
Clinical evaluation of 
renal function 

Current clinical practice requires that the 
physician understand and evaluate renal func-
tion. Traditionally, the functions of the kidney 
have been considered as being either glomerular 
or tubular; modern concepts of renal physiology 
would require the inclusion of endocrine and 
metabolic functions as well. The intent of this 
discussion is to review current methods of evaluat-
ing renal tubular and glomerular function. 

Tubular function 

Evaluation of renal tubular function cannot 
be accomplished by any single test. This is be-
cause the tubules have such varied and complex 
functions. Testing of certain tubular functions is 
of clinical importance because tubular dysfunc-
tion may be responsible for certain clinical dis-
orders and among the earliest indicators of renal 
parenchymal disease. Renal concentrating and 
diluting ability as well as renal acidification are 
among the most useful indicators of tubular 
health. 

Tests of concentrating ability 

Impaired renal concentrating ability is one of 
the earliest indicators of many different types of 
renal parenchymal disease and may be a clue to a 
renal parenchymal disorder before any abnor-
mality in blood urea nitrogen (BUN) or serum 
creatinine (Cr) is detected.1 

Phillip M. Hall, M.D. 

Department of Hypertension and 
Nephrology 

217 

require permission.
 on April 23, 2024. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/


218 Cleveland Clinic Quarterly 

To test concentrating ability one 
must have an adequate stimulus for 
water conservation (a period of fluid 
restriction) and a means for measuring 
the tonicity or concentration of the 
urine. Measurement of urine osmolal-
ity by freezing point depression is 
one of the most reliable methods of 
determining urine tonicity. After a 24-
hour period of fluid restriction, the 
urine osmolality will be greater than 
900 mOsm in healthy humans.2 These 
values will be somewhat less in the 
aging patient.2 ' 3 If urine osmolality 
determinations are not available, then 
specific gravity is somewhat more 
crude but still a useful method.4 The 
urine specific gravity is only a rough 
equivalent to osmolality over a wide 
range of urine concentrations.5 Urine 
concentrating function is usually nor-
mal if specific gravity is greater than 
1.026 after 24 hours of fluid depriva-
tion.3 

Tests of concentrating function may 
be abnormal for a variety of reasons. 
Abnormal renal concentration occurs 
early in many renal diseases, and 
hence becomes a useful early detec-
tion test for renal parenchymal dis-
ease. Glomerulonephritis, pyelone-
phritis, nephrosclerosis, hypokalemic 
and hypercalcemic nephropathy, 
sickle-cell disease, and analgesic ne-
phritis are only a few of the disorders 
associated with renal concentrating 
defects.8 The mechanisms for the 
concentrating abnormality vary. In 
chronic renal failure a relative solute 
diuresis in surviving nephrons is 
thought to explain the defect.8 A 
decrease in water permeability of the 
tubule is thought to be present in 
hypokalemic and hypercalcemic neph-
ropathy.7- 8 In sickle-cell disease a 
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perturbation of the medullary inter-
stitial gradient occurs.9 

Even a normal kidney will not be 
able to concentrate maximally if the 
kidney is under the influence of a 
solute diuresis (e.g., glucosuria) or the 
effects of loop diuretics (e.g., etha-
crynic acid, furosemide).10- 11 Both of 
these factors interfere with the ability 
of the kidney to maintain a hypertonic 
medullary interstitium, which is neces-
sary for normal renal concentrating 
function. Likewise, urine concentra-
tion will be abnormal in a normal 
kidney if there is decreased solute ex-
cretion because of decreased salt (so-
dium) or protein intake.12 

Care must be taken in interpreting 
renal concentrating ability when urine 
specific gravity methods are used. This 
is because various substances (intra-
venous pyelogram, dye, glucose, and 
large quantities of protein) present in 
the urine, and certain physical factors 
such as temperature (refrigeration) 
will cause the specific gravity to be 
falsely high.13 None of these factors 
influences the osmolality determina-
tion. 

Renal diluting ability 

Normal adults given 1,000 to 1,500 
ml of water (20 ml/kg) for a short 
period will be able to excrete more 
than 50% in 3 hours and will have a 
minimum urine specific gravity of 
1.003 or urine osmolality of less than 
100 mOsm.13 Disordered diluting 
ability occurs in congestive heart fail-
ure, cirrhosis, adrenal insufficiency, 
hypothyroidism, the syndrome of in-
appropriate antidiuretic-hormone se-
cretion, and various renal dis-
eases.14-17 The causes are varied, but 
include diminished glomerular filtra-
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tion rate, exaggerated proximal tubu-
lar reabsorption of sodium and water, 
increased solute diuresis per nephron, 
excessive production of antidiuretic 
hormone, and disordered renal tubular 
cell function. Even a normal kidney 
will fail to dilute properly if under the 
influence of a solute diuresis (man-
nitol, glucose) or of one of the thiazide 
or loop diuretics (furosemide or 
ethacrynic acid). The diuretics impair 
diluting ability by blocking sodium 
reabsorption at sites where sodium is 
reabsorbed without water (so-called 
diluting sites).11 

Renal acidification 

Although the intricacies of renal 
acidification mechanisms cannot be 
discussed in this review, a few com-
ments are pertinent. The adequacy 
of renal hydrogen ion excretion can 
be assessed most accurately by the com-
plicated measurement of titratable 
acid and ammonia excretion following 
ammonium chloride loading.18 How-
ever, a clue to the adequacy of renal 
hydrogen excretion can be obtained 
by urine pH determinations in the 
presence of systemic acidosis. Normal 
patients and even most with chronic 
renal failure will have a urine pH 
below 6.0 in systemic acidosis or after 
suitable acid load.18- 19 The failure to 
lower the urine pH to less than 6.0 
may be a clue to a renal tubular dis-
order; its further definition will re-
quire more sophisticated tests. It 
should be remembered that urinary 
infections with various bacteria may 
also cause an alkaline urine in sys-
temic acidosis. Hence, urine cultures 
must be evaluated before final inter-
pretation of urine pH data can be 
made. 

Glomerular function 

The tests used to estimate glomeru-
lar filtration function are often se-
lected on the basis of low cost, clinical 
availability, ease of performance, and 
reproducibility. Two such tests, blood 
urea and serum creatinine, have wide-
spread use. Both urea and creatinine 
are removed from the blood by glo-
merular filtration. Their concentra-
tion in the blood is an index of 
glomerular function. Blood creatinine 
concentration is influenced little by 
factors other than size and muscle mass 
of the patient and glomerular filtra-
tion.20' 21 Hence, serum creatinine is 
a useful and reliable measure of glo-
merular function. Urea, by contrast, is 
influenced by body nitrogen balance 
and extremes of fluid balance.22 There-
fore, it is less reliable as an index of 
glomerular function. 

The normal serum creatinine ranges 
between 0.6 and 1.1 mg/100 ml in 
women and between 0.8 and 1.36 mg/ 
100 ml in men.21' 23 It is important to 
realize that any limitation of glomeru-
lar filtration rate (GFR) causes de-
creased creatinine excretion until a 
new and higher serum creatinine 
steady state is reached. At that new 
higher serum creatinine, daily creati-
nine excretion will be identical to nor-
mal, but will be accomplished at the 
expense of an elevated serum creati-
nine. Therefore, the serum creatinine 
can only be a valid estimate of GFR 
when the blood creatinine levels are 
stable. 

The relationship between serum 
creatinine and GFR is depicted in 
Figure 1. For every 50% reduction in 
GFR, there is a doubling of serum 
creatinine. Thus, when the serum 
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Fig. 1. Relationship between serum creatinine and glomerular filtration rate. 

creatinine level rises from 1 to 2 mg/ 
100 ml, the GFR has fallen to 50% of 
normal; when the creatinine is 4 mg/ 
100 ml, the GFR is 25% of normal; 
when the creatinine is 8 mg/100 ml, 
the GFR is 12.5% of normal. There-
fore, it should be clear that a change 
in serum creatinine from 1 to 2 mg/ 
100 ml represents a far more impor-
tant decrease in GFR (50%), than does 
a change from 7 to 8 mg/100 ml (2% 
to 3% change). 

On the basis of these relationships, 
when the serum creatinine is in the 
range of 4 to 8 mg/100 ml, one can 
easily estimate the approximate GFR. 
However, when the serum creatinine 
is in the range of 1 to 1.5 mg/100 ml, 
this is more difficult, because the 
serum creatinine corresponding to a 
GFR of 100% of normal varies de-
pending on muscle mass and body size. 
A serum creatinine of 1 mg/100 ml 

may be abnormal for a small woman, 
whereas a serum creatinine of 1.5 mg/ 
100 ml may be normal for a large man. 

For these reasons, it is helpful to 
measure GFR to establish baseline 
values, especially when serum creati-
nine is in or near the normal range. 
Endogenous creatinine clearance (Ccr) 
is the most widely used clinical test to 
measure GFR. Most commonly, the 
Ccr is calculated from the concentra-
tion of creatinine in a timed urine 
specimen and the simultaneously mea-
sured serum creatinine according to 
the formula [Ccr = (urine creatinine 
X urine flow rate)/serum creatinine]. 
Comparisons between inulin clearance 
(Cin), considered by many to be the 
most accurate measure of GFR, and 
Ccr have been studied by several in-
vestigators. It has been found that 
creatinine clearance is usually higher 
than inulin clearance and often over-
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estimates the GFR by 10% to 15% in 
the nearly normal range and by 40% 
to 50% when the GFR is significantly 
impaired.24-26 Practically, this is not as 
important an error as it might seem. 
In clinical use, it is not usually a 
critical error if the Ccr is 115 ml/min 
when the Cin is 100 ml/min (a 15% 
error); also, it matters little that the 
creatinine clearance is 12 ml/min 
while the inulin clearance is 6 to 8 
ml/min; both would represent nearly 
end-stage renal excretory function. 

There are other important con-
siderations in using the serum creati-
nine as an estimate of GFR. One has 
to do with the chemical method used 
to measure serum creatinine. The true 
creatinine and autoanalyzer methods 
are similar and most accurate. The 
total creatinine chromagen method 
measures creatinine and other creati-
nine-like chromagens. With this latter 
method serum creatinine is spuriously 
high and will underestimate glomeru-
lar filtration.21. 23- 24 

Another source of error in creati-
nine determination has to do with 
the creatinine production in severe 
chronic renal failure. It is thought 
that the decrease in muscle mass in 
severe renal failure results in less cre-
atinine production. This results in 
serum creatinine levels lower than 
would be expected for the degree of 
impairment of GFR.25 Probably, this 
is one of the reasons why endogenous 
creatinine clearance overestimates 
GFR as worsening renal failure occurs. 

Accurate measures of GFR in clini-
cal medicine are becoming necessary 
because of drug efficacy studies for the 
treatment of various glomerular dis-
eases. Inulin clearance requires cum-
bersome infusion techniques and com-
plicated chemical analyses. Other sub-

stances to measure GFR have been 
sought. 

One such substance, 125I iothala-
mate, has been tested by several 
groups26"28 and is used in our labora-
tory. It has the advantage of requiring 
no intravenous infusion, and no chemi-
cal analyses, of using very small sample 
volumes of blood and urine (0.5 cc), 
and of being as accurate as inulin. 
It has the disadvantage of requiring 
timed urine collections and of being 
a radioisotope which requires scintilla-
tion counting equipment. 

Iothalamate is handled by the kid-
ney in a fashion similar to inulin.29 

Previous studies have demonstrated 
that the clearance of isotopically 
labeled iothalamate administered by 
continuous intravenous infusion or by 
single subcutaneous injection was 
nearly identical to simultaneously 
measured inulin clearances.26 For con-
venience, we chose to administer the 
125I iothalamate subcutaneously. The 
details of the method are as described 
by Israelit et al.26 In 10 patients, 17 
simultaneous inulin and iothalamate 
clearances were performed (Fig. 2). 
Very good correlation was observed. A 

IOTHALAMATE ml/min/1.73m* 

Fig. 2. Relationship between iothalamate 125I 
and inul in clearances. 
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Fig. 3. Relationship between sodium iothalamate 125I and creatinine clearance is depicted. Note 
that the creatinine clearance significantly overestimates the iothalamate clearance at the lower 
levels of glomerular filtration rate. 

comparison was made between iothala-
mate clearance and a 12- or 24-hour 
creatinine clearance obtained the same 
day (Fig. 3). Here there was consider-
able variation between clearance re-
sults. The wide variation between Ccr 
and iothalamate clearance is most 
probably due to inaccuracies in urine 
collections for the 12- or 24-hr Ccr. 
Longer collection periods have been 
favored because the chances of urine 
collection errors would be reduced. 
However, in our experience with both 
outpatients and hospitalized patients, 
extended urine collection periods are 
likely to be inaccurate more often 
than not. 

Such studies a§ these suggest that 
123I iothalamate clearances may be an 
accurate and convenient method for 
the determination of GFR in certain 
clinical situations. They still require 
carefully timed urine collections, but 
do not have the error of Ccr methods. 

References 

1. Epstein F: Disorders of renal concentrat-
ing ability. Yale J Biol Med 39: 186-195, 
1966. 

2. Lindeman RD, VanBuren HC, Raisz LG: 
Osmolar renal concentrating ability in 
healthy young men and hospitalized pa-
tients without renal disease. N Engl J 
Med 262: 1306-1309, 1960. 

3. Lewis W H Jr, Alving AS: Changes with 
age in the renal function in adult men; 
clearance of urea; amount of urea ni-
trogen in blood; concentrating ability of 
kidneys. Am J Physiol 123: 500-515,1938. 

4. Schoen EJ, Young G, Weissman A: Uri-
nary specific gravity versus total solute 
concentration; a critical comparison. I. 
Studies in normal adults. J Lab Clin Med 
54: 277-281,1959. 

5. Miles BE, Paton A, deWardener HE: 
Maximum urine concentration. Br Med 
J 2: 901-905, 1954. 

6. Bricker NS, Morrin PAF, Kime SW Jr: 
T h e pathologic physiology of chronic 
Bright's disease; an exposition of the "in-
tact nephron hypothesis." Am J Med 28: 
77-98, 1960. 

7. Manitius A, Levitin H, Beck D, et al: On 

require permission.
 on April 23, 2024. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/


Fall 1975 Clinical evaluation of renal function 223 

the mechanism of impairment of renal 
concentrating ability in potassium defi-
ciency. J Clin Invest 39: 684-692, 1960. 

8. Manitius A, Levitin H, Beck D, et al: On 
the mechanism of impairment of renal 
concentrating ability in hypercalcemia. 
J Clin Invest 39: 693-697, 1960. 

9. Perillie PE, Epstein FH: Sickling phe-
nomenon produced by hypertonic solu-
tions; a possible explanation for the hy-
posthenuria of sicklemia. J Clin Invest 
42: 570-580,1963. 

10. Raisz LG, Au WYW, Schur RL: Studies on 
the renal concentrating mechanism. IV. 
Osmotic diuresis. J Clin Invest 38: 1725-
1732, 1959. 

11. Goldberg M, McCurdy DK, Foltz EF, et 
al: Effects of ethacrynic acid (a new 
saliuretic agent) on renal diluting and 
concentrating mechanisms; evidence for 
site of action in the loop of Henle. J 
Clin Invest 34: 201-216, 1964. 

12. Levinsky NG, Berliner RW: T h e role of 
urea in the urine concentrating mech-
anism. J Clin Invest 38: 741-748, 1959. 

13. Relman AS, Levinsky NG: Clinical ex-
amination of renal function, in Diseases 
of the Kidney, v. 1, Strauss MB, Welt LG, 
eds. Boston, Little, Brown, and Company, 
1971, pp 87-137. 

14. Bartter FC, Schwartz WB: T h e syndrome 
of inappropriate secretion of antidiuretic 
hormone. Am J Med 42: 790-806, 1967. 

15. Schedl HP, Bartter FC: An explanation 
for an experimental correction of the 
abnormal water diuresis in cirrhosis. J 
Clin Invest 39: 248-261, 1960. 

16. Berliner RW, Davidson DG: Production 
of hypertonic urine in absence of pituitary 
antidiuretic hormone. J Clin Invest 36: 
1416-1427, 1957. 

17. White AG, Kurtz M, Rubin G: Compara-
tive renal responses to water and the 
antidiuretic hormone in diabetes insipidus 
and in chronic renal disease. Am J Med 
16: 220-230, 1954. 

18. Wrong O, Davies HEF: T h e excretion of 

acid in renal disease. Q J Med 28: 259-
313, 1959. 

19. Gonick HC, Kleeman CR, Rubini ME, et 
al: Functional impairment in chronic 
renal disease. II. Studies of acid excre-
tion. Nephron 6: 28-49, 1969. 

20. Barrett E, Addis T : T h e serum creatinine 
concentration of normal individuals. J 
Clin Invest 26: 875-878, 1947. 

21. Doolan PD, Alpen EL, The i l GB: A clin-
ical appraisal of the plasma concentration 
and endogenous clearance of creatinine. 
Am J Med 32: 65-79, 1962. 

22. Addis T, Barrett E, Poo LJ, et al: T h e 
relation between the serum urea con-
centration and the protein consumption 
of normal individuals. J Clin Invest 26: 
869-874,1947. 

23. Rapoport A, Husdan H: Endogenous 
creatinine clearance and serum creatinine 
in the clinical assessment of kidney func-
tion. Canad Med Assoc J 99: 149-156, 
1968. 

24. Lavender S, Hilton PJ, Jones NF: T h e 
measurement of glomerular filtration-rate 
in renal disease. Lancet 2: 1216-1219, 1969. 

25. Enger E, Biegen EM: T h e relationship 
between endogenous creatinine clearance 
and serum creatinine in renal failure. 
Scand J Clin Lab Invest 16: 273-280,1964. 

26. Israelit A, Long DL, White MG, et al: 
Measurement of glomerular filtration rate 
utilizing a single subcutaneous injection 
of 12cI-iothalamate. Kidney Int 4: 346-349, 
1973. 

27. Maher FT, Nolan NG, Elveback LR: Com-
parison of simultaneous clearances of 125I-
labeled sodium iothalamate (Glofil) and 
inulin. Mayo Clin Proc 46: 690-691, 1971. 

28. Cohen ML, Smith FG Jr, Mindell RS, et 
al: A simple, reliable method of measur-
ing glomerular filtration rate using single 
low-dose sodium iothalamate 131I. Pedi-
atrics 43:407-415,1969. 

29. Sigman EM, Elwood CM, Knox F: T h e 
measurement of glomerular filtration rate 
in man with sodium iothalamate 131I 
(Conray). J Nucl Med 7: 60-68,1965. 

require permission.
 on April 23, 2024. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/



