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Chapterr 5 

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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Introduction 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. 
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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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