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Foreword

In one golden age of medicine epitomized by William Osler, the physician also
aspired to mastery of gross and microscopic pathologic anatomy. Now another
such age has dawned in which ultrastructure and immunopathology provide
insights into mysterious diseases of the kidney, connective tissues, joints, and
muscles, among other sites.

Dr. Anil K. Mandal has a background in clinical nephrology, experimental
pathology, and diagnostic pathology of renal diseases that suits him well for his
chosen task. This is to explain clearly the clinicopathologic entities seen by
nephrologists, using the full range of available morphologic techniques. His ap-
proach is brisk and incisive. To read his monograph as a pathologist is to make
oneself a better clinician, and as a physician is to improve one’s grasp of pa-
thology. Such correlative knowledge seems at present the means most likely to
lead to the ultimate control of some crippling chronic renal diseases.

Sheldon C. Sommers, M.D.
Clinical Professor of Pathology
College of Physicians and Surgeons of
Columbia University, New York

and

Director of Laboratories

Lenox Hill Hospital, New York



Preface

The idea of writing a book on *‘‘electron microscopy of the kidney in renal disease
and hypertension”” has emerged from frequent requests by medical students
and physicians in training for a comprehensive monograph on electron micro-
scopy of normal and diseased kidneys. The current textbooks dealing with the
pathology and clinical diseases of the kidney describe the fine structure of
the normal kidney but few, if any, have elaborated the fine structure of the
diseased kidney. Electron microscopy studies of renal tissue in humans and
animals have advanced our knowledge significantly and allowed a better under-
standing of the pathology, pathogenesis, activity, and progression of acquired
renal diseases. However, the literature concerning these studies is scattered so
that the collection and retrieval of these data involve considerable time and effort
from students and practicing physicians. Thus, the inquisitiveness of the potential
readers, accompanied by the lack of a compact monograph on the fine structure
of the diseased kidney, has encouraged me to write this book.

During the past 17 years, my research concerning the histopathology of the
kidney in renal disease and essential hypertension in humans and experimental
animals has facilitated my understanding of renal fine structure in health and
disease. The additional clinical responsibility of studying and reporting electron
microscopy of renal biopsies from several hundred patients during the past 7
years has also added confidence to my capabilities. My decision to undertake the
difficult task of writing this book has been inspired by Dr. Emanuel Rubin, who
has raised the morale of clinicians with the following comments: ‘‘The clinician
who restricts himself to a narrow subspecialty is in a position to become expert
not only in the clinical, physiological, and biochemical aspects of this area, but
also in the morphological expression of the disease’’ (Editorial. Human Pathology
6:127, 1975). In addition, the generous encouragement of Dr. Sheldon C. Som-
mers has been of paramount importance in my successful completion of this piece
of work.

Xi
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PREFACE

This book, featuring electron microscopy studies, is based on a correlation
with light microscopy pathology. The goal of this book is to provide medical
students and physicians engaged in practice or research with a comprehensive
but discrete reference on the fine structure of the kidney in renal disease and
essential hypertension. Attempts have been made to avoid any confusion caused
by a variety of nomenclatures and classifications. It is my utmost desire that this
book be relatively unburdened by literature references, especially those that are
primarily concerned with conflicting and contentious reports. To fulfill the ob-
jective of a free-flowing textbook, I have not interrupted chapter texts with
reference numbers. At the end of each chapter, a list of pertinent references in
alphabetical order is included in order to facilitate a detailed review by the reader.

This book is highlighted by discussions of the newer concepts of classification
of glomerulonephritis, the pathogenesis of renal lesions in essential hypertension,
and the antihypertensive role of the renal medulla and papilla. The fine pathology
of the nephron is related to patient profiles by several illustrative clinical reports.
Adjunctive tests are suggested to support interpretations of the anatomic pathol-
ogy of the kidney and to establish the clinicopathological syndrome. Each chapter
concludes with a brief summary for a quick grasp of its entire contents.

Electron microscopic features suggestive of activity and progression of the
pathological process are indicated. The disparities between light and electron
microscopy in the study of renal diseases and essential hypertension are elabo-
rated. It is important from the viewpoint of economics to know the necessity of
the routine use of electron microscopy in the clinical practice of nephrology
(renal disease). The concluding chapter outlines the principles of management
pertaining to the principal changes in the kidney in different types of renal
diseases.

~ Finally, it is my sincere belief that this monograph should prove useful to
clinicians and pathologists for the purpose of a rapid review of renal diseases and
hypertension, as well as to medical students and house physicians preparing for

specialty board examinations.
A.K.M.
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Microscopy for the | 1
Practicing Physician

HISTORY OF MICROSCOPY*

Microscopy dates from the seventeenth century when Robert Hooke and Mar-
cello Malpighi used simple lenses in the study of various structural features.
Between 1673 and 1716, Leeuwenhoek developed compound lenses and published
a series of observations upon protozoa, bacteria, muscle, nerve, and many other
structures. By the early nineteenth century, the compound microscope had be-
come highly developed. Robert Brown in 1830 discovered the nucleus; Schleiden
in 1838 and Schwann in 1839 enunciated the ‘‘cell theory.”” In 1841, Henle
published the first comprehensive account of human histology. Virchow de-
scribed the human body as a “‘cell state’’ and listed specialized categories of cells
in 1863.

TYPES OF MICROSCOPY*

Several types of microscopes are available for the study of biological mate-
rial. Basically, they can be classified according to the type of light source used,
and include the light (or optical) microscope, polarizing microscope, phase con-
trast microscope, interference microscope, dark-field microscope, x-ray micro-
scope, electron microscope, and ultraviolet microscope. Of these, the light mi-
croscope is the one most commonly used in the study of biological specimens.
Other microscopes frequently used for this purpose are the electron microscope
and the ultraviolet microscope.

* The material presented throughout this section is from Chapter 1 of Leeson and Leeson (1970):
used through the kind permission of Dr. Thomas S. Leeson, University of Alberta, Canada.
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CHAPTER 1

Light Microscope

The light microscope (LM) has three magnifying devices: (1) An objective
lens provides the initial magnification; (2) an ocular lens magnifies the primary
image; and (3) a condenser lens beneath the stage of the microscope concentrates
the light from its source into a very bright beam. All three lenses provide sufficient
light for a gross study of the magnified object. A brief description of the polarizing
microscope is deemed necessary because of its application in the clinical practice
of nephrology.

Polarizing Microscope

This microscope was developed by mineralogists in order to study crystalline
materials. Many natural objects such as crystals and fibers exhibit double refrac-
tion or birefringence. In histological material, birefringence is caused by the
orientation of particles too small to be resolved even by the best lenses. The
polarizing microscope is a conventional light microscope in which a Nicol prism
(or Polaroid sheet) is interposed in the light path below the condenser lens. This
“‘polarizer’’ converts all light passing through the instrument into plane-polarized
light or light which vibrates in only one optical plane. A similar second prism
called the ‘‘analyzer’’ is placed within the barrel of the microscope above the
objective lens. When the analyzer is oriented so that its polarizing direction is
parallel to that of the polarizer below, one sees the regular image. However, if
the analyzer is rotated until its axis is perpendicular to that of the polarizer, no
light can pass through the ocular lens and the field is dark. A birefringent object,
e.g., calcium or uric acid crystals (especially the latter), will become visible upon
a dark background. In addition to these crystals, other biological materials, e.g.,
muscle fiber, connective tissue fibers, lipid droplets, exhibit birefringence.

Ultraviolet Microscope

Since ordinary optical lenses are nearly opaque to ultraviolet light, quartz
lenses are used throughout the lens system. In general, this system allows an
improvement in resolution about twice that of the ordinary microscope (0.1 um).
Ultraviolet light is also employed in the fluorescence microscope (FM). The
specimen can be observed by its emitted fluorescence when ultraviolet light is
focused upon it. The fluorescence is the result of pretreatment with fluorescein

dyes.

ELECTRON MICROSCOPY

The electron microscope (EM) is an instrument designed and developed by
physicists and engineers. It has a most complex intrinsic mechanism. The oper-
ation of this instrument is difficult at the outset, but becomes easier with expe-
rience.



Table 1-1
Milestones in the Development and Perfection of the Electron Microscope
Year Scientists Instrument
1932 Knoll and Ruska 1. Electron source

2. Two magnifying lenses
3. Resolution less than LM

1934 Ruska Condenser lens was added

1935 Driest and Muller Resolution greater than LM was obtained

1938 Von Borries and Ruska Advancement in design resolution to as small as 100 A

1939 Burton, Hillier, and Prebus  First operational electron microscope plant at University of
Toronto, Canada

1941 Hillier and Vance First commercially produced electron microscope in North

America (capable of resolution as low as 25 A)

Historical Background

The fundamental physical concept of electron microscopy dates to the latter
part of the nineteenth century. The following theories led to the development and
successful application of this instrument: (1) A moving electron can be assigned
a very short wavelength (deBroglie, 1924). (2) A suitable magnetic or electrostatic
field can be used as true lenses for an electron beam which will be capable of
producing a reliable and even an enlarged image (Bush, 1926).

Milestones in the development and perfection of the electron microscope are
shown in Table 1-1, from which it can be seen that an electron microscope was
first used successfully in the study of biological specimens (tubercle bacilli) at
the University of Toronto, Canada, in 1939. During the last three decades,
continuous modification of the optical system has led to achieving resolution as
low as 2 A, more image intensification, and better photography.

Objectives of the Electron Microscope

The two objectives of the electron microscope are resolution and enlargement
of the image. The resolution is defined as the minimum separation that produces
a detectable change in contrast in an area of an image of two points and between
the two points and is expressed in terms of angstroms (A). The units in common
usage are 1 mm (millimeter)= 1000 um; 1 wm (micrometer)= 10,000 A; and 1 mu
(millimicron) = 10 A.

Objective Systems for the Operation of the Electron Microscope*

There are three major integrated systems required for the successful opera-
tion of the electron microscope: the illuminating, imaging, and image translating
systems.

* The material presented in this subsection is from Wischnitzer (1962), used through the kind per-
mission of the author and publisher.

3
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CHAPTER 1

The illuminating system serves to produce the required radiation and direct
it onto the specimen. This system consists of the source, the emission of radiation
from which an image can be formed, and the condenser lens assembly which
regulates the intensity and the convergence of the illuminating beam on the
specimen.

The imaging system consists of the lenses which produce the final magnified
image of the specimen. The objective lens focuses the beam which passes through
the specimen in order to form a magnified intermediate image. The projection
lens (or ocular lens) magnifies a portion of the intermediate jinage to form the
final image. S

The image translating system converts the radiation into a visual image via
a fluorescent observation screen that consists of a plate and fluorescent material.
The fluorescent material, which is coated on the plate with gum arabic or collo-
dion, is a mixture of finely divided particles of zinc and cadmium sulfides. The
fluorescent screen provides the opportunity for (1) orientation and location of the
desired field of view, (2) study of the general characteristics of the imagé of the
specimen, (3) accurate focusing of the lenses, and (4) alignment of the entire
instrument.

Principles of Electron Microscopy

The marked differences that exist between light and electron microscopy are
shown in Table 1-2 and Fig. 1-1. '

Photography is an essential part of electron microscopy. In my own opinion,
study of the fine structures in the fluorescent screen should be followed by
photography of the obscure and abnormal findings on 2 X 2 in. or 35mm films or

Table 1-2
Fundamental Differences in the Operative Mechanisms of Light and
Electron Microscopes

Light microscope

Electron microscope

Fixed focal length
Necessary to change objective lenses for
different magnification

Source of illumination is natural or
artificial light

Different focal levels of the specimen can
be seen relatively independently

Image formation is due to differential
absorption of light

Viewing directly into the specimen
Photography is optional to the operation

No fixed focal length

Not necessary to change objective lenses at
different magnifications; ‘‘magnification
of the objective is fixed”’

Source of illumination is a beam of high-
velocity electrons accelerated under
vacuum

Limited to a small area of the whole
specimen

Loss of electrons, scattering of electrons
by individual parts of the specimen
(image contrast)

Viewing the image of the specimen

Photography is a requisite part of the
entire operation




Fig. 1-1. Differences between the mechanisms of light microscopy and electron microscopy.
Reproduced from Leeson and Leeson (1970) by the kind permission of the author.

2 X 2 in. glass plates. Enlargements and prints made from the negatives should
then be studied thoroughly for proper interpretations of the findings and for
establishment of the diagnosis.

Basic Needs for the Successful Use of the Electron Microscope

1. A suitable fixative to preserve the natural state of the specimen.

2. An embedding material to replace the volume originally occupied by the
water in the specimen.

3. A sharp and durable cutting edge to secure thin sections.

4. An ultramicrotome with precision and reliability to cut sections thinner
than 500 A.

Fixative

The comparative study of a number of aldehydes by Sabatini, Bensch, and
Barrnett in early 1960 (for details see Hayat, 1970; Kay, 1965) indicated that
glutaraldehyde and acrylic aldehyde were the most effective morphological fix-
atives. Acrylic aldehyde was never used because of intolerable lacrimation
evoked by this substance, so that since the mid-1960s, glutaraldehyde has been
the most popular and widely used fixative in the field of electron microscopy.
The quality of preservation of tissue is excellent when the tissue is fixed in

5
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glutaraldehyde and postfixed in osmium tetroxide. A 4% glutaraldehyde solution
is usually used; it is prepared by mixing a 25% stock solution of glutaraldehyde
in distilled water with a phosphate buffer to provide a 4% solution of glutaral-
dehyde in 0.1 M buffer at pH 7.4. The solution can be stored in a bottle in the
refrigerator for weeks. However, in case of infrequent use, the solution should
be checked periodically for clouding, precipitation, and change in the pH. In case
of slight precipitation at the bottom of the solution, the supernatant portion
remains suitable for use, but if the precipitate is found throughout, the entire
solution should be discarded.

A great advantage of the use of glutaraldehyde as the primary fixative is that
it allows preservation of the tissue for a long time. To ensure stable preservation,
the tissue should be removed from glutaraldehyde and stored in 0.1 M phosphate
buffer at pH 7.4. In this way the tissue can be stored for weeks or months. Just
before dehydration, the tissue should be postfixed in osmium tetroxide. Note of
caution: After initial fixation, postfixation, or long-term fixation, the tissue must
be stored in a refrigerator and not in a deep-freeze.

Embedding

Epon and Spurr are the two types of embedding mixtures commonly em-
ployed. Epon 812 (sold as Epikote in Europe) is the most widely used embedding
resin for electron microscopy. This resin, because of its low viscosity, penetrates
into the tissues faster than Araldite. The distinct advantage of Epon over other
embedding materials is its rapidity, so that the whole process of washing, dehy-
dration, infiltration, and embedding is completed in less than 3 hr. No difference
was found in the appearance of the fine structure between the tissue processed
by this rapid method and that processed by the standard conventional method.
This rapid method should prove useful as a quick diagnostic aid in clinical
practice, especially if the results of light microscopy study are obscure. Spurr
introduced ERL 4206 as an embedding medium in electron microscopy. ERL
4206 has the lowest viscosity of all the known plastics used in electron micros-
copy. The very low viscosity facilitates its rapid penetration into the tissues.

In my own experience, the quality of thin sections does not seem to be better
with one type of embedding than with the other. However, the opinions of the
technicians differ, some seeming to prefer one over the other from the standpoint
of thin sectioning. For more details concerning fixatives and embedding materials,
see the book by Hayat (1970).

Successive Steps in Electron Microscopy Study

The successive steps involved in the completion of EM study are shown in
Fig. 1-2. It should be remembered that if mistakes are made in any of the steps,
the final analysis will be adversely affected. In well-prepared sections and with
careful staining by the use of freshly prepared reagents, artifacts are generally



slight or none. On the contrary, sloppy work, a bad knife, lack of confidence,
and miscalculation will cause total failure of the study. The failure is attributable
to poor penetration of the electron beam by the inadequately prepared specimen,
the result being an inadequately visible light image. In addition, a variety of
artifacts will greatly interfere with the understanding of the changes and inter-
pretation of the photographic findings. The time required for the completion of
the study varies from 48 to 72 hr. This time factor is extremely important from
an economic point of view since preparation ties up highly paid technical per-
sonnel. Thus, failure of such study simply means a financial loss.

Optimum States for Electron Microscopy

The optimum conditions for ideal electron microscopy study are living tissue
and fixation of the tissue within seconds of removal from the living organism.
The general consensus of opinion is opposed to the use of autopsy material for
electron microscopy, although attempts have been made to utilize autopsy tissue
for such study. I have studied postmortem kidneys from hypertensive cases. In
general, the basement membranes of the glomeruli, tubules, and arterial vessels

FIXATION IN 4% GLUTARALDEHYDE (2 -4 HOURS)

STEP | POSTFIXATION IN 1% OSMIUM TETROXIDE
DEHYDRATION (ALCOHOLIC SOLUTIONS)
EMBEDDING (BLOCK)

Y

STEP Il THICK SECTIONING AND STAINING (SURVEY SECTION)
LIGHT MICROSCOPY TO SELECT AREA OR PART FOR EM STUDY

Y

STEP 111 FINE TRIMMING
THIN SECTIONING
STAINING

Y

STEP IV STUDYING
- PHOTOGRAPHY OF FINDINGS
NEGATIVES

Y

STEP V ENLARGEMENT AND PRINTS FROM
NEGATIVE
ANALYSIS OF RESULTS AND WRITE UP

Y

o ©O

~r

Fig. 1-2. Steps of electron microscopy study.
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remain reasonably intact. The glomeruli and the arterial vessels do not demon-
strate discernible autolytic changes until 24 hr after death, but the tubular cells
undergo swelling and vacuolization, and profound edema appears in the intersti-
tium. In the latter components, any attempt at interpretation of findings beyond
autolytic change is futile. Therefore, in my own experience, electron microscopy
of postmortem material does not serve any fruitful purpose other than to satisfy
curiosity, and cannot be justified.

The Purpose of Electron Microscopy in Biological Studies

The most important goal of this technique is to resolve cellular constituents,
membranes, and other structures. The cellular constituents which cannot be
resolved by light microscopy include mitochondria, Golgi complexes, endo-
plasmic reticulum, nuclear contents, ribosomes, membranes (e.g., cellular mem-
brane, nuclear membrane, plasma membrane infoldings), secretory granules,
glomerular foot processes, and other structures (e.g., viral particles, inclusion
bodies).

Electron Microscopy in Clinical Practice

Electron microscopy has improved our knowledge of the fine structures of
many organs in the mammalian body. The greatest contribution of this technique
is to studies of the anatomy and pathology of the kidney. In fact, the earliest
reported EM study of the organs was that of the kidney by Pease and Baker in
1950. With sophistication of the technical aspects, knowledge concerning the fine
structures of the kidney has continued to grow. When the features of the fine
structures of the kidney were grasped, investigators began to study kidney tissue
obtained through percutaneous biopsies from patients with glomerular diseases.
One such study was first reported in the English literature by Farquhar et al.
(1957). (For details of the aid of electron microscopy in the practice of nephrology,
see Chapter 12.)

Ethics in Electron Microscopy Study

The EM laboratory is generally located in the basement of a hospital or
institution. This type of location has the advantage of avoiding vibrations which
occur most commonly in the upper floors of the building and which cause inter-
ference in the operation of the machine. But this odd location, coupled with
lengthy processes and the need to study in complete darkness, causes a great
deal of frustration and tends to distract both technical and professional personnel.
Although the unique value of electron microscopy may lure many sophisticated
individuals, its tedious practice discourages their interest.

The professional responsible for the EM laboratory for medical sciences may
be an M.D. or a Ph.D. investigator. The M.D. is most commonly a pathologist,
but infrequently the individual is an internist or other specialist. Customarily, the



time spent in the EM laboratory by the professionals is less than that spent in
other types of microscopy or laboratory work. This is caused in part by a lack
of adequate training and interest, and is detrimental to the ethics of EM study.

In my own judgment, the investigator should spend ample time, if possible,
in studying the sections, whether they are from patients or from animal
research material. He/she should identify the changes, photograph the important
and obscure findings, and make notes of his/her study. The findings should be
verified in the prints, along with missed observations, before a final diagnosis is
made.

Therefore, the ethics of EM study states that both technical and professional
personnel must be well trained, persevere, and develop adaptability in order to
work under adverse circumstances. Without these characteristics, personnel may
fail to achieve their goals.

The costs of hiring personnel and purchasing essential supplies are so high
that serious consideration must be given to the aforementioned factors before
designing an EM laboratory.

SUMMARY

1. Among the eight different types of microscopes listed, the light micro-
scope, electron microscope, and ultraviolet or fluorescence microscope are the
most commonly used microscopes for the study of biological specimens.

2. The technical aspects of LM and FM are simple as opposed to the
complex mechanisms involved in the operation of EM.

3. The intricate operation of EM coupled with the excessive time involved
in the preparation and study of specimens decreases the interest of many profes-
sionals.

4. It must be remembered that immediate fixation of the tissue in a suitable
fixative (cold 4% glutaraldehyde) is an essential requirement for expected results.

5. Epon 812 or Spurr embedding media (ERL 4206) are the two most
commonly used embedding media.

6. In EM study of biological materials, living tissue is an optimum need.
The EM study of postmortem material does not serve any fruitful purpose and
appears to be unjustified.

7. Perserverance, adaptability, and confidence are the keys to achieve-
ments in the field of EM.
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Renal Biopsy 2

PART 1
INDICATIONS, CONTRAINDICATIONS, TECHNIQUES, AND
COMPLICATIONS e JUSTIFICATION FOR STUDIES OF LIVE
RENAL TISSUES e ETHICS AND INDICATIONS FOR SERIAL
RENAL BIOPSIES

INTRODUCTION

The development of a percutaneous technique to procure a small piece of tissue
from one of the two kidneys has become a cornerstone in the study of renal
parenchymal disease. Studies of renal biopsy using light, electron, and immu-
nofluorescence microscopy have produced an evolutionary change in the practice
of renal medicine. The knowledge gained from the study of live renal tissues has
enabled clinicians to deliver better medical care to patients with renal diseases.
To attain an understanding of renal pathology—particularly expertise with the
delicate electron microscope—and of the various technical and medical skills
used to prolong uremic patients’ lives by dialysis and transplantation requires
considerable ability and time; consequently the practice of nephrology (renal
medicine) has emerged as a separate subspecialty.

11
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INDICATIONS AND CONTRAINDICATIONS OF RENAL BIOPSY

Numerous papers have been published concerning indications and contrain-
dications of renal biopsies. There are differences and similarities of opinions
about the necessities of tissue diagnoses in the practice of nephrology. Never-
theless, there is consistent agreement that renal biopsy is indicated in continuing
or persistent renal parenchymal disease, especially when the diagnosis and prog-
nosis are not evident from clinical studies.

Broadly speaking, renal biopsy study is of some value in every renal paren-
chymal disease, and there is no clinical finding or laboratory test which can
replace histopathological evaluation. Before elaborating the indications for a renal
biopsy it is helpful to outline some common clinical and laboratory criteria that
should facilitate recognition of renal parenchymal disease (Table 2-1).

INDICATIONS OF SINGLE BIOPSIES

Renal biopsies are most commonly performed in chronic renal parenchymal
disease. In acute renal parenchymal disease, the overwhelming clinical evidence
and the rapid recovery of many patients make a renal biopsy unnecessary. In
general, the indications for renal biopsy according to clinical needs can be broken
down into (1) definitive, (2) less definitive, and (3) controversial. Definitive
indications include (a) nephrotic syndrome in the adult; (b) asymptomatic per-
sistent proteinuria (24-hr proteinuria greater than 1.0 g); (¢) recurrent microscopic
or gross hematuria when radiological and urological investigations have failed to
demonstrate tumor or cystic disease of the kidneys, or any abnormalities in the
urinary conduits; (d) acute glomerulonephritis in the adult; (e) rapidly progressive
renal failure; and (f) manifestations of original renal disease in the transplanted

Table 2-1
Clinical and Laboratory Criteria of Renal Parenchymal Disease

Acute renal parenchymal disease

Chronic renal parenchymal disease

Symptoms

Findings

Urinalysis

24-hr proteinuria
Blood chemistry

Sudden onset, bilateral backache,
oliguria, gross hematuria, history
of sore throat, history of drug
intake

Normal, slight edema, hypertension

2+ to 3+ proteinuria,
microhematuria (too numerous to
count), pyuria

<3.5 g usual

Normal or mild elevation of urea
nitrogen and creatinine

Insidious onset, asymptomatic, or
swelling of the body

Normal, moderate to marked
edema, hypertension

4+ proteinuria common, often mild
microhematuria (10-20 RBC/HPF,
may be intermittent)

>3.5 g common

Often normal but mild elevation of
urea nitrogen not uncommon




kidney. The less definitive indications are as follows: (a) nephrotic syndrome in
children; (b) acute glomerulonephritis in children; (c) transplant rejection; and
(d) drug-related nephropathy. The controversial items are (a) acute renal failure,
(b) chronic renal failure, and (c) essential hypertension.

Among these, the nephrotic syndrome is the ideal indication for renal biopsy,
the sole purpose of the renal biopsy in the nephrotic syndrome being to identify
the condition or conditions which are amenable to treatment. This subject is dealt
with more detail in the chapter on the nephrotic syndrome. It should be empha-
sized here, however, that lipoid nephrosis or the idiopathic nephrotic syndrome,
which is responsive to corticosteroid therapy and constitutes a curable renal
disease, may be missed unless a renal biopsy is performed.

It has been well established that lipoid nephrosis is the leading cause for the
vast majority (80-85%) of cases of the nephrotic syndrome in early childhood.
Therefore, the prevalent consensus among most pediatric nephrologists is not to
do routine renal biopsies in young nephrotic children until they have received a
6-week course of corticosteroid therapy. Some believe that this should be the
rule for nephrotic children younger than 5 years of age, whereas nephrotic
children more than 5 years old at onset should have renal biopsies performed
before instituting corticosteroid therapy. Lipoid nephrosis accounts for 20 to 25%
of the adult nephrotic syndromes; it is similar to juvenile cases in its response
to corticosteroid therapy. This group of nephrotic adults must be distinguished
from those with membranous glomerulonephritis, which is less responsive or
nonresponsive to corticosteroid therapy. When a cause for nephrotic syndrome
is clinically evident (e.g., diabetes mellitus), renal biopsy may not be indicated
except for the purpose of teaching or other scientific interest. The latter pertains
to the demonstration of associated renal disease, e.g., membranous glomerulo-
nephritis in a small percentage of cases.

The need for renal biopsy in acute glomerulonephritis and in acute oliguric
renal failure has remained a controversial subject. Specific reasons are cited here
to bridge the disagreement and to convince nephrologists of the need for renal
biopsy studies in these two conditions. First, a number of adults with features of
acute glomerulonephritis are found to have rapidly progressive glomerulonephritis
or necrotizing glomerulonephritis associated with Wegener’s granulomatosis.
Both of these pathological processes, which are almost always associated with
rapid and irreversible deterioration of renal function, must be discovered early
in order to prepare these patients for dialytic treatment or immunosuppressive
therapy, or both. Second, glomerulonephritis in thrombotic thrombocytopenic
purpura may be benefited by splenectomy, corticosteroid therapy, or immuno-
suppressive drugs.

Finally, the vast majority of cases of acute renal failure are due to acute
tubular lesions or necrosis (ATN), and the lesion is generally reversible. When
a patient with ATN does not show signs of recovery after 2 to 3 weeks of
conservative or dialytic therapy, a renal biopsy must be done to identify the
underlying renal pathology, and especially to rule out irreversible pathological
processes, e.g., rapidly progressive glomerulonephritis or renal cortical necrosis.

13
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The main purpose for tissue diagnosis in persistent asymptomatic proteinuria
is to determine the anatomic pathology of the kidney, the probability of its
response to available therapy, and the consequences of that therapy. It is difficult
to obtain approval for renal biopsy study in essential hypertension. If there is
some evidence to suspect glomerular disease, e.g., heavy proteinuria, renal bi-
opsy is definitely indicated. There are a few studies which have suggested that
electron microscopy studies of arterial vessels, along with the other component
parts of the kidney, may assist in assessment of the progression of hypertensive
renal lesions.

CONTRAINDICATIONS

Among the various contraindications enumerated in current textbooks and
periodicals, the solitary kidney and an irreversible bleeding diathesis, in my
experience, must still be considered as absolute contraindications. Many of the
relative contraindications, such as tumor, cysts, or infection, should not always
preclude the biopsy procedure if a definitive indication exists which warrants the
additional risk.

Renal biopsy is generally safe after a prolonged peritoneal dialysis or after
two to three hemodialyses in cases of acute or chronic uremia, a condition that
should no longer be regarded as a contraindication. Similarly, if there is a rationale
for renal biopsy study in hypertensive patients, it should not be withheld because
of the fear of bleeding. Excessive bleeding can be prevented by reducing the
blood pressure to normal or near normal before and during the biopsy and for at
least 72 hr following the procedure.

COMPLICATIONS AND SIGNIFICANCE

Mild microscopic hematuria and mild back pain for 24 to 48 hr postbiopsy
are encountered in almost all patients. When modern techniques to localize the
kidney are used, gross hematuria and passage of blood clots occur in approxi-
mately 5% of adults or children. A variety of serious complications have been
reported following percutaneous renal biopsy, most or all of which are very rare.
The serious complications are as follows:

1. Massive hemorrhage from the biopsy site, accompanied by a fall in
hematocrit, occurs in 0.5 to 1% of adults. The incidence may be higher in children,
2.5 to 3%. Bleeding almost always stops with rest and blood transfusions. Neph-
rectomy has been seldom necessary to control bleeding.

2. The complication of perirenal or retroperitoneal hematoma occurs more
commonly than we appreciate clinically. In many instances this complication
does not constitute a serious clinical problem and thus is seldom reported. In
some series it is reported to be no more than 0.4% of the total number of patients



undergoing renal biopsies. In children, it may occur in up to 1%. Oozing of blood
continues after the biopsy so that from 3 to 7 postbiopsy days, a patient may
exhibit the severe backache, hematuria, mild elevation of temperature, and guard-
ing of abdominal muscles which signal this complication. The diagnostic aids are
a fall in hematocrit and obliteration of psoas shadow on a flat film of the abdomen.
The treatment includes bed rest, intravenous fluids, and analgesics. If there is
evidence of infection, antibiotics may be used. A urologist should be consulted
for possible urologic interventions.

3. When arteriovenous fistula develops, gross hematuria may persist for 10
days or more. A selective renal arteriogram should be obtained that will dem-
onstrate filling of the renal vein simultaneously with the arterial phase. Amino-
caproic acid may be effective in arresting bleeding.

4. Among other rare complications which should be mentioned are the
biopsy injuries to the liver, spleen, bowel, pancreas, and aorta.

5. Death is now virtually unheard of with the introduction of Franklin’s
modification of the Vim-Silverman needle and its use in the hands of experienced
operators. For example, in a series of 2500 biopsies performed by Lange and
Tresser (1974) no deaths were reported.

It should be remembered that serious complications seldom occur at the
hands of experienced operators and in cooperative patients. There are, however,
no exceptions to certain contraindications, and, therefore, the operators must
make proper patient selections and exercise all usual precautions (preoperative
and postoperative) to avoid unhappy postbiopsy events.

PITFALLS OF PERCUTANEOUS (CLOSED) BIOPSIES

The rate of success in obtaining a representative sample of kidney (at least
five glomeruli in the light microscopy portion of the tissue) varies from series to
series. In any large series the attempt is successful in approximately 90% of
cases (e.g., Muehrcke et al., 1955; Lange and Tresser, 1974). A third large series
by Carvajal and associates (1971) reports about 82% success, considering the
presence of at least six glomeruli as a representative sample. Many small series
have reported an 80 to 85% rate of success. It is my impression that the success
rates have improved slightly in the last few years.

TECHNIQUES OF PERCUTANEOUS BIOPSIES

A detailed description of the different techniques used in performing a renal
biopsy is limited by the space available herein. However, the different types of
biopsy techniques and the merits and demerits of different techniques may be
stated briefly.

1. Blind technique of Muehrcke et al. (1955). A thorough physical exami-
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nation of the patient is essential in order to rule out hepatosplenomegaly and to
avoid laceration of these organs during the biopsy procedure. An intravenous
pyelogram (IVP) is a prerequisite step. In the IVP a location (X) is selected at
the lower pole of the kidney; measurements are made on the IVP from the
corresponding spinous process and iliac crest to the point (X). These measure-
ments are then depicted at distances from the highest point of the iliac crest and
the corresponding spinous process by drawing lines with an aqueous solution of
crystal violet on the patient’s back (prone position). The right side was the site
of choice for these authors. After cleaning the side of the back with antiseptic
solutions (tincture of iodine followed by 70% alcohol), and anesthesia of the
biopsy site with 1% procaine given by intradermal injection, the needle is intro-
duced through the skin and subcutaneous tissue, after which advancement of the
needle is made gently, with inspiration only, until it reaches the kidney. The
kidney is located by wide swinging of the needle to and fro over half a circle
during deep breathing. The ‘‘feel’”’ of the kidney through gentle probing of the
needle is the most important key to the success of biopsy. This ‘‘feel’’ can only
be acquired by experience and with time. Undue pressure on the kidney asso-
ciated with overenthusiastic attempts to obtain a piece of renal tissue must be
avoided. This is, however, minimized as the operators continue to gain experi-
ence. This blind technique of renal biopsy has been practiced throughout the
world and thousands of successful renal biopsies have been performed by nu-
merous individuals.

2. A modification of the technique of Muehrcke and co-workers has been
described by Colodny and Reckler (1975), who prefer using the left kidney. This
technique is similar to the preceding one, except that only one measurement is
made—the distance between the lower pole of the kidney and the opposite
vertebral spinous process in the IVP. This measurement is depicted by painting
the skin with the patient in the prone position. The rate of success with this
modified technique reached 85%.

3. From the latter part of the 1960s and through the 1970s, renal biopsy has
been done most commonly through direct visualization of the kidney via the
television screen. In this technique, a preliminary IVP is not required. The
contrast material (0.5 ml/lb body weight; average: 60 ml) is added to a bottle
containing 500 ml of intravenous fluid which is infused slowly until the kidney to
be biopsied is visualized. If the patient has azotemia, a double dose of the contrast
material (1 ml/Ib body weight) is added to the same amount of fluid.

The advantage of this technique is that the needle is inserted into the lower
pole of the kidney under direct visualization; the potential disadvantage is the
exposure of the patient and the operator to excessive radiation. For example, the
radiation dose received by the patient in an IVP is 0.468 rads per film but 4.4
rads per examination. A single 10- or 15-min film alone or both films should
provide a good nephrogram suitable for biopsy. This gives a radiation exposure
of no more than 1 rad. In contrast, the radiation dose for a single fluoroscopy
with the image intensifier for each 90-sec period is less than 3 rads. Therefore,
the risk to the patient of excessive radiation is likely should several fluoroscopies



become necessary to visualize the kidney. This risk increases in particular with
azotemic patients. The advantage of this technique is the greater rate of success,
which may approach 100% in the hands of experienced operators. The percentage
of tissue samples obtained that prove to be adequate is not, however, different
from that of the blind technique. We have found no difference between the two
techniques in our own practice with respect to the rate of success and the
adequacy of the sample. However, the rate of gross hematuria following biopsy
is undeniably less if direct visualization is employed. Disadvantages of the direct
visualization technique are the necessity of a fluoroscope suite, the complex
technical operation around the intensifier-television chain, and the necessity of
having one or several assistants.

4. Renal scan prior to renal biopsy. This was performed at the University
of Chicago Hospitals and Clinics, in which kidneys were localized 1 hr after an
injection of 1.0 mCi of [*®™Tc]-Fe-ascorbic acid complex under the gamma cam-
era. In a series of 377 patients on whom renal biopsies were attempted, adequate
tissue was obtained in 82% of the patients. With further sophistication of the
technique, adequate tissue was obtained in 99% of the patients.

5. Ultrasonography (ultrasound) for renal localization. The patient is placed
in the prone position on a radiographic wedge. A B-mode ultrasound scanner
with simultaneous A-mode capability is used to record transverse echograms on
a storage oscilloscope, with the iliac crest as a reference point. The medial and
lateral borders of the kidneys are marked directly on the back; the upper and
lower poles are marked during normal and full respiration. A longitudinal echo-
gram is recorded for each kidney, and the depth of the lower pole is measured
directly from the echogram. The closed renal biopsy is performed in exactly the
same position with use of standard techniques. Renal tissues were obtained in 29
of 30 patients in whom biopsies were attempted. The localization method is fast,
inexpensive, accurate, and noninjurious. The additional advantages are the lack
of a need for contrast material and the elimination of the risk of radiation.

COMPARISON BETWEEN OPEN AND PERCUTANEOUS (CLOSED)
RENAL BIOPSIES

Open renal biopsy has been advocated as a more advantageous procedure
than closed renal biopsy. The open biopsy technique remains the only way to
secure renal tissue when a percutaneous renal biopsy has failed, when a biopsy
is indicated in an uncooperative patient, or when a closed biopsy involves a high
risk of bleeding in azotemic patients. The greatest advantage of the open tech-
nique is the virtually complete assurance that adequate tissue will be obtained.
Although there are no reported mortalities by this technique, complications due
to general anesthesia and the surgical procedure are not rare. For example, we
have seen postoperative paralytic ileus which caused much misery and prolon-
gation of the hospital stay of a patient who underwent open renal biopsy. In a
series of open wedge biopsies in 61 children, although adequate tissue was
obtained in all patients, minor postoperative complications were found in 10%
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of the patients. Therefore, the rate of complication in open biopsies did not differ
from that in closed biopsies.

We believe that the superiority of the techniques in obtaining adequate tissue
for optimum studies depends greatly on the experience of the operators.

In the hands of experienced operators a percutaneous biopsy is a safe and
easy method for obtaining a large piece of kidney for complete histological
studies. This opinion is consistent with those of others. The different percuta-
neous biopsy techniques have been summarized in Table 2-2.

CLINICAL JUSTIFICATIONS FOR THE COMPLETE
MORPHOLOGICAL STUDIES OF RENAL BIOPSIES

There is no longer any need to emphasize the values of histopathological
studies of the kidneys in the clinical practice of nephrology. These values are
illustrated in Fig. 2-1. Complete morphological studies of the kidneys using all
three microscopy techniques should be done in order to provide an exacting
anatomical diagnosis and to aid the determinations of the etiology and pathoge-
netic mechanisms of the disease processes. This information should guide the
practicing physician in instituting appropriate therapy and in assessing the course
and prognosis of the disease processes. Knowledge of the irreversible or pro-
gressive renal lesions would enable the primary care physician or the nephrologist
to prepare the patient for dialytic and transplantation therapy. Similarly, aware-
ness of the pathogenetic mechanisms helps to estimate the risk of a potential
grafted kidney for acquisition of the original disease process. Immune complex
glomerulonephritis may recur in the donor kidney, but the incidence is low.
Therefore, a small risk should not preclude the patients with immune complex
glomerulonephritis from receiving kidney transplants. In contrast, recurrence is
common in the recipients with anti-GBM-antibody glomerulonephritis, especially

m EM ™
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ANATOMICAL I. ANATOMICAL PATHOGENETIC
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I1. ETIOLOGICAL
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Fig. 2-1. This illustrates the diagnostic, therapeutic, and prognostic values of renal biopsy studied
by three different types of microscopy techniques. LM, Light microscopy; EM, electron microscopy:;
FM, fluorescence microscopy. A thick line represents a greater contribution, a thin line, a lesser
contribution.



Table 2-2
Accuracy® of Renal Localization Procedures

Author Accuracy Technique
Kark and Muehrcke, 1954 47 of 50 (94%) Pyelogram
Kark et al., 1958 401 of 500 (80%) Pyelogram
Brun and Raaschou, 1958 162 of 243 (67%) Not stated
Lindham et al., 1967 114 of 150 (76%) Pyelogram or plain abdominal film
Lusted et al., 1958 9 of 10 (90%) Image amplifier and pyelography—direct
vision of needle progress
Ginsburg et al., 1962 30 of 37 (81%) Image amplifier and pyelography
Kark and Buenger, 1966 All work (87%) TV image intensifier and infusion IVP—

done in normal room illumination—
specificity of cortex vs. hilum

Haddad and Mani, 1967 22 of 23 (96%) TV image intensifier and infusion IVP

Junghagen et al., 1968 57 of 68 (84%) TV image intensifier and arteriography—
not limited by uremia

Kark, 1968, appendix by Welt Survey (89.9%) TV image intensifier and infusion IVP—21
nephrology centers—data representing
8081 biopsies, 1398 done under
fluoroscopic control

Fajers et al., 1970 54 of 66 (82%) TV image intensifier and arteriography—
not limited by uremia

Kaplan et al., 1970 31 of 32 (97%) TV image intensifier and pyelography—use
of a disposable needle

Telfer et al., 1964 9 of 11 (82%) 10 uCi of [***Hg]chlormerodrin with
portable scintillation counter

Baum et al., 1966 6 of 7 (86%) 200 uCi of [**"Hg]chlormerodrin with
rectilinear scanner

Forland et al., 1967 16 of 17 (94%) 1 mCi [*™Tc]-Fe-ascorbate with rectilinear
scanner—applicable to children

Reese and Joshi, 1968 30 of 30 (100%) 100 uCi of [*°Hg]chlormerodrin with
rectilinear scanner

Zimacek et al., 1970 37 of 40 (92%) 3.5 Ci/kg [*"Hg]chlormerodrin with
rectilinear scanner or gamma camera

Berlyne, 1961 18 of 20 (90%) Ultrasound flow detector

Tully et al., 1972 343 of 377 (91%) Renal scan prior to renal biopsy

@ Accuracy defined as recovery of tissue of diagnostic value as defined previously.
Source: Reproduced by the kind permission of Tully et al. (1972).

if a donor kidney is grafted without removal of recipient kidneys, too early after
bilateral nephrectomies, or before disappearance of circulating anti-GBM anti-
body.

Since facilities for electron and immunofluorescence microscopy studies are
limited, some indices from the light microscopy studies have been mentioned
which should prove useful in the clinical care of patients with glomerulonephritis.
Predominant endocapillary proliferative and exudative changes have greater
chance of reversibility and recovery, whereas a predominant epithelial cell pro-
liferation with florid crescent formation is more likely to be an irreversible
process. The finding of normal renal histology in the nephrotic syndrome indicates
a greater likelihood of response to corticosteroids; on the contrary, it is not yet
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established that membranous glomerulonephritis will respond to drug therapy.

Once the results of complete morphological studies of the kidneys are at
hand, the clinician should be in a position to prescribe therapy rationally (drugs
or transplant) and to determine the course of the disease process on a scientific
basis. Since electron and immunofluorescence microscopy facilities and people
skilled in handling the equipment are not universally available, a thorough and
careful study of relatively thin sections (2-3 um) using light microscopy alone
may provide sufficient information to allow good clinical care. In addition, the
physician must endeavor to obtain adequate information by taking a good history
and performing a thorough physical examination. The clinical data, along with
the laboratory tests, make the morphological diagnosis more meaningful, and the
combination of all of these examinations, including the histopathological study
of the kidney, should improve the quality of care received by the individual
patient.

ETHICS AND INDICATIONS FOR SERIAL RENAL BIOPSIES

Serial (repeated) renal biopsies have been performed on patients with glo-
merular diseases by numerous investigators, including the author. The results of
some large studies have been reported, although most of the smaller studies have
remained unreported. Each of us depends on the clinical features and laboratory
studies to obviate the need for renal biopsies whenever possible. In this context,
we mentioned earlier that no laboratory test can completely substitute for his-
topathological evaluation. This theme is applicable to the initial biopsy, which is
performed for purposes of diagnosis and institution of therapy, and to the sub-
sequent biopsies used to evaluate morphological changes toward reversibility or
irreversibility.

The etiologies of most chronic glomerular diseases remain obscure. It is
apparent that some of these chronic glomerular diseases, as well as those with
the “‘wastebasket’’ classification of end-stage renal disease, emerge from un-
healed acute glomerular diseases. Serial histopathological studies, following an
episode of acute glomerulonephritis, would allow us to establish or eliminate this
disorder as an initiating cause. The progression from acute to chronic disease is
more likely to happen, in particular, in adults who often have subclinical diseases
and in whom pathological processes do not reverse as often as in children.
Similarly, the therapeutic trial of many pharmacological agents warrants repeated
histopathological studies in order to evaluate the effectiveness of the drugs against
the progression of the pathological process.

Among other indications, repeated histopathological studies appear impera-
tive in the clinical management of membranous glomerulonephritis, especially
from the perspective of allowing staging and potential benefits from the use of



therapeutic agents. Possible indications for repeated biopsies then may be enum-
erated as follows: (1) proteinuria persisting longer than a year following an
episode of acute glomerulonephritis in children or adults; (2) patients with glo-
merular diseases undergoing therapeutic trials; (3) membranous glomeruloneph-
ritis; (4) asymptomatic persistent proteinuria which has been found on routine
physical examination; and (5) corticosteroid-unresponsive nephrotic children,
especially when the first biopsy is nondiagnostic. Repeated renal biopsies seem
to be ethically justified in these clinical situations. A question often is asked by
the patients as to whether or not more damage will be inflicted on the kidney by
repeated biopsies. There is no good data to indicate that repeated biopsies are
harmful to overall renal function. Patients should be reassured that rebiopsies
should not be more harmful than the damage already present in the kidney. Also,
it should be mentioned that the incidence and severity of postbiopsy complica-
tions in each subsequent biopsy are no greater than for the initial biopsy.

PART 2
METHODS OF FIXATION, PROCESSING, AND STUDY

INTRODUCTION

Ideally every renal biopsy specimen should be studied by using light mi-
croscopy, electron microscopy, and immunofluorescence microscopy. Central-
ized electron microscopy (EM) and immunofluorescence microscopy (IFM) units
have been established to render services to the physicians in peripheral or com-
munity hospitals.

Prior to each renal biopsy the author’s laboratory supplies to the operators
a kit furnished with three bottles containing 10% formalin, 4% glutaraldehyde,
and 0.9% saline, respectively. The Kit contains ice to keep the solutions cool.

The core of renal tissue obtained through percutaneous biopsy is divided
into three portions, one portion for each of the three studies. From the biopsy
core of an average length of 20 mm (2 cm), an approximately 2-mm piece is cut
at each end of the core and immersed in the glutaraldehyde in 0.1 M phosphate
buffer, a 3-mm piece at one end is cut and placed in the saline, and the remaining
13-mm piece is placed in the formalin. The bottles are kept cold until they are
delivered to individual laboratories.

Light Microscopy Study

The formalin-fixed tissue is dehydrated and embedded in paraffin. From the
paraffin blocks, sections of 3- to 4-um thickness are cut, stained with hematox-
ylin-eosin (H & E) and periodic acid-Schiff (PAS), usually with periodic acid-
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methylenamine silver (PAMS) or silver stain (Jones, 1951) and Gomori’s tri-
chrome. The H & E-stained sections render nuclear structures dark purple or
blue, and impart a pink appearance to the cytoplasm and cytoplasmic structures.
PAS imparts better visualization of the basement membranes of the glomeruli,
tubules, arterial vessels, glomerular mesangium, tubular microvilli, and juxta-
glomerular apparatus (JGA); Gomori’s trichome makes collagen fibers and fibrous
tissue prominent. In selected biopsies, congo red or crystal violet stain for
suspected amyloid, and Hart and Verhoeff’s stain* for demonstration of elastic
tissue are applied.

It is to be remembered that for the purpose of overall assessment H & E and
PAS stains are adequate. If an adequate EM facility is available, the battery of
LM stainings is unnecessary.

Electron Microscopy Study

The tissues fixed in glutaraldehyde are subsequently treated in the following
order:

Postfixation: (1) 1% osmium tetroxide (OsO,) buffered with PO, at pH 7.2
for 1 hr (first postfixation); (2) 10% PO buffered formalin at pH 7.2 for 30 min
(second postfixation).

Dehydration: Tissues are dehydrated with the following materials: (1) graded
alcoholic solutions from 70% through absolute, each for 15 min; (2) propylene
oxide—two changes, each for 15 min; (3) propylene oxide and embedding media
1:1 ratio—two changes, each for 15 min.

Embedding: Tissues are embedded with Spurr low-viscosity embedding
media in Beem capsules (blocks) and polymerized in the oven at 60° for 12 hr.

From the blocks, 0.5-um so-called thick sections are cut, using Porter—
Blum microtome MT I or II, collected on glass slides, and stained with 1%
methylene blue-azure II (equal volume of each: Mallory’s stain) for 1 min,
washed with distilled water, and examined with a light microscope. When a
particular structure under consideration for study, e.g., glomerulus or arterial
vessel, is found, the block is trimmed further, and thin sections (300 A) are cut
from the block. The thin sections are collected on copper grids, and occasionally
on gold grids. The copper grids are stained with uranyl acetate and lead citrate
(UA + LC) by the standard method. The gold grids are stained with either 1%
PAMS or PAS or silver tetraphenyl porphyrin sulfonate (STPPS), or both.

SILVER IMPREGNATION (PAMS OR PAS) TECHNIQUE

Gold grids (300 mesh) containing the sections are floated on aqueous 1%
periodic acid for 10 min and washed twice in distilled water. The grids are then

* Hart and Verhoeff’s stain is a reasonable technique for quick assessment of elastic tissue. Since it
may also stain basement membrane or collagen fibers (Fig. 2-2), it is not the optimum technique
for overall quantitation of elastic tissue.



Fig. 2-2. A thick dark band on
the inner aspect of the small ar-
tery is seen. This dark band con-
sists of basement membrane and
elastic tissue (Hart and Verhoeff's
stain, x320).

floated on methylenamine silver solution at 60°C for 15 min, washed in 3% sodium
thiosulfate for 2 min, and finally washed twice in distilled water. Stock methyl-
enamine silver solution is prepared with 40 ml of 3% hexamethylenamine and S
ml of 10% silver nitrate, and after mixing, 5 ml of 2% sodium borate is added to
the solution. The working solution is prepared by adding 8 parts of distilled water
to 2 parts of stock solution. If background precipitation occurs, washing time in
sodium thiosulfate is increased.

SILVER TETRAPHENYLPORPHYRIN SULFONATE STAINING
TECHNIQUE

A fresh solution of STPPS is made each time by dissolving 10 mg of com-
mercially available dry powder (Alpha-Electron Microscopy Inc., Rockville, Mary-
land) in 5 ml of double-distilled water. The fresh solution is cherry red in color
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and has a neutral to slightly alkaline pH. Individual drops of this solution are
placed in a Petri dish. The gold grids holding the sections are laid face down on
each drop, and the entire preparation is placed in an oven at 60°C for 15 min.
After removal from the oven, the grids are washed in three changes of double-
distilled water and dried.

Detailed information concerning dehydration and embedding, thick and thin
sectioning, and staining with UA + LC procedures is available in any of the
standard textbooks dealing with the techniques of electron microscopy. Two
books which have proved to be valuable in my own practice are Hayat (1970)
and Kay (1965).

The staining with UA + LC is sufficient for routine evaluation of renal
pathology. The specific stains, i.e., PAMS or STPPS, are done for detailed
studies of certain structures. The values of these specific stains are outlined and
illustrated in various figures in this book. In addition, the importance of these
stains for evaluations of the morphological abnormalities of the different com-
ponents of the kidney is demonstrated in the appropriate chapter.

VALUES OF SPECIAL EM STAINING TECHNIQUES

PAMS Staining Technique

When the PAMS-stained grids are studied by EM, the basement membrane,
mitochondria, and endoplasmic reticulum appear as conspicuous structures. With
this staining, detailed evaluation of the mitochondria can be made (see Fig. 5-
16). Therefore, this technique has been found to be very valuable in the assess-
ment of tubular damage, e.g., tubular necrosis, interstitial nephritis, and pathol-
ogy of the transplanted kidney. It may also be valuable in semiquantitative
analysis of the basement membrane thickness and basement membrane-like ma-
terials.

STPPS Staining Technique

This technique produces specific staining of elastic tissue, yielding electron-
dense material (EDM) at tissue sites corresponding to the electron-lucent material
observed in UA + LC-stained sections (Fig. 2-3). EDM is observed in all vessels
studied. Variable quantities of EDM are demonstrated in the small arterioles (see
Fig. 5-26) between individual smooth muscle cells, the outer perimeter of larger
arterioles, and small arteries. Occasionally EDM is found in basement membrane
of the peritubular capillaries. In general, more elastic tissue is observed in the
STPPS-stained sections than that suggested by the quantity of electron-lucent
material found in UA + LC-stained sections (see Chapter 5). This difference is
most marked in spontaneously hypertensive rats and severely hypertensive pa-
tients. When this staining technique is utilized, the different types of arterial
vessels may be readily distinguished.



Fig. 2-3. An electron-dense band of elastic tissue (arrows) is seen in the center of the basement
membrane between endothelial cell (END) and smooth muscle cell (SMC). Small fragments of
electron-dense elastic tissue (circles) are seen within the basement membrane (BM) between SMC
(STPPS, x28,000).

SUMMARY

1. Numerous published series have confirmed that percutaneous renal bi-
opsy is a safe and useful technique in the practice of nephrology.

2. Renal tissue should be studied using light, electron, and immunofluores-
cence microscopy. If facilities for electron or immunofluorescence microscopy
are not available, a situation not uncommon in peripheral hospitals, it should be
arranged to have the patient biopsied at a medical center with suitable facilities.
This would ensure complete study of the renal tissue.

3. Arguments still exist concerning the necessity of renal biopsy studies for
some particular types of renal diseases. In general, this study is of real value in
nephrotic syndrome, acute glomerulonephritis, and rapidly progressive renal fail-
ure of unknown etiology. This study is far more important in adults than in
children.
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4. The choice of a technique for the biopsy procedure depends greatly on
the individual physician. However, the blind technique, renal scan method, and
ultrasonography are safer, especially with respect to irradiation of the patient,
than is the direct visualization technique.

5. Postbiopsy complications are generally mild and cause no anxiety. Oc-
casional serious complications, e.g., prolonged hematuria or perirenal hematoma,
do occur and create much apprehension in the minds of patients and physicians.
However, they are scarcely ever life threatening.

6. Electron microscopy study is not always necessary, but a portion of the
tissue should always be fixed for EM study. If none or few glomeruli are found
in the portions for LM and IFM studies, or if the diagnosis obtained by these
two studies is obscure, EM study must be done in order to obtain information
about detailed morphological abnormalities and reach a working diagnosis.

7. A thorough study of the biopsy material is needed to justify institution
of appropriate therapy and assessment of the course of the disease process.

REFERENCES

General

Berlyne, G. M.: Ultransonics in renal biopsy: An aid to determination of biopsy of kidney position.
Lancet 2:750 (30 Sept.), 1961.

Baum, S., Rabinowitz, P., and Malloy, W. A.: The renal scan as an aid in percutaneous renal biopsy.
J. Am. Med. Assoc. 195:913, 1966.

Bell, R. D., Nordquist, J. A., Mandal, A. K., and Rodgers, C. L.: Ultrastructure of renal arterial
vessels with special reference to elastic tissue content. Micron 7:257, 1976.

Brun, C., and Raaschou, F.. Kidney biopsies. Am. J. Med. 24(5):676, 1958.

Carvajal, H. F., Luther, B. T., Srivastava, R. N., De Beukelaer, M. M., Dodge, Dupree, and Elton:
Percutaneous renal biosy in children: An analysis of complications in 890 consecutive biopsies.
Tex. Rep. Biol. Med. 29:253, 1971.

Colodny, A. H., and Reckler, J. M.: A safe, simple and reliable method for percutaneous (closed)
renal biopsies in children: Results in 100 consecutive patients. J. Urol. 113:222, 1975.

Fajers, C. M., Holm, J., and Lindquist, B.: Percutaneous renal biopsy in the diagnosis of renal
disease in uremia. Scand. J. Urol. Nephrol. 4:153, 1970.

Forland, M., and Spargo, B. H.: Renal localization for percutaneous biopsy by scanning with
technetium-99m-iron complex. Pediatrics 39:872, 1967.

Ginsburg, I. W., Durant, J. R., and Mendez, L.: Percutaneous renal biopsy under direct radiologic
direction. J. Am. Med. Assoc. 181:211, 1962.

Haddad, J. K., and Mani, R. L.: Percutaneous renal biopsy. An improved method using television
monitoring and high-dose infusion pyelography. Arch. Intern. Med. 119:157, 1967.

Hayat, M. A.: Principles and Techniques of Electron Microscopy, Biological Applcations, Vol. 1.
Van Nostrand Reinhold, Princeton, New Jersey, 1970.

Jones, D. B.: Inflammation and repair of the glomerulus. Am. J. Pathol. 27:991, 1951.

Junghagen, P., Lindquist, B., Michaelson, G., and Nystrom, K.: Percutaneous renal biopsy on
uraemic patients aided by selective arterial angiography and roentgen television. Acta Med.
Scand. 184:141, 1968.

Kaplan, B. S., Thompson, P. D., and Brown, R. S.: Percutaneous renal biopsy in children: The use
of a disposable needle. S. Afr. Med. J. 44:1153, 1970.

Kark, R. M.: Renal biopsy. J. Am. Med. Assoc. 205:220, 1968.



Kark, R. M., and Buenger, R. E., Television-monitored fluoroscopy in percutaneous renal biopsy.
Lancet 1:904, 23 April 1966.

Kark, R. M., and Muehrcke, R. C.: Biopsy of kidney in prone position. Lancet 1:1047 (May 22),
1954.

Kark, R. M., Muehrcke, R. C., Pollak, V. E., Pirani, C. L., and Kiefer, J. M.: An analysis of five
hundred percutaneous renal biopsies. Arch. Int. Med. 101(2):439, 1958.

Kay, D. (ed.): Techniques for Electron Microscopy, 2nd ed. Blackwell, Oxford, 1965.

Lange, K., and Tresser, G.: Commentary on the ethics of renal biopsy. Ann. Intern Med. 80:117,
1974.

Lindeman, R.: Percutaneous renal biopsy. The Kidney 7(2):1, 1974.

Lindholm, R., Hagstam, K. E., Kjellstrand, C. M.: Some instrumental and methodological modifi-
cations of the technique for percutaneous renal biopsy. Acta Med. Scand. 181:245, 1967.

Lusted, L. B., Mortimore, G. E., and Hopper, J.: Needle renal biopsy under image amplifier control.
Am. J. Roentgenol. 75:953, 1956.

Mandal, A. K., Frohlich, E. D., Bell, R. D., Nordquist, J. A., and Lindeman, R. D.: An electron
microscopic technique for the study of elastic tissue in small arteries and arterioles of the kidney.
Ann. Clin. Lab. Sci. 7(1):42, 1977.

Mostofi, F. K.: Comments on the techniques for the study of renal biopsies. In The Kidney. Inter-
national Academy of Pathology Monograph (F. K. Mostofi and D. E. Smith, eds.). Williams &
Wilkins, Baltimore, 1966, p. 541.

Muehrcke, R. C., Kark, R. M., and Pirani, C. L.: Techniques of percutaneous biopsy in the prone
position. J. Urol. 74:267, 1955.

Resse L. and Joshi, D.: Localization of kidney for renal biopsy using chlormerodrin-203 Hg. Can.
Med. Assoc. J. 99:245, 1968.

Schmidt, A., and Baker, R.: Renal biopsy in children: Analysis of 61 cases of open wedge biopsy and
comparison with percutaneous biopsy (commentary). J. Urol. 116:79, 1976.

Silverberg, D. S., Dosseter, J. B, Eid, T. C., Mant, M. J., and Miller, J. D. R.: Arteriovenous fistula
and prolonged hematuria after renal biopsy: Treatment with epsilon aminocaproic acid. Can.
Med. Assoc. J. 110:671, 1974.

Telfer, N., Ackroyd, A. E., and Stock, S. L.: Radioisotope localization for renal biopsy. Lancet
1:132 (18 Jan.), 1964.

Tully, R. J., Stark, V. J., Hoffer, P. B., and Gottschalk, A.: Renal scan prior to renal biopsy—A
method of renal localization. J. Nucl. Med. 13:544, 1972.

Zimacek, J., Mydlik, M., Pokorna, I., Melnicak, P.. and Mrinak, J.: Lokalisationsszintigraphie fur
die perkutome Nierenbiopsie. Nucl. Med. (Stuttg.) 9:317, 1970.

For Serial Biopsies

Baldwin, D. S.: Poststreptococcal glomerulonephritis. A progressive disease? Am. J. Med. 62:1,
1977.

Gluck, M. C., Gallo, G., Lowenstein, J., and Baldwin, D. S.: Membranous glomerulonephritis:
Evolution of clinical and pathological features. Ann. Intern Med. 78:1, 1973.

Konar, N. R., and Mandal, A. K.: Observations on nephritis (with reference to histopathology of
renal biopsies). J. Assoc. Physicians India 13:685, 1965.

Lange, K., and Treser, G.: Acute poststreptococcal glomerulonephritis: Mechanism and sequelae—
Attempts at a unifying concept. Clin. Nephrol. 1:55, 1973.

Lindeman, R. D., Pederson, J. A., Matter, B. J., Laughlin, L. O., and Mandal, A. K.: Long-term
azathioprine-corticosteroid therapy in lupus nephritis and idiopathic nephrotic syndrome. J.
Chronic Dis. 29:189, 1976.

Pollak, V. E., Rosen, S., Pirani, C. L., Muehrcke, R. C., and Kark, R. M.: Natural history of lipoid
nephrosis and of membranous glomerulonephritis. Ann. Intern. Med. 69:1171, 1968.

27

RENAL BIOPSY



Clinical Assessment of the
Etiology and the Pathological
Activity of Glomerulonephritis

The etiology and pathological activity of glomerulonephritis (GN) can be assessed
by three different methods: (1) history and physical examination, (2) laboratory
tests and their applications to determine the etiology of glomerulonephritis,. and
(3) laboratory tests to indicate the activity of the pathological process.

ASSESSMENT OF THE ETIOLOGICAL FACTORS RELATIVE TO
GLOMERULONEPHRITIS

In only a relatively small number of cases of glomerulonephritis, character-
istic histopathological features, such as typical ‘‘humps’’ which strongly suggest
poststreptococcal glomerulonephritis, have been demonstrated. In the majority
of cases, however, a paucity of classical histopathological features causes diffi-
culty in characterizing the type or the etiology of a given case of glomeruloneph-
ritis. Consequently, in the evaluation of patients with glomerulonephritis, mor-
phological diagnosis must be supplemented by a complete history, a thorough
physical examination, and appropriate laboratory tests.

PATIENT HISTORY

The following information should be obtained:

1. Inquire about a preceding sore throat or pharyngitis, and symptoms such
as bilateral backache, blood in the urine, or small amount of urine, which are
suggestive of acute glomerulonephritis. If a throat culture had been done earlier,
and an organism was isolated, the laboratory should be contacted for the results.

29



30

CHAPTER 3

Throat culture results become even more important if a patient has recurrent
episodes of the nephritic symptoms. It is important to realize that recurrent
poststreptococcal glomerulonephritis, although rare, does occur, but is unlikely
to be due to the same type of streptococcus as the original attack. In temperate
climates, pharyngitis commonly precedes acute glomerulonephritis.

2. Itis important to note any drugs that may have been prescribed for sore
throat(s), whether or not penicillin was ever used, and whether it appeared to
afford prompt relief. This may indicate that a group A beta hemolytic strepto-
coccus was the offending organism.

3. Ask also whether or not the patient had a preceding skin infection, such
as scabies, impetigo, or pyoderma. Check for culture of the skin and treatment
with antibiotic(s). In my experience, as well as in the experience of others, acute
glomerulonephritis commonly follows scabies or impetigo in tropical countries,
e. g., India and parts of Asia, Central America, and sporadically in other coun-
tries. Acute glomerulonephritis following impetigo among Indian children has
been reported in the southern United States.

4. Check for a history of arthralgia, arthritis, intermittent fever, skin rash,
and sensitivity to sunlight, i.e., skin blisters developing after exposure to sunlight.
Two-thirds of all patients with lupus glomerulonephritis give a history of systemic
manifestations at the time renal disease is discovered.

5. Question the occurrence of abdominal colic, bloody diarrhea, hemor-
rhagic rash on the inferior extremities followed or accompanied by oliguria or
bloody urine, or both (suggests Henoch-Schonlein purpura).

6. Investigate for a history of chronic heart disease for possible complica-
tion of bacterial endocarditis, surgical procedures for the drainage of visceral
abscesses, spiking fever, and lymphadenopathy (lymphoma, sarcoidosis, syphilis,
etc.).

In addition, look for drug abuse, e.g., when heroin addicts are questioned; intake
of drugs, e.g., penicillamine, gold for arthritis; and the presence of infected
ventriculoatrial shunts in hydrocephalic infants or children.

CLINICAL LABORATORY TESTS

The following laboratory tests are performed: (1) urinalysis; (2) culture of
the throat and/or skin lesion; (3) complete blood counts, including platelet count
and reticulocyte count; (4) 24-hr urine for quantitative protein and creatinine
concentrations; (5) serum creatinine and urea nitrogen concentrations; (6) strep-
tococcal antibodies; (7) tests for systemic lupus erythematosus; (8) serum com-
plement and its components; (9) serology for syphilis; (10) erythrocyte sedimen-
tation rate; (11) blood smear for malaria parasites (when indicated); (12) blood
cultures (aerobic and anaerobic); (13) electrophoresis of serum and urinary pro-
teins; (14) serum cryoglobulins; (15) sickle cell preparation; (16) hemoglobin
electrophoresis; (17) coagulation studies: prothrombin time (PT), partial throm-



bloplastin time (PTT), plasma fibrinogen, etc.; (18) radiological studies: chest
film, intravenous pyelogram, etc.; (19) protein clearance studies for selectivity of
proteinuria; (20) fibrin split products in the urine; and (21) viral antibody titers.
All these tests might document the setting in which glomerulonephritis occurs as
a complicating event. In addition, some of these tests (see later) should aid
assessment of the activity of the pathological lesion.

The clinical laboratory tests are now described separately, with the exception
of those listed as items 4, 5, 15, and 16, which are omitted owing to space
limitations.

Urinalysis

The value of examination of the spun urinary sediment using light microscopy
has been emphasized in the past. Growing experience suggests that examination
of the urinary sediment is useful in predicting a lesion in component part(s) of
the kidney; for example, many erythrocyte and erythrocyte casts imply acute
glomerular lesions alone, such as acute glomerulonephritis, glomerular necrosis,
or such arteriologlomerular lesions as malignant hypertension or polyarteritis.
The presence of many leukocytes and leukocyte casts strongly supports a diag-
nosis of acute pyelonephritis. Hyaline casts may be found in any glomerular
disease regardless of the etiology and severity of the disease process; granular
casts are found most commonly in any chronic glomerular disease irrespective
of the etiology. A combination of mixed cellular elements and a variety of casts
popularly called telescoped urinary sediment has been considered by many as a
characteristic feature of lupus nephritis. The popularity of this finding as an aid
in the diagnosis of lupus nephritis has decreased over the years since this type
of urinary sediment has been observed in a variety of acute and chronic glomer-
ular diseases.

Urinalysis provides slight or no assistance in the diagnosis of acute tubular
lesions or acute interstitial nephritis. In support of this notion, several reports
are cited which will demonstrate the limited values of urinalysis in the diagnosis
of tubular and tubulointerstitial diseases. Abnormal urinalysis was found in only
4 of 30 (13%) patients with acute tubular necrosis reported by Lewers and
associates (1973). Even so, the abnormalities were mild in three of four patients,
for example, 2 to 4 RBC (red blood cells) per HPF (high-power field). Two had
granular casts and one had hyaline casts. Ooi et al. (1975) found a few RBC and
WBC (white blood cells) in the urinary sediment in all of their patients with
histologically proven acute interstitial nephritis. These urinary findings were not
different from those in control patients. Nolan and Abernathy (1977) noted mi-
crohematuria to frank blood in the urine, and mild to severe pyuria in 15% of
patients receiving methicillin treatment. Since methicillin has been involved in
the pathogenesis of acute interstitial nephritis, appearance of abnormal urine in
a patient who is receiving methicillin (normal urinalysis prior to treatment) cer-
tainly warrants renal involvement. This does not, however, indicate acute inter-
stitial nephritis.
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In the author’s experience the diagnostic urinary sediment is that showing
pyuria and bacteriuria. Thus, numerous WBC, clumps of WBC and/or WBC
casts along with many motile bacteria indicate active urinary tract infection. In
contrast, a few WBC with or without WBC casts, and with or without bacteria,
merely suggest chronic undefined renal parenchymal disease, especially chronic
tubulointerstitial nephritis. Repeated observations of such a finding in the urinary
sediment, in the face of negative urine culture, are often consistent with tuber-
culosis of the kidney, although this is now a rare disease in the United States.

There is a widespread belief that examination of the urinary sediment is of
some value in discerning the etiology of glomerular diseases but there is no direct
evidence or established data to support this notion. However, serial urinalyses
are useful in clinically judging the activity of a given renal disease. Thus, complete
disappearance of cellular elements and casts, and demonstrations of a normal
urinalysis on consecutive visits following episodes of acute glomerulonephritis
may denote either reversibility or permanent arrest of the pathological lesion. On
the other hand, persistent or intermittent appearance of cellular elements(s),
especially RBC, and granular casts points toward chronic or persistent glomer-
ulonephritis, e.g., membranous glomerulonephritis, mesangioproliferative glo-
merulonephritis, or sclerosing glomerulonephritis.

The prospective clinical values of microscopic examination of urinary sedi-
ment are shown in Table 3-1.

Culture from Throat and Skin

A throat culture is often negative when the patient presents with acute
glomerulonephritis. Group A streptococci are nephrotoxic, and of the M types,
type 12 is the most commonly found group A streptococcus associated with acute
glomerulonephritis (AGN). In epidemics of acute glomerulonephritis, types 49
and 55 are more commonly isolated, especially when AGN follows pyroderma or
impetigo.

Complete Blood Counts and Platelet Count

Hematological abnormalities such as hemolytic anemia, leukopenia, and
thrombocytopenia are not infrequent in glomerulonephritis associated with
thrombotic microangiopathy, e.g., thrombotic thrombocytopenic purpura (TTP)
and systemic lupus erythematosus (SLE).

Streptococcal Antibodies
Antistreptolysin O Antibody

The antistreptolysin O antibody (ASO) titer is very useful in clinical practice
especially since it is done in almost all clinical microbiological laboratories.
Streptolysin O is a hemolytic substance produced by most strains of group A
streptococci. Antibody measured in response to this hemolytic substance is



quantitated and expressed in Todd units. A titer of 160 Todd units or less is
considered normal. A mildly elevated single ASO titer merely suggests a past
group A streptococcal infection. On the other hand, a rapid rise in titers or a
markedly elevated single titer (800-1000 Todd units) indicates active group A
streptococcal infection. A high ASO titer is frequently present in acute post-
streptococcal glomerulonephritis (60-80%) which follows a sore throat or proven
pharyngitis. On the other hand, no more than 25% of acute glomerulonephritis
preceded by streptococcal pyoderma demonstrate an elevated ASO titer.

Antistreptohyaluronidase Antibody

Antistreptohyaluronidase antibody (AH) is produced in response to strep-
tococcal hyaluronidase. A titer greater than 1:250 is considered to be elevated.
Markedly elevated single titers or rising titers are found in 60% of poststrepto-
coccal glomerulonephritis (PSGN) preceded by sore throat or pharyngitis. AH
titer is less reliable than ASO titer, but when used in conjunction with ASO titer,
as many as 90% of the individuals with an antecedent streptococcal infection will
show an elevated titer to at least one of the two antigens.

Streptococcal Desoxyribonuclease

Streptococcal desoxyribonuclease (also called streptodornase) titer has also
been found to be useful in streptococcal pyoderma. This antibody is measured
as anti-DNase-B titer. A titer up to 250 units is found in normal subjects. Elevated
titers may be found in 70% of PSGN due to streptococcal pyoderma.

All titers are found to be elevated in a small percentage of PSGN preceding
skin infections.

Tests for SLE

Lupus glomerulonephritis is not a primary renal disease. The kidneys become
involved in the process of sharing the severe immunological brunt of systemic

Table 3-1
Prospective Clinical Values of Urinary Sediments
Index Value®
1. Warning of renal involvement in systemic diseases, e.g., 3+
SLE, acute or subacute bacterial endocarditis

2. Suspicion of glomerular disease 3+

3. Suspicion of tubular disease +

4. Suspicion of drug-induced acute interstitial nephritis 3+

5. Suspicion of severe hypertensive renal disease 2+ to 3+
6. Etiology of glomerular or tubulointerstitial disease 0

7. Persistence (or activity) or reversibility of histological lesion 3+

20, None: %, variable: 2+, fair value: 3+, good value.
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lupus erythematosus. This disease affects the nuclei primarily, the pathological
events being in the nuclei of the endothelial cells. Thus, it is highly probable that
the most severe involvement of the kidneys is due to their possession of a greater
number of endothelial cells than the other organs in the body.

Lupus Erythematosus (LE) Cell Test

Since this laboratory test is ordered by most physicians, it seems appropriate
that the physician be cognizant of the principle of this test. The LE factor, which
is an IgG (antibody) in the serum of patients with SLE, reacts with the nucleo-
protein in the nuclei of circulating white cells and capillary endothelial cells. The
nuclei undergo degenerative changes and are transformed into a homogeneous,
structureless mass. This mass is hypereosinophilic and strongly PAS positive
(seen as hemotoxylin bodies in histologic section). The nuclei, while undergoing
degenerative changes, attract neutrophil leukocytes in the peripheral blood by
chemotactic forces. Thus, a phagocyte (neutrophil) with the ingested nuclear
material forms what is called an LE cell. The LE cell preparation from the
peripheral blood appears under the light microscope to be one large cell with
large homogeneous eosinophilic material, a thin rim of cytoplasm, and a nucleus
compressed to the periphery of the cell. This degenerative cell may be surrounded
by many neutrophil leukocytes having edged nuclei and thinned cytoplasm, a
characteristic that is called rosette formation.

Antinuclear Antibody

The typical antinuclear antibody (ANA) is an antinucleoprotein (anti-DNP).
This antibody (LE factor) gives rise to the LE cell phenomenon and is most
commonly demonstrated by fluorescence microscopy, but it can be determined
by complement fixation technique. This is a more reliable and sensitive test for
the diagnosis of SLE, since the LE cell preparation may be negative in 25% of
patients with SLE. A measurable amount of the antibody titer is nearly always
present in SLE, regardless of the results of treatment or activity of the patholog-
ical process.

Anti-DNA Antibody

Anti-DNA antibody is positive in two-thirds of the patients with SLE. Since
anti-DNA antibody is seldom positive in other conditions, it has formed the most
dependable and sensitive test for diagnosis of SLE. In the experience of some
investigators, high DNA binding activity has been confined largely to SLE. In
particular, patients with other diseases, including Sjogren’s syndrome, lupoid
hepatitis, and rheumatoid arthritis, in whom antinuclear antibody is positive,
demonstrate DNA activity which is normal or only weakly positive. A negative
test for total antinuclear antibodies, however, is strong evidence against a diag-
nosis of SLE. It is especially important to know that double-stranded anti-DNA



antibody is normal in drug-induced SLE, despite strongly positive antinuclear
antibody. A study on DNA binding activity was made on 262 patients with SLE
and allied diseases who had positive ANA. The results are shown in Fig. 3-1.

Immunofluorescent Skin Test

Positive staining for immunoglobulins has been observed at the dermal-
epidermal junction in punch biopsies from normal-appearing skin in a high per-
centage of patients with active SLE and renal disease.

Serum Complement and Its Components

It is very common practice to order measurement of the third component
(C3) of the serum complement in the diagnostic workup for glomerulonephritis.
Normal serum C3 levels vary slightly in different laboratories; with such varia-
tion, a value of 123 to 167 mg/100 ml is generally considered normal. Low values
may be found in all acute immune complex glomerulonephritis, as well as in
chronic immune complex glomerulonephritis with the exception of membranous
glomerulonephritis. Serum C3 level is low as long as the disease is active, but
tends to return to normal after recovery (e.g., PSGN) or during remission of the
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Fig. 3-1. DNA binding activity in 262 antinuclear factor (ANF, equivalent to ANA)-positive sera from
patients with SLE and related diseases. A control group of rheumatoid arthritis patients with negative
ANF tests is shown in the second column. Values of less than 30% are seen in all but seven of the
non-SLE sera. Sjg., Sjégren’s syndrome; Alveol., fibrosing alveolitis; Misc., miscellaneous; C.A.H.,
chronic active hepatitis. From Hughes and Lachman (1975). (Reproduced from the Ninth Proceeding
on Advanced Medicine, Royal College of Physicians, London, England, by the kind permission of
G. R. V. Hughes, M. D., Royal Post Graduate Medical School, London, England.)
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disease process (e.g., lupus glomerulonephritis). The exception to this rule is
mesangioproliferative glomerulonephritis, in which the serum C3 may remain
permanently below normal.

The cause of the low serum C3 in glomerulonephritis is unclear; it was
originally thought to be the result of C3 deposition in the glomeruli, but the
degree of C3 deposition in the glomeruli does not correlate with the serum C3
level except in mesangioproliferative glomerulonephritis. This serum protein has
been found to be more valuable as an index for assessment of the activity of the
pathological process than in its function in the evaluation of the disease process.
Nevertheless, the finding of low serum C3 complement, accompanied by the
presence of this material in the glomerular capillaries (by immunofluorescence
microscopy), documents the participation of this material in immune complex
glomerulonephritis. Renal diseases associated with normal and low C3 are enum-
erated in Table 3-2.

Recent studies indicate that other complement components are also involved;
in poststreptococcal glomerulonephritis, components 2 (C2) and 4 (C4) of the
serum complement may be transiently depressed but complement component 1
(C1) remains unaltered. In contrast, in lupus glomerulonephritis all the compo-
nents of the serum complement have been found to be reduced; a low serum C4
value (N = 14-51 mg/100 ml) has been observed prior to a low serum C3 value.
A combination of the serum values of total hemolytic complement (CHj;) or the
components of complement along with the serum titers of anti-DNA antibody
constitutes the most valuable guide in the assessment of the therapeutic response
in lupus nephritis.

In mesangioproliferative glomerulonephritis, C3 component is markedly re-
duced; in addition C1 and C4 are also reduced, but it is not yet known whether
C2 is involved in this disease. Low serum C3 is accompanied by elevation of
serum C3 neF (nephritic factor). The cause for marked reduction of C3 in this

Table 3-2
Serum C3 Values in Renal Diseases
Normal value Low value
Anaphylactoid nephritis Chronic hypocomplementemic nephritis
Benign recurrent hematuria Poststreptococcal glomerulonephritis
Chronic proliferative glomerulonephritis Serum sickness
Hemolytic—uremic syndrome Subacute bacterial endocarditis
Hemorrhagic cystitis Active systemic lupus erythematosus

Hereditary nephritis

Idiopathic nephrotic syndrome (lipoid nephrosis)

Interstitial nephritis

Membranous glomerulonephritis (amyloid,
diabetes, renal vein obstruction)

Orthostatic proteinuria

Source: Reproduced by the kind permission of Dr. S. P. Gotoff of Michael Reese Medical Center, Chicago, and
Medical Times.



Table 3-3
Severity of Low Serum C3 Values and Glomerular Deposition
of C3 (Immunofiuorescence Microscopy) in Different Types
of Glomerulonephritis

Glomerular
Glomerulonephritis C3 hypocomplementemia C3 deposition

Poststreptococcal +++ +
Lupus ++ +
Mesangioproliferative +++ +++
Bacterial endocarditis ++ +
Secondary syphilis 0 +
Sclerosing (focal glomerular

sclerosis) 0 +
Membranous 0 +
Rapidly progressive 0 0or +

Source: A large portion of this table is reproduced by the kind permission of Dr.
Clark D. West of Cincinnati Children’s Medical Center (excerpted from West et al.,
1973).

glomerulonephritis is unknown, but it appears to be due to an excessive break-
down of C3 by properdin-zymosan complex, which leads to low serum C3 levels.
Serum properdin level is low also in poststreptococcal glomerulonephritis. Table
3-3 shows typical levels for serum C3 and glomerular deposition of C3 in different
types of glomerulonephritis. The severity of reduction of all complement com-
ponents in three major types of immune complex glomerulonephritis is shown in
Table 3-4.

Serology of Syphilis

Among the reagin tests, a flocculation reaction, e.g., Venereal Disease Re-
search Laboratory (VDRL), is ordered as a screening test for syphilis in every
patient admitted to the hospital. If the VDRL is reactive, an antibody test, e.g.,
fluorescent treponemal antibody (FTA-ABS), should be obtained in order to

Table 3-4
Severity of Reduction® of the Complement Components in Various
Types of Immune Complex Glomerulonephritis

Type C1 C2 C3 C4
Poststreptococcal 0 ++ 4+ 4+
Lupus nephritis ++ +++ ++ +++
Mesangioproliferative + ? +++ +
Glomerulonephritis of chronic bactere-

mia (e.g., ventriculoatrial shunt infec- +++ ++ ++ ++

tion)

20, None; +, mild; ++, moderate; +++, severe.
Source: This table has been kindly updated by Dr. Clark D. West of Cincinnati Children’s
Medical Center, Cincinnati, Ohio (personal communication).
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eliminate false positive reaction. Reactive VDRL may occur in lupus glomeru-
lonephritis and glomerulonephritis associated with acute or chronic systemic
infectious processes. Since the glomerular changes in syphilitic glomeruloneph-
ritis resemble those in lupus membranous glomerulonephritis or idiopathic mem-
branous glomerulonephritis, the laboratory tests may be helpful in differentiating
these conditions (Table 3-5).

Erythrocyte Sedimentation Rate

This simple, traditional, bedside test has been found to be helpful in judging
the therapeutic response of the nephrotic syndrome. It returns rapidly to normal
or near normal when the nephrotic syndrome undergoes remission and stays
normal as long as the remission lasts.

Erythrocyte sedimentation rate (ESR) remains elevated when the nephrotic
syndrome undergoes an incomplete remission or fails to go into remission. This
test then contributes at least some knowledge as to whether the pathology of the
nephrotic syndrome is reversible or irreversible. In general, lipoid nephrosis in
children or adults is reversible with corticosteroid therapy, whereas a glomeru-
lonephritis which more often causes the nephrotic syndrome in adults is poorly
responsive to corticosteroid therapy. In one study of asymptomatic proteinuria
and hematuria, elevation of the ESR, along with abnormal quantity of urinary
protein, has aided assessment of renal parenchymal disease. These values are
normal in orthostatic proteinuria and persistent proteinuria with normal renal
histology (including electron microscopy).

Table 3-5
Helpful Serological Tests to Distinguish the Causes of the Membranous
Glomerulonephritides

Lupus Idiopathic
membranous membranous
Laboratory tests Syphilitic GN GN GN
VDRL Reactive (titer greater  Reactive (titer less  Nonreactive
than 1:32) than 1:32)
FTA-ABS (1:5 dilution) Invariably positive and Negative Negative
specific
ANA Negative Positive (95%) Negative
Serum complement or Normal Low Normal
components of complement
Serum IgM level High Normal Low
Therapeutic test by Remission of nephrotic Unaffected Unaffected
administration of penicillin syndrome but effect

on histopathology
unknown




Blood Smear for Malaria Parasites

Acute glomerulonephritis due to malarial infection appears to be very rare
except in African countries. However, the possibility of malarial glomeruloneph-
ritis cannot be totally dismissed since increasing worldwide travel facilitates
carrier infection from tropical countries in which malaria is endemic to the
countries of temperate zones in which malaria is rare. Thick and thin blood films
should be examined for malaria parasites, and malaria antibody titers should be
obtained if there is a history of possible exposure. It would be extremely difficult
to establish a diagnosis of malarial glomerulonephritis based on malarial antibody
titers, especially in a traveler from Africa, Southeast Asia, or in countries with
endemics of malaria since many asymptomatic individuals from these countries
may have high titers of malarial antibody. A diagnosis of malarial glomerulo-
nephritis could be established by exclusion of other causes of glomerulonephritis
and consistently high or rising titers of malarial antibody.

Blood Cultures

Blood should be collected for both aerobic and anaerobic cultures before
administration of antibiotic to the following types of patients presenting with
features of glomerulonephritis: (1) heroin addicts, (2) patients with organic heart
murmur, (3) patients with chronic abscess(es), (4) patients with ventriculoatrial
(V-A) shunt infection, and (5) patients with clinical evidence of bacterial endo-
carditis.

Electrophoresis of Serum and Urinary Proteins
Paper Electrophoresis

The following findings may provide some clue to the etiology of glomerulo-
nephritis:

1. Polyclonal rise of gamma globulin with remaining components being
normal-nonspecific.

2. Monoclonal spike of gamma globulin with remaining components being
normal suggests multiple myeloma, Waldenstrom’s macroglobulinemia, or a rare
type of gammopathy. These conditions may become complicated, although rarely,
by immune complex glomerulonephritis, but are more often associated with
amyloidosis and nephrotic syndrome than with glomerulonephritis.

3. Elevation of alpha, globulin alone is found in patients with nephrotic
syndrome. Bardana and colleagues (1970) have found elevated levels of serum
alpha, globulins in nephrotic syndrome and also in transplant rejection. They are
in agreement with the author of this book that clinical improvement in nephrotic
syndrome correlates with a decrease of serum alpha, globulin. Riggio and asso-
ciates (1968) noted a relationship between rejection of renal grafts and elevation
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of serum alpha, globulin. In the series of studies by these authors, response to
immunosuppressive therapy was universally followed by a reduction of this
protein fraction in the serum. Therefore, this simple inexpensive test may assist
the clinician to estimate the prognosis of nephrotic syndrome and kidney trans-
plant. The test offers no advantage in the management of patients with acute
glomerulonephritis.

Immunoelectrophoresis of Serum Proteins

Mild elevations of IgG (N = 564-1765 mg/100 ml) and IgM (N = 53-375 mg/
100 ml) in SLE and secondary syphilis, respectively, are not uncommon. Marked
elevations of IgG and IgM are found in multiple myeloma and Waldenstrom’s
macroglobulinemia, respectively. Serum IgA (N = 85-385 mg/100 ml) level has
been found to be elevated in patients with IgA-IgG nephritis (Berger’s disease).

In one series of IgE-mediated glomerulonephritis (immunopathology study)
comprising 74 patients, serum IgE levels were normal in 85% of patients and
elevated in 15% of patients. A third of these 15% revealed glomerular deposits
of IgE. Thus, this study reveals no correlation between serum levels of IgE and
deposits of IgE in glomeruli.

In general, there is no striking change in the patterns of ordinary electro-
phoresis or immunoelectrophoresis of serum proteins in glomerulonephritis ex-
cept in gammopathy, as mentioned earlier. The relationships between the elevated
serum IgA level and IgA-IgG nephropathy are difficult to establish. If the IgA
nephropathy is primarily due to deposition of IgA in the glomeruli, it is difficult
to understand why IgA remains elevated in the serum. This is further complicated
by the example of mesangioproliferative glomerulonephritis which reveals heavy
deposition of C3 and is often accompanied by persistent C3 hypocomplemen-
temia.

Immunoelectrophoresis of Urinary Proteins

Positive tests for Bence Jones protein or paraproteins in the presence of
normal serum immunoglobulins may account for unexplained proteinuria or de-
creased renal function due to involvement of the kidney by gammopathy.

Serum Cryoglobulins

Cryoglobulins are abnormal serum proteins or protein complexes that
undergo reversible precipitation at low temperatures. Two general types are
conveniently recognized. The relatively uncommon pure or monoclonal variety
consists of a single protein component and occurs typically in multiple myeloma,
Waldenstrom’s macroglobulinemia, certain lymphomas, and essential cryoglobu-
linemia. Of the cryoglobulins, about 20% are of the monoclonal type. A homo-
geneous cryoprotein structurally related to normal immunoglobulins is present,
often in high concentration. The more common category of mixed or multicom-



ponent cryoglobulins appropriately considered as cryoprecipitates results from
the interaction of two immunoglobulins, neither of which exhibits cryoprecipit-
ability alone. These complexes, which are often present in relatively low con-
centration, have attracted increasing attention since the discovery in 1963 that a
cryoprecipitate contains IgG and IgM.

Mixed cryoglobulins are freqeuntly found in SLE. The relationship is most
striking when the disease is active, renal lesions appear, and serum complement
is low. The cryoprecipitates invariably include IgG, IgM, macroglobulin, and the
Clq component of complement, which is apparently essential for cryoprecipita-
tion. Some may contain the C3 and C4 components of complement as well.

Coagulation Studies

A thrombotic feature characterized by aggregates of platelets and fibrin
inside glomerular capillaries, small arterioles, and peritubular capillaries is not
an uncommon finding in glomerulonephritis in particular, in thrombotic throm-
bocytopenic purpura, and in hemolytic uremic syndrome. Despite clot formation
in the kidney, coagulation mechanism remains intact. When clots form in the
kidney as a part of disseminated intravascular coagulation (DIC), the partial
thromboplastin time (PTT) is prolonged and plasma fibrinogen is low.

Radiological Examination

Radiological studies of the kidneys are of little value in the assessment of
either the etiology or activity of glomerulonephritis. A venogram of the inferior
vena cava or renal veins may be necessary to exclude occlusion of the renal vein
by intraluminal thrombus or external compression of the renal vein as etiological
factors in membranous glomerulonephritis. Although controversies exist, most
workers tend to believe that renal vein thrombosis is secondary to membranous
glomerulonephritis. It has been proposed by a group of investigators that ven-
ography may be helpful in cases of proteinuria, with or without edema, if any
abnormal findings are encountered. These findings include (1) collateral veins in
the flanks with upward blood flow; (2) unexplained edema of the legs associated
with mild proteinuria; (3) occurrence of pulmonary embolism in which the source
of embolus is not clinically evident; (4) unexplained proteinuria in patients known
to be suffering from malignant disease (this condition raises the suspicion of renal
vein obstruction, which may be due to direct pressure of the growth on the upper
part of the inferior vena cava or be secondary to venous thrombosis); and (5)
varicocele of the left testis (left testicular vein drains into the left renal vein).

Note of Caution: It must be remembered that renal vein thrombosis is a
strong consideration in nephrotic syndrome occurring for the first time in elderly
persons. This is especially important in view of the high incidence of malignant
diseases which may potentiate thrombotic process at old age. Renogram and
renal scan, using radioisotope materials, ultrasound of the kidneys, and even
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renal arteriographic studies evidently have no definite value in the assessment of
the etiology of glomerulonephritis. A routine chest film may show a mass lesion
in the lung or mediastinum; the mass lesion may be carcinoma, which is increas-
ingly reported to be associated with membranous glomerulonephritis.

Protein Clearance Studies
The protein clearance can be determined by applying the equation

C =UV/P

where C is the clearance, U is the concentration of protein per 100 ml of urine,
V is the volume of urine per minute, and P is the concentration of protein per
100 ml of plasma.

Determination of the Clearance

The clearance can be determined by measuring differential proteins (albumin
and globulins) in the urine by either chemical or electrophoretic methods, pref-
erably the latter. Thus, determinations of the amounts of albumin and globulins
in the urine would allow one to calculate the clearances of these proteins. A more
definitive method is to compare the excretion of albumin with that of a fraction
of immunoglobulin (e.g., IgG) by using the equation

Ciec _ (U X V)/Pg
Cav  (Ua X V)/Pap

The ratio Cyeg /Cayy, is called selective permeability. If this unknown value is
multiplied by 100, the value can be expressed as a percentage.

Interpretation of Clearances

The clearance of a protein of known molecular weight provides presumptive
evidence of the magnitude of injury to the glomerular basement membrane
(GBM). If albumin loss constitutes the bulk of proteinuria, then, with the low
molecular weight of albumin (68,000), the ratio becomes very low (less than 15%).
This is called highly selective proteinuria, which is compatible with lipoid ne-
phrosis. On the contrary, a greater loss of globulin (e.g., IgG), with its higher
molecular weight (250,000), pushes the ratio very high (greater than 30%). This
is called poorly selective or unselective proteinuria, which is more consistent
with such diseases as membranous or mesangioproliferative glomerulonephritis.

Thus, clearance studies can predict two extremes in glomerular diseases, no
damage to the GBM on one end (i.e., lipoid nephrosis), and severe damage to
the GBM on the other (i.e., membranous glomerulonephritis). It is often difficult
to evaluate many glomerular lesions which fall between these two extremes;
nevertheless, it is a reasonable test to distinguish between reversible and irre-
versible glomerular disease. Notwithstanding the recognized value of this test,
there are limitations—for example, proliferative glomerulonephritis—which may



be associated with extensive damage to the GBM and yet be found to have
selective proteinuria.

Fibrin Split Products in Serum and Urine

Marked elevations of fibrin split products (FSP) may be found in a variety
of cases of proliferative glomerulonephritis including lupus glomerulonephritis
(Fig. 3-2). The quantitative assessment of FSP is of little or no aid in determining
the etiology of glomerulonephritis. However, FSP in serum and urine are found
to be elevated in most cases of proliferative glomerulonephritis (Fig. 3-2). There
appears to be a good correlation between the amount of urinary FSP and the
degree and distribution of intrarenal fibrin assessed by electron and immunoflu-
orescence microscopy. The serial studies of urinary FSP have been found to be
valuable in the assessment of the activity of the acute pathological process. In
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Fig. 3-2. Maximum concentrations of serum and urine fibrin degradation products (FDP, equivalent
to FSP) in different types of glomerular diseases. The dashed horitzontal lines across the columns
indicate normal ranges. The elevation of FDP in both serum and urine is most marked in proliferative
glomerulonephritis (third column in serum and urine). Reproduced by the kind permission of Mary
K. MacDonald, M.D., University of Edinburgh, Scotland, and Editor of the British Medical Journal.
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particular, this test seems to be a valuable index in determining the effectiveness
of therapy in glomerulonephritis. Thus, urinary FSP markedly decrease or dis-
appear with arrest of the active pathological process either spontaneously or after
therapy.

Viral Antibody Titers

There is sufficient evidence for viral-induced glomerulonephritis in animals
and yet there is no direct evidence to implicate virus in the pathogenesis of
glomerulonephritis in the human. Acute glomerulonephritis preceded by non-
streptococcal pharyngitis has always been suspected but never proven to be
caused by viral infection. Therefore, paired viral antibody titers should be ob-
tained at an interval of 2 weeks. Rising viral antibody titers in a patient with
glomerulonephritis, with completely negative studies for bacterial infection or
systemic illnesses, will constitute conceptual evidence for viral-induced glomer-
ulonephritis.

SUMMARY

1. Among the various laboratory tests ordered for the diagnostic workup
of glomerulonephritis, only a few are useful in establishing the etiology of glo-
merulonephritis. These are streptococcal antibody titers and antinuclear antibody
titers; rising titers or single markedly elevated titers accompanied by immune
complex glomerulonephritis provide strong evidence for streptococcal infection
or SLE, respectively, as the underlying etiology.

2. Most of the laboratory tests described in this chapter are of value only
in the assessment of activity rather than in the diagnosis of the pathological
processes. Among these tests, the 24-hr quantitative proteinuria and measure-
ments of complement components constitute the more reliable indices of the
activity of glomerulonephritis.

3. Complete disappearance of proteinuria (N = 100-150 mg/24 hr) and
repeatedly normal urinalysis indicate reversible histological lesion.

4. Persistent or recurrent proteinuria suggests an active or progressive
lesion, regardless of the etiology.

5. A combination of urinary sediment and ESR also aids in the evaluation
of the activity of the pathological process; persistently abnormal urinary sedi-
ments, along with persistently elevated ESR, are supportive of an active or
ongoing disease process. The author would like to emphasize that examination
of the urinary sediment and ESR should be a ‘““‘must’ in every clinic visit of
patients with glomerular disease until they recover or culminate in end-stage
disease.

6. In SLE, there is a close relationship among native anti-DNA antibodies,
serum complement (C3) levels, and renal disease. An active stage of the renal
disease is accompanied by high anti-DNA antibody titers and low serum C3



levels. During remission of lupus GN, spontaneous or induced by treatment,
ANA and anti-DNA titers decline but seldom become negative. The ESR falls,
proteinuria is reduced in amount, LE cells often disappear, and serum C3 returns
to normal or near normal values.

7. There is enough evidence to indicate excellent correlation between serum
complement components and activity of the disease processes. Thus, in acute
immune complex glomerulonephritis (poststreptococcal or glomerulonephritis
due to bacterial endocarditis), serum C3 component remains low until 2 to 6
weeks from the onset of the disease; it returns to normal during recovery (rarely
up to 12 weeks after onset). In lupus GN, lowering of serum C4 is found earlier
than the lowering of serum C3. During remission (spontaneous or induced by
therapy) both components rise to normal or near-normal values. In mesangiopro-
liferative glomerulonephritis, especially in children, serum C3 tends to remain
persistently low.

8. In general, blood urea nitrogen and serum creatinine correlate poorly
with pathological activity. In some instances, however, modest but progressive
increase may be associated with smoldering glomerular disease such as focal
glomerular sclerosis (sclerosing glomerulonephritis).
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Glomerulonephritis: 4

Pathogenesis and
Classification

DEFINITION

Glomerulonephritis is defined as a clinicopathological condition which charac-
teristically involves both kidneys or only one kidney when the other kidney is
congenitally absent or has been removed due to trauma, tumor, or abscess. It is
characterized by the deposition of immunoglobulins (or antibody) in the glomer-
uli, sometimes in the tubules, and, rarely, in the interstitium and arterioles. These
immunoglobulins are observed as deposits by electron and immunofluorescence
microscopy. Frequently, neutrophilic leukocytes and complement components
are also identified in the lesions. Other forms of glomerulonephritis, in which
immunoglobulin and complement deposition are absent, also occur.

PATHOGENESIS

Since the introduction of electron microscopy into the study of renal tissue,
it has become possible to observe fine changes in all the component parts of the
kidney in glomerulonephritis. Immunofluorescence microscopy using fluores-
cein-isothiocyanate conjugated heterologous antisera against various human im-
munoglobulins and complement components, in conjunction with electron mi-
croscopy, has clarified several mechanisms that could lead to glomerulonephritis.
Although in all instances an antigen (exogenous or endogenous) is believed to be
involved in the formation of antigen—antibody complex or immune complex and
in the pathogenesis of immune complex glomerulonephritis, in only a few studies
has the antigen been unequivocally proven to be present.
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MECHANISMS OF GLOMERULAR INJURY

Two broad types of antibody mechanisms have been implicated in the path-
ogenesis of glomerulonephritis: (1) anti-glomerular basement membrane antibody
(anti-GBM type) and (2) antigen-antibody complex or immune complex. The
characteristic renal morphological abnormalities in the two types of human glo-
merulonephritis resemble those in experimentally induced glomerulonephritis in
animals. Although these two types constitute the vast majority of glomerulo-
nephritides, a small percentage of glomerulonephritis is associated with poorly
defined mechanisms and less specific or nonspecific glomerular abnormalities.

Anti-Glomerular Basement Membrane Antibody Glomerulonephritis

Anti-glomerular basement membrane antibody glomerulonephritis (anti-
GBM/GN) which is clinically known as rapidly progressive glomerulonephritis,
constitutes about 5% of the total number of glomerulonephritis cases. In this type
of glomerulonephritis autologous glomerular basement membrane (GBM) appar-
ently acts as an antigen and incites production of antibody against GBM. This
antibody then binds with the GBM and through this interaction initiates the
glomerular injury, with the consequent clinical picture of glomerulonephritis. The
experimental model of Stebley (1962) is very useful in understanding the patho-
genesis of anti-GBM/GN or rapidly progressive glomerulonephritis. Stebley re-
produced the glomerular changes of rapidly progressive glomerulonephritis by
injecting human GBM and Freund’s complete adjuvant into monkeys and sheep.
Further, he and his colleagues postulated that this type of glomerulonephritis
occurs via anti-GBM antibody. This hypothesis became evident when Lerner and
Dixon (1966) demonstrated that this disease could be transferred to normal sheep
with IgG from the serum of afflicted animals as well as by renal elutes. This
observation establishes the presence of a true autoimmune disease characterized
by the formation of antibodies to the animal’s own glomerular basement mem-
brane and to that of a homologous animal. The glomerular changes in this model
are characterized by crescent formation, necrosis, and collapse of glomerular
capillaries. In addition, these glomerular changes are often associated with severe
interstitial cellular infiltration, fibrosis, and tubular atrophy. The presence of a
continuous linear electron-dense deposit with destructive GBM changes and
linear fluorescence against IgG and C3 found in the GBM by electron microscopy
and immunofluorescence microscopy, respectively, provides conceptual evidence
for the anti-GBM antibody glomerulonephritis.

In general, the model of nephrotoxic serum nephritis or Masugi’s (1933)
nephritis has been considered during the past several decades as an important
model for rapidly progressive glomerulonephritis. Masugi’s model appears to be
similar to that of Stebley, but some fundamental differences do exist, as shown
in Table 4-1.

The similarity of the light microscopic appearance of the kidneys in these



Table 4-1
Differences between Masugi’'s and Stebley’s Nephritides
Masugi (1933) Stebley (1962)
Material used Rat antisera against rabbit Human GBM and Freund’s
kidney complete adjuvant
Immunological nature of the Heterologous antibody Heterologous antigen
material
Autoimmunity No Yes
Mechanism of glomerular Unknown Anti-GBM antibody deposition
injury
Morbid anatomy Crescentic glomerulonephritis ~ Crescentic glomerulonephritis
with disruptive changes in
GBM

two experimental models and their resemblance to the renal pathology in Good-
pasture’s syndrome (to be classified later), or rapidly progressive glomerulo-
nephritis, suggest a similar pathogenetic mechanism for rapidly progressive glo-
merulonephritis. Since linear fluorescence against IgG and C3 has been observed
in the GBM in such conditions as diabetes mellitus and systemic lupus erythe-
matosus (SLE), some reservations must remain in considering linear fluorescence
as the sole criterion in defining the mechanism of anti-GBM antibody glomeru-
lonephritis.

The mechanisms by which GBM incites antibodies against the autologous
component and establishes the conditions for glomerulonephritis are still un-
known. Two possibilities have been suggested:

1. Production of antibodies by alteration of the endogenous GBM. The
finding of GBM antigen(s) in the urine of normal animals and humans, and the
nephritogenicity of this antigen when it is injected into the animal from which it
was obtained, suggest that such urinary antigens might be the immunogens in
human nephritis.

2. Stimulation of the GBM by an exogenous agent or agents, e.g., strep-
tococci or a virus, for which there is still no supportive evidence.

Immune Complex Glomerulonephritis

This type of glomerulonephritis accounts for the vast majority (75-80%) of
glomerulonephritis cases encountered in clinical practice. The classical immune
complex is composed of an antigen, one or more antibodies, and a complement
component. The immunoglobulins (antibodies) and complement components have
been demonstrated in most or all instances, but in only a few of these has an
antigen been unequivocally demonstrated. The antigens that have been implicated
and are believed to be involved in the formation of immune complex and immune
complex glomerulonephritis in humans are shown in Table 4-2.

The experiments of acute ‘‘one-shot’ serum sickness nephritis in rabbits
conform to acute immune complex glomerulonephritis in humans. If rabbits are
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50 Table 4-2
The Antigens Implicated in the Pathogenesis of Different Types of

CHAPTER 4 Glomerulonephritis

Antigen involved Diseases Evidence

DNA Lupus glomerulonephritis Almost unequivocal

Hemolytic Streptococcus Poststreptococcal Almost unequivocal
glomerulonephritis

Streptococcus, Staphylococcus Glomerulonephritis in bacterial Equivocal

aureus endocarditis

Staphylococcus Glomerulonephritis in Doubtful
ventriculoatrial shunt

Plasmodium malariae Malarial nephritis Almost unequivocal

Treponema pallidum Glomerulonephritis in secondary Equivocal
syphilis

HAA ‘*Diffuse proliferative Unequivocal
glomerulonephritis”’ ’

Tumor antigen Membranous glomerulonephritis Doubtful

Penicillin *‘Diffuse proliferative Equivocal
glomerulonephritis’’

Penicillamine Membranous glomerulonephritis Equivocal

given one intravenous injection of heterologous serum, such as bovine serum
albumin, the animals develop glomerulonephritis in 10 to 14 days. Histologically,
this type of glomerulonephritis is characterized by generalized and diffuse pro-
liferation of endothelial and mesangial cells of the glomeruli, with variable exu-
dation of polymorphonuclear leukocytes inside the glomerular capillary lumina.
The presence of discrete but intermittent electron-dense deposits in the different
aspects of the GBM and in the mesangium, as demonstrated by electron micros-
copy, and of brilliant discontinuous or granular staining with antisera against IgG
and/or C3, observed along glomerular capillaries and mesangium by immunoflu-
orescence microscopy, constitutes strong evidence of glomerular injury by im-
mune complex mechanism.

A major advance in our potential understanding of human glomerulonephritis
has been obtained by the study of spontaneous glomerulonephritis in animals. In
all instances in which this phenomenon has been studied, it has been shown to
be an immune complex disease, and in all cases the antigenic component has
been found to be a virus. In mice chronically infected with the virus of lympho-
cytic choriomeningitis and in minks with Aleutian disease, the immune complex
is composed of the infectious agent plus IgG and C3. In these instances, the virus
apparently persists in the circulation throughout the life of the animal, thereby
providing the antigen for immune complex formation. Of particular interest is the
immune complex nephritis which occurs in the hybrid of black and white strains
of New Zealand mice (NZB x W). This disease closely resembles human SLE. The
animals have antinuclear antibodies, a Coombs-test-positive hemolytic anemia,
and the deposition of nuclear antigen-antinuclear antibody-C3 complexes in the
glomeruli. The fact that in human lupus nephritis, complexes of DNA and anti-



DNA antibodies have been clearly demonstrated in the kidney, the fact that DNA
and RNA are integral parts of viral structure, and the ubiquitous presence of the
viruses in the environment make these agents highly suspect in the role of human
immune complex disease.

There are two questions which should be answered in considering the direct
role of these immune complexes in the pathogenesis of glomerulonephritis: Why
does immune complex deposition occur in the kidney in the first place? Is there
any direct evidence that the immune complex alone produces glomerulonephritis?

There is a general consensus of opinion that immune complexes, when
formed in excessive amounts, become trapped in the glomerular capillaries during
filtration. Present experimental and clinical data strongly support this contention.
The concomitant appearance of glomerular hypercellularity and outpouring of
polymorphonuclear leukocytes (PMN), along with the electron-dense deposits or
the granular fluorescence at the onset of the illness, and the disappearance of
most of the features after 10 to 12 weeks constitute strong circumstantial evidence
of the interaction of these immune complexes in the evolution of the clinicopath-
ological syndrome of acute glomerulonephritis. This concept is further supported
by the fact that intravenous injection of soluble immune complexes produces
serum sickness nephritis in mice. Immune complexes have been demonstrated to
cause adherence of neutrophils. The phagocytosis of the complex is accompanied
by the release of a wide variety of chemotactic substances, including cathepsins
and permeability factors, all of which add to the tissue damage occurring at the
site of the deposits.

OTHER MECHANISMS OF GLOMERULONEPHRITIS

IgA-IgG Nephropathy (Berger’s Disease)

This type of nephropathy is characterized by positive fluorescence, largely
for IgA and to a lesser degree for IgG, mainly in the glomerular mesangium on
immunofluorescence microscopy of the glomeruli. Histologically, this condition
appears as focal proliferative glomerulonephritis. The antigenic source is un-
known, and the causal relationship between mesangial deposits of IgA-IgG and
histological finding of focal proliferative glomerulonephritis is unclear.

Lipoid Nephrosis

The pathogenesis of lipoid nephrosis (nil lesion or minimal lesion disease) is
completely unknown. There are occasional reports which have suggested IgE
deposition as a pathogenetic mechanism in lipoid nephrosis. This notion was
based on the observation of positive immunofluorescence for IgE in the glomer-
ular capillaries of some children with nephrotic syndrome. This hypothesis was
supported further by the combination of normal histology (light microscopy) and
the appearance of lipoid nephrosis (electron microscopy). Additional supportive
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evidence for this idea is the higher incidence of allergic disorders (IgE mediated)
in patients with lipoid nephrosis and in their family members. The original ob-
servations of IgE deposition have not been substantiated by other investigators,
however, and the occasional occurrence appears to be one that is not causally
related to the disease, but is related to the coexisting allergic disorders in the
same patients.

CLASSIFICATION OF GLOMERULONEPHRITIS

In the past, there was no consistent system by which glomerulonephritis was
classified. For example, Volhard and Fahr (1914) used the terms acute, subacute,
and chronic nephritis, whereas Ellis (1942) used type I and type II nephritis. The
obvious reasons for this variability of classification were the limited facilities and
a failure to identify definite agent(s) which might produce glomerular inflamma-
tion. During the last two decades knowledge of the mechanisms of glomerular
inflammation has improved due to easy access to the kidney through the tech-
nique of percutaneous biopsy, the availability of fine instruments (electron mi-
croscope and immunofluorescence microscope) to study the renal tissue, and a
variety of supplemental diagnostic aids to assay serum factors that may be
involved in the glomerular inflammatory process. Despite our awareness of the
morphological details in glomerulonephritis, and despite the widespread availa-
bility of these facilities, the exact nature of the exogenous or endogenous agent(s)
inducing human glomerulonephritis has remained largely unconfirmed. Never-
theless, except for definition of the exact inciting factors, glomerulonepbhritis is
currently much better understood.

PREVALENT CLASSIFICATION

The prevalent classification is made up of histopathological changes based
on predominant abnormalities found in the glomeruli by light microscopy. In
early 1960, Allen (1966) introduced the most comprehensive classification, which
has since been modified but the original concepts of which remain unchanged.
Allen’s classification of glomerulonephritis is as follows:

I. Diffuse glomerulonephritis

A. Acute
1. Proliferative
2. [Exudative
3. Necrotizing
4. Membranous
5. Lobular

B. Subacute



C. Chronic 53

I Membranous} Nephrotic syndrome GLOMERULONEPHRITIS:
2. Lobular PATHOGENESIS
3. Sclerosing AND CLASSIFICATION

II. Focal glomerulonephritis

A. Segmental
1. Lupus nephritis
2. Necrotizing, allergenic (pseudoembolic)
3. Embolic

B. Nonsegmental
1. Proliferative
2. Exudative
3. Necrotizing
4. Membranous

Cameron (1972) has classified glomerulonephritis as follows:

Minimal change

Membranous nephropathy

Focal glomerulosclerosis

Proliferative glomerulonephritis

Acute exudative

Mesangial

Epithelial (rapidly progressive glomerulonephritis)
Mesangiocapillary (membranoproliferative, lobular)
Focal

Chronic endothelial (endocapillary)

Advanced sclerosing lesions, unclassifiable

AW N -
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There are some differences which still exist among the histological classifi-
cations, but these appear to be matters of expression rather than recognition of
different entities. I would like to propose the following classification, which
should agree with that of most authors:

A. Diffuse glomerulonephritis
1. Proliferative
2. Membranous
3. Mesangiocapillary (mesangioproliferative, membranoprolifer-
ative, lobular)
B. Focal glomerulonephritis
1. Focal proliferative
2. Focal membranous
3. Focal sclerosing

Proliferative glomerulonephritis may be accompanied by (a) predominantly en-
dothelial proliferation, which is called endocapillary proliferative glomeruloneph-
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ritis; (b) predominantly extracapillary proliferative change, i.e., proliferation of
glomerular and Bowman'’s epithelial cells (this epithelial proliferation forms cres-
cents which characterize crescentic glomerulonephritis); (c) predominant prolif-
eration of mesangial cells, called mesangioproliferative glomerulonephritis; or (d)
a combination of proliferation of endothelial, epithelial, and mesangial cells. Both
focal proliferative and focal membranous glomerulonephritis are found in lupus
glomerulonephritis. Focal proliferative glomerulonephritis alone may be found in
bacterial endocarditis or the Henoch—Schonlein syndrome. Focal sclerosing glo-
merulonephritis is also called focal and segmental glomerular sclerosis.

MERITS AND PITFALLS OF ALL CLASSIFICATIONS OF
GLOMERULONEPHRITIS

Although the classifications of nephritis introduced by Volhard and Fahr and
by Ellis are now obsolete, the value of these early attempts at classification
cannot be denied. The clinical presentations in acute or type I nephritis resemble
those observed in the majority of cases of diffuse proliferative glomerulonephritis.
Thus, the old acute or type I nephritis may be used fairly well as a synonym for
diffuse proliferative glomerulonephritis.

However, in current practice, the practical value of the older classifications
has been jeopardized when inconsistent relationships between the anatomic pa-
thology and the clinical presentations are recognized. An example is the mor-
phology of the subacute nephritis of Volhard and Fahr (florid crescent formation).
The association of the nephrotic syndrome with subacute nephritis (Volhard and
Fahr) is far from the rapid and irreversible renal failure almost always found to
be associated with severe crescentic glomerulonephritis or rapidly progressive
glomerulonephritis. In addition, a wide spectrum of glomerular lesions which are
found to be associated with the nephrotic syndrome bear slight or no similarity
to the histology of type II nephritis. Thus, a knowledge of the fine pathology of
the kidney and the usage of current histological classifications have been helpful
in planning appropriate management and predicting the course of the illness, in
spite of the limitations of those classifications.

Allen’s classification is essentially up to date, but is somewhat repetitive.
There is no rationale for subdividing diffuse glomerulonephritis into separate
proliferative and exudative lesions. In most instances, proliferative glomerulo-
nephritis is accompanied by a variable degree of exudation.

PERSPECTIVES OF GLOMERULONEPHRITIS

In all probability, glomerulonephritis would best be classified according to
the underlying pathogenetic mechanisms, a proposal that is in conformity with
the studies of Cameron (1972) and McCluskey (1973). The mechanisms which are
generally accepted are (1) immune complex glomerulonephritis and (2) anti-GBM



glomerulonephritis. A less accepted mechanism is (3) IgA-IgG nephritis (Berger’s
disease), and the least accepted mechanism is (4) IgE nephropathy (lipoid ne-
phrosis). Most present-day authorities do not accept the pathogenetic implications
of IgE in lipoid nephrosis.

Histologically, anti-GBM glomerulonephritis is a less definitive lesion, since
the glomerular cresents that characterize this type of glomerulonephritis are
observed also in immune complex glomerulonephritis. Similarly, continuous lin-
ear deposits seen by electron microscopy and linear fluorescence against IgG and
C3 by immunofluorescence microscopy, considered to be the hallmark of anti-
GBM glomerulonephritis, may be found in immune complex glomerulonephritis
such as lupus nephritis and in diabetic nephropathy. Therefore, the distinct entity
of anti-GBM glomerulonephritis has been the subject of controversy. In addition,
light microscopy may reveal crescentic glomerulonephritis, and furthermore elec-
tron microscopy and immunofluorescence microscopy demonstrate discrete elec-
tron-dense deposits and granular fluorescence, respectively.

On the other hand, immune complex glomerulonephritis appears to be a
specific entity, since the microscopy features are consistent with immune com-
plex and a linear deposit or linear fluorescence is seldom demonstrated. Fur-
thermore, in immune complex glomerulonephritis, the location of electron-dense
deposits in relation to the glomerular basement membrane, alterations of GBM,
and changes in the mesangium may provide some clues with respect to the
etiological factors of the disease process. For example, typical ‘“humps’ most
commonly implicate a poststreptococcal glomerulonephritis, whereas discrete
subendothelial deposits are most frequently found in lupus nephritis. This type
of knowledge is helpful in planning treatment and in determining the course of
the disease in patients with glomerulonephritis. However, the factors of time and
expense, and the lack of an adequate number of skilled personnel limit the full
application of electron and immunofluorescence microscopy in the study of glo-
merulonephritis.

CRITICISM OF CURRENT HISTOLOGICAL CLASSIFICATION

Minimal lesion or nil lesion disease (lipoid nephrosis) is still included by
many in their classifications of glomerulonephritis, despite the negative evidence
for inflammatory reaction or immunological involvement. The prominent glo-
merular mesangium or slight increases in mesangial matrix and cellularity some-
times found in lipoid nephrosis are not sufficient to include lipoid nephrosis in
the category of glomerulonephritis. Michael et al. (1973) have characterized nil
or minimal lesion (i.e., lipoid nephrosis) as the idiopathic nephrotic syndrome.
Perhaps this is not the best term for lipoid nephrosis, but at least it distinguishes
lipoid nephrosis from nephrotic syndrome secondary to glomerulonephritis.

The mild glomerular changes reported by light microscopy alone should be
accepted with reservation. This pertains especially to mixed proliferative and
membranous glomerulonephritis or membranoproliferative glomerulonephritis,
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which by electron microscopy appears to be membranous glomerulonephritis in
most cases and mesangioproliferative glomerulonephritis in a few cases.

With electron microscopy, three definite types and one less definite type of
glomerulonephritis can be demonstrated: (1) proliferative, (2) membranous, (3)
mesangioproliferative, and (4) (less definite) sclerosing.

CHRONIC GLOMERULONEPHRITIS

With the advancement of our knowledge in the studies of anatomic pathology
of renal diseases, we believe that it is no longer a valid proposition to denote a
microscopic picture of hyalinized (solid) glomeruli, atrophic or dilated tubules,
and interstitial infiltrates and fibrosis (burnt-out kidney) as chronic glomerulo-
nephritis. The term ¢hronic means continuing or lasting. Therefore, it would be
a logical practice to use the term chronic for any type of glomerulonephritis that
reveals features of persistent activity or progression. Then, by definition, mem-
branous, mesangioproliferative, or sclerosing glomerulonephritis should be re-
garded as chronic glomerulonephritis, an idea that is in agreement with that of
Allen (see Allen’s classification). Endocapillary proliferative glomerulonephritis
(e.g., poststreptococcal GN) may fail to undergo complete resolution and manifest
features of persistent pathological activity. This entity should also be included in
the list of chronic glomerulonephritis.

When light microscopy demonstrates a picture of burnt-out kidney and a
preceding histologic picture is unknown or unavailable, it is unwise to assess a
primary pathology, e.g., glomerulonephritis, glomerulosclerosis, or chronic in-
terstitial nephritis (chronic pyelonephritis), on the basis of these changes. The
findings of relatively severe damage in the individual components, e.g., glomeruli,
arterioles, or interstitium, may lead the observer to speculate that the primary
disease process might have been glomerulonephritis, nephrosclerosis, or tubu-
lointerstitial disease, respectively. Some investigators consider a proliferative
glomerulonephritis as the underlying disease based upon observations of an
excessive number of nuclei present in hyalinized glomeruli or in a few surviving
glomeruli. Still others have stated that the presence of a thickened basement
membrane in the patent capillaries of hyalinized glomeruli suggests membranous
glomerulonephritis as the primary disease process. This type of guessing involves
great risks and should be avoided. Furthermore, the anatomy of the kidney at
this stage of the disease is so distorted that any attempt to obtain more information
using electron or immunofluorescence microscopy becomes futile. Therefore,
this type of microscopic picture should be described as an ‘‘end-stage kidney’’
and institution of specific drug or other therapy based on such meager information
should be abandoned, especially since the disease has, by definition, already
reached an irreversible stage.



SUMMARY

1. All glomerulonephritis should ideally be divided into anti-GBM antibody
glomerulonephritis and immune complex glomerulonephritis. Of the total number
of glomerulonephritides, 75 to 80% are of the immune complex type, whereas
5% or less appear to be caused by anti-GBM antibody. The mechanism is obscure
in 15 to 20% of patients with glomerulonephritis.

2. Electron and immunofluorescence microscopy studies are essential to
distinguish the different types of glomerulonephritis.

3. Anti-GBM antibody glomerulonephritis appears to be less specific than
immune complex glomerulonephritis since linear fluorescence against IgG and
C3, which characterizes anti-GBM antibody glomerulonephritis, has been ob-
served in diabetic glomerulosclerosis, lupus nephritis, and membranous glomer-
ulonephritis. In immune complex glomerulonephritis, the immune complex is
presumably composed of an antigen and one or more antibodies. Although in all
instances an antigen is believed to be present in the immune complex, its presence
has been documented in only a few instances. In only a few anti-GBM glomer-
ulonephritis cases are the disruptive GBM changes conceivably due to antibody
directed against GBM. In immune complex glomerulonephritis, however, it re-
mains undetermined whether the histological changes are the direct effect of
immune complex deposition, or occur indirectly via other mechanisms.
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Electron Microscopy of
Normal Kidney

INTRODUCTION

For electron microscopy (EM) study of the kidney, the renal tissue must be fixed
in 4% glutaraldehyde and postfixed in 1% osmium tetroxide (OsQO,). The details
of fixation, embedding, sectioning, and staining methodology are given in Chapter
2. For convenience of study and analysis, the anatomy of the renal parenchyma
can be divided into four component parts: glomerulus, tubule, interstitium, and
small arterial vessels (small artery, large arteriole, and small arteriole).

Since this book is intended for the clinician, practicing physician, and pa-
thologist, this chapter includes materials obtained from studies of human renal
biopsies. It also deals primarily with the broad general aspects of the fine struc-
tures in order to fulfill the clinical needs only. It should be stated, however, that
renal biopsy cannot be performed in normal subjects and that the autopsy material
is suboptimum for electron microscopy study. Therefore, the electron micro-
scopic anatomy is limited mainly to renal biopsy studies which were found to be
essentially normal in patients with hematuria or mild proteinuria and only mini-
mally to studies of kidneys from a small number of heart-beating cadaver donors.*
Electron microscopy studies of the kidneys from normal dogs or rats are briefly
included to show similarities of the normal renal morphology in the different
species.

* Their kidneys were harvested for the purpose of transplantation but were subsequently found
unsuitable because of low antigen match.
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GLOMERULUS (Figs. 5-1 to 5-10)

Electron microscopic study of a glomerulus resolves the following: (1) glo-
merular basement membrane (GBM); (2) endothelial cell (END); (3) visceral
epithelial cell (VEP); (4) epithelial foot processes (FP); (5) mesangium (MES);
(6) Bowman’s membrane, Bowman’s space, and parietal epithelial cell (BWM,
BS, and PEP, respectively); and (7) juxtaglomerular apparatus (JGA). A glomer-
ulus has about five arbitrary lobes and each lobe has eight to ten capillaries.
Therefore, a single glomerulus has 40 to 50 capillaries. Each glomerular capillary
has two parts: peripheral and centrilobular. The peripheral portion of the capillary

Fig. 5-1. Two glomerular capillaries. Endothelial cytoplasm appears as fenestrae (solid arrows).
Note large nucleus and many rough-surfaced endoplasmic reticula in the epithelial cell (EP). Some
epithelial cells (EP,) are devoid of nuclei but attached to glomerular basement membrane (GBM)
by more than one foot process. Discrete foot processes (open arrows) and myofilament (arrowheads)
are shown, as are lumen of the glomerular capillary (L) and urinary space (US) (UA + LC, x16,000).



loop has one GBM, one or two endothelial cells, and one or two epithelial cells
(Figs. 5-1 to 5-5). The GBM is a homogeneous solid layer with the appearance
of sandpaper; it is interposed between the epithelial cell foot processes and
endothelial cells. Many investigators have described GBM as consisting of three
layers, a central expanded portion called lamina densa and two layers of thin
membranes called lamina rara interna and lamina rara externa on the inner and
outer aspects of the lamina densa, respectively. Careful observation reveals the
absence of a complete membrane either on the endothelial or the epithelial aspect
of GBM. Instead, short segments of thin membrane called slit membranes are
seen between foot processes on the epithelial aspect (Fig. 5-4). This membrane,
which is 50 A thick, does not appear to be PAS positive and is not observed in
PAMS-stained sections (Fig. 5-5). Interrupted membranes called endothelial fe-
nestrae can be found on the endothelial aspect of the lamina densa (Figs. 5-1 and
5-3). The GBM is silver-positive and shows uniform deposits of silver particles
throughout (Fig. 5-5). This silver reaction supports the glycoprotein composition
of GBM. The GBM is thicker than the basement membrane of a capillary of the
terminal vascular bed and measures 2500 to 3500 A in humans. This thickness

Fig. 5-2. Several normal-appearing glomerular capillaries. Endothelial cell (END), mesangium (M),
and epithelial cell (EP) are shown. Normally the capillary loops appear empty or contain one or two
red blood cells (RBC) (UA + LC, x3400).
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varies, however; the centrilobular portion is thicker than the peripheral portion
(Figs. 5-2 and 5-3).

The GBM generally is smooth on both endothelial and epithelial sides but
slight irregularities on the endothelial aspect of the GBM are not uncommon
(Figs. 5-1 and 5-2). This type of irregularity has no significance, especially if it
occurs in the centrilobular portion of the capillaries (Fig. 5-3). The endothelial
irregularities of the centrilobular portions of the capillaries may be an artifact and
may often be caused by a tangential cut across the GBM. This becomes certain
if clusters of small holes are also found within the GBM.

Endothelial Cells (Figs. 5-2 to 5-5)

A glomerular capillary has one or two endothelial cells which vary in size,
shape, and cytoplasmic constituents. In general, there is a single nucleus which
also varies in size and shape. The nucleus is usually large and occupies 70 to

Fig. 5-3. Several glomerular capillaries. In one glomerular capillary, endothelial cell (END) is seen
separated from the mesangial cells (MES) by a thin basement membrane-like material (arrowheads).
The mesangium is bounded by the centrilobular portions of the glomerular capillaries (arrows) and
surrounded by basement membrane-like materials (BM) (UA + LC, x12,000).



80% of the cell area. In some capillaries there is no hiatus between the endothelial
cell and the GBM (Figs. 5-2 to 5-4), whereas in other capillaries endothelial
fenestrae intervene, at least in part, between the GBM and the endothelial cell
(Fig. 5-6). Cytoplasmic constituents consist of a few rough-surfaced endoplasmic
reticulum, a few mitochondria, moderate to large amounts of ribosomes, and
Golgi complexes. In addition, one or more vacuoles may be found within the
endothelial cell.

Visceral Epithelial Cells (Figs. 5-1, 5-2, 5-4, 5-5)

Each glomerular capillary generally has one epithelial cell, which is the
largest of all cells in the glomerular capillaries. This cell has a nucleus and is rich

Fig. 5-4. Magnified view of a peripheral portion of a glomerular capillary. Note the glomerular
basement membrane (GBM) which has the appearance of a solid bar. Discrete foot processes
(arrows), a thin membranelike structure between foot processes (arrowhead), and endothelial cells
(END) are shown. The foot processes are surrounded by membranes which will be delineated in
subsequent micrographs. No membrane described as lamina rara interna or lamina rara externa on
the inner or outer aspect of GBM, respectively, can be documented from this study (UA + LC,
Xx26,000).
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in organelles. The nucleus occupies one-half to three-fourths of the cell (Fig. 5-
1). The cytoplasm is enriched with Golgi complexes and endoplasmic reticulum
(ER). Some endoplasmic reticula are rough surfaced, some are smooth, and
others are dilated, and all three of these characteristics constitute a conspicuous
feature of the epithelial cell (Figs. 5-1 and 5-7). Mitochondria are moderate in
number (Fig. 5-7). A few vacuoles and a few lipid droplets are frequently ob-
served. The epithelial cell is attached to the GBM by one or more limbs and has
the appearance of an umbrella over the GBM (Figs. 5-1, 5-5, and 5-7). One or
more limbs of the epithelial cell may extend to the neighboring capillaries (Fig.
5-7). Myofibrils and myofilaments are easily discernible (Fig. 5-1); the similarities
of these structures to the contractile elements of other cells suggest the contractile
potential of the glomerular epithelial cells. Besides one large epithelial cell,
several small epithelial cells are seen attached to GBM by one or more foot
processes. These small epithelial cells are devoid of nuclei and have the appear-
ance of small animals crawling over the GBM (Figs. 5-1 and 5-7).

Fig. 5-5. Definition of membrane structures by the silver staining technique. Note membranes
(arrows) consisting of fine deposits of silver surrounding foot processes (FP), and epithelial cell
(EP). Note continuity of EP with FP (pointing arrows), openings between individual foot processes
(these openings are regarded as filtration pores), and also the absence of continuous membranes
(either lamina rara interna or externa). In fact, it is the cellular membranes which might have been
misinterpreted as lamina rara interna or externa. The glomerular basement membrane (GBM) is not
stained as heavily as the cellular membranes. (PAMS, x28,000).



Foot Processes (Figs. 5-1, 5-4 to 5-7)

The foot processes are the most unique structures of the glomeruli observed
by EM study. These structures have been described as cytoplasmic extensions
of the epithelial cell, although they do not appear to be that. The continuum of
the epithelial cell with a segment of GBM via one to four foot processes is the
usual finding (Figs. 5-1, 5-6, and 5-7), but many foot processes intervene in the
GBM between the extended portions of the epithelium. These intervening foot
processes appear to arise from the epithelial cell of one or more adjacent glo-
merular capillaries; therefore, a syncytial or interdigitating network of glomerular
epithelial cells is conceivable. Scanning electron microscopy has demonstrated
a thin network pattern. The foot processes are quite discrete and spaced equi-
distantly 0.1 to 0.5 wm apart (Figs. 5-4 to 5-6). A very thin membrane called a slit
membrane may be found between adjacent foot processes.

The foot processes are surrounded completely by thin membranes which
separate them individually and from the GBM. This is best observed in a PAMS-

Fig. 5-6. An endothelial cell (END) is attached to a part of the glomerular basement membrane
(GBM). Normally the vast majority of the portions of GBM have interrupted attachments of fragments
of endothelial cytoplasm called fenestrae (arrows). Between the fenestrae there are gaps that
presumably permit the passage of glomerular contents into the urinary space. The endothelial cell
has fewer organelles, e.g., endoplasmic reticulum, mitochrondria (UA + LC, x20,000).
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66 stained section (Fig. 5-5). Most of the foot processes contain no material other
than cytoplasm; occasional foot processes contain vacuoles or multivesicular
bodies (Fig. 5-4).

CHAPTER 5

Mesangium (Figs. 5-2, 5-3, 5-7 to 5-9)

Mesangium refers to the thin membrane that helps to support the capillary
loops in a renal glomerulus. The term mesangium was coined by Zimmermann

Fig. 5-7. Presence of abundant cell organelles consisting of many mitochondria in the epithelial
cell (EP). Note that the EP is attached to three different glomerular capillaries by foot processes
(arrow). A lysosome (L) is seen in the epithelial cell. The mesangium (M) is shown (PAMS, x16,000).



in 1933 (for details see Heptinstall, 1974), who described it as a group of fibro-
blasts lying between sheets of basement membrane of the capillary loops of
glomerulus in a topographic relation similar to the mesenterium of the bowel. The
EM study has clarified the anatomy of the mesangium and confirmed the imagi-
native idea of Zimmermann. Mesangium can now be defined as a space formed
by the centrilobular portions of the capillary loops; a cross section reveals a
space surrounded by basement membrane-like (BM) materials and containing
cells which appear similar to endothelial cells (Figs. 5-3, 5-8, and 5-9). In general,
the mesangial cell is separated from the capillary lumen by the intervening
endothelial cell and these two cells are almost always bridged by BM materials
(Figs. 5-3 and 5-9). In some instances, a continuity of the mesangial cell with the
capillary lumen has been observed (Fig. 5-9). The mesangial cell is of various
sizes and shapes, and has a nucleus disproportionately large for the cell, a small
amount of cytoplasmic material, and a very few cell organelles (Figs. 5-9 and 5-
10). A normal mesangium has one to two cells (Figs. 5-3 and 5-10) but it may
demonstrate no cells (Figs. 5-8 and 5-10). Individual cells may be separated by
BM materials when more than one cell is present. The cells extend cytoplasmic

Fig. 5-8. A mesangium (M) bounded by the centrilobular portions of the capillaries. The mesangium
has more than anticipated amounts of matrix. The peripheral portion of the capillary loop (C)
appears essentially normal. The apparent occlusion of the capillary loop (C) is an artifact. This type
of collapse can occur as a result of sudden exposure of the tissue to high beam (UA + LC, x18,000).
This section is from. a kidney originally harvested for the purpose of transplantation (21-year-old
white male victim of motorcycle accident).
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processes toward the centrilobular portions of the capillaries and toward the
endothelial cells (Fig. 5-9).

An anatomical connection between mesangium and juxtaglomerular appa-
ratus has been described by an occasional investigator, although I have never
observed this connection in my own studies of kidneys from humans, rats, and
dogs. The mesangium and the mesangial cell appear to be functional, but the
significance of this function (except as a supporting framework for the glomerular
capillaries) is unclear. It has been stated that in pathological conditions the
mesangial cell proliferates and becomes phagocytic. The phagocytic function of
the mesangium and the mesangial cell has been documented by demonstration of
colloidal particles in the mesangium a few minutes after an intravenous injection
of colloidal particles in rats. Other investigators have shown that injected mac-
romolecules such as heat-aggregated IgG were readily taken up by the mesangium

Fig. 5-9. This micrograph demonstrates communications between mesangial cell (MES) and the
lumina of the glomerular capillary (L). Also shown is the separation between mesangium (M) and
endothelial cell (END) by basement membrane-like material (BM) (UA + LC, x16,000).



of normal rats and that greatly increased quantities entered the mesangium in
experimental nephrotic syndrome and nephrotoxic serum nephritis. The findings
of electron-dense deposits in the mesangium in immune complex glomeruloneph-
ritis, mesangiopathic GN, IgA GN, and nonstriated fibrils in amyloidosis support
this concept. Among other functions, there is some evidence to suggest that the
mesangial cell is involved in the production of BM materials.

Bowman’s Capsule, Bowman’s Space, and Bowman’s Epithelium

By light microscopy, Bowman’s capsule appears as a thin membrane lined
by a single layer of flattened epithelial cells. Bowman’s membrane, like tubular

Fig. 5-10. A typical normal mesangial cell (MES) is separated from the endothelial ceil (END) by
basement membrane-like material (arrows). Mesangium is separated from the capillary lumina (L)
by basement membrane-like material (arrowheads). A red blood cell (RBC) is within the lumen. The
urinary space (US) is shown (UA + LC, x14,000).
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basement membrane, is observed best in PAS- or PAMS-stained sections (Fig.
5-11). By EM, Bowman’s capsule reveals a basement membrane twice as thick
as normal GBM, and almost as thick as the basement membrane of proximal
tubules. The epithelium has a single layer of epithelial cells which resemble
visceral epithelial cells. Between Bowman’s (parietal) epithelial cells and visceral
epithelial cells a clear space called Bowman’s space is always discernible in
normal kidneys (Fig. 5-12). This space becomes obliterated by proliferated epi-
thelial cells in pathological states. In a normal condition, however, fragments of
epithelial cells, a few mitochondria, and a few microvilli may be found in Bow-
man’s space.

Bowman’s membrane is separated from the proximal or distal convoluted
tubule by a 0.5- to 1-um-wide space. This space normally contains no more than
a few collagen fibers (see Fig. 11-8b).

Fig. 5-11. Clear delineation of Bowman’s membrane and tubular basement membrane by silver
technique and with the use of light microscopy. Normally cortical tubules are apposed to each other
and to Bowman's membrane with slight or no discernible space (PAMS, x 320).



Juxtaglomerular Apparatus 71

The juxtaglomerular apparatus (JGA) is a composite structure; it is roughly MICR oEchESJ\’?%'#
triangular in shape and located between the Bowman’s membrane, efferent or NORMAL KIDNEY

afferent arteriole and distal convoluted tubule. The cells in the JGA are mainly
composed of arteriolar smooth muscle cells (JG cells), which, as has been stressed
by numerous individuals, contain granules. In my EM studies of glomeruli in
several hundred human normotensive and hypertensive renal biopsies and an
innumerable number of kidneys from normotensive and hypertensive rats and

Fig. 6-12. A glomerulus adjacent to a distal convoluted tubule (DCT). Note the interstitium (l),
Bowman’s membrane (BWM), Bowman’s or parietal epithelial cell (PEP), Bowman's space (BS), and
the lumen of a glomerular capillary (CL) (UA + LC, x13,000).



72 dogs, I have found JGA cells in only a few instances (Fig. 5-13a), and only
seldom were they found to contain granules. Thus, at the least, JG cells do not
contain granules which are as conspicuous as mast cell granule or papillary
interstitial granule. However, JGA in rat kidney is discernible more frequently
and contains more granules than JGA in human kidney (Fig. 13-b).

CHAPTER §

TUBULES

Tubules form the largest bulk of the renal parenchyma. Normally in LM
sections, large numbers of tubules are seen apposed to each other and in close
apposition with a glomerulus (Fig. 5-11). Many have small lumina, striations at

Fig. 5-13a. A juxtaglomerular apparatus is bounded by the glomerular capillaries above, and an
arteriole (A) and a distal convoluted tubule (DCT) below. The JGA has demonstrable cells (arrows)
but granules (arrowheads) can be discerned only occasionally (methylene blue-azure I, X800).



the luminal edge, and nuclei located at the middle or base of the cells. The cells
rest on a basement membrane which is delineated precisely in PAS- and PAMS-
stained sections (Fig. 5-11). Even with careful LM examination it is sometimes
difficult to distinguish proximal convoluted tubule from distal convoluted tubule.
This is particularly difficult in pathological states.

Since many tubules lie in apposition with a glomerulus, thin sections (sections
for EM study) of the glomerulus contain all types of tubules in sufficient number,
thus permitting a thorough evaluation of tubules along with glomeruli by EM.
EM can distinguish the different types of tubules, i.e. proximal convoluted tubule,
distal convoluted tubule, loop of Henle, and collecting tubule. For a comprehen-

Fig. 5-13b. Electron microscopy of a part of the juxtaglomerular apparatus from a normotensive
Wistar rat demonstrates an efferent arteriole (A) and partly a distal convoluted tubule (DCT). The
efferent arteriole is recognized by a single but incomplete layer of smooth muscle cells (SMC) and
prominent endothelial cells (END) which resemble those in a capillary. The characteristic feature
of this SMC is the abundant electron-dense granules (G). The nucleus (N) is small. This unique
feature identifies this type of arteriolar SMC as juxtaglomerular cells (renin-secreting cells) (UA +
LC, x7000).
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sive study of tubules, thin sections should be collected on gold grids and stained
with 1% periodic acid and diluted methylenamine silver (for details see Chapter
2).

The following components are common to all types of tubules: basement
membrane, plasma membrane infoldings, nuclei, and mitochondria. The basement
membrane (TBM) of proximal convoluted tubule (PCT) is thicker than that of
distal convoluted tubule (DCT), Henle’s loop (HL), and collecting tubule (CT).
Proximal to the basement membrane, numerous infoldings of the basal plasma
membrane are seen; these plasma membrane infoldings or folds interdigitate
tubular cells and constitute a more conspicuous feature in proximal and distal
convoluted tubules than other types of tubules. In these tubules the membrane
folds encircle individual mitochondria or group of mitochondria, giving the ap-

Fig. 5-14. A proximal convoluted tubule. A cross section through the tubule reveals several cells.
Each cell has a number of cords which are connected to each other by the plasma membrane folds
(arrows). The nucleus (N) is located more toward the base than the apex; the mitochondria are
evenly distributed throughout the cells. There are abundant microvilli (MV) at the apical surface.
Note prominent Golgi complexes (arrowheads), lumen (L), and basement membrane (TBM) (UA +
LC, x18,000). ‘



pearance of whorls. The anatomy of the tubules is better studied in PAMS- than
UA + LC-stained sections.

Proximal Convoluted Tubule (Figs. 5-14 to 5-17)

The proximal convoluted tubule is characterized by bundles of microvilli,
broad basement membrane, and numerous mitochondria. The microvilli are lo-
cated at the apical surface of the cells and appear as straight cylinders called
brush border. Close observation reveals thin membranes surrounding these cyl-
inders (Figs. 5-14 and 5-15). These membranes are apposed to each other, giving
a double membrane appearance between the cylinders (Figs. 5-16 and 5-17).
Small vesicles which are pinched off apical pits may be seen at the base of the
microvilli (Figs. 5-16 and 5-17). The apical vesicles may fuse to produce vacuoles
(Figs. 5-16 and 5-17). Many lysosomes, which may be the product of apical

Fig. 5-15. A proximal convoluted tubule from a normal dog reveals features similar to those in the
proximal tubule from a man (Fig. 5-14) except there are more lysosomes (L) in dog than in the
human (UA + LC, x20,000).
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vesicles and vacuoles, are found in proximal convoluted tubule, especially in dog
(Fig. 5-15). The nucleus is spherical and commonly located more toward the base
than the apex (Figs. 5-14 and 5-16), although this location varies, and is therefore
not a feature that should be used to distinguish between the tubules. The mito-
chondria are numerous, consistent in size and shape, and found in all regions of
the cell except just beneath the apical surface. They are mostly oriented in the
long axis of the cell, and assessed ideally in PAMS-stained sections (Figs. 5-16

Fig. 5-16. A proximal convoluted tubule from a dog studied by silver technique clearly delineates
the plasma membrane infoldings (opposing arrows), mitochondria along the long axis of the cell,
and apposition of microvilli (MV), giving a double membrane appearance. Note the collection of
small vesicles which represent the apical pits of microvilli (circles). Tubular basement membrane
(TBM) and nucleus (N) of the tubule are shown (PAMS, x19,000).



to 5-17). It is understood that the presence of numerous mitochondria is necessary 77
to provide a source of energy to facilitate the active transport function of the ELECTRON

proximal convoluted tubule. MICROSCOPY OF
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Distal Convoluted Tubule (Figs. 5-18a and 5-18b)

Distal convoluted tubule is differentiated from proximal convoluted tubule
essentially by (1) the presence of a few or no microvilli, (2) location of the nucleus
toward the apical surface of the cell, (3) a relatively small number of mitochondria

Fig. 5-17. A magnified view of dog's proximal tubule clearly reveals basal infoldings (arrows),

microvilli (MV) with double membrane appearance, apical vesicles (circles), and vacuoles (V)
(PAMS, x23,000).
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located mainly toward the basal surface of the cell, and (4) more prominent basal
infoldings.

Loop of Henle (Fig. 5-19)

The cells of the loop of Henle are usually conical with narrow apices and
broad bases. The cell has a relatively large nucleus and a few cell organelles.
There are few microvilli at the apices of the cells.

Collecting Tubule (Fig. 5-20)

The collecting tubule consists of dark and pale cells, the dark cells containing
more mitochondria and endoplasmic reticulum than the pale cells. The cells are
generally elongated and demonstrate a few rudimentary microvilli at the apical

Fig. 5-18. (a) Dog kidney, demonstrating adjacent proximal convoluted tubule (PCT) and distal
convoluted tubule (DCT). Note more prominent basal infoldings (arrowheads) in DCT than PCT and
absence of microvilli in DCT. Inconspicuous interstitial space (IS) is the usual finding (PAMS,
x18,000). (b) Magnified view of distal convoluted tubule (DCT) from a human subject. Note base-
ment membrane of the tubule (TBM), location of the nucleus (N) toward the apex, and conspicuous
folds of plasma membrane surrounding groups of mitochondria (PAMS, x20,000).



Fig. 5-18. (Continued)

portions. The plasma membrane infoldings are located mainly at the basal por-
tions of the cells and do not interdigitate the individual epithelial cells as much
as in the proximal and distal tubular epithelial cells. The morphology of the
collecting tubule varies somewhat according to the location, i.e., corticomedul-
lary junction, medulla, or papilla. The collecting tubules are most easily distin-
guishable in the papilla due to the intervening wide interstitium and interstitial
cells separating them from loop of Henle or peritubular capillaries.

ARTERIAL VESSELS (Figs. 5-21 to 5-27)

Three types of arterial vessels can be recognized by EM study: small artery,
large arteriole, and small (terminal) arteriole, and each vessel type exhibits three
definite layers: endothelial, basement membrane, and medial (smooth muscle
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cell). The layers of endothelial cells and smooth muscle cells are of little value
in differentiating between the different types of vessels. Smooth muscle cells
(SMC) appear to differ, however, in that those of the small artery are relatively
large with comparatively few organelles (Fig. 5-21), whereas those of the large
arteriole are generally smaller and apparently more active, with many mitochon-
dria and other organelles (Fig. 5-22). The smooth muscle cells in the small
(terminal) arteriole are single-layered and have fewer organelles (Figs. 5-23 and
5-24).

In the histologic sections studied by LM it is frequently difficult to distinguish
between the three types of vessels. A small artery can be distinguished from a
small arteriole via EM study, by the presence of a broad lamina between en-

Fig. 5-19. Loop of Henle. Note the few microvilli (arrows) and lumen (L) of the tubule (UA + LC,
x5000).



dothelial cell and smooth muscle cell and more than one layer of SMC (Fig. 5-21
versus Fig. 5-24). Since the small artery and the large arteriole may appear alike,
however, it is frequently difficult to separate the two, a problem that has con-
fronted many investigators. Movat and Fernando (1963) have emphasized that
the presence or absence of internal elastic lamina is an important criterion for
distinguishing arteries from arterioles. Small arteries are reported to have an
internal elastic lamina, whereas the small or terminal arterioles do not. We have
demonstrated by using silver tetraphenyl porphyrin sulfonate (STPPS), a specific
electron-dense stain for elastic tissue, that arterial vessels of all sizes contain
variable amounts of elastic tissue. (For details of STPPS stain, see Chapter 2.)
On the basis of our findings, we have suggested that the thickness of the basement
membrane intervening between endothelial cells and smooth muscle cells with
variable contents of elastic tissue appears to be the most valuable index for
differentiating arterial vessels of different sizes. The proportion of elastic tissue
in the basement membrane decreases in the following order: small artery, large
arteriole, and small arteriole. Thus, a small artery has a thin basement membrane

Fig. 5-20. Collecting tubule. Note pale cells (PC) and dark cells (DC). Basal folds are quite
prominent (arrows) (UA + LC, x17,000).
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containing bulk elastic tissue (Fig. 5-25); in contrast, a small arteriole has a more
conspicuous basement membrane containing much less elastic tissue (Fig. 5-26).
In the large arteriole the basement membrane is intermediate in thickness and

“elastic tissue content (Fig. 5-27). The peritubular capillary shows a few specks

of elastic tissue.

Although the arterial vessels in normal animals have been studied by EM
extensively, information on the fine structure of renal arterial vessel in normal
humans is still lacking. So far, ultrastructural observation of the human renal
arterial vessels has been made in hypertension and renal disease. Considering
the little information available, renal arterial vessels in normal subjects resemble
those in normal rats and dogs; however, some differences exist: (1) Elastic tissue
content is comparatively smaller in amount than that in rats or dogs; and (2)

Fig. 5-21. A small artery from a dog kidney demonstrates thick band of electron-lucent material (EL)
consistent with elastic tissue between endothelial cell (END) and smooth muscle cell (SMC). This
EL has been described as internal elastic lamina by numerous individuals. Layers of smooth muscle
cells (SMC), nucleus (N) of smooth muscle cell, attachment plates (arrows) of smooth muscle cells,
and the basement membrane (BM) between individual smooth muscle cells can be seen (UA + LC,
%x23,000).



basement membranes between endothelial cells and smooth muscle cells and
between individual smooth muscle cells appear to be comparatively thicker than
those in rats and dogs.

INTERSTITIUM (Figs. 5-18a, 5-28 to 5-30)

The interstitium is a space bounded by Bowman’s membrane and cortical
tubules; cortical tubules (cortical interstitium); medullary tubules (medullary in-
terstitium); and collecting tubule, Henle’s loop, and peritubular capillaries (pap-

Fig. 5-22. A large arteriole from a normotensive rat. Note in the smooth muscle cell (SMC) rough-
surfaced endoplasmic reticulum (arrow), Golgi complex (arrowheads), many mitochondria, and
attachment plates (opposing arrows). Within the basement membrane (BM) between endothelial
cell (END) and SMC, segments of electron-lucent material represent elastic tissue (opposing arrows)
(UA + LC, x21,000).
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illary interstitium). The interstitium is thin and inconspicuous in the cortex (Figs.
5-18b and 5-28), prominent in the papilla (see Figs. 9-43 and 9-44) and intermediate
in the medulla. The human or dog kidney has six papillae, whereas the rat kidney
has a single papilla, and consequently the papillary interstitium is widest and
most conspicuous in rats (see Figs. 9-43 and 9-44). Normally the cortical inter-
stitium contains no more than a few collagen fibers and occasional fibroblasts
(Figs. 5-18b and 5-28) and mast cells (see later). Under normal conditions the
medullary and papillary interstitium contains moderate amounts of collagen fi-
bers, a few fibroblasts, and conspicuous interstitial cells (see Figs. 9-43 and 9-
44). The anatomy of the interstitial cell is described in detail in Chapter 9 because
of the implication of interstitial cell in hypertension.

The other characteristic cell in the interstitium is the mast cell. It is very
difficult to recognize this cell by convential LM study; therefore, it is studied

Fig. 5-23. A small arteriole from human kidney demonstrates prominent basement membrane (BM)
between endothelial cell (END) and smooth muscle cell (SMC); small amounts of electron-lucent
materials are presumably elastic tissue (arrows). Note many mitochondria (circle) in the SMC.
Lumen (L) of the arteriole is shown (UA + LC, x13,000).



most conveniently by EM. There are two types of mast cells: ovoid and spindle
(Figs. 5-29 and 5-30). Either type is characterized by villous projections on the
surface of the cell, a single nucleus of variable size and shape, rare mitochondria,
sparse endoplasmic reticulum, and the most conspicuous feature, abundant gran-
ules. The normal kidney exhibits few, if any, mast cells, whereas the pathological
kidney contains a large number. The granules in the mast cells are considered to
be the most important histological feature and presumably the very basis of mast
cell biological activity. There are two types of granules, smooth homogeneous
granules called immature granules (Fig. 5-29) and coarse granules associated with
whorls or cylinders called mature granules (Fig. 5-30). Each cell type has uniform
granularity, i.e., immature or mature. Free granules are observed outside the cell
and appear to be actively discharged by the cell (Fig. 5-30). An increased number
of mast cells have been observed in pathological kidneys, especially chronic
pyelonephritis and malignant hypertension. Since the mast cell is known to

Fig. 5-24. A small arteriole from a normotensive rat demonstrates curled-up basement membrane
(BM) with a small amount of electron-lucent material that is presumably elastic tissue (arrows) and
a single layer of smooth muscle cells (SMC). Note many mitochondria in the SMC. Endothelial cell
(END) is shown (UA + LC, x10,000).
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secrete heparin and vasoactive amines, it constitutes an important area for in-
vestigation in order to explore the cause and effect relationship between the
pathology of the kidney and the presence of an excessive number of mast cells.

From the clinical standpoint, interstitium was the forgotten component of
the kidney until a decade ago when hypersensitivity acute interstitial nephritis
induced by methicillin and other drugs was recognized. We now believe that
renal interstitium is a target area and may become involved in allergic, hyper-
sensitive, infectious, or other processes.

Fig. 5-25. In this small artery from a dog kidney a wide band of electron-dense elastic tissue is
seen. On the inner and outer aspects note thin layer of basement membrane (arrows) which has
remained unstained by this technique. Other components, i.e., endothelial cell (END) or smooth
muscle cell (SMC), exhibit low contrast (STPPS, x23,000). The band of electron-dense elastic tissue
corresponds to the electron-lucent band shown in Fig. 5-21.
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Fig. 5-26. In this small arteriole (similar to that shown in Fig. 5-24), small segments of electron-
dense elastic tissue (arrows) are seen corresponding to the electron-lucent materials shown in Fig.
5-24. Lumen (L) of the arteriole and endothelial cell (END) are shown (STPPS, x8000).

Fig. 5-27. In this large arteriole electron-dense elastic tissue occupies the middle half of the
basement membrane between endothelial cells (END) and smooth muscle cells (SMC). Note inner
and outer aspects (opposing arrows) of the basement membrane (STPPS, x12,000).
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Fig. 5-28. A cortical interstitium (I) is shown between the distal convoluted tubules (DCT). The
tubular basement membranes (TBM) are silver positive. A vein (V) (outlined by arrowheads) located
between the tubules is also shown (PAMS, x18,000).

Fig. 5-29. This oval-shaped mast cell located in the interstitium (I) demonstrates intact membrane

and one type of granule exclusively. These granules (“immature” granules) are smooth and homo-
geneously dark (UA + LC, x11,000).



Fig. 5-30. This spindle-shaped mast cell is located in a renal interstitium that contains large amounts
of collagen fibers (CO). The mast cell is devoid of membrane and contains coarse granules which
are studded with whorls. Because of lack of membrane, many granules are extruded free into the
interstitium (circles) (UA + LC, x15,000).

SUMMARY

1. A comprehensive outline of the electron microscopic study of the dif-
ferent components of the kidney is presented.

2. Broad aspects of the anatomy of the glomerulus, different types of
tubules, arterial vessels, and interstitium are described.

3. Finer details of the glomerulus or the various segments of the tubules,
e.g., pars convoluta, pars recta, have been omitted so as to provide an overview
of the anatomy to medical students and physicians for the purpose of clinical
practice.

4. Attempts have been made to clarify long-standing ambiguities in recog-
nizing arterial vessels of different sizes.

5. The detailed morphology of the interstitial cells has been deferred until
Chapter 9 because of the implication of these cells in spontaneous or essential
hypertension.
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Anatomic Pathology of
Glomerulonephritis

INTRODUCTION

Glomerulonephritis (GN) is a complex subject to study and understand. The
complexity has emerged from a combination of numerous perplexing features of
this pathological entity: (1) lack of unanimity in the classifications of glomeru-
lonephritis, (2) our persistent inability in most cases to identify the direct cause
or causes of glomerulonephritis, (3) limitations of light microscopy (LM) resolu-
tion in delineating finer changes, (4) wide variability in the interpretations of
light microscopy findings by different individuals, and (5) the narrow scope of
electron and immunofluorescence microscopy techniques around the world.

During the last 10 to 15 years, we have made significant advances in under-
standing the detailed changes of the kidney in glomerulonephritis via extensive
use of electron microscopy in the study of renal tissues. Notwithstanding these
improvements in our knowledge, we have made little progress toward establish-
ment of the causative factor or factors which initiate the morphological changes
observed in glomerulonephritis. In this respect, our ideas are still nebulous and
largely unconfirmed. We have also been unable to demonstrate exact mechanisms
of initiation and culmination of glomerulonephritis. This combination of perplex-
ing and unanswered questions has led to many hypotheses about the etiology and
pathogenesis of glomerulonephritis. Some of these hypotheses are based on logic,
others on fact and still others on neither of these.

The purpose of this chapter is to provide the reader with a comprehensive
treatise on the anatomic pathology of glomerulonephritis. The pathological
changes are described concisely and the pertinent findings are illustrated in the
accompanying figures. At the beginning, it should be stated that the electron
microscopy characteristics of glomerulonephritis may at times be confused with
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those of glomerulosclerosis. The features distinguishing between glomeruloneph-
ritis and glomerulosclerosis are listed in Table 6-1. As already described in
Chapter 4, GN can be separated with the aid of electron microscopy study into
three definite types and one less precise type: (1) proliferative, (2) membranous,
(3) mesangioproliferative, and (4) sclerosing (less precise). The existence of the
mixed proliferative and membranous, or membranoproliferative, type is highly
controversial. This type is considered by most to be no different from mesangio-
proliferative glomerulonephritis. There are, however, exceptions, an important
one being the membranous transformation of proliferative GN, which has been
documented by serial biopsies in lupus GN.

In 80 to 85% of glomerulonephritides, the glomerular fine structures would
conform to one of these four types. In 15 to 20% of glomerulonephritides, the
ultrastructural findings are subtle, e.g., a slight irregularity of glomerular base-
ment membrane, more on the endothelial than on the epithelial aspect, a mild
increase in mesangial matrix, and slight proliferation of epithelial and/or endoth-
elial cells. In this connection, the sampling error of electron microscopy (EM)
study must be remembered; these nonspecific changes might be an indicator of

Table 6-1
Differences in the Ultrastructural Characteristics of Glomerulonephritis and
Glomerulosclerosis

Criteria Glomerulonephritis® Glomerulosclerosis
Glomeruli
Basement membrane
Integrity Disruption, thickening, and/or No disruption, smooth irregular

Appearance or
electron density

Electron-dense
deposits
Epithelial cells

Foot processes
Endothelial cells

Exudation of
polymorphonuclear
leukocytes

Mesangium

Other components, e.g.,
tubules, interstitium,
and arterial vessels

spiking

Heterogeneous; normal, electron-
dense, electron-lucent, or
combination thereof

Most common finding

Variable changes: proliferative,
hyperplastic, or atrophic

Segmental fusion, complete fusion,
disappearance

No change or proliferative change

Very common, mild to severe
degree

Excessive cells, excessive matrix,
and/or electron-dense deposits

Sometimes abnormal; the
abnormalities include electron-
dense deposits in the tubules and
arterial vessels and cellular
infiltration in the interstitium

thickening, often tortuous or
curled up

Homogeneous; normal electron
density

Conspicuously absent
Often atrophic
Segmental fusion only

Often no change; may be
atrophic
Absent

Excessive matrix, atrophic cells,
and no deposit

Frequently abnormal; atrophic
changes in the tubules, cellular
infiltration in the interstitium
and basement membrane,
thickening or deposits in the
arterial vessels

@ Excludes lipoid nephrosis but includes focal glomerular sclerosis.



a focal glomerulonephritis or focal glomerular sclerosis. Since one or two glo-
meruli are studied, usually by EM, this study alone cannot determine the focal
or generalized nature of the disease process. EM, however, can confirm the
segmental or diffuse nature of the lesions.

For the purpose of clarity, nomenclature describing the distribution of lesions
within individual glomeruli and among all the glomeruli in light microscopy
sections are now defined:

1. Local or segmental: A portion of the glomerulus and not the whole
glomerulus is affected.

2. Diffuse: The whole glomerulus is involved.

3. Focal: A few of the total number of glomeruli seen in the section reveal
the lesion.

4. Generalized: All the glomeruli in the section demonstrate lesions.

It should be mentioned that it is common practice to use the term diffuse lesions
to denote involvement of all glomeruli, sometimes meaning involvement of all
components of the kidney, i.e., glomeruli, tubules, arterial vessels, and intersti-
tium.

DIFFUSE (GENERALIZED) PROLIFERATIVE
GLOMERULONEPHRITIS

This term means that all the glomeruli reveal hypercellularity with or without
exudation. Diffuse proliferative glomerulonephritis can be subdivided into (1)
endocapillary proliferative GN; (2) extracapillary proliferative GN; (3) mesangio-
proliferative GN; and (4) mild proliferation of all cellular elements, i.e., endoth-
elial cell, epithelial cell, and mesangial cell. The separation of diffuse proliferative
glomerulonephritis into these types has distinct advantages because clinically
they differ in severity, course, and management.

DIFFUSE ENDOCAPILLARY PROLIFERATIVE
GLOMERULONEPHRITIS

This is the most common type of glomerulonephritis and generally is asso-
ciated with immune complex deposition. It is characterized by marked prolifer-
ation of endothelial cells, mild to moderate proliferation of mesangial cells, and
slight or no proliferation of epithelial cells, and is accompanied almost always by
variable exudation of polymorphonuclear leukocytes (PMN) and sometimes seg-
mental necrosis. It may occur as a complication of the following clinical condi-
tions: (1) streptococcal pharyngitis or pyoderma with group A, types 4, 12, 25,
and 49; (2) systemic lupus erythematosus (SLE); (3) polyarteritis nodosa; (4)
Wegener’s granulomatosis; (5) acute or subacute bacterial endocarditis; (6) Hen-
och-Schonlein syndrome; (7) thrombotic thrombocytopenic purpura (TTP); (8)
hemolytic uremic syndrome (HUS); (9) secondary syphilis; (10) sickle cell ane-
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mia; (11) malaria; (12) viral infection, e.g., infectious hepatitis, hepatitis associ-
ated antigen (HAA), varicella; (13) gammopathy and essential cryoglobulinemia;
(14) rheumatic heart disease; (15) chronic lung disease; (16) staphylococcal in-
fection of ventriculoatrial shunt; and (17) visceral abcesses, as well as the use of
such drugs as penicillin and penicillamine. (The isolated organisms were identified
as Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and Pro-
teus mirabilis.)

In polyarteritis nodosa, SLE, Wegener’s granulomatosis, bacterial endocar-
ditis, and Henoch-Schonlein syndrome, the renal morphology may reveal more
necrosis and exudation than cellular proliferation. This type of renal pathology
is frequently described as necrotizing glomerulonephritis. In TTP and HUS,
thrombi in the afferent arteriole and glomerular capillaries are the predominant
finding. The features of endocapillary proliferative glomerulonephritis as distin-
guished by light microscopy in the setting of different conditions are listed in
Table 6-2.

Most cases of endocapillary proliferative glomerulonephritis appear to result
from excessive formation of immune complex. The immune complex is formed
by the combination of antigen(s) and antibodies. A wide variety of infectious
agents called antigens have been implicated in the pathogenesis of diffuse prolif-
erative glomerulonepbhritis (or acute glomerulonephritis). These infectious agents
(antigens) can be broadly divided into: bacteria, spirochetes, parasites, and virus.
Briefly, the responsible organisms are (1) bacteria: gram positive—Streptococcus
hemolyticus, Streptococcus viridans, Staphylococcus aureus, Pneumococcus
species; gram negative—FE. Coli, Pseudomonas; (2) spirochetes: Treponema pal-
lidum; (3) parasites: Plasmodium, Trichinella spiralis; (4) virus: myxovirus, var-
icella, coxsackie B., HAA, mumps, infectious mononucleosis. For details of
pathogenesis, see Chapter 4.

The immune complex is characterized by the presence of discrete electron-
dense deposits or granular fluorescence of immunoglobulins and complement
component(s) in the glomeruli, tubules, or arterial vessels.

Using EM and immunofluorescence microscopy (IFM), proliferative glo-
merulonephritis can be separated into anti-GBM antibody GN, immune complex
GN, and nonspecific type. The distinguishing EM features of anti-GBM antibody
GN and immune complex GN are shown in Table 6-3. Since electron-dense
deposits may appear alike in acute GN, e.g., diffuse proliferative GN, and in the
early stage of persistent (chronic) GN, e.g., membranous or mesangioproliferative
GN, distinction must be made between acute and chronic GN on the basis of
other ultrastructural findings, such as GBM changes, proliferation of cellular
elements, exudation, and mesangial changes. Apart from these, some features of
the electron-dense deposits often help to distinguish acute GN from persistent
(chronic) GN.

The EM study of glomeruli in diffuse proliferative GN generally reveals the
following changes:

1. Increase in number and size of endothelial cells.
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Table 6-3
Ultrastructural Differences between Anti-GBM Antibody GN and
Immune Complex GN

Glomeruli Anti-GBM antibody GN Immune complex GN

Basement membrane Mild to markedly abnormal. The In acute immune complex GN, e:g.,
abnormalities consist of proliferative GN, basement
irregularity and spongy membrane is essentially normal

appearance on the endothelial

side, splitting, and insinuation

of PMN through the disruptive
basement membrane

Endothelial cell No change to mild proliferative =~ Marked proliferation with occlusion of
change many capillary loops
Epithelial cell Pronounced proliferation and Slight or no proliferation of epithelial
adhesion with proliferated cells and rarely adhesion with
Bowman’s epithelial cells Bowman'’s epithelial cells
(crescents) (uncommon crescents)
Mesangial cell and Essentially normal Moderate to marked cellular
matrix proliferation and increased matrix in
the mesangium may be observed in
some types
Electron-dense Continuous linear electron-dense Discrete and prominent electron-dense
deposits deposits along the basememt deposits seen on the epithelial aspect
membrane. It is poorly defined  or endothelial aspect or both aspects
and difficult to demonstrate in of basement membrane, and within
most cases the GBM. Electron-dense deposits
also may be seen inside the epithelial
cell
Exudation of PMN Not a pronounced feature Generally a pronounced feature
Necrosis and collapse  Frequent and pronounced Infrequent and inconspicuous
of capillaries
Fibrin Often found within glomerular Occasional findings
capillary lumina or within
crescents
Tubules Thickening, irregularity, and Except for the presence of electron-
disruption of basement dense deposits within the basement

membrane and atrophy of cells  membrane of a few tubules, the latter
are generally uninvolved
Interstitium May be very pronounced due to  Generally unremarkable
infiltration by excessive
collagen fibers, fibroblasts,
lymphocytes, and plasma cells

2. One to two neutrophil leukocytes in each capillary loop. Exudation of
this magnitude means about 50 to 100 neutrophil leukocytes per glomerulus. This
is highly abnormal, since no more than two to three neutrophil leukocytes are
found in the normal glomerulus.

3. A greater number of mesangial cells (generally up to two cells in each
mesangium is considered normal).

4. Electron-dense deposits.

5. Generally normal GBM.



6. Necrosis (infrequent) in segment or segments of the glomerulus. 97
7. A normal number of epithelial cells. Sometimes marked proliferation of
A . ANATOMIC
epithelial cells leads to crescent formation. PATHOLOGY OF
8. Obliteration of Bowman’s space by proliferated epithelial cells along G-OMERULONEPHRITIS
with neutrophil leukocytes, fibrin, and/or collagen fibers (crescents).

The associated findings of discrete electron-dense deposits in the tubules,
inflammatory cells and collagen fibers in the interstitium, and necrosis and/or
electron-dense deposits in the arterioles constitute adjunctive diagnostic features.
The degree of exudation of neutrophil leukocytes and the characteristics of
electron-dense deposits have been found to be useful indices in the determination
of the etiology of endocapillary proliferative GN.

The electron microscopy findings in diffuse proliferative GN can be separated
into three broad groups:

Fig. 6-1. This electron micrograph reveals occlusion of glomerular capillaries by neutrophil leuko-
cytes (PMN). Note platelets (P) inside glomerular capillaries, and small discrete electron-dense
deposits (arrows). Swelling of glomerular capillaries is evident from narrowing of urinary space (US)
(UA + LC, x12,000).
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Group 1. Marked proliferation of endothelial and mesangial cells, marked
exudation of PMN, and conspicuously discrete electron-dense deposits, mainly
on the epithelial aspect of GBM (‘‘humps’’), also within GBM, and rarely on the
endothelial aspect of GBM.

Group II. Moderate to marked proliferation of endothelial and mesangial
cells, mild exudation of PMN, and very noticeable electron-dense deposits,
mainly on the endothelial aspect of GBM and also within the GBM.

Group III. Remarkable proliferation of epithelial cells with slight or no
proliferation of endothelial and mesangial cells, mild exudation of PMN, marked
disruption of the GBM, and subtle or poorly discernible electron-dense deposits.

Pathologically, groups I and II denote endocapillary proliferative glomeruloneph-
ritis, and group III is synonymous with extracapillary proliferative glomerulo-
nephritis.

Group |

The aforementioned glomerular change characterizes poststreptococcal glo-
merulonephritis (Figs. 6-1 and 6-2). This type of glomerular change, but of lesser

Fig. 6-2. Two adjacent typical “humps” (H) in a glomerular capillary from a patient with poststrep-
tococcal glomerulonephritis. She had elevated ASO titer and low serum C3 (UA + LC, x15,000).



intensity, has been observed in glomerulonephritis caused by bacterial endocar-
ditis or secondary syphilis (Fig. 6-3). Although the features are more or less alike,
the intensity of exudation of PMN and the character of ‘“humps’’ can distinguish
poststreptococcal glomerulonephritis (PSGN) from glomerulonephritis caused by
bacterial endocarditis or secondary syphilis (Figs. 6-1 and 6-2 versus Fig. 6-3).

The epithelial or typical ‘‘hump’’ is the most impressive among all the
findings in diffuse proliferative GN. Kimmelstiel and associates (1962) were the
first to find ‘‘humps’’ in the study of renal tissues from a group of clinically
evident PSGN. This finding has subsequently been reported by many investiga-
tors. Although initially ‘‘hump’’ was considered to be the pathognomonic feature
of PSGN, this view is no longer shared by most individuals. However, experi-
enced observers can distinguish the typical ‘‘hump’’ from the atypical ‘‘hump.”’

Fig. 6-3. Shows a “hump” which appears like a typical “hump” (H) in a glomerular capillary. Note
the absence of limiting membrane in this hump. Lumen of the glomerular capillary (CL) and urinary
space (US) are shown. From a patient with acute bacterial (staphylococcal) endocarditis (UA + LC,
%13,000).
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Fig. 6-4. A typical “hump” (H) on the epithelial side of the glomerular basement membrane (GBM).
Note the complete limiting membrane (arrowheads) surrounding the “hump” and the continuation
of the limiting membrane (arrows) with that of the overlying foot process (FP). Lumen of the
glomerular capillary (CL), urinary space (US), and epithelial cell (EP) are shown, along with multi-
vesicular bodies (open arrows) in the epithelial cells (UA + LC, x20,000).

A typical ‘‘hump’’ (Figs. 6-2 and 6-4) is a circumscriptive electron-dense deposit
located on the epithelial aspect of the GBM. It is triangular or ovoid in shape;
the base, or one end, rests on the epithelial side of GBM: the apex, or the other
end, lies in the urinary space and is covered by an expanded foot process in the
form of an umbrella. It has a diameter of 2 to 2.5 um, occupies the surface area
of GBM equivalent to one to two foot processes, exhibits an electron density
which is deeper than the intervening segments of the GBM, and is completely
surrounded by a dark limiting membrane which is continuous with the membrane
of the covering foot processes (Figs. 6-2 and 6-4). The segment of GBM in
apposition with the ‘“‘hump’’ is slightly expanded and more electron dense than

Fig. 6-5. (a) Note numerous “humps” (arrows) on the epithelial side of the glomerular basement membrane (BM). These
humps are regarded as atypical “humps” because of lack of limiting membranes and fusion of foot processes throughout
the glomerular capillary. Lumen of the glomerular capillary (CL), urinary space (US), and epithelial cell (Ep) are shown.
From a patient with syphilitic glomerulonephritis (UA + LC, x 13,000). (b) A schematic diagram of the appearance of
atypical humps (H), which are devoid of limiting membranes. Note continuous fusion of foot processes (FP). Lumen of the
capillary (CL) and urinary space (US) are shown.
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the adjacent segments of the GBM (Fig. 6-4). One to three typical ‘‘humps’’ may
be seen in a single capillary loop (Fig. 6-2). It is not uncommon to find a ‘‘hump”’
located at the junctions of the peripheral and centrilobular portions of the capil-
laries (Fig. 6-2). An atypical ‘‘hump’’ differs from a typical ‘“‘hump’’ by the
smaller size, shape, partial or complete absence of the limiting membrane, low
electron density, and lack of covering by a single foot process (Figs. 6-5a and 6-
5b).

Although a typical ‘‘hump’’ is found consistently in poststreptococcal GN,
this EM sign alone cannot be regarded as the diagnostic criterion of poststrep-
tococcal glomerulonephritis. This is primarily because a ‘‘hump’’ resembling a
typical ‘‘hump’’ has been observed in GN associated with secondary syphilis,
bacterial endocarditis, and also occasionally in type I mesangioproliferative GN
(Figs. 6-3 and 6-6). The puzzling aspect of this finding is that a typical ‘‘hump’’
has been observed in renal biopsies from patients without clinical or serological
evidence of streptococcal infection. In contrast, a typical ‘‘hump’’ was not found

Fig. 6-6. Typical “hump” (H) in the glomerular capillary loop. The limiting membrane of the typical
hump (arrowheads) is shown. Also note intramembranous electron-dense deposits (D). Lumen of
the capillary (CL) and urinary space (US) are shown. From a patient with type | mesangioproliferative
glomerulonephritis (UA + LC, x14,000).



in the renal biopsies from patients with clinical and serological data supportive
of poststreptococcal GN. Some of these ambiguities are exemplified by a patient
report (see later).

A typical ‘‘hump’’ can be observed in poststreptococcal GN if the renal
biopsy is studied within 1 to 3 weeks after onset of the disease. The appearance
of a ““hump’’ becomes less frequent after 4 weeks and even less frequent after
6 weeks. It is not known how these humps disappear, although two possibilities
have been suggested: (1) They are pinched off from the GBM and reach the
urinary space and finally are excreted in the urine. This is likely since free
immune complexes have been isolated from the urine of patients with poststrep-

Fig. 6-7. This electron micrograph of the renal biopsy study of a patient with poststreptococcal GN
shows a fading “hump” (H) and a “hump-like deposit (D) within the epithelial cell (EP). Adjacent
glomerular basement membrane (GBM) is electron-dense. A typical “hump” from the same biopsy
is shown:-in Fig. 6-4 (UA + LC, x18,000).
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tococcal glomerulonephritis. Our finding of free electron-dense deposits within
the epithelial cells along with the presence of ‘‘humps’’ (Fig. 6-7) also supports
this pathway. (2) They are phagocytosed by the mesangial cells (the evidence for
this is weak).

Patient H.K., an 8-year-old white male, was admitted to Oklahoma Children’s Mem-
orial Hospital in June 1975 with complaints of edema of the face and hematuria, which
had been preceded by soreness of the skin for 2 weeks. Physical examination revealed
blood pressure 180/130 mm Hg and facial edema. Laboratory studies—Urinalysis: 2+
protein, numerous RBC and 1 to 15 WBC/HPF,; throat culture normal flora; ASO titer 625
Todd units; BUN (blood serum urea nitrogen) 79 mg/100 ml; serum C3 less than 30 mg/
100 ml. Patient was treated with low sodium diet, diuretics, and penicillin. A percutaneous
renal biopsy was done and the tissue was studied by LM and EM. LM showed accentuated
lobulation of the glomerular tufts, moderate degree of proliferation of epithelial and
endothelial cells, marked exudation of neutrophil leukocytes, and moderate to marked
increase of mesangial matrix (Fig. 6-8). Loss of tubules and interstitial fibrosis were also

Fig. 6-8. Light micrograph of a glomerulus from a clinically evident poststreptococcal glomerulo-
nephritis. Note accentuated lobulation of the glomerular tufts and excessive exudation of neutrophil
leukocytes (circles). The electron micrograph is shown in Fig. 6-1. There is a complete absence of
“humps” in this renal biopsy study (H & E, x320).



Fig. 6-9. Disruption of the glomerular basement membrane (GBM) characterized by splitting (circle),
thinning of the GBM (arrows), and insinuation of a neutrophil leukocyte (PMN) between GBM and
endothelial cell (END). Urinary space (US) and an aggregate of platelet (P) within the lumen of the
glomerular capillary (CL) are shown (UA + LC, x18,000).

striking. By EM, glomeruli were characterized by marked destructive changes in the
GBM, adhesion of the leukocytes, occlusion of glomerular capillary lumina by excessive
numbers of neutrophil, lymphoctye, and sometimes platelet aggregates, and free PMN in
Bowman’s space (Figs. 6-1, and 6-9 to 6-12).* There were rare and small electron-dense
deposits within the GBM but complete absence of a typical “*hump.’’ Platelet aggregates
with or without fibrin were observed in the peritubular capillaries and veins (Fig. 6-12).

Four weeks after the onset of symptoms, his blood pressure became normal (110/90
mm Hg) and BUN dropped to 26 mg/100 ml; however, microhematuria persisted. After 5
months, he had normal blood pressure (110/70 mm Hg) and normal urinalysis.

* Figures 6-9 through 6-12 show detailed structural changes of the glomerulus shown in Fig. 6-8.
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The clinical and laboratory findings in this patient, including serum C3
measurements, were consistent with poststreptococcal glomerulonephritis. The
LM study of the renal biopsy supported the clinical diagnosis, but the EM study
showing absence of a typical ‘“‘hump’’ was inconclusive.

Group lI

The ultrastructural features, especially discrete and deep electron-dense de-
posits located in the subendothelial aspect of GBM, characterize lupus prolifer-
ative glomerulonephritis. (See Figs. 6-13 to 6-15 for the active stage of diffuse

Fig. 6-10. In each of the two adjacent glomerular capillaries a wide electron-lucent zone is seen to
intervene between glomerular basement membrane and detached endothelial cell (END). This may
be reminiscent of electron-dense deposit or it may represent necrosis (N). The glomerular basement
membranes appear to be necrotic. An aggregate of platelets (P) within the lumen of a glomerular
capillary (CL) is also seen. Urinary space (US) is shown (UA + LC, x17,000). .



proliferative lupus glomerulonephritis from patient S. P. Details are given in
Chapter 12.) It is the most common form of lupus nephritis seen in biopsy
materials. A few small deposits within the GBM and variable amounts of deposits
within the mesangium (Fig. 6-15) are common in lupus proliferative GN. The ill-
defined LM findings of wire loop lesion and fibrinoid necrosis (Fig. 6-16) have
been clarified by EM study; these LM appearances correspond to subendothelial
massive electron-dense deposits (Fig. 6-13). Discrete intramembranous deposits,
along with extramembranous (epimembranous) deposits, are found frequently in
lupus membranous GN (Fig. 6-17) or in membranous transformation of lupus
proliferative GN (Fig. 6-18). Caution must be exercised in relying upon the
subendothelial deposits alone as a diagnostic criterion for lupus proliferative GN,

Fig. 6-11. Necrosis of a glomerular capillary. The glomerular basement membrane (GBM) is fea-
tureless, i.e., necrotic, and the capillary lumen (CL) is filled with necrotic materials. A free neutrophil
leukocyte (PMN) is seen in the urinary space (US) (UA + LC, x18,000).
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because similar deposits have been noted in sclerosing glomerulonephritis, type
I mesangioproliferative glomerulonephritis, glomerulonephritis associated with
gammopathy, toxemia of pregnancy, hepatic glomerulosclerosis, hemolytic
uremic syndrome, and malignant hypertension. In all these conditions, however,
unlike lupus proliferative glomerulonephritis, the deposits are small in amount,
less widespread, and exhibit low electron density. Sometimes the subendothelial
deposits appear to be more organized, with alternate dark and light bands, and
resemble ‘‘fingerprints’’ (Fig. 6-14). This appearance, in conjunction with the
microtubular structures within the endothelial cells (Fig. 6-19), supports a diag-
nosis of lupus nephritis.

Lupus nephritis has been classified differently by various investigators. Each
of these classifications has its own advantages and disadvantages. I have found

Fig. 6-12. Aggregates of platelets within the lumen of a vein; although some platelets (P) appear

normal, others (P,) are degranulated (UA + LC, x17,000).



the classification quoted by Dr. McCluskey (1976) (Table 6-4) to be very practical. 109
I believe that this classification would be a helpful guide to physicians in judging

. . » . . > ANATOMIC
the severity of different types of lupus nephritis, as well as in planning appropriate PATHOLOGY OF
management and defining the course of the disease. GLOMERULONEPHRITIS

Minimal Lupus Nephritis

Light microscopy in this lupus nephritis is normal or shows slight increase
in mesangial cellularity and matrix. EM reveals dense deposits within the mes-
angium and sometimes along the GBM of the centrilobular portions of the glo-
merular capillaries. IFM shows mesangial accumulations of IgG and C3.

Fig. 6-13. Note the massive amounts of deep electron-dense deposits (D) between the glomerular
basement membrane (GBM) and proliferated endothelial cells (END). The capillary lumen (CL) is
compromised. Electron-dense deposits (D) are also seen in the mesangium. Similar changes are
seen in the glomerular capillary above. Urinary space (US) is shown (UA + LC, x15,000).



110 Proliferative Lupus Nephritis

CHAFTER 6 This may manifest in both mild and severe forms, the differences between
the two residing in the extent of involvement of individual glomeruli and the
percentage of glomeruli involved. Ultrastructurally, the two forms remain indis-

tinguishable.

Membranous Lupus Nephritis

This subject is dealt with in connection with membranous GN.

Fig. 6-14. Magnified view of the subendothelial electron-dense deposits (D). Note thumbprint
appearance (circle) in the deposits. Endothelial cell (END) can be seen (UA + LC, x18,000).



Table 6-4 111
Classification of Lupus Nephritis with Approximate Incidence of

f ANATOMIC
Life Expectancy PATHOLOGY OF
Approximate Approximate GLOMERULONEPHRITIS
Classification incidence (%) survival at 5 yr (%)
Minimal lupus nephritis 30-40 80-90
Mild proliferative lupus nephritis 10-20 80
Severe proliferative lupus nephritis 40-50 30-40
Membranous lupus nephritis 10-15 60-80

Source: Reproduced from McCluskey in Kidney Pathology Decennial (1966-1975), by
the kind permission of the author and editor.

Fig. 6-15. Electron-dense deposits (D) in the centrilobular portion of the glomerular capillaries and
in the mesangium (M) are clearly shown. Mesangial cell (MES), vacuolated endothelial cell (END),
glomerular basement membrane (GBM) and foot processes (FP) can be seen (UA + LC, x18,000).
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Group Il

This group of ultrastructural findings comprises the anatomical diagnosis of
a crescentic glomerulonephritis. It is a mistake to attempt to differentiate the
causes of crescentic glomerulonephritis based on EM observations alone. Al-
though the precise demonstration of linear electron-dense deposit, along with
other findings, supports a diagnosis of rapidly progressive glomerulonephritis
(RPGN), the clinician should not rely too heavily on the linear deposits as a
distinguishing feature.

Crescenting Glomerulonephritis

Epithelial or fibroepithelial crescents are found in a variety of glomerulo-
nephritides; in some, it may be a predominant and a conspicuous feature; in
others, it may be conspicuous but found in a small number of glomeruli; and in
still others, it may be an inconspicuous feature. The breakdown of crescentic
glomerulonephritis, according to the prevalence and conspicuity of the crescents,
is shown in Table 6-5. It is necessary to mention that much confusion exists

Fig. 6-16. In this light micrograph, dark material on the inner aspect of the glomerular capillaries
(described as fibrinoid necrosis), thickening of these glomerular capillaries (wire loop thickening),
and hypercellularity in the upper part of the right side of the glomerulus are found (Masson's
hematoxylin-phloxine-saffron stain, x400).



between RPGN and Goodpasture’s syndrome. I find it difficult to define Good-
pasture’s syndrome in view of inadequate information about the renal lesions
present in the case with influenza and pneumonia reported by Dr. Goodpasture.

Goodpasture’s Syndrome. The renal lesions described by Goodpasture in a
single case of severe hemoptysis and right lower lobe pneumonia 3 days after
hospital admission on November 6, 1918, are not believed to be consistent with
what is now known as rapidly progressive glomerulonephritis. The description of
the renal lesion in the reported case is included by direct photography of the
portion of the article from the journal in which it was published:

After reviewing this article, we have several questions regarding the rela-
tionship of the renal lesions reported therein and the current entity of rapidly
progressive GN. First, description of the renal lesion in Goodpasture’s paper is
too inadequate to use in comparison with the vast morphology of RPGN in
current practice. In this respect, we are in complete agreement with Dr. J. P.
Merrill (1974), of Peter Bent Brigham Hospital and Harvard Medical School, who

Table 6-5
Glomerular Epithelial Proliferation (Crescents) in Renal Disease
Predominant and Less prevalent Focal and/or
conspicuous and less conspicuous inconspicuous
Rapidly progressive Glomerulonephritis associated Focal proliferative
glomerulonephritis with bacteremia or visceral glomerulonephritis
abscesses
Goodpasture’s syndrome *Hypersensitivity’’ angiitis Focal glomerular sclerosis
Malignant hypertension Hemolytic uremic syndrome
Mesangioproliferative Thrombotic
glomerulonephritis thrombocytopenic purpura
Polyarteritis nodosa
Poststreptococcal

glomerulonephritis
Henoch-Schonlein purpura
Systemic lupus erythematosus
Wegener’s granulomatosis

Source: Reproduced from Rosen (1975), by the kind permission of the author and editor.
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states, ‘‘It is questionable whether the syndrome described by Goodpasture is
indeed that which bears his name today.’”’ Second, there is no evidence to indicate
that the mechanism of glomerular lesions described by Goodpasture is anti-GBM
antibody which accounts for most cases of rapidly progressive glomeruloneph-
ritis. Third, it is not known whether Goodpasture’s case had renal failure, whereas
rapid and irreversible renal failure is virtually a constant feature in RPGN.
Fourth, in glomerulonephritis, hemoptysis might occur as a result of pneumonia
or congestive cardiac failure, and yet it bears no relationship to the pathogenesis
of glomerulonephritis. Finally, circumstantial evidence of viral illness, e.g., in-
fluenza, complicated by glomerulonephritis, might be a helpful guide with which
to consider the possibility of Goodpasture’s syndrome.

Fig. 6-17. Lupus membranous glomerulonephritis. The electron microscopy demonstrates electron-
dense deposits (D) in the subendothelial, intramembranous, and extramembranous locations. The
glomerular basement membrane (GBM) is thickened and spiky. There are excessive basement
membrane-like (BM) materials and slight proliferative change. Note slight or no deposit in the
mesangium (M). Urinary space (US) is shown. The patient had nephrotic syndrome for several years
(UA + LC, x15,000).



Rapidly Progressive Glomerulonephritis

This is a clinicopathological entity characterized by a florid crescent in more
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than 50% of the glomeruli, accompanied by necrosis and/or collapse of glomerular GLOMERULONEPHRITIS

capillaries as well as moderate to marked interstitial change, and almost always
associated with rapid and irreversible renal failure. In most cases, there is no
identifiable cause which can account for this type of glomerulonephritis; it is
therefore called idiopathic rapidly progressive GN (RPGN). Glomerulonephritis
occurring in the setting of a variety of conditions may mimic idiopathic RPGN.
The differences must be made between idiopathic RPGN and other crescentic
glomerulonephritis, and can be achieved preferably and rather easily by light
microscopy study (Table 6-2). EM study does not add much to the LM diagnosis.

Fig. 6-18. Membranous transformation of lupus proliferative GN. Glomerular basement membrane
(GBM) is slightly spiky (arrow) and demonstrates a few extramembranous electron-dense deposits
(arrowheads). There is no evidence of proliferative change or subendothelial electron-dense de-
posits. Capillary lumen (CL) and epithelial cell (EP) are shown. This is the second biopsy from the
patient S.P., 1 year after the first biopsy (Figs. 6-13 to 6-15) (UA + LC, x18,000).
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However, EM distinctly demonstrates: (1) absence of endothelial or mesangial
cell proliferation, (2) collapse and necrosis of glomerular capillaries, and (3) fibrin
in the glomerular capillaries or Bowman’s space. IFM is helpful if linear deposits
of IgG and C3 can be demonstrated. This is important since management and
prognosis differ between idiopathic RPGN and other types of crescentic GN.

Idiopathic RPGN is considered a remorseless renal disease with irresistible
progression. A case report is narrated to illustrate this example.

Patient S.B., a 20-year-old black male, was admitted to the University of Oklahoma
Hospital on December 21, 1973, with a 3-month history of weight loss, cough productive
of blood-tinged sputum, anorexia, fatigue, and fever with occasional chills. Two weeks
prior to admission, he experienced progressive weakness and dyspnea on exertion, but no
edema. Past history was unremarkable as far as the renal disease was concerned. Physical
examination was within normal limits. Blood pressure 136/80 mm Hg. Chest was clear to
auscultation. Laboratory studies—Urinalysis: specific gravity 1.016, protein 1+ to 2+,
glucose negative, RBC too numerous to count, WBC 35 to 40/HPF, rare granular casts;
hemoglobin 8.5 g/100 ml, hematocrit 25 vol %; WBC 7700/mm3; blood chemistry: serum

Fig. 6-19. Microtubular structures (viruslike particles) (arrows) within the endothelial cell (END) of
a glomerular capillary. The glomerular basement membrane (GBM) is diffusely electron dense and
mildly spiky (arrowheads). Discrete foot processes (FP) and lumen of the glomerular capillary (CL)
are shown. From a patient with lupus membranous glomerulonephritis (UA + LC, x22,000).



Fig. 6-20. This figure shows the
course of progressively severe azo-
temia and proteinuria in patient S.B.,
a 20-year-old black male with cres-
centic  glomerulonephritis  (idi-
opathic rapidly progressive glo-
merulonephritis), demonstrating in-
creased levels of blood urea nitrogen
(BUN), serum creatinine (SCr), and
proteinuria.

urea nitrogen 12 mg/100 ml, creatinine 1.1 mg/100 ml, 24-hr proteinuria 1.5 g; ASO titer
<100 Todd units; serum C3 115 mg/100 ml; chest x-ray: miliary patterns of density
throughout both lung fields; x-ray of sinuses normal. He had dramatic rises of serum urea
nitrogen, serum creatinine, and urinary protein (which are shown in Fig. 6-20).

A diagnosis of RPGN was made. The history of hemoptysis and miliary densities in
the chest x-ray made many consider Goodpasture’s syndrome. The patient had an open
renal biopsy on January 11, 1974, and the renal tissue was studied by LM, EM, and IFM.

Fig. 6-21. A necrotic and col-
lapsed glomerulus is completely
surrounded by a cellular cres-
cent. A few normal tubules are
seen (upper left). Two necrotic
tubules are filled with blood
(upper right), and a few other tub-
ules show necrosis (N). Intersti-
tial fibrosis is evident. From the
patient whose course is shown in
Fig. 6-20.
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LM revealed large crescents in 99% of the glomeruli. The crescents encroached upon two-
thirds to three-fourths of each glomerulus with the remaining glomerular capillaries being
necrotic or collapsed. The crescents were mostly cellular with a small amount of fibrous
tissue. A few tubules were found in the sections, some of which were necrotic and filled
with blood. The interstitium was mildly fibrotic (Fig. 6-21). EM revealed disruptive
changes in the GBM, spongy electron-lucent appearances reminiscent of linear electron-
dense deposit along the endothelial aspect of GBM, exudation of PMN in some glomerular
capillaries, attachment of PMN to GBM or even trans-GBM insinuation of PMN, and
electron-dense deposit along the endothelial aspect of GBM (Figs. 6-22 and 6-23). There
was much edema and collagen fibers observed in the interstitium. The patient was sub-
jected to intermittent hemodialysis but he died 1 month later.

Fig. 6-22. Electron micrograph of a glomerular capillary demonstrates electron lucency linearly
along the endothelial aspect of the basement membrane (GBM). This electron-lucent zone (arrow-
heads) may be reminiscent of a linear electron-dense deposit. Also seen are disruptive changes
(arrows) in the GBM and adhesion of a neutrophil leukocyte (PMN) and a monocyte (M) to the
endothelial cell (END) and GBM. Urinary space (US) is shown (UA + LC, x13,000).



Fig. 6-23. Magnified view of a glomerular capillary clearly demonstrates inner electron-lucent zone
which may be reminiscent of deposit or necrosis in the glomerular basement membrane (GBM).
Vacuolation (V) and necrosis of endothelial cell (END) and normal appearance of epithelial cell
(EP) are shown (UA + LC, x23,000).

This patient presented with nonspecific symptoms and developed rapid and
irreversible renal failure. The renal pathology was that of crescentic glomerulo-
nephritis. Therefore, a pathology of crescentic glomerulonephritis without clini-
cal, serological, or hematological evidence of systemic disease and accompanied
by rapid and progressive renal failure is consistent with rapidly progressive
glomerulonephritis.

A simulating renal pathology is illustrated in a patient whose presentations
were unlike those of the preceding patient.

Patient R.C.,* a 40-year-old white male, was admitted to Lenox Hill Hospital, New

* By the kind permission of Dr. Michael Bruno, Medical Service, Lenox Hill Hospital, New York.
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York, with history of multiple nasal bleeding, migratory polyarthralgia, and fever with
chills. Admission laboratory tests revealed blood urea nitrogen 75 mg/100 ml, serum
creatinine 8 mg/100 ml, 24-hr urinary protein 6.3 g, negative LE cell preparation, and
antinuclear antibody (ANA). Chest x-ray revealed parenchymal infiltrations in both lung
bases. In addition, there was a small nodular density in the right costrophenic angle. He
had an open renal biopsy and the renal tissue was studied by LM, EM, and IFM. Biopsy
of the nasal mucosa showed granuloma consistent with Wegener’s granulomatosis. He
was treated with prednisone and cyclophosphamide, which resulted in some improvement
in his clinical picture and renal function.

LM study of renal biopsy revealed lesions in all glomeruli, characterized by crescent
encroaching two-thirds to three-fourths of a glomerulus and involving 50 to 60% of the
glomeruli. Necrosis of parts of or whole glomeruli, periglomerular cellular infiltration, few
dilated tubules filled with blood and necrosis in the arterial vessels were observed (see
Figs. 6-24 to 6-26, which are from a patient with Wegener’s granulomatosis). EM study

Fig. 6-24. Complete necrosis of glomerular tufts (G), necrosis of capillaries and crescent formation
(C) in another glomerulus, and cellular infiltration around the crescentic glomerulus and a small
vein (opposing arrows) are shown. Tubules are plentiful and intact (Masson’s hematoxylin-phloxine-
saffron, x120).



confirmed the LM findings. No fibrin was found within glomerular capillaries or within 121
the crescent. Interstitium revealed edema and cellular infiltrates (Fig. 6-27a).
ANATOMIC
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'The renal pathology obearved by LM and EM 51mulate§ that of RP('.'.:N. The GLOMERULONEPHRITIS
additional features of necrosis of parts of or whole glomeruli and necrosis of the

arterial vessels indicated necrotizing glomerulonephritis. The clinical features,

Fig. 6-25. An epithelial crescent (C) surrounds necrotic glomerular capillaries. Tubules (T) appear
to be intact. The crescentic epithelial cells resemble tubular epithelial cells. This finding supports
the idea that glomerulotubular communication may be an important avenue for crescent formation.
For more information, see Mandal et al. (1977).



122 along with the pathology of extracapillary proliferative and necrotizing glomer-
ulonephritis, are consistent with Wegener’s granulomatosis. Caution must be
exercised not to confuse this renal lesion with that in polyarteritis nodosa. In the
latter, arterial vessels show florid periarterial inflammation in addition to necrotic
changes.

These clinical examples illustrate that a combination of clinical profiles and
renal pathology, and not renal pathology alone, is helpful in the differential
diagnosis of crescentic glomerulonephritis.

CHAPTER 6

Fig. 6-26. Coagulative necrosis in a glomerulus (G) and in a small artery (A), and hemorrhagic
necrosis in a vein (V) are seen (Masson's hematoxylin-phloxine-saffron, x400).



UNCOMMON TYPES OF PROLIFERATIVE GLOMERULONEPHRITIS 123

- st ANATOMIC
Syphilitic Glomerulonephritis PATHOLOGY OF

GLOMERULONEPHRITIS
Since most of the patients reported had nephrotic syndrome, this topic is

described in the chapter on nephrotic syndrome.

Malarial Glomerulonephritis

Although malarial glomerulonephritis is rare in most countries, it appears to
be quite common in certain parts of Africa. Since the vast majority of patients
with malarial glomerulonephritis present with nephrotic syndrome, this subject
is elaborated in the chapter on nephrotic syndrome.

Fig. 6-27a. An electron micrograph
reveals marked proliferation of par-
ietal epithelial cells with crescent
formation (C) between collapsed
glomerular capillaries (G) above and
Bowman’s membrane (BWM) below;
periglomerular infiltration by lym-
phoctye (L), monocyte (M), plasma
cell (P), and collagen fibers in the
interstium (1) are observed (UA + LC,
x3000).
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Glomerulonephritis of Henoch-Schonlein Syndrome

The renal pathology may be consistent with diffuse proliferative glomerulo-
nephritis, focal and segmental proliferative glomerulonephritis, or necrotizing
glomerulonephritis. By LM study, the pathology may resemble that of poststrep-
tococcal glomerulonephritis, lupus glomerulonephritis, or rapidly progressive glo-
merulonephritis. Necrotic changes in the small arteries or arterioles may raise
the question of hypersensitivity reaction (anaphylactoid purpura). Even so, the
necrotizing glomerulonephritis associated with necrotizing arteriolitis resembles
renal lesions in Wegener’s granulomatosis.

It is reasonable to suggest that in the assessment of acute glomerulonephritis,
the possibility of Henoch-Schonlein syndrome should be kept in mind in the
differential diagnosis. A combination of preceding history of sore throat and
mildly elevated ASO titer, preceding history of insect bite, or history of allergic
reactions to food or drug further increases the suspicion of this syndrome, which
is more common in children than in adults. The keys to the diagnosis are the
clinical setting of the syndrome, such as joint pain, purpuric skin rash, abdominal
pain, bloody diarrhea, and normal serum C3 complement (see Table 3-2). For the
interest of the reader, the autopsy study of Olser’s (1904) case of the erythema
group of skin diseases accompanied by manifestations of renal disease (subse-
quently recognized as anaphylactoid purpura or Henoch—Schonlein syndrome) is
included. Dr. W. McCallum did the autopsy of one of the cases (erythema group
of skin diseases) of William Osler. He stated

The glomeruli form the most striking feature in the section. The Malpighian tuft in
almost every one is much compressed by the new growth of a mass of cells in the area
of the capsular space which formed a crescentic mass. These cells lie in a connective
tissue network, which is continuous with the connective tissue outside the capsule.
They often have small, subdivided, capsular spaces lined by capsular epithelium, sug-
gesting that the original capsular space was merely invaded by this new growth.

In this connection, I should mention that the vivid description of glomerular
crescents made by Dr. McCallum 77 years ago has not changed a bit.

The pathogenesis of GN in Henoch-Schonlein syndrome is very unclear;
there is evidence to suggest that the Henoch-Schonlein syndrome, acute ne-
phritis, rheumatic fever, and polyarteritis nodosa together form a family of di-
seases, linked by the tendency of one member to coexist with another, and by
the characteristics common to the group. The pathogenesis common to the mem-
bers of this group is probably an antigen-antibody reaction similar to that oc-
curring in anaphylaxis and taking place especially in the endothelium of blood
vessels. The most common antigen appears to be a derivative of the hemolytic
streptococcus, although proteins derived from other organisms or from nonbac-
terial sources are considered as additional antigens. The target blood vessels
involved in this process are the small vessels of the skin in Henoch—Schonlein
syndrome, glomerular capillaries in acute nephritis, and the medium-sized and
small arteries in polyarteritis nodosa. Although there is much evidence in terms



of the clinical and pathological pattern of this family of conditions to link them
with anaphylactic phenomena, the failure to demonstrate the antigen concerned
constitutes a bar to our understanding of that group of diseases which is believed
to result from bacterial hypersensitivity.

Thrombotic Thrombocytopenic Purpura

The essential pathology in this condition comprises occlusion of the micro-
circulatory bed. The clinical manifestations are attributed largely to occlusive
changes in the capillary beds of organs, in particular, kidney and brain. A com-
bination of hemolytic anemia, thrombocytopenia, and rapidly developing renal
failure with oliguria or anuria is a common presentation.

The renal lesions are characterized by the presence of eosinophilic amor-
phous material (thrombi) in the afferent arteriole which extends into the glomer-
ular capillaries. Mild to marked proliferation of glomerular cellular elements with
or without crescent formation may be found. Segmental or total glomerular
necrosis or even cortical necrosis is not infrequent. The light microscopy ap-
pearance simulates lupus glomerulonephritis, glomerulonephritis of essential cry-
oglobulinemia, and hyalinosis of focal glomerular sclerosis. If necrosis and pro-
liferation predominate, then this condition must be distinguished from lupus
proliferative GN, Wegener’s granulomatosis, and renal lesions of severe hyper-
tension. EM study helps merely to confirm the LM findings. Therefore, the
diagnosis of TTP is to be established through the process of exclusion with the
aid of clinical and laboratory data (see Chapter 3).

The mechanism of the disease process is unclear. Because of the findings of
endothelial cell proliferation and electron-dense deposits in the subendothelial
aspect of small arterioles, some investigators thought that the primary event was
vascular damage with secondary platelet adhesion, aggregation, and subsequent
thrombosis.

The etiology of this irreversible pathophysiological condition is still un-
known. Instances of its occurrence in siblings or marital partners have implicated
environmental causative agents such as virus, bacteria, and toxic agents, which
may interact with genetically predisposed hosts.

Hemolytic Uremic Syndrome*

The hemolytic uremic syndrome is considered to be an acute and potentially
lethal disease, the final outcome of which is related to the immediate conse-
quences of the renal and extrarenal vascular and capillary thrombotic lesions.
The renal pathology resembles that of TTP except that the severity of the lesion
may be less than that of TTP. The available data suggest that a significant number

* Reproduced from the original version of Gianantonio er al. (1968), by the kind permission of Dr.
Gianantonio.
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Fig. 6-27b. The glomerulus reveals filling of some capillary loops along vascular axis by a homo-
geneous eosinophilic material. This material appears to be a thrombus (T). Note necrosis and
thrombosis of the afferent arteriole (A). In the entire section one third of the total number of glomeruli
reveals this change (H & E, x320). From a three-year-old white female with hemolytic uremic

syndrome.



of the survivors either develop progressive renal disease or are left with severe
nonprogressive renal sequelae.

Although the number of renal biopsies studied was rather small and only a
single specimen was studied from most of the children, a good correlation was
established between the pathological findings and the clinical course.

Twenty-four biopsies from 22 patients were examined and the renal lesions
were classified into three types:

Type I. Cicatricial sequelae form the active stage of the disease, consisting
of hyalinized glomeruli, areas of infarction in the hyalinized glomeruli, tubular
atrophy, and foci of interstitial fibrosis.

Type 2. Thickening and hypercellularity of the centrilobular areas of the
glomerular tufts were observed, which were focal and never severe. These were
regarded as resolving or quiescent lesions.

Type 3. Active lesions consisted of epithelial crescents, areas of fibrinoid
degeneration in the glomerular tufts and afferent arterioles, severe focal intra-
capillary proliferation involving even the peripheral capillary loops, segmental
thickening of the capillary basement membrane, and interstitial infiltration with
lymphoid cells.

Follow-up studies have revealed an increase in incidence of hypertension.
The endothelial damage and deposition of fibrin in the arterioles explain the
development of acute phase and the sequelae, which when severe are the end
result of incomplete cortical necrosis. Nephrotic syndrome has not been ob-
served.

The mechanism of the disease process is unclear. This acute or chronic
normocomplementemic glomerulonephritis is apparently a nonimmunological
phenomenon. There is clear evidence that a hypercoagulable state leading to
fibrin deposition in the glomerular capillaries and the small vessels of the kidney
and other organs is a notable feature of the hemolytic uremic syndrome. Serial
coagulation studies performed during the acute phase in 27 patients in one re-
ported series provide strong support to the proposed pathogenetic mechanism.

Hemolytic uremic syndrome (HUS) appears to have a geographic predilec-
tion, but thrombotic thrombocytopenic purpura does not. Most investigators
believe that these two conditions are histologically indistinguishable (Fig. 27b).
For the purpose of clarity, the similarities and dissimilarities of the two conditions
are shown in Table 6-6.

ASSESSMENTS OF THE ACTIVITIES OF THE PATHOLOGICAL
PROCESS IN ENDOCAPILLARY PROLIFERATIVE GN
(CLINICOPATHOLOGICAL CORRELATION)

The activities of the pathological process in glomerulonephritis can be eval-
uated directly by serial studies of the renal tissues, indirectly by laboratory tests,
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or preferably by both. There is very little evidence to indicate that histological
evaluation alone is superior to laboratory tests in assessment of the activity of
the disease process. There are several reports on the serial renal biopsy studies
in endocapillary proliferative glomerulonephritis. From the available information
in the literature and my own experience, it can be stated that there is a poor
correlation between the severity of the glomerular changes and the clinical re-
covery. This has been exemplified in a patient, H.K. (described earlier). This
patient with poststreptococcal glomerulonephritis showed a most severe histo-
pathological picture, which was associated with necrotic and thrombotic changes.
Necrosis and thrombosis are rare in poststreptococcal glomerulonephritis, and,
according to many observers, they imply a poor prognosis. The rapid recovery
and normal follow-up findings in this patient are contrary to this view. Therefore,

Table 6-6
Similarities and Dissimilarities of TTP and HUS
TTP HUS
Entity A syndrome A syndrome
Age group Usually adult Usually infants and young
children
Geographic predilection None Appears to be common in Latin
America
Sex M:F ratio almost equal M:F ratio almost equal
Features Pertains to hemolytic anemia, Same as TTP except neurologic
thrombocytopenia, and renal manifestations are less
failure. Neurologic findings may common. Renal failure
be overwhelming predominates
Essential pathology Thrombotic occlusion of small Same as TTP

arterial vessels and capillaries
throughout the body
Renal pathology Variable. Thrombi in the afferent Same as TTP
arteriole, glomerular capillaries,
glomerular necrosis, crescentic

glomerulonephritis

Laboratory tests Except thrombocytopenia, no Elevated levels of factors V and
laboratory evidence of VIII as well as fibrinogen—
intravascular coagulation. fibrin split products have been
Negative antiglobulin test found. Negative antiglobulin

test

Course Usually fatal in days or weeks. Much better than TTP, 5%

Small percentage survive, but mortality during acute stage,

become victims of chronic uremia half of the survivors develop
chronic uremia
Value of medical therapy Dubious. Effectiveness of any Dubious. Anticoagulants
therapy, e.g., heparin,
corticosteroids, and splenectomy,
is controversial
Mechanism(s) Primary vascular damage vs. Perhaps same as TTP.
intravascular coagulation Hypercoagulable state
(Gianantonio et al., 1968) is a
distinct possibility




this study provides an example showing that severe pathological changes do not
always indicate poor prognosis.

Because excessive endothelial cellular proliferation, PMN exudation, elec-
tron-dense deposits, and mesangial hypercellularity are considered important
indices of active pathological processes, most or all of the features are absent in
follow-up biopsies of the patients who recover from acute glomerulonephritis.
The clinicopathological studies in acute glomerulonephritis reported by Hinglais
and associates (1974) are stimulating. These workers separated the clinical pres-
entations according to the presence or absence of ‘‘humps’’ and of other glo-
merular lesions. These are listed in Table 6-7.

The information in the table clearly demonstrates that glomerulonephritis
associated with ‘‘humps’’ or with other glomerular lesions has a higher incidence
of severe clinical course such as anuria or congestive cardiac failure than glo-
merulonephritis without ‘‘humps.’’ There appears to be no difference in clinical
severity between glomerulonephritis with ‘‘humps’’ and those with other glo-
merular lesions. If anuria is believed to be an ominous sign, this would mean that
cases of acute glomerulonephritis associated with ‘‘humps’’ or other glomerular
lesions are more sinister types than those without ‘‘humps.’”” This is further
supported by the lower recovery rates of the patients with ‘‘humps’’ or other
glomerular lesions. Patients demonstrating other glomerular lesions, e.g., necrosis

Table 6-7
Initial Clinical Features (65 Cases) of Endocapillary
Glomerulonephritis®

Other
Without  glomerular
With humps  humps lesions

Features (N = 35) (N =15 (N =15)
Proteinuria >2 g/day 35 15 15
Hematuria 35 15 15
Renal failure 30 10 15
Hypertension 24 9 8
Edema 25 11 12
Oliguria 18 6 8
Anuria 6 0 3
Nephrotic syndrome 11 2 8
Congestive heart failure 4 0 0
Epileptic seizures 4 2 1
Preceding infection

Upper respiratory tract 29 9 10

Other 2 2 2
Antistreptolysin 0 titer

(Todd units)
>400 16 5
>1000 9 2 1

2 Membranoproliferative glomerulonephritis excluded.

Source: Excerpted from Hinglais er al. (1974), by the kind permission of N.
Hinglais, M.D., Necker Hospital, Paris, France, and the editor of the American
Journal of Medicine.
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and thrombosis, generally have a tendency toward a worse prognosis (Table 6-
8). This study also indicates that patients with typical ‘‘humps’’ have a greater
chance of complete recovery than those with atypical ‘‘humps’’ and excessive
mesangial hypercellularity. Failure of the patients with atypical ‘‘humps’ to
recover was manifested by significantly higher incidence of nephrotic syndrome,
hypertension, chronic renal failure, and increased percentage of glomeruli with
sclerosis.

In brief, the healing stage of endocapillary proliferative glomerulonephritis,
e.g., poststreptococcal glomerulonephritis, is characterized by (1) decrease in
endothelial and mesangial cellularity, (2) decrease in number of PMN, (3) dis-
appearance of ‘‘humps,’’ (4) opening of capillary lumina, and (5) normalization
of serum C3. Slight mesangial hypercellularity may persist for an indefinite period
and does not necessarily mean progressive disease.

The unremitting or progressive endocapillary proliferative glomerulonephritis
is characterized by (1) persistent mesangial hypercellularity, (2) increase in mes-
angial matrix, (3) irregularity of the GBM on the endothelial aspect or spikes on
the epithelial aspect, (4) atypical ‘‘humps,” and (5) persistently low serum C3.
It is open to question as to whether unremitting endocapillary proliferative GN
is a variant of mesangioproliferative GN (hypocomplementemic glomeruloneph-
ritis).

For evaluation of activity of lupus proliferative glomerulonephritis in partic-
ular, serial laboratory tests are more useful than serial histopathological studies
(see Chapter 3). However, complete studies of the renal tissue, using LM, EM,
and IFM, have helped in judging the activity of the pathological process. The
histopathological differences between active and inactive lupus proliferative glo-
merulonephritis are listed in Table 6-9. Some believe that the locations of elec-
tron-dense deposits relative to GBM are reliable indices of activity of the disease
process. The degree of severity of clinical manifestations relating to this histo-
logical feature has been enumerated by Grishman and colleagues (1973) (Table
6-10).

The clinicopathological correlation shown in Table 6-10 documents that se-

Table 6-8
Long-Term Follow-Up (65 Cases) of Endocapillary Glomerulonephritis®

Other glomerular

With humps Without humps lesions
No. % No. % No. % Total
Recovery 23 77 10 100 1 8 34
No recovery 6 20 0 0 9 69 15
Death 1 3 0 0 3 23 4
Lost to follow-up 5 — 5 — 2 — 12
Total 35 15 15 65

@ Mesangioproliferative glomerulonephritis excluded.
Source: Excerpted from Hinglais et al. (1974), by the kind permission of N. Hinglais, M.D., Necker
Hospital, Paris, France, and the editor of the American Journal of Medicine.



Table 6-9
Histopathological Differences between Active and Inactive Lupus
Proliferative GN

Active lesions Inactive lesions

Glomeruli Segmental or diffuse necrosis Absent necrosis
Segmental or diffuse Normal cellularity
hypercellularity and exudation
Massive subendothelial deposits Intramembranous and
extramembranous deposits, a
few spikes in the glomerular
basement membrane
Mesangial deposits Excessive mesangial matrix
Epithelial crescents Fibrotic or fibroepithelial
crescents
Tubules Electron-dense deposits in the Thickened basement membrane
basement membrane
Interstitium Exudation of inflammatory cells Increase in fibroblasts and

and electron-dense deposits collagen fibers

vere clinical manifestation such as renal failure is associated more often with
subendothelial electron-dense deposits than with deposits elsewhere in the glo-
meruli.

Of all the histopathological features just cited, necrosis of glomerular capil-
laries and crescent formation in more than 50% of glomeruli, regardless of the
type of glomerulonephritis, generally indicate an irreversible lesion and a poor
prognosis. Most cases of glomerulonephritis complicating the various clinical
conditions listed at the beginning of the section on diffuse endocapillary prolif-
erative glomerulonephritis resemble either poststreptococcal glomerulonephritis
or lupus glomerulonephritis. These must be distinguished by the clinical profiles
and the adjunctive laboratory tests and not by histopathological studies alone
(see Chapter 3).

Table 6-10
Site of EM Deposits in Relation to Clinical Manifestations

Renal disease

Outcome:
Number Mild Severe Nephrotic renal

Site of EM of cases None proteinuria proteinuria syndrome failure
None 10 3 5 1 1 0
Mesangial 6 2 3 1 1
Subepithelial and 7 0 0 4 3 4

mesangial
Subendothelial, 8 0 1 5 2 7

subepithelial, and

mesangial
Source: Reproduced from Grishman et al. (1973), by the kind permission of E. Grishman, M.D., and the editors

of Nephron.
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CHAPTER 6 Membranous glomerulonephritis is characterized by the following changes
in the glomeruli: (1) uniform and diffuse thickening of GBM of peripheral capillary
loops of all glomeruli (light microscopy), (2) spiky appearance of GBM, and (3)
extramembranous (epimembranous) electron-dense deposits. Two of these three
criteria must be present to denote a glomerular pathology consistent with mem-
branous glomerulonephritis.
Light microscopy study of paraffin-embedded sections stained with PAS or
PAMS is quite useful in furnishing a diagnosis of membranous glomerulonephritis,
especially in the advanced stage (Fig. 6-28). However, there are limitations of

Fig. 6-28. Light micrograph of a glomerulus reveals diffuse and marked thickening of basement
membrane of peripheral capillary loops. Moderate increase in mesangial matrix (M) is also noticed.
These changes are consistent with stage 3 membranous glomerulonepbhritis (H & E, x400).



LM evaluation in the study of membranous GN, including (1) difficult and un- 133
reliable staging and (2) difficult differentiation of idiopathic membranous glomer- ANATOMIC
ulonephritis from other types of GN-associated GBM changes resembling those PATHOLOGY OF
in membranous glomerulonephritis, e.g., mesangioproliferative GN or sclerosing GLOMERULONEPHRITIS
GN.

EM study is immensely valuable in the early stage of membranous glomer-
ulonephritis when the GBM changes are not clearly noticeable by LM study. EM
study is especially important in view of implementing corticosteroid therapy,
which may be recommended on the basis of mild or no GBM change observed
by LM alone, and considering the likelihood of minimal lesions or lipoid ne-
phrosis.

Fig. 6-29. Stage 1 membranous glomerulonephritis. A few extramembranous deposits (arrowheads)
and spikes (arrows) are seen. The thickness of glomerular basement membranes (GBM) appears
to be within normal limits. Capillary lumen (CL) and epithelial cells (EP) are shown (UA + LC,
x18,000).
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Staging of Membranous Glomerulonephritis

The pathological anatomy of membranous GN can be divided into four
stages, according to the apparent thickness of GBM and the arbitrary number of
spikes and electron-dense deposits found in the GBM:

Stage 1. GBM is of normal thickness or mildly thick; spikes and electron-
dense deposits are few and far between; generalized fusion of foot processes and
normal amounts of mesangial matrix are observed (Fig. 6-29).

Stage 2. GBM is mildly thick and there are more spikes. The striking
feature is numerous electron-dense deposits of similar size and shape, which are
present at regular intervals through the GBM (Figs. 6-30 to 6-32).

Stage 3. GBM is markedly thickened and spiky with less numerous elec-
tron-dense deposits. The electron density of the deposits is less than that of the
deposits in stage 2. The GBM exhibits a sawtooth appearance, and there is a
moderate increase in mesangial matrix (Figs. 6-33 and 6-34).

Stage 4. Same as stage 3 except with fewer deposits and more mesangial
matrix (Figs. 6-35 and 6-36).

Fig. 6-30. Stage 2 membranous glomerulonephritis is characterized by numerous extramembranous
deposits (D) seen at almost equal intervals. Spikes are few and inconspicuous. Swelling of endo-
thelial cell (END) is observed (UA + LC, x15,000).



In all stages, the tubules appear essentially normal; however, excessive collagen
fibers have been noted in the interstitium, especially when membranous glomer-
ulonephritis is associated with renal vein thrombosis (Fig. 6-37). Thickening of
the basement membrane and the presence of electron-dense deposits within the
basement membranes of the arterioles have been observed in stages 3 and 4
membranous glomerulonephritis (see Fig. 12-19b). The clinical implications of
the staging of membranous GN are discussed in Chapter 7.

Causes of Membranous Glomerulonephritis

By and large, membranous glomerulonephritis (idiopathic membranous glo-
merulonephritis) is not preceded by any identifiable antigenic stimuli. A small
number (10-15%) of cases of membranous glomerulonephritis occur in association
with a variety of illnesses, for example, SLE, secondary syphilis, congenital
syphilis, unilateral or bilateral renal vein thrombosis, and viruses, or the use of
drugs (e.g., penicillamine, gold).

Fig. 6-31. Magnified view of the glomerular capillary shown in Fig. 6-30. The extramembranous
deposits (D) stand out prominently. Note the absence of limiting membrane in the deposits. The
membranes shown (arrows) are of the foot processes. The nucleus of the endothelial cell (END) can
be seen (UA + LC, x25,000).
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With the exception of SLE, the cause and effect relationships between these
conditions and membranous glomerulonephritis are largely unconfirmed. There
is no serial biopsy study which could document the sequence of development of
glomerular basement membrane changes in these conditions. Several isolated
patients’ reports do not provide any clue to the pathogenetic mechanism, nor can
they establish that membranous GN is caused directly by these stimuli. The
details of secondary membranous glomerulonephritis are discussed in the chapter
on the nephrotic syndrome.
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