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Summary. Measured endogenous creatinine clearance (Ccr) was compared with 
the predicted Ccr in 22 paraplegic, 36 tetraplegic and I I ambulatory male in
dividuals as well as I I ambulatory females all of whom had normal renal function. 
While the predicted and measured values closely matched in the ambulatory patients 
the predicted values in the spinal cord injured patients consistently exceeded the 
measured values. It thus appears that the original Cockcroft and Gault formula; 

. . (I4o-Age) . (Wt. kg.) 
Creatmme clearance = 

! 72 . Scr (mg Iooml) 

when applied to SCI patients can be misleading. Modification of the original 
formula using a correction factor of 0·8 in paraplegics and 0·6 in tetraplegics was 
found to allow prediction of Ccr from age, sex, body weight, and serum creatinine 
in these patients with reasonable accuracy. 
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Introduction 

SEVERAL methods of estimation of Ccr from serum creatinine values have 
been proposed (Edward and Whyle, 1959; Jilliffe, 1971; Jilliffe, 1973; Lott 
and Hayton, 1978; Parker et ai., 1980; Sierback-Nielsen et ai., 1971). 
Recently, Cockcroft and Gault (Cockcroft and Gault, 1976) reported on 
accurate prediction of Ccr in ambulatory patients from age, sex, weight and 
serum creatinine concentration. Since the proportion of muscle mass to total 
body weight in patients with spinal cord injury (SCI) may be substantially 
less than that of ambulatory patients, some modification of the original 
formula may be required when applied to the SCI patients. 

The present study was intended to examine the validity of the Cock
croft and Gault formula in SCI patients, and to identify the necessary 
correction factors for its use in this population. 

Patients and Methods 

Fifty-eight male hospitalized SCI patients, twenty-two paraplegics and 
thirty-six tetraplegics, without evidence of significant proteinuria or renal 
impairment were studied. The urinary flow was provided with either in-
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dwelling catheters, suprapubic catheter or nephrostomy tubes. A control 
group of twenty-two ambulatory patients without significant proteinuria 
or renal insufficiency (eleven males, and eleven females) were also included. 
All patients were clinically stable and their serum creatinine concentrations 
ranged between 0'5 to 2'0 mg/dl. Accurately collected 24-hour urine 
samples were used for measurement of endogenous Ccr. Serum and urinary 
creatinine determinations were performed using an autoanalyser. Predicted 
Ccr was calculated using the Cockcroft and Gault formula (Cockcroft and 
Gault, 1976): 

Ccr = 
0jo---:::�ge)

_
:J�t) 

72 . Serum Cr 

A 15 per cent correction was used for females, by multiplying body 
weight by 0'85 as recommended by the authors (Cockcroft and Gault, 
1976). The measured Ccr was divided by the predicted Ccr and the mean 
of the observed ratios was determined to represent the proposed correction 
factor for each group of the SCI patients. The error in accuracy of the 
model was determined from the predicted minus measured creatinine clear
ances. The 95 per cent confidence limits on the precision were determined 
by the formula: 

Confidence limits = ± t . SEM 

Where t is the student's t-value at the given degrees of freedom, and 
SEM is the standard error of the mean of the predicted-measured values. 
It should be noted that the confidence limits refer to the formula, and not 
the individual patients. 

Results 

The SCI patients consisted of 22 paraplegic and 36 tetraplegics, whose 
average age was 48 and 46 years, respectively. The respective values for 
body weight and duration of SCI in paraplegics was 71 kg and 14 years. 
The average body weight in the tetraplegics was 68 kg, and the average 
duration of SCI was ten years. The paraplegic group had a significantly 
higher serum creatinine and daily urinary creatinine excretion per kg body 
weight than the tetraplegics. The serum creatinine levels were 1'0 ± OA 
and 0·8 ± 0'3 mg/dl in the paraplegics and the tetraplegics respectively 
(P < 0'05). The respective values for 24-hour urinary creatinine excretion 
were 16 ± 9 and I I ± 4'6 mg/kg in the two groups (P < 0'02). There was 
no significant differences in serum urea nitrogen levels between the two 
groups. The relevant clinical data for the SCI group are displayed in 
Table I. 

The control group consisted of I I men and I I women whose average 
ages were 39 and 42 years respectively. The body weight averaged 73 kg 
in the male control group and 62 kg in the females group. The average 
serum creatinine was 1'5 mg/dl, and the 24-hour urinary creatinine 
excretion was 20 mg/kg the male control group. The respective values in 
the female group were 1'1 mg/dl and 18 mg/kg body weight. The 
clinical data for the control group are displayed in Table II. 

The predicted creatinine clearance was calculated for all groups. An 
adjustment was made for the female control group by multiplying the body 
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TABLE I 
Clinical data in 58 SCI patients 

Number 
Age (yrs) 
Weight (kg) 
Duration of SCI (y) 
S_ Creatinine (mg/dl) 
Bun (mg/dl) 
Urinary Creatinine 

(mg/kg/24 hr) 

* Not significant 

Paraplegics Tetraplegics P 

22 36 
48 ± 17 47 ± 14 NS* 
71 ± 16 68 ± 14 NS 
14 ± 14 10 ± 10 NS 

I-O±OA 0-8 ± 0-3 <-05 
14 ± 6-8 13 ± 5-6 NS 

16 ± 9 II ± 4-6 <-02 

TABLE II 
Clinical data on 22 control patients 

Male Female P 

Number II II 
Age (yrs) 39 ± 15 42 ± 17 NS* 
Weight (kg) 73 ± 8 62 ± 21 NS 
S_ Creatinine (mg/dl) I-S±O-7 1-1±0-3 NS 

Urinary Creatinine 
(mg/kg/24 hr) 20 ± 4-6 18 ± 4-3 NS 

* Not significant 
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weight by 0-85 (Cockcroft and Gault, 1976)- The measured to predicted 
ratio averaged 0-8 in paraplegics and 0-6 in the tetraplegic group_ The 
ambulatory male population had a measured Ccr of 82 ± 39 ml/min and a 
predicted Ccr of 77 ± 29 ml/min_ The error in accuracy was - 5 ml/min, the 
95 per cent spread of precision was ± 9 ml/min and the correlation co
efficient (r) was 0-97 (P < 0-001)_ The measured Ccr in female controls 
was 70 ± 16 ml/min while the adjusted predicted Ccr was 70 ± 23 ml/min_ 
The error in accuracy was 0 ml/min, the 95 per cent precision was 
± 10 ml/min and the r value was 0-77 (P < 0-01) in this group_ 

The measured Ccr was 82 ± 46 ml/min, and the predicted value 
calculated from the original formula was 102 ± 48 ml/min in the paraplegic 
patients_ The error in accuracy was 20 ml/min, the 95 per cent con
fidence was ± 12 ml/min and the correlation coefficient was 0-82 
(P < 0-001)_ When corrected the predicted Ccr for the paraplegic group 
was 82 ± 36 ml/min with no error in accuracy and a 95 per cent con
fidence of ± 12 ml/min_ The slope between the adjusted and the measured 
values was 1-00 with r = 0-82 (P < 0-001)_ The measured Ccr in tetraplegics 
was 70 ± 23 ml/min, while the unadjusted predicted value was 117 ± 43 
ml/min with an error in accuracy of 47 ml/min_ When adjusted, the 
predicted Ccr was 70 ± 26 ml/min with no error in accuracy, but a spread 
in precision of ± 25 ml/min and r = 0-59 (P < 0-001)_ The slope between 
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TABLE III 
Results of correlation between predicted and measured creatinine clearance 

(X) (Y) Slope (Y) r P 
Predicted Measured Intercept 
creatinine creatinine 
clearance clearance 

Male 77 ± 29 82 ± 39 1'29 - 17'5 0'97 P < 0'001 
Female (before) 83 ± 27 70 ± 16 0"45 32'6 0'77 P < 0'01 

(after correction) 70 ± 23 70 ± 16 0'53 32'6 0'77 P < 0'01 
Para. (before) 102 ± 48 82 ± 46 0·84 33'8 0·82 P < 0'001 

(after correction) 82 ± 38 82 ± 46 1'00 0'3 0·82 P < 0'001 
Tetra. (before) 117 ± 43 70 ± 23 0"40 23'0 0·68 P < 0'001 

(after correction) 70 ± 26 70 ± 23 0'74 18'5 0'59 P < 0'001 

the predicted and measured values was 0'74 with a V-intercept of 18'5 
(Table III). 

Discussion 

Serious bacterial infection and renal insufficiency are common complica
tions of spinal cord injury with the former being the leading cause of death 
in these patients, since the development and application of supportive 
dialysis (Mirahmadi et ai., 1977; Mirahmadi et ai., 1982; Tribe and Silver, 
1969). Treatment often includes the administration of potentially toxic 
drugs which are excreted by the kidney. Aminoglycoside antibiotics, 
frequently used in this setting for various gram negative infections, possess 
ototoxic and nephrotoxic properties and are of particular concern. Careful 
dose adjustment, therefore, based on measurement or estimation of 
glomerular filtration rate (GFR) and periodic measurement of serum levels 
of the antibiotic are essential in reducing the risk of toxicity. In view 
of the need for frequent monitoring of renal function a quick and con
venient means of assessing renal function is, therefore, desirable especially 
since the established methods of estimating GFR i. e. inulin and creatinine 
clearances are costly, time consuming and associated with certain other 
problems (Miller and Winkler, 1938; Dodge et ai., 1967). 

Inulin clearance is not routinely used in the clinical setting, due to the 
following problems: 

I .  Need for an intravenous line and constant inulin infusion; 
2. Lack of serum and urine inulin assay capability in most clinical 

laboratories; and 
3. High cost and length of the procedures involved. 
Price et ai., reported that creatinine clearance determined using 

autoanalyser-J affe method closely parallels the inulin clearance in SCI 
patients without discernible kidney damage (Price et ai., 1967). Endo
genous creatinine clearance, commonly used to assess GFR, suffers from 
several drawbacks: 

I. The method requires a timed urine collection; 
2. The procedure is cumbersome and subject to errors at multiple 
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stages and often associated with relatively low precision and 
reproducibility; and finally 

3. urinary creatinine assay, necessary to determine Ccr, may not be 
readily available in some facilities during nights, weekends, and 
holidays. 

It is thus apparent that a method of estimation of GFR which is 
quick, convenient and accurate would have obvious utility. 

I t is well established that renal function may diminish with aging without 
a concomitant rise in serum creatinine level due to the age-induced re
duction of muscle mass. Reduced creatinine production with age is 
evidenced by the demonstrated fall in 24-hour urinary creatinine excretion 
per kilogram of body weight from 24 mg!kg at age 20 to 12 mg!kg at age 
80 (Cockcroft and Gault, 1976; Davies and Shock, 1950; Papper, 1973, 
Rowe et ai., 1976; Rowe, 1978). 

In addition to age, total body weight influences the creatinine generation 
and thereby the serum creatinine levels for any given level of GFR. 
Both these variables have been incorporated in the Cockcroft and Gault 
formula. Another variable to be considered is the proportion of the muscle 
mass to the total body weight which is lower in females compared to males. 
Cockcroft and Gault have, therefore, incorporated a 15 per cent (10-20 per 
cent) adjustment (0·85 . weight in kilograms) for prediction of Ccr in 
females. While Gral and Young (Gral and Young, 1980) did not find this 
correction to be necessary in their series our data supports the need for 
such adjustment as suggested by Cockcroft and Gault (Cockcroft and 
Gault, 1976). Due to severe muscle atrophy the ratio of muscle mass to total 
body weight in spinal cord injured patients is much less than that of the 
ambulatory individuals. The degree of the reduction of muscle mass 
relative to the total body weight is much more severe in tetraplegics than 
paraplegics. This is evidenced by the observed differences in urinary 
creatinine excretion averaging I I mg!kg!24 hr in tetraplegics versus 16 mg! 
kg!24 hr in paraplegics. The adjustment of 20 per cent (0'8 . weight) for 
paraplegics and 40 per cent (0'6 . weight) for tetraplegics proposed in this 
paper provides the necessary correction in these patients. In the Cockcroft 
and Gault formula the denominator is 72 . serum creatinine (mg!dl), there
fore, the effect of inaccuracy in serum creatinine determination on the 
predicted Ccr is markedly exaggerated. Serum creatinine levels in some of 
our tetraplegic patients, were so low (0'2-0A mg!dl) that they could not be 
accurately measured with the autoanalyser method. Therefore, predicted 
Ccr values with serum creatinine levels below 0'5 mg!dl may not be reliable. 
The patients with serum creatinine levels below 0'5 mgjdl were, therefore, 
excluded from the present study. The actual measurement of creatinine 
clearance using timed urine collection is the preferred method in such 
patients. 

To evaluate the precision and accuracy of the models we used linear 
correlations the results of which are displayed in Table III. The success 
of a correction factor was verified by the following observations: 

I. An improvement in accuracy as demonstrated by the fact that 
the quantity of Predicted Ccr minus Measured Ccr decreased or 
approached zero; 

2. The slope of a linear correlation between the predicted and 
measured values approached one, 
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3. The Y -intercept of a linear correlation between the predicted and 
measured values was minimised and; 

4. The measurement of precision or confidence of the model improved. 
It should be noted that the correlation coefficient, r, and hence the 

significance level, P, do not change greatly when the values are multiplied 
by constants. An improvement in the model will not be, therefore, re
flected by changes in these values. 

A decrease in the precision (95 per cent confidence limit) in the 
corrected model of the tetraplegics is probably a reflection of the hetero
geneity of muscle mass/body weight and possibly other factors in this group. 
Nonetheless, the correction factors introduced by the present study im
proved the accuracy and precision of the predicted Ccr values enabling 
extension of this prompt and easy method to SCI populations with, 
reasonable accuracy. 

RESUME 

Nous avons compare la clearance de creatinine endogene mesuree avec la clearance de 
creatinine estimee pour 22 patients paraplegiques, 36 quadriplegiques, I I hommes et I I 
femmes ambulatoires tous a fonctions renales normals. Chez les personnes ambulatoires les 
valeurs estimees sont tres proches aux valeurs mesurees, tandis que les valeurs estimees chez 
les patients avec des blessures de la colonne vertebrale etaient toujours superieures aux 
valeurs mesurees. II semble donc que la formule de Cockcroft et Gault: 

(I4o-age) . (poids, kg) 
clearance de creatinine �������������� 

72 . creatinine serique (mg! 100ml) 

peut etre incorrecte si elle est appliquee aux patients avec des blessures de la colonne 
vertebra1e. Une modification de la formule originale par un facteur de 0·8 pour Ie patients 
paraplegiques et un facteur de 0·6 pour les patients quadriplegiques, permet une 
prediction assez precise de la clearance de creatinine a base de I'age, sexe, poids, et 
creatinine serique. 

ZUSAMMENFASSUNG 

Gemessene endogene Kreatinin-Clearance wurde verglichen mit der geschatzten Kreatinin
Clearance von 22 Paraplegikern, 36 Quadriplegikern und I I ambulanten mannlichen, als 
auch I I ambulanten weiblich Individuen, aile mit normaler Nierenfunktion. Wahrend die 
geschatzten und gemessenen Werte bei ambulanten Patienten nahe ubereinstimmten, lagen 
die geschatzten Werte von Patienten mit Wirbelsauleverletzungen hoher als die gemessenen 
Werte. Es schient das die Originalformel von Cockcroft und Gault: 

. . (I4o-Alter) . (Gewicht, kg) 
Kreatmm-Clearance = .����-

72 . Serumkreatinin (mgj Iooml) 

wenn bei Patienten mit Wirbelsaulever1etungen angewendet, zu falschen Foigerungen 
fuhren kann. Eine Modifikation der Originalformel mit einem Korrekturfaktor von 0·8 
fur Paraplegiker und 0·6 fur Quadriplegiker erlauben eine zuverlassige Schatzung von 
Kreatinin-Clearance an Hand von Alter, Geschlecht, Korpergewicht und Serumkreatinin. 
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