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Summary. Thirty-five patients with Type I (insulin-dependent) 
diabetes mellitus and 90 normal subjects had renal size (renal 
area index) determined by X-ray and also had examination of  
renal biopsies by light and electron microscopy. Renal area in- 
dex of  206 + 32 cm2/1.73 m 2 (mean +__ SD) in the Type 1 diabet- 
ic patients exceeded that in the normal subjects (180_+ 
25 cm2/1.73 m 2, p < 0.001). In the diabetic patients, the renal 
area index correlated with creatinine clearance (r = + 0.43, 
p <0.05), but  did not  correlate with urinary albumin excre- 
tion, or the electron microscopic measurements of percentage 

total mesangium and glomerular basement membrane width. 
In diabetic patients with clinical nephropathy or severe glo- 
merulopathy on biopsy, the kidneys may remain large. Thus, 
renal size does not indicate the severity of diabetic renal 
lesions on biopsy. 

Key words: Kidney size, diabetic nephropathy, creatinine 
clearance, mesangium, glomerular basement membrane, uri- 
nary albumin excretion, hypertension, Type 1 diabetes. 

Nephropathy is a major complication of diabetes melli- 
tus and results in renal failure in at least one-third of 
Type 1 diabetic patients within 15-30 years of the onset 
of the disease [1, 2]. Usually at diagnosis there are subtle 
renal functional and structural changes which include 
elevated glomerular filtration rate (GFR) [3-8], renal 
plasma flow [3-8], and increased kidney size [3-8]. 
Within a few years, exercise-induced [9] and resting [10] 
microalbuminuria are also noted. In newly diagnosed 
diabetic patients [4] and in patients with duration up to 
12 years [3, 6, 7], a direct relationship has been found be- 
tween GFR and kidney size measured either by X-ray 
or by ultrasound. It is not know whether these early ab- 
normalities have any value in predicting whether an in- 
dividual patient has a relatively increased or decreased 
risk of the development of overt clinical nephropathy, 
characterised by Albustix-positive proteinuria, hyper- 
tension, and declining GFR, culminating, ultimately, in 
end-stage renal disease. 

In this study, we examined one of the renal parame- 
ters in diabetes, kidney size, to determine whether this 
measure reflects diabetic nephropathy. This was carried 
out to test if increased kidney size could indicate the de- 
gree of diabetic lesions apparent on biopsy. Clinical 
diabetic nephropathy is always associated with ad- 
vanced pathological changes of diabetic nephropathy, 
especially advanced expansion of the glomerular mes- 

angium [11]. However, since severe diabetic glomerular 
lesions can be developing in the absence of overt clini- 
cal manifestations, it was hoped that measurement of 
kidney size could be a non-invasive and inexpensive in- 
dicator of  this group of patients. 

Subject and methods 

Subjects 
Thirty-five Type I diabetic patients were evaluated at the Clinical Re- 
search Center of the University of Minnesota. These patients had a 
mean + SD age of 30 _+ 9 years (range 9-52 years). The mean duration 
of diabetes was 18 _+ 7 years (range 2.5-29 years). Each patient had at 
least two and usually three 24-h urine collections for creatinine clear- 
ance (corrected up to 1.73 m 2) and for urinary albumin excretion mea- 
sured by nephelometry using the Beckman immunochemistry system 
[12] and multiple blood pressure readings. Overt clinical nephropathy 
was defined as the presence of two or more of the following criteria: 
urinary albumin excretion in excess of 400 rag/24 h, hypertension 
with blood pressure above 140/90mmHg or on anti-hypertensive 
treatment, and creatinine clearance < 95 ml/min per 1.73 m 2. Thirteen 
subjects were thus defined as having clinical nephropathy. Of the re- 
maining 22 patients, all had a creatinine clearance > 95 ml/min per 
1.73 m 2, had urinary albumin excretion < 200 rag/24 h, and were nor- 
motensive with the exception of one patient who was thought to have 
essential hypertension. Following intravenous pyelography, a percu- 
taneous renal biopsy was performed. The patients reported here are 
part of a group of 43 consecutive diabetic patients who were either 
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Fig. 1. Frequency distribution of kidney size in normal and diabetic 
subjects ( ~  normal subjects; [ ]  diabetic subjects with clinical ne- 
phropathy; [ ]  diabetic subjects without clinical nephropathy) 
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Fig.2. Relationship between creatinine clearance and kidney size 
( r=  +0.43, p<0.05). (x) patients with duration of diabetes 
< 15 years; �9 patients with duration of diabetes > 15 years 

evaluated for possible pancreas transplantation or prior to being 
placed on a strict metabolic control protocol and whose renal biopsy 
results have been reported in detail elsewhere [11]. All subjects of this 
earlier group who had intravenous pyelographic measurement of kid- 
ney size were included; the subjects not included in the group report- 
ed here consisted of six patients who did not have an intravenous py- 
elogram or whose X-rays were lost, one with a single kidney and one 
with chronic pyelonephritis. One patient included here had a renal bi- 
opsy before being placed on a strict glycaemic control regimen. The 
protocol was approved by the Committee for the Use of Human Sub- 
jects in Research of the University of Minnesota, and informed con- 
sent was obtained from each patient or responsible parent. 

Out of 118 consecutive living-related kidney donors participating 
in the renal transplant programme at the University of Minnesota, 90 
had renal arteriography available and served as normal subjects. 
These normal subjects had an average age of 33_+14years (range 

16-63 years). Intravenous pyelography and renal arteriography were 
performed during their evaluation as kidney donors. Each gave per- 
mission for a renal biopsy to be performed at the time of transplant. 

Kidney size 

The length and width of each kidney was determined as described by 
Moell [13] on a nephrotomogram obtained at 10min following con- 
trast injection in the diabetic patients, where length of the kidney was 
defined as the greatest distance between the upper and lower poles 
and the width of the kidney was defined as the greatest distance be- 
tween tangent lines to the most lateral and medial parts of the kidney 
perpendicular to the length. The length and width obtained from in- 
travenous pyelograms in 15 of the normal subjects were identical to 
those obtained from the renal arteriograms in these same subjects. 
These arteriograms were used therefore for measurements because 
the much denser nephrograms obtained with this procedure allowed 
the measurements to be performed far more quickly. Renal area index 
was defined as length x width of the right kidney plus length x width 
of the left kidney expressed as cm2/1.73 m 2 body surface area [14]. 
Body surface area was estimated using the equation of Dubois and 
Dubois [15]. 

Tissue preparation 

Part of each biopsy specimen was fixed in Zenker's solution, washed, 
and embedded in paraffin. This tissue was then cut into 2 ~t sections 
and stained with periodic acid-Schiff. The remainder of the tissue was 
fixed in 2.5% gluteraldehyde in 0.17 tool/1 cacodylate buffer and pre- 
pared for electron microscopy as described previously [16]. 

Light microscopy 

The index of mesangial thickening was determined on coded speci- 
mens as described [11, 17]. An average of 25 glomeruli per biopsy were 
observed. 

Electron microscopy 

At least three glomeruli fi'om each patient were examined. Glomeru- 
lar basement membrane width was determined using the orthogonal 
intercept method of Gundersen et al. [18]. The glomerular tuft area 
was defined by a minimal string polygon [19]. Percentage total mesan- 
glum, defined as the percentage of the glomerular tuft area occupied 
by mesangial matrix and cells, was then determined by point counting 
techniques as described previously [16]. The high correlation that we 
have found between the index of mesangial thickening, as determined 
by light microscopy of relatively large numbers of glomeruli, and the 
electron microscopic measurement of percentage total mesangium 
[11], based on a much smaller glomerular sample size (r=0.94, 
p <0.0005), indicated that a correct and independent sampling of 
glomeruli for electron microscopy has been used. The values for nor- 
mal subjects reported here did not differ from the previously reported 
normal values where glomerular basement membrane width was 
greater in males than females (373 +42 versus 326+_45 nm) [20]. As 
previously reported, percentage total mesangium was not significantly 
different between normal males and females with a mean of 14.2+ 
4.1% [201. 

Stat&ticat methods 

We used the method of least squares linear regression analysis and 
Student's t-test. 

R e s u l t s  

I n  n o r m a l  s u b j e c t s  t h e  r e n a l  a r e a  i n d e x ,  w h i c h  a v e r a g e d  
180 + 25 c m 2 / 1 . 7 3  m 2, w a s  s i m i l a r  in  b o t h  sexes ,  a n d  d i d  

n o t  c o r r e l a t e  w i t h  age.  T h e  m e a n  r e n a l  a r e a  i n d e x  o f  
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Fig. 3. Relationship between percentage total mesangium and kidney 
size in the diabetic subjects 
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Fig.4 .  Relationship between glomerular basement membrane width 
and kidney size in the diabetic subjects 

206 + 32 cm2/1.73 m 2 in the diabetic patients was great- 
er than that in normal subjects (Fig. 1 ; p < 0.001). In the 
13 subjects with clinical nephropathy, the renal area in- 
dex averaged 199 + 39 cm2/1.73 m 2, while in the 22 sub- 
jects without clinical nephropathy, the renal area index 
averaged 210 +_ 29 cmZ/1.73 m 2 (t=0.98, NS). In the 
diabetic patients, the renal area index correlated with 
creatinine clearance (r = 0.43, p < 0.05, Fig. 2), particu- 
larly when only those patients with duration of diabetes 
< 15 years were considered (r = 0.72, p < 0.001). The re- 
nal area index did not correlate with duration of diabe- 
tes, urinary albumin excretion, percentage total mesan- 
glum (Fig. 3) or glomerular basement membrane width 
(Fig.4). 

D i s c u s s i o n  

The methods for kidney size determination in clinical 
studies have included contrast and non-contrast radio- 
logical measurement and ultrasound examination. 
Good correlations have been found between kidney 
size measured both by X-ray methods and by ultra- 
sound and actual kidney weight at autopsy [13, 23, 24]. 
Certainly, contrast administration and positioning of 
the patient may affect the actual measurements o b -  

tained by X-rays [23]. The kidney size measurements re- 
ported here are not used to determine absolute kidney 
weight, but to compare diabetic patients with normal 
subjects and within the diabetic group to compare sub- 
jects with a range of structural and functional abnor- 
malities. 

Renal enlargement has been reported both in dia- 
betic patients [3-8] and in experimental diabetic ani- 
mals [21, 22]. Despite a broad spectrum of structural 
and clinical diabetic glomerulopathy, mean kidney size 
in our patients was larger than in normal subjects. 
Renal hypertrophy has been shown to correlate with the 
increased glomerular filtration rate in newly diagnosed 
diabetic subjects and in diabetic patients with up to 
12 years of disease [3, 4, 6, 7]. Our data confirm this 
correlation between kidney size and GFR, especially in 
the first 15 years of diabetes. However, kidney size did 
not correlate with the duration of diabetes, or the biopsy 
findings of glomerular basement membrane width and 
relative mesangial volume. Thus, the kidneys may re- 
main large in patients with nephropathy demonstrated 
either by clinical manifestations or by advanced glo- 
merulopathy on biopsy. Certainly, knowledge of renal 
size does not add to the evaluation of the patient as to 
the severity of the underlying renal lesions since large 
kidneys may be associated with minor or severe struc- 
tural abnormalities. 
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