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Abstract Arteriolosclerosis frequently occurs in IgA ne-
phritis (IgAN), and it is the hallmark of benign nephro-
sclerosis (BNS). The quantitative ultrastructure of juxta-
glomerular arterioles is not known in these disorders. We
examined afferent and efferent arterioles in renal biop-
sies from 25 adult patients with I[gAN (hypertension at
biopsy: 14 patients) and 9 patients with BNS. Six age-
matched living renal transplant donors acted as controls.
A systematic independent sample of profiles was ob-
tained in thin sections taken at predetermined levels. The
thickness of the media (myomedial cells plus the matrix)
and the thickness of the medial matrix were estimated
stereologically. From these estimates, the matrix/myo-
media ratio was calculated. In IgAN with normotension
or hypertension, the afferent media and its compartments
did not exhibit significant thickening compared with the
controls, whereas in BNS the afferent media and its lay-
ers were markedly and significantly thickened. The effer-
ent media in IgAN and BNS displayed mild and signifi-
cant thickening, with significant thickening of the matrix
in BNS and IgAN with normotension. The matrix/myo-
media ratio was not altered significantly in any group.
The results indicate that the afferent arterioles are not the
main sites of IgAN-related arteriolosclerosis, that arte-
riolosclerosis in IgAN and arteriolosclerosis in BNS are
different lesions, and that increased efferent arteriolar
thickness, demonstrated here for the first time in IgAN
and BNS, might be a manifestation of angiotensin II-me-
diated autoregulatory efferent vasoconstriction exerted to
maintain the glomerular filtration pressure.
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Introduction

Hyaline arteriolosclerosis, the hallmark of benign nephro-
sclerosis (BNS) [22, 30], is a nonspecific lesion. It is also
observed in diabetic nephropathy and chronic cyclosporin
nephropathy and in the ageing kidney. It is of interest that
among glomerulonephritides [22], arteriolosclerosis is
frequently encountered in IgA nephritis (IgAN) [6, 9, 10,
14, 21,%2, 26, 37, 41, 52], even in normotensive young
adult patients [9, 14, 21, 31, 35, 41, 52], and contributes
to the progression of IgAN [14, 32]. The association be-
tween IgAN-related arteriolosclerosis and hypertension-
induced arteriolosclerosis is not known. In a recent ultra-
structural quantitative study [44], afferent and efferent ar-
terioles from patients with insulin-dependent diabetes
mellitus were examined stereologically, and an arteriolar
accumulation of extracellular material was observed in
the early phase of diabetic nephropathy. We adopted that
method [44] in the present investigation to analyse the af-
ferent and efferent arterioles in renal biopsy samples from
25 adult patients with IgAN and 9 patients with BNS. In
IgAN, normotensive and hypertensive patients were dis-
tinguished on the basis of the prebiopsy blood pressure.
Renal biopsy specimens from living kidney transplant do-
nors served as healthy controls. We set out to answer the
following questions: does hypertension at biopsy influ-
ence the afferent arteriolar parameters in IgAN? is there
any difference between IgAN-related arteriolosclerosis
and BNS-associated hyaline arteriolosclerosis? and what
efferent arteriolar changes exist in IgAN and BNS?

Materials and methods

Cases with primary IgAN or BNS were selected from the percuta-
neous renal biopsy material collected in Szeged between 1979 and
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Table 1 The series (BNS be-

nign nephrosclerosis, [gAN IgA Healthy BNS IgAN RR- IgAN RR+
nephritis, RR— normotensives,
RR+ hypertensives) n 6 9 11 14

Gender 2F,4M 5F4M 6F,5M 3F 11 M

Age, median (range)? 43 (26-55) 36 (18-51) 34 (22-50) 38 (19-56)

18-30 years 1 3 4 4

3140 years 1 3 3 4
2 No significant difference ilb—oi,% %%a;sears ? é ?) ‘21
among groups in terms of age
Table 2 Clinical variables at the time of renal biopsy

BNS IgAN RR— IgAN RR+
Median (range) n Median (range) n Median (range) n

Systolic blood pressure (mm Hg) 155 (143.5-190) 9 130 (110-140) i1 150 (140-217) 14
Diastolic blood pressure (mm Hg) 100 (92-120) 9 85 (75-90) 11 100 (90-135) 14
Daily urine protein excretion (g) 0.9 (0.2-8.2) 9 2.3(0.5-7.3) 11 1.3 (0.2-5.1) 14
Creatinine clearance (ml/s) 1.63 (0.63-1.86) 5 1.48 (0.52-2.38) 10 1.06 (0.18-2.73) 10
Serum creatinine (umol/1) 97 (69-251) 9 88 (52-144) 11 112 (82-337) 14
Serum total cholesterol (mmol/1) 5.3 (4,7-9) 9 5.4 (4-10) 7 6.6 (3.4-9) 12
Serum triglycerides (mmol/1) 1.8 (1.1-7.6) 9 2.1 (1.75-2.4) 5 2.2 (0.6-5.8) 11
Serum albumin (g/1) 352.84.1D 3 3.5 (2.8-4.5) 5 3.7 (3.3-4) 11
Duration of disease (months) 24 (2-120) 9 24 (6-168) 11 12 (6-72) 13

1992, with the provisos that the renal cortical tissue samples were
originally examined by light microscopy, immunofluorescence
(IgG, IgA, IgM, C3 and fibrinogen) and electron microscopy, the
slides stained for light microscopy contained at least ten glomeru-
lar profiles, advanced glomerular sclerosis was not present, and
the patients did not have diabetes or an impaired glucose tolerance
at the time of the biopsy. The diagnosis of BNS was made if the
biopsy findings disclosed hyaline arteriolosclerosis in the absence
of glomerular disease, the patient had elevated blood pressure, im-
aging techniques revealed normally positioned kidneys without
scarring or signs of obstructive nephropathy, and the search for a
cause of secondary hypertension proved negative. There were 25
cases with I[gAN and 7 cases with BNS that fulfilled these criteria.
Two cases with BNS from the renal biopsy material from Ljublj-
ana, which also fulfilled the selection criteria, were included in the
BNS group. Tissue specimens for electron microscopy were fixed
in 3% buffered glutaraldehyde, postfixed in 1% osmium tetroxide,
and subsequently embedded in Durcupan ACM in Szeged, or in
Epon 812 in Ljubljana.

The clinical features of IgAN and BNS are summarized in Ta-
bles 1 and 2. In IgAN, two groups were established on the basis of
the mean blood pressure values [29] measured on the 1st and 3rd
days of hospitalization: hypertensives (values above 140/90 mm
Hg: 14 patients) and normotensives (values below or at 140/90
mm Hg: 11 patients). In 2 men, the average of the two readings
was below 140/90 mm Hg, but they had an elevated blood pressure
on the 1st day (150/90 and 140/100 mm Hg, respectively). These
patients were included in the normotensive group. In BNS, the bi-
opsies were performed to diagnose or exclude glomerular disease.
Prior to biopsy, 6 hypertensive IgAN patients and 8§ BNS patients
were treated with various combinations of antihypertensive drugs
for 1-5 months. The group of healthy individuals (controls) con-
sisted of 6 normotensive living transplant donors from whom renal
biopsy specimens were taken (Table 1). Clinical examination in
these persons prior to the donation disclosed normal blood pres-
sure, normal renal function and no diabetes. The patients were
Swedish and the biopsy procedure was performed in Goteborg,
Sweden. The tissue samples were mailed in 2% buffered glutaral-
dehyde to the Department of Pathology, University of Aarhus, Aa-
rhus, Denmark. After postfixation in 1% osmium tetroxide, the
blocks were subsequently embedded in Vestopal. All the patients
reported on here are Caucasians.

The changes in IgAN [1, 2, 11, 12, 14, 15, 26, 33, 39] were
scored semiquantitatively by two independent observers (J.O. and
B.L), without any knowledge of the clinical and ultrastructural
quantitative data. The glomerular score (0—12) was obtained by
determining the percentage of glomeruli totally sclerosed, the per-
centage of glomeruli with crescents, the percentage of glomeruli
with segmental lesions (adhesions and/or subendothelial hyalino-
sis and/or sclerosis) and the degree of mesangial matrix and cell
proliferation. Subendothelial hyalinosis was regarded as a sign of
hyperperfusion injury. The tubulointerstitial score (0-12) reflected
the extent of interstitial fibrosis, the extent of interstitial infiltrates
and the extent of tubular atrophy. The vascular score in small ar-
teries and arterioles (0-2) was adopted from [14]: 0, vessel media
with two smooth muscle cell layers, and little or no hyaline mate-
rial in the vessel walls; 1, vessel media with two to three smooth
muscle cell layers, and hyaline material present in the vessel walls
focally; and 2, vessel media with three or more smooth muscle cell
layers, with widespread hyaline material in the vessel walls.

Trimmed blocks were available for the present study in most
cases. The methodology for sampling of arteriolar profiles has been
published recently [44]. In brief, the blocks were sectioned serially,
starting with a baseline section (0 level). From this 0 level, 1-pm-
thick sections were cut, picked up and numbered consecutively, and
stained for light microscopy to identify arteriolar profiles as affer-
ent or efferent by following their course through the serial sections.
Adjacent to thin sections, a sketch of all arteriolar profiles was
made on semithin sections used as reference for electron microsco-
py. Every 50 pm from the baseline level, thin sections were pre-
pared, covering the full extent of the semithin sections. From the
thin sections, an independent, systematic sample was obtained by
photographing all arteriolar profiles present in the sections. The full
extent of the arterioles was photographed, photomontages being
made when necessary. The negatives were photographically en-
larged to x6550. The actual magnification of the print was calculat-
ed by simultaneous photographing of a calibrating grid with 2160
lines/mm. The number of arteriolar profiles obtained in each group
is shown in Table 3. The groups with IgAN with normotension and
with BNS contained 1 patient with one efferent profile and 1 pa-
tient with two efferent profiles, respectively. These patients were
omitted from the calculation of efferent arterioles.

The tunica media of the arteriole extends from the external as-
pect of the endothelial cytoplasm to the surrounding interstitial tis-



Table 3 Number of arteriolar profiles studied by electron micros-

copy
Controls ~ BNS IgAN RR— IgAN RR+
Afferent profile, 22 (11-28) 13 (3-24) 15(4-36) 15 (3-34)
mean (range)
Efferent profile, 26 (5-44) 11 (2-19)2 7 (1-14)2 13 (3-25)

mean (range)

a Cases with only one efferent profile and two efferent profiles
available, respectively, were omitted from calculations of efferent
arterioles

sue. It consists of the myomedial cells and the extracellular ma-
trix. The matrix is composed of the basal lamina material between
the myomedial cells, the subendothelial basement membrane, the
external basal lamina, the insudated hyaline material, the collagen
fibres and other matrix substances and, on occasion, the elastic el-
ements and immune deposits [16, 21, 22, 24, 35, 50, 52].

A transparent square grid with 9 points and 136 mm testline
length per unit was placed with an independent position on the
prints. The sum of points hitting the smooth muscle ceils and the
matrix over all profiles per biopsy served for estimation of their
volume fractions, the media being used as reference space. The
sum of intersections between grid lines and the external basal lam-
ina of the myomedial cells was used to calculate the surface densi-
ty of the arteriolar circumference. From these data, the average
thickness of the media and the theoretical average thickness of the

Fig. 1 Theoretical thickness of
arteriolar matrix. The matrix is
spread in an even layer on the
arteriolar circumference (right).
SMC smooth muscle cell, E en-
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matrix of the media (the thickness of the matrix components
spread in an even layer on the arteriolar circumference, Fig. 1)
were computed [20]. From the values for the media and matrix,
the thickness of the myomedia and the matrix/media ratioc were
calculated.

The sampling of profiles and the measurements were done by
Zs.R., without any knowledge of the clinical or light microscopi-
cal data of the patients.

The Mann-Whitney U-test was used to examine the differences
between the stereological variables in normotensive IgAN, hyper-
tensive IgAN and BNS versus the controls, and between normo-
tensive and hypertensive IgAN versus BNS. The difference be-
tween the histological scores for hypertensive IgAN against nor-
motensive IgAN was analysed with Student’s unpaired ¢-test. The
level of significance was 0.05. Linear regression analysis was ap-
plied to explore the link between the stereological data and the
clinical variables listed in Table 2.

Results

In IgAN, there was no significant difference in light mi-
croscopical severity between normotensives and hyper-
tensives. Segmental glomerular lesions and hyalinosis in
small arteries and arterioles were present in 24 and 23
patients, respectively. Hyperperfusion injury was ob-
served in 9 patients. In BNS, the severity of hyaline arte-
riolosclerosis in S patients exceeded the vascular score of

dothelium
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Table 4 Sterological estimates (mean+SD) in the study groups (Vv volume fraction; T thickness, p vs control P<0.05, versus controls)

Controls BNS P vs control IgAN RR— P vs control IgAN RR+ P vs control

Afferent

Vv (matrix/media) 0.46+0.08 0.46+0.08 0.93 0.41x0.07 0.22 0.43+0.12 0.65
Media T (um) 5+0.8 8.8+2 0.001 6.3x1.8 0.15 6.1£1.6 0.18
Matrix T (pm) 2.3x0.3 4.3+1.7 0.01 2.6+0.8 0.48 2.6+1.1 0.93
Matrix T/myomedia T 0.8+0.1 1.1x0.9 0.46 0.7£0.2 0.26 0.7£0.3 0.65
Efferent

Vv (matrix/media) 0.48+0.04 0.48+0.08 0.93 0.48+0.07 0.92 0.45+0.10 0.54
Media T (um) 1.8+0.3 2.7+0.5 0.01 2.4+0.6 0.04 2.5+0.9 0.03
Matrix T (um) 0.9+0.1 1.5+0.6 0.05 1.1+0.2 0.03 1.2£0.4 0.16
Matrix T/myomedia T 1.2+0.6 1.5+0.8 0.53 0.9+0.3 0.38 1.1£0.9 0.86

2 in IgAN. In 2 patients the severity of the lesions was
comparable to the vascular score of 2, and in 2 patients
the lesions would have been scored as 1. Four patients
displayed hyperperfusion injury.

In IgAN, as opposed to the controls, there was a non
significant thickening of the afferent media and its lay-
ers. The thickness of the afferent media was in the “nor-
mal range” in 4 normotensives and 5 hypertensives (Figs.
2, 3, Table 4). Of these patients, 6 had an average vascu-
lar score of 1.5 and a global score of 12.5, pointing to
pronounced histopathological expression of IgAN. The
efferent media and its compartments exhibited increased
thickness, which was significant for the media in both
groups, and for the matrix in the normotensives. The
thickness of the efferent media was in the “normal
range” in 4 normotensives and 6 hypertensives. These
patients had marked lesions of IgAN (average vascular
score: 1.2, global score: 10.1). In BNS versus the con-
trols, a marked and significant thickening was found in
the afferent media and its compartments. In the efferent
profiles, a significant thickening of the media was ob-
served, whereas the increase in the matrix thickness was
at the cut-off point of the P-value.

The afferent arteriolar profiles in BNS were signifi-
cantly thicker than those in IgAN with normotension
(P=0.01 for the media), and in IgAN with hypertension
(P=0.002 for the media). The quantitative status of the
efferent arteriolar profiles in BNS did not differ signifi-
cantly from those seen in IgAN with normotension or
hypertension. The matrix/myomedia ratios revealed that
the thickenings in any group proportionately involved the
matrix and the muscular coat.

No correlation was found between morphological and
clinical variables.

Discussion

The present study provides the first ultrastructural quan-
titative data on the glomerular arterioles in IgAN and
BNS. Interpretation of the findings is difficult, however,
since haemodynamic data on the glomerular microcircu-
lation in humans are few. Further, the relatively low
number of profiles, which were frequently sectioned tan-
gentionally due to the tortouosity or arterioles, did not
make it possible to calculate such resistance vessel pa-
rameters as the luminal diameter or media cross-section-
al area. Because of these limitations, our conclusions
should be treated with caution. In this discussion, we
deal first with the efferent arterioles, which have an im-
portant role in the adaptive haemodynamic changes in
the glomeruli, as they maintain the filtration pressure [4,
18, 47, 51].

The efferent media in IgAN exhibited a mild, albeit
significant, thickening in both the normotensive and the
hypertensive patients, this involving the proportionate
thickening of the matrix and the myomedia. In a rat
model of IgAN, an increased synthesis of glomerular
thromboxane was observed, which was not counterbal-
anced by an increased synthesis of prostaglandin E2, re-
sulting in mesangial cell contraction, vasoconstriction of
efferent arterioles, and the development of microhaemat-
uria [17]. The situation in the human kidney seems dif-
ferent. A weak immunohistochemical reactivity of



thromboxane synthase was found in the podocytes, while
the mesangial cells were negative. Thromboxane syn-
thase immunoreactivity was not increased in two cases
of IgAN investigated [42]. However, mesangial cells in
IgAN have an increased expression of alpha smooth
muscle actin [3, 19], indicating enhanced contractile
properties. It is likely therefore that, as in the rat model
of IgAN, the mesangial cells do contract, probably be-
cause of the direct contractile effect of immune aggre-
gates [13]. In the present study, segmental glomerular le-
sions were observed in all but 1 patient. These lesions
play an important part in the progression of IgAN [33].
We hypothesize that the mesangial contraction, together
with the narrowing of the glomerular capillaries by me-
sangial cell proliferation, segmental sclerosis and, on oc-
casion, by crescents, reduces the glomerular filtration
surface area, leading to a decrease in the filtration pres-
sure. Readjustment of the filtration pressure may be
achieved by efferent arteriolar vasoconstriction mediated
by the local autoregulatory action of angiotensin II [27].
The action might be manifested morphologically by a
thickening of the efferent arterioles, the finding of the
present study. Recently, the angiotensin-converting en-
zyme inhibitors have been found to have beneficial ef-
fects in stabilizing the creatinine clearance and improv-
ing proteinuria in IgAN [8]. The protective effects may
be related to the action of these drugs in reducing glom-
erular capillary hypertension [47], by amelioriating the
vasospasm of the efferent arterioles. The data of therapy
indirectly suggest that the efferent arteriolar thickening
demonstrated by us may be linked with the action of an-
giotensin II.

Extraglomerular vascular hyalinosis, indicating mi-
crovessel disease, was observed in 23 patients. The mi-
crovasculopathy, however, tended to preserve the afferent
profiles, since the stereological estimations demonstrated
a non-significant increase in the thickness of the media
in the patients overall, and “normal” medial thicknesses
were measured ultrastructurally in 6 patients with
marked light microscopical vascular changes. In an earli-
er study on extraglomerular vascular immune deposits in
425 patients with IgAN, the deposits occurred in small
interlobular arteries in 52% of the cases, in arterioles in
16% of the cases, and in both sites in 17% of the cases
[52]. The results of the previous and the present study in-
dicate that the small interlobular arteries rather than the
afferent arterioles are the main sites of IgAN-related ar-
teriolosclerosis.

The pathomechanism of the microvasculopathy is not
clear. It might be a feature of the glomerular disease it-
self [14, 32], or it might be part of a hyperperfusion inju-
ry [5, 40]. We consider it to be mainly the result of
haemodynamic maladaptive damage by the autoregulato-
ry action of angiotensin II. Angiotensin II generally con-
stricts efferent arterioles more than afferent arterioles
[45]. The relative decrease in the afferent arteriolar resis-
tance might protect the afferent arterioles from the devel-
opment of marked microvasculopathy, and this is proba-
bly why the measured increase in thickness of the media
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in our randomly selected patients was not significant.
The interpretation of the afferent arteriolar findings relies
on the studies in rats with haemodynamic adaptation [7,
25] or diabetic hyperfiltration [43], in which a decrease
in the afferent arteriolar resistance was observed.

Systemic hypertension aggravates the progression of
IgAN [31]. In this respect a surprising finding in the
present study was that hypertension at biopsy was not as-
sociated with enhanced quantitative change when com-
pared with the normotensives. The reason for this obser-
vation is unclear. Factors may be the relatively short du-
ration of the hypertensive period (median: 12 months)
and mild hypertensive values (median: 150/100 mm Hg.

Although we have no laboratory data as to whether
our BNS patients had high-renin or low-renin hyperten-
sion, we assume that the renin-angiotensin system was in
operation. The suspicion is strong in 8 patients in whom
severe vascular changes and/or hyperperfusion injury of
the glomeruli indicated hyperreninaemia or intrarenal
haemodynamic adaptation. The efferent arterioles dis-
played a significant media thickening versus the con-
trols, which proportionately involved the myomedia and
the matrix. The thickening might be due to a vasospasm
of the efferent arterioles, mediated by angiotensin II [18,
27]. This role of angiotensin II is presumed on the basis
of the observation that patients with renovascular hyper-
tension had increased efferent arteriolar resistance [34].
In uncomplicated essential hypertension the efferent ar-
teriolar resistance was not elevated [34], and therefore
the efferent arteriolar thickening demonstrated in the
present study may be confined on the small subgroup of
hypertensive patients requiring renal biopsy to exclude
glomerular disease [28, 38].

Previous light microscopical studies on afferent arteri-
oles {23, 47, 49] described thickening of the arteriolar
wall. The present study confirmed and extended that ob-
servation by demonstrating that the thickening propor-
tionately involved the matrix and the myomedia. The
proportionate thickening is surprising, since hyalinosis
of the interlobular arteries and afferent arterioles is re-
garded as the leading feature of BNS. In the light of the
present study, it seems likely that the thickening of affer-
ent smooth muscle cells can be overlooked on light mi-
croscopy. Our study does not answer the question of
whether the increased myomedia thickness in BNS is
due to the growth of the vessels or not. Observations on
human resistance vessels indicate that hypertension is
mainly associated with vessel wall remodelling (rear-
rangement of the same amount of material around a
smaller lumen) rather than growth [36, 46]. The increase
in wall thickness in BNS versus IgAN was significant,
demonstrating that arteriolosclerosis in IgAN and hya-
line arteriolosclerosis in BNS are different lesions.
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