LIPOID NEPHROSIS *

E. T. Beir, M.D.

(From the Depariment of Pathology, Unisersity of Minnesota Medical School,
Minncapolis, Minn.)

Nephrosis is defined as a degenerative renal disease in which the
lesions are restricted chiefly to the tubules. On the basis of etiology
several types are distinguished:

1. Nephroses due to simple chemical poisons (e. g., corrosive
sublimate).

2. Nephroses due to poisons of metabolic origin (e. g., bile
acids).

3. Nephroses due to poisons of bacterial origin, as in pneu-
monia, diphtheria, abscess, etc.

4. Nephroses due to the toxemia of pregnancy.

5. Amyloid nephrosis.

6. Lipoid nephrosis.

This paper deals only with lipoid nephrosis — a type which has
attracted much attention in recent years. The study has been
directed chiefly toward the structural changes in the kidneys and the
anatomical and clinical distinctions between lipoid nephrosis and
glomerulonephritis. Some of the questions that have arisen in con-
nection with the problem of lipoid nephrosis are: (1) Is lipoid ne-
phrosis a renal disease or a general metabolic disorder? (2) Isit a dis-
tinct type of renal disease or merely a form of glomerulonephritis?
(3) What is the nature of the mixed type — nephritis with nephrotic
Einschlag? (4) Are all the non-contracted kidneys, associated with
albuminuria and edema, instances of lipoid nephrosis? (5) Are there
any certain clinical or anatomical distinctions between lipoid ne-
phrosis and glomerulonephritis?

The authors chiefly responsible for the wide recognition of lipoid
nephrosis as a distinct disease are Munk, Volhard and Fahr, and
Epstein. Munk described it under the name of *“lipoid nephrosis”;
Volhard and Fahr, as “ genuine nephrosis”’; and Epstein, as ““ chronic
nephrosis.” The term suggested by Munk has been generally
adopted since it refers to a striking characteristic of the disease.

* Received for publication June 24, 1929.
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588 BELL

Lipoid nephrosis was defined anatomically by Volhard and Fahr
under the designation of ““genuine nephrosis.” Nearly all subsequent
contributors to this subject have accepted the criteria laid down by
these authors. They described the kidneys as enlarged with smooth
external surfaces and thickened cortices of yellowish color. The
glomeruli appear normal or show only minor focal lesions. Large
numbers of lipoid droplets are found in the convoluted tubules, and
some may be seen in the interstitial cells and in the glomeruli. There
is no tubular atrophy.

Clinically there is general agreement that the outstanding fea-
tures are the presence of severe albuminuria and marked edema, and
the absence of hypertension, cardiac hypertrophy, hematuria and
uremia. There is a definite hypercholesterolemia and a decrease of
the plasma proteins with reversal of the normal albumin:globulin
ratio. Oliguria and decreased elimination of chlorides are fre-
quently noted. The urine commonly contains doubly refractive
droplets of lipoid (lipoiduria).

It is not known whether all kidneys with lipoid infiltration of the
tubules are associated with the clinical phenomena of lipoid ne-
phrosis. In the present state of our knowledge the diagnosis should
not be made on the anatomical findings alone.

Some cases of chronic glomerulonephritis in the earlier stages pre-
sent the clinical features of lipoid nephrosis, so that a diagnosis based
on clinical data alone may be erroneous.

Frequently a renal disease is seen that presents all the clinical
features of lipoid nephrosis except for the presence of hypertension or
definite nitrogen retention. Epstein included cases of this type in his
group of “chronic nephroses”; but they are usually considered a
mixed form of nephritis and nephrosis. Fahr refers to this group as
nephritis with nephrotic Einschlag, which may be translated as
nephritis with a nephrotic tendency. The structural changes in the
kidneys in this type will be described later.

Table I gives a résumé of all the available published reports in
which the diagnosis was established by postmortem examination.
The anatomical findings in these cases correspond with Volhard
and Fahr’s definition.

Table II gives a résumé of the published reports of living persons
in which the clinical data seem to justify the diagnosis of lipoid
nephrosis. Cases with high blood pressure have not been tabulated
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since these are presumably not pure nephroses. When the blood
pressure is not recorded the case is excluded because its exact nature
is uncertain. Nephroses associated with chronic suppuration have
also been omitted since they are presumably of the amyloid type.

In addition to the cases shown in the tables there are reports deal-
ing with groups of patients without individual details. Clausen ob-
served 23 cases of parenchymatous nephritis (nephroses) in children.
There were ten deaths. Infection was the chief cause of death. In
the single postmortem that was performed the glomeruli showed
only a few polymorphonuclear leucocytes.

Schwarz and Kohn observed 17 cases of nephrosis in children. The
diagnostic features were albuminuria and edema with hypercho-
lesterolemia and reduced plasma proteins. Blood pressure and renal
function are not mentioned. No postmortems were reported.

Bannick and Keith reported 25 chronic nephroses. Their criteria
were: edema for several months without demonstrable vascular dis-
ease, a blood pressure not above 140/90, blood urea not above 40
mg. per 100 cc., hypercholesterolemia, decreased plasma proteins, no
hematuria, no retinitis. There were two deaths but no postmortem
reports were given.

Munk, in 1913, reported 5 cases of lipoid nephrosis with albu-
minuria, edema, lipoiduria and oliguria. Blood pressure was given in
only one instance. Four of the patients had syphilis.

Among 300 cases of nephritis with edema, Schlayer found only 6
cases of pure lipoid nephrosis and some of these were uncertain.

Before discussing the several phenomena of lipoid nephrosis in de-
tail, I shall give the results of my own studies on this subject.

Group 1. Pure Lrrorp NEPHROSIS

Cask 1. Clinical History: A—28-647. Male, 28 yrs. old. The patient stated
that he developed a cold about April 3, 1928, and one week later noticed swell-
ing of the legs and puffiness about the eyes. After a few days the swelling be-
came more prominent and involved the skin of the chest and back. The only
subjective symptom was weakness. The urine was dark brown in color and re-
duced in amount. He was admitted to the hospital April 17, complaining of
weakness and edema. Physical findings were negative except for severe gen-
eralized edema and moderate tenderness over both kidney regions posteriorly.
Hemoglobin was 97 per cent on admission and 81 per cent two weeks later.
Erythrocytes were 4,970,000 on admission and 4,600,000 later. Leucocyte
count April 17, 7150 with 66 per cent polymorphonuclears. There was a
definite oliguria. The specific gravity of the urine was constantly high, 1021 to
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1058. A large amount of albumin was constantly present. There were some pus
cells and many hyaline and granular casts in the sediment. The Wassermann re-
action was negative. The basal metabolic rate was -+ 27 per cent. Blood
cholesterol was found to be 372 mg., 383 mg., and 240 mg. on three separate
examinations. Urea nitrogen was 13.5 mg. April 17, 16.7 mg. April 25, and 48.5
mg. May 6. The blood chlorides were 460 mg. April 17, 437 mg. one week later,
and 435 mg. May 6. The first intravenous phenolsulphonephthalein test gave
14.6 per cent and the second 27 per cent. The serum proteins were approxi-
mately 4 gm., of which the globulin fraction was g7 per cent and the albumin
fraction only 3 per cent. Repeated blood pressure determinations gave an aver-
age of 120/80. However one systolic reading of 140 mm. Hg. was recorded. A
few days before death the patient developed fever with abdominal pain, tender-
ness and rigidity. A diagnosis of peritonitis was made. Death occurred May 7,
twenty-eight days after the onset of the edema.

Postmortem: The necropsy reveals generalized anasarca and a
diffuse fibrinopurulent peritonitis. Each pleural cavity contains
about one liter of cloudy fluid with abundant fibrin on the surfaces.
The heart weighs 315 gm., (body weight, 150 Ibs.). There is moder-
ate edema of the lungs. The heart and liver show cloudy swelling.
The right kidney weighs 250 gm. and the left 260 gm. The capsules
are not adherent. The external surfaces are smooth. The cortices
are thicker than normal and pale yellow in color.

Microscopic Examination: Sections stained with hematoxylin and
eosin show that there is no tubular atrophy and no disease of arteries
or arterioles. Most of the convoluted tubules are dilated. There are
no epithelial crescents. The glomeruli are enlarged, but they contain
very few erythrocytes. The glomerular capillaries are dilated and
under low magnification they appear to be empty, but careful study
under high magnification shows that most of them are filled with
mononuclear cells that have a very pale vacuolated cytoplasm (Fig.
1). Frozen sections stained with Sudan III show these cells filled
with fat droplets. There are also some fat droplets in the epithelial
cells of the glomeruli. The cells of the convoluted tubules are filled
with fat droplets.

The structure of the glomerulus is seen much better in sections
stained by Mallory’s anilin blue connective tissue stain (Heiden-
hain, azan-carmine *) (Fig. 2). The cells that fill the capillaries are
clearly seen to be of endothelial origin. They have a large amount of
vacuolated cytoplasm, the vacuolization being due to fat droplets

* The reader is referred to McGregor’s paper for details of the technique and for
the histology of the glomeruli in glomerulonephritis.
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that have been dissolved out. The majority of the endothelial cells
are firmly attached to the basement membrane, but a few are par-
tially or completely free. The basement membrane of the capillaries
shows an uneven thickening. The structure differs from typical
acute glomerulonephritis in the absence of hyaline fibers in the capil-
laries but resembles it in that the capillaries are filled with swollen
endothelial cells. The capillaries are distended, but the obstruction is
sufficient to interfere with renal function. In sections stained with
hematoxylin and eosin the glomeruli were considered practically nor-
mal, since the extent of the capillary obstruction was not appre-
dated.

Case II. Climical History: A—28-5. Female, age 4 yrs. Admitted to the
hospital June 21, 1927. The child had been well until about one week before
admission when she developed a cold with a nasal discharge. Edema of the
ankles appeared June 19, and no urine was passed during the 24 hrs. preceding
admission. There was loss of appetite. The urine showed albumin + 44+,
and hyaline and granular casts. Leucocytes 11,900. Blood pressure 108/64.
Temperature 99° F to 100° F. Profuse drainage from both ears. Maxillary
sinuses cloudy on roentgenological examination. Blood urea nitrogen 24 mg.
On June 25 both sinuses were drained, and the tonsils and adenoids were re-
moved. Pus was found in the left sinus. Edema became very pronounced.
July s, blood pressure 118/80. No fever. General edema. Ascites. Edema
varied from time to time and was not relieved by urea, ammonium chloride or
thyroid extract. The blood pressure varied from 108/64 to 118/80. June 22,
cholesterol 360 mg., blood urea nitrogen 24 mg., nonprotein nitrogen 5o mg.;
June 24, urea nitrogen 20 mg., nonprotein nitrogen 62 mg.; June 30, cholesterol
284 mg., urea nitrogen 18 mg., nonprotein nitrogen 37 mg.; July 11, cholesterol
296 mg.; July 13, urea nitrogen 15 mg., nonprotein nitrogen 49 mg. Discharged
Aug. 19, 1927, heavy albuminuria, slight edema.

Readmitted, Aug. 23, 1927, because of recurrence of edema. The edema dis-
appeared on two or three occasions but soon reappeared. Albuminuria varied
from + to ++++, and there were many pus cells in the urine. Temperature
around 99° F. November 8, urea nitrogen 304 mg. November 18, total plasma
protein 4.41 gm. Albumin:globulin ratio 1.47. December 10, irrigation of sphe-
noidal sinus, windows made in maxillary sinuses. Total plasma protein, 3.61
gm. Albumin:globulin ratio 1.1r1. December 13, hemoglobin 74 per cent,
erythrocytes 3,890,000, leucocytes 16,050 — 65 per cent polymorphonuclears.
December 30, hemoglobin 53 per cent, erythrocytes 3,130,000. Death Jan. 1,

1928, in convulsions and coma.

Postmortem: Emaciation. No edema. No fluid in serous cavities.
Early bronchopneumonia. No peritonitis. Kidneys weigh 95 gm.
and 105 gm. The capsules strip easily, and the external surfaces are
smooth. The cortices are definitely yellowish in color.
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Microscopic Examination: The convoluted tubules are moderately
distended, and their cells are filled with fat droplets. There is no tu-
bular atrophy, and the blood vessels are normal. There is very little
blood in any of the capillaries. The glomeruli are small and blood-
less. There are no epithelial crescents.

The modified Mallory stain (Fig. 3) shows many more endothelial
nuclei than are visible in the normal glomerulus. In one area a
swollen endothelial cell is seen completely filling a capillary. There
is no increase of epithelial cells. Very few leucocytes are found in the
capillaries. The basement membrane is uniformly thickened and
multilayered, and in several areas it shows a very marked thickening.
Some of the capillaries are partially or completely obstructed by
swollen endothelium or by the thickened basement membrane. The
lesion resembles glomerulonephritis to the extent that there is en-
largement and increase in number of endothelial cells.

Cask III. Clinical History: A-26-625. Female 6 yrs. old. In December
1925 the patient had a mild cold with some fever and malaise which confined her
to bed for a few days. She recovered completely and was well until the middle
of January 1926, when her eyelids became puffy and her feet and legs became
swollen. This edema persisted. About the middle of March 1926 she was very
ill for several days with an infection that was called influenza. The temperature
was 102° F. Shortly afterward her abdomen became greatly distended. This
distention also persisted. She was admitted to the hospital May 18, 1926.
There was severe generalized pitting edema and ascites. The urine showed a
heavy cloud of albumin with clumps of pus cells and hyaline and granular casts.
May 18, urea nitrogen 27 mg., creatinin 1.5 mg., sugar o.15 per cent. May 19,
phenolsulphonephthalein 10 per cent for 2 hrs. (subcutaneous). June 3, urea
nitrogen 19 mg., creatinin 1.4 mg., sugar o.13 per cent. Phenolsulphonephtha-
lein, 15 per cent for 2 hrs. Hemoglobin 68 per cent, red cells 3,680,000. Leu-
cocytes, 16,800 with 56 per cent polymorphonuclears and 42 per cent lympho-
" cytes. Temperature varied from 99.5° F to 101° F. Pulse 100 to 130. June 22,
1000 cc. of clear fluid removed from the abdomen. The patient gradually grew
worse and died on July 3, 1926.

Postmortem: The postmortem reveals a generalized purulent peri-
tonitis, a purulent left hydrothorax and early bronchopneumonia.
The heart weighs 60 gm. The kidneys weigh together 275 gm. The
external surfaces are smooth, and the cortices are of pale color and
somewhat thicker than normal.

Microscopic Examination: Marked distention of many of the con-
voluted tubules. No material was available for fat or other special
stains, but the vacuolated cells indicate strongly that abundant fat
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was present. No disease of the blood vessels. No tubular atrophy.
The glomeruli are small and bloodless. The capillaries are filled with
large endothelial cells as in glomerulonephritis.

CasE IV. Clinical History: Male 17 yrs. old. Admitted April 8. The chief
complaint was a progressive swelling of the legs of about one months duration,
and occasional vomiting. No history of an infection of any kind. The physical
findings were negative except for marked edema of the legs and moderate ascites.
The urine showed albumin + + + 4. Blood pressure 120/70. The edema sub-
sided somewhat under hospital care, but on April 24 the patient developed the
physical signs and symptoms of generalized peritonitis. The edema increased.
April 27, blood urea 106 mg. Blood pressure 120/go. April 30, blood urea 144
mg. Leucocytes 21,400. Death May 6.

Posimortem: Generalized purulent peritonitis. Kidneys 415 gm.
and 428 gm. The external surfaces are smooth, and the cortices are
very cloudy.

Microscopic Examination: No disease of arteries or arterioles. No
hyaline glomeruli. No atrophied tubules. A small amount of fat in
the convoluted tubules. Moderate dilatation of the convoluted
tubules, and marked distention of the capsular spaces. The glomeruli

are not enlarged. The capillary lumina appear to be definitely nar-
rowed or collapsed. The anilin blue stain shows an uneven thicken-
ing of the basement membrane which has resulted in narrowing of
many capillaries and occlusion of a few. There are only a few endo-
thelial cells in the capillaries, and there are no hyaline fibers.

GrouP II. TRANSITION TYPE — NEPHRITIS WITH
NErHROTIC TENDENCY

CasE V. Clinical History: A—28-193. Female 18 yrs. old. Patient was a
sex delinquent. Chancre was diagnosed Jan. 1, 1926. Intense antisyphilitic
treatment was given (neosalvarsan and mercury) from April to July 1927.
Sudden onset of edema July 18, 1927. Antisyphilitic treatment was then dis-
continued. For the next few days she had oliguria and severe pain over the kid-
neys. Urine contained albumin + 4 + at this time. She was kept in bed four
months on a liquid diet which contained neither salt nor meat. The edema was
generalized and did not decrease appreciably under this treatment. The urinary
output was small except when she drank large quantities of water. Albumin de-
creased to +. In October 1927 she was allowed to get up and was given a gen-
eral diet. However she soon became troubled with nausea and vomiting, and
albumin became + + + again. She had frequent attacks of headache through-
out herillness. Wassermann reaction positive June 28, 1926, negative October 1,
December 6, 1926, and April 1,1927. Admitted Nov. 22, 1927, to the hospital.
Urine at all times showed a large amount of albumin, doubly refractive lipoids,
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many hyaline casts and pus cells and occasional red cells. Hemoglobin g9 per
cent. Erythrocytes 5,060,000. Leucocytes 11,400 on admission — differential
normal. Phenolsulphonephthalein 70 per cent. Blood urea nitrogen varied
from 14.9 to 19 mg. The blood pressure was 160/100 for about three weeks
during her stay in the hospital. It was normal on admission and shortly before
death. Heart normal. Lungs showed signs of congestion. Septic temperature.
Death, Feb. 7, 1928.

Postmortem: Massive anasarca. Acute fibrinopurulent peritonitis.
Hydrothorax (1200 cc. right, 700 cc. left). Heart 285 gm. K,ldneys
together 335 gm., surfaces smooth, cortices yellowish.

Microscopic Examination: No atrophy or dilatation of tubules.
Extensive hyaline granular degeneration of many convoluted tu-
bules. Abundant fat in all the convoluted tubules. No disease of
arteries or arterioles. The glomeruli are of normal size and contain a
relatively small amount of blood so that there appears to be an in-
crease of cells at the expense of the lumina of the capillaries. The
anilin blue stain (Fig. 4) shows that most of the nuclei belong to en-
larged epithelial cells which compress the capillaries, but there is a
definite increase in the number of endothelial nuclei. The basement
membrane is definitely thicker than normal. The glomerular lesion
consists chiefly in enlargement of the epithelial cells and thickening
of the basement membrane with resulting narrowing of the capil-
laries.

The only clinical distinction from pure lipoid nephrosis is the pres-
ence of hypertension.

Case VI. Clinical History: A-28-183. Female, 34 yrs. old. Well until
June 1, 1927, when she first noticed unusual fatigue and drowsiness. On June1s
she noticed swelling of the ankles, and the next day her legs were swollen also.
In the latter part of July she developed an acute respiratory infection and was
very ill with general anasarca, vomiting and suppression of urine. She was toltl
at this time that there was albumin and pus in the urine. Hospitalized for two
months. Repeated abdominal paracentesis. Admitted to our service Jan. 4,
1928, complaining of fatigue, drowsiness, anasarca, vomiting and headache.
Blood pressure 182/130. Distended abdomen (fluid). Albuminuria with casts.
Hemoglobin 48 per cent. Erythrocytes 2,690,000. Leucocytes 9,300. Eye-
grounds negative at first but a retinal hemorrhage was observed three weeks
later. January s, urea nitrogen 24.2 mg., creatinin 2.2 mg.; January 9, urea
nitrogen 26 mg., creatinin 2.6 mg.; January 18, urea nitrogen 3r.2 mg., crea-
tinin 3 mg.; January 3o, urea nitrogen 47 mg., creatinin 7.2 mg. Blood pres-
sure January 9, 200/140; January 12, 204/140; January 18, 208/140. The edema
gradually decreased under diuretics and low fluid intake, but death occurred on
Feb. 6, 1928.
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Postmortem: Edema of face, none elsewhere. Ascites. Heart
300 gm. Early bronchopneumonia. Acute rheumatic mitral endo-
carditis. Left kidney absent. Right kidney 300 gm., external sur-
face smooth, cortex pale.

Microscopic Examination: Moderate diffuse tubular atrophy (Fig.
5). No hyaline glomeruli. No disease of arteries or arterioles. Mod-
erate amount of fat in the convoluted tubules. Dilatation of some of
the tubules. The glomeruli are not enlarged, but there is evidently an
increased number of nuclei. The anilin blue stain (Fig. 6) shows a
great many capillaries partly occluded by large endothelial cells
and polymorphonuclear leucocytes. The most striking change is a
marked, irregular thickening of the basement membrane, which
causes narrowing and sometimes complete occlusion of the capil-
laries. There is no change in the epithelial cells of the glomerulus.
The extensive narrowing and occlusion of the glomerular capillaries
are responsible for the tubular atrophy. The obstruction in the glo-
merular circulation is fairly uniform but none of the glomeruli are
completely occluded. The result is a moderate diffuse tubular
atrophy with no hyaline glomeruli and no completely atrophied tu-
bules. One enlarged glomerulus was found which showed complete
occlusion of all the capillaries by endothelial cells and hyaline fibers,
such as is found in typical glomerulonephritis.

Casg VIL. Clinical History: A-17-145. Male 54 yrs. On the night of Aug.
19, 1916, after working in a cold damp place he suddenly developed edema
of the feet. He continued to work, but the swelling grew worse. On Septem-
ber 7 he first noticed edema of both lower eyelids. Admission, Sept. 14, 1916.
The urine showed albumin ++,hyahneandgxanularasts. Hemoglobin 75
per cent, erythrocytes 5,800,000, leucocytes 8oco. Blood pressure 155/80.
Wassermann reaction negative. Phenolsulphonephthalein, September 15, 72
per cent; September 29, 52 per cent. September 15, urea nitrogen 13 mg.,
creatinin 4 mg., sugar 0.16 per cent. Discharged Nov. 25, 1916. Readmitted
May 17, 1917. On the second admission he complained of marked swelling of the
feet and back, severe dyspnea, and gastric distress. He stated that he had felt
drowsy and tired most of the time since he left the hospital. Urine: albumin
+ +, granular and hyaline casts. Hemoglobin 75 per cent, erythrocytes 4,000;,-
ooo, leucocytes 8oco. Blood pressure 190/95; 175/95. July 16, blood pres-
sure 125/95. Wassermann reaction negative. tholsulphonephthalanMayxg,
35 per cent; July 7, 20 per cent. Urea nitrogen, June 11, 23.7 mg., creatinin
3.2 mg., sugar o.11 per cent. Death July 21, 1917.

Postmortem: Severe general anasarca, marked ascites and hydro-
thorax. Edema of lungs, purulent bronchitis and atelectasis. Heart
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320 gm. Kidneys together weigh 450 gm., smooth external surfaces,
thickened yellowish cortices.

Microscopic Examination: There are a few hyaline glomeruli with
atrophic tubules. Many of the convoluted tubules are dilated, and
all of them contain fat droplets. There is no disease of arteries or
arterioles. The glomeruli are of normal size and contain only a few
erythrocytes. Many of them show adhesions to the capsule (Fig. 7).
The anilin blue stain shows a general narrowing of the capillaries due
chiefly to enlargement of the epithelial cells and thickening of the
basement membrane. There are some swollen endothelial cells in the
capillaries. The structure is about the same as is shown in Fig. 4.
At the site of the adhesions a few capillaries contain hyaline fibers
and swollen endothelium as in typical glomerulonephritis.

Group III. NoN-CoONTRACTED KIDNEYS OF UNCERTAIN
TYPE

These probably belong with the lipoid nephroses, but the available .
clinical data are insufficient for a definite diagnosis.

CasE VIIL. Clinical History: A-27-511. Female, 43 yrs. old. Present ill-
ness began 1 yr. ago with pain in the right upper quadrant and vomiting. Since
that time she has had repeated attacks of dyspnea and edema of the ankles. No
other past history available. Admitted to the hospital May 6, 1927, 12 hrs.
before death, in coma. Severe dyspnea. Slight edema of the ankles. No cardiac
murmurs. Blood pressure 110/70. Urine: trace of albumin, no sugar, occa-
sional hyaline casts.

Postmortem: Heart weighs 538 gm., left ventricular hypertrophy,
no valvular lesions. No fluid in the serous cavities. Marked edema
and congestion of lungs. Liver weighs 2730 gm. and shows moderate
fatty metamorphosis. The left kidney weighs 304 gm. The capsule
strips easily. The external surface is smooth. The cortex is of gray-
ish yellow color. (No note was made on the right kidney.)

Microscopic Examination: No tubular atrophy. No hyaline glo-
meruli. Small arteries show a marked increase of elastic tissue. No
hyalin in the arterioles. Moderate dilatation of all convoluted
tubules A small amount of fat in the convoluted tubules. The
glomeruli are large and anemic and show a great decrease in the
capillary bed (Fig. 8). The anilin blue stain (Fig. 9) shows a marked
irregular thickening of the basement membrane which has resulted
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in narrowing of all the capillaries and complete closure of a few.
There is a notable increase in the number of endothelial nuclei.
Epithelial cells are inconspicuous.

The marked left ventricular hypertrophy indicates that hyper-
tension was present for a long time. The low blood pressure found
shortly before death does not exclude a previous hypertension. The
possibility that this is a primary hypertension must be considered,
but none of the known cases of this disease shows such striking
glomerular lesions in the absence of arteriolar disease. The glo-
merular lesions have some resemblance to advanced chronic glo-
merulonephritis.

CasE IX. Clinical History: A-26-827. Female 62 yrs. old. Admitted
Sept. 11, 1926, complaining of generalized edema and dyspnea. Fifteen years
ago she was confined to bed for one year with generalized edema. No further
information about this attack could be obtained. From that time on her
health was fair except for occasional attacks of edema of the ankles and some
“stomach trouble.” About Aug. 1, 1926, the edema became worse, and she
noticed swelling of the abdomen, dyspnea, orthopnea and scanty urine. Her
tongue was sore, and she noticed numbness of the hands occasionally. On ad-
mission her temperature was 97.7° F; pulse 100; respirations 30; blood pressure
134/82. Dyspnea, edema and weakness were pronounced. The skin and mu-
eosaewuepale. Softsystohcmurmurattheapex. Ascites. Knee jerks absent.

: . il .
polychromatophilia. Leucocytes 2500. Neutrophils 59 per cent, lymphocytes
21 per cent, monocytes 20 per cent. Urine: albumin + + +, hyaline and granu-
lar casts and a few erythrocytes. Blood urea nitrogen 25.2 mg., creatinin 1.36
mg. Death Sept. 12, 1926.

Postmortem: Marked general anasarca; ascites (7000 cc.); bila-
teral hydrothorax (150 cc. each). Heart 330 gm. Spleen 37 gm.
Red bone marrow in the shafts of the femurs. Kidneys together
weigh 260 gm., external surfaces smooth, cortices of normal thick-
ness.

Microscopic Examination: Sclerosis of the larger branches of the
renal arteries, but no involvement of small arteries or arterioles. No
tubular atrophy. Slight dilatation of the convoluted tubules. The
cells of the convoluted tubules contain a small amount of fat and a
large amount of blood pigment. All the glomeruli have a hyaline
appearance (Fig. 10). The lumina of the capillaries are largely obli-
terated. The anilin blue stain (Fig. 11) shows that the extreme nar-
rowing of the capillaries is due to a massive thickening of the base-
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Ten Cases Studied at Postmoriem
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ment membrane. The nuclei all seem to belong to endothelial cells.
There is a close resemblance to Case VII (Fig. 8), but the thicken-
ing of the membrane is more pronounced and the endothelial cells
are less conspicuous.

It is not clear whether death was due to anemia or to renal in-
sufficiency.

Case X. Clinical History: A-27-305. Female 52 yrs. old. History of edema
of the legs and ankles for the past two years. She first noticed distention of the
abdomen on March 15, 1927. At the same time she had cramp-like abdominal
pains and vomited throughout the day. On March 16, she continued to have
acute abdominal pain but did not vomit. Admitted March 18. Rapid labored
respiration. Crackling rales at the bases of the lungs. Abdomen distended and
tender but not rigid. Edema of legs and feet. Temperature 101.8° F. Leu-

cocytes 21,000 — 79 per cent polymorphonuclears. Hemoglobin 8o per cent.
Erythrocytes 4,260,000. Death March 18.

Postmortem: Diffuse purulent peritonitis. Heart 315 gm. Edema
of lungs. Kidneys together weigh about 350 gm., surfaces smooth,
cortices yellowish.

Microscopic Examvination: Large numbers of fat droplets in the
convoluted tubules, glomeruli and interstitial connective tissue cells.
The glomerular fat is very prominent and is situated chiefly in the
epithelial cells within the glomerulus and on its surface. About 10
per cent of the glomeruli are hyaline, and these are associated with
completely atrophied tubules. The other tubules show no atrophy
or dilatation. There is no arterial or arteriolar disease. The glo-
meruli are large and have an unusual appearance (Fig. 12). The
lumina of the capillaries are either greatly narrowed or completely
occluded. Large hyaline granules are seen which are chiefly situated
within the epithelial cells. The anilin blue stain shows very large
epithelial cells filled with hyaline masses. The occluded capillaries
are filled with endothelial cells and a network of hyaline fibers such
as are found in typical glomerulonephritis. The enlargement of the
glomeruli and the narrowing of the capillary lumina are due to two
processes: (a) marked enlargement of the epithelial cells with fatty
and hyaline degeneration, and () enlargement of endothelial cells
and formation of hyaline fibers within the lumina of the capillaries.
The disease may be interpreted as a modified form of typical glo-
merulonephritis.

A summary of the clinical and anatomical data in the ten cases
just described is given in Table III.
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Di1scusSioN OF THE VARIOUS PHENOMENA oF Lrrom
NEPHROSIS

1. Albuminuria is a constant finding. Edemas without protein in
the urine are not nephroses. In the early stages, in the remissions
and in the stage of recovery there may be only a trace, but usually
the amount of protein is very large. Amounts as high as 6 per cent
have been reported. Epstein estimated that as much as 50 gm. of
protein may be excreted daily, and since the total protein in the
blood is only about 210 gm., he considers the loss of blood protein
one of the most important phenomena of the disease.

Epstein believes that the loss of blood protein in the urine is the
cause of the edema in that it results in a decrease of the osmotic
pressure of the blood, but there are so many instances of low plasma
protein without edema, and vice versa, that a causal relationship be-
tween albuminuria and edema is uncertain.

2. Oliguria is usually noted when the disease is at its peak, but
normal or increased output occurs when the edema is lessening. A
twenty-four hour excretion of 200 to 8co cc. of urine is frequently
seen. A period of anuria was observed in only one case (Kaufmann
and Mason). .

3. Lipoiduria is considered by Munk as pathognomeonic of lipoid
nephrosis. In his first publication he seems to have considered al-
buminuria, edema and lipoiduria as sufficient to establish the diag-
nosis. Doubly refractive bodies are readily demonstrated by attach-
ing a polariscope to an ordinary microscope.

Reference to the tables will show that lipoids were found in the
urine in 16 of 19 cases in which they were looked for. Lipoiduria is
therefore a rather constant finding in lipoid nephrosis. But Genck
has shown that not all doubly refractive bodies in the urine are of
fatty nature. Spherocrystals of various kinds are doubly refractive.
Lipoiduria has been found in glomerulonephritis (Laweynowicz, 2 of
12 acute cases; Genck, 1 of 6 acute cases; Finger and Kollert, 32 of
76 acute or subacute cases, and § of 21 chronic cases; Kollert and
Finger, 101 of 289 war nephritics [glomerulonephritis]). It has also
been found in diabetes, amyloid disease and pyelonephritis. Tietz
found lipoiduria in renal diseases of various types. It is obvious
therefore that lipoiduria is not peculiar to lipoid nephrosis.
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4. Lipemia: An increase of the blood lipoids is found constantly
in lipoid nephrosis and usually in glomerulonephritis with edema.
The milky serum of nephritics was known to Richard Bright. Erben,
in 1904, called attention to the high fat and lecithin content of the
blood in nephritics. Chauffard, Laroche and Grigaut in 1911 found
hypercholesterolemia in cases of renal edema with albuminuria and
noted also that there was no increase of cholesterol in nephritics with
nitrogen retention. Epstein has published a series of papers dealing
with lipoid nephrosis and glomerulonephritis with a nephrotic ten-
dency. He found hypercholesterolemia a characteristic feature.

Values from 300 to 60o mg. per 100 cc. of blood are commonly
reported. Rarely much higher values are recorded (1000 mg. Hahn
and Wolff; 1350 mg. Epstein and Lande). Often the serum is of
milky appearance, but a high lipoid content may be found when the
serum does not have this cloudy appearance (Hahn and Wolff).

The increase of blood lipoid is largely represented by cholesterol,
but there is also a marked increase of lecithin and fatty acids (Knaur,
Daniels).

Straussand Schubardt found cholesterol values of over 200 mg. in 6
of 17 cases of acute glomerulonephritis, and in 11 of 44 chronic cases.

Lipemia and renal edema are closely associated. Bennett doubts
the occurrence of renal edema without hypercholesterolemia. Max-
well in an extensive study of nephritis found hypercholesterolemia
in both acute and chronic forms whenever edema was present. He
found only one exception to the rule that renal edema never occurs
without hypercholesterolemia.

When uremia develops in chronic glomerulonephritis, the choles-

terol sinks to a normal level (Chauffard, Stepp, Maxwell).
. Amyloid disease of the kidneys usually shows lipemia. The blood
lipoids are usually slightly increased during pregnancy, and in
eclampsia there is often a definite increase above the normal level
of pregnancy (Hinselmann). An increase has also been noted in
sublimate poisoning (Wichert and Russjajewa-Oparina).

Lipemia is not restricted to renal disease. A moderate increase of
blood lipoids is often found in diabetes, and sometimes a very marked
lipemia is observed. In 25 diabetics Bing and Heckscher found nor-
mal lipoid values in 11, moderate increases in 13, and a severe lipe-
mia in one. Strauss and Schubardt found lipoid values in diabetics
regularly about 250 mg.
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There is often some increase of lipoids in obstructive jaundice
(Stepp, Strauss and Schubardt).

Increase of the blood lipoids is a characteristic feature of lipoid
nephrosis, but this finding alone does not differentiate this disease
from glomerulonephritis with edema, from amyloid nephrosis, or
even from certain extrarenal diseases.

Edema may occur without lipemia and vice versa, but the close
association of edema and lipemia in renal disease suggests a common
etiology. Little is known of the underlying causes of lipemia. The
fats are believed to come from the ingested food since a pronounced
lipemia may be produced in rabbits by intensive cholesterol feeding
(Tholldte). It has been suggested that the lipemia in renal disease is
due to an inability to utilize fat as it presumably is in diabetes, but
Hiller, Linder, Lundsgaard and Van Slyke find that nephritics with
constant lipemia burn fat as efficiently as normals.

5. Edema: The diagnosis of lipoid nephrosis should not be made
if edema has not been present at any time. Apparently only two
authors have made this diagnosis in the complete absence of edema,
viz., Stepp and Epstein. Epstein’s case is obviously chronic glomer-
ulonephntls, and the data in Stepp’s case are insufficient for accurate
diagnosis. However, in typical cases edema may be absent in the
early stages and in the remissions, and it may disappear spontan-
eously or as a result of treatment.

Edema is commonly severe at the peak of the attack and is often
the chief cause of the patient’s discomfort. Therapeutic procedures
should therefore be directed toward the relief of this symptom when
it is pronounced. In general the most successful therapy appears to
be a diet with restricted salt and fluid content, and the liberal use of
mild diuretics. Epstein strongly recommends a high protein diet on
the theory that it will replace the blood proteins lost in the urine.
He believes that the edema is due to the loss of plasma proteins in
the urine which lowers the osmotic pressure of the blood and results
in an excessive accumulation of fluid in the tissue spaces. Edema
fluids in nephrosis are poor in protein.

6. Retention of Sodium Chloride: There is a retention of sodium
chloride in nephrotic edema. It is apparently held in the tissues
since it is not increased in the blood. There is no satisfactory evi-
dence that the ability of the kidney to excrete water or salts is seri-
ously impaired. It is possible that edema is due to an injury of the
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tissue cells throughout the body which causes them to retain water
and crystalloids in the tissue spaces.

y. Decrease of Plasma Proteins: Richard Bright knew that the
plasma proteins were decreased in nephritis. Erben, in 1904, records
a decrease of albumin and globulin and an increase of fibrin in
“chronic parenchymatous and subchronic nephritis.” In 1gos he
observed a shift of the albumin:globulin ratio in favor of globulin
so that globulin sometimes exceeded albumin.

Epstein has made extensive studies on the plasma proteins and
found them characteristically decreased with reversal of the al-
bumin:globulin ratio in pure lipoid nephrosis as well as the mixed
type. In the 10 cases listed in Tables I and II, in which the pro-
teins were studied, they were found decreased in 8. The total
protein was greatly decreased in the 2 cases of my series that were
studied (Table IIT), but the albumin:globulin ratio was not re-
versed in one of them.

The protein lost is almost entirely albumin. Epstein gives an ex-
ample of a nephrosis in which albumin was 0.466 mg., and globulin
3.462 mg. In one of my cases (Table III) the total protein was
4 mg. of which albumin was 3 per cent and globulin g7 per cent.
The normal albumin:globulin ratio is 1.4 to 1.8. Linder, Lunds-
gaard and Van Slyke found reduction of the plasma proteins with a
low albumin:globulin ratio in chronic nephrosis and chronic ne-
phritis with edema but not in nephrosclerosis (hypertension kidney).
Fahr and Swanson found a definite reduction of the total plasma
protein largely due to loss of serum albumin in 7 of 10 cases of
acute and subacute glomerulonephritis. In 5 of g cases of chronic
glomerulonephritis the total protein was below 6 mg. Decrease of
plasma protein evidently does not differentiate lipoid nephrosis
from glomerulonephritis.

Epstein believes that edema is due to loss of albumin in the urine
and consequent decreased osmotic pressure of the plasma. Low
plasma protein and edema are both characteristic of lipoid nephrosis,
but they are often not present simultaneously. A low protein level
may persist long after edema has disappeared, and intense edema
may develop before the blood proteins show any change. It seems
more probable that both conditions are due to some underlying cause
than that edema is caused by the low protein level.

A decrease of plasma proteins with reversal of the albumin :globulin
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ratio has been found in lobar pneumonia in the complete absence
of edema and with only a trace of protein in the urine (Geill,
Kumpf). Evidently a decrease of protein may occur without a loss
in the urine. It has not been proved that the regeneration of
plasma proteins is hastened by a high protein diet.

'8. Hematuria: Macroscopic blood is never found in lipoid ne-
phrosis, but some observers have noticed a few erythrocytes in
microscopic preparations. Glomerulonephritis commonly does not
show hematuria except in the acute stages and during exacerbations.

9. Chloride Retention: When edema is prominent there is usually
a decreased elimination of chlorides in the urine. Since there is no
increase in the blood it is inferred that the chlorides are retained in
the tissues. There is a similar chloride retention in glomerulone-
phritis with marked edema.

10. Basal Metabolism: The basal metabolic rate was low in 13 of
the 15 cases in which it was studied (Tables I and II), but this is
probably of little significance since the authors do not make correc-
tions for the weight of the edema fluids. G. Fahr * has shown that
the basal metabolic rate is usually normal if calculations are based
upon the normal weight of the individual.

Epstein believes that certain nephroses are related to myxedema
and that they respond favorably to thyroid medication.

11. Renal Function: On this point a distinction between lipoid
nephrosis and chronic glomerulonephritis is usually made. When-
ever a definite nitrogen retention is demonstrable it is assumed that
the case is not pure nephrosis but a mixed type (nephritis with ne-
phrotic Einschlag). But the various authors do not agree as to the
nitrogen level that is admissible to the nephrotic group. It is to be
remembered that ordinary mild cases of chronic glomerulonephritis
often show no nitrogen retention, and it is uncommon to find urea
nitrogen much above the normal except in advanced stages of the
disease.

Bannick and Keith in using a level of 40 mg. of blood urea to sepa-
rate nephrosis from nephritis may have included some cases of glo-
merulonephritis with the nephroses. In three instances (Table I), in
which the postmortem report was pure lipoid nephrosis, there was a
definite nitrogen retention. In one of my cases (Case I, Table ITT)

* Personal communication.
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which corresponds to pure lipoid nephrosis in every other respect,
the last blood urea nitrogen was 48.5 mg.

It is clear that some cases that are anatomically pure lipoid ne-
phrosis have a moderate nitrogen retention and that many mild
cases of chronic glomerulonephritis do not. No instance of pure
lipoid nephrosis with uremia has been reported. It may be con-
cluded that renal edema with uremia is not pure lipoid nephrosis, and
that with moderately increased or normal blood nitrogen it may or
may not belong in this group.

Phenolsulphonephihalein: In the cases reported (Tables I and II)
the phthalein excretion is moderately diminished in most instances.
The lowest observation was 15 per cent. When phthalein is injected
intramuscularly, edema interferes with its absorption and tends to
give too low a reading. This may have been the cause of the low
reading in Case ITI (Table III), but in Case I (Table III) the phtha-
lein was injected intravenously. The results with phthalein indicate
a moderate impairment of renal function. Chronic glomerulone-
phritis also shows only a moderate decrease of phthalein elimination
before the final stage begins.

12. Blood Pressure: It is commonly assumed that when the sys-
tolic blood pressure is above 140 mm. Hg. in a case which otherwise
has the characteristics of lipoid nephrosis, it is a mixed type, 4. e.,
nephritis with nephrotic Esnschlag. Volhard states that hyperten-
sion is the only symptom by which nephritis with nephrotic Ein-
schlag may be distinguished clinically from pure nephrosis. -Several
authors have reported clinical cases with high blood pressure as
lipoid nephrosis, but these have been omitted from Table II. Ap-
parently no extensive studies have been made to determine whether
there is an anatomical basis for the exclusion of a case from the
“pure lipoid nephrosis” group because of hypertension.

One often sees acute and mild chronic glomerulonephritis with a
systolic blood pressure below 140 mm. Hg. There is no justification
for classifying all of these as lipoid nephrosis.

13. Causes of Death in Lipoid Nephrosis: In the postmortem re-
ports (Table I) it will be noted that eleven of the twenty-four pa-
tients died of peritonitis. In the cases in which bacteriological
studies were made the invading organisms were found to be pneu-
mococci. Volhard states that all his fatal cases died of pneu-
mococcic peritonitis. Three of my four cases of the pure type and
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one of three of the mixed type died of peritonitis (Table ITI). The
tendency to develop peritonitis seems to be characteristic of pure
lipoid nephrosis and the mixed type. Of fifty-three examples of
typical subacute and chronic glomerulonephritis that I have studied,
none died of peritonitis.

Over half of the fatal cases reported died of infections other
than peritonitis, such as pneumonia and septicemia. None died of
uremia.

14. Frequency of Lipoid Nephrosis: Volhard states that he has
seen about a dozen cases. Epstein observed 15 cases of “chronic
nephrosis” among 193 cases of renal disease, but ““ chronic nephrosis”
includes amyloid kidney, pure lipoid nephrosis and nephrosis
with nephrotic Esnschlag. McElroy diagnosed lipoid nephrosis
nineteen times in 6oo cases of Bright’s disease. Schlayer saw
only 6 cases in 300 cases of nephritis and was uncertain of some of
these. Bannick and Keith report a surprisingly high incidence — 25
cases of “chronic nephrosis” and 25 cases of “chronic nephrosis of
mixed type” in about go cases of nephritis. The high incidence
noted by these authors is evidently due to their having included as
“ chronic nephrosis”” many cases which others would regard as ordin-
ary chronic glomerulonephritis.

I have made postmortem studies on 53 cases of subacute and
chronic glomerulonephritis, 3 that may be called glomerulonephritis
with nephrotic Einschlag, 4 of pure lipoid nephrosis and 3 of uncer-
tain classification.

15. Duration and Prognosis: The duration of the 24 fatal cases
(Table I) was as follows: 1 mo., 3; 1-3 mo., 5; 3-6 mo., 3; 6 mo.—1 yr.,
6; 1-3 yr, 7. Six cases are recorded (Table IT) as having re-
covered completely, but the great majority still had albuminuria at
the time of the report. Munk thinks that most cases of lipoid ne-
phrosis end in healing but albuminuria may last for years or decades.
He mentioned one patient who had albuminuria for ten years but
was entirely well fifteen years after the onset of her illness. Steinitz
thinks that the prognosis is good as to life but poor as to recovery
from albuminuria. Volhard mentioned 6 fatal cases among more
than a dozen that he had seen.

The duration of my 4 cases of pure lipoid nephrosis was four weeks,
seven weeks, five and a half months, and six months, respectively.
The 3 cases of mixed type lasted seven months, seven months, one
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year respectively (Table III). Dr. G. Fahr has furnished me the
record of a patient he has had under observation for four years. He
was confined to the hospital about one year, with all the typical
features of pure lipoid nephrosis. He left the hospital practically re-
covered and was entirely free of all signs of the disease three years
later.

Examples may be found in the older literature of *chronic paren-
chymatous nephritis” that recovered. Some of these are no doubt
instances of what is now called lipoid nephrosis.

16. Pathological Anatomy:

(a) Pure Lipoid Nephrosis: The kidneys are always enlarged and
pale. In one of my cases the combined weight of the two kidneys was
843 gm. The external surfaces are smooth. The color of the cortex
varies from pale to yellow. There are always some lipoid droplets in
the convoluted tubules and they are often in the glomerular epithe-
lium also, but the amount of fat is not always excessive. There may
be only a small amount of fat insufficient to give the cortex a yellow
color. The convoluted tubules and capsular spaces are usually di-
lated. An outstanding feature is the absence of tubular atrophy.
Often many of the convoluted tubules are filled with coarse hyaline
granules, and these granules may also be found in the epithelial cells
of the glomerular tuft both on the surface and between the loops.

The glomeruli are described as normal by nearly all the authors
who have reported cases of pure lipoid nephrosis. In fact, normal
glomeruli are generally considered necessary to establish the diagno-
sis of the pure type. -However, some observers have realized that
they are not entirely normal. Stolz finds them almost normal but
containing polymorphonuclear leucocytes. Major and Helwig
noted that some glomeruli showed swollen endothelial cells and
others contained lipoid droplets. Munk finds no changes at first ex-
cept some increase of leucocytes. He states, however, that later a
definite glomerulitis may develop that leads to a contracted kidney.
Volhard finds that the glomerular capillaries are not occluded, but
the cells may contain hyaline, granular or lipoid droplets. Fahr
noted minor lesions in individual glomeruli in some of his cases. He
mentions very slight proliferation, hyaline clumps, collapsed capil-
laries and fusion between the glomerulus and its capsule.

In sections stained with hematoxylin and eosin the glomeruli ap-
pear to be normal except for an increased number of leucocytes in
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some of the capillaries, but in sections stained by the anilin blue
method definite abnormalities can be made out. In Case I the capil-
laries were filled with swollen endothelial cells heavily laden with
lipoid droplets (Fig. 2). This corresponds with clinical glomerulone-
phritis except for the absence of hyaline fibers in the capillaries.
Case II showed some increase of endothelium and a patchy thicken-
ing of the basement membrane (Fig. 3). No special stain could be
made on Case ITI. Case IV showed a fairly diffuse thickening of the
basement membrane with narrowing of the capillaries and some in-
crease of endothelium.

The lesions are not exactly the same in any two instances, but
they all show enlargement and increase in number of the endothelial
cells in some degree as well as thickening of the basement membrane.

In clinical glomerulonephritis the characteristic lesion is a plugging
of the capillaries with swollen endothelial cells among which are
many hyaline fibers (McGregor). There is therefore a fundamental
resemblance to glomerulonephritis, but the endothelial swelling is
not so pronounced, there are no hyaline fibers and the capillary
lumina are only partially obstructed.

(b) Nephritis with Nephrotic “ Einschlag,” (Nephritis with Ne-
phrotic Tendency — Mixed Type): Clinically this type is defined as a
disease with all the features of pure lipoid nephrosis except for the
presence of hypertension or definite renal insufficiency. I have not
found any descriptions of the pathological changes in the kidneys.
Cases V, VI, and VII belong to this group. They differ from pure
lipoid nephrosis clinically only in the presence of hypertension. Mac-
roscopically the kidneys cannot be distinguished from those of pure
lipoid nephrosis.

On microscopic examination lipoid droplets are found in the tu-
bules. The glomeruli show transitions to typical glomerulonephritis
in that entire glomeruli (1 case) or parts of glomeruli (1 case) may
show the characteristic lesion of glomerulonephritis. Increase in the
size and number of the endothelial cells was conspicuous in 2 cases,
and thickening of the basement membrane was noted in all 3.
Enlargement of the glomerular epithelial cells was the most con-
spicuous change in one case. The mixed type, nephritis with nephrotic
Einschlag, therefore resembles both pure lipoid nephrosis and typical
glomerulonephritis in that endothelial increase is one of its histo-
logical features. The histological structure is not fundamentally
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different from that of pure lipoid nephrosis, but there is more ob-
struction in the capillary bed.

On histological grounds one cannot make a sharp distinction be-
tween glomerulonephritis and either the mixed or pure type of lipoid
nephrosis. There is a fundamental resemblance in that all three
types show endothelial swelling and increase. The differences seem
to be in degree rather than in kind.

(c) Renal Lesions of Unceriain Type: I have studied 3 cases in
which the clinical data are inadequate to establish a clinical diagno-
sis. The kidneys are large and fatty, and there is no tubular atrophy.
In the older terminology they would be called chronic parenchyma-
tous nephritis. The glomerular lesions are very prominent. In Case
VIII (Figs. 8 and g) the glomeruli are large, and there is an increase of
endothelial nuclei and a marked thickening of the basement mem-
brane with narrowing of the capillaries. In Case IX (Figs. 10 and
11) the thickening of the basement membrane is so extreme that the
capillaries are almost obliterated. The clinical picture in this case was
that of lipoid nephrosis, viz., severe albuminuria, edema, normal
blood pressure and no nitrogen retention, associated with pernicious
anemia. However, there was no determination of blood lipoids, and
the kidneys had only a small amount of fat.

In Case X (Fig. 12) the epithelial cells are greatly enlarged and
they show an extreme hyaline and fatty degeneration. The capil-
laries contain large endothelial cells and hyaline fibers as in clinical
glomerulonephritis. This case is closely related histologically to
glomerulonephritis. The enormous accumulation of fat in the kid-
neys, the edema and the peritonitis are almost sufficient to put it in
the clinical group of lipoid nephrosis.

These 3 cases raise the question whether all cases with albu-
minuria, edema, normal blood pressure and large fatty kidneys
should be regarded as lipoid nephrosis regardless of the type of glo-
merular lesion present.

17. Etiology: Munk laid great emphasis upon lues as a causative
factor but did not think that all cases were due to lues. Lues is con-
sidered an important etiological factor by Volhard, Fahr, Felber, and
Karger and Ullmann. However, it is shown in Tables I, IT and III
that among twenty-one patients examined for lues only three were
found to be positive. Syphilis cannot therefore be considered of any
particular importance in the etiology of lipoid nephrosis.
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Several authors hold the view that lipoid nephrosis is a general
metabolic disturbance in which the kidney is affected but that it is
not a primary renal disease. Kollert believes that an infection or an
intoxication causes a prolonged injury of numerous body cells which
expresses itself as a metabolic disturbance. The renal injury is a
part of the picture. He offers the same explanation for nephritis with
nephrotic Einschlag. Knaur does not consider lipoid nephrosis a
renal disease. He believes that the primary disturbance is hypoten-
sion with resulting poor filtration of water. Schlayer attributes the
disease to universal capillary injury. Epstein and Lowenthal regard
it as a constitutional disease with secondary renal changes, but not
restricted to the kidney. The features which suggest a constitutional
disease are the general disturbances such as edema, hypercholesterol-
emia, alterations in the plasma proteins, etc.

Volhard and Fahr seem to consider lipoid nephrosis as essentially
a disease of the renal tubules.

Léhlein, in 1918, expressed the opinion that nephrosis and nephri-
tis with nephrotic Esnschlag begin as glomerulonephritis and may
end with uremia and retinitis. Elwyn has observed several cases of
lipoid nephrosis which began as acute diffuse glomerulonephritis.

Clausen stresses the importance of sinus infections. Two of my
cases and possibly a third began with a common cold, and another
followed exposure to cold and dampness (Table ITI). This is not un-
like the history of acute glomerulonephritis and suggests that infec-
tion may be the causative factor.

18. Is Lipoid Nephrosis Primarily a Renal Disease? The writers
who contend that the disease is a general metabolic disorder with a
secondary renal disturbance have not properly appreciated the de-
gree of the renal injury. The glomeruli are regarded as normal, and
the only renal lesion is considered to be lipoid infiltration of the
tubules. The disturbance of lipoid metabolism and the changes in
the blood proteins are regarded as strong arguments in favor of a
general disorder.

However, the same disturbances in the blood fats and proteins
occur in glomerulonephritis, which is certainly a primary disease of
the kidneys. Lipoid nephrosis shows heavy albuminuria and minor
disturbances of renal function which must be interpreted as indicat-
ing renal damage. There are definite and sometimes pronounced
structural changes in the glomeruli, and there are transitions to glo-



616 BELL

merulonephritis both clinically and anatomically. Lipoid nephrosis
appears to be a renal lesion in which there is partial but not com-
plete obstruction of the glomerular circulation. Uremia does not de-
velop, but in some unknown way there develops an increased suscep-
tibility to infection, especially to peritonitis.

TreE RELATION OF Lirorp NEPHROSIS TO GLOMERULO-
NEPHRITIS

Clinical Relation: 1t is obvious from the clinical literature that a
diagnosis of lipoid nephrosis is made much more frequently by some
physicians than by others. The usual requirements for the diagnosis
are albuminuria and edema without definite hypertension or nitro-
gen retention. When this standard is applied to acute renal disease
it undoubtedly includes a great many cases of acute glomerulo-
nephritis, and when applied to chronic renal disease it includes some
mild cases of chronic glomerulonephritis. When defined in this way
lipoid nephrosis is a fairly common ailment. If, however, we require
for the clinical diagnosis severe albuminuria, marked edema, normal
or low blood pressure, no nitrogen retention, hypercholesterolemia
and low plasma proteins, death from peritonitis or other infections,
or a prolonged clinical course marked by repeated exacerbations and
remissions, lipoid nephrosis becomes a rare disease and the kidneys
at postmortem do not show the characteristic lesions of glomer-
ulonephritis.

Even though we accept the restricted definition of lipoid nephrosis,
we encounter many transition cases which cannot be distinguished
from glomerulonephritis with certainty. The fact that we recognize
a mixed type of nephritis and nephrosis (nephritis with nephrotic
Einschlag) is an admission that the two diseases blend. The mixed
type is particularly difficult to define clinically. How high a blood
pressure or how much nitrogen retention is admissible to this group?
Both hypercholesterolemia and the decrease of plasma proteins are
more pronounced in lipoid nephrosis than in glomerulonephritis, but
the difference is only in degree. A patient with lipoid nephrosis never
develops uremia, but there may be a decreased elimination of phe-
nolsulphonephthalein or a moderate nitrogen retention. The distinc-
tion based on renal function is also in degree only. In fact the two
diseases blend in every clinical symptom and test. The clinical evi-
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dence indicates strongly that lipoid nephrosis is not a distinct disease
but a form of glomerulonephritis that does not tend to develop
uremia.

Pathological Relation: The assumption that the glomeruli in lipoid
nephrosis are practically normal is largely responsible for the view
that the disease is entirely different from glomerulonephritis. When
special stains are used which bring out the histological details of
glomerular structure it is seen that definite lesions are present in
every instance (see Table ITI for summary), but there is no uniform
histological change characteristic of lipoid nephrosis.

Typical clinical glomerulonephritis shows uniformly in the acute
stages a plugging of the capillaries with swollen endothelial cells,
polymorphonuclear leucocytes and interlacing hyaline fibers (Mc-
Gregor). In advanced stages the hyaline fibers and the basement
membrane enlarge and fuse to give rise to a hyaline glomerulus. The
histological features are, therefore: enlargement and increase in
number of the endothelial cells, polymorphonuclear leucocytes,
hyaline fibers and thickening of the basement membrane. In the
10 nephroses studied (Table III) there was a definite increase in the
number and size of the endothelial cells in 8. In 8 of ¢ cases in
which the basement membrane was seen it was definitely thickened.
The thickening was marked in four, and extreme in one instance.
Hyaline fibers were found in the capillaries in three instances. Two
of the cases showed small glomerular lesions indistinguishable from
typical clinical glomerulonephritis, and a third case (Case X) cor-
responds closely with glomerulonephritis.

It may be said, therefore, that there are many points of resem-
blance in the glomerular structure of lipoid nephrosis and glomer-
ulonephritis. The chief dissimilarity is that the glomerular capil-
laries are completely obstructed in glomerulonephritis and only
partly obstructed in lipoid nephrosis. But a partial obstruction to
the glomerular circulation has a very different effect on the subse-
quent macroscopic changes in the kidneys and the clinical course
from that resulting from a complete obstruction. Complete obstruc-
tion produces hyaline glomeruli, atrophied tubules, contracted kid-
neys and finally uremia. Partial obstruction does not produce any
of these four conditions, but the tubules become filled with lipoid,
and the dinical course is that of lipoid nephrosis. Some years ago
Léhlein called attention to the fact that a damaged glomerulus that
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still functions is associated with a fatty tubule. Every case of
chronic glomerulonephritis shows such glomeruli with fatty tubules
(Fig. 13). ' .

Lipoid nephrosis may therefore be regarded as a form of glomer-
ulonephritis in which the glomerular capillaries are damaged but not
completely obstructed. Even from this point of view it is still im-
portant to recognize typical cases clinically since it is a form of ne-
phritis that does not terminate in uremia. The patient with this form
of nephritis either recovers after a prolonged course or dies from an
intercurrent infection.

No instance has come under my observation in which a patient
with the clinical picture of lipoid nephrosis subsequently developed
a contracted kidney.

SuMMARY AND CONCLUSIONS

1. A survey of recent literature shows a tendency to use “lipoid
nephrosis” in a broad way to include all cases of nephritis with
edema, albuminuria, normal blood pressure and normal blood nitro-
gen. This clinical definition includes many cases that are anatomi-
cally acute or mild chronic glomerulonephritis.

2. All the clinical phenomena of lipoid nephrosis, #iz., albumi-
nuria, edema, normal blood pressure, hypercholesterolemia, decrease
of the plasma proteins with reversal of the albumin:globulin ratio
and normal blood nitrogen, may occur in a less pronounced form in
glomerulonephritis.

3. There are many transition cases between lipoid nephrosis and
glomerulonephritis, #iz., those that fit the definition of lipoid nephro-
sis except for the presence of hypertension or moderate nitrogen re-
tention. These are called the mixed type, or nephritis with a nephro-
tic Einschlag. From the clinical standpoint the two diseases cannot
be sharply separated.

4. A histological study has been made of 10 cases of large, fatty
kidneys, without tubular atrophy, that were clinically nephritis.
Four of these are classed as pure lipoid nephrosis, 3 as nephritis
with nephrotic Einschlag (mixed type) and 3 as of uncertain type
because of lack of clinical data.

5. The glomeruli are not normal in any instance, but the lesions
are not of uniform type.
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6. In pure lipoid nephrosis there is a varying increase in the
number and size of the glomerular endothelial cells and an uneven
thickening of the basement membrane.

7. In the mixed type (nephritis with nephrotic Einschlag) there is
a marked thickening of the basement membrane. In one instance
the capillaries were compressed by enlarged epithelial cells. In two
instances there was a definite increase in the number and size of the
glomerular endothelial cells, and a few areas in the glomeruli showed
the changes characteristic of typical clinical glomerulonephritis,
1. e., capillaries filled with endothelial cells and a network of hyaline
fibers.

8. Three large non-contracted kidneys were studied in which the
data were insufficient to determine whether they should be classed as
lipoid nephrosis. Two of these showed extreme thickening of the
basement membrane. The third showed an enormous accumulation
of fat in the tubules and glomeruli, large glomerular epithelial cells
with hyaline and fatty degeneration, and leucocytes and hyaline
fibers within the capillaries as in glomerulonephritis.

9. Lipoid nephrosis is to be regarded as a form of glomerulone-
phritis in which the glomeruli are damaged but their capillaries are
only partially obstructed so that they continue to function and
tubular atrophy does not occur.

BIBLIOGRAPHY

Bannick, E. G., and Keith, N. M. Treatment of nephritis and nephrosis with
edema. J. A. M. A., 1928, xci, 1044.

Bennett, T. I. Goulstonian lectures on some problems of nephritis. Lancet,
1928, i, 637.

Bennett, T. I., Davies, D. T., and Dodds, E. C. Studies in renal disease, “lipoid

is.” Lance, 1927, 1, 3.

Bing, H. 1., and Heckscher, H. Untersuchungen {iber Lipimie. Biockem.
Zischr., 1924, cxlix, go.

Bock, G., and Mayer, E. Ein Fall von genuiner Nq)hmse mit Pneumokokken-
peritonitis als Ausgang. Med. Kkn., 1920, xvi, 101.

Bright, R. (cited from Linder, Lundsgaard and Van Slyke).

Campanacci, D. Dle'l‘hyreoxdmbehandlungderNephrosm Wien. klin.
Wchknschkr., 1924, xxxvii, 257.

Chauﬁard,A.,Lamche,G.,andGrigant,A. Le taux de la cholestérinémie au
cours des cardiopathies chroniques et des nephrites chroniques. Semaine
méd., 1911, xxxi, §8.

Clausen, S. W. Parenchymatous nephritis. Am. J. Dis. Ckild., 1925, xxix, 581.

Daniels, W. B. Plasma lipoids in renal disease. Brii. J. Exper. Patk., 1925, Vi,
283.



620 BELL

Elwyn, H. The pathogenesis of lipoid nephrosis. Arck. Int. Med., 1926, xxxviii,
346

Epstein, A. A. The nature and treatment of chronic parenchymatous nephritis
(nephrosis). J. A. M. A., 1917, Ixix, 444.

Epstein, A. A. Clinical types of chronic parenchymatous nephritis — their
treatment and results. M. Clin. N. Amer., 1920, iv, 145.

Epstein, A. A. A contribution to the study of the chemistry of blood serum.
J. Exper. Med., 1912, xVi, 719.

Epstein, A. A. Further observations on the nature and treatment of chronic
nephrosis. 4. J. M. Sc., 1922, ckxiii, 167.

Epstein, A. A. Concerning the causation of edema in chronic parenchymatous
nephritis. Am. J. M. Sc., 1917, cliv, 638.

Epstein, A. A, and Lande, H. Studies on blood lipoids. Arck. Int. Med., 1922,

XXX, 563.
Erben, F. Studien fiber Nephritis. Zischkr. f. kiin. Med., 1903, 1, 441.
Erben, F. Studien iiber Nephritis. Zischr. f. kiin. Med., 1903, Ivii, 39.
Fabr, T. Batﬁgeml"nge der Nephrose. Virckows Arck. f. path. Anat.,
1922, CCXXXIX, 32.
Fahr, T. Ucber Nephrose. Destsches Arck. f. kiin. Med., 1918, cxxv, 66.
Fahr T. PathobpsdneAnztamedesMorbnanghm. HenkeLubarsch’s
Handbuch d. spez. Path. Anat. u. Histol., 1925, vi, (Part 1), 156.
Fahr, G., and Swanson, W. W. Theqnanntlsdsamnalbnnnn,globnhnand
ﬁbmwgmmtbebhodphmmamteanddnmtnqhopaﬂns. Arck.
Int. Med., 1926, xxxviii, §10.

Fanconi, G. Zur Odemfrage. Genuine Nephrose und idiopathisches (dem.
Jakrb. f. Kinderk., 1925, cx, 12.

Felber, E. Heilung der genuinen Lipoidnephrose. Wies. kiis. Wcknschr., 1928,
=i, 27.

Finger, A., and Kollert, V. Ueber das Verhalten der Lipoide bei der akuten
Nephritis im Kriege. Med. Kkisn., 1917, xiii, 840.

Geill, T. Ucber den Gehalt an Albumin und Globulin im Blutserum unter
nmnalmnndpathologisd:mVeﬂﬁhn’mm. Kilin. Wchnschr., 1927, vi,

Genck,M. Ueber das Vorkommen und die Bedeutung doppelbrechender Sub-
stanzen im Hamn. Desdsches Arck. f. Min. Med., 1918, cxxv, 333.
phrose. Miinchen. med. Wcknsckr., 1928, xli, No. 13, 450.

Hahn, A., and Wolff, E. UebcdasVethaltendeankstmnsnnBlutevon
Nierenkranken. Zischr. f. kiin. Med., 1921, xdii, 393.

HillerA.LmduGC Lundsgaard, C., a.ndVanSlykc,DD Fat metab-

der Lipoidnephrose. Kkn. Wchnsckr., 1925, iv, 502.
Kaufmann, J., and Mason, E. Nephrosis; achnnlandpa.thohgmstudy
Arck. Int. Med., 1925, xxxV, 561.
Kollu't,V.DsProblun Lipoidnephrose. Klis. Wcknschr., 1926, v, 441.
Kollert, V., and Finger, A. Ueber die Bezichungen der Nephritis zum Choles-
terin (Lipoid) — Stoffwechsel. Minches. med. Wcknsckr., 1018, Ixv,
816.



LIPOID NEPHROSIS 621
Knaur, H. Ist die Nephrose eine Nierenerkrankung? Med. Kkis., 1927, xxiii,
862

Kumpif, A. Personal communication.

Laweynowicz, A. Ueber die Ausscheidung anisotropen Fettes mit dem Harn im
Zusammenhang mit dessen Ablagerung in den Organen. Zischr. f. kiin.
Med., 1914, Ixxx, 389.

Linder, G. C., Lundsgaard, C., and Van Slyke, D. D. The concentration of the

plasma proteins in nephritis. J. Exper. Med., 1924, xxxix, 887.

Laohlein, M. Zur Pathogenese der Nierenkrankheiten. Destsche med. Wcknsckr.,
1918, xliv, 1187.

Lowenthal, K. Weitere Beitrige zur Frage der Lipoidnephrose. Beilr. s. path.
Anat. u. 3. allg. Pathol., 192728, Ixxix, 497.

Lswenthal, K. Zur Frage der Lipoidnephrose. Virckows Arck. f. path. Anat.,
1926, oclxi, 109.

McElroy, J. B. Nephroses. J. A. M. A., 1927, Ixxxix, g40.

McGregor, L. The cytological changes occurring in the glomerulus in clinical
glomerulonephritis. Am. J. Path., 1929, v, §59.

Major, R. H., and Helwig, F. C. Omnlandpaﬂxolopmlsmdlesondnonic
nephrosis. Bull. Jokns Hopkins Hesp., 1925, xxxvi, 260.

Mason, E. H. The life history of a case of nephrosis. Imternat. Clin., 1926, i, 163.

Maxwell, J. The blood cholesterol in nephritis. Qnrl.].ld. 1928, xxi, 297.

Munk, F. Die Nephrosen. Med. m., 1916, xii, 1019; 1047; 1073

Munk, F. Zur Pathogenesis der nephrotischem Schrumpéniere. Virckows
Arch. {. path. Anat., 1919, ocxxvi, 81.
Murphy, F. D., and Warfield, L. M. Lipoid nephrosis. Arch. Int. Med., 1926,

XXXViil, 449-

Ochlecker, F. Lipoidnephrose und Dekapsulation. Zischr. f. srol. Chir., 1927,
xxiii, 234.

Rabinowitch, I. M., and Childs, M. C. C. A contribution to the biochemistry
and treatment of chronic nephrosis. Arck. Int. Med., 1923, xxxii, 758.

Rigler, L. G., and Rypins, H. Chronic nephrosis. Minsesola Med., 1924, vii,

419-

Schlayer. Ueber die Nephrose. Med. Kkis., 1918, xiv, §53.

Schiutz, F. W., Swanson, W. W., and Ziegler, M. R. The distribution of the
globulin and albumin fractions in the blood and in the urine in nephrosis.
Am. J. Dis. Child., 1928, xxxvi, 756.

Schonfeldt, B. Pneumokokkenperitonitis bei schweren ddematdsen Zustinden
im Kindesalter. Monaischr. f. Kinderk., 1924, xxviii, 334-

Schwarz, H., and Kohn, J. L. Studies on nephritis in children. L Nephrosis.
Am. J. Dis. Child., 1922, xxiv, 125.

Steinitz, H. Zur prognose der genuinen chronischen Nephrosen. Destsche med.
Wchnsckr., 1925, ki, 1906.

Stepp, W. Uber das Verhalten des Blutcholesterins beim Ikterus. Beifr. 5. path.
Anat. u. 3. allg. Pathal., 1921, kxix, 233.

Stepp, W. Uber den Cholesteringehalt des Blutes bei verschiedenen Formen der
Bright’schen Krankheit. Destsches Arch. f. kiin. Med., 1918, cxxvii, 439.

Stepp, W., and Petri, T. Kasuist'sdnethuangIinikchephmsm. Med.
Klin., 1918, xiv, 234.

Stolz, E. Ueber die sogenannte Pneumokokkennephrose. Med. Klin., 1922,
xviil, 1376.



622 BELL

Strauss, H., and Schubardt, W., Ueber den Cholesteringehalt des Blutserums.
Zentralbl. f. inn. Med., 1922, xliii, 425.

Tholldte, M. Hypercholesteriniimie, Blutdruck und Gefiissverinderungen im
Teirversuch. Beilr. 5. path. Anat. u. 5. allg. Pathol., 1927, Ixxvii, 61.

Tietz, L. Ueber das Verhalten der Cholesterine im Blut und in den Nieren,
sowie iiber die pathologischen-anatomischen Verinderungen derselben
bei Cholesterinurie. Frankfurt. Zischr. f. Path., 1922, xxvii, 353.

Vandorfy, J. Ein mit pneumococcusperitonitis verlaufender Fall von Ne-
phrose. Med. Klin., 1921, xvii, 656.

Volhard, F. Ueber Wesen und Behandlung der Bright’schen Nierenkrankheit.
Deutsche med. Wcknschr., 1918, xliv, 393.

Volhard, F., and Fahr, T. Die Brightsche Nierenkrankheit. Berlin, 1914.

Wichert, M., and Russjajewa-Oparina, A. Klinische Beobachtungen bei Choles-
terinimie und Bilirubinimie. Zischr. f. klin. Med., 1924, ci, 185.

DESCRIPTION OF PLATES

PLATE 107

Fic. 1. Case I. A-28-647. Pure lipoid nephrosis. Hematoxylin-eosin stain.
Photomicrograph. The capillaries are largely filled with mononuclear cells
with a very pale vacuolated cytoplasm.

Fic. 5. Case VI. A-28-183. Mixed type — Nephritis with nephrotic Ein-
schiag. Photomicrograph. Partial occlusion of glomerular capillaries by
swollen endothelial cells. Diffuse tubular atrophy.

F1c. 7. Case VII. A-17-145. Photomicrograph. Adhesion of glomerulus to
its capsule. The solid portion of the tuft at the site of the adhesion has the
structure of typical glomerulonephritis.

F16. 8. Case VIII. A-27-s511. Renal lesion of uncertain type. Photomicro-
graph. Great increase in number of nuclei. Marked narrowing of the capil-
laries.
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PLATE 108

2. Case I. A—28-647. Pure lipoid nephrosis. Mallory’s anilin blue
(Heidenhain, azan-carmine). Drawing of lobule of glomerulus (high magni-
fication). The cells filling the capillaries are shown to be of endothelial
origin. The vacuoles in the cytoplasm were occupied by lipoid droplets.
The majority of the swollen cells (End. a.) are still firmly attached to the
basement membrane, but a few are almost completely detached (End.f.) or
entirely free. The basement membrane (B. M.) shows a moderate uneven
thickening. The capillary lumina (L.) are markedly obstructed. The
epithelial cells (Ep.) are inconspicuous.

3. CaseIl. A-28-5. Purelipoid nephrosis. Mallory’s anilin blue (Heiden-
hain azan-carmine). Drawing of part of a glomerulus (high magnification).
A number of epithelial cells are seen (Ep.). There are many more endothe-
lial nuclei (End.) than are seen in a normal glomerulus. One large endothe-
lial cell is shown occluding a capillary (End. a.). The basement membrane
(B. M.) is moderately thickened throughout, and in several places it shows
very marked thickening (B. M. t.). There is partial occlusion of the lumina
of some of the capillaries.

4. Case V. A—28-193. Mixed type — Nephritis with nephrotic Einschlag.
Drawing of part of a glomerulus. Stain as in Fig. 3. Prominent glomerular
epithelium (Ep.). Increased number of endothelial nuclei. Thick base-
ment membrane (B. M.). Ery., Erythrocytes.

6. Case VI. A-28-183. Mixed type—Nephritis with nephrotic Einschlag.
Drawing of part of a glomerulus. Stain as in Fig. 3. Increased number of
endothelial nuclei (End.). Marked thickening of basement membrane
(B.M.). Polymorphonuclear leucocyte (P. M. N.). Ery., Erythrocyte; L.,
lumen of capillary.

9. Case VIII. A-27-511. Renal lesion of uncertain type. Drawing of part
of a glomerulus. Stain as in Fig. 3. Extreme thickening and duplication of
the basement membrane (B. M.). Marked narrowing of lumina of capilla-
ries (I.). Great increase of endothelial nuclei (End.).

11. Case IX. A-26-827. Renal lesion of uncertain type. Drawing of part
of a glomerulus. Stain as in Fig. 3. The appearances are similar to Fig. 9,
but the thickening of the basement membrane is more extreme, the lumina
of the capillaries are smaller, and the endothelial nuclei are less conspicuous.
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F1c. 10. Case IX. A-26-827. Renal lesion of uncertain type. Photomicro-
graph. The glomeruli are of hyaline appearance, but the capillary bed is not
completely obstructed. Large convoluted tubules.

Fic. 12. Case X. A-27-305. Renal lesion of uncertain type. Photomicro-
graph. Enormous enlargement of glomerular epithelial cells. Narrowing
and occlusion of capillaries.

F1c. 13. Chronic glomerulonephritis. Photomicrograph. Glomerulus with its
associated tubule. The capillaries are markedly narrowed but not com-
pletely occluded. The tubule is dilated, and its cells are filled with lipoid
droplets.
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