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INTRODUCEION

Buring the paet few years, many aspecis of the treatment of urinary
lithiasis have changed. Humerous clinionl mad experimental observations on
the etioclogy of calculi have been made. Maay of these recent observations
are nov being made use of in the troatment éf arinary lithiesis and the
prevention of recurrence following cﬁ?g&ry.

Urologists have searched for years for a method of chemiesl digsol-
ution of stones. During the past decade many affdﬂt bhave been made to
agcomplish this. Surgeons sre sware of the high mortality rate in the sur-
gleal treatment of urinary calouli. This is especlally true in suprapubic
surgery for stones. Thie fact has driven investigsters conetsntly on in
the search for & medical method of dissolving stomes.

ETIQLOGY OF CALCULI

The relationship between urimary calouli end dletary deficiency has
been reported by many men who based their deductions on the osocurrence of
definite "stone areas! throughout the world. The majority of people living
in these "stone areas® were kmown to exist on diets peor sutritiomally. (17).
Following the world war there was & definite inoresse in the incidence of
1ithiaeis in meny parts of Durope. This increase was thought %o be the re-
sult of the improper and inadeguate dlets during the war and post-war perioed.

Experimentally, the relationship betweem Vitemin A deficlency mad
csleulous disease has been proved (15). Albino rats maintained on & diet
deficient in Vitamin A develop bdladder and remal ealouli. In addition there
ie produced keratinisation of the epithelium of the gemito-urinary tract,
urinary infection, and alkalimuria. All these conditions disappear when aod
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1iver oil 1o added %o the dlet. The composition of stones produced exper-
imentally by dietary dsficiencies differs with the mineral content of the
dtets (16). In omses of uwrinary nyt‘hiuia- studied at Higgin's Clevelsnd
Clinie from 68 to Th per cent gave biophotometric curves of Vitemin A de-
ficlieney.

Keyoer (25) does mot believe Vitamin A deficiemcy $o be so important
es on etiologlosl factor as msserted by others. He points out that Vitamin
A deficient dlets used in producing e‘aienm in experimental animals also pro-
duce changes in the cornes, respiratory tract, ebe., which changes are al-
moat never seen in patients with ealculi in this country.

Urostatis is definitely essocinted with the formation of calould.
The importance of the time element in the precipitation of the imsoluble
palts of urine was shown by Holt (18). Eumner (20) diowed that mechanical
fectors producing residusl urins in the urinary tract vere not only impor-
tant in the etiology of renal and vesical lithiasis dus to urcstasis but
algo contribate to urinary infectiones.

Infection is kmown $o be an etiologleal fector in the preduction of
ealewli, Bugbee (17) showed pyelonephritis had preceded stone formation im
23 of 29 cases of remal eslculi reviewed by him. Ures splitting orgeaisms
sre sspecially important ms the ures is converted to ammonis, giving a besic
resction which favers the precipitetion of calcium salts. Hyrntschak (19),
Keyser (24), and others have produced caloull in experimental amimals by
injecting ures~splitting orgenisms intremusgularly. Howvever, it was nec-
essary te first produce stasis by pertially tying off the ureters with silk

sutures.
Tocal infection is claimed by Rosenmow and Meisser (17) %o be & ocsuse
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of 1ithimsis. They base their claims op an experiment in which they inoou-
lated the pulps of the teeth of six dogs with streptoccecel fscleted from
the urine of patients with urinary lithiseis. Celeouli developed in the
dogs aad the specific streptococci was isolated from the dogs' wrine.

Borney and Mints (14), Albright sad Bloomberg (2), Barney and Sulko-
vitoch (5), and others have stresssd the association of renal lithiesis snd
hyperparathyroidism. These workers concluded that hyperperathyroidiem is
respousible for from B %o 5§ per cent of the cages of remal lithiasis; in
almost 7O per cent of cases of hmerplﬂthrra:l&i-. stones are present; and
in 3¢ per cent of the osses of hyperparathyroidism, the patients have path-
ological changes in the bones and uriasry tMﬁ.

Griffin, Osterberg, and Brassch (13) and HEiggina (17) bave found
hyperparathyroidism to be an etioclogleal fastor in wrinary lithiasis in
only G.) to 0.2 per veant of all cases. In view of the fmct that workers
specializing in the study of hyperparathyroidism (Albright, etc.) have more
of these special cases referred to them, Higgins figures are more likely %o
be accurate.

Randall, in 1937, (33) pointed out that remal ecalcull in the ab-
sence of pelvic obstructions must have an initiating lesion in order to
grow. He has found caloium plagues in renal papillae ia sbout one<fifth
of all post mortems made in & large series. §mall stones growing from these
plagues occurred in one-third of the caleified plaques found. The cause of
this osleification of renal pepillae is nod kmown, but it may well be the
initiating lesion for the formation of remal calouldl.

Metabolic disenses such as gout, phosphaturia, or cyetinmuria, 2
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disenns of intermediste protein metaboliss, are freguently sasocisted with
ealoull (35). Omlenli freguently follow recumbent disesses, orthopedis
conditions, sud dlsesses of bone (39). Ia these dlsesses thare is¢ decale
elfiention of Yoo from disuse with comsequent elevation of blood caleium.
T™hia zm;dts in hyperoaleinuria which favore the precipitetion of cslelunm
salis from the mﬁ‘
PAQTOAS INFLUENCING IHS SOLUBILITY OF VHE SALTS OF URINE

Urine is o eolution of many salts and orgsalc materisls. I7 these
salis were prosent in weter in the mﬁtmﬂam existing in urine, the
solution would be superssturated sad precipitation would secur. An cumg-
tastion of the faotors iufluemeing the soludbility of these salte may ex-
plaia why in the urine of one person they resain in solution vhile in that
of sasbher they precipitute and form stones. '
| The sompounds moet frequently encountersd in uwrinery sedimeats snd con-
cretions are the phosphate, ozslate, and oarbonste of csleinm, magnesium
tspnius phosphate, uri¢ aeld, sodius urate, ond smmenius wrate (36).

From & table 91’ sulubillity products the following figures may be

obtained:
Osmpound., Solubility product.
08 (POY) gem e w—en$ 16 X 10732
LFE N — mmree,§ % 1013
. ¥g OB wnel.® X 10~12
e ; 2.6 % 109
0800 g memem e . 9.3 X 10~8
ColPOy - . —ene2.5 X 10-6
%“‘ ‘ - 3-5 x 1&'5
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The figures, hovoier. apply to water solutions of the salts concerned
and do mot teke inde gonsideration the fectors in urine which tend to keep
the compounds in solution. However, the solubility products explain why

these substances are more commonly found in stones.
| Among the factors affecting the solubllity of the above compounds
is the acidity of the urine. Myers (36) found the degree of hypersatura-
tion of relatively imsoluble slectrolytes in normal urine at various acid-

ities to be:

Reaction pl 5.0 6.0 1.0 8.0
Degree of supersaturation

Seecondary caleium phosphate /1.5 2 3.5 ¥.0

Tertiary Calcium phosphate 1/3 1.9 8.0 22.

Magnesium ammonium phosphate  1/5.6 1/1.3 7.5 5.6

Galoium Cartosste /132 1/13 /1.3 7.1

Primary smmonium urate 1.5 2.2 2.3 1.8

Primery sodium urats 1.5 2.2

Osleium oxalate 1.6 1.7

Uric Aeld B3 1/10

the figures sbove represent the ratio of the solubility of the galts in urine
ap compared to water at the pH indleated.

Beutral salte such mas sodium chloride greatly increase the solubility
of caleium oxalate seven to eight times. I% is well estadlished that the
solubility of & given salt may be markedly incressed by the presence of
other electrolytes in solution. Formation of soluble complex ioms due %o
loose combinstion of the simpler loms is probably concerned iam the phenom-

SAon,

Holt (18) showed the solubility of Caz(P0y), to be enormously of-
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fected by meutral soluble salis and by the presemce of imsoluble salts of
calciun much as the urate, | earbonate, amd perhaps also the oxmlate. Sisk
{36) proved that in mormsl urine, uric scid is twelve to seventeen times
supersaturated on & solubility i water basis, but takiag into ascount the
acidity and neutral sali effect it is 4.3 to 0.1 supersaturated from pi
5.0 to 7.0, respectively. The system is complicated by the fact that the
ian&e: strength of urine, and hence the solubility of the insoluble cal-
eium salte in 4%, is subject to great variatioms.

Holt (18) also showed the phemomemon of delayed equilibrium to be &
factor of considerable importaace, The extreme slowness with which cer-
tain boluticns of caleius phosphate spprosch equilibrium has beem moted by
many investigetors. Delsyed equilibrium causes Oay(POy), precipitates to
- vary greatly in composition due to sdmixture with secondary plkosphates.

Vergar (37) (cited by Smepper) was the first imvestigmtor $o show
the effect of the salts of organic acids on ths solubility of certalin insole
uble caleiom salts. He called this phenomenon the hydretropie effect and
named Shen organic snlés hydrotropic substances. Vergsr's results showed
that sodium ‘miayhta‘ilnnrﬂtea the volution of calcimm from caleium car-
bonate. Smapper then tried other orgsaie salts. He showed that solutions
of aoai._vm salicylate, sodium bensoate, sodium hippurate, ebo., dissolve
more caleium oxalate tham does waler alone.

1t wvas also demonstrated by Medes (29) that urea increases the sol-
ubility of calcium oxalste snd wuric acid. The solubility of oxmlates in
urea risgn econtinuously on increasing the smount of ures inm the selution

, but the solubility of uric scid in urea rises until & 10 per cemt solution
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is reasched and then decresges. This decreased solubility ie due to &
reaction between uree and water by vhich water is made less sveilsble es
& solvent. Urea &s the mnsaturated smide of carbomic soid oonmi.#as with
acids t¢ form mt#-xm compounds, maay of whioch are highly soluble. Urea
also forms addition compounds with salte, prodably through the residual
valences of its nitrogen and oxygen.

However, the fagt that so many practically insoluble sn);ntums are foumd
in urine in supersaturated eoad,itim is only partly explained by the pres-
ence of hydrotroplc substances. Lichtwits (37) (cited by Smspper) demone
strated, by meane of ingenious experiments, mt my af the mﬁatmxen
which,practically insoluble,remein in solution in wrine.do sé haéanu of the
presence of certain protective colleids, the compesition of wvhich ie mot
definitely known., On the other hamd, it fs certain that mumoin, sad certain
colleidal pigments such as urochrome, are labile collodds vhiah precipitate
ensily, vheress nuclelc scid and chondroitic sulphuric acid are stabile col-
loids, under the protestive influence of which insoluble substances may re-
main in solution. Bnapper (37) believes that vhen the labile colloids of
urine preponderate over the stabile colleids, they precipitate forming a
colloid mucleus for the precipitation of mineral salte and the formation of
ealculi. _ v A

The study of the complicated colloid frame, which exists ia every atone,
proves that the development of a cnloulus does not start uiti the formation
of & wamlmnu precipitate, On the contrary. the central mucleus of &
stone is formed by colloids. The nucleus consists ususlly of & minute muein
or fibrinogen particle, and oconsionally & foreign body. This orgamis nucleus
is then enorusied by onms of the less soluble urine compounds. On this ene
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orusted stone-nucleus & new colloid precipitation develops; this lsyer is
encrusted again, and in this way the stone grows successively by precipi-
tation of concentric colloid lsyers which are encrusted in due course of
time. Therefore, the growth and devdopment of urisary oslouli are bound to
the formation of & cellold nusleus ‘tnd'a colloid freme.

A great deal of work has bBeen done to determine the mode of action of
urinary colloids. Thie field ie in & state of great confusion at the pres-
ent time. Ferguson (10) points out that irritatiom, trauma snd infection
vhich may be associated with the presence of urinary celculi increase the
colloids in urine 2s 8 result of mucin, bdlood and pus formation. In elin-
ical experience thess factors aggravate stone growth. Also urines of pat-
isnts with urinary caleouli were compared with mr-li urine ag to the ecolloid-
al protective properties of emch group by the use of the gold number. By
gold number is mesnt the smount of protective colloid that, whem added %o
& standard gold solution, just fails to prevent a certain standard coler
change. The filtered urines from the ealculi-formers exhibited bigher gold
nusbers and hence greater protective colloid propersies then normal urines.
This coatradicts the theory that lagk of protective colleids in urine is &
factor in ealonlus formation.

Weweomb (31) showed thet the solubility of czlcium oxslate in pure
water is the same as 2 solution of wurinmary collolids abtained by ﬂinﬁ.ﬂiu
urine. 4lso, wpon dialysing urine the uric scid distriduted iteelfl evenly
in the solution on both sides of the diaslysis menbrane showlng uris mcid is
not firmly attached to the ocolloids. If normal urine is dialysed and the di~
alysate svaporated to the concentretion of the original urine no precipitation

ocecurs if the scidity is kept at, or restored to, its origimal value. He



9e

does mot doubt thet colloids exist in urime, but he does mot believe that
they bave amy considerable influence on the ytﬁcipiﬁﬂilm of such conpbi-
tuents asg ar&imﬂy go to form urinary caloull. lonvoi. the workera who
belleve in the colloid factors srgue that it is not the amowat of colloid
present, but the degree of dlspersion and specific nature that determines
their ability %o inoresss the solubility of imsoluble salts.

Also it is known (36) that the a‘bmrpuun of collolds as foreign sub-
atances on erystal nrfmu may retard mmmp preeipuuﬂan of the salt from
-3 merutmhd saluﬂan. "Intmaeume colleid stabilizaticn® or the ef-
fect oﬁ‘ eolloids on the sige and nte of settling out of erystals retards
flocculation and inhidits precipitation.

Some dyes retard the precipitation of salts troin nparutmtfua sole
utions. It is conceivable that the coloring substances vprnent in urine
msy retard the precipitation of crystalloids.

It iz certain that the prwipitlemn of a suhstlnae will not take
place uanlese the wbatama is supsrsatarated w&th respect ho ite solution.
Co-precipitation causes udnery stones to generally comsist of mixtures of
substances. Thus when the principal substence precipiteates out it teads
%o omuse the other insoluble substances in urise to preeipitate out in
legser quantities. |

MEDICAL TREATMENTS IN URINARY LITHIASIS

The recent adwvances in the kmowledge of the etiological fastors of
stone formation are mow being used in the treatment of 1lithiasis.

In the past few years, the use of dietary methods in the management
of urinary lithiasis has been stressed by Higgins (15). The diedary treat-
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ment 1s as follows:

1. High Vitamin 4 diet.

2. EKigh asid-ashless dlet.

3. Aecldifying drugs By mouth.

‘H&g@lna’ remlts show the dietary regimen to de most applicadle (1)
in the provention of recurrent remel lithissis, (2) in the preveation of
the formation of urinary aaianli*in patients with orthopedic sonditions,
and (3) in the prevention of ﬁho formation of calouli in patients who pass
stones at frequent 1#tom1a tuk in vhom & ealoulus is not demomstradle ia
the kidney. The treatment should not de used if a caleculus is producimg ob-
ptruction mnd thereby causing rensl dsmage or if 2 co-axisting infeection ie
present which cannot be eradicated Eec&ﬁao it is obvious that if the urine
cannot be kept no benefit is likely to result.

The foreing of fluids is indicaied for all kiads of stones. The more
dilute the urine, the less chanse there is for a precipitate to form. Al-
bright (81) believes that there is no contraindication to havisg urine very
dilute vhen one is trying to obteln & very acld urine. Torcing of flulds
i 2lso indicated for its mechanical flushing effect.

Albright begine his medical treatment by deternining true nature of
the stone. 1f no material is available for eanalysis, one hn to try to ar-
rive at the composition by circumstantial evidesse such Bs the visibility of
stones by x-ray, the dletary habits of the patient, the composition of the
urine, the size of the stones, ets. Alkaline urine lelindieated in eﬁum

and uric seid stones.
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In discussing the ingestion of ammonium chloride as an acidifying
drug for urine, Albright (1) emphasizes i%s dangers iz the presence of ine
foction. The smmonie is converted to urea by the liver, thereby releas-
ing hydrochloric acid for acidification. It reacts wiith duffers of the
blaood to form Mall amd to incremse the ratios of buffer scids to buffer
salts, thereby lowering the pH of blood accordisg te Hasselbalch's eguation.
The blood scidosis is reflected in a lowered pH. The dlood acidosis causes
abgerption of caleium and phosphate from the bones and their secretion in
the urine. If wrea-splitting orgenisms are present in the urinary irsct,
urea is split to mmmonis and alkaline urine results, thereby tending to
facilitate precipitation of caloium phosphate from the urine.

Eiggzins points out that the dietary treatment is recommended im
only & limited group, that close co-operation between the physician and the
potient 1s extremely important, that it is essential to kmow the pH of the
urine from the kidney containing the calculus before treatment is institu-
ted, mand that it be checked at intervels while the patient is following
treatment. Higgine' results chow:

1. 4 growp of 32 patients with csleuli too large to pass spon-
taneously have responded favorably to dietary management.

2. A group of 79 patients who passed calouli at freguent inter-
vals have been relioved of symptoms for & periocd of twe years.

3, The incidence of recurrent calculus has been reduced from 16.h4
$o 14,7 per cent by addition of the dletary regimem to other therspeutic
procedures employed in the past.

Snspper (37) believes that all factors which temd to stabilige labile



12,

eolloids must help %o prevent the formmtion of stones. The presence of
salicylates, mandelates, hippursates, sad other orgsmic selle in urine may,
by im“tlm the solubility of urinary colloids, exerciss & prophylactie
inflvence minﬂ tha tar-tioa of stones. He shoved that administration
of sodium m:euu by mouth did {1) provent stone formation in rats on &
ealoiwn earbonste rich dlet, (2) stop phosphaturis in mem, {3) diminieh
renal colic in pauenu.‘ He bollieved that other mors powerful stabiligers
of the colloids af'nrfane might be used for this purpose.

Ohutes (3) does mot question $het &n goossionsl ealoium phosphate stome
will diseppear with mmw treatnent, lm@ conslders that moet stones fail
%o dlssolve because the urine is very nearly saturated with caleium phosphite
when it resches the stome. The more acid the urine the more calcium and
phosphate Loms it will keep in solution, but as Albright has shown, the
more acld the urine the more caloius aad phosphate 1% slready oontains
vhen excreted by the kidpey. OCbutes is of the opinion that 1f ozme could
csuge the patient to excrete an soid urime without ot the seme time ine
cressing the caloium sad phosphate in the ma.. stones should ddssolve
readily. He bdelieves the logical method lies in eﬂhﬂar 1rripﬂom with
acids. Randall (17) hes used Phasphorie acid for Emuc This revived in-
terest in the chemical éixml;:tion of calouli. However, phosphoric acid
ie not theoretioally & satisfactory acid to use htenm it supplies one of
the end produsts of tiu fa@aﬁaﬁ of dissolution and consequently tends to
force the reastion in the wréu &.&recﬂon. | Chutes {BT) sdvocates the use
of eltric s0id tuffers for irrigetion snd lavage of ealcull. |

Iqseﬁ (25), heweﬁari objecte %o the aam‘ lavage trentment because
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elinioally it is diffienlt to apply acld solutions on caleouli for any
length of time (in adequnte concemtrations) as ureteral or vesical spaem
and irritation become intolerable to the patient after a short time. He
states that the outer layers of calouli dissolve rapidly is Mn vitre® ex-
periments but 2g the inner layers ars approsched one reaches & point at

vhich diesolution is greatly reduced or ’bimught to a standetill.
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SUMMARY OF ONE HUNDRED AND THREE CASES OF URINARY CALCULI

One hundred and thres ocsses of urinary csleull taken from the re-
cords of the Hulinomah hospitel and the Outpatient Clinie of the Univer-
sity of Oregon Mediocal School were reviewsd., The present system of filing
ceses in & record lidrary began in 1931. The cases on recard distribute
themselves as follows according to the year they were seen:

1931 -= &
1932 - 12
1933 — 9
193k - 18
1935 - 13
1936 — 13
1937 — 1
1938 — 1%

1
EEH
The ages of the patients were as follows:

nges
O=ell wwem 2
11e=20 omee 7
21ow30 cwe= 1§
31ecli0 v 8
Bleef0 weee 19
51=<00 —wwe 21
BlemTO wmw 21
T1=—=80 wou= g
81e=100 wee 2
103

The age of the youngest patient was three years and of the oldest,
83. The average age was 46.1 years. The cases from 4l--J0 years, incluse
ive, comprise 58.3 per cemt of the total. There were 77 males and 26 fe-
males in this series.

An attempt was made to claseify the cases mccording to rece and lo-
eslities from which these patients were derived, but wes impossible since

the records were inadequately kept in this respect.
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The snatomic olessification wee as follows:

Right Left Blateral
Remal 18 19 8
Ureteral 16 13

Bilateral multiple,
rensl and ureteral

Vesiocal 2l

Prostatic and Urethral 1 |

The procedures used in the trestment of these csses snd the results
obtained were tabulated. Pallietive treatment was considered to be sympto-
matic treatment withou! attempt at direct removal of stones. The resulis
of manipulative procedures used im efforts to remove the oaleuli are elso
atated. If the method wes unmuccessful and other means of treatment were
used, the case was clessified scoordingly amd it is included uader the

other method or methods used for treatment with the resulte obtalnmed.

Procedures Fumbsy Results
Cured Improved Unsuccessful Fatal $

’“1‘@1?‘ 3".!..‘12.!.'.!12‘?.@'0!!.i.gi..ii‘k‘.'ﬁ h’“11”
mlwl‘glv‘ 13."!0.9!0.!0“6.‘nii'(a..q}..l'.civonog
?‘1ﬂ°1it&tﬂw 5.! QOPB'O'F“!I"!""'Q'!.1"‘.#1'l"00
g”m%ﬂw B s anine $A% P8%e bR saT e dnsieprnrisE
Hephrectony | FRp—,
Ureterolithotomy 10.....10
Lithﬁlﬂpq 5.‘!0‘.3‘*.‘0!l»!ip'.l'ltkﬁziiioaiﬁvbil
Perineal

Vesicolithotomy 2......2
Suprapuble

v&simlﬁtmtﬂ“ 1"9-61'-!15##&0'& sssss LR B O RN R B A O 'UtOS"OQiDa?.ﬁ
Yo treatment

filent stones 2
Treatment refused 7

The causes of deathi

Hydronephrosis, pyonephrosis, and uremis.....}
mmaﬂ‘ “ﬂl‘iﬁ M&. W“i‘,u.u LI Y *D*ﬁﬂﬁtiia
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Fea“ap‘”tiva m“un‘asa‘rt--n:ugcay-nul.cqi-a
P‘ﬁo’a"-O“ af bm&.’nt.ll'v'tl#-t!ﬁnlk‘!..‘a
Oardiac fallare or terminal

corgnary thromdosis...... ....ccovvvrrerss
Post-operative ateleotasie........ .c..0vv. .0
E'll'llll-l h!’anmmni‘.u-m“..---nn..l

The average urine output of all csses wae tabuleted. Two cases of
calculous enurie were imcluded. Albumin occurred im 69 per cent of all
sages. Nearly all orystels seeén were recorded as either ealecium oxalate or
caloium phosphate orystals. Pus wes present in 63 per cent of the cases
and hematuris in 35 per cent of the ceses. As wrine cultures were not
taken on all patients no figures can be given. However, in thos cases
where cultures were taken, B. Coli communis was the most frequent organ-
imm found, followed by staphylocoscus slbus end hemolytic streptocoecous,
respectively.

The cesccinted findings in these omses vere:

Pyelitis, pyelonephritis......22
hmmgis.'.l!lttﬂ'Q’Q'iéla
Stricture-ureteral.............0
W&thﬂl...--;.....ugé
Congenital dmuuea. dounble
ureters sad pelvis, and ab-
berent vessels......covuviuinsnd
].pmyta‘i‘Q‘t QOD‘#OO'QGQ!Q*.B
Ht&*ﬁl’@”l‘-uw....V.,m.;q--.ool
Reanl tuberculosis.............2
Benign prostatic hypertrophy..19
r&r&iﬂ boa’ (“tah ino.ooot-w-}-
Mecussion:

J‘el& {21-90) recorded the following olsesification of 636 ceses of

urinary osleuli from the records of 5%. Peters Hospital ia Londont
Age - Bemal Ureteral Vesical Prostatic Urethral
0—9..“;.'-9“"-.n-».a-wo«qv.—--3..--\»...‘-@«-'”.--v.@

19-190lﬁqucos'bconoQnOncanngooT.ct'b»ﬁnoo.ﬂoqon‘oc»‘j
20‘29---”.33.”.”u?---....-..9.»-...--..@....u...l
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Age Renal Ureteral Vesical Prostatic Urethral
a ig"ﬁ».i..hs..oo'u‘! .t?‘.ll..il"ﬁ'lt!lc.'t‘loatbino‘tl“'ﬁiisoi
'Qﬁﬂlih‘h?t!tu.lﬂ.b‘.ﬂ LR K I O B B 3 ) Qb‘i.'l""‘s w(itQCO!'.U.s
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An soslysis of these ﬂmea showe thas 64.3 per cend of stome
osses occurred in individusls from the ags group of from NO--=69. This agrees
with our figures that the preponderance of cmses esccurs in this age growp.
A series of ceses reported from the Mayo Clinis (21-<91) alsoc em=

phesizes thist

hge Humber

1l i
11==20 13
2130 3
31 59
Blw-50
51ewb0 16)4
61=n70 183
Ti=80 €9

81m-50 _ﬁ_

Apcording to July (21--00) reaal ealeunlil are slightly more common
on the right side tham on the left, Kimbrough (26-68) in s summery of 120
cases of remal and ureteral ealeull givee the location ass

Right-=50 Lefh=wii2 Pilaterale-18

Renal--Th Ureteral—-55

Stones in ureters and kidneys——9

Kimbroughe ssries shows no preponderamce of cases on the right side,
This coincides with our findings. Stevens (38) &n a review of several
published series of omses reported bilsteral calcull %o vary from 8 per cemt
to 20 per cent. 3Bilateral remal or remal-ureteral ealonli occurred in 11.6

per ceal of our series.
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In the relotively small series of cmgen tudied By the writer it
is obvious that the removal of vesical oaleouli by suprapubic surgery re-
sults in 2 high mortality rate. This mortality rate is not unusual, sg
Joly (21-—=l9) reports that in cases over 50 years of age the mortelity
amounts $0 25.% per cemt. The ususl mortality reported is sbout 6--8 per
cent (22-360).

A gollection of mortality rates for 1924 at the Interinstionsl Soce
iety of Urology reveals:

Pyelolithotony-——g. b

Bephrolithotomy--—--10. 3%
Hephrectomye————-—ead, il
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- CONCEPT OF THE PROBLEM

Randall's introdustion of phosphoric aeid lavage for treatment of
urinary caloull revived interest in the chemieal dissolution of stones.
Hearly sll stones sontain large qusntities of ealoium phosphates or iriple
phosphates. Therefore it is chemically unsound to use phosphoric seld for
irrigetion as 1t supplies one of the end products of the expected resction
and thus by common ion effect would tend to maintain & precipitete rather
than dissolve it. In the presence of an elkalinizing infection the use of
phosphoric acid may, certainly theoretically, contribute to stome deposition.
This was indlcsted when & cage, being treated by urologists of the County
Hospital by Randall's method, failed to show diessolution of progress ia
this direction. At this ssme $ime Chutes, in an Urological Correspondence
Club Letter to Dr. John Hand, had teld of the use of neutral citrate solu-
tion in the dissolution of ealeuli. Judy (23) in his thesls (taken in the
Department of Chemistry of the University of Oresom Medicsl School) showed
that citric moid candies may be instrumental in producing dental caries.
He demonstrated that the mineral salts of teeth or synthetic caloium phos-
phate (tertiary) are not dissolved sppreciably im citric acid buffers at
pH values above 5.1 to 5.2. The lower the pH of the solution the faster
the rate dissolved. Teeth amd caloull resemble each other closely. Bach
~consints of an organic framework emmeghing csloiws salts. The desirability
of using & buffer solution of lov pH for caleull dissolution was apparent
from thie work. For olimicel use it wes necessary to determine the lowest
pH and highest buffer concentration well tolerated by patiente when the
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solution 1s kept in contact with the bladder wall for comsiderable psrisds
of time. '

In the dhxmuiam on Randsll's uthed of trrlgaﬂng with one and Swo
per cent pkuphurle ‘em 80 nutwu is made of m pﬁ of the mluuon or tha
effective pH naintatned after it becomes mm(! with urina.

v& two per cent phnsphnriﬁ acid solution iu accurately grapm*éﬁ by ti-
waﬁan to phmphﬁhﬁ.lain. The pE -is datemineé, by use of the Beckman pH
meter. A peruou ai‘ the solution was d:l.lutml to one per cent and the pH
de&emineé.

EgPOy —pE 1.97
¥ HyPoy - 1.5

Eeyser (25) attempted the use of malic seid, lactic scid, and other
organic aolls to lavage caleuli. 41l of these unbuffered scids in the cone
centrations used have pi values below 2.4. These lov pH values undoubtedly
explain why Keysor stated that clizicslly 1t is insdvisable to imtroduse such
aelid solutions i:m the bladder for uﬂcﬁu dissolution “hacmue it is in-
pa#siﬁla for patients to tolerate them long mwh Tor appreciable action

to ocour.
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THEORETICAL FACTORS IN THE CHEMICAL DISBOLUTION OF URIMARY CALOULI

In considering the dissclution of ealcull, mamy factors mmst be
considered. The first of these is the surface area involved. Multiple
calouli offer a greeter surfsce area than one single large calewlus. Also
as dissolution proceeds, the surface ares becomes less and epprosches sere
as a limit. It is obvious that the diessolution will be proportionel to the
surface ares exposed to the action of the acild buffers.

The second factor is the time element. It 4s readily underatood
that the amount of stone dissolved will be proportional to the time the cal-
culus s exposed %o the scld buffer. Thus & continwous irrigstion would
naturally give & greater time factor them e single irrigzation talten three %imes
daily, '

The third factor ie the pH snd concentration of the acid buffer used,
The lower the pH of the solution in sombact with the salts of caleium, the
faster the dlesolution takes place. This refers, of course, to the ef-
fective pH in contasot with the stone. Now the effective pH is the result
of the mixture of wrine sad the ngaﬁm fluid. This remction and con-
centration depend on the buffers present ia the urine, sad the pH sand con~
centration of the irrigation buffer used together with the relative quan-
tities of urine and buffers which mix in the dladder, Also, &8s the salts
of thi stone go into solution the pH tends %o rise. The lowest pH with the
highest buffer concentration which caa bde Solerated By the patient ghould
be mosts effective for clinical use.

The fourth factor is the specific properties of the asid itself.
Ideally an acid for use as an irrigation fluid for dissolution of urinary
ealcull should form & very soluble calcium salt which does not ionisze to
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any Sprrecisble extent, thus remaving the chmmges of 'wnrwipsuuaa fol-
lowing solution of the salt of the stone.

The fifth factor is the stone itself. The solubility of the ealts
found in stones is different for each compound. Omalstes are more diffi-
eult ta dissolve than phosphotes. Esch stone has a different chemical
eompound. Aleo the colloids binding the stouse together play & considsr~
able part in the dissolution. HEach sione may differ in this respect alse.
Thus some stones will dlssolve emsier than others.

fime of irrigation, pi aad comsentration of buffersd sclde, and the
specific properties of the 8¢id used are factors vhich may be readlly come
trolled. "he problem of the diswclubien of caloull 1s largely eoncerned
with these iuﬁns.



EXPERIMENTAL PROCEDURES

The chemical dissolution of vesicel caleuli was studied by olinical
and laboratory methode., In the clinicsl studies, the omses vere treated
by bladder irrigations. Enintiany three tjpes of irrigations vere used.
These will be discussed later in detail. Inm each case the Sotal 2% hour
urine was collested with the irrigation fluid. Crestimine detersinstions
were run from time to time o check on the agcuracy of urine collection.
Total ealeiws, phosphate, uric 2cid and oxalate determinations were made
on the samples. Because of daily variation im the exeretion of these sub-
stances, generally ten samples were collected. For sach buffer used (ot
definite pH and concentration) the totsl and average excretion of the above
substances for the peried of irrigation was calculated. The theory wae
that any amount of substance dissolved from the ecalevli by the dbuffer wouwld
increase the total exeretion by that amount,and thereby & comparison of
buffers could be obtained. The progreas of each omse was ales followed by
radiograms.

The method firet used for calecium determinations was & modifisation
of HoOrudden's (28). Two humdred cuble centimeter centrifuge tubes wers
used to eliminate the filtratiom of urine. The method proved cumbersome,
ad the Clark mad Collip modificstion of the Kremer snd Tisdsll methed (8)
was adopted. We further modified this method for urine deterninations by
acidifying to congo red in order to bring all caleium phosphate ints sol-
ution and resdjusting the pH to around nentrality with sodium acetate bduffer.

In the modified procedure the urine was meldified to conge red, file
tered, 10 ce. pipetted ints a 15ee centrifuge tube, followed by the addition
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of 2 ce of Uf ammonium oxalate and 3 cc of 108 sodium agetate. From this
point the procedurs was that of COlark snd Colllp referred to above. This
method gave satisfactory results on kmown caleium solutions and on urine.
The values by it are not influsnced by the yru&ame of citrates.

Phosphates were determined by the method of Piske, and Subdarew (11-375).
The presence of large smounts of citrate ion interfere with this method and
to obviate this in our work the ssmples were wet ashed to destroy organie
matter.by the perchlorate method of Gevirts. |

The determination of uric scid was carried out By the direct color-
imetric method originslly desoribed by Benmedict aad Framke (6).

Dekids modification (9) of the Salkowski-Autenrieth sad Berth method
for the determination of oxalates was used.

Hippuric acid was determined by the method of Griffith (1b) using the
simplified miero-Kjeldahl spparatus of Soott and West (34). Where analysis
of stones was necessary the procedures of Newcomb (32) for sempling and wet
ashing were used, then aliguoet parts of the solution were taken for the
separate determinstions using the methods deserided above.

The Folin colorimeteric method for creatinine was used to make sure
that totel twenty-four hour urine samples were received. This was found
to be invaluable in keeping & check upon the completensss of collestion by
the nurses.

411 buffers used in the slinicsl and "in vitro" experiments wvers
brought Yo the preper pH by use of wdlum hydroxide. The pH ian all cases was
determined by use of the Beckman pil meter.



IBRIGATION METHODS

Three methods of irrigation were used throughout the clinicsl ex-
periments. The first procedure wee intermittent irrigation. This wes
oarried out with en ordinary wrethral catheter in place, connected with
2 reservolr of buffer suspended over the patlent's bed. 50 ss. of the
buffer was injected three times daily and held for one hour by & ¢lamp
placed on the end of the @%h&ﬁﬁr, This had the disadvantage of giving
only three hours of contact betwesm calcul!l and buffer per day.

The second method of irrigation employed & contimvous irrigator de-
veloped in our laboratory (see figure). The Murphy drip allows ascurate con-
trol of the emount of buffer flowing per minute. The Bunsen check valve
prevents rise in intravesioal pressure frem pushing urine up into the res~
ervolr. A doudle F 24 catheter is used, one tube serving ee the inflow,
the other as the outflow. The height of the side arm ebove the bladder con-
trols intravesical pressure and the guantity of fluild iz ths bladder. The
air vent is placed near the side arm %o prevent siphoning. This apparatus
permlits continuoue irrigation vithout sudden chenges in intravesiesl pH,

The contents of the bladder mmd its pressure do mot vary greatly during
irrigation. The incoming buffer is mixed with the urine by the elirculat-
ing action of the $ip of the doudle catheter. The irrigator is simple in
operation; permitting variation in rete of flow and intravesical pressurs
st will,

The Munro tidal wave apperatus (30) wes also tried. Due to the repid
changes in intravesical pH gsused by the sudden filling of the bladder darisg



the positive pressure pbase, more vesical irritation snd spasm were

caused by this irrigator tham by the apparatus described above.
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OLINICAL DISSOLUTION OF VESICAL CALCULI. REPORT OF CASES,
CASE 1.

#39275.

J. 7., & 5T year old white male, entered Multnomah County Hospital
with the chief complaints, (1) low back pairn, and (2) difficulty im pas-
sing urine for about the past eix yeers. The difficuliy wes mainly on
sﬁarﬁng the stresm. The stream progressively became smaller. For the
last three months the patient had hed more trouble tham previously. There
had also been some burning on urination and he had a low bagkache for the
lest week before admission. There had been times vhen the patient's stream
shut off sbruptly while urinating. %he patient had epileptic seigures for
the past forty years. During the last six years he had taken phenobarbital,
grais 13/2 to 3, daily, and had no attacks. History by systems was aaﬁen-
tially negetive.

Physical exmmination revealed an area of bladder duliness after ur-
ination. Recte)l examination geve evidence of slight hyperirophy of the
prostate. Othervise physicsl examination was negative except for the ab-
sence of $he right eye. |

Laboratory examination revealed: Urime on all occasions showed
from one plus to two plus albumin, occasional triple pbosphates, and pus
eells ranging from one %o two plus. Occasional red cells were found in a
majority of samples. Blood examination was negative exoept for & sedimen-
tation rate of 35/81. Blood calcium was 8.7 mg., blood phosphate 3.4 mg.,

B. U. §. 13, alkali reserve 80, snd P. 8. P, 658. Serology was negative.
A rediogrem of the blmdder srea, taken on 3/29/39, hed revealed in the
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bladder ares at lonst soven densities, the largest of which meagured
slightly over two eentimeters iu dlsmeter (see Pigure 2), on H/25/39,
& ayetoscapic emamination showed many large white stomes.

Trestment ug Projgresa: Sladder irrigations with 1 por cent phos
pharis seld vere begun, On §/5/39, the dladder irrigntions were changed
to 2 per cent neutral sodiwm oltrete welng 50 oe. three Simes deily. On
5/9/39, scldifying mixtures vere begun. Forty dreps esch of phosphorie
acld and hydroohloric seld with wvater as necessary to dilute wers given
orelly three times dedly.

On 6/5/39, » rediogres of the dladder aree revesled mo change in the
sige or nmmber of stonee.

Becsuse of the lack of progress, aid of the Departuent of Blochem-
 istry vee reguested. On June 15, the dladder irrigetions were changed %o
0.7 moler citrate Duffor of pE 4.0. This was contioued vatil Jume 30, vhen
irrigation by neutral cltrats wap Sgein used in order %o obtain contrel
psamplos for smalysis. An x-ray on the 19th of June gave the impression
thet the stenes vers slightly smsller than in previcus films. After ten
days on neutrdl eltrate irrigations, snother x-ray was taken, dut ns change
whs noted, ‘ |

On July 10, irrigation ﬂth 0.4 molar eitrate Duffer, pH 3.5, wvap
started. After bwo days this was dlscontimsed becsuse of Bledder irritstion
and the selution changed to 0.2 molar clitrats bduffer, pd 3.5, which was
sontimaed watil July 21. The irrigstions vers new changed to O.b melar eit-
rate bulffer, pi 4.0, but the buffer caused irritation. This duffer was
then diluted %o 0.3 molar, pH X.0, on July 27 and continued with only
slight burning sensations during irrigations. A redlogrem on July 24,
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showed considersble decremse iz size but no change in the mumber of stones.
The 0.3 molar sitrate buffer pH 4.0 was continued for four days from

July 27 to July 31. An x-ray at the end of this time showed the stones to
be mach smaller and noet so aumerous.

On August 1, & listholopexy and a transurethral prostatic resection
was done. The stones were very soft sund erushing was relatively simple.
Iitholopaxy was done as the reseciion of the prostate was necessary and by
this means s mmall sample of the stone was collected.

The stone gave the following ansiysis:

Calelume—ommm-10. 7 CeHPOy . 2H,0 (Oaloulated) U46.0%

Phosphorus-—-15. 2% POy (Geloulated) 38.7%

The phosphorus content of the stone was eguivalent to 84.3% CallPOy, . 26,0,
considerable of which wae probadbly present as & result of the sction of
&cid upon Os3(POy), present in the stone originelly. The calcium content
of the stone was equivalent to only 46§ MI‘%: Haﬁ, Apparently a consid-
erable part of the phosphates present must have been in other forms such as
megnesium ammonium phosphnte. This may be comsidered primarily a phosphate
atone,

Total calcium was determined on the 24 hour urines (plus irrigation
fluid) during the experimental perieds. The results were as follows:

Buffer Used ¥o. of Semples Dally Calcium
Average mg.

Houtral Citrate 10 211

0.2 Npl. Cit. pH 3.5 10 240

0.3 Mol. Gi%. pH 4.0 5 272
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(A1l ealcium figures are computed snd smpreseed &s elemeniary caloium).

Conelusions:

1. A case with multiple vesical caleul! composed mainly of phos-
phates showed progressive dissolutlon under irrigstion with verious citrate
buffers.

2. OCaloium determinations proved 0.3 molar citrate buffer, pE 4.0,
$o be most seticfactory for the dlssolution of these partiocular stones.

3. ¥o progress was noted with irrigations ’by'hndall's phosphoric
acid method. | |

4. Badiographic evidence agreed roughly with the chemical evidence,
from caleiom htamiutloss, but the chemical evidenge gave B more agcurate
indioation of the progress made.

5. 0.4 molar citrate buffers, pH 4.0 and pH 3.5 were not well tol-
erated. This was probably related to their meﬂqnlcity.

6. 0.2 molar ocitrate buffers, pf 4.0 and pH 3.5 vere tolerated. 0.3
moler buffer, pH 4,0,csused some irritation but could de used over an ex-
tended period of time. It was the most efficient compromise of pH and mol-?

arity studied in this case.
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Radiogram of Bladder
Before Treatment

Plgare 2.
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Badlogran before trestanent with sitrie seld buffers. No

Ohsnge S0 noted as comparesd to previcus film, The patieat

had besn treated with mz; s 1§ phosphoris acid lavage.
'imﬂ «



This rediogram showed some dissolution wvith 0.2 molar citrate
irrigations at pE §0,

’1”‘ h’o



Consliderable dectesse in the sise of the stones ie
noted.
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The radiogrem showed repid dimsolution as compered %o the
previons rediograum, after ons week of irrigetion with 0.3
molar oltrate daffer, pi 5.0,

Figure &

*
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CASE 1X
#7998

g 7., & 62 ‘r-r 214 white male, wes first seen in the Urelogy olin~
is in Augast, 1937, at whish time hie chief complaint was {ncontinemse of
urise. ¥Pwo yesrs previous to this time he had had » two siage suprepuble
prostatectony following which he had repected soundings. VWhen first seen
in the alinmie, sounds ocould not be psssed. However, following dilasation
wvith filiformn sad metal followers, sounds could be passed mnd cystoseopy
done., At eystoscopy recurremt hypertrophy or incomplele enucleation wos
seen. What appeared to be diverticulation of the prostatic urethrs wee
present.

The patient progressed well on oceasional i@ﬂima andé bladder ir-
rigations uwatil the latter part of July, 1939, vhen it bectme difficult to
pese sounis., Fimally filiform sounds and metal followsrs were passed
which grated in the prostatic urethre. A rediogram of %he Yladder taken
st this time revenled multiple wesicel caloull, one of which sppeared to
be impacted in the prestatic urethra.

The patient wae admitted to Nultaomeh County Hospitel on §9-25-35.
Physiosl exsminstion revealed no findinge other than those discussed sbovs.
Urine showed & one plus albumin, ecslcium phosphate eryetals, pus, and bace
serie. Dlood wes sssentially negstive. Berology was negative.

From Oatober 2 to 11, ten 24 hour control samples vere collected.

\ Throughout thie osse total esleiuwm, phosphorus, snd urates were deterained.
A single oxslate determination wee done giving e figure of 25.8 mgme. of



38.

oxalate in the total 24 hour urine sample. Because of the difficulty in
running oxalates this procedure was abandoned.

On October 12%h, 8 retention catheter was placed and the patient
was irrigated with 1-5000 potassium permangsnate to control his infection
and lessen vesieai irritebility. Oa Octobder bth intermitient irrigation
was begun with 0.2 molar eitrate buffer, pH 5.0. It vas desided to lower
the pH in & step~wise fashion in order %o find the critical pE for the
dissolution of stones in vivo. This was carried out with 0.2 moler citrate
buffer lowering the pH 0.5 of & unit at the end of esch tem days. Vhen
the samples for 0.2 molar buffer, pH 3.5, had been collscted it was decided
to use the continuwous irrigatoer developed by this 1a.hara‘.m~y; Aemrmﬁgiy
the epparatus was set up and started on December llith. However, due %o
trouble with the irrigater no cmna«:tian of semples was made until Decem-
ber 23rd. The irrigations vere continued until Jenusry 3rd when the solu-
tion was changed to O.% molar ecitrate buffer, pH %.0, and continued wntil
the 14th of Jamwary. With 0.2 molar citrate buffer, pE 3.5, the imtre~
veeical pi was }#.7 while with O.4 molar buffer, pH 4.0, the pd fell to 4.3~
4.1t dus to the inereased capmeity of the buffer.

Gystograms token on 1-9-U0 showed thet one of the thres caleuld,
present throughout on the series of plates made of the-patient, hed 4lsap-
peared. su.;hcqmt x-rays showed progressive dissolution and decaloifi-
eetion to be taking place while on the citrate buffer. {Bee plates.)

On Jangary 14th irrigations with 0.2 molar mcetic acid pH 3.0 were
tried. After twenty-eight days this was discontinued since no evidenoce

of dissolution was noted from the salcium determinations during this series.
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The irrigations were then continued with 0.2 moler citrate buffer, pE
3.5, watil 3-lU-40, At this time & small piece of stone was passed mmd
beocause an sx-ray taken previously revealed only one small density it
wee felt that the patient had been cured.

The petient was discharged snd told to return to the Urelogy de-
partment of the Oytpatient clinic for gystoscopy. Upon cystoseopy, how-
ever, & small stone about the diameter of an ¥ 30 satheter was seen. The
patient Lo to be re-ndmitted to the hospital as soon as bed space will
pernit in order to complete the dlssolution.

The results of the determinatione on the 24 hour urines (plus

irrigetion £1uwid) during the experimental pericds follow:

Buffer Used No. of Samples Daily calcium Daily phospherus
average (mg) average (gm)
Control 10 .9 .91

I. Intermittent Irrigation

0.2 Mol. Oit. pH 6.0 & u8.7 .86
0.2 Mol, Oit, pE 5.5 & 49.6 .88
0.2 Mol. Cit. pH 5.0 8 b7.4 1.17
0.2 Mol. 01t. pE 4.5 18 W, 6 .93
0.2 Mol. Cit. pH 4.0 11 40,8 1.30
0.2 Mol. 0it. pH 3.5 8 51.7 1.29
IX. Continuous Irrigation
0.2 Mol. Cit. pH 3.5 8 56.6 <94
0.4 Mol, Ofs. pH B,0 & hg.g .76

0.2 Mol.Acetic |
Aold pH 3.0 8 35.7 .59
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Ho relation was noted ’batvaén aric seld snd phosphorus exeretion.
However, the csloiunm valwee show that contimuous irrigetion wes more ef-
fective than intermittent. WNo apprecisble ineresse in caleiuwe exeretion
was noted until & pH of 3.5 was reached. In the continwous irrigator this
duffer gave &n‘affntiva bladder pl of ¥.7. The 0.4 molar buffer, pH 4.0,
geve a lower imtravesieal pH but did not cause sp much csloium dissolution.
This was due to the fact that the patient could mot tolerate the irriga-
tion over &s long & perlod of time with this buffer 28 he could with the
buffer of lower concentration. Acetic scid buffers were not effective.

Conclusions:

1. Continuous irrigation gave faster dissolution with less irritation
thean d4id intermittent lrrigation.

2. 0.2 molar cltrate buffer, pH 3.5, with an intravesical pH of 4.7
gave aan epprecisble increase in the daily average csloium exeretion.

3. 0.2 molar citrete buffer, pH 3.5, was more effective tham 0.4
molar citrate buffer, pH 4.0, with continucus irrigation since it could be
usged for longer periods of time without lrritation.

4, Acetic meid was not effective in the dissolution of caleuli in
vivo.



Radiogrem of the bladder before trentment.
Figure 7.

W,
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The rediogram showed dissolution was taking place as
compared to previcus filem. Ome stone hag dismppeared.



hnis rediogren showed further dlssolution of the stones.
Figure e

43,



One stone remained efter s week of iMmuaa with
gitrate tuaffer.

Tigurs 10



4 single stone was present bdehind the publa.
Figure 1il.



4é.
CASE 1XX

R, 0., & private patient of Dr. John Hand, had bilateral remal
staghorn caleuli. These were producing no obstruction on either side.
It was decided to try this patient on 2 dietary regimen and phosphoris
and hydrochloric scid by mouth. Also, hippuric acid was given in one
gram guantities once per & day. Control samples of wrime were firet
takken. Later, while hippuric as the only &cld was given, other urine
samples were collected. No significant change in oslclum phosphorus,
or uric scid excretion was moted. Howsver, the totsl average hippurio acid
excretion increased from the control level of 1.31 grams to 2.30 grame
daily. The resulte show hippuriec acid to be readily absorbed from the
intestine and gquaatintively exareted in the urine.

Conclusionss

1. Vo change in caloiwm, phosphete, or uric scid excretion was
noted when hippuriec seid was given unlly.

2. BRippuric scid administered orally was readily absorbed and

readily absorbed amd exereted in the urine quantitatively.
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0ASE 1Y
$106240

®.8., a 62 zrm old manle, was admitted to Multnomah County Hospital
on 1-28=U0, vith blnady urine as the ochief vomplaint. He had bad urinary
difficulty for tiw past three years coasisting of drwbnng, ulixmtioh
of stream, snd sudden stoppege of urine. For several weeks befors admission,
he had hemsturis and & buraing semsatlon upon urinﬁioa. He llbm had an
indirect inguinal hernia and positive serology. Urine showed two plus R,
B,.G. and pasitiﬁ culture for gram poeitive coscal. |

Sulphanilamide redne-od the frequency of urination and the accompany-
ing burning and pa.‘l.a‘. Cystoscopy and r-d.logﬂ.phr rovealed a caloulue &boub
the sigze of & small egg. Marked cystitis and benign prostatic hypertrophy
of the medism end lateral lobes were present. The patient refused surgery
end dlssolution wes attempted by irrigation.

On :é-u..-ho. the patient was placed on an scid ssh high vitamin A
diet snd fifteen grains of ammonium chloride were adminlotered five iimes
dsily. Two dsys laters Munro t1da) wave irrigator (30) with a single
Trench 18 catheter was set wp. Irrigations were begum with 0.2 Melar
citrate buffer, pH 4.0, and continumed for tem hours daily for two days
when gross bleod suddenly appesred im the outflow tube of the apparatus.
Thore wae also exbreme pain, swelling, sad edema of the penis due to cath-
eterization. The catheter was removed. It was felt that 1t might be bet-
ter %o use the continupus irrigation apparatus “v this had proved satie-
factory in previous omses.

On 2-21-40, the anterior urethra wae dilated with F24 and ¥ 26 metal
sounds in order to iamsert sa ¥ 24 double ostheter. The dllstation was

Becessary beocsuse of 2 stricture in the anterior urethra. This ocsused &
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fever of 104°, which subsided by use of sulphaanilamide. Irrigations were
carried out for two dsys with the continuous double catheter irrigator us-
{ng 2 0.2 Mular citrate buffer, pH 3.5. At § P.M. on the second day gross
hematuris developed due to oystitis sad ulceration secondary to the stone
present. The irrigation wes stopped and the hematuria promptly subsided.
Pluids were forced and supportive treatment given. Irrigations were again
instituted for three deys when gross hematuria again developed. In view of
the continued hematuria and epparent toxic condition of the patient it wms
felt that he was not & suiteble risk for irrigetive treatment. The patient
was given supportive Ltreataent.

On 3=-2-40, & suprapubic Vesicolithotomy was performed.
Conclusions:

1. The sppearance of hemeturis constitues 2 contraindication %o
irrigative treatment.

2. The disadvantage of the continuous double catheter irrigator
1ies in the fact that the smellest double catheter made is F 2M.

3. It was undoubtedly & mistake to dilate the urethra in order %o

place the double catheter.
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"IN VITROY DISSOLUTION OF CALCULI WITE VARIOUS ORGAWIC ACIDS

A single caleium phosphate stone was broken into several small
pleces each weighing from 500 to 600 mgm., and with similar surface areas.
Bach stone was placed in B tube snd so arranged that it could be bathed
by any desired buffer solutlon from below, the excess solution running
over through & side arm inte & receptacle. Hach of the organic moids $ried
vas 0.1 molar, pH 4.0, ZEech acid wae run into the tube st & constant rate
of 50 ece. per hour and was collected in consecutive 500 cc. samples. The
tubse were immersed in a constant temperature bath at 37.5° centigrade.
Galcium determimations were run on the first three 500 cs., samples and on
thg remainder of the stone in each case.

Sample No. Acid unsed  Total caleium  Totsl calcium  Total % stone cal-

in stone® dissolved {mg) cium dissolved
1 Mendelis 117 26 22.4
2 32 49.6
3 31 76.1
1T 1 lactie 64 19 29.7
2 17 56.3
3 13 76.6
153 QI | Glyeolic 19 18 22.8
2 1 56.7
3 23 5.8
Iv 1l Citrie 99 31 3.2
2 25 56.4
3 13 69.5
¥ 1 Acetic 100 43 43,0
2 28 71.0
3 29 100.0
i1 Maleio 179 &2 23.%
2 41 46.1
3 41 69.0

sPotal ealoium in the stone was calomlated from the total caleium in
each sample plus the caleium in the undissclved portion of the stome.
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Acetic ecld s seon %o be the most effficient buffer in “in
vitro® experiments. This is not in socord vith our n vive® findings.
This lack of sgresmest detveen the “in vitro® and ®a vivo® work 4s
probably due ta the sppreciable ianisation of ealolun scetate., In the
bisdder this {onizetion llimrs secondary precipitatiocn to take place,
theredy counterasting the discolution which tekes place by resson of
the low pl. In the teet tube, however, the oalclum and phosphate con-
eentyretions in solution sre low amd thie does not oocur,thus 2llowing
dissolution Lo Sake plage, |

Clusonic seid sppesrs to be an exeellsnt substance tuffer with
whioh $o attempt dlssolution. Idttle difference was foumd vetween the
other seids with respeat to thelr capacity %o diesolve staau# in "in
vitro®. A serious fsult with the above experiments is thet the surface
srea of the stone expused to the acids warled msucﬂmy in d4ffTerent
experimente, AStempts sre belag made o obviate this 4ifficulty.
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SUMMARY

The etiology of urisery 1;&!”1: ie reviewsd. Among the fog-
tors considered ave Vitamia A defielencies, urostesis, infestion (es-
peaislly with urea-splitting orgenieme), focel infection, hyperpars-
thyroidiem, oaleifiontion of plegues in the remal mtfmm metabolic
disenses and orthopedic mtﬁtou; ,

~ The factors concerned vith msiniaialag the insoluble ealts of

¢lacium in solution in urine sre considered. A cousideration of solu~
P14ty products expleins why certain calelum salts are more oftem the
prindpal somstisueats of osloull, Among the factors affecting the sol-
ubility of these sompounds are the relative consentrations of the sub-
stances excreted, the asidity of the urine, the simulteneous presence
of organic hydrotropic sudstances such as hppuris acld, snd the effect
of ures. The part that urisary colloids play in the solubdility mech-
snisns of Aifficultly soluble salts of urine is discussed.

The spniiontion of these recent sdvanses to the medieal Sreat-
ment of urinsry lithiasie ie diseuseed. A cummary of one bundred and
three casss of urinary lithiasis Saken from the records of Hultnomah
Hospital and Oytpatient olinic of the University of Oregon Hedioal
Sehool is included. A consideration of these osses emphusizes that
urinary lithissis 4o predomizately & disesse of middle age as nearly
Wwo-thirds of all these cnses oocurred in the sge groupe from Bl to 70
years. The mariked mortality rats of euprapublec surgery is emphssired.

Aandell's introduction of phosphoric scid lavage for the treat-
mont of urinary lithinsis revived interest in the chemical dissclution
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of stomes. Irrigatton ie considered to be the logloal method for the
pedioal dissolution of urinery ealculi. The use of Phosphoric seid
fs theoretically erronmecus. The use of citric sold was suggested by
Ghutes. The work of Judy upon the effect of eltric acii csndies o
Seeth slse euggeste this.

Keysor's objection to irrigations with thess soids 1s that they
Bre too irritating vhen used over leng periods of time, It wes deberamin-
od that the 15 phosphoric sold used by Randsll has & pH of 1.51, which
explaing why this solution is irriteting to the Visdder wall and nreter
vhen used for irrigation.

The theoretionl conslderations for ths diesoluticn of atomes s
dlscnssed. The fastors considered are surface sres, pi, comsentration
end specific properties of the buffered ascid used, the time of irrige~
tion, aad the isherent naturs of the stons 1tself.

In the elintesl emperiments three osses of vesloal osleull were
treated by use of cltriz sold duffer lavage varying the pl, congentra~
tion snd method of irrigation to delermine the most effective conditions
far digsolution. The otwes wers cerefully controlled and prograss
followed by osleium and phosphorus.excretions in the Sotal 24 hour urine
plus irrigotion fluld, eud by madiograns taken 8% periodic iatervals.
Three nethods of irrigstion wers uveed. These consiated of intermitlent
lsvage, continuvous irrigation with amn apparatus developed im our labe
oratery, and tidel wave irrigation.

Gontinnous irrigation proved to be the most effective. The cone

tiououns irrigator gave the lemst amount of irritation and was relatively
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simple in opsration. The Mumre tidal wvave apparatus geave & gresi deal
of irritation due to the sudden changes of indravesioal pil. The inter~
mittent lavage wes tneffective ss §% 314 not glve suffisient trrigation
$ime.

Two casen of multiple vesiosl celouli showed progressive divsol-
ation with sltrate Suffer lavage. The oslouli from one of the cases
eonsisted mainly of phosphates. No progresc wes noted with treigations
by Bsndall's phosphoric asid sethod or dy acetic ncid lawvnge. 0.3
molar oitrate duffer, pE 3.5, was the most effective buffer tried with
continuous irrigation. 0.3 moler citrate Wuffer, pH 4.0, was the most
effoctive buffar used with intermittent irrigation.

Badlographlc evidence sgreed with She chemicel evidence but i
lese scournte ne an index of dsy 3¢ day progress thaa cslolum end phosg~
phoric deteraination.

In one ¢linionl eess, continuous hematurie forced & discoatisusnce
of the irrigative trestment. Coutinuevs hematuris constitutes & sone
trnindiention te trpiprtive trestment, The dieadventace of the cone
tinuwous irrigetor wee shown in this cmee wvhen Yhe urethra was dilated
to place the msallest double cutheter mode, & Prench oh esliber. Fole
loving the dilatation the patient's course wes very storamy.

In the in Vitro esporinents naetic snd gluconie aeids proved to
be the most efficlent. This does not sgree with in Vive results sinse
agotic acld wes not sffsctive in elinionl experiments. WHors mcourate
methods of controlling surface ares sad other factors are unocesesvy before
fn Vitro snd in Vive results will agree.
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Vhile 4% is realived that mcid buffer lavage is by no means
perfocted, it seems ressonmdle that 1t may Be used to reduce large
vosionl stones to & sise sultadle for litholopexy. OCombined vith
tranc-arethrsl resections for prostatic hypertrophy snd litholopaxy 4%

might lergely eliminate the suprepubic wvesicolithotomy snd 1%s attendw
ing wortality rete.
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