinized 

withinn 10 minutes after venapuncture with a 1:1 mixture of fluoride plasma and 0.1 N 

perchloraceticc acid and stored at -20 °C for three to ten days. In the arterial blood sample pH and 

PQ-,22 were measured on a blood-gas analyzer (Bayer Diagnostics, Rapid Lab, model nr. 865, 

Mijdrecht,, The Netherlands) and the bicarbonate concentration was calculated with the 

Henderson-Hasselbachh equation. Chloride, urea (Boehringer Mannheim) and glucose (Merck art. 

nr.. 1.12194, Darmstadt, Germany) were analyzed in heparinized plasma on a Hitachi 747. The 

anionn gap was calculated as plasma [Na+HQ"HHC03" ] (normal value in our laboratory: 5.5 - 10 

mmol/I).. Plasma osmolality was calculated as 2 x plasma [Na+] + [glucose] + [urea] and 

expressedd as mOsmol/kg. Plasma concentration units are given in mmol/1, except for creatinine 

(/amol/1).. We also performed an in iztm experiment, in which an increasing concentration of 

acetoacetatee and p-hydroxybutyrate was added to an aquous solution of creatinine (100 /xmol/l). 

Inn this way the in vtro interference of the alkaline picrate assay was tested. 

StatisticalStatistical analysis 

Dataa are expressed as means  SD unless stated otherwise. Statistical analysis was performed 

usingg SPSS for Windows, release 7.5. A difference with P <0.05 was considered to be significant. 

Thee differences between either two enzymatic or alkaline picrate assays and the HPLG method 
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weree tested with the paired t-test. These differences were compared with the ketoacid 

concentrationn in a correlation plot. A linear mixed model was performed in SAS, release 6.12, to 

analysee this correlation for separate patients and the group as a whole. Multiple regression 

analysiss was performed to detect whether, besides acetoacetate, |3-hydroxybutyrate or glucose 

wouldd also contribute to the differences between the alkaline picrate and HPLC creatinine 

concentration.. This was done by stepwise forward selection starting with acetoacetate. Analysis 

off  agreement according to Bland and Altman was done for comparison of the two enzymatic and 

HPLGassayss [25]. 

Tablee 1 Laboratory investigations (median and range) during treatment of DKA (n = 10). Time 0 shows 

thee values at presentation, time >24 the values 24 hours after correction of ketoacidosis. p-OH-butyrate 

== |3-hydroxybutyrate. 

Treatmentt time 
(hours) ) 

PH H 

anionn gap 
(mmol/1) ) 

acetoacetate e 
(mmol/1) ) 

p-OH-butyrate e 
(mmol/1) ) 

glucose e 
(mmol/1) ) 

osmolality y 
(mOsmol/kg) ) 

0 0 

7.24 4 
(7.11-7.33) ) 

28 8 
(18-33) ) 

3.4 4 
(1.3-5.1) ) 

5.1 1 
(2.7-7.7) ) 

27 7 
(13-56) ) 

301 1 
(281-406) ) 

1 1 

7.26 6 
(7.10-7.36) ) 

22 2 
(13-28) ) 

2.2 2 
(1.1-3.6) ) 

3.4 4 
(1.8-6.4) ) 

16 6 
(5-50) ) 

295 5 
(278-398) ) 

3 3 

7.31 1 
(7.12-7.38) ) 

15 5 
(8-22) ) 

1.7 7 
(0.2-3.0) ) 

2.6 6 
(0.5-4.5) ) 

12 2 
(2-43) ) 

298 8 
(278-397) ) 

6 6 

7.35 5 
(7.19-7.39) ) 

12 2 
(7-20) ) 

1.0 0 
(0.0-1.5) ) 

1.3 3 
(0.0-3.1) ) 

12 2 
(7-38) ) 

284 4 
(270-395) ) 

>24 4 

7.40 0 
(7.39-7.40) ) 

6 6 
(0-8) ) 

0.2 2 
(0.0-0.5) ) 

0.3 3 
(0.0-1.1) ) 

12 2 
(6-30) ) 

292 2 
(276-347) ) 

Results s 
Thee results of laboratory investigations before and during the treatment of 10 episodes of DKA 

aree given in Table 1. The time course of the plasma creatinine concentration for the three 

differentt methods is shown in Figure 1. The alkaline picrate assay (jaffé) gave falsely high values 

off  plasma creatinine, in contrast to both the enzymatic PAP+ and HPLC method especially in 

thee first few hours of DKA . The median positive error of the Jaffé assay at the start of treatment 
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Figur ee 1 Box and whisker-plots of the plasma creatinine concentration during treatment. The alkaline 

picratee Qaffé) assay is compared with the enzymatic PAP+ assay (upper panel) and with the HPLC 

methodd (lower panel). Treatment time 0 shows the values at presentation, time >24 the values 24 hours 

afterr correction of the ketoacidosis. The box represents the 25lh and 75lh percentile, the line within is the 

mediann value. Also the 10th and 90th percentile whiskers are given. 

wass 64 % compared to the enzymatic P A P+ and 47 % compared to the H P LC method (P < 

0.0001).. The median enzymatic P A P+ and H P LC creatinine concentrations decreased only 

slightlyy during correction of the ketoacidosis (12 and 14.5 ^mol / l ). This was in contrast to the 

mediann Jaffé creatinine, which decreased from 99 to 62 fimol/1 (P = 0.001 and P < 0.001 for the 

differencee in decrease). 

++ 1.4 

mean n 
 10.6 

600 100 140 180 220 

Meann of plasma creatinine ( umol/l) 

Figur ee 2 Analysis of agreement according to Bland 

andd Altman [25]. In this analysis the difference 

betweenn two assays is plotted against their mean for 

eachh plasma sample. This was done for the 

enzymaticc PAP+ and HPLC assays. The mean 

differencee is indicated by a drawn line, the limits of 

agreementt (mean - 2SD and mean +2SD) are 

indicatedd by the dashed lines. 
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Figur ee 3 The relationship between the difference 

off  the alkaline picrate (Jaffé) and the HPLC 

creatininee values against the acetoacetate 

concentrationn : r = 0.79, P < 0.0001; the 

absencee of a relationship between the difference of 

thee enzymatic PAP+ and the HPLC creatinine 

valuess against the acetoacetate concentration (A) : r 

== -0.01, N.S. The dashed line indicates zero 

differencee between two assays. 

Analysiss of agreement between the enzymatic PAP+ and H P LC creatinine concentrations is 

shownn in Figure 2. The difference between the two methods was -4.6  3.0 /^mol/1 (P < 0.001) 

andd was stable over the whole range of plasma creatinine. The mean difference between the 

enzymaticc Serapak and H P LC was 2.0 + 5.3 ^mol /1 (P = 0.012, not shown) over the whole 

range.. To analyze whether the positive error of plasma creatinine by the Jaffé assay was due to 

acetoacetate,, the differences between either Jaffé or enzymatic P A P+ creatinine and the HPLC 

creatininee concentrations were plotted against the acetoacetate concentration (Figure 3). A 

markedd correlation was found between the positive error by the Jaffé assay and the acetoacetate 

concentrat ionn (r = 0.79, P < 0.0001), whereas the enzymatic P A P+ assay did not show this 

relationshipp (r= -0.01). This was also true for the enzymatic Serapak assay (r= -0.11, not shown). 

Tablee 2 Results of forward stepwise multiple regression analysis (50 plasma samples). Dependent 

variable:: Jaffé creatinine concentration minus HPLC creatinine concentration. (3-OH-butyrate = fi-

hydroxybutyrate;; SE(B) = standard error of the B-coefficient. 

Variable e B-coefficient t SE(B) ) P-P- value 

Constant t 

Acetoacetatee (mmol/l) 

(3-OH-butyratee (mmol/l) 

Glucosee (mmol/l) 

8.2 2 

6.3 3 

-0.1 1 

0.4 4 

2.0 0 

2.1 1 

1.3 3 

0.1 1 

<< 0.001 

0.004 4 

0.949 9 

0.001 1 
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Tablee 3 The in vtro influence 

creatininee assay. Thee ketoacids 

creatininee (100 nmol/I). 

acetoacetate e 

p-OH-butyrate e 

off  acetoacetate and d 

aree dissolved with 

fS-hydroxybutyratee on the alkaline picrate 

increasingg concentrations 

Differencess in the plasma creatinine concentration determin 

Concentrationn of acetoacetate and p-hydroxy(=OH)butyrate 

0 0 

0 0 

0 0 

2.5 5 

13 3 

0 0 

5.0 0 

24 4 

0 0 

7.5 5 

35 5 

0 0 

 Jaffé -

inn an aquous solution of 

itionn (^imol/I) 

(mmol/1) ) 

10.0 0 

45 5 

2 2 

AA correlation was also present when the differences in plasma creatinine were plotted against the 

p-hydroxybutyratee concentration (r = 0.75, P <0.0001 for the Jaffé assay, not shown). However, 

multiplee regression analysis showed that besides acetoacetate, only glucose but not (3-

hydroxybutyratee contributed to the positive error by the Jaffé assay. The B-coefficients are given 

inn table 2. It is shown that without the influence of acetoacetate and glucose the Jaffé assay led to 

aa falsely increased value of plasma creatinine of 8.2 /xmol/1, compared to the HPLC method. 

Eachh mmol/1 of acetoacetate caused an additional increase of 6.3 ^mol/1 and each mmol/1 of 

glucosee an additional increase of 0.4 /xmol/1. When p-hydroxybutyrate was removed from the 

analysis,, the standard error of the B-coefficient of acetoacetate and Avalue decreased (SE (B) = 

0.9,, P < 0.001). The in xitm experiment showed that f3-hydroxybutyrate did not interfere with the 

Jafféé assay up to a concentration of 7.5 mmol/1, whereas 1 mmol/1 acetoacetate led to an 

increasee of plasma creatinine of 4.5 to 5.2 jxmol/1 (Table 3). 

Discussion n 
Thee purpose of this study was to analyse the clinical importance of the interference of ketoacids 

withh various plasma creatinine assays during an episode of DKA . In the literature, most studies 

investigatingg ketoacid interference were done in ixtro using samples with addition of ketoacids to 

patientt plasma or serum, sometimes in high doses not encountered in clinical DKA . Our study 

showedd that two enzymatic assays - analyzing plasma creatinine in dissimilar enzymatic steps -

weree similar to the HPLGassay at all stages of DKA. The creatininase PAP+ assay gave lower 

valuesvalues than the HPLC method (mean negative error 5 ^mol/1), while the mean creatinine 

iminohydrolasee Serapak assay gave higher values than HPLC (mean positive error 2 /xmol/1). 

101 1 



Chapterr 6 

Althoughh these errors were statistically significant, they were negligible from a clinical point of 

view.. Also, the variability of the differences between enzymatic and HPLC values was small. 

Thiss is in contrast to the widely used kinetic alkaline picrate or Jaffé method, which led to 

falselyy increased values of approximately 50 % at presentation, compared to HPLC For instance, 

thiss led to a plasma creatinine concentration of 152 ^mol/L (Jaffé) instead of 107 ^mol/1 

(HPLC)) or 102 ^mol/1 (PAP+) in a severely dehydrated female patient, who had an HPLC 

creatininee of 51 /xmol/1 after correction of the ketoacidosis and hydration status. In a 

normovolaemicc female patient, the positive error was even more pronounced: 75 ptmol/1 (Jaffé) 

versuss 40 fimoVl (HPLQ or 37 /xmol/1 (PAP+), whereas the final HPLC creatinine was only 

slightlyy lower (34 ^mol/1). These examples show that the falsely increased values of plasma 

creatininee using the alkaline picrate (Jaffé) method could have influenced the therapeutic 

prescriptionn in these patients at presentation. 

Previouss laboratory studies have shown the inaccuracy of the alkaline picrate assay in the 

presencee of acetoacetate [2-4]. Most of them were published in the 1970s, before the 

introductionn of kinetic modifications of this assay. Later, studies on the kinetic assay showed 

contradictoryy results of acetoacetate interference, probably due to the different lag-times between 

additionn of the last reagent and the absorbance measurement of creatinine concentration [11-

17,23,26].. The enzymatic assay was shown not to have any interference from acetoacetate 

[17,18,20,23].. However, the majority of these studies were performed in zitm using "spiked" 

samples,, i.e. with acetoacetate added in a fixed concentration. In clinical studies a surrogate 

markerr for acetoacetate, the anion gap or Ketostick analysis of plasma, was used [4,13,17]. In the 

presentt study patient samples were analyzed taken during clinical DKA in patients without 

diabeticc nephropathy. The concentrations of acetoacetate and possible other interfering 

compoundss were beforehand unknown, whereas bilirubin and cephalosporins were excluded as 

interferingg substances. The new generation kinetic alkaline picrate assay showed a relevant 

positivee interference, compared to the HPLC method, which did not occur with two enzymatic 

assays.. This interference was clearly correlated to the acetoacetate concentration. At presentation 

off  DKA , the range of acetoacetate concentration was 1.3 to 5.1 mmol/1 and 3.6 and 3.9 mmol/1 

inn the two mentioned examples. The interference was greater than expected from laboratory 

studiess using "spiked" samples up to 20 mmol/1 acetoacetate and from our own in iitm 

experimentt [17,18,20,23]. This can be due to acetone in the patient sample. Acetone was not 

measured,, due to its volatile nature and the difficulty to analyse it at presentation. The multiple 
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regressionn analysis showed that (3-hydroxybutyrate did not cause the positive error and that 

glucosee had influence only in very high concentrations. The in ixtm experiment also showed no 

interferencee of p-hydroxybutyrate. This is in accordance with earlier laboratory studies in which 

p-hydroxybutyratee did not cause interference in the alkaline picrate method [2,4,11]. One 

laboratoryy study showed that each mmol/1 of glucose caused a positive error of 0.3 to 0.4 /rniol/1 

off  creatinine, which is similar to the estimation in our multivariate analysis [23]. 

Thee present study was restricted to patients with clinical DKA . They comprise a minority of 

hospitall  admissions. However, Gerard et al. performed a three-month survey study in which they 

identifiedd 50 ketotic patients, almost 5 % of all hospital admissions to the medical department 

[17].. Diabetes mellitus was the single cause in 20 of them, another 23 where due to ethanol abuse 

(88 of them had diabetes) and 9 patients were ketotic because of malnutrition in a severe or 

terminall  illness. Plasma creatinine was analyzed with the enzymatic Kodak Ektachem 400 assay 

andd with the alkaline picrate method on Beekman or Technicon Instruments. The mean positive 

errorr of the alkaline picrate assay was 124 /imol/1 with a range of 35 to 389 jxmol/1, in 

comparisonn to the enzymatic plasma creatinine assay. No reference method was used. This study 

illustratess that ketosis is not uncommon in clinical practice and that almost half of the cases are 

nott due to diabetes mellitus. The latter cases will be overlooked, even if the clinician is aware of 

interferencee due to DKA . It is likely that most clinicians are not aware of this interference as the 

latestt report in a clinical journal was in 1984 [14]. 

Inn conclusion, clinical DKA interferes with a kinetic alkaline picrate assay and not with two 

differentt enzymatic plasma creatinine assays, compared with HPLC The magnitude of this 

interferencee can influence the interpretation of the clinical situation in a patient with DKA, 

whichh in turn can be important for the management of an episode of DKA . The falsely increased 

valuess of the plasma creatinine concentration analyzed with the alkaline picrate assay during 

DKAA are correlated to the acetoacetate concentration, whereas p-hydroxybutyrate causes no 

additionall  positive error. 
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Abstract t 

Measurementt of the glomerular filtration rate (GFR) is important for assessment of the severity 

off  renal disease or renal involvement of systemic disease. The reference method for measurement 

off  the GFR is the bladder clearance of continuously infused inulin, as described by Homer Smith. 

However,, bladder catheterization and continuous infusion are inconvenient for patients and the 

determinationn of inulin is cumbersome. Therefore, several other methods for measurement of 

thee GFR have been developed and the pro's and con's have been described in this article. These 

methodss can be divided in urinary clearance and plasma clearance methods after either 

continuouss infusion, intravenous bolus injection or subcutaneous administration of inulin, 

radioactivee tracers or iodinated contrast agents. Plasma clearance methods have the disadvantage 

off  extrarenal clearance, intravenous bolus injections are hampered by the difficulty of obtaining 

equilibriumm between plasma and interstitial fluid. After subcutaneous administration stable 

plasmaa concentrations will not be reached in all patients. Even during continuous infusion of a 

tracerr stable plasma concentrations are not reached, because of the circadian rhythm of GFR 

Thiss review analyzes the weak points of the various GFR methods and describes a method using 

correctionn for inaccurate urine collection and for varying plasma concentrations, that can be 

appliedd in clinical practice. 
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Introductio n n 

Assessmentt of the glomerular filtration rate (GFR) is important for clinical management and 

therapeuticc trials in patients with renal diseases. Most often an approximation of the GFR is 

obtainedd using the endogenous creatinine clearance, either measured in a timed urine sample or 

assessedd by a formula or nomogram incorporating plasma creatinine. However, GFR is 

overestimatedd by the creatinine clearance due to tubular secretion of creatinine, especially in 

patientss with proteinuric glomerular disorders [1,2]. 

Thee ideal marker to measure GFR should meet the following criteria: it is a low molecular 

weightt solute, unbound to plasma proteins and thus freely filterable in the glomerulus; it is 

neitherr secreted nor reabsorbed by the tubules and neither stored, synthesized nor metabolized 

byy the kidney, it is inert, non-toxic and does not affect renal function; it yields a constant 

clearancee over a wide range of plasma concentrations, and plasma and urine concentrations can 

bee determined accurately [3-5]. Inulin is a fructose polymer derived from natural sources, with an 

approximatee molecular weight (MW) of 5200 Dalton (D). It meets all criteria, only trace amounts 

mayy be secreted into the bile [3]. However, accurate measurement in the laboratory is 

cumbersome.. Therefore, several other substances for GFR-determination have been developed: 

radioactivee tracers such as 51Cr-EDTA (MW 292 D), 125I-iothalamate (614 D) and WmTc-DTPA 

(3933 D, with a short isotopic half-life of only 6 hours). The use of iodinated contrast agents such 

ass diatrizoate and iohexol has also been described [6,7]. 

Measurementt of GFR with these markers is not without technical problems. First, 

inadequatee urine collections obtained by spontaneous voiding will lead to an inaccurate GFR-

calculation,, when a renal clearance is measured. Second, when a plasmt clearance is calculated, 

GFRR will be overestimated due to the extrarenal clearance of the tracer. Third, it takes time for 

thee tracer to penetrate the whole volume of distribution, before a steady state plasma 

concentrationn can be obtained. This is in part dependent on the molecular weight of the tracer. 

Andd fourth, it should be realized that during continuous infusion of a tracer a steady state can 

nott be reached, because of the circadian rhythm of GFR 
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Administrationn of the tracer and clearance measurement 
Onee way to administer a tracer is by continuous infusion. Tne renal or immry clearance of 

continuouslyy infused inulin after an oral water load, described by Homer Smith and generally 

acceptedd as the reference method for GFR-measurement, is calculated with the formula 

(Formulaa 1, Standard Method or StM) 

wheree U = the inulin concentration in urine, V = the urine flow rate per unit time, determined by 

bladderr catheterization and P = the inulin concentration in plasma [8], The urinary clearance of 

thee radiotracer 125I-iothalamate, administered by continous infusion, is in close agreement with 

thatt of inulin [9]. 

Becausee accurate urine collections are sometimes difficult to obtain without bladder 

catheterization,, the infusion-equilibrium technique has been developed by Earle and Berliner 

[10].. This technique is based on the assumption that in a steady state of plasma tracer 

concentrationn the amount of infused tracer (I*V ) is equal to the amount of excreted tracer (U*V) , 

wheree I = infusate concentration and V = infusion rate. The product I*V can replace LP;"V to 

obtainn the plasrm or irfusate clearance of a continuously infused tracer: 

r:-v v 
PP (Formula 2, Constant Infusion Method or QM) 

Bergerr et al. reported good agreement between QM and StM in normal subjects in the absence 

off  edema [11]. However, the QM or vnfusate clearance is less accurate than the StM or urinary 

clearancee because of difficulties to obtain constant plasma tracer concentrations [12], slow 

penetrationn into the less permeable components of the extracellular fluid compartment [13], and 

somee extrarenal clearance of tracers. The QM-clearance of  125I-iothalamate overestimated the 

StM-clearancee by 5 ml/min in 40 renal patients with a StM-clearance ranging from 12 to 140 

ml/min,, especially in the low range [14]. In 25 renal patients the mean QM-clearance of inulin 

wass 53.8 ml/min/1.73m2 and the mean StM-clearance 48.3 ml/min/ 1.73m2; the overestimation 

rangedd from 0 to 10 ml/min/ 1.73m2 and was similar over the whole GFR-range [15]. 
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Anotherr way of tracer administration is by single shot intravenous bolus injection. It was first 

introducedd by Alving and Miller and avoided the inconvenience of continuous infusion [16]. The 

plasmaa decay curve showed two exponential components: the first rapid decrease represented 

inulinn movement into the interstitial space, the second slower decrease represented loss from the 

entiree extracellular space by glomerular filtration [17]. Both urinary and plasma, clearance 

techniquess have been developed using bolus injections of inulin, 51Cr-EDTA or "mTc-DTPA 

[3,18,19]. . 

Fromm a single intravenous injection the urinary clearance has been measured. The drawbacks 

off  this approach have been summarized by Homer Smith [3]: (1) true equilibrium between 

plasmaa and interstitial fluid occurs at only one moment after injection; (2) tracer concentrations 

inn peripheral venous blood are higher than those in mixed venous blood and therefore also in 

renall  arterial blood, because the mixed venous blood is diluted by the renal venous blood. The 

tooo high peripheral venous blood concentration falsely lowers the clearance measurement; (3) the 

transitt time of urine from kidney to bladder makes it difficult to choose an appropriate midpoint 

plasmaa tracer concentration from a falling curve. According to Perrone et al. the urinary clearance 

off  "mTc-DTPA after a single shot overestimated GFR, measured by the StM inulin clearance, by 

approximatelyy 10 % in normal subjects [20]. 

Afterr a single intravenous bolus injection the plasrm clearance has also been calculated from 

onee or more plasma samples, drawn during the second part of the plasma decay curve. This 

methodd has been used in studies on progression of diabetic nephropathy in Europe [21,22]. 

However,, the decay curve is not only caused by renal clearance, but also by extrarenal clearance 

andd by penetration of tracer into the whole volume of distribution. Consequently, the plasrm 

clearancee overestimates the urinary clearance after a bolus injection of "mTc-DTPA, 51Cr-EDTA 

orr inulin by 6 to 8 ml/min in patients with renal impairment [23], and even more in patients 

withoutt renal impairment [24]. 

Anotherr way to administer a tracer is by a single subcutaneous injection. This technique has 

beenn developed for measurement of the urinary clearance of  125I-iothalamate. It was administered 

eitherr with epinephrine in the deltoid area to ensure slow release from the subcutaneous tissue or 

withoutt epinephrine [25,26] A stable plasma l25I-iothalamate concentration was observed in all 

patientss with administration of epinephrine, whereas a decrease was seen in patients without 

epinephrinee and normal or mildly impaired renal function. Despite this, the 125I-iothalamate 

clearancee correlated well with the StM inulin clearance. Urine samples were obtained by 

111 1 



Appendix x 

spontaneouss voiding. The method without administration of epinephrine has been used in 

clinicall  trials in the United States of America [27,28]. 

Thee day-to-day variability of a GFR-measurement is important, when GFR is used for 

follow-upp of a renal disease or after an intervention. For example, the coefficient of variation 

(CV)) of GFR, measured as the urinary clearance of subcutaneously administered 125I-iothalamate, 

hass been reported to be 6.3-16.6 % [20,27,28]. This is high, because the critical difference 

betweenn two measurements is 2! '/[(CV1)
2 +{CV]} 2]  or 18-47 % [29]. The accuracy and precision 

off  the GFR, measured by the urinary clearance of a continuously infused tracer, can be improved 

usingg two corrections: (1) a correction for inaccurate urine collections during the clearance 

studies,, in case no bladder catheterization is performed and (2) a correction for a changing 

plasmaa tracer concentration. In the next two paragraphs we will describe these corrections in 

detail. . 

Correctionn for inaccurate urine collections 

AA method to correct for inaccurate urine collections has been described by Donker et al. [14]. 

Theyy studied 72 patients who were able to collect their urine satisfactorily without 

catheterization.. The clearance of  125I-iothalamate (IOT) during continuous infusion was used for 

measurementt of GFR and that of  131I-hippuran (IOH) for the effective renal plasma flow. The 

clearancee was calculated as the mean value of two 2-hour clearance periods after 2 hours of 

equilibration.. Two-hour urine collection periods minimize the problem of 'dead space', due to 

thee transit time of urine from the kidneys to the bladder. It was found that the irtfusate clearance 

off  IOH (I*V/ P or OM) was equal to the urinary clearance (U*V/ P or StM), in 40 patients with 

ann IOH clearance above 100 ml/ min. This was most likely caused by rapid movement of IOH 

intoo its volume of distribution, the presence of stable plasma concentrations after 2 hours of 

continuouss infusion and the absence of extrarenal clearance. Therefore, errors in urine collection 

couldd be corrected by dividing the kfasate clearance (I*V/P) of IOH by the unnary clearance 

(U*V/P)) of IOH, or simplified by 

W V i i 
UOH* V UU (Formula 3, Urine Correction Factor) 

112 2 



Refinementt of GFR-measurement 

wheree I IOH = the concentration of IOH in the infusate or counts per minute per ml of infusate, 

V,, = the infusion rate, UIOH = the concentration of IOH in urine or counts per minute per ml of 

urinee and Vv = the urine flow rate during a clearance period. The infusate clearance of IOT was 

higherr than the urinary clearance, probably due to extrarenal clearance and/or slow distribution. 

Thee urine correction factor can be multiplied with the urinary clearance of IOT (U*V/P) to 

obtainn a GFR-measurement that is free from urine collection errors and extrarenal clearance. We 

studiedd 24 renal transplant patients performing 48 two-hour clearance periods. In one-third of 

thesee periods the inaccuracy in urine collection was more than 10 % (unpublished data). 

Repeatedd measurements of the GFR using this urine correction method showed a day-to-day 

variabilityy of only 2.2 % in 28 patients with an IOH clearance of 200 to 600 ml/min [14]. This 

hass important implications for the follow-up of GFR, Since the coefficient of variation is 2.2 %, 

thee critical difference between two GFR-measurements is only 6 %, much better than the 

abovementionedd value of 18-47% observed when correction for inaccurate urine collections was 

nott used. In a study on long-term slope calculations of GFR-changes, using the same clearance 

techniquess as Donker et al.( the intratest coefficient of variation between two clearance periods 

wass found to be 1.9 % for the urine correction method and 8.5 % for the standard method [30]. 

Thee intenest coefficient of variation between two GFR-measurements was 2.9 % for the urine 

correctionn method and 5.1 % without this correction. Consequently, the precision of the GFR-

slopee was significantly better with the urine correction method compared to the standard 

method.. This is important for both individual patients and for study purposes. The urine 

correctionn method reduced the necessary sample size needed to detect a GFR-slope difference 

betweenn interventions with 70 % [30]. 

Correctionn for varying plasma tracer concentrations 
Thee plasma tracer concentration is often regarded as stable during continuous infusion, but this is 

nott correct [12,15]. The tracer infusion rate is estimated from the endogenous creatinine 

clearance,, either measured or assessed by a formula based on age, gender, body weight and 

plasmaa creatinine concentration [31]. Incorrect estimations of the real GFR will lead to a gradual 

increasee or decrease of the tracer concentration during continous infusion. Even when the 

infusionn rate is correct, plasma concentrations will fluctuate due to the circadian rhythm of GFR, 

whichh has a mean day-night difference of 20 to 33 % both in normal individuals and in patients 

withh nephrotic syndrome [2,17,32,33]. The maximum GFR is usually reached between noon and 
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44 P.M., but the time of maximum GFR varies between individuals. The effective renal plasma 

floww has a circadian rhythm with a mean day-night difference of 25 to 35 %, and a maximum 

valuee between 2.30 and 8 P.M. This leads to a systematic trend of the plasma tracer 

concentrations,, downward before noon and upward in the evening. 

Ann increase in plasma tracer concentration indicates that part of the infused tracer 

accumulatess in the volume of distribution and thus in blood, rather than in the urine. As a 

consequence,, the QM infusate clearance is higher than the real GFR [15,32], Conversely, a 

decreasee will cause a lower QM clearance, compared to the real GFR. Consequently, a correction 

iss necessary for increasing or decreasing plasma tracer concentrations. For IOH the irfusate 

clearance,, which equals the urinary clearance, is calculated as P:'V/P. The amount of increased or 

decreasedd body tracer content can be calculated by the plasma concentration difference 

multipliedd with the volume of distribution (Vd) of the tracer. This amount should be subtracted 

orr added to I*V . This gives a new equation: 

I»VV +(P0-Pe)*Vd 

PP (Formula 4, Modified QM) 

wheree P0 = the plasma tracer concentration at the beginning of a clearance period, Pe = the 

plasmaa tracer concentration at the end of a clearance period, and P = the arithmic mean of P0 

andd P ; Vd for IOH is the extracellular volume or 25 % of the body weight [31]. We compared 

thee IOH clearance with and without the correction for changing plasma tracer concentrations in 

244 renal transplant patients. The median difference between the two was 5 % and in six of the 

patientss it was more than 10 %, up to 35 % difference (unpublished data). 

Fromm the Modified QM the urinary clearance of IOT can be calculated using a modifcation 

off  the correction factor for inaccuracies in urine collection: 

I10H
i:'V.. -KPo-Pe)*Vd 

UIOH"" Vu (Formula 5, Modified Correction Factor) 

Thiss factor has to be multiplied with the tmnary clearance of IOT to obtain a GFR-measurement 

thatt lacks errors for urine collection, extrarenal clearance, and changing plasma tracer 

concentrations.. Using all corrections described above a GFR formula can be composed: 
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GFRR = 

Modifiedd OM,, 

StM,nH H StMI( ( 

GFRR = 

I10H*V ,, +(P0-Pe)stVd 

Uin„*V , , 

UirTr*V , , 

GFRR = 

I.OH^Vll  +(Po-Pe)*V<* 

LU/V T T T 

UnT!:"V, , 

(Formulaa 6, Urinary IOT-clearance 

afterr correction for inaccurate 

urinee collections and for varying 

plasmaa tracer concentrations) 

Conclusions s 
Thee various ways of GFR-measurement using different tracers and techniques have been 

discussed.. The pro's and con's of these methods have been described: methods are either 

accuratee but laborious and time consuming or less laborious but also less accurate. It follows 

fromm the discussed evidence that an accurate and clinically achievable method for the 

measurementt of GFR without bladder catheterization is obtained using the urinary clearance of 

continuouslyy infused 125I-iothalamate, provided that 131I-hippuran is administered simultaneously. 

Thiss allows the necessary correction for inadequate urine collections and for changing plasma 

concentrations.. The method can be used for clinical purposes and for intervention studies, 

reducingg the number of patients to treat for the detection of a change in GFR-slope. 
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Predictionn of GFR from the Cocke roft-Gault formula 
Thee formula of Cockcroft and Gault [1] after inhibition of tubular creatinine secretion by 

administrationn of cimetidine (GGCJ has been demonstrated to approximate the glomerular 

filtrationn rate (GFR), provided that an enzymatic plasma creatinine assay is used. This has been 

shownn for patients with type 2 diabetes mellitus, for follow-up of these patients and for renal 

transplantt recipients. The accuracy or bias, that is the mean difference between CGcim and the 

GFRR of the patients, was good. There was a non-significant bias for the diabetic patients, -3.4 

ml/min/1.73m22 and -0.2 ml/min/1.73m2 at follow-up. The bias for allograft recipients was 4.9 

ml/min// 1.73m2, far less than the bias of the endogenous creatinine clearance based on 24-hour 

urinee collections (23.8 ml/min/1.73m-1). The precision, that is the standard deviation of the 

differencee between GGcim and GFR or the inter-individual variability around the mean difference, 

waswas moderate but definitely better than the precision of the endogenous creatinine clearance. For 

thee type 2 diabetic patients the precision of CGcim was 14.8 ml/min/1.73m2 versus 23.1 

ml/min/1.73m22 for the creatinine clearance. In the renal transplant patients, with a lower GFR, 

thee precision was 9.0 ml/min/1.73m2 for GGcim and 14.5 ml/min/ 1.73m2 for the creatinine 

clearance. . 

Inn diabetic patients there was zero bias (chapter 2), but the precision was less good than in 

patientss with renal disease [2]. We hypothesized that this might be due to a larger variability in 

thee relationship between body weight and muscle mass than in non-diabetic patients, due to the 

frequentt presence of a varying degree of obesity. However, this relationship might be fairly 

constantt in an individual patient. During follow-up of individual patients this would give to a 

certainn extent a systematic error. Therefore, we studied after an interval of two years, whether 

thee intra-individual variability of GGGm was smaller than the inter-individual variability in the 

diabeticc patients (Chapter 3). The study showed that this was the case. Also, the changes of 

CGGmm were similar to the changes in GFR, although not identical. In renal transplant recipients 

GFRR was lower than in the type 2 diabetic patients. Therefore a relatively higher amount of 

tubularr creatinine secretion could be expected [3,4], which in turn might not have been inhibited 

completelyy by the same dose of cimetidine [5]. There was a small positive bias of CGGm in these 

patients,, especially in patients with a GFR below 40 ml/min/ 1.73m2, but the bias of the 

endogenouss creatinine clearance without cimetidine was five times larger. 
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Otherr  GFR-prediction formulas 
Onlyy the formula of Cockcroft and Gault has been used in this thesis. No attempt was 

undertakenn to construct a new formula from our results, because the study population was 

relativelyy small. Other formulas, incorporating plasma creatinine and other variables, have been 

describedd for GFR-estimation. Large patient groups are necessary to derive a formula from 

multiplee regression analysis. Preferably a second population is studied to assess the 

reproducibilityy of the formula, before it can be advocated in clinical practice. Three formulas 

havee been described in the literature in studies for patients with advanced renal failure (n = 85), 

forr african americans (n = 193) and for elderly patients (n =41) [6-8]. These formulas have not 

beenn validated in a test population and have not been used often in clinical practice. 

Thee Modification of Diet in Renal Disease (MDRD) study was a large scale clinical trial to 

assesss the effect of protein restriction on the deterioration of renal function. A formula was 

derivedd in 1070 patients and tested in 558 other patients of the same population [9]. It 

incorporated,, besides gender, age and plasma creatinine, also ethnicity, serum albumin and urea, 

butt not body weight. There is no sound reason to incorporate serum albumin in a GFR-

predictionn formula and urea is dependent on many other factors than GFR, but these parameters 

emergedd from the multiple regression analysis. This formula was more precise for GFR-

estimationn than the Cockcroft-Gault formula in that study, but no enzymatic assay nor cimetidine 

hadd been used. The precision of the MDRD formula was about the same as the precision of the 

Cockcroft-Gaultt formula after cimetidine in patients with renal disease [2]. The variability of 

serumm albumin assays [10] argues against the widespread use of the MDRD formula. Protein 

restrictionn itself has an influence on serum urea concentration. 

Thee formula of Cockcroft and Gault has a logical theoretical foundation, that is estimation of 

thee urinary creatinine output, which in steady state equals the creatinine production, by age, 

genderr and body weight. This estimation is divided by plasma creatinine to obtain a clearance 

value.. It was performed in 226 males and only 10 females [1]. Not a GFR-measurement, but the 

endogenouss creatinine clearance based on two 24-hour urine collections served as reference 

value.. No cimetidine was used to inhibit tubular secretion. And no enzymatic plasma creatinine 

assay,, but the less accurate alkaline picrate (or Jaffé) method was used. Nevertheless and 

surprisingly,, by applying modifications to the procedure, consisting of the use of an enzymatic 

creatininee assay and the administration of cimetidine, GFR-estimation from the Cockcroft-Gault 
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formulaa appeared appropriate in both males and females, compared to a 'gold standard' GFR-

meass ure ment. In fact, we did not test but rather improve the procedure using the Cockcroft-

Gaultt formula by the two modifications [11]. 

Thee relevance of the plasma creatinine assay 

Thee plasma creatinine assay is important for accurate GFR-estimation from CGQ™. It has been 

shownn that the alkaline picrate reaction, based on the formation of an orange-red Janovsky 

complexx between creatinine and picrate under alkaline conditions, was not suitable for GFR-

estimationn (chapter 5). This was due to the interference of non-creatinine chromogens which 

elevatedd measured plasma creatinine values, especially in the low to normal range. This is because 

thee positive error was a constant and not a percentual error of approximately 20 ^mol/1 in this 

plasmaa creatinine range [12,13]. For example, a plasma creatinine of 80 ^tmol/1 measured with the 

alkalinee picrate assay was 60 junol/l when measured with the high performance liquid 

chromatographyy {HPLC) method, so the positive error was 33 %. This in turn led to a similar 

percentuall  underestimation of GFR by CGQ  ̂ in the normal to high GFR range, as plasma 

creatininee is in the denominator of the Cockcroft-Gault formula. In the higher creatinine range, 

orr lower GFR range, this underestimation decreased in terms of percentage. The enzymatic 

plasmaa creatinine assay used in this thesis, creatininase PAP and later PAP+, consists of three 

enzymaticc steps - creatininase, creatinase and sarcosine oxidase - and a final chromogen coupling 

reactionn using peroxidase [14]. We have found no relevant differences between this assay and the 

HPLCC method, because of a reduction in interfering substances [14-16]. As a result, GFR-

estimationn from CGQ™ was accurate at all levels of GFR in patients with a plasma creatinine up 

too 180 /unol/1. 

AA plasma creatinine concentration below 180 ^tmol/1 was used as an inclusion criterium for 

twoo reasons. First, in this plasma creatinine range renal function can be either normal, slightly 

decreasedd or markedly reduced. A more accurate GFR-estimation can guide timely interventions 

too preserve or improve renal function. Above a plasma creatinine concentration of 180 ^mol/1 

GFRR is almost always below 40 ml/min/1.73m2 [3], renal function can be easily followed by 

plasmaa creatinine [17] and therapeutic interventions are usually less successful in improving renal 

function.. A second reason is that a new steady state of plasma creatinine will develop after 

inhibitionn of tubular creatinine secretion by cimetidine. The time period needed to attain a new 
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steadyy state is dependent on the biological half-life of a substance, i.e. in this case renal function. 

AA previous study showed that the new steady state was reached within 24 hours after cimetidine 

administration,, if plasma creatinine was below 180 /xmol/l [2]. A more prolonged administration 

forr patients with a higher plasma creatinine level is not practical in the outpatient setting. 

Limitation ss of the Cocke roft-Gaul t formula 

Thee limitations of CGQ,,, as a measure of GFR should be realized. First, while the accuracy was 

good,, the precision was only moderate especialy in type 2 diabetic patients. This means that in a 

groupp of patients mean CGQ,,, is equal to mean GFR, but for the individual patient CGQ,,, can be 

200 ml/min/1.73 m2 above or below GFR. This holds true for the GFR range above 40 

ml/min/1.73m22 and no correction of this over- or underestimation is possible on clinical 

grounds.. Still, O G^ can be used to classify patients in normal, mildly or moderately reduced 

renall  function, which is not possible with the endogenous creatinine clearance due to a low 

precision.. If the exact GFR or its change after an acute intervention has to be known in an 

individuall  patient, as in research settings, then C G^ is not sufficient and measurement of GFR 

withh inulin or radiotracers is necessary 

Thee patientgroups studied were drawn from regular oupatient clinics, but the inclusion 

criteriaa should be realized. A plasma creatinine concentration below 180 jimol/l as explained 

above.. A body mass index between 15 and 30 kg/m2 and in type 2 diabetic patients up to 35 

kg/m22 free of edema is not present in all patients, especially in renal or cardiac patients with fluid 

overload.. Furthermore, the patients should not take interfering drugs, in practice only 

trimethoprimm because it also inhibits tubular creatinine secretion. Another limitation is the 

compliancee of patients using cimetidine for 24 hours previously to blood sampling in the 

outpatientt setting. In the diabetic patients we checked the consumption of cimetidine by 

qualitativee urinalysis. As a consequence, we knew whether the patients had taken cimetidine, but 

nott how many doses they had used. In an outpatient setting it is laborious to perform urinalysis 

andd perhaps this can be restricted to occasions when there is doubt about the patients' 

compliance. . 
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Toxixityy of cimetidine 
Noo toxicity was found in these studies with rather small patient groups, but it is unclear whether 

toxicityy would occur if this approach would be put into clinical practice. Interstitial nephritis due 

too cimetidine has been reported but is extremely rare, around 1 in 100.000 treated patients, and 

hass always been reversed on cessation of therapy [18]. Other adverse effects are generally 

infrequentt and usually reversible following a reduction of dosage or withdrawal of therapy [19]. 

Ass tubular creatinine secretion was not inhibited completely in all patients, it is speculative 

whetherr a higher cimetidine dose above the maximum allowed daily dose of 2400 mg will cause 

completee inhibition. Van Acker et al. obtained complete inhibition of tubular secretion 3 to 6 

hourss after a dose of 1200 mg measured by the simultaneous creatinine and inulin clearance, in 

patientss who did not have complete inhibition with a dose of 200 mg every 3 hours [5]. This 

approachh Is not feasible when the Cockcroft-Gault formula is used, since administration over 24 

hourss is required to attain a new steady state of plasma creatinine, and a dose above 2400 mg will 

bee necessary in the patients. Overdosage with cimetidine 5.2 to 20 g, including a patient who 

tookk about 12 g daily for five days, has not produced serious toxic effects. Cimetidine can 

increasee serum levels of cyclosporin, theophylline, acenocoumarol, phenytoin and nifedipine 

throughh an interaction with cytochrome P450 the liver, but it is unlikely that this will be relevant 

withh a single day administration [19]. Another way to inhibit tubular creatinine secretion more 

completelyy might be the co-administration of trimethoprim, because it uses the same proximal 

tubularr organic ion transporter system [20]. Both a moderate and a high dose of trimethoprim 

reducee tubular creatinine secretion to the same extent [21]. The only occasion where combination 

off  cimetidine and trimethoprim has been studied was in an animal study to investigate the 

reductionn of dapsone-mediated methemoglobinaemia [22]. Gmetidine increased the area under 

thee curve of trimethoprim threefold, but no influence on the tubular creatinine secretion was 

mentioned. . 

Thee cost-effectiveness of the enzymatic plasma creatinine assay has not been studied. A 

blindedd randomized approach with long-term follow-up would be necessary to assess this 

subject.. At the start of this thesis the enzymatic assay was ten times more expensive than the 

alkalinee picrate assay, but four years later when it was introduced in one of the study hospitals 

onlyy three times more expensive. This was due to a more widespread use of the enzymatic assay 

andd a reduction in the volume of reagents. A further reduction of the cost may be possible. 
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Directionn for  futur e study 
Thee major advantage of GGam is that it is more accurate than CG without cimetidine or the 

endogenouss creatinine clearance and that it can be applied more easily and more often than 

cumbersomee GFR-measurements. In type 2 diabetic patients, early changes in renal function can 

bee detected by clinicians and early interventions can be performed to preserve or improve renal 

function.. A long-term follow-up study in a large group of renal patients is needed to determine 

thee accuracy and particularly the precision of the change in CG ,̂  using the enzymatic plasma 

creatininee assay. 
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Inn patients with renal disease or with systemic disease at risk for deterioration of renal function, 

knowledgee of the glomerular filtration rate (GFR) is important to assess the severity of renal 

involvementt or the response to treatment. The reference value for GFR is 90-170 

ml/min/1.73m22 for males and 90-150 ml/min/1.73m2 for females. Most often an approximation 

off  the GFR is obtained from the plasma creatinine concentration, although this parameter is not 

onlyy dependent on GFR but also on muscle mass. This can be overcome by the use of formulas 

orr nomograms for GFR-estimation, incorporating age, gender and body weight as a measure of 

musclee mass, such as the formula of Cockcroft and Gault. As plasma creatinine is not only 

filteredd by the glomeruli, but also secreted in a varying degree by the renal tubules, some 

overestimationn of GFR from plasma creatinine is likely to occur. However, the plasma creatinine 

concentrationn is higher during administration of certain drugs, due to inhibition of tubular 

creatininee secretion. This side-effect can be applied to obtain an improvement of GFR-

estimationn from plasma creatinine, because during complete inhibition the excretion of creatinine 

iss only dependent on glomerular filtration. Another problem is that the determination of the 

plasmaa creatinine concentration by the generally used alkaline picrate (or Jaffé) assay is 

inaccurate.. This assay is based on a color reaction and is liable to interference from non-

creatininee chromogens, both endogenous substances and certain drugs. This can be overcome by 

thee use of an enzymatic plasma creatinine assay. 

Inn this thesis improvement of plasma creatinine as a marker of GFR has been studied, using 

thee formula of Cockcroft and Gault, inhibition of tubular creatinine secretion by cimetidine and 

ann automated enzymatic plasma creatinine assay. In chapter 1 a survey is given of the literature 

onn GFR-estimation from plasma creatinine, using prediction formulas. Such formulas 

overestimatedd GFR in the low range and underestimated GFR in the normal to high range, if 

inhibitionn of tubular secretion and an enzymatic assay were omitted. When the usefulness of a 

formulaa is assessed both the accuracy and the precision are important. Accuracy, or bias, is the 

meann difference from the simultaneously determined 'gold standard' in a representative patient 

group.. Precision is represented by the standard deviation of the difference from GFR in this 

group.. The accuracy and precision of GFR-estimation by the Cockcroft-Gault formula were 

acceptablee in patients with mild to moderate renal insufficiency. Newer formulas did not improve 

GFR-estimationn importantly 

GFR-estimationn in the clinical studies (chapter 2 to 4) was performed by the endogenous 

creatininee clearance, based on 24-hour urine collections, and the formula of Cockcroft and Gault, 
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beforee and after administration of cimetidine for 24 hours (see abbrevations and formulas). 

Thee GFR measured as the urinary or renal clearance of continuously infused ,25I-iothalamate was 

consideredd the 'gold standard'. Patients with gross overweight (body mass index > 30 kg/m2) or 

edemaa were excluded, because in these patients muscle mass is overestimated by body weight. As 

aa consequence the Cockcroft-Gault formula, where body weight is in the numerator, will 

overestimatee GFR Also, plasma creatinine above 180 /miol/1 was an exclusion criterium. This is 

becausee plasma creatinine has to attain a new steady state, when tubular secretion is inhibited by 

cimetidine.. The time to reach this new steady state is dependent on the disappearance rate of 

creatininee from the circulation, which is dependent on renal function. If plasma creatinine is 

abovee 180 /miol/1, a new steady state may not be reached within 24 hours of cimetidine 

administration.. For practical purposes we did not want a longer administration period. The 

maximumm allowed cimetidine dose of 2400 mg daily was used. 

Inn chapter  2 a study is reported of patients with type 2 diabetes mellitus and various stages 

off  albuminuria. In contrast to the statement above, we allowed patients with a BMI of 30-35 

kg/m22 in the study, because many type 2 diabetics are in this BMI-range. The accuracy of GFR-

estimationn improved after cimetidine administration, but the precision did not. The precision of 

thee endogenous creatinine clearance was less good than that of the Cockcroft-Gault formula. 

Theree was a slight tendency of the Cockcroft-Gault formula after cimetidine to underestimate 

GFRR in patients without microalbuminuria or overt nephropathy, and to overestimate GFR in 

patientss with a BMI >30 kg/m2. 

However,, while the accuracy of GFR-estimations was good in patients with type 2 diabetes 

mellitus,, the precision was less than in patients with renal disease. We hypothesized that this was 

duee to patient-specific factors, such as die weight-to-muscle mass ratio and that this was to some 

extentt a constant, systematic error. If so, then follow-up of GFR-estimates by the Cockcroft-

Gaultt formula after cimetidine might still give a good reflection of the change in 'gold standard' 

GFRR In chapter  3 this follow-up study was described. It appeared that the discrepancy between 

GFRR and the Cockcroft-Gault formula was similar after an interval of two years. Therefore, the 

changee in GFR was represented well by the change in Cockcroft-Gault formula, although the 

changess were rather small. 

Whilee GFR-estimation was accurate for patients with type 2 diabetes mellitus, we wanted to 

knoww whether this was also true for renal transplant recipients, as in these patients assessment of 

GFRR is also important for clinical management and for analysis of the success of kidney 
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transplantation.. In chapter  4 a study is reported where the endogenous creatinine clearance 

withoutt cimetidine and the Cockcroft-Gault formula with cimetidine were compared in relation 

too a 'gold standard' GFR-measurement. The endogenous creatinine clearance was higher than 

GFRR in each patient. The Cockcroft-Gault formula had a far better accuracy and also a better 

precisionn for GFR-estimation than the endogenous creatinine clearance. In the low GFR-range, 

beloww 40 ml/min/1.73m2, a relative overestimation of GFR by the Cockcroft-Gault formula was 

observed. . 

Thee relevance of the plasma creatinine assay was investigated in chapter  5. We compared an 

alkalinee picrate and an enzymatic assay to the reference high performance liquid chromatography 

(HPLC)) method. Plasma creatinine concentrations, when measured with the alkaline picrate 

assay,, were considerably higher than with the other methods. As plasma creatinine is in the 

denominatorr of the formula of Cockcroft and Gault, the GFR-estimates from this formula were 

considerablyy lower than the 'gold standard' GFR . GFR-estimation was equal to GFR, when the 

automatedd enzymatic or more laborious HPLC method was used. 

Thee plasma creatinine assay is especially important in situations where an increased level of 

endogenouss substances interfering with this assay is encountered, such as ketone bodies in 

ketoacidosis.. In patients with diabetic ketoacidosis an alkaline picrate and an enzymatic assay 

weree compared to the reference HPLGmethod (chapter  6). At presentation of ketoacidosis, the 

mediann alkaline picrate creatinine value wase more than 50 % higher than the median enzymatic 

orr HPLGvalue. The difference between the latter two was negligible. The positive error of the 

alkalinee picrate assay was correlated to the acetoacetate concentration and therefore, decreased 

duringg treatment of ketoacidosis with insulin and fluid resuscitation. (3-hydroxybutyrate, another 

ketonee body, did not add to this positive error. Such a considerable overestimation at 

presentationn of this life threatening disorder may cause a wrong judgement of the hydration 

statuss and the renal function, leading to inappropriate treatment or diagnostic steps. 

Thee GFR-measurement that served as the 'gold standard' in the clinical studies was described 

inn detail in the appendix. The classic reference method for GFR is the urinary or renal clearance 

off  the GFR tracer inulin during continous infusion and bladder catheterization as described by 

Homerr Smith. He assumed stable plasma concentrations of the GFR tracer during continuous 

infusion,, but more recent studies in normal individuals and in renal patients have shown that this 

iss in fact not correct due to the Orcadian rhythm of GFR Therefore, a correction for changing 

plasmaa tracer concentrations is necessary. Furthermore, bladder catheterization is inconvenient 
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forr patients and may cause urinary tract infection. But when omitted, inaccurate urine collections 

cann ensue which in turn lead to inaccurate GFR-measurements from the urinary clearance. As the 

infusatee and urinary clearance during continuous infusion of  U1l-hippuran are equal for 

measurementt of the effective renal plasma flow, a correction can be made for inadequacies in 

urinee collections. When a simultaneous clearance measurement with the GFR tracer 125I-

iothalamatee is performed, the corrected urinary clearance of  125I-iothalamate without bladder 

catheterizationn is an accurate and achievable measure of GFR, with a day-to-day variability of 2.2 

%. . 

Thee following conclusions can be drawn from this thesis: 

1.. Accurate GFR-estimation from plasma creatinine can be obtained, when applied in the 

formulaa of Cockcroft and Gault after inhibition of tubular creatinine secretion by 

administrationn of cimetidine for 24 hours, in patients with diabetes mellitus type 2 and renal 

transplantt recipients. 

2.2. The precision of GFR-estimation is less in type 2 diabetic than in renal patients, but 

differencess between GFR and the Cockcroft-Gault formula are patient-specific and 

consistentt in time. Therefore, the Cockcroft-Gault formula can be used for follow-up of the 

GFRR in type 2 diabetic and probably also other patients with renal disease. 

3.. The endogenous creatinine clearance, measured from 24-hour urine collection, is less 

accuratee and precise for estimation of GFR than the Cockcroft-Gault formula. This method 

off  determination of renal function should be abandoned. 

4.. The use of a plasma creatinine assay, lacking interference from non-creatinine chromogens, 

iss necessary for accurate GFR-estimation. 

5.. The plasma creatinine assay can have an impact on the clinical judgement of patients with 

diabeticc ketoacidosis, due to a large positive error of the alkaline picrate (or Jaffé) assay, 

comparedd to the automated enzymatic or HPLGmethods. 
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Samenvattingg bij  het proefschrift: 

"Verbeteringenn in het gebruik van de plasma creatinine concentratie 

voorr  de bepaling van de glomerulaire filtratie  snelheid" 

Bijj  patiënten met een nierziekte of met een systeemziekte, waardoor de nierfunctie verminderd 

kann zijn, is kennis van de glomerulaire filtratiesnelheid belangrijk om de ernst van het nierfalen of 

dee reactie op de behandeling van de ziekte te beoordelen. De GFR, afkorting van het engelstalige 

'glomerularr filtration rate' is normaal bij mannen 90-170 ml/min/1.73m2 en bij vrouwen 90-150 

rnl/min/1.73m2.. Dat betekent dat zoveel millilite r bloedplasma elke minuut wordt ontdaan van 

eenn giftige stof; deze waarde wordt gecorrigeerd voor een standaard lichaamsoppervlak van 

1.73m2.. Meestal wordt de GFR geschat op basis van de plasma creatinine concentratie, hoewel 

dezee parameter niet alleen afhankelijk is van de GFR, maar ook van de spiermassa van het 

betreffendee individu. Een betere indruk van de GFR worden verkregen op basis van formules of 

nomogrammen,, waarbij de leeftijd, het geslacht en het lichaamsgewicht worden gebruikt als maat 

voorr de spiermassa. Een voorbeeld hiervan is de formule van Gockcroft en Gault overschatting 

vann de GFR door deze benadering is echter denkbaar, omdat creatinine niet alleen door de 

glomerulii  wordt gefiltreerd, maar ook in wisselende mate door de tubuli wordt gesecerneerd. De 

plasmaa creatinine concentratie stijgt tijdens toediening van bepaalde medicamenten, die de 

tubulairee creatinine secretie remmen. Bij onder meer cimetidine is dit een bekende bijwerking. 

Ditt kan gebruikt worden om de GFR-schatting op basis van plasma creatinine te verbeteren. 

Tijdenss volledige blokkade van de tubulaire secretie is de uitscheiding van creatinine door de nier 

uitsluitendd afhankelijk van de glomerulaire filtratie. De bepalingsmethode van de plasma 

creatininee concentratie is voorts ook van belang voor een juiste inschatting van de GFR De 

alkalinee picraat (of Jaffé) kleurreactie wordt gestoord door andere chromogenen dan creatinine, 

waardoorr de plasma creatinine concentratie overschat wordt. Deze chromogenen kunnen zowel 

endogeenn in het lichaam voorkomen als exogeen (medicatie) toegediend zijn. De enzymatische 

creatininee bepaling wordt niet gestoord door chromogenen. 

Inn dit proefschrift is onderzocht de GFR nauwkeuriger kan worden benaderd wanneer met 

dezee factoren rekening wordt gehouden. Daarbij is gebruik gemaakt van de Cockcroft-Gault 

formule,, remming van tubulaire secretie door middel van cimetidine en een geautomatiseerde 
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enzymatischee creatinine bepalingsmethode. In hoofdstuk 1 is een overzicht gegeven van de 

bestaandee literatuur over GFR-schatting op basis van plasma creatinine met behulp van formules. 

Dezee formules overschatten de GFR in het lage gebied en onderschatten de GFR in het normaal 

tott hoge gebied, als geen remming van tubulaire creatinine secretie en geen enzymatische 

creatininee bepaling wordt toegepast. De bruikbaarheid van GFR-formules wordt bepaald door 

zowell  de accuratesse als de precisie. Accuratesse, ook wel bias genoemd, is het gemiddelde 

verschill  tussen de uitkomst van de GFR-formule en de gelijktijdig bepaalde 'gouden standaard' 

GFRR in een representatieve patiëntengroep. Precisie is de standaard deviatie van het gemiddelde 

verschill  tussen de GFR en de formule in de groep. De accuratesse en precisie van de Cockcroft-

Gaultt formule waren alleen acceptabel bij patiënten met milde tot matige nierinsufficiëntie, dat 

will  zeggen een GFR tussen 40 en 80 rnl/min/1.73m2. Nieuwere formules voor de GFR-schatting 

gavenn geen verbetering van betekenis. 

Schattingg van de GFR in de klinische studies (hoofdstuk 2 tot 4) werd gedaan middels de 

endogenee creatinineklaring, berekend uit 24-uurs urine, en de Cockcroft-Gault formule, voor en 

naa toediening van cimetidine gedurende 24 uur (zie hoofdstuk abbrevations and formulas). De 

GFR,, gemeten als de urineklaring van continu geïnfundeerd 125I-iothalamaat, werd beschouwd als 

'goudenn standaard'. Patiënten met fors overgewicht (Quetelet Index > 30 kg/m2) of oedeem 

werdenn uitgesloten van het onderzoek, omdat bij hen de spiermassa door het lichaamsgewicht 

wordtt overschat. Dientengevolge zal de Cockcroft-Gault formule, die het lichaamsgewicht in de 

tellerr heeft, de GFR overschatten. Ook een plasma creatinine concentratie hoger dan 180 ^mol/1 

wass een uitsluitingscriterium. De reden is dat plasma creatinine een nieuwe plateauwaarde zal 

bereikenn als de tubulaire secretie wordt geremd door cimetidine. De tijd tot het bereiken van deze 

plateauwaardee is afhankelijk van de halfwaardetijd van plasma creatinine, ofwel de nierfunctie. 

Alss de plasma creatinine concentratie lager is dan 180 jumol/1, dan wordt deze plateauwaarde 

binnenn 24 uur van cimetidïnetoediening bereikt. Uit praktisch oogpunt wensten wij geen langere 

toedieningsperiode.. De maximum dagdosis van cimetidine (2400 mg) werd toegepast. 

Inn hoofdstuk 2 is een studie beschreven van patiënten met diabetes mellitus type 2 en 

verschillendee stadia van albuminuric. De studiegroep werd uitgebreid tot patiënten met een 

Quetelett Index van 30-35 kg/m2, omdat een aanzienlijk deel van de diabetes populatie deze mate 

vann overgewicht heeft. De accuratesse van de GFR-schatting verbeterde na toediening van 

cimetidine,, maar de precisie niet. De precisie van de endogene creatinineklaring was slechter dan 

dee waarden berekend met de Cockcroft-Gault formule. Er was een geringe tendens dat de 
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Cockcroft-Gaultt formule na cimetidine de GFR onderschatte bij patiënten zonder 

microalbuminuriee of nefropathie en deze overschatte bij patiënten met een Quetelet Index > 30 

kg/m2. . 

Terwijll  de accuratesse van de GFR-schatting goed was bij patiënten met diabetes mellitus 

typee 2, was de precisie minder goed dan bij patiënten met een primaire nierziekte. Onze 

hypothesee was dat dit kwam door patiënt-specifieke factoren, zoals de verhouding tussen 

spiermassaa en lichaamsgewicht, en dat dit tot op zekere hoogte een constante, systematische 

afwijkingg zou zijn. Als deze veronderstelling juist is, dan zou bij het vervolgen van patiënten de 

veranderingg in de geschatte GFR op basis van de Cockcroft-Gault formule na cimetidine een 

goedee afspiegeling kunnen geven van de verandering in de 'gouden standaard' GFR In 

hoofdstukk  3 wordt dit vervolgonderzoek beschreven. Het bleek dat het verschil tussen de GFR 

enn de uitkomst van de Cockcroft-Gault formule vrijwel gelijk was na een interval van twee jaar. 

Omm die reden werd ook de verandering van de GFR weerspiegeld door de verandering van de 

Cockcroft-Gaultt formule, ook al waren de veranderingen van beperkte groote. 

Nuu bleek dat schatting van de GFR nauwkeurig was bij patiënten met diabetes mellitus type 

2,, wilden we nagaan of dit ook gold voor patiënten na niertransplantatie, omdat ook bij deze 

groepp kennis van de GFR belangrijk is voor het klinisch beleid en voor een goede beoordeling 

vann het resultaat van de niertransplantatie. In hoofdstuk 4 wordt een studie beschreven waarbij 

dee 'gouden standaard' GFR wordt vergeleken met de endogene creatinineklaring zonder 

cimetidinee en met de Cockcroft-Gault formule met cimetidine. De endogene creatinineklaring 

wass hoger dan de GFR bij alle onderzochte patiënten. De Cockcroft-Gault formule had een veel 

beteree accuratesse en precisie voor GFR-schatting dan de endogene creatinineklaring. In het lage 

GFR-gebied,, beneden 40 ml/min/1.73m2, werd nog wel een relatieve overschatting van de GFR 

doorr de Cockcroft-Gault formule gezien, maar in absolute eenheden was deze niet van grote 

betekenis. . 

Hett belang van de bepalingsmethode voor plasma creatinine voor schatting van de GFR 

werdd bestudeerd in hoofdstuk 5. Een alkaline picraat (of Jaffé) en een enzymatische methode 

werdenn vergeleken met de referentiemethode voor plasma creatinine, de HPLC (high 

performancee liquid chromatography). De plasma creatinine concentratie, gemeten met de alkaline 

picraatt methode, was significant hoger (gemiddeld 20-24 %) dan die gemeten met de andere 

methodes.. Omdat plasma creatinine in de noemer van de Cockcroft-Gault formule staat, was de 

geschattee GFR lager dan de 'gouden standaard' GFR Bij gebruik van de enzymatische of de 
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meerr bewerkelijke HPLG methode bleek de geschatte GFR niet verschillend van de werkelijke 

GFRR te zijn. 

Inn situaties waar een verhoogde concentratie van endogene chromogenen wordt 

aangetroffen,, zoals ketonen bij ketoacidose, is de bepalingsmethode voor plasma creatinine extra 

belangrijk.. Bij patiënten met diabetische ketoacidose werden één alkaline picraat en twee 

enzymatischee methodes vergeleken met de referentie HPLG methode (hoofdstuk 6). Bij 

presentatiee van de ketoacidose was de mediane alkaline picraat creatinine waarde meer dan 50 % 

hogerr dan de mediane enzymatische of de HPLC creatinine waarden. Het verschil tussen de 

HPLCC en enzymatische methodes was weliswaar significant, maar in absolute zin slechte enkele 

/xmol/11 en dus klinisch verwaarloosbaar. De foutief te hoge waarden van de alkaline picraat 

methodee hadden een positieve correlatie met de acetoacetaat concentraties en deze foutieve 

verhogingg nam dus ook af tijdens behandeling van de ketoacidose. (3-hydroxyboterzuur, een 

anderr keton, droeg niet bij aan de foutieve verhoging. De foutieve verhoging van de plasma 

creatininee concentratie bij presentatie van deze potentieel levensbedreigende aandoening kan 

redenn zijn voor een verkeerde beoordeling van de hydratietoestand bij patiënten en als gevolg 

daarvann een onjuist rehydratiebeleid. 

Dee GFR meting die als 'gouden standaard' diende in de klinische studies is gedetailleerd 

beschrevenn in de appendix. De klassieke referentiemethode voor meting van de GFR is de 

urineklaringg van de continu geïnfundeerde merkstof inuline tijdens blaascatheterisatie, 

beschrevenn door Homer Smith. Hij nam daarbij aan dat de concentratie van de merkstof stabiel 

waswas tijdens continue infusie, maar meer recent onderzoek heeft uitgewezen dat dit niet het geval 

is,, ten gevolge van het circadiane ritme van de GFR. Om die reden is een correctie noodzakelijk 

voorr een veranderende concentratie van de merkstof. Bovendien is blaascatheterisatie 

ongemakkelijkk voor patiënten en niet zonder risico. Weglaten van blaascatheterisatie kan echter 

leidenn tot een onnauwkeurige urineverzameling en dus een onnauwkeurige GFR-meting op basis 

vann de urineklaring. Gelukkig zijn de urine- en infusieklaring van de merkstof  131I-hippuran, voor 

metingg van de effectieve renale plasmastroom, gelijk en dit kan gebruikt worden om te corrigeren 

voorr onnauwkeurige urineverzameling. Als gelijktijdig met 131I-hippuran continue infusie van de 

GFR-merkstoff  125I-iothalamaat plaatsvindt, dan is de gecorrigeerde urineklaring van 125I-

iothalamaatt zonder blaascatheterisatie een nauwkeurige en haalbare meting van de GFR, met een 

dag-tot-dagg variatie van slechts 2.2 %. 
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Dee volgende conclusies kunnen naar aanleiding van dit proefschrift worden getrokken: 

1.. De GFR kan nauwkeurig geschat worden op basis van de plasma creatinine concentratie, 

zowell  bij patiënten met diabetes melütus type 2 als na niertransplantatie. De plasma 

creatininee concentratie, na remming van de tubulaire creatinine secretie door middel van 

toedieningg van cimetidine gedurende 24 uur, moet daartoe worden ingevoerd in de 

Cockcroft-Gaultt formule. 

2.. De precisie van de GFR-schatting is geringer bij patiënten met type 2 diabetes dan bij 

patiëntenn met een primaire nierziekte. Echter, het verschil tussen de GFR en de Cockcroft-

Gaultt formule is patiënt-specifiek en constant in de tijd. Daarom kan de Cockcroft-Gault 

formulee gebruikt worden voor het vervolgen van de nierfunctie bij patiënten met type 2 

diabetess en waarschijnlijk ook bij nierpatiënten. 

3.. De endogene creatinineklaring, gemeten met behulp van 24-uurs urine, is minder nauwkeurig 

enn minder precies voor het schatten van de GFR dan de Cockcroft-Gault formule. De 

endogenee creatinineklaring moet daarom als obsoleet worden beschouwd. 

4.. Voor een nauwkeurige schatting van de GFR is een plasma creatinine bepalingsmethode 

noodzakelijk,, die niet gestoord wordt door andere chromogenen dan creatinine. 

5.. De plasma creatinine bepalingsmethode kan van invloed zijn op de klinische beoordeling van 

patiëntenn met diabetische ketoacidose, vanwege de foutieve verhoging van de plasma 

creatininee waarde bepaald met de alkaline picraat methode, vergeleken met de enzymatische 

off  HPLG methodes. 
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Resumenn para legos 

Ell  conocimiento de la función renal resulta de vital importancia a la hora de determinar la 

gravedadd de la enfermedad renal o la respuesta de estos pacientes ante el tratamiento. 

Actualmentee la función renal se estima sobre la base del nivel de creatinina en la sangre, una 

sustanciaa de desecho producida por el propio cuerpo y expulsada por el rinón. Pero hay que tener 

enn cuenta que el rinón excreta creatinina de dos formas: a través de los glomerulus (filtros 

renales)) y a través de los tubos del rinón. Para conocer la función renal del paciente, habra que 

examinarr la función de los filtros renales. Dicha función se calcula mediante la denominada tasa 

dee filtración glomerular, cuya abreviatura en castellano es TFG, y que se expresa en mililitros por 

minutoo (ml/min). El valor normal de la TFG es de 90-160 ml/min. Debido a que la creatinina 

tambiénn puede ser excretada por los tubos renales, el valor sanguineo de creatinina, denominado 

tambiénn creatinina plasmatica, no es una medida adecuada para determinar la TFG, ya que ésta es 

sobrestimadaa por la creatinina plasmatica. Afortunadamente existen determinados medicamentos, 

laa cimetidina entre ellos, que frenan la excreción de creatinina a través de los tubos renales o, 

incluso,, llegan a bloquearla completamente. En este ultimo caso, la creatinina plasmatica si puede 

considerarsee una medida adecuada para la TFG. 

Ell  volumen muscular del paciente también influye en el nivel de creatinina plasmatica. Se 

puedee evitar este problema calculando la TFG a partir de una formula que, ademas de la 

creatininaa plasmatica, tenga en cuenta la masa muscular, la edad, el sexo yel peso del paciente. 

Unn ejemplo de ello seria la formula de Cockcroft y Gault. Por ultimo, debe tenerse en cuenta la 

formaa de medir la creatinina plasmatica. La forma mas utilizada es el denominada reactivo acido 

picricoo bajo condiciones alcalinas o método de Jaffé que se basa en la reacción colorante. Sin 

embargo,, este método se ve alterado por otros 'colorantes' que se encuentran en la sangre de 

formaa natural o son introducidos por medio de medicamentos, por lo que el resultado de la 

creatininaa plasmatica se ve aumentado de forma errónea. Si se introduce este valor falsamente 

aumentadoo en el (denominador de la) formula de Cockcroft-Gault, se obtiene un falso valor 

disminuidoo para la determinación de la TFG. Los métodos enzimaticos PAP y HPLC (véase 

abbrevationss and formulas), otras dos formas con las que se puede determinar la creatinina 

plasmatica,, no se ven alterados por 'colorantes' en la sangre. 

Enn esta tesis se ha investigado cómo mejorar la creatinina plasmatica como valor de medida 

paraa la TFG. Gon este fin, se ha utilizado cimetidina para frenar la excreción de creatinina a 
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travéss de los tubos renales, la fónnula Cockcroft-Gault y el método enzimatico para determinar la 

creatininaa plasmatica. Hemos realizado un estudio entre pacientes con diabetes (enfermedad que 

see venido considerando como mas frecuente en las personas mayores, pero que, sin embargo, se 

puedee contraer a partir de los 30 aiïos). Cuando estos pacientes diabéticos contraen una 

enfermedadd renal, los rinones pierden proteinas, primero en pequenas sustancias y después en 

sustanciass mas elevadas. El estudio se realizó en pacientes que no habian perdido proteinas, que 

habiann perdido pocas proteinas y que habian perdido gran cantidad de proteinas. Conforme iban 

perdiendoo mas proteinas, la función renal de los pacientes disminuia. La TFG media (90 ml/min) 

resultóó sobrestimada apücando la fórmula Cockcroft-Gault cuando el paciente no habia utilizado 

cimetidinaa (capitulo 2). Esta sobrestimación desapareció tras la utilización de cimetidina por el 

pacientee durante un dia, ingiriendo tres pastillas de 800 miligramos. No se produjeron efectos 

secundarioss que pudieran relacionarse con la cimetidina. Sin embargo, el resultado de la fórmula 

Cockcroft-Gaultt no fue siempre equivalente a la TFG en cada uno de los pacientes, siendo en 

ocasioness superior o inferior a dicha tasa: hubo un cierto grado de dispersion. Lo cual se 

evidencióó en mayor medida cuando se calculó la TFG mediante una fórmula en la que se 

introdujeronn valores sanguineos y valores urinales de creatinina. Esta fórmula denominada 

aclaramientoo endógeno de creatinina, medida normal para la función renal, debe ser considerada 

comoo un método superado y no se debe aplicar mas en el futuro. 

Estee resultado se confirmó de nuevo al realizarse un estudio entre pacientes que habian sido 

sometidoss a un trasplante de rifión (capitulo 4). En el caso de estos pacientes con una mayor 

disfunciónn renal que los pacientes diabéticos (una media de TFG de 50 ml/min), el aclaramiento 

endógenoo de creatinina sin cimetidina se tradujo en una sobrestimación considerable de la TFG 

(casii  un 50 %). La fórmula Cockcroft-Gault apücando cimetidina sobrestimó la TFG en un 

porcentajee insignificante de aproximadamente un 5 %, salvo en aquellos casos en los que la TFG 

eraa inferior a 40 ml/min; en este ultimo caso, se produjo una sobrestimación superior en sentido 

relativo,, aunque no en sentido absolute 

Debidoo a que con la fórmula Cockcroft-Gault se alcanzaron resultados algunas veces 

superioress y otras inferiores a la hora de medir la TFG, hemos estudiado si se mantenia este valor 

superiorr o inferior al mismo nivel con el paso del tiempo. Ya que manteniendo este nivel, se 

podriaa reflejar la modificación en la TFG de forma adecuada mediante una modificación en el 

resultadoo de la fórmula Cockcroft-Gault. En otras palabras, si la primera medición realizada con 

laa fórmula Cockcroft-Gault fuera, por ejemplo, 10 ml/min superior a la TFG y dos aiïos después 
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continuaraa siendo 10 ml/min superior, la disminución del resultado de la formula Gockcroft-

Gaultt en, por ejemplo, 20 ml/min,significaria a su vez una disminución de la TFG en 20 ml/min. 

Dee este modo, se puede llevar a cabo un seguimiento mas preciso de la función renal que cuando 

see mide solo una vez. Este resultado se puso de manifiesto en nuestro segundo estudio (capitulo 

3)) de pacientes diabéticos reaüzado dos aiïos después. 

Laa importancia del método de determinación de creatinina plasmatica ha quedado 

confirmadoo en nuestro estudio de pacientes con diabetes (capitulo 5). La utilización del reactivo 

acidoo pirico bajo condiciones alcalinas o método de Jaffé, método que ha quedado superado pero 

quee se sigue apücando con frecuencia por razones económicas, produjo una desviación 

considerablee respecto al resultado de la formula Cockcroft-Gault al comparar la TFG. Esta 

desviación,, una subesrimación de la TFG, aumentaba a medida que iba aumentando la TFG. Este 

resultadoo no se produjo apücando el método enzimatico ni tampoco con el método mas 

laboriosoo de HPLG También resulta importante el método de determinación de la creatinina 

plasmaticaa en pacientes cuya diabetes se ve alterada por falta de insulina. En el caso de estos 

pacientes,, la sangre se acïdïfica por un exceso de cuerpos catónicos en la sangre, la denominada 

cetoacidosis.. Los cuerpos catónicos aumentan el valor de la creatinina plasmatica cuando se mide 

utilizandoo el método del reactivo acido picrico bajo condiciones alcalinas. De nuestro estudio 

(capituloo 6) se desprendió que en el momento de ser hospitalizados, los pacientes presentaban 

unn aumento de cetoacidosis que en algunos casos alcanzaba un 50 %. Este valor falsamente 

aumentadoo puede Uegar a originar una estimación errónea de la función renal de estos pacientes 

y,, a consecuencia de ello, someterles a un tratamiento equivocado. 

Enn el apéndice se describe la 'medida estandar' que hemos utilizado para medir la TFG. 

Antess se media con un trazador colorante de dificil determinación, introduciendo un tubo 

(catéter)) a través del uréter en la vejiga de los pacientes. Nuestro método utiliza un trazador que 

see puede determinar con mayor facilidad. Pese a que el trazador sea radioactivo, aunque la 

cantidadd de radioactividad es minima, resulta menos radioactivo que, por ejemplo, una 

radiografia.. Lo mas importante es que con este método no es necesario introducir un catéter en la 

vejigaa del paciente, por lo que se Ie causa menos molestias. 
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Lass conclusiones mas importantes que se desprenden de esta tesis son las siguientes: 

1.. La función renal (TFG) se puede determinar adecuadamente sobre la base de la creatinina 

plasmaticaa (valor sanguneo), cuando ésta se mide de forma enzimatica tras la utilización de 

cimetidinaa por el paciente y su introducción en la formula Cockcroft-Gault. 

2.. En los casos de pacientes diabéticos, el resultado de la formula Cockcroft-Gault es en 

ocasioness superior y otras veces inferior a la TFG. Sin embargo, el resultado se mantiene 

iguall  con el paso del tiempo, de modo que esta formula permite hacer un seguimiento 

adecuadoo del cambio en la TFG. 

3.. El aclaramiento endógeno de creatinina como formula para determinar la TFG sobre la base 

dee los valores sanguineos u orinales de creatinina, es impreciso y debe ser suprimido. 
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Hett afronden van een proefschrift is een mooi moment om terug te blikken naar degenen die 

hieraann een belangrijke bijdrage hebben geleverd. Allereerst dank ik de patiënten, die belangeloos 

meewerktenn aan het onderzoek en daarvoor één tot vijf dagen van hun tijd investeerden. De 

ledenn van de promotiecommissie bedank ik voor het kritisch lezen van het manuscript. Veel dank 

benn ik verschuldigd aan mijn promotor, prof. dr. L. Arisz. Beste Bert, je bent voor mij de 

inspiratorr geweest om het onderzoek te starten. Met jouw niet aflatende steun en toewijding, ook 

inn moeilijke tijden èn na je emeritaat, bleef het eindresultaat voor mij altijd in zicht. Jouw 

taalkundigee aanpassingen hebben het proefschrift beter leesbaar gemaakt. Mijn copromotor, prof. 

dr.. R.T. Krediet, beste Ray, de snelheid waarmee je mijn stukken las en corrigeerde heeft me 

altijdd verbaasd en blij verrast. Met behulp van jouw grondige kennis van de Engelse taal werden 

dee artikelen geperfectioneerd. 

Bobb Silberbusch, eveneens copromotor, zonder jou was het waarschijnlijk niet mogelijk 

geweestt het patiëntenonderzoek in het OLVG van de grond te krijgen. Hugo Weigel ontruimde 

opp jouw verzoek zijn kamer in het belang van het onderzoek. Ed Slaats, klinisch chemicus en 

Marcoo Prins, ziekenhuisapotheker waren al door jou geënthousiasmeerd toen ik ze kwam vragen 

dee GFR te gaan meten met radiofarmaca. Ook Ed en Marco hebben hun nek uitgestoken om dit 

onderzoekk in het OLVG uit te voeren, waarvoor natuurlijk mijn hartelijke dank. Jack Kennedy, 

hoofdd van het nucleair laboratorium, bezat een aangeboren geestdrift voor alles wat nieuw was en 

ontwikkeldee al snel diverse spreadsheetprogramma's voor een gestroomlijnde uitvoering van het 

onderzoek.. Alle GFR-berekeningen uit het OLVG komen van zijn hand. De 

laboratoriumbepalingenn werden gecoördineerd door EUy Schipper. De tabletten cimetidine werd 

geleverdd door Cunera van der Linden en de controle van inname werd bepaald in urinemonsters 

inn het laboratorium van Wubbo Lameijer. De polikliniek assistentes waren tenslotte bereidwillig 

omm allerlei hand- en spandiensten te verrichten, als ik tijdens het patiëntenonderzoek weer eens 

voorr een spoedconsult werd weggeroepen. 

Inn het AMC werd het onderzoek voortgezet bij patiënten met diabetische keto-acidose, die 

zichh bij nacht en ontij presenteerden op de spoedeisende hulp. Mij n dank gaat dan ook vooral uit 

naarr mijn dienstdoende collega's, co-assistenten, verpleegkundigen en laboratoriumpersoneel, die 

aann het onderzoek werkten terwijl ik sliep. Sommige laboratorium bepalingen zijn uitgevoerd in 

hett Klinisch Chemisch Laboratorium van het Slotervaart Ziekenhuis (hoofd: Ton van Zanten) 
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doorr Willem Mairuhu en Huib Bout. Ook zorgde Willem voor een betrouwbare opslag van de 

monsterss en voerden wij levendige discussies over de meting van plasma creatinine. Ik dank ook 

dee klinisch chemici Jo Gorgels en Joop Weber voor respectievelijk het opzetten van dit 

onderzoekk en het mede uitwerken van de gegevens. 

Bijj  het GFR-onderzoek van de transplantatiepatiënten waren de doktersassistentes van de 

dialyse-afdelingg F5-Zuid onmisbaar. Moniek, Natalie, Nicole en Esther een half woord was vaak 

voldoendee om het onderzoek zonder mijn verdere bemoeienis uit te voeren, waarbij ik de 

uitslagenn op een presenteerblaadje kreeg. Ik dank de transplantatie-artsen Janto Surachno, Ineke 

tenn Berge, Frederique Bemelman en Ingrid Keur voor het benaderen van patiënten voor mijn 

onderzoek. . 

Bijj  het opstarten van mijn onderzoek en later uitwerken van de gegevens zijn diverse mensen 

vann belang geweest. Mij n voorgangers in het onderzoek, Bernadette van Acker en Michaela 

Ixkes,, leverden mij de noodzakelijke informatie voor een vlotte start en zorgden ervoor dat ik 

niett opnieuw het wiel hoefde uit te vinden. Bob Walman en Joep Maeijer hebben mij in het 

OLVGG de eerste kneepjes van een goede (audio) visuele presentatie van artikelen en voordrachten 

bijgebracht.. In het AMC was Dick Struijk een onmisbare vraagbaak voor computerproblemen. 

Hanss Oosting, Friedo Gerard en Guus Hart zorgden voor de broodnodige statistische adviezen 

enn bewerkingen. 

Mij nn ouders, Gerard en Suus, toonden altijd belangstelling voor de vorderingen van mijn 

onderzoek.. Samen met mijn broers, zus, schoonfamilie en vrienden zorgden zij ook voor 

plezierigee afleiding en voor mentale ondersteuning in mindere tijden. Bandi en Robert, beste 

maatjes,, ik ben blij dat julli e mijn paranimfen willen zijn. Marcela en Max, julli e hebben mij de 

tijdd en ruimte gegeven dit tot een goed einde te brengen, ik hou van jullie! 

FritsFrits Kcmpcrman 
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Abbrcvations s 

ANOVAA analysis of variance 

a.m./p.m.. before/after noon 

APP alkaline picrate (creatinine assay) 

BMII  body mass index (body weight/length2) 

CC Celsius (temperature) 

CGG GFR-prediction from the formula of Cockcroft and Gault 

CGcimm GFR-prediction from the Cockcroft-Gault formula, calculated with the plasma 

creatininee concentration after administration of cimetidine 

Ccr(24)) GFR-prediction from endogenous creatinine clearance (measured from a 24-hour 

urinee collection): 

CVV coefficient of variation 

DK AA diabetic ketoacidosis 

GFRR glomerular filtration rate 

ERPFF effective renal plasma flow 

HbAjCC glycosylated hemoglobin 

HIVV human immunodeficiency virus 

HPLCC high performance liquid chromatography 

II  iodine 

i.e.. id est = which means that 

kD/kgg kilodalton/kilogram 

11 liter 

LBMM lean body mass 

mm meter 

mg/mll  milligram/milliliter 

minn minute 
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nn number of patients 

NIDDMM non-insulin dependent (or type 2) diabetes mellitus 

N.S.. not significant 

PAPP Phenol/4-AminoantiPyrine (creatinine assay) 

rr correlation coefficient (Pearson) 

SDD standard deviation 

SEMM standard error of the mean 

t.i.d.. three times daily 

UAEE urinary albumin excretion 

Formulas s 

Thee formula of Cockcroft and Gault (expressed in ml/min): 

(140-- age) :;"body weight 

0.815*plasmaa creatinine 

forr women correction factor 0.85; age in years, weight in kg, plasma creatinine in /xmol/1 

Thee endogenous creatinine clearance (in ml/min): 

UU *V 

plasmaa creatinine 

UcreiII =urine concentration of creatinine in ^mol/1; Vunne = urine flow rate in ml/min 
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Samenvattingg voor leken bij het proefschrift 

"Verbeteringenn in het gebruik van de plasma creatinine concentratie 

voordee bepaling van de glomerulaire filtraties  nelheid" 

Frit ss Kemperman 



Samenvattingg voor leken 

Kenniss van de nierfunctie is van groot belang om de ernst van de ziekte of de reactie op 

behandelingg vast te stellen bij patiënten met een nierziekte. De nierfunctie wordt momenteel 

ingeschatt op basis van de bloedwaarde van creatinine, een lichaamseigen afvalstof die door de 

nierr wordt uitgescheiden. De nier scheidt creatinine echter op twee manieren uit, via de nierfilters 

enn via de nierbuisjes. Als je de nierfunctie van een patiënt wilt weten, gaat het om de functie van 

dee nierfilters. Deze wordt de glomerulaire filtratiesnelheid genoemd, afgekort GFR (engelstalige 

afkorting)) en uitgedrukt in milliliters per minuut (ml/min). De normale waarde voor de GFR is 

90-1600 ml/min. Omdat creatinine ook via de nierbuisjes uitgescheiden wordt is de bloedwaarde 

vann creatinine, ook wel plasma creatinine genoemd, niet de juiste maat voor de GFR, deze wordt 

doorr het plasma creatinine overschat. Gelukkig zijn er bepaalde medicijnen, waaronder 

cimetidine,, die de verwijdering van creatinine via de nierbuisjes remmen of zelfs volledig 

blokkeren.. In het laatste geval kan het plasma creatinine wèl de juiste maat voor de GFR zijn. 

Ookk de hoeveelheid spieren die een patiënt heeft beïnvloed het plasma creatinine. Dit 

probleemm kan omzeild worden door de GFR te schatten op basis van een formule, die naast 

plasmaa creatinine ook leeftijd, geslacht en lichaamsgewicht als maat voor de spiermassa in zich 

heeft.. Een voorbeeld van een dergelijke formule is die van Cockcroft en Gault. Tenslotte is de 

manierr waarop de bepaling van het plasma creatinine plaatsvindt van belang. De meest gebruikte 

zogenaamdee alkaline picraat of Jaffé methode is gebaseerd op een kleurreactie. Deze wordt echter 

gestoordd door andere 'kleurstoffen', die natuurlijk in het bloed voorkomen of als medicijn zijn 

toegediend,, waardoor de uitkomst van het plasma creatinine foutief verhoogd is. Als je deze 

foutieff  verhoogde waarde in de (noemer van de) formule van Cockcroft-Gault invoert, krijg je 

eenn foutief verlaagde waarde waarmee je de GFR schat. De enzymatische PAP en de HPLG 

methode,, twee andere manieren waarop het plasma creatinine bepaald kan worden, worden niet 

gestoordd door 'kleurstoffen' in het bloed. 

Inn dit proefschrift is de verbetering van het plasma creatinine als maat voor de GFR 

onderzocht.. FEerbij is gebruik gemaakt van cimetidine, om de verwijdering van creatinine via de 

nierbuisjess te remmen, van de Cockcroft-Gault formule en van een enzymatische plasma 

creatininee bepalingsmethode. We hebben patiënten met suikerziekte (in de volksmond 

'ouderdomssuiker',, die al vanaf 30-jarige leeftijd kan optreden!) onderzocht. Als de nieren van 

dezee patiënten ziek worden gaan deze kleine beetjes en later meer eiwit lekken. We onderzochten 

patiëntenn zonder, met een klein en met een groot eiwitlek. De nierfunctie nam af naarmate er een 

groterr eiwitlek was. De gemiddelde GFR (  90 ml/min) werd overschat door de Cockcroft-Gault 

formulee als er geen cimetidine was gebruikt (hoofdstuk 2). Deze overschatting verdween na 
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gebruikk van cimetidine gedurende één dag, waarbij drie tabletten van 800 milligram werden 

ingenomen.. Er deden zich geen bijwerken voor, die gerelateerd konden worden aan cimetidine. 

Dee uitslag van de Cockcroft-Gault formule was echter niet bij iedere patiënt gelijk aan de GFR, 

maarr soms hoger of lagen er was een zekere mate van spreiding. Dit was in veel sterkere mate het 

gevall  als de GFR werd geschat met een formule, waarbij je bloed- en urinewaarden van creatinine 

invoert.. Deze zogenaamde endogene creatinineklaring, de gebruikelijke maat voor de nierfunctie, 

moett als achterhaalde methode worden beschouwd en in de toekomst niet meer worden 

toegepast. . 

Ditt werd nog eens bevestigd in het onderzoek bij patiënten na niertransplantatie (hoofdstuk 

4).. Bij deze patiënten met een slechtere nierfunctie dan de suikerpatiënten (gemiddelde GFR

500 ml/min), bleek de endogene creatinineklaring zonder cimetidine de GFR in forse mate (bijna 

500 %) te overschatten. De Cockcroft-Gault formule na cimetidine overschatte de GFR niet 

noemenswaardigg met ongeveer 5 %, behalve als de GFR lager was dan 40 ml/min; dan ontstond 

eenn hogeree relatieve overschatting, die in absolute zin echter niet hoger was. 

Vanwegee de soms hogere en soms lagere uitslag van de Cockcroft-Gault formule in 

vergelijkingg met de GFR, hebben we gekeken of deze hogere of lagere waarde bij het vervolgen 

inn de tijd constant aanwezig bleef. Als dit zo zou zijn, dan zou de verandering in de GFR toch 

weerr goed weerspiegeld kunnen worden door een verandering in de uitslag van de Cockcroft-

Gaultt formule. Met andere woorden, als de Cockcroft-Gault formule de eerste keer bijvoorbeeld 

100 ml/min hoger was dan de GFR en twee jaar later nog steeds 10 ml/min hoger, dan betekent 

eenn daling van de uitslag van de Cockcroft-Gault formule van bijvoorbeeld 20 ml/min, dat de 

GFRR ook met 20 ml/min is gedaald. Zo kan de nierfunctie zelfs beter vervolgd worden met deze 

formulee dan dat hij éénmalig gemeten wordt. Dit bleek inderdaad uit ons vervolgonderzoek 

(hoofdstukk  3) bij suikerpatiënten twee jaar later. 

Datt de plasma creatinine bepalingsmethode van belang was werd bevestigd in ons onderzoek 

bijj  patiënten met suikerziekte (hoofdstuk 5). De ouderwetse, maar uit kostenoogpunt nog veel 

gebruiktee alkaline picraat of Jaffé methode veroorzaakte een belangrijke afwijking van de uitslag 

vann de Cockcroft-Gault formule in vergelijking met de GFR Deze afwijking, een onderschatting 

vann de GFR, nam nog toe bij het stijgen van de GFR Dit gebeurde niet bij de enzymatische en 

ookk niet bij de meer bewerkelijke HPLGmethode. Ook bij patiënten bij wie de suikerziekte 

ontregeldd was door een tekort aan insuline is de plasma creatinine bepalingsmethode van belang. 

Bijj  deze patiënten treedt verzuring van het bloed op door een teveel aan ketonlichamen, de 

zogenaamdee ketoacidose. Ketonlichamen verhogen de plasma creatinine waarde als deze gemeten 
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wordtt met de alkaline picraat methode. In ons onderzoek (hoofdstuk 6) bleek dat deze 

verhogingg op het moment dat patiënten met ketoacidose in het ziekenhuis komen wel 50 % 

bedroeg.. Deze foutief verhoogde waarde kan leiden tot een verkeerde inschatting van de 

nierfunctiee bij deze patiënten en zodoende tot een verkeerde behandeling. 

I nn de appendix is de door ons gebruikte 'gouden standaard' voor meting van de GFR 

beschreven.. In het verleden werd deze gemeten met een moeilijk te bepalen merkstof en waarbij 

dee patiënten via de urineleider een slangetje (catheter) in de blaas geschoven kregen. Onze 

methodee maakt gebruik van een makkelijker te bepalen merkstof. Deze is weliswaar radioactief, 

maarr de hoeveelheid radioactiviteit in minimaal, veel minder dan van bijvoorbeeld een 

röntgenfoto.. Veel belangrijker is dat een catheter in de blaas niet meer nodig is, wat minder 

ongemakk voor de patiënt met zich meebrengt. 

Dee belangrijkste conclusies van dit proefschrift zijn: 

1.. De nierfunctie (GFR) kan goed worden geschat op basis van het plasma creatinine 

(bloedwaarde),, als deze op enzymatische wijze wordt bepaald na gebruik van cimetidine en 

wordtt ingevoerd in de Gockcroft-Gault formule. 

2.. Bij suikerpatiënten is de uitkomst van de Cockcroft-Gault formule soms hoger en soms lager 

dann de GFR. Echter, dit blijf t zo in het verloop van de tijd, zodat een verandering in de GFR 

goedd kan worden vervolgd middels de Cockcroft-Gault formule. 

3.. De endogene creatinineklaring, een formule voor het schatten van de GFR op basis van 

bloed-- en urine waarden van creatinine, is onnauwkeurig en dient te worden afgeschaft. 

Amsterdam,, september 2001 
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1.. De plasma creatinine concentratie en een rekensom van tien seconden zijn bijna net zo 

nauwkeurigg als maat voor de nierfunctie als een meting van zes uur. 

2.. Een traag werkend medicijn tegen een maagzweer heeft een snel effect voor berekening 

vann de nierfunctie. 

3.. De medische wereld wordt wel eens als behoudend afgeschilderd. Het feit dat een 

laboratoriummethodee uit 1886 nog steeds wordt gebruikt doet hier geen goed aan. 

4.. Bij patiënten met diabetische ketoacidose wordt het plasma creatinine vaak onjuist 

geïnterpreteerdd als gevolg van de gebruikte bepalingsmethode. 

5.. Bij een sterk gestoorde nierfunctie wordt de relatieve overschatting van de nierfunctie op 

basiss van het plasma creatinine niet volledig door cimetidine gecorrigeerd. 

6.. De plasma creatinine concentratie na toediening van cimetidine is een geschikte maat 

voorr follow-up van de nierfunctie. 

7.. De gouden standaard voor nierfunctiemeting, de urineklaring tijdens continue infusie van 

inuline,, kan nog worden verbeterd door een correctiefactor voor een stijgende of dalende 

trendd in de plasma inuline concentratie toe te passen (Medicine 1964; 43: 547-592). 

8.. Blaascatheterisatie is niet nodig voor een nauwkeurige nierfunctiemeting (Neth J Med 

1977;1977; 20:97-103). 

9.. Een toenemend gebruik van de mobiele telefoon in het verkeer zal het aanbod van 

donororganenn verhogen. 

10.. Het gebruik van de trap in plaats van de lift vermindert onze westerse 

gezondheidsrisico's;; het gebruik van de racefiets in plaats van de auto brengt daarentegen 

groteree risico's met zich mee. 

11.. De gemeente Amsterdam maakt zich met het erfpachtbeleid, dat grote sommen geld in 

haarr kas doet vloeien, schuldig aan grondspecuktie in plaats van deze tegen te gaan. 

12.. De regel dat een roeiwedstrijd pas gewonnen is als de stuurman over de finish komt, 

onderstreeptt de onmisbare rol die deze persoon tijdens de wedstrijd heeft. 

13.. Generaal Pinochet heeft 28 jaar geleden de export van de Chileense cultuur mogelijk 

gemaakt. . 

Fritss Kemperman Amsterdam,, 11 september 2001 
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