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In te past 20 yea, sinc the study of Moritz and Oldt1 c erning

pathologic chanes in arterioles and their relation to hypertension, the
majority opiion has shifted. It was found in their cases
that arterioles in tnsive patients showed 3 chronic lesions:
intimal hyalinization; medial hypertrophy and dgnration; and in-
timal proliferation. Taking into account dinial and exmental
evidece, including that of Goldblatt,2 Moritz and Oldt concluded that
arteriolar s is was more likely the cause than the effect of high
blood esure. To the contrary, necropsy studies i this period by
Kimm and Wilson,3 and Wlliams and Harrisonw e thought to
favor the concept of hypertenson as a cause of arteriolar s is.
Since that time most investigators have su d the latter teory.

El1is' and later Wilson' considered that hunman and animal hyper-
tension of the Goldblatt type constituted a vicous cycle, begining
with hypertension, and through renal hic mageroeulng i
further hypertnion. The reviews of renal bi s s from
patients with hypertension by Castleman and SmithwickT'8 indiated
that 4.2 to 7 per cent of cases had no evidence of arteriolar dease.
Their matial a red to show that in some cases the hypertensve
state might precede the development of renal vascular lesions; the
latter could not, therefore, be considered the cause of essential hyper-
tension. Heptinstall's renal biopsy studies' supported this belief, and
J. P. Smith"' from an analysis of renal arterioles atn rop concluded
at arteriolar sclerosis was aggravated hy, but was not the cause of,
benign essetial hypertension. Findley reflted that in hyrtensio
all roads somehow returned to the kidney. He thought that a tubular
enzymatic defect might be responsible for essential hprns In
an editorial, Wakerlin12 pointed out that in the development of human
hypertension, physiologic disorders, either nervous, humoral, or both,
were considered at present to be the most sificant factors.
The availability of a relatively large number of kidney biopsy speci-
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SOMERS, RELMAN, AND SMITHWICK

mens removed during sympathectomy operations at theM husetts
Memorial Hospitals in the io-year period 1946 to 1955 has stimulated
a review study of the morphologic and histochemical alterations of
renal tissue removed from living persons with high blood pressure.

SURGICAL MATERALS AND METHODS
All microcopic sections of surgical kidney specimens ified in the

Pathology Laboratory, M husetts Memorial Hospitals, during the
1o-year period I946 through 1955 were re-examined as unknowns. The
material included I,882 renal biopsy sections and 27I nephrectomy
specimens. The histologic data recorded induded descriptions of the
glomeruli, juxtaglomerular apparatuses, tubules, stroma and blood
vessels. Among the 30 or 40 glomeruli usually available in each sec-
tion, i5 were individually assayed for hyalinization or other alterations.
The tissues later found to have been removed for conditions unrelated
to sympathectomy or other operations performed for hypertension
were excluded from the study.

There remained available for further analysis 1,766 renal biopsy
sections from 1,350 patients. In 940 cases single specimens had been
removed, and in 4io, renal biopsy had been bilateral. Six persons had
had 3 biopsY procedures. Most operations had been performed by one
of us (RHS) or his associates. A biconvex piece of kidney cortex,
approximaty o.6 to i.O by o.5 by o4 cm. was removed and fixed
immediately in Zenker's solution in the operating room. During the
last I8 months some specimens were divided, and portions were frozen-
dried and embedded in paraffin or carbowax for special studies.

Slides already avalable had been stained with hematoxylin and
eosin, Mallory's aniine blue, Lee-Brown connective tissue, silver
reticulin, and Verhoeff's elastic tissue stins. Slides were also stained
with the periodic acid-Schiff (PAS), PAS-Alcian blue and aldehyde
fuchsin-PAS methods. Histochemical and ultraviolet microscopic
studies are to be reported elsewhere.
A grade refecting the degree of thickening or sclerosis of the small

arterioles, chiefly those afferent to glomeruli, was established for each
specimen. The grade represented the average severity of arteriolo-
sclerosis for the specimen, an approximation, m view of the focal nature
of the milder blood vessel changes. grading of "negative" (grade o)
indicated uatered arterioles; "grade I" represented arterioles with
minor localized thickenings; "grade II," vessels, the thickened walls
of which approximately equalled the lumen diameters; and "grade III"
desgnated arterioles with wall thickness exceeding the diameter of the
len. The presence of focal or diffuse vascular necrosis was separate-
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ly noted. The classification used was comparable to that of Castleman
and Smithwick,7 except that their "grade IV" was induded in the
prset "gaeg in."
When the biopsy graings were indexed in relation to the patients

from whom the specmens had been procured, some cases with speci-
mensc from both keidnesre found to have different grades of arteri-
oaoselerosis in each. In 6o per cent of the cases the same grade was
found bilaterally. The cases with dissimilar grades were tabulated i
intermediate groups. To test the reproducibility of the grading method,
200 consecutie spems we ed as unknowns. The grade
was identical in 87 per cent of these. In 200 instances, grades assigned
in the present study were compared with the g diagnoses made
by other pathologists, and agreement was found in 8o per cent, indi-
atg a reasonable degree of objectivit.

REsuLTs

For convenience, the various microscopic observations are consid-
ered and tabulated relation to the grades of vascular alteration. It
appears to be generally accepted that more severe and advanced
examples of clinical hypertension are accompanied by more pronounced

TAaZ I arteriolar nephrosclerosis.1°"s
GCdaof A4rtackrirosis ix,35o Bearing in mind that the renal
Pesr uat6 Hypevtex Based on biopsy samples cosisted of cor-

Kidxey B.eotsy Speciwetex, usually without any medufla
Gradm Caum or any medium-sized arteries, the

Negative chages found would n il
Negative-GrdeI 7 be those that were both diffuse
Grade I 274 and locad in the outer renl
Grade I-II I 8 cortical zoe. The dng for the
Grade II go entire group is shown in Table I.
Grade II-m 34
Grade mt 50TSes
Total Cloudy swelling in the proxi-

mal convoluted tubules, and to a
*Aso x ca with both negative ad lesser eXtent in the distal convo-

grAde A and 3 case both grade I
andm-gri wqit g luted tubules, occurred in from 7

t Inclxds 9rca with diffuse vasauar to 22 per cent of the cSeS, more
frequently with the higher grades

of arteriolar sclerosis. The convoluted tubular epithelial cytpam
bulged irregularly and ecessively, and contained numerous, fine, dis-
tmct, or blurred basophilic granules.7 In view of the practice of imme-
diate fixation and the eceent histologic detail othervise present, this
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688 SOXMR, RELXAN, AND SM WICK

Lative mrariation was thoght to be Worh Of attetion. It
was analo s to, and could be ed with, the revibl mito-
chonirl riepoed by Emmem14 to occmin lls of the
convoluterenal tubles of rats after 6 minutes or more of renal
ischmnia (Fig. x).
Slit itation of the pr al convol tubules, aracterized

by both an e M of the lumen and a decreased height of the
pithiuhm, was dcribed by Shorrs in renal tissue procured from
persom with hy In the present series it occurred in over
oe third of the cases, with relaively equal frequency in all vascular
grades (Fig. 2). ical study of the tubular epithelial cyto-
plasm also has been r to show an abnormally coarse staining
reaction for s dccinic , an oxidation-reduction enzyme.
Faers encotered a comprable mcroscopic lesion in the proximal

TUBULAR ALTERATIONS IN KIDNEY BIOPSIES
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Tedt-fige I. ReAtios between the denive cha of convoluted kidny
tubules and the grS of a or sces are inkated. Thbe pecetages refer to the
patts hyptension-affected, not to the number of ivil bop spens.

convoluted tubular epithelium of rabbits after Io miutes of renal
ischemia produced by ligature. A mild dilatation of the pro l con-
voluted tubules appeared to be a more extreme stage of the same
general nature as cloudy swelling; the summation of these changes is
shown in Text-figure I. Stiingly diated tubules with more rounded
cons and definitely flattned epitheim, particularly of the proxi-
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5RENAL BIOPSY IN HYPERTSION

mal convoluted segnts, were presenti some of the cases. Atrophy
of tubules represented further evidence of tubular retrogression.
As noted in Text-figure I, these degenerative tubular lesions ap-

pearedin per cent of the cases in the'a de I group,"and
in 97 per cent of the grade m group. In al degrees of arteriolar
sderosis, tubular degeneration was the most frequent parenchymal
lesio observed. This also constituted the earliest reconzable renal
abnormality accompanying hypertension. The tubular lons accom-
panying pyelonephritis were diis by the esence of dinary
inflammatory and reparative processes.

Interstitial Tissue
The n inconspicuous renal stroma was infiltrated by collec-

tions of lymphocytes in approximately 20 per cent of the renal biopsy
specimens obtaind from "negative" and grade I groups, and in over
half the spcmens from the more advanced grades of vascular se
(Fig. 3). Unaccompanied as they were by plasma cells or other stig-
mas of inflam n, the lymphocytic foci were regarded as con-
comitants of renal atophy and degenration. In the kidney as well as
in other organs, lymphocytes have been found clet at sites of
basement membrane dissolution.17 Oliver18 and numerous other authors
have ehasized the damagin effect of is ia upon renal tubular
basement membranes (Fig. 4).

Finely pitted cortical surfaces reflect the of kidneys in indi-
viduals with hyp son. Mcroscopically, scars with or without
ymphctic infitration were observed in up to 74 per cent of cases
with the higher grades of vascular alteration (Fig. 5). The majority
of microscopic scars occurred in kidneys without other idicatons of
inflmation; these were thought to represent r e reactions at
sites of lo i atpy and di ance of cortical tubules5"
(TeXt-fig. 2). Glomeri

Most sections from the cases with less severe grades of arteriolo-
sdlerosis showed no obvious alterations of glomeruli The earliest
structural alteration identified consisted of a slight irregular stiffening
of the glomerular llary walls, due to focal thickening of the base-
ment membrane by fibrillar addophilic material. The glomerular loops
became more obvious than normal, with an apparent simplificaton of
the usual capillary tortuosities. Some loop sagged slightly, and in
more advanced examples the entire glomerulus appeared wilted (Fig.
6). McGregor" and McManus and others2' have descrnbed this
change in both necropsy and biopsy material.

Specimens from the group of kidneys without arteriolar sclerosis
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wre Submitted to Dr. J. F. A. McManus for histohical study. He
found his ial indications of goular ishia even in such
cases.' The more obvious glomerular changes have long been re-
garded as secondary to the bisment of arteriolar sclerosis and to

INTERSTITIAL ALTERATIONS IN KIDNEY BIOPSIES

loo 4rPIIAY U1
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Text-figme 2. Pe e of patient with hytMGon who had reWnal sarrg or
Imphocytic infiltations kidy Koy a ording to the grades
ofaeor os

attendant mild local i .cmic atrophy. Hyalinized glomeruli, the
end result of such regressive changes, were found more frequently in
associaion with advanced arteriolar sclerosis. In two thirds of the
patients with severe arteriolar sclerosis, there were byalinized glomer-
uli, but it was estimated that only about 8 per cent of the glomeruli
counted were completely hyalized (Text-fig. 3).

Enlargement of cells with cytoplasmic vacuolization was the only
alteration recognized in the juxtaglomerular apparatuses of Goor-
maghtigh. This occurred in from 3 to 29 per cent of cases, most com-
monly in the transitional grade 1E-m group." Vacuolization was not
so common m less advanced cases, and was regarded as a likely sec-
onda manifestation of the more extreme degrees of loal ischia
(Fig. 7).
Becker ceUs appeared as rounded groups of clear cuboidal epithe-

lium, forming sa tubules which seemed to sprout as diverticula
from degenerated distal convoluted segments.Y They were not ob-
served except in scarred regions. These cells have been considered to
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RENXAL BIOPSY IN HYENRTESION

be related fctionay to the ju tomerlar a tus However,
their presence was uncommon in the biopsy material en Becker
celUs occurred in o, o, I.1 2.5 24, 3, and o per cent of cases respectve-

ly in the 7 groups of arteriolar sclerosis analyzed. The tubilar buds in

GLOMERULAR 8 JUXTAGLOMERULAR ALTERATIONS
IN KIDNEY BIOPSIES

Hyalinized Glomeruli
100 Enlarged ./uxlaglomerular Apparatus

80
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INVOLVED (.~
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Teat-figure 3. The percentage of patents whose renal men e some com-
petehyalyn p li ad the ence of julonur cel arlare are
shown. Tlese are grouped acrdng to the diferent grdes of artdorsi
fig n Pa thes are thepa of coml hyalinied glomeruli n the total
number of glomenuli countmt.

scs were thought to represent merely llized pithellal regenera-
tions in the distal neprons, infrequent and of doubtful functional
0 ~~(Fig. 8). Arterioles
Spasm of morphologially unaltered afferent arterioles, found in all

but one specimen of the grade o group, was inferred from an abnormal
concentric overlapping of the otherwise normal appearig smooth
muscle cells that composed their walls (Fig. 9). Spasm was observed
only once in a control series of 12 kidney biops specimens removed
for diagnostic purposes from normotensive individuals. Artifact could
not be excluded; on the other hand, spasm has not been seen commonly
in the arterioles of other rapidly fixed human issue, such as that re-
moved for cervical biopsy.
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692 SOMRS, RELMAN, AND SHWICK

Structural cange in the afferent arterioles was first evident as a
thikening of the wall due to swelling of the muscle ytoplam; this
stained very little with any methode for scattered PAS-positive
granules. The hydropic alteration, or itllular edema, of the
smallest arterioles was diffuse, uniform, and c c of the de-
gree of vascular thikenmg termed grade L There was also a bulging
of endothelial nuclei into the narrowed lmnen and an irregular swelling
or thicening of the PAS-positive component of the internal elastic
membranes of afferent arterioles (Figs. Io and iI).

Larger arterioles in grade I tissues were usually rather diated, with
a stretching of the elastic tissue into a smooth circle, and without the
uniform hydroc change of muscle cells seen regularly in the smaller
arterioles (Fig. 12). Focal thickening of the PAS-positive component
of the elastica was foumd, apparently as a result of swelling of the
elastic network and an increase in its matri True hypertrophy or
proliferation of the elastic fibers' was not carly demonstrable at any
stage of arteriolar sclerosis.
With moderate thickenig of small arteioles, grade II arteriolar

sclercsis, a hydropic change was not prominent, while an overgrowth
of simooth muscle cells became evident (Figs. I3 and 14). This hyper-
trophy was characterized by an excessvely thick layering of individual
muscle cells i concentric laminar manner, with an abundant cytoplasm
stained red with the MassonGoldner trichrome stain. Between muscle
cells a prominent network of PAS-positive material often appeared.
The iternal eastic membrane was irregularly widened, sometimes
with homogeneous nodules of PAS-positive material bulging outward.
At this stage the vascular alterations in different cases, or in different
microscopic fields in the same case, or along the same vessel, were
much less uniform thnin grade I arteriolar sclerosis. Hypertrophy
of small arterioles c d occasional specmens, while in others
a sweling, nodularity and irregular PAS-staining of the internal elastic
membranes and a deposition of PAS-positive material between muscle
cells prevailed. In sti other cases lhydropic swelling, pooling of ground
substance, and early idions of collagen formaton were more evi-
dent in arterioles (Figs. i5 and I6).

Larger arterioles more closely mirrored the small arteriole changes
in grade H sclerosis. There was an irregular but generalized thicken-
ing of the elastica by PAS-positive material, with focal nodules bulging
outward. Hypertrophy of muscle cells was asymmetrical and rather
irregular in location and extent. The lumens were irregularly and
eccentrically narrowed.

In the gradem group the alterations became still less uniform, both
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in smal and larger arterioles. Degeneative changes predominatd
The elastic tissue was no longer so dearly Manifest and, focally, a
major component of the vessel wall appared to be a pooled ground
substance inundating an iregular feltwork composed of the fibriflar
remnants of elastic tissue and musde (Figs. 17 and i8). Fibrin
seemed to Etrate into some vessel walls in s amomts. Colagen
fibers were rarely detected in s artei stained by theM n-
Goldner tehnique. Lens were irregularly and focaly narrowed to
a marked degree or were completely dosed by relatively amorphous
material largely composed of pooled ground substance mixed with
autolyzed tissue and intercellular fluid or piasma components.

Changes were more varied in the larger arterioles. Extreme degen-
eration of the elastica was evident This was characterized by thick
lump or heavy strands of an irregularly stained PAS-positive material
which bulged into the lumen or outward. There was locized splitting
of the elastic membrane with lacuna formation or apparent reduplica-
tion. A coarse, interceIllular, PAS-positive network was usually present
through the entire thicness of the affected arteriole. Endothelial and
subendothial proliferation of the type seen in endarteritis obliterans
or organized thrombosis was only occasionally present in a very local-
ized form. The large arteriolar lens varied markedly in dieter
along their courses; there were both dilatation and extreme narrowig
(Figs. I9 and 20). The formation of subendothelial foam cel aggre-
gates (atheromas) and the presence of excessive lipidl"m did not char-
acterize the material studied and, in fact, were uncommon at any stage.
Vascular calcification was also quite rare.

Colagen deposition in larger arterioles was found regularly in the
grade m group. It was evident with the Masson-Goldner trichrome
stain as a faint green network surrounded by the excessve PAS-stained
ground substance. When more abundant colagen was present, it
formed a layer in the midportion of the arteriolar wall, or was irregu-
larly disposed and constituted most of the wall at some points, or made
up the periphery of a vessel wall composed internally of mixed ground
substance, degenerated musde and elastic tissue. The participation of
fibroblastic ingrowth was not apparent Ultimately the collagen lost
its fibrillar ane d underwent hyaline degeneration.

Fibrinoid necrosis at any stage of arteriolar scieosis was marced
by a smudging of arteriolar wall outline and a replacement of living
tissue by a fibrillar material, staining much like the fibrin in intra-
vascular dots. The walls of affected vessels were composed chiefly of
pooled ground substance, degenerated elastic tissue, and shrunken or
compressed musde cells. The fibrinoid lay in irregular intramural
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64SO RS, RELMAN, AND SMITWICKo

masses, mer with the PAS-positive lumps and networks of pooled
ground substance without regard to boundaries (Figs. 2I and 22).
Deposition of fibrin was believed to have followed imbibiton of plasma
into the vessel wall, with ubsequent
Venous dilatation of sateP and mall interlobular venules was a

regular fing i earlier stages of arteriolar sdlerosis duing which the
efferent arterioles showed no abnormality. The explanaton for the
venous congestion was not evident in the tical biopsy material, but
the ance ed some factor encouraging slancbnic venous
engorgement or posible nterference with venous return deeper in the
kidney. Spincter-ke activity of muscular veins at the kidney hilus
appeared to be one possible ea ato

Pydoxepkritis
Evidences of chronic infmmon, in the form of pIasma cel infil-

tration of iterstitial tissue, diatd tubules containing coIloid casts,
and scars compxessmg a ic tubules, re present in a miorty of
the (13.5 per cent). Occasionally neutopis within tubules
indicated an acute ex ion, or s mixed with other leuko-
cytes in rstitial ti ssue poited to a sucute inflmma-
tion ing chronic pyelonephritis. Healed pyelonephritis was
characterized by the presence of typical diated tubules with cofloid

Diais of Pydoepkits ix Red Biopsy Specms from Paies iwt Hypertevio

Paciagesfcamin v wi was doesvWe
siie ~~Owe ofbiam Bot of baaem

Vaiar de _ ec

Negative '4%
Negaive-Grade I o% o%
Gradel 5.3% 2% 2%
Grade I-II II% 1%
Grade3 S.'5.o 14% 4%
Grade 1-m 12% 9%
GradeM 12% Io% o%

Totals 12.9% II.8% 3.2%

casts simulatig thyroid follicles, and scars containing atrophic tubules
but without plasma cells among the ntersttial lymphocytic agretes
(Figs. 23 and 24).31
As noted by Heptinstai,9 small fragments of kidney cortex are not

reliable means of recogizing pyeloneplritis. In Table II are listed the
percentages of cases in the various groups which were diagnosed as
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pyelonephritis. Kimmelstiel and Wwlson,33 and Weiss and Parker,"
using necropsy mateial, have shown that hypertension is assiat
with pyelonephritis in only 15 to 20 per cent of cases; these figure are
ceomparableto the T3.5 per cent overal indene found in theprnt
senes. Neither these necropsy studies nor the present biopsy investi-
gations provide suient data to establish an accurate este of the
real incidence of pyelonephritis in hypertension.

Usual Observations
Unilateral renal ischemia, and a disproportionate development of

arteriolar sclero, ass ia with a hypertension of the Goldblatt
type, was rarely encountered. In only 2 of the 4 cases with differences
of 2- grades between the degrees of arteriolar sclerosis found in bilateral
renal biopsy were the dinical records at least consistent
with the exi of the Goldblatt phenomenon.U Revew of the clini-
cal records of all patients from whom negative kidney biopsy speci-
mens were procured revealed no evidence of unilateral renal disease."
As a group, their hypertension was cracterized clinically by a rever-
sion to normal levels after bed rest.
A oca was removed at operation for hypertension in

each of 13 cases during the period 1946 to I955. Renal biopsy speci-
mens were available from 9 cases, and in 2 there were serial biopsies.
A 22-year-old man had grade I arteriolar sclerosis at the time the
adral tumor was removed. Blood pressure preoperatively ranged
between I80/I I5 and 240/150. There were focal thicke of
glomerular basement membranes and capillary endothelial hyperplasia;
elsewhere glomerular capillaries were dilated in a focal manner. Pooled
PAS-positive material of hyaline type was found in arteriolar walls
and adventitia; basement membrane thkkenings appeared i neighbor-
ing renal tubules (Fig. 25). Postoperatively the patient became
normotensive and remained so. Six years later, at the time of chole-
cystectomy, a second biopsy showed that the irregular thickening of
glomerular basement membranes was more pronounced. No definite
arteriolar sderosis was identified (Fig. 26). Two of 72 glomeruli
couted were hyaliniZed. No other abnormalities were seen.
A man 21 yes old had a sympathectomy, which revealed neuro-

fibromatous mallormations of the nerves and gglia37 Severe hyper-
tension persisted until almost 8 years later, when a pheohromocytoma
was removed. Kidney biopsy at sympathectomy demonstrated multi-
focal thicenings of the glomerular basement membranes. This was
associated with llid endothelial hyperplasia and dilatation of the
cpllaries near the glomerular roots. Arterioles exhibited grade I
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scerosis with some incase in PAS-positive material in the adventitia.
The biopsy specime btaken at the time of the operation for pheo-
chromocytona showed grade II arteriolar rosclerosis, with in-
creased amotmts of PAS-positive hyalin in both arterioles and arteries.
Glomeruli manifested more extensive ic icalteration, and there
were intertitial scars with co on of some tubules.

Four specms, which on retspe review showed some convo-
luted tubular vacuolization of the type since recognized as accompany-
ing ptassium depletion,8 might posibly have resulted from p
aldosteronLim In one cae a Ii cm. adrnal cortical adenoma was re-
moved at operation. No data on potassiumb were available, but
peoperatvely this patent had a dilute, persistently alkaline urme
whih might have been due to ald Postoperatively her
condition was greatly improved. No evidence suggtive of aldosteron-
ism was noted in the other 3 patients. Another patient, proved to have
aldosteronism but encountered since this study was completed, had
been treated preoperatively to restore the potassiumb . In this
case no unusual renal tubular dcanges were found microscopically in
biopsy tissue. Absence of tubular vacuoliation indicative of the hypo-
kalemic state naturally does not clude aldosteronsm; hence no
conclusions can be drawn from the present material c nin the
incidence of this condition in hypertensive patients.

Glomermloneritis was fonmd in 7 cases; these included 4 with
healed lesions, 2 of the membranous type, and one with focal lesions.
One case of membranous gomerulonephritis with biopsys
from both kWneys also showed lesions of chronic pyelonephrids with
grade I arteriolar sclerosis. The other patients all had gmde II arteri-
olar sclerosis, s tg that two separate disease proc had
affected the kidney (Fig. 27). No instance of typical chronic proliffera-
tive glomerulonephritis was encountered. Nodular intercapilary
glomerulosclerosis was observed once.
Hyalne droplet nephrosis" occurred occasionally as an incidental

finding m Io of the cases (0.25 per cent) with bilateral biopsy speci-
mens. Interstitial collections of large foam cells, resembling in minia-
ture the so-called anthogranuloma of the kidney accompanymg pye-
lephritis, were observed in 2 cases (Fig. 28).' One other section
showed nodular inflammatory infiltrations resembling the lesions of
ntestitial nephritis which accompanies some infections or allergic
diseases.

Arteriosclerosis was recognized in 4 cases from the presence of small
arteries with itima degeneration and sclerosis. Their iclusion in the
specimen idicated a occurrence or reflected atrophy of the
renal cortex
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DISCUSSION

Less 2 per cent of pafients with hypertension were found at
mphtomy to have either insignificant or no arteriolar abnormali-

ties in kidney biopsy s Although two thirds of the cases
revealed advancd renal arteriolar sclerosis, the prce of even a
fewindividuals with apparently normal renal vessels is consistent with
the view that hypertension precede structual changes in the kidney
vasculature.T'8 The pr t material is probably not representative of
p ts in the initial stage of hypertensive disease, and there is rea-
son to believe that the incidence of normal renal biopsy material would
be higher in earlier or milder hypertension.

This finding does not, of course, exonerate the kidney from a role in
the pathogenesis of essential hypetension. Under resting conditions
renal blood f may be either normal or only slighty reduced,4 but
it is not unlikely that the p ral and emotional stresses of daily life
produce significant though transient periods of is ia in patients
with hypertension. Certainly, there is adequate experimental evidence
to implicate alterations in renal blood supply in the pathogenesis of
hypertension.

In the present study, the existence of what appears to be spasm in
otherwise nomal afferent arterioles, sometimes ciated with cloudy
swelling of the convoluted tubules, provides evidence suggestive of the
role of renal ischemia in essntial hypertension. Tubular cloudy swell-
ing and dlataton of convoluted tubules as evidenes of ischemia were
found antecdent to any visible alterations of arterioles. Indications
of the pernicous effects of more prolonged and persistent ischemiia
were found in the form of lymphocytic aggregations collected about
irreversibly damaged tubular segments. Ultimftly, collagenization
and extensive glomerular hyalinization appeared.

Vascular abnormalities were at first caracteristically liz and
lacked uniformity. It was inferred that the sequence of events was:
spastc arteriolar contraction, intramural vascular edema, muscular
overgrowth, replacement of the degrenated muscle by pooled ground
substance, and, ultimately, llagenization and hyalinizain.

Elastic tissue isnomally probablymore important in the maintenance
of a steady tone in arterioles than smooth muscle." Changes observed
in the subendothelial elastica were thought to indie a spreading
apart of its fiber network, resulting in an increased prominence of the
mucoprotein PAS-positive matrix. Degeneration and disappearance of
elastic tissue were accompanied by pooling of the groumd substance and
its permeation of adjacent intercellular spaces. Mechanical effects of
local tissue pressure may account for the loalization of this PAS-
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material in certain zones of arteriole walls.17 It was not dear that any
hyperplasia of elastic fibers occurred. Collagen in arteriolosderosis
was rather sluggishl formed and focal in its deposition.

Fibrinoid was found either focally or diffusely in arteriolar walls.
Since it was identifiable in all grades of arteriolar sclerosis from I
through m, it appeared to be a fairly commonplace event accompany-
ing hypertension. Accelerated arteriolar degeneration appeared to
accomt best for the presence of this substance."" No spial nvesti-
gation of fibrinoid was made, but an imbibition of plasma into the
arteriolar wall, precipitation of fibrin and its subsequent degeneration
or eventual transformation into hyalin were thought to reflect r-
bations of the elevated blood pressure. The conclusions of Gitlin, Craig
and Janeway47 from studies of fibrinoid in other diseases were believed
to have likely applicability to hypertension. Eperimenta induced
necroSi of arteriolar muscle may also apparently result in the appear-
ance of fibrinoid.48

Except for arteriolar spastic contraction, and the subsequent c
of degenerative changes, there was no morphologic expanation for the
renal ischia found; larger blood vesels were not available for study.
It is of interest that pathologists have conluded that ischeia rather
than vascular occlusion is the central factor in the production of both
the cerebral"5 and the myocardial damage" which constitute the two
other major complications of hypertension. Indications point to the
afferent arterioles as the sites of narrowings which are at first func-
tional and later structural, but other mehanisms for renal ischemia
must be considered. Whether venous stsis produced by muscular
sphicters near the hilus or by other means may contribute to renal
ischemia is beyond the scope of this study. Anatomic structures re-
sembling sphincters exist; these become prominent after sympatho-
mimetic stimulation and in certain instances of unilateral renal
atrophy.Y° Further attention should be paid to venous stasis in hyper-
tension, and to the role of renal phlebitis in perpetuating or exaggerat-
ing damage to nephrons in chronic pyelonephritis.
Some of the clinicopathologic correlations derived from this series

of cases are reported elsewhere.52'5 Statistically signifitly elevated
diastolic blood pressures were found in association with the more
advanced grades of arteriolar sclerosis. The basis of this correlation is
debatable. On the one hand, it is possible that the diastolic blood pres-
sure level contributed to the degree of vascular thickening. On the
other hand, it is conceivable that secondary vascular nges might
tend to intensify pre-exisng hypertension further. In the kidney such
vascular chang may lead to the production of a pressor substance or
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sustances which could then initiate a vicious circle. Whatever the
nature of the relationship between renal vascular lesions and the
severity of hypertension, it is obviously not a precise one, since there
were wide variations in local kidney alterations at most levels of blood
pressure.

Arteriolar necrosis was not found to require any specific diastolic
pressure level for its development. Nor did the presence of fibrinoid,
either focal or diffuse, indicate a terminal state or an inevitably poor
prognosis-"'- In the present material it was found that no correlation
could be made between diffuse vascular necrosis and postoperative
survival time.n Fibrinoid necrosis was judged to be simply an evi-
dence of accelerated renal dama and was reasonably reversible after
sm thectomy. The clinical state of malignant hypertension and the
pathologic demonstration of arteriolar fibrnoid necrosis appeared re-
lated, but not equivalent.

Suiniy
Kidney biopsy specimens from 1,350 patients with hypertension

who underwent sympathectomy were re-examined microscopically.
The earliest parenchymal alterations observed were cloudy swelling,
dilatation and atrophy of some convoluted tubules, and accompanying
spasm of afferent arterioles. Significant-arteriolosclerotic lesions r-
acterized over two thirds of the cases. Subsequent to spastic arteriolar
contraction, ntramural edema and muscular hypertrophy were thought
to occur. These, in time, were followed by arteriolar elastic tissue de-
generation with pooling of its ground substance and, eventually, irreg-
ular coUagen deposition and hyalinization in the afferent arterioles.
Scars, lymphytic aggregates in interstitial tissue, and slht or ob
vious glomerular alterations commonly accompanied the more ad-
vanced grades of arteriolosclerosis. Fibrinoid necrosis was observed
in arterioles in all grades of arteriolosclerosis.

It is conduded that renal ischemia probably precedes detectable
vascular abnormalities in essential hypertension. When structural
alterations have developed in the arteriolar walls, secondary renal
changes may serve to maintain or accelerate the hypertensive process.
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LEGENDS FOR FIGURES
FIGm I. Renal biopsy with grade II arteriolosclerosis. Tlere is cloudy swelling of

convoluted tubular etheim with cytophlsmic granulrit. Of note is the
dilated larger at at lower l Henatoxylin and eosin stain. X 225.

Fro. 2. Dilated convohted tubuls with cludy sweling in a kidney with grade II
atiolscaerosisand diffuse finoid necois Tubular ch apper to
r resent a more severe d ation of the se geal type shown in
Figure I. Henatoxylin and eosin stain. X I8o.

FIG. 3. Collections of lYmPhOCYteS in ttitial tissue from a case with morate
real artiol sis (grade U). Thickened arteioles and st dlated
convoluted tubuls are also shown. Henatoxylin and eosin stain- X 120.

FIGc. . Dissolution of renal tubular basement me nes, assocated with an ac-
cumulation of lymphocytes, from a case with grade II arteriolosclerosis.
Sulfuric ad henataxylin stain X 850.
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FIG. 5. Perivascular scars in a kidney biopsy with grade II arteriolosclerosis,
showing moderate arteriolar thickening. Of note is the venous congestion.
Hematoxyin and eosin stain. X 150.

FIG. 6. Slightly stiffened and thickened glomerular capillary walls, from a case
with grade II arterioloscierosis. Dilatation of a larger arteriole and vein are
also shown. Verhoeff stain. X i8o.

FIG. 7. Enlarged cells of the juxtaglomerular apparatus. with hydropic cytoplasm,
in a kidney with grade I arteriolosclerosis. Verhoeff stain. X 300.

FIG. 8. Small groups of pale stained tubular cells, the so-called Becker cells, in a
kidney with scars, cloudy swelling of convoluted tubules and grade H arteriolo-
sclerosis. Phosphotungstic acid hematoxylin stain. X I5O.
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FIG. 9. Concentric overlapping of the arteriolar muscle cells indicative of spasm in
otherwise normal arterioles from a kidney in hypertension. Hematoxylin and
eosin stain. X 200.

FIG. io. Hydropic change in the cytoplasm of muscle cells of an arteriole. There
are prominent endothelium and enlargement of juxtaglomerular apparatus.
Fine PAS-stained granules are present in some cells. Case with grade I-II
arteriolosclerosis. Periodic acid-Schiff stain. X 200.

FIG. II. Pooled PAS-positive materiaL partly shown as black subendothelial
nodules in an arteriole. Grade I-II group. PAS stain. X 225.

FIG. 12. Stretched larger arteriole with a slightly thickened elastic membrane, and
grade I arteriolosclerosis of a small arteriole. Tubular cloudy swelling is
present. Aldehyde-fuchsin-PAS-orange-G stain. X 200.
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FIG. I3. Hypertrophy of an afferent arteriole. with prominent PAS-stained inter-
cellular material shown in black. Case with grade II arteriolosclerosis.
Glomerular ischemic changes are prominent. PAS stain. X 200.

FIG. 14. Another instance of arteriolar muscular hypertrophy. with prominent
elastic tissue shown in black. Grade II arteriolar nephrosclerosis. Aldehyde-
fuchsin-PAS-orange-G stain. X 150.

FIG. I5. More extreme hydropic changes and pooled PAS-positive material. shown
in black, in renal arterioles with moderate arteriolosclerosis (grade HI). PAS
stain. X IjO.

FIG. I6. Local collagen deposition. shown as the gray fibrillar portions of renal
arteriolar walls which elsewhere have a moderate sclerosis (grade H) with
pooled ground substance. PAS stain. X 200.
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FI 17. Severe thickening and degeneration of arterioles from a kidney with grade
M arteriolosclerosis. Abundant PAS-positive (black) material is present.
PAS stain- X 150.

FIG. i8. Spltting of the arteriolar elastic tissue and exaggerated amounts of
pooled ground substance in severe renal arteriolosclerosis (grade M). PAS
stain. X 200.

FIG. 19. Irregular degeneration of the larger arterioles, involving all major tissue
components. Grade m artenolosclerosis and fibrinoid necrosis of smaler
arterioles. Aldehyde-fuchsin-PAS-orange-G stain. X I50.

FIG 20. Variation in the degree of local thickening of larger renal arterioles, with
locaizd collagen deposits, shown as gray fibrilar materiaL Grade m renal
arterioloscieosis. Masson stain. X I50.
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FIG. 2I. Fibrinoid necrosis of small arterioles, with staining properties similar to
the fibrin shown in a venule to left of center. The koafiatioi, irregular out-
lnes, and staining characteristics favor its intramural deposition subsequent to
unbibition of plasma. Grade II arteriolosclerosis, also shown in Figure 2.
Hematoxylin and eosin stain- X i8o.

FIG. 22. Foci of fibrinoid necrosis in grade HI renal arteriolosclerosis, with a
fibrin thrombus in the vessel at lower right. Phosphotungstic acid-hematoxylin
stain. X i80o.

FIG. 23. Acute and chronic pyeloephritis exhibiting a pus cast at lower right and
interstitial leukocytic infilrations, inchWling plsma cells Grade II arteriolo-
sclerosis. Heiatoxylin and eosin stain. X 120.

FIG. 24. Healed pyeoephritis with a flat-based scar of the cortical surface.
B th this are colloid casts, scars, and moderate arterioloscderosis. No
plasma cells are identified_ PAS stainI X 120.
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FIG. 25. Slght arteriolar sclerosis (grade I) in renal tissue procured at the time of
removal of a pheochromocytoma accompanied by hypertension. Hematoxylin
and eosin stain. X i8o.

FIG. 26. Second kidney biopsy, from the same case shown in Figure 25, 6 years
later. No arteriolar abnormaity is evidenL Hematoxylin and eosin stain.
X 200.

FIG. 27. Membranous glomerulonephritis, with irregular and severe focal thicken-
ings of bsment membranes, as in the portion of glomerulus at lower right.
This patient had grade I arteriolosclerosis. Hematoxylin and eosin stain.
X 225.

FIG. 28. Interstitial collections of foam ceUs in a specimen with grade I arteriolo-
sclerosis in one kidney and grade m sclerosis and severe pyelonephiitis in the
other. Case mentioned in the text as a possible example of the Goldblatt
phenomenon. Tbere is pyelonephritis in the area ilhlstrated. Hematoxylin and
eosinstain. Xi5o.
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