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Summary. Abnormally large glomeruli are susceptible 
to hyperfiltration-associated sclerosis. We used an estab- 
lished morphometr ic  method to test the general belief 
that juxtamedullary glomeruli are larger than those in 
the outer cortex, in a population with no clinical or 
pathological evidence of  renal disease. Overall, juxtame- 
dullary glomeruli were significantly larger, but this var- 
ied according to the amount  of  global glomerulosclerosis 
present. Global sclerosis increased with age, particularly 
in the outer cortex, and the ratio of  juxtamedullary to 
outer cortical glomerular size showed a positive correla- 
tion with overall, and outer cortical, global sclerosis. 
Thus in the truly normal adult kidney, juxtamedullary 
glomeruli are not significantly larger than outer cortical 
glomeruli. However, global sclerosis increases with age 
and is most marked in the outer cortex, and this leads 
to compensatory enlargement of  predominantly the jux- 
tamedullary glomeruli. These findings suggest that in 
single kidneys, or in conditions characterised by 
ischaemic glomerulosclerosis such as hypertension, mor- 
phological changes related to hyperfiltration may appear 
first, and therefore become most severe, in juxtamedull- 
ary glomeruli. 
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tion area maintains a constant relationship with BSA. 
It is increasingly apparent  that glomerular size is an im- 
portant  factor in the initiation and progression of  glo- 
merular disease. There is evidence that abnormal en- 
largement confers greater susceptibility to glomerulos- 
clerosis (Bhathena etal .  1985; Yoshida etal .  1989; 
MacKay et al. 1990; Newbold and Howie 1990a), and 
may be a predictor of  poor  outcome in some types of  
disease (Fogo et al. 1990). 

There is a general belief that in normal kidneys, juxta- 
medullary (JM) glomeruli are larger than those in outer 
cortical (OC) areas (Elias and Hennig 1967; Hanberg- 
Sorensen 1972; Hurley and Drummond 1974; McLach- 
lan et al. 1977). This is certainly true in the neonatal 
period, since glomeruli in the outermost cortex are still 
forming from metanephric blastema while those in the 
JM region are fully developed and therefore larger. 
However, to our knowledge there has been no systematic 
assessment of  relative glomerular size in either normal 
or diseased adult kidneys. I f  it is true that JM glomeruli 
are larger, there is a possibility that they are more likely 
to become sclerosed. In view of  this, we used a well- 
established morphometr ic  method to compare relative 
glomerular size in outer and juxtamedullary cortex in 
a population with no clinical or pathological evidence 
of  renal disease. 

Introduction 

The main determinant of  glomerular size is body size, 
measured by the body surface area (BSA) (Kasiske and 
Umen 1986; Newbold etal .  1989). Studies of  kidneys 
in humans (Bhathena et al. 1985; Newbold and Howie 
1990a; Newbold et al. 1990) and animals (Yoshida et al. 
1989; MacKay et al. 1990) suggest that loss of  renal tis- 
sue, or of  individual glomeruli, results in compensatory 
enlargement of  unaffected glomeruli so that total filtra- 
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Materials and Methods 

Routinely taken random sections of kidney from 41 consecutive 
hospital necropsies were selected from the files of the Department 
of Pathology, University of Birmingham (mean age 61 years, range 
22-92; 27 males). Selection was made on the basis that the post 
mortem or subsequent histology report gave no indication of clini- 
cal or pathological evidence of renal disease, or of systemic disease 
that could have affected the kidney. Kidneys showing visible corti- 
cal scarring, either diffuse or focal, were not studied. The height 
and weight of the patient, as measured at necropsy, and the weight 
of one kidney, were noted. 

A fine marker pen was used to outline on each coverslip an 
OC and JM zone of equal width. The midpoints between the corti- 
co-medullary junction at the base of medullary pyramids and the 
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cortical surface were marked. A line was drawn through these 
points, parallel with the cortical surface, to define an OC zone. 
Further lines were then drawn around the medullary pyramids, 
parallel to the cortico-medullary junction and also passing through 
the midpoints, to define a JM zone. Any cortex falling outside Age, BSA Kidney 
these two zones was blanked out. sex (m 2) weight 

Glomerular cross-sectional area was measured in OC and JM (g) 
zones on each slide using a method previously described (Newbold OC JM Overall 
et al. 1989). Briefly, the microscopic image was projected onto the 
monitor screen of a Leitz Imagan semi-automatic image analyser, 22,M 2.14 190 2.59 2.81 2.72 0 0 0 
and a random starting point found using random number tables 23,M 1.73 183 3.01 3.28 3.09 0 0 0 
and the Vernier scale on the microscope. Using a digitiser tablet, 25,M 1.75 160 3.89 4.21 4.09 1 2 1 
a traced outline of Bowman's capsule was made of 50 glomeruli 25,F 1.64 155 2.73 2.92 2.81 0 0 0 
in each zone, by following a series of parallel rows perpendicular 26,M 1 .70  200 4.10 3.34 3.81 0 0 0 
to the cortical surface. Globally sclerosed glomeruli were not mea- 40,M 2.28 163 3.81 3.82 3.80 1 0 1 
sured. A separate observer evaluated the proportion of globally 43,F 1.87 160 3.25 3.39 3.30 0 0 0 
sclerosed glomeruli within each zone in each case by simple count- 43,F 1.49 230 4.38 4.54 4.51 0 0 0 
ing of all glomeruli. 48,F 1.82 190 3.04 2.88 2.94 0 0 0 

The mean glomerular cross-sectional area for OC and JM zones 49,F 1.62 210 2.87 3.23 3.06 0 0 0 
in each case was calculated by taking the mean of the largest 12 52,M 1.83 175 4.45 3.92 4.21 6 2 4 
measurements (Newbold et al. 1989). Similarly, an overall mean 56,M 1.62 140 3.23 2.97 3.13 3 1 2 
glomerular size for each kidney was derived by taking the mean 56,M 1 .98  275 3.51 4.55 4.07 0 0 0 
of the largest 25 measurements out of the total of 100 made for 57,F 1.62 105 2.60 2.96 2.83 7 0 4 
both regions combined. The BSA was calculated for each case 57,M 1.85 123 4.08 4.17 4.12 0 0 0 
from the height and weight measurements using the formula of 60,M 1.53 120 3.44 3.32 3.28 2 5 4 
DuBois and DuBois (1916): 62,M 1 .97  200 2.98 3.43 3.17 0 0 0 
BSA(mZ)=weight (kg) ~ xheight (cm) ~ • 63,M 1.56 145 3.97 3.96 3.76 0 I 1 
It was not known if any patient had significantly changed weight 64,F 1.71 150 3.89 3.87 3.83 11 8 9 
during their terminal illness, but such changes in weight would 65,M 1 .78  240 3.78 4.13 4.00 2 4 3 
have relatively little effect on the calculated BSA. 66,F 1.42 80 3.06 3.10 3.06 10 3 7 

The mean OC and JM glomerular areas of all 41 cases were 66,M 1.68 160 3.36 3.75 3.53 1 0 1 
then calculated, together with the mean JM to OC glomerular 67,M 1.77 127 4.14 4.25 4.15 19 4 11 
area ratio. The correlation between BSA and kidney weight, and 68,M 1.42 135 2.81 3.04 2.92 7 5 6 
between kidney weight and overall glomerular area, was deter- 68,F - 95 2.67 3.57 3.19 32 2 21 
mined by Pearson's correlation coefficient. Mean OC and JM glo- 70,M 1.62 150 4.35 4.05 4.18 7 3 5 
merular areas were compared using Student's t-test and the rela- 70,F 1.56 120 3.81 3.68 3.73 25 9 19 
tionships between age, global sclerosis and JM to OC area ratio 71,F 1.59 138 2.70 3.11 2.99 5 1 3 
were tested using Pearson's correlation coefficient. 71,M 1.48 133 3.68 4.43 4.09 14 13 14 

Results 

The raw d a t a  for  each o f  the  41 cases are  shown in 
Table 1. The  overa l l  m e a n  g lomeru l a r  c ross-sec t iona l  
a rea  for  all 41 cases was 3.53 g m 2 x  104, and  overa l l  
g loba l  sclerosis 5%.  M e a n  O C  g lomeru l a r  a rea  was 
3.41 g m 2 x  104, a n d  g loba l  sclerosis 6%,  while  f igures 
for  the  J M  zone  were 3.62 g m  2 x 104 and  3% respect ive-  
ly. The  m e a n  J M  to O C  g lomeru l a r  a rea  ra t io  was 1.07 
( range 0.81-1.38).  

There  was a s ignif icant  difference be tween  OC and  
J M  g l o m e r u l a r  a rea  ( t = 3 . 1 8 ,  P < 0 . 0 1 ) .  The  J M  to O C  
area  ra t io  showed  a pos i t ive  co r r e l a t i on  wi th  overa l l  
g loba l  sclerosis ( r = 0 . 3 9 ,  P = 0 . 0 1 )  a n d  wi th  O C  g loba l  
sclerosis (r = 0.37, P = 0.02), b u t  no t  wi th  g loba l  sclerosis 
in the J M  zone.  There  was a pos i t ive  co r re l a t ion  be tween  
age and  overa l l  g loba l  sclerosis ( r = 0 . 5 0 ,  P =  0.001) and  
age and  O C  g loba l  sclerosis ( r = 0 . 4 6 ,  P - -0 .003 ) .  The  
co r re l a t ion  be tween  age a n d  J M  to O C  a rea  ra t io  was 
no t  s ignif icant  (r = 0.27, P =  0.09). 

There  was a posi t ive  co r re l a t ion  be tween  B S A  and  
k idney  weight  ( r = 0 . 4 2 ,  P = 0 . 0 0 7 ) ,  and  k idney  weight  
and  overa l l  g lomeru l a r  a rea  ( r =  0.38, P =  0.01). 

Table 1. Clinical details, weight of one kidney, and overall outer 
cortical (OC), and juxtamedullary (JM) glomerular area and per- 
centage of global sclerosis in 41 patients 

Discussion 

The m e a n  overa l l  g l o m e r u l a r  a rea  for  the 41 cases, and  
the presence o f  pos i t ive  cor re la t ions  be tween  BSA and  

Glomerular area Global sclerosis 
(pro 2 • 104) (%) 

72,F 1.21 140 2.85 3.58 3.31 4 1 3 
73,M 1.75 145 4.07 4.12 4.08 7 9 8 
74,M 1 .66  205 4.28 5.89 5.47 20 5 16 
75,M 1.69 163 3.52 3.61 3.56 3 5 4 
78,M 1.78 102 3.47 3.96 3.74 4 5 5 
78,F 1.47 127 3.96 3.72 3.81 7 4 6 
79,M 1.55 90 2.78 3.11 2.88 2 4 3 
81,M 2.06 135 3.51 3 .03 3.32 8 2 5 
81,M 1.73 120 3.56 3.67 3.62 0 0 0 
86,F 1.33 85 2.52 3.34 3.05 25 19 23 
89,M 1.68 105 3.00 3.16 3.08 8 3 6 
92,M 1.45 105 2.08 2.68 2.45 8 2 6 

OC JM Overall 

BSA, Body surface area 

k idney  weight ,  and  k idney  weight  and  overa l l  g l o m e r u l a r  
area ,  con f i rm  tha t  the cases used c o n f o r m  to the  n o r m a l  
range  as assessed in p rev ious  studies ( N e w b o l d  et al. 
1989). I t  can  be a rgued  tha t  a m e a n  ra te  o f  g loba l  sclero- 
sis o f  5% suggests  t ha t  the k idneys  were no t  t ru ly  nor -  
mal ,  a n d  it is l ikely tha t  this f igure reflects the  age o f  
the pa t ien ts  in this  nec ropsy  p o p u l a t i o n .  I t  shou ld  be 
stressed aga in  tha t  we avo ided  obv ious ly  sca r red  k idneys  
in this  s tudy.  We found  a pos i t ive  co r r e l a t i on  be tween  
age and  b o t h  overal l ,  and  ou te r  cor t ica l ,  g loba l  sclerosis 
and  o thers  have  shown tha t  g loba l  sclerosis increases  
wi th  age (Elias a n d  Henn ig  1967; H o l t e n b e r g  et al. 1974; 
K a p l a n  e t a l .  1975; K a p p e l  and  Olsen 1980; Kas iske  
1987), even in the absence o f  s ignif icant  pe r iphe ra l  vas-  
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cular disease. This may be an important  factor in the 
interpretation of  the results. 

The overall JM to OC area ratio was very close to 
unity, but within this group of  apparently normal kid- 
neys, the ratio showed a positive correlation with the 
degree of  overall, and outer cortical, global sclerosis. 
Thus in a truly normal kidney, that is, one in which 
global sclerosis is not present, the JM to OC ratio is 
probably one. Global sclerosis was greater in the OC 
area and this probably relates to the anatomy of  the 
blood supply, and adjacent non-sclerosed glomeruli may 
well be ischaemic to a lesser degree. We have previously 
shown that where global sclerosis occurs, there is com- 
pensatory hypertrophy in intact glomeruli (Newbold and 
Howie 1990a). This study suggests that compensatory 
hypertrophy is most marked in the JM area when global 
sclerosis is greater in the outer cortex, perhaps because 
relative ischaemia prevents significant enlargement of  
OC glomeruli. 

There is no doubt  that in early childhood the JM 
glomeruli are larger, since these are fully formed at birth 
while outermost glomeruli are incompletely developed. 
During enlargement of  the kidney throughout  childhood 
this difference will become less marked as the outermost 
glomeruli develop and enlarge, so that in the truly nor- 
mal kidney of  early adulthood there is no significant 
difference in the size of  OC and JM glomeruli. As ageing 
occurs, with or without significant ischaemia, global 
sclerosis affecting mainly OC glomeruli leads to compen- 
satory enlargement affecting mainly the JM glomeruli. 
Since most renal biopsies are taken from children or 
adults with renal impairment, it is not surprising that 
there is a general view that JM glomeruli are relatively 
large. 

The size of  glomeruli is highly relevant to the patho- 
genesis of  glomerular disease (Yoshida et al. 1989; Fogo 
et al. 1990; MacKay et al. 1990; Newbold and Howie 
1990a; Newbold et al. 1990). The greatest enlargement 
occurs in single kidneys, where it is associated with hy- 
per filtration (Malt 1969; Fleck and Braunlich 1984) and 
characteristic segmental (Newbold and Howie 1990b) 
and global sclerosis, which ultimately results in renal 
functional impairment (Fleck and Braunlich 1984; 
Bhathena et al. 1985). Glomerular hyperfiltration also 
occurs in acromegaly where it is not accompanied by 
glomerular enlargement (Hutchins and Kutchemeshgi 
1973; Newbold et al. 1989), and in this situation segmen- 
tal or global sclerosis, or functional impairment, do not 
occur. Thus the presence of  glomeruiar hypertrophy is 
of  central importance in the progression of  glomerular 
disease, since it implies loss of  glomeruli elsewhere or 
the existence of  proliferative glomerular disease, and an 
increased susceptibility to hyperfiltration-related dam- 
age. The findings of  this study suggest that in single 
kidneys, or in conditions such as hypertension that are 
characterised by ischaemic glomerulosclerosis, morpho-  
logical changes related to hyperfiltration may appear 
first, and therefore become most severe, in JM glomeruli. 
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