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Page I
HISTORICAL

Renal calculus appeared with the dawn of civilization.
The symptoms of this disease are described in the earlist medical
writings. From the clearness of these descriptions it is probable
they existed a consliderable time before this.

The oldest kidney stone 1s believed to be some seven
thousand years old. According to Shattock (77), the earliest
calculus Xknown wés discovered by Professor Elliot Smith in 1901. -
It ﬁas found in the pelvic bones of the mummy of a sixteen-year-
0ld boy in upper Egypt. This stone is belleved to have fopmed
about MSOO B.C., some generations before the advent of Menes,
First Dynastic king. It is a uric acld stone.

Campbell (18 ) cites Shattock in describing a renal
calculus found 1lying close to the second lumbar vertebra of a
- skeleton found in & tomb dating from the Second Egyption Dynasty
(about 4100 B.C.) It was composed of carbonate, phosphate, and
oxaiate of lime.

Every medical record makes reference to the subject
of urinary calculi, according to Bowers (11 ) and every stone
described is identical in composition with that of stones found
today.

There is no mention of stone in the Ebers Papyrus

which is probably the oldest medical treatise in exlstence.
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Its date is about 1550 B.C.

Lithiasls has always been a prominent disease in India,
according to McCarrison (58). It is mentioned in the earliest .
Hindu wettings. The earliest documents known, the Rig Veda and
Atharva Veda date from about the second millennium E.C., and are
filled with incantatlions agaihsf this;diséase.

Chargka, Susruta and Vaghbata, who lived during the
second, fifth and seventh centuries, respectively, were the |
first to write real&égscriptions of calculous diseasé and in-
dications for treatment. The operation of éuprapublc lithotomy
was described in Indian writings about the beginning of the
Christian era,. which antedates those of the European surgeoné
who advocated this operation by fifteen hundred’years.

A most important contribution by the Hindu writers
was the first endeévor to classify stones by thelr character.
They divided them into four types. The description of the first
three types feminds one of phosphatic, oxalate and uric acid
calcull, respectively. As for renal lithiasis specifically,
}ittlevor nothing is to be found in Hindu writings.

Hippocrates, 460-370 B.C., recognized both renai and
vesical calculi. Under the headiqg of "Thé First Disease 6f
the Kidney,“vhe gave a classical description of renal éolic.
He was a daring surgeon and he advised cutting down on the kidney
when there was deflhite sweliing in the loin. He opened the
kidney when it was pyonephrotic, though he does not appear to



Page III

‘have removed renal calcull. Bowers (11) quotés Hippoérates as
saying, "I will not cut persons laboring under stone but will |
leave this to be done by men who are practitioners of this
work."

Although nephrolithiasis was known from the earliest
>timés, and Hippoérates knew the character of the disease so
well, the sﬁrgical treatment in the absence ofswelling in the
loin wés absolutely nil and, with few exceptions, remained so
until the latter part of the nineteenth century.
| The firset intentional nephrotomy for’renal stone was

{ probably performed in l%?h by Germanian Calot, according to
. |~ Campbell (16). This is the famous and oft-quoted case of the
| Archer of Mendon, but the technique was not described and the
entire episode is shrouded in such mystery that 1t has not been
definitely accepted. Undoubﬁedly other nephrectomies were at-
tempted and some performed, but 1t was completely without knové
ledge of an anatomical approach. Lau (48) states that, in 1560,
Pierre France first removed Q veslical stone by suprapublic
lithotomy in a child ten yeaﬂs omd.i The kidney operations were

8 were obtained, but often

' .doné blindly and sometimes tde ston

the kidney was not seen. The operaiion remained to be placed on

a éound anatcm;cal basis.
Biot#n in the first half of the seventienth century
. was the first #o speak of renal calculi in a precise manner.
— He recognized“heir coral-like form and was aware of the position

of the ufeter, pelvis and calyces. What is more, he demonstrated
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that one could expose‘the kidney without 1qjuring the peritoneum.
Following this, in 1670, Zambeccarius begag experimental nephrec-
‘tomies on dogs, which work was carried on by Roonheysen (1672)
and Blankart (1690) of Holland. These men showed by physiological
experiments that life could be_maintéined after removal of the
kidney (18).
4 Modern urological éurgery commenced with Gustave Simon
who first performed an intentional nephrectomy in 1869, According
to Lau (48) and Campbell (1g), nephrolithotbmy was first performed
by Morris in ISSQQ "William Ingalls performed nephrolithotomy in
~ the Boston City Hospital in 1873, but he did not publish his
report until a yeaf after Morris, éo that Morris 1s given priority.
In 1898, Morris reported thirty-four such operations with only one
death. Czerny is also credited with performing a pyelolithotomy
in 1880. Litholapaxy was introduced in 1&7& by Henry J. Bigelow
of Boston. Great impetus was\given to renal and ureteral surgery
by The introduction of%X—ray as a dlagnosiic procedure for the
| recognition of calculi. Mac Intyre in 1896 produced‘the first
X=ray picture of a sto&e after twelve'minuteé' exposure. |

This newer type of surggry was rapidly taken up by the
general surgeon all over the ﬁorld and was practiced by them to
a greater extent until the period of the World War. Their interest,

with a few exceptions, was mainly in the development of an anatomical
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approach and perfection of surgical technique. They concerned

themselves with the removel of the stone and not with reasons

for the production of the stone.

A new approach to the subject of renal lithiasis was
initiated by the chemists in the latter part of the nineteenth
century., They studied the stone itself, seeking its composition.

Urology had its inception with the introduction of the
cystoecope by Nitze in 1877. As urologists developed newer
diognostic methods and performed more surgery, the conception
of stone changed in that it 1s now considered a symptom of disease
rather than the cause of disease. This attitude toward calculous
disease has creatéd; as paramount, the endeavor teo restore the
normal dynamies of the urinary tract rather than simple removal
of the stone.

Because of this reversal of attitude by urologists, the
causation of stohe was sought for with more vigor by them, and in
doing so they have concentrated the efforts of the chemist, bio-
chemist, physio-chemist, pathologist, bacteriologist and clinician
to weid their thought and discoveries into a concrete etiology

with a practical elinical application for prevention of thé stone

formation.

Prior to the advent of surgery in the latter.part of
the nineteenth century, there were no means of dealing with renal
calcull except with drugs. If drugs failed, the condition was

incurable. This led to the concoctlion of many remedies known as
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lithotyptics. The early Hindu literature contains many pre-
scriptions for dissolving and disintegrating stones. Hippocrates
evidently did not believe in tﬁem, for he adviged that the organ-
ism be relieved of gravel by use of dluretics. According to
Campbell (16), the>prescript16ns which appeared during the mddle
ages consisted of anything from dieté of sparrows to pipe stems.
Duriﬁg the eighteenth century when stones were exceedingly common
in Europe and England, a prescription containing old tobacco |
pipes,'egg shells, snail shells, socap, white onions and several
vegetable extracts was bought by the English governmeht in order
that it might Be made public.. Chelselden époke highly of it
and‘Sydenham used 1t himself. These were all quack remepsdies
and had no scientific basis, for the composition of calcull was
not kr;own. ' _ , o
Urea was not discovered until 1733 by Rouelle de Calet.
It was first crystallized by Cruikshank in 1789 and synthesized
by Mohler in 1428. Uric acid was first isolated by Sheeler in
1776 and found in urinary concretions by Wallaston in 1797.
Phosphates had previously been dlscovered by alchemists;- Lastly,
cystine was digcovered in certain calculil by Wallaston in 1810.
Ultzman (18), 1n‘1882‘publlshed,a method of chemical analysis
for calculi and classified theh in accordance with their chemical

‘composition.
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COMPOSITION OF RENAL CALCULI

INORGANIC
(a) Uric acid and urates

Host common.
Pure uric acid calcull are rare. They are
usually a mixture of sodium, ammonium,
calcium or magnesium urates.
Moderately hard in consistency.
Surface may be smooth, finely granular or rough.

Color varies from yellow to brownish yellow.

Cut section shows concentric arrapgement of
lamellae.

As a rule are small.

(b) Oxalates

Usually calcium oxalate or ammonium oxalate.
Seldom pure; often forms coating for urate calcull.

Very hard in.consistency.

Surface 1s rough and granualr like mulberry.

Color varies from dark brown to blank(/

Occur singly, rarely larger than hazelnut.

(e) Phosphates

Usually a mixture of calcium, ammonium, or
magnesiunm phosphate.

Found 1in alkaline and infected urine.




Page VIII

Seldom pure; often form covering for uric acid,
urates or oxalate nuclei.

Surface is rough or finely granular.

Frigble in cdnsistency.

Greyish white.in’color.

Foru and size are variable. They are usually

round and :mall, although they may also be large
encugh to form a cast of the pelvis and calyces.

(d) Calcium carbonate.

sarely pure. Occur in asscciation with the
phogsphate group.

(e) Cystine calculi.

| (£) X%nthine calculi.

Form as result of hyperexcretion of cystine as
a result of faulty nmetabclism of amino acids.

May occur in certain families. Appears tc be an
inherited factor.

175 cases on record.

Wren pure, cystine calculi are soft and yellowish.

Usually found in association with calcium phosphate.

Very rare.

Color varies from yellowilsh brown to greyish gzreen.
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ORGANIC

SI1ZE

(a) Bacterial.
Rare. Less than a dozen cases reported.
Made up of bacteria, usuilly c-lon bucilli ar-
ranged in concentric layers. 1In the cutermost
layera, the organisws may still be virulent at
time of operation.
Color greyish yellow.
Elastic in cunsistency.

i
(b) Albumin or fibrin.

Kare. Nineteen cases reported.

Soft, round; pea to olive size.

{

(¢) Amyleoid albumin.

Rare. Three cases repcrted.

Pinhead in size with distinct amylcid reaction.

OF RENAL CALCULI
Varies from millet-seed to mass of several pounds.
Average weight: twenty to fifty grams.

Oxalate and uric acid calculi are seldom larger than a
hazelnut. ‘

Phosphatic calouli may attain enormbus slze.
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SOURCE OF STONE-FORMING ELEMENTS

(a) Uric acid and Urates.
Endogeious.

Normal tissue catadllism produces Q0.3 to J.€ grams
daily.

Net subject to external influence.
Exogenous.

Oxidation of purine bodies which come from nucleo=
albumin: lean muscle, kidney, thymus and pancreas.

The methyl purines -theobromine, theine and caf-
feine< are eliminated chiefly as xanthine and need
not be considered.

(b) Calcium oxalate.
Endogzenous.

Bacterial fermeatation of sarbohydrates in the
intestine.

- Exogenous.

Foods such as spinach, rhubarb, tcmatoes and
asparagus.

(¢) Prosphates.

Incrganic phosphates in vegetables do not influence

phoaphate concentration in the urine. Urinary phos-
phatQSware derived almost wholly from the conjugate-
protei

Diet 1p no important way influenoes caloulus occur=
rence.
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Cystine.

The presence of cystine in the urine means faulty
metabolism of sulphur. It is normally excreted as
sulphate.

Must decreaee ingestion of meat and fish, subsist on
milk, cheese and eggs.
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ETIOLOGY

The discovery of salts of which calcull are formed

gave great lmpetus to attempted dissolution of veslcal stones

with gastric Juices, dilute nitric acid, salts of alkall metals

and lead acetate. It was found that any acid strong enough to
dissolve the calculus would destroy the mucous membrane. Many
devices such as bage into which the aclds were injected were
made during the nineteenth century to enclose the stone and
protect the mucous membrane.

| In 1932, Randall (89) introduced phosphoric acid
as a possible solvent for alkaline renal calcull. Using a

solution of 1 gm./100 c¢.c., he injected the phosphoric acid

1,
into the pelves of dogs, and, although this solution has a

] 0 |
p.- H. of 1.6, there was no damage done to the epithelium. He

stated that one could expect possible dissoclution of small

phosphatic calcull and prevention of recurrence after'opéra-

“tion.

Albright, in 1939, cited by Campbell (1g) suggested
citric acid agd hexametaphosphate which he proved could dissolve
phosphatic veslcal calculi, but no ppodf of renal calculus
destruction has been advanced.

A diet high in vitamin A and acid-ash foods has pro-
duced a decreaseAn size or total disappearance of renal calculi

in patients w-o_refpsed operation, according to Higgins(3s).

In eighteen c‘llectkd cases using this diet, the renal calcull
underwent sol‘tipn hccording to roentgenological evidencé. In

i ;
|

|
|
| i
| |
| '
I ! |

i |
1
| i




Page 2

experiments on rats, Higgins (35) noted dissolution of calcull
in thirtyllnstances when cod-liver oil (vitamin A) was added
to the diet for from £ifty to a hundred days. In other rats,,
he noted decrease in size of calculi.

Such neat results have not been duplicated by other
urologists. In actual fact, Opﬁenheimer and Pollock (18),
treating twenty-seven patients with the high vitamin A and acid-
ash diet, noted an increase in size of the stones in five
patients.

These attempts mentioned above are an example of the
utilization of the knowledge of the chemistry of calculi.
Medicine has falthfully folloﬁed in the wake of chemistry. We
are indebted for much of our present knowledge of medical pro-
blems to chemistry and it8 branches, biochemistry and physical
chemistry.

: : Following the solution of thé simpler chemical pro-
biems of the chemical analysis of calcull, bio-chemlsts discovered
' the process by which certain ingested chemical substances are
metabolized to form the excreted end-products-the salts which
arevfound to make up urinary calcull. These discoverieé led to
many other field of investigation.

| The urologists now had something to‘work with--a far
ery from the egg-shells and soap of Sydenham's day. They were
able to approaéh the subject with a ldgical curiosity. Their
thoughts turned to‘the-possibility of stones forming because
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of an excessive ingestion of certain foéds which cause an over-
abundant exeretioﬁ of salts to produce the prevalling type of
stone.

| In 1923, Keyser (18) was able to produce calcium
oxalate stones 1in experimental animal after the injection of
butyl oxalate and calcium chloride. Again, in 1935, Keyser (43)
caused experimentally-produced calculi by causing & hyperse-
cretion of oxamide, calecium oxalate and calcium'carbonate, and
by excessive doses of parathyroid extract and viosterol. Joky
@9 ) reports that in bone diseases where there is a decalcifi-
catién of bone with a consequent increase in mbbilized calcium
in the blodd there is a ﬁigh incidence of renal calcull.
Albright (3) states that the hyperexcretion of calcium in
hkperparéthyroidism is probably one of the most'positive of

all etiological factors in stone formation. He reports that
65.7%'df the cases of hyperparathyroidism at the Massachuse tts
General Hospital had renal calculus.

Nor do the above factors constitute the complete
story of the theory of hyperexcretion whether of endogénous
origin or exogenous. The entire intermal and external environ-
ent of human organism was surv%yed.

The analysis of stoneL in large groups has been carried
out in all parts of the world. These have shown a variation in

the content of the calculi in different geographical sections.
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Bowers (11 ) states that it was thought that an excessive intake
of 6alciﬁm and phdsphorus by means of water and products of the
g80ll was the key to calculus formation. The results of such
though were negative as far as any direct relationship was con-
cerned, for there are people who are pure vegetarians, living
in a country of which the soll abounds in limestone, and those
who all their lives have had well-water that is very high in
mineral content, yet neither group producing calculi. In con-
trast, there are patients who were watched under the most éare-
ful supervision as to diét, even on distilled water, producing
calculi from time to time.

India, China and Egypt appear to have the highest
incidence of stone. Thompson (81) reports that in the Canton
district where stone 1s quite prevalent, the drinking water 1s
soft. The Chinese, moreover, take their water in the form‘of
tea which is made with boiled water. He states further, in
refuting the dietary factor in the &tiology of stone, that in
Switzerland where the water is hard there is practically no
stone. Analysis of the stones in the Canton district showed
that 78% were composed of uric acid and urates, yet the people
live on a practically'purine-freg diet. Diet alone could .surely
not be accused as the sole cause of these particular stones.
Joly (39) goes further by sgying that in no case can stone

formation be attributed to an excess of stone-forming substances
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in the diet. Winsbury-White (84) believes it would be impossible
to prove that the mixed dletary of a modern civilized community
has any important bearing on stone formation. |

During the nineteenth centmry stones were extremely

prevalent among English children. In Thompsons series (81)

of some twenty—fivé hundred cases nearly one-half were under
sixteen years of age. Stone was comparatively rare in thldren
of lel-to-do families but exceedingly common among those of
lower classes. McCarrison (56) published a graph Shdwing the
peak of 1ncidence in India was in the first decade of life.
Clviale; qugted by Desnos and Minet (go), reported that more
than one-half the caées of stone in the middle of the nineteenth
century occurred before twenty- years. '

| In the period between 1914 and 1924, Joly, cited by
Campbell (16) reversed the picture and demonstrated calculous
disease as a disease of middle 1life. This transformation hés
occurred through dietary changes and especlally the administration
of more and better dairy products. These facts coupled with the
proofs presented in the preceding paragraphs indicated an "X"
factor in stone causation. ,

The scope of investigation thus was widened. New

theories begot differences of opinion, and differences of opinion .
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are as spurs in the flank af the scientist. He 1is goaded on-
ward through a strange new field of sclence, séeking an idea -
fhéf will integrate some of the divergent theories which drive
him.

Mendel, Osborne and Ferfy in 1917 found such an idea,
according to Long and Pyrah (54 ). They first showed that rats
fed on a vitamin-A-free diet develop calculi in the urinary
tract. They were searching for an explanation for the occasional
occurrence of calcull in their experimental animals. They found
that those rats which developed calcull had been on an inadequate
diet of fat-soluble vitamin. McCarrison, cited by Joly (39) |
showed in 1927 that 1lithiasis occurred in 30% of his rats if
they were kept on a vitamin-A-deficlent diet, and that if milk
was given to the animals no stones occurred. Fujimaki (1g)
conducted similar experiments in Japan and reported similar
results. The stones produced were phosﬁhates, usually calcium
and magnesium phosphate.

Higgins (34) in 1933 and again in 1935, repeated these

-experiments ahd produced calcull in 85% of the experimental
animals. These calcull were phosphates. 'No oxalate or uric
acld stones were detected. He noted three constant changes
*in the urinary tract’of these animals that might be associated

with calculus formation:

!

(1) Keratinization of the epitheiium was noted after
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the diet had been defielent in vitamin A for a period of
from eight to ten weeks. This involved the mucous membranes
all over the body. Wolbach and Howe (g85) found similar
changes in the kidney pelvis of seven animal.

(2) Urinary infection was produced in a large per-
centage of these animals. Renal infection occurred in from
sixty to ninety days.

(3) Alkalinuria was a constant finding in these
animals. Addition of ammonium chloride to the‘diet caused
‘a decrease in the incidence of calculus. Similarly, addifion
of vitamin A to .the deficient diet caused the ﬁrine to bevme .
acid, and calculi were not produced.

Higgins concluded that vitamin A deficlency produced
the essential conditions for calculus formation. |

In a re-study of avalilable data with régard to stone-

formation in certain areas, Bowers (11) reveals that in the

neighboring stone-free areas there was an abundance of vitamin
A in the diet and a comparaﬁive absence of this vitamin in the
stone-forming ares, where the people subsistedAOn cereal foods.
Criticism has been directed ageinst these experiments
on the ground that the dlets were deficient not only in vitamin
A. but also in other vitamins. Higgins (z4) experimenfed with
othér vitamins and found that eliminating vitamins B, C and D
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- d14 not result in calculus formation.

A more accurate measuremenf of the degree of vitamin
A deficiency was made by Ezickson and Feldman (34). By using
an apparatus that measured the patient's ability of dark-adapta-
tion, they found that 91% of the patients with kidney stones had
pathologic adaptation. After feeding these patients huge doses
of vitasmin A for from six to nine months, there was no improve-
ment. They concluded that the avitaminosis is due to fallure
to assimilate or utilize the vitamin.

Higgins and Mendenhall (36) in 1939 reported that
25% of patients with stones who were given the blophotometer
test showed vitamin A. deficiency.

The viﬁamin A theory did not, however, win unanimous
acceptance. In these days when medical science seems to be
going all-out for vitamins, there remain many authorities,
more,temperaté, who are able to point out the short-comings
of medical science's favorite child.

On the baslis of recurrence of calcull with ten days
in spite of high vitamin A therapy, Magoun and Sherman (55)
conclude that they cannot see how vitamin A has any effect on
stone formation.

Randall (70) makes it clear that calcull that form

underqunditions of avitaminosis are consistently made up of
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those salts known to.have their normsl ratio disturbed, that 1is,

caleium phosphate. Stones of uric acid, urates or even calcium
oxalate do not precipitate at all. Also note the alkaline urine
and the high incidence of infection--a not unusual medium for
precipitation of phosphatic calcull,

Parmenter (82) points out that Higgins' experiments
with vitamin A were conducted on rats and not on humans. Kéy;er
(43) remarks also that rats are a épecies remote phylogenetically
from human beings. He states that kefatinizatioﬁ of epithelium
of the urinary tract is not a common findling with stone.

Randall (66) believes that vitamin A deficlengy plays
8 role only in determining the chemical composition of the stone.

The mechanism by which renal calculil are found in the
presence of infection and obstruction is readily understood to-
day. On this basis, Eilsenstaedt (23 ) has divided renal calculi
into two classes, primary ealculi and secoﬁdary calcull.

Secondary calculi are those which form in the presence

of some deﬁdhstrable pathological lesion, either an obstruction,

a foreign body or 1n;tpe presence of infection. For example,
bacteria such as Pro%eﬁé and staphylococcus are known urea-
splitters. Their presence in urine rapidly causes the precipi-
tation of alkaline salts, which in the presence of an obstruction,
are sufficiently static to be coalesced by urinary colloids to |

form a stone, or in the presence of an ulcerated point of
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attachment for the production of the incipient calculus.

Primary calculi, on the other hand, are those which
develop in the absence of any demonstrable pathological change
in the urinary tract as determiﬁed by c¢linkical 1nvestigations.
There is no obstructive uropathy, there is no sign of 1nfection,
there is no lesion whatscever. A person who 1is apparently well
suddenly develops a renal colic and passes a stone. Careful and
thorough examination by every knowh urological diagnostic measure
fails to reveal any abnormality. Eisenstaedf places uriec acld,
“xanthine, calcium oxalate and cystine stones in the primary
classificatioﬁ.

Eisendrath and Rolnick (22) consider infection of
kidney pelvix after catheterization a common cause of caleulus .
formation. They cite renal and ureteral anomallies és a cause
of stagnation which favors hematogenous infectlon. Suppuration
in other parts of body, they belleve, bears some relationship
to calculus formation in the kidneys. Addording to Eisenstaedt,
urinary stasis is of the greatest importance, from Whétever
cause 6r wherever located, and infection of the urinary is
subsequent to and dependent ﬁpon urinary stasis.

Infection, as a rule, states Blaustein (10), is

1hdecieive in the etiology of stone, since stones éppear in
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conslstently uninfected urine. He admlits, however, to the bélief
that there 1is a direct relationship between general body disease
and stone formation. He notes that the frequency of lithiasis
in such patients 1s far too great to be mere coincidence. Cer-
tain peculis rities have been noted regarding these calculi.
They are always- found in the kidney or ureter; they have a great
~ tendency to be bilateral; they may originate in any calyx, where-
as bazcull in non bed-ridden patients are as a rule found in the
lower calyx or in the renal pelvis; finally, many of these cal-
cull disappear when the patiént has been on his feeﬁ for some
time. These facts point to a rather commén factor: immobiliza-
tion, that is, the position in bed brings aboutla sluggish drain-
age'of the calyees and pelvis.

| Iazarus and Rosenthal (49) require the presente of a
specific urea-splitting organism in the infection in addition
to urostasis. Higgins (35) observed that urinary infection was
produced in a large percentage of his laboratory rats when they
had been kept on a vitamin A deficiency diet.

Randall (7(» discounts the influence of stasis in

the etiology of stone. He states that although stasis is an
actlfe factor in certailn cases, it falls as a theory when such
stasis can be proved to be absent. Finding a stone in an
hydronephrotic pelvis does not prove that stasis caused the

stone. It may be that the stone came first and caused the

2
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obstruction. By intravenous urography one can prove that calcull
occur in pelves totally'devoid of stasis. It is not a constant
fact that very poorly draining peivis, even if infected, will
form a stone.
| Immobilization 1s credited with being at least one

factor in stone formation by Joly (40), and the poor drainage
present in congenital anomaliés such as a horseshoe kidney is
considered the explanation for the very high incidence of cal-
cull in such kidneys, He found,.also, (39) that bilateral stones
are most often secondary type, that is, due to infection. He
explained that infecfion acte in two ways: one, it causes pre-
cipitation of phoéphates and carbonates within the renal pelvis;
and two, 1it proyides a large humber of potential stone nuclei.

According to Bumpus (14) renal calculosis is a de-
ficiency éisease enhanced by stasis. Rosenow'(VS), in investi-
ggtlng Randall's theory of calcification on the renal papillae,
féund evidence of infection present in 64.9% of thirty-seven
cases. He suggestsxthat‘these areas of calcification may have
resulted from the infection. |

Focl of 1nféction, urostasis and localized infection
- in the urinary tract are the three factors which Bowers;(ll)‘
| considers sufficient to cause calculi. Foci of'infectidn act

- as the source of infection of the tract or by lowering the
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resistance'of the body to &llow the urinary systém to become
susceptibie to infection. |

Two factors have recurred repeatedly in the 126
cases observed by Winsburg-While (84) which he believes can-

‘not be dismissed as unimportant. One is the pre-existence '

of dilatation in the upper urinary tract; the other is the
presence of a chronic focus of infection in some pelvlé organ,
ﬁthe prostate in the male and the cervix in the female. Sixty
percent of his male cases showed,inflammation of the prostate.
Higgins and Mendenhall (®B) also found a definite

relationship between local infection and foel of infection

on the one hand and recurrence of calcull on the'other. In
one hundred cases, they found infection present in fifty-
four out’of seventy-two cases of unilateral recurrence and

in twenty-three ogt of twenfy-eight cases of billateral re-
currence. They f&und foci of infection 1h the prostate of
twenty-seven, in the teeth of eleven, in the tonsils of
sixteen and in the sinuses of three of the one hundred

cases.

| Infection accelerates étone formation rather than
initiates 1t, according to Rocher(71), and he states what
many other 6pponenté of the 1nredtion theory have also observed

that calculi do form‘in gsterile urine ahd that infec®lurine.
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without stone 1s common. He discounts also the value of ob-
struction as an etiological factor since seventy-five perdént
of ureteric stones are able to be passed naturally.

Dourmashkin and Solomon (31) found 1nfedtion present
in 19.1% of their cases, whereas Harrington (31) found no in-
fectlion at all in twenty-six percent of all the urqlithiasis
- cases at the University of Californ&a during the ten years
between July, 1929 and July, 1939. Flocks (28) considers focal
‘infection an important factor in the etlology of stone.

Expermental ﬁork under the infection theory'pulminated‘
in the report of Rosenow and Meilsser (78),'where they infected
the de-vitallzed teeth of dogs and lnoculated the pulp cavity
with cultures of “specific" streptococci obtained from urinary -
calcull and obtained sixty percent positive resthlits. This work
has been neither corroborated nor challenged and disproved. It
stands as probably the nearest approach to the clinical picture
by purely‘experimental production of renal stone; though it is
to be»stated clearly that these authors do not'actually éhow us
howvor where or why a calculus develops.

Ve

theory assumes that such bacteria or their pro-
duets act as the nidus about which crystallization forms a
stone. It does not admit that stones occur in sterile urine

nor does it agree with the modern %ellef that organisms do not
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and cannot pasgs through the kidney without producing lesions.
Experimental workers have not traced the complete story from

infection to actual stone formation.

Randall(66) bases his theory as to the origin of

renal calcull upon infection. He stated, in 1936, "That in-

fectlion plays a far more important role in the causation of minor
papillary or calyceal lesions in kidneys that are otherwise normal,
and by so doing creates a focal point on which crystallization
starts, is the crux of my hypothesis.”
(1) A central nidus to which crystals may adhere.
(2) A supersaturated solutioﬁ of the crystals in
the urine which are to be preciplitated to adhere to
the nidus.
(3) An adhesive something'or other which eauses these
crystals to adhere in turn to the nidus and then to
themselves. |
A foreign body as a point of attachment can readily
be understood. Rosenstein (74) reported a case in which a
clot was found as the nucleus of a calculus fifteeh years -
after a kidney injury. Muller (80) reviewed various theories
for formation of stone following trauma and concluded that
the pathogenesis has not as yet been fuliy explored. There
is, however, abuhdant evidence that the condition follows |
trauma. Professor G. Nisio (61) reported numerous cases of

stone having a history of trauma. He cites Illyes' case 1in
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which a calculus appeared eighteen years after the injury.
Bacteria have been given a four-fold responsibility
in the etiology of stone. Some inyestigators conslider bac-
teria to be the nucleus around which a sténe forms; other
authorities have shown that the entire calculus may be com-
posed of a clump of bacteria, while 6thers consider bacteriél
imflammation to be most important; and finally, many inves-
tigators nominate bacteria as the chief etiological agent
Sy virtue of thelr ability to split urea,-resulting in the

‘formation of ammonlia and a favorable reaction for precibita-

tion of alkali salts.

l | Stuart, Th%mpson and Krikorian (80) presented a

E 7 - case in which they found the Bacillus alkaligenes faecalié

; ; acfually in the interlor of the calculus. The organism,

; | j therefore, filled the part of the "generally accepted pre-

E o requisite of an organic nucleus", and it is their belief that

‘ ~on this nucleus there resulted a precipitation of calcium |
salts from an increased calcium content of the patient's blood.

According to Balustein»(lb), however, the theory that

bacteria,‘bits of .pus, muco-pus or desquamated epithelium are
the nuclei of all kidney calculi not due to a forelgn body

is not at all satisfactory. Many stones fall to show any
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central nucleus. The products of éxtenslve inflammatory
conditions in the urinary tract, such as renal casts; have
existed in the calyces and pelvis without the formation of
sfones. Pieces of urinary calculi placed in the kidney
pelvis of normal dogs do not grow at all, but may even de-
crease in size.

: Ward (83) in 1926 described several cases of soft
‘urtnary calcull composed entirely of colibacteria. He men-
»tlons that the bacteria near the peripheny of the calcull
\/  were in several instances still virulent at| time of opéra—
tion. These calcull varied 1in size from that of a bean to
chérry. They were round or oval or tetrohedraform in shape.
Eisendrath and Rolnickv(zz)‘describe such calcull as being -

exceedingly rare. These vary from a pinhead to cherry in

slze and are elastic.
Bacterial 1nflammat10n,'acdord1ng to Hellstrom (33),
gives rise to secretion of an exudate which disturbs the
normal relationship between colloids and cfystalloids of
the urine. ’
In repeated cultures of urine from the involved
kidneys in recurfent cases of lithiasis, Lau (48) demon-

strated cali, protems or pgo-cyaneus in all cases.
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The most important contribution té the influence
of bacteria in the production of urinary lithiasis was made
in 1926_by Hagar and Magath, cited by Barney and Jones ( 6).
They demonstrated that certain stones were formed in the
pﬁesence of a Gram-negative organism capable of breaking up
urea 1nﬁo carbon dioxide and ammonia, namely, B. proteus.

Hellstrom (33) and Eisenstaedt (83) accept the
theory that a urea-splitting organism is the most frequent
. cause of recurrent5urinafy calculli. They emphasized the role
played by staphylocbcci. Joly (40) found staphylococei,
proteus, B. éoli and fecalis in fifteen cases of bilateral
stone, and he makes a distinction between those bacteria
which split the urea molecule and those which produce merely
an alkaliné urine. He states that stones occur more fre-
quently in alkaline urine. ‘He does not know of a single
case in which a true stone developed in the course of a
pure coll 1nfection. He cites recent work by Dukes of 8t.
Peter's Hospital in London that tends to show that B. ,
proteus is the only or%anism that has the power to decompose

the urea molecule. He found that the ordinary pyogenlo cocel

produced alkali, but that only proteus could decompose urea.
Urea-splitting streptococol and staphylococci in

addition to B. proteusiare credited with causing stones in

‘laboratory animals, aorprding to Keyser (43). Hellstrom (33)
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has made the statement on several occaslons that staphylococcus
18 the most essential cause of stone formation. He claims that
in the presence of staphylococcil with the absence of other
factors, such as disturbance in metabolism, hyperparathyroid-
ism, bone disease, eséential phosphaturia, avitaminosis and
congenlitally inferior kidneys, renal calculil will form.

Higgins and Mend@nhall (38) found that staphylococcus
was the predominating organism in all their recurrent stones. '
. Keyser (43) énd Lazarus and Rosenthal (49) report incrusta-
tions in the urinary tract as a result of 1nfeetioh with
alkaline urea-splitters.

Reporting on the prevalence and importance of urea-
splitting organisms, Chute and Suby (19) stated that these

organisms are the most‘Comm&n éingle cause of stone formation,
’accounting for fifty-four precent of all their cases. In
ninety cases, seventy-five percent were infected with coli,
staphylococci and proteus, the colon bacillus being most
common. They observed that the urine in cases of urea-
splitting infection is usuélly;alkaline, and that the stones
that §ccur are predominantly calcium phosphate. and haw a
marked tendence .to recur.

Birdséll (9 ) reported that urea-splitting infec-
tion was present in eighty-nine persent of his cases of

lithiasis.
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Albright, Dienes and Sulkowitch ( 3 ) showed that
B. influenza can produce calculi in the kidney. This or-
ganism ies a urea-splitver.

Barney'and Jones ( 6 ) péintéd out the diftrerence
in the locale of stone broughz about by certain types of organisesms.
The following organisme seem to have a selectivity for in-
vading the parenchyma and theretore form calculi'which re-
semble the condition known as nephrocalcinosis, occurring in
hyperparathyroidism. These organisms are B. influenzae, staph;
ylococcus, streptococcus and B, pyocyaneus. The particular
strains of these organisms which invade the parenchyma,are§
practically always urea-splitters. On the other hand, stones
are produced in pelvig or calyx by coli, proteus and occasion-
ally by staphylococcus and streptococcus. 1In one hundrea
carefully selected cases, urea-splitting organisms were found
in forvy-six percént.

Schade, cited by Alexanaer (75), was apparently the
first to atvtempt coalescence of crystals with a protein maﬁer-
1ial, He described certain conditions necessary to the form-
ation of calculi, namely, precipitation ot crystals from a Quper-
saturated solution; togethe: with some organic colloid material
~such as fibrin or mucin which can form the nucleus or minute calculi.
Although his evidence haa'been greatly crivicized, it

was an original step in the fabriéation of the colloid theory{
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The composition of the colloid in the urine hag not
been recognized, btut it is known not to be albuminous. Urinsry
salts can be excreted in a highly concentrated form, in fact,
in a much higher concentration than can be obtained in an
aqueous solution. The ability of the urine to hold the urinary
salts in concantration is attributed to the presence of the
urinary colloids. The worda colloids connotes two existing
factions, one chrystalloids, and two, trwe colloids. |

Crystalloids are salts which go into watery solution
end ionize to some extent at least. .In the presence of a
colloeid sbme of the crystalloids go out of the solution and
become absorbed by the colloid;y while others remain in Soiution.
The colloid will enlarge to a certain point to absorb a consider-
able amount ot cryestalloids so that the solution approaches the
point of supersaturation. The crystalloids are not changed by
this physical process and are not in sclution, but in a2 state
of collnidal suspension and can be seen as such with the ultra-
microscope.

The maintenance of this state ie attributed to a
proctective action of the "true cnlloid.“ It has beenr noted
that in any such suspension, the suspended particles tend to
accumulate at any point where the surface tension ie increased.
The normal mucous membrane of the urinary tract does not cause
an increase of the surface tension; but it will be changed by
the presence of a foreign_substande such aé an ulcerated area

on the surface of the kidney pelvis. The colloid is then
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precipitated in the form of a "gel," carrying emmeshed within it
the crystalloids which have been liberated by the destruction of
the protective action of the true colloid. In this manner a
nucleus for a stone is}formed.

Q Snapper (78) explained that urine is a supersaturated
solution of many substances. Many of these are nractically in-
soluble in water, but their solubility ie furthered by the |
presénce of hydrotropic substances. Fioouric, mandelic, and.
salicylic acids and urea possess this property.

Joly, cited by Bumpus (14), has held that the derange-
ment of the colloidal mechanisa by which stone-forming salts are
normally kept in solution may be due to vitamin deticiency. He
maintained that the urinary colloids are derived from the renal
~epithelium and any change in the renal epithelium will aitgr the
colloid content of the urine. Such a change is known to. occur
in the precsence of vitamin A deficienty. '

When the urine is persistently alkaline, as in vitamin
-A deficiency, it is plausible to assume, according to Higgins (36)
that the protective mechanism of the colloids 1s'dis£urbed sufri-
ciently to cause calculus formation.

A further refinement of the colloid theory was mentioned
by Roche (71). He states that the urinary salts are held in
‘8olution by the stable colloids, chondroitic, and nucleic acids
'aiaed by hippuric acid, the calcium ealts being especially
rendered more soluble. These stable colloids also aid in keep-

ing the labile oo lloids, fibrinogen, and mucin in solution,



Page 23

Certain druge, such as sodium benzoate, sodium salicylate and
mandelic acid aid the stable colloide in restoring the normal
hydrotropic balahbe wvhen it has been upset. In this respect,
these drugs act like hippuric acid. Blaustein (10) also sub-
scribes to the colloid theory as presented above.

Opinion has been expressed'that when the labile col-
loids ot the urine preponderate over the labile colloids,
precipitation ot the saltes precent in supersaturated solution
would nccur. gccording to Snapper, Bendijen, and Polak (79),

8 study of the complicated colloid frame which existe in every
kidney stone proves'that the development of a renal calculus

does not start with the formation of a crystalline precipitate.

On the contrary, the ééntral nucleus found in every kidney stone
is formed by colloids. This nucleus consists usually of a minute
mucin, sometimes a fibrinogen, particle and now and then a foreign
body.

This organic nucleus is then incrusted by one of the
less-soluble nrine compounds. On this incrusted stone-nucleus a
new colloiad precipitate develops. This layer is incrusted again,
and in this way the stone grows successively by.precipitation of
concentric colloid;léyers which arg incrusted in due course.

In experiments on rats, the last-named anthors con-
cluded that their ettorts to prevent the precipitestion ot colloids
by adding largedudoses ot substances capable ot increasing the
stability of the urinary colloids were successful. Thus, sodium

benzoate added to thediet prevented calculus fo#mation in rats

" fed large amounts of calcium carbonate. They made similar obser-
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vations cn salicylates and mandelates.

In 1929, Meyer, cited by Eisenstaedt (23), bluntly
stated that uriniry colloids have nuthing tc do with the precipi-
tation of salts frow urine or maintaining them in solufion. The
author described a series of ingenious experimente made by
Hellistrom. In order to determine the effect of bacteria on the
precipitation}of urinary salts, he dialyzed the urine. He found
th+% crecicitation csourred more often within the -ac contiining
colloid. ™hen precipitition did cccur in the outer urine, it wsas
completely cleared by restoring the pH. 1In fact, the behavior of
bcth ran exactly parallel with the pH.

Higgins (33), in pre:zcribing a diet designed to prevent
recurreunce and to dissolve existing calculdi, hased his tre:tment
on the pF of the urine of the patient. Lazarus and Rozenthal (49),
gtate that the tB of the urine play: a greataer tble thahi do the
protective colleids in that the higher the pH the more likely it
is that the crystallolids will precipitate out.

T#inem (83), minimized the influence ¢f the protective
action of the colioids. He observed that if stcne sere simply a
matter of general metabalis@ ind the crystallicid-colloid balance,
then one would expsct a much greater nroportion of bilaterality
than the actual ten tc fifteen percent.

Randall (70), in rejecting the collcid theory, stated
that this fascinating supposition lacks two essentials of tangible
fact and unquestioned truth. It answers the recognized action of
colloids to hold in cz-lution the crystalloids of the urine, and

Lore; t¢ hold them in supercaturated solution. All infectiona
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and epithelial'degeneration are disturbers or the colloid mass,
yet every infection does not bring forth a sione. We see pedple
with chronic phosphaturia, oxaluria and cystinuria who live for -
years with this deranged metabalic balance, yet fail to form
stones. This theory’does not produce the experimental proof of
the originyof the stone.

Metsbolic disturvances, such as hyperparathyroidism
and cystinuria, are now recognized as the definite etiological
factor of a certain small number of urinary calculi. These
calculi aré(unifommly composed of calcium phosphata which salt
does not form'thé majorify of stones and are ther=fore only a
small part ot stone etiology. |

| Albright, Aub, and Bauer (1), who have—pionelred in
this subject ot hyperparathyroidism as related to renal calculus,
found célculi in thcnny-thrée out ot eighty-three cases 6f hyper- -
parathyroidism.  In this disease, the blood calcium rises to
abnormally high levels, and there is therefore an abnormal excess
~of calcium beihg excreted by the kidneys. Analysis of these |
stonee showed they were consistently composed of calcium phosphate.

| Aocordihg to Chute (18), hyperparathyroidisﬁ is thé

etiological factor in about three percent ot cases of urinary
calculi. - Braasch, Griftin, ana Usterberg, (13), stated that
hyperparathyroidism associated with stone is less than 0.2 per-
cent at the Mayo clinic. This figure aiffers considerably from
that reported by Albright and Eloomberg (2 ). They found 88,64
of their phyerparathyrdia patients had renal'caiouli.f Fourteen:

of these patients were suspected of hyperparathyroidism only
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because they had renal calculi, Barney and Mints (7 ) have shown
that approximately seventy percent of patients with this disease
have rensl calculi. Flocke (27) demnnstrated that in this disease
the urinary calcium is increased and the phosphorus décreased{
Bchneider and Steenbock (76) observed formation ot urinary calculi
in rats fed on a low phosphorus diet.

Barr, Bulger,_and Dixon ( 8) reported the frequent occur-
rence of calcium stores in cases of osteomalacia., While the exact
mechaniem for formation ot urinary calculi in osteites deformans
is undetermined, according 1o Goldstein and Abeshouse (28), they
attribute ﬁhe lithiasis %0 &n impairment nf renal tunction in
addition to the disturbance ot calcium metabolism.

The theory ot parathyroid hyper-function ie probably
the most positive of any presenfed, according to Randall (70).

He stated that the sixty-five to seventy percent occurrence of

calculi in hyperparathyroid patients demands consi deration. He

wondered, however, how a disease of calcium-phosphorus imbalance
could play a part in oxalate, urate, or uric acid cslculi.
Cystinuria is 8 diesease of the young, according to
Hermer and Thompson (30), who found in a study of all reported
cases that seventy-five percent of the patients were under
twenty;one years of .age. They estimated this disease to be
familial in fifty percent of the cases. Lewis (51) studied
the occurrence of cystinuria in healthy young men and women and
found one cystinuric person in every 3230. He found that the
incidence of lithiasis associated with cystinuria was less than

2.5%. Lewis (50) was able to produce cystine concremente by
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subcutaneous injections of cystine in rabbits. Braasth and
Andrews (15) point out that cystine lithiasis is very frequently
unilateral,

Within thé last two years, some attempts were made to
explain renal lithiasis on the baeie of liver dysfunction,

Ezickson and Marrison (35) believe that liver dysfunction associ-
ated with vitamin A deticiency is the underlying factor which
causes renal tiessue change which result in stone. Lassen (47),
on the other hand, faile to find any significance in liver dys-
function from the point of view of renal lithiasis.

Of very recent discovery is the renal lithiasis resulting
from sulfonamide therapy. It does not play an important part in the’
interpretation of etiology of renallcalouli as undeitaken in this.
thesis. It wiil therefore be treated in a brief manner.

; ‘Pepper and Horach (64) were the first to describe sulfa-
thiazéle crystalline concretione in the renal tubules in 1940,
Gross, Cooper, and Bcott suggested the term urolithiasis medicam-
entosa be used to describe this type of lithiasis. Knoll and
Gooper-(45) reported in 1940 that 128 cases of urinary compli-
cationse of both known and wnknown etiology had been recorded in
'the 11terathre as being associsted with sulfonamide therapy.

Lindner and Atcheson (53) and Antopai (5 ) reported
that these calculi are radiolucent. Hughes, Sayen, and LaTowsky
(37) found calculi composed of sulfadiazine. ihe urine in every
case was of acid pH. Prien and Frondel (65) stated that sulf-
«anilamidé, sulfaphiazole, and sulfespyridine are exc:eted’in the

urine party unchaged and partly scetylated. They estimated that
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thirty to seventy percent of sultanilamide, not more than thirty
percent of sulfathiazole and an irregular amount of sulfapyridine
are involved in the urinary sediment in urolitpiasis medicamentosa,

Renal calculi were in existénce long before the die-
covery of the sulfonamides. Sulfonemide calculi may appear in
the Hidnéya of patients using the sulfonamides, but such calculi
cannot and do not esppear in those not using the dmugs. The cause
and eftect are obvious; theretore, such 1ithiésis need not be
cénsidered here.

Until the past few years no one has demonetrated a
possible point of attachment for a calculus in the kidney pelvis.
Ulceration of nhébelvic mucos8 occurs in avitaminoeis, but in all
these experimentally produced calculi, infection was a oonétant
companion. This‘faile to account for the occurrence of a primary
calculus without any cultural or hietoldgical evidence of infection._

* The evidence»of a denuded area in the pelvis of the
kidney which might serve as the caﬁse for the precipitation of
the colloidal "gel" and ite induded crystalloids, and as a site
fof their attachment until a visible calculus hae been formed
was not presented until 1936 when Rpndall (66) published his paper
oﬁ the origin of renal calculi. Two years before hie paper
eppeared he let fall a hint as to what was in hie mind vhen, in
a8 public discussion following presentation of a pger by Joly in
1934, Randall stated that it was his beliet that pfiméry papillaig
ulceration wae the basic cause ot renal calculi; |

Thebprobiem started in 19323 with a careful analyeis nf

117 urinary celculi, thirty-féur of which were renal calculi.
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From this study it was found that eighty-one percent of the stones
occurring in thie geographic area contained calcium,pxalate, and
that thie salt predominated in those stones which could be classi- -
fied as primary calculi. The predominate occurrence of this salt
could not be explaihed by previously presentéd theories, for most
gtonee heretofore developed experimentally were alkaline stones.
This created in Randall's mind a restlese investigative
attitude. He reasored in this way: a store is fomed Dby saitas
in the urine. These salts exist in a supersaﬁurated state. A stone
will grow on any foreign body or foreign tissue. Stone must be a .
gradﬁal accretion of crystals demanding a midus for the seeding of
guch crystallization. 8Stone requires time to grow. ‘Theretore it
must be fixed in its beginning in order to gain clinical size,
Thinking in this véin, Resndall (70) formed the first postulate in
hie theory as to the origin of stone: ' |
~There must be an initiating lesion that precedes
the formation of a rensl calculus.
F¥ow the question occurred to him, wheret The pelvis énd calyces
have a simple epithelial lining;’their resistance 1é high, their
anatomy and physiology simple. The renal papilla, on the other
hand, performe a complicated function, is open to multiple
physiological variatidns and known to suffer recognized insults
that lead to pathological changes. Thus the second postulate
-was formed: |
The initiatingjlesion was to be looked for on
the renal papilla.
Upon Buch a leeion, stated Randall (66), crystallization

of & primary renal calculus first takes place, and its chemical
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nature depends upon the salt in the urine which at that epoch is
the most supersaturated one.

At about-this time, Lieberthal and Huth (53), presented
their demonstration of microscopic papillary lesions occurring in
suberculosis. Such a lesion would be an ideal spot for a stone to
grow. From December 1935 to December 1937, Randall (70) studied
429 pairs of kidneys at the autopsy table. Seventeen percent showed
hitherto unrecognized papillary.lesions, consisting ot depoesition
of calcium in the»walls and intertubuvular spaces of the renal
-papillae. Twenty-eight calculi were observed growing upon the
papillae. He described these papillary lesions as "milk patches"
in another paper in 1937 (67). They varied in size from the
tiniest posseible dot to three millimeters.

~In 1940, Ra;dall (68) publiehed additional evidence for
hie theory. In 1154 autopsieé, he found 19.6% showed macroscopic
calcium salt deposits and 5.6% showed visible calculi adherent to
the papiliaé.

Regenow (73) and Anderson (4 ), tollowing Rendall's lead,
found identical deposite in the kidney. Rosenow mentioned that
Caulk (17) in 1912 reported a case in which there was dense
sclerosis and incrustation with calcium phosphate ot the entire
tip of a renal papilla, Caulk did not suggest that this had
| anything to do with formation ot renal stone. delllyes described
’a‘case in which uric acid crystals were depnsited in the collecting
tubules causing blockage and damage and consequeni calculus,

As to the cause of the papiilary lesion, the field is

now wide open.
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Randall believes poor blood supply to.the renai papilla
causes aseptic necrosis, and calcium is depésited in the form of
a plaque which, when erosion ot the papillary mucoue membrane
occurs, forms a rough surtface upon which urinary salts are de-
posited, and stone occurs. Parmenter (62) suggests that bacteriol
toxius méy play a 10le by causing cloudy gwdlling and desquamation
of the epithelium of the convaluted tubules thues favoring calciun
deposition. It may be this process which occurred when Rosenow
and Meisser injectead streptococci from célculi into the teeth of
healthy doge and obtained calculi from their kidneys eventually.

Moore (58) suggested that excessive doses of alkali as

in treatment of peptic ulcer might causé irritation of the papillae
and cause exudation of fibrin. Ezjckson and Morristén (25) claim
the underlying-factor which causes thése tissue changes is largely
liver dysfunction.

Rosenow found bacteria adjacent to or near the region
of calcirication of the papiliae in twenty-four cases out of
thirty-seven. On the contrary, Campbell (18) stvates that the
absence of infection has been repeatealy demonstrated by special
staining and .by absence ot rouﬁd-cell inriltration.

Randall's theory of the etiology of renal calculi is
receiving world-wide attention. Opposition is at pregent scant,
but ithas already‘appeared and will doubtlese increase in volume
as further investigations are made. From Denmark in the past few
monthe came & paper by Kjolhede and Lassen (44). These authors
stated that on the basis of Ranaali's theory, it would be

reasonable to expect occurrence of c@8lculi to increase wi th
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age. They tosnd that occurrence increases only until forty years
of age. Further, they would expect, on the basise of Rendall'e
theory, to find recidivavion after every li;hotomy or atter
every spontaneous passége, since some part ot fhe lesion is

bound to remain.
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CONC LUSION

Many years have passed, each one with the knowledge
of the existence of calculi, and each one has contributed its
paragraph to the story of renal calculi.

Within our time we have seen the greatest advance of
the knowledge of stone etiology, but the end is not in sight.

After preparing this thesis, I am quite convinced by
Randell that the renal pepilla is the site of the origin of a
renal calculus. .And I should like to try to reply to the ob-
jection raised by Kjolhede and Lassen, namely, that recidivation
should occur after every lithotomy or after every spontaneoue
passage since some part of the lesion is bound'to remain, by
sugg;stiné that such a calculus may behave like & dried orust
on a heaiing lesion of the skin, and that when the lesion has
completely healed, the crust peels oft. . |

Randall has convirced me that the papilla is the site
of origin. No one has as yet explained fully the efiology-of
renal calculi. It appears to me that the etiology ﬁust be looked
for not in the urinary tract proper but in the kidney parenchyma

or perhaps even in the body elsewhere.
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