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CASE II! _ 

This was the first  admission for this 49 y/o , a tetired 
 who was admitted because of Buerger's disease and severe depression. His past 

medical history was comp lex enough as to deserve breaking down into several cate~ries: 

a) In 1947 this patient exper ienced his first ep isode of left flank pa i n ~nd passed 
a~ mm stone. In 1948 an IVP revealed mult iple stones of the left kidney and a l~ft partial 
nephrectomy was performed . Later the same year the patient underwent a r ight urltero
lithotomy with the removal of 2 stones. Since that time the patient passed sever11 stones 
approximating the rate of about I stone per month and has undergone numerous bask1t extrac
tions. In  of 1961 while in Methodist Hospital a neck exploration and left ower 
parathyroidectomy was performed despite the presence of normal serum calcium and Jhosphorus 
values on several occasions. The removed tissue revea led, pathologically, a thyrc;d nodule 
with a normal parathyroid gland. His last hospita l izati c n pr ior to this adm iss ior was at 
St. Paul Hospital for a right renal col ic and the probable spontaneous passage of a stone 
as verified by IVP. Several IVP' s during that admission r evealed bilateral renal stones . 
Of inrerest in the patient ' s family history is the report of two sisters with recu-rent renal 
stoneso 

b) In addition to his history of renal stones the patient also reported t~ onset 
of intermittent claudication in 1959. In 1961 he experienc-ed the sudden onset of wmbness 
in the right great toe and noticed cyanosis of that area. At that time he also no· iced 
palor and diminished sensation in that foot and also experienced the onset of impo·ence. 
In  of 1961 a right lumbar sympathectomy was performed at Methodist Hospital Yith some 
improvement in his symptoms referrab I e to the right foot . 1 n 1963 an aortography Yas per
formed at the Houston Veterans Administration Hospital and revealed normal renal, common, 
internal and external iliac arteries . A right femoral arteriogram revealed compfe·e occlu
sion of t.he ~ ight superficial femoral artery at mid-thigh level. He was considere< un
suitable for vascular su r gery and was treated conservat ively. 

c) The patient also reported symptoms of peptic u lcer dating back to 1950, relieved 
by antacids and diet. Several upper G~ I. series revealed the presence of duodenal ulcer . 

d) Other medical history included an episode of thrombophlebitis and possitle 
pulmonary emboli, and a right inguinal her nior rhaphy. 

A thorough workup while in PMH revealed the following findings: 

X-ray : Upper G. 1. series demonstrated the presence of an ulcer at the !esse· curvature 
of the stomach and another in the prepyloric area. The duodenal bulb was deformed, 

I . V.P. revealed bilateral kidney stones . 
Bone films: extensive search for bony lesions of hyperparathyroidism was 

without reward. 

Chemistries: BUN 13-16 mgm%, creatinine 1.2 mgm%, uric acid 5.0-5.8 mgm%, 
TSP 7e8 gm%, A/G = 4.1/3. 7. Serum ca·lcium X 8 was 9.4 - 9.8 mgm%, 
serum phosphorus X 8 was 2. 1-3. I mgm% and on one occasion was 4.0 mgm%. 
Alkaline phosphatase X 5 was 3.1-5.0 B.U. A creatine clearance performed on 
a 24-hr urine collection was 132 ml/min and the phosphate clearance was 2.6 
ml/min. The 24-hr excretion of calcium on an Albright Ill diet was 213-240 mgm. 

Histamine augmented gastric acid analysis was reported as compatible with s imple peptic 
u I cer disease, but much I ess than that described in patients with Zo I i nger-E IIi son syndrome. 

In view of the above stated findings the history of recurrent renal stones was attributed 
to idiopathic hypercalciuria and the patient dismissed on a low-calcium diet. 
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CASE II 2    

This 26 y/o Choctaw Indian female was first seen at  on 61 at which time 
she presented in a stuporous state, a term pregnancy and B. P. 170/130 with 2+ albuminuria . 
She was treated with Mg so4 antepartum, promptly delivered and treatment continued post
partum with Mg S04 and Apresoline. On this regimen the B.P. fel I but only to 150/90 and 
the BUN fel I from 31 mgm% on admission to 15 mgm% the day of d i scharge. Retrospective 
history on th i s admission revealed that the patient had undergone surgery for a r i ght 
kidney stone in  1960 and that she had been treated for cystitis. 

Her second admission was on -62 for evaluation of hypertension in association with 
an 8 ~month pregnancy. The patient was asymptomatic, B.P. 150/100, BUN II mgm%, 

Ca 9. 3 mgm% and P 3.2 mgm%. Urine culture grew 300,000 co lonies/ml of E. coli. The pa
tient was given phenobarbital and dismissed. 

She was readmitted on -62 in labor with B.P. as high as 190/130 and I+ albuminuria. 
She delivered shortly after admission and was treated with Mg S04 post-partum becoming nor
motensive on treatment. Urine culture revealed 100,000 colonies/ml E. coli and an IVP 
revealed moderately severe dilatation of the left renal collecting system; a calcific density 
in the left hemipelvis was seen but thought to lie behind the ureter. 

The patient was subsequently followed in the Med icine Clinic where a history was 
obtained that she had twice passed a urinary stone 7 and 8 years previously. An IVP on 

62 revealed bilateral hydronephrosis most marked on the left and a probable left 
ureteral calculus. Laboratory workup revealed BUN 27 mgm%,creatinine 2.3 mgm%, Ca 10.9 mgm%, 
and P 4.8 mgm%; uric acid was 4.8 mgm%o Urine culture was sterile. 

She was admitted to the Medicine Service for workup on 62. No family history 
of renal calculi could be elicited. The patient was subsequently transferred to the GU 
service and on -62 underwent a left ureterobithotomy under spinal anesthesia. Analysis 
of the stone revealed cystine with a calcium phosphate shel I. She was placed on an alka-
1 ine ash diet and given Shohl's solution and high liquid intake. Urine pH was maintained 
between 7.0 and 7.5. She was discharged on -62 on Shohl's 15 ml t. i.d., Oiamox 500 mgm 
I tab. H.S., and force liquids. Urine for amino ac i d determination is said to have 
contained "markedly elevated levels of arginine and ornithine ; cystine present but not in 
large amounts". 

The patient subsequently disappeared and was lost to follow-up except for a few 
Renal Clinic visits for dysuria unti I 64 when she reappeared in her 2nd trimester 
complaining of epigastric pain; B.P. 280/160. She was treated with Apresoline and Mg so4 
with I itt I e success and on 64 a hysterotomy and tuba I I i gat ion was performed . She 
was discharged on 64 for follow-up in the Renal Clinic. 

She has been followed in the Renal Clinic on Shohl's solution and high liqu i d intake; 
Diamox was discontinued in  1965 because of a skin rash. She often neglects her treat
ment for many months and on -66 an IVP revealed the probable presence of a semi-opaque 
stone in the left renal pelvis but this was not documented by bulb pyeloureterogram. On 

-66 qualitative test for cystine was positive and she was started on 0-penici I famine 
500 mgm t. i.d.; one week later the cyanide- nl lropresside test was negative. Her latest 
blood chemistries reveal a BUN of 13 mgm% and creatinine 1.0 mgm%. 
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1 . Incidence 

Urinary calculosis is one of man's most ancient afflictions. In the pelvis of an 
Egy~tian mummy dating back to 8000 B.C . a uric acid stone was found. Despite its ancientry 
the problem of urinary calculi continues to plague man , in some areas of the world, to an 
a 1 arming degree. 

Because of the varied composition of urinary stones and the difference in their local i
zation in the urinary tract in different parts of the world, the comments made today wi 1 I be 
directed principally to the problem as it exists in the United States and, to a large part, 
in Western Europe. Since most calculi (95%) in this part of the world find their origin 
outside the urinary bladder they will, henceforth , be referred to as renal calculi or nephro-
1 i th i as is. 

In the United States, it was estimated that in the years 1948-1952 the incidence of 
calculi per 1000 adult patients discharged from general hospitals was 7.1. From this figure 
it was estimated that 9.47 persons per 10,000 population were admitted with urinary calculi 
to general hospitals. In seven states: South Carol ina , Georgia, Florida, Virginia , Maine, 
North Carol ina and Massachusetts, the incidence exceeded the national average by more than 
40%. Connecticut exceeded the national average by 32% and New Hampshire by 27%. 

These figures must be underestimates of the true incidence of nephrolithiasis. Approxi
mately 85% of alI patients with calculi have a single smal I stone which may be passed spon
taneously or with the aid of cystoscopic manipulation. Many of these patients are not admitted 
to hospitals. Further, nephrolithiasis is rare in the Negro race and it is probable, therefore , 
that the incidence among the white population of the Southern, Southeastern and Southwestern 
states is much greater than the statistics would indicate since the majority of the American 
Negroes reside in this area. 

The commonest age group for stones is 30-50 years . In contrast to the Orient calculous 
disease recorded among pediatric patients accounted for approximately 0.3% of alI cases . 

I 

Seasonal variations in the incidence of stones in various parts of the country are reported 
by urologists, and in the South and Southwest many note an epidemic of stones , particularly 
in young people with no previous urinary difficulty, dur i ng the hot summer months. 

I. Burkland, C.E. and M. Rosenberg. Survey of urolithiasis in the United States. 
J . Uro k. 73:198, 1955 . 

2. Boyce, W.H., F.K. Garvey and H.E. Strawcutter. Incidence of urinary calculi 
among patients in general hospitals, 1948 to 1952. J. Amer. Med. Assoc. l§l:l437, 
1956 0 

When inherited metabolic disorders such as hyperuricemia , cystinuria, primary hyper
oxaluria and xanthinuria are excluded there seems to exist a tendency for a familial occurrence 
of stones. In a series of 174 patients withcal.careous disease 20% of the patients gave a 
positive history for stones in a parent, sibling or offspring. 

3. McGeown, M.G. Heredity in renal stone disease. Clin. Sci .J.2:465, 1960. 

Several good reviews of nephrolithiasis have been published. In most reviews, however, 
the emphasis is placed on the pathogenesis of renal ~alcul i and the clinical conditions 
with which they are associated. There is no good critical review evaluating the methods 
of therapy and their usefulness. The review by Hockaday and Smith does have an adequate 
section on treatment for general reference purposes. 
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4. Maur i ce, P.F. and P .H. Henneman. Medical aspects of rena l stones. Medicine 
40 :315' 1961 • 

5. Forbes, A.P. and E. Dempsey . Nephrolithiasis in Diseases of the Kidney. M.B. 
Strauss and L.G. We lt Eds., Little, Brown and Co., Boston, 1963, p. 712. 

6. Hockaday, T.D.R. and L.H . Smith, Jr . Renal Calculi. Disease-A-Month, November 
1963 . 

II. Composition of Uri nary Cal cui i 

Renal calculi are composed of an organic matrix and a crystalloid body. The term 
matrix is used here for lack of a better term; in the strict sense it implies that the 
organic component of a stone gives orig i n to it and that may not necessarily be true. 

Matrix constitutes on the average about 2.5% of a calculus weight. It occurs in 
two forms, a fibri I lar and an amophous which are of the same composition, namely one-third 
by weight hexose and hexosamine and two-thirds protein. The principal carbohydrates are 
gal actose and N-acetyl -hexosamine and the principal amino ac ids are threonine and leucine. 
Matrix gives a positive PAS react ion and presumed, therefore , to be a mucoprotein. It 
also gives metachromasia with aqueous toluidine blue suggesting the presence of a mucopoly
saccharide contain i ng ester sulfate. 

7. Boyce, W.H. and F.K. Garvey . 
urinary calculi : A review. 

The amount and nature of the organic matrix in 
J . Urol. 76:213, 1956 . 

In some calculi that fraction composed of matr i x exceeds the figure quoted above. In 
patients fed a low calcium and low vitamin D diet and given phytate, poorly crystallized 
radiolucent renal calculi were observed in which the matrix accounted for 42-84% of the 
dry weight. ' 

8. Boyce, W.H. and J .S . King, Jr. Crystal -matrix interrelations in calculi. J. 
Uroi .§J_: 351 , 1959. 

The crystal I ine composition of calculi has been studied by several workers using 
various technics . The studies of Prien uti I izing the polarizing or petrographic microscope 

. as wei I as X-ray diffraction photography are certainly the most extensive, having encompassed 
more than 25 , 000 stones (and 200 artifacts) and extended over 25 years . 

Calcium oxalate in most hands is the most frequent constituent of renal calculi, oc
curring mostly as the monohydrate (Whei'Je llite, Cac2o4 .H2o>, gives rise to smooth, ovoid or 
mulberry stones; the nucleus usually made of calcium oxalate but uric acid and apatite 
are sometimes found. Calcium oxalate dihydrate and apatite are common associates. The 
d i hydrate (Weddel I ite, Cac2o4 .2H20) is the fami I iar octahedral or envel9p crystal.. It is 
less common as a pure component of stones; the stone is usually loose and lacks a nucleus. 

The phosphate components of renal calculi fal I into four major types. Magnesium 
ammonium phosphate hexahydrate (Struvite, MgNH4Po4 .6H20, "triple phosphate") is generally 
associated with apatite to form the staghorn calculi of alkaline infected uri.ne. Apatite 
occurs in two different forms : carbonate-apatite, Ca10 (P04co30H>6 COH>2 , and hydroxy-apatite, 
Calo<P04 >6 COH>2 , and is the commonest phosphate in stones. · It commonly occurs with magnesium 
ammonium phospnate hexahydrate as one of the major components of phosphatic calculi. Pure 
apatite calculi are not very common. Tricalcium phosphate (Whitlockite, Ca3 (P04 >2 ) is very 
rare. Calcium hydrogen phosphate dihydrate (Brushite, CaHP04 .2H20> is uncommon. 

Uric acid CC5H4N4o3 > most often occurs pure . Its most common associates are apatite 
and calcium oxalate monohydrate . It occurs in the nucleus of some stones. Ammonium, sodium, 
potassium and magnesium urate have been reported as components of stones . Sodium acid urate 
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monohydrate is very rare. 

· Cystine (SCH2CHN(H)2COOH )2 occurs usually as a pure stone. It gives the hexagonal 
crystals seen in urine. 

Other less frequent crystal I ine components are xanthine ond alkapton pigments. 

The per cent incidence of these various components in 1000 stones is as follows~ 

Pure calcium oxalate 

Calcium oxalate and apatite 

Apatite 

Magnesium ammonium phosphate 

hexahydrate 

32.7% 

34.3% 

3.4% 

0.3% 

Magnesium ammonium phosphate hexahydrate 
and apatite 15.5% 

3.2% 

I .9% 

5.8% 

2.9% 

AI I 3 components 

Calcium hydrogen phosphate dihydrate Pure 

Uric acid and 

Cys.ti ne Mixed 

9. Prien, E.L. and C. Frondel. Studies on urolithiasis: I. The composition of 
uri nary ca I cuI i • J. Uro I . 57:949, 194 7. 

10. Prien, E.L. Studies on urolithiasis: 
structure and composition of calculi. 

II . ReI at i onsh ips between pathogenesis, 
J. Urol . .§.1_:821, 1949. 

I I. Prien, E.L. Crystallographic analysis of urinary calculi: A 23-year survey 
study. J. Uro I . 89:91 7, 1963. 

I l l • Pathogenesis of Rena I Ca I cuI i . 

Normally the stone-forming salts are present in the urine in a far greater concentration 
t an could ever be attained if they were dissolved in water. Overexcretion of any of these 
components could lead, therefore , to the formation of a stone. It is clear, however, that 
ma ny overexcretors of crystalloid substances do not form stones, and in many stone-formers 
no ne of the crystalloid substances are present in the urine in abnormal concentrations. 
These facts have stimulated an enormous amount of work into the nature of the solubilizing 
and predisposing factors in urine. 

One factor in the maintenance of urine in the supersaturated state is the "salting-in" 
ef fect. The sol ubi I ity of calcium oxalate in water is greatly enhanced by the presence in 
so lution of urea or sodium chloride. No difference in the content of Na+, K+, Cl-, so4=, 
Po4: or urea in stone-formers' urine and in normals can be found. 

Magnesium increases the sol ubi I ity of both calcium phosphate and oxalate in concentra
ti ons too smal I to be exerting a "salting-in" effect. No abnormality in the urinary excretion 
of magnesium in stone-formers has been found. 
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Ci trate forms a soluble non ionized complex with calcium. The excretion of citrate in 
the urine of stone-formers is not reduced, however, except in the presence of infection with 
bacteria that are known to destroy c i trate (E. coli, Strep. fecal is- P. pyocyanea). In the 
urine of pat ients wi th recurrent calcium oxalate stones, however, significantly less c i trate 
was excreted than in normal urine . 

Pyrophosphate wh ich is said to inhi bit the precipitation of hydroxyapatite has been re
ported to be excreted in reduced amounts i n the urine of stone-formers. 

The pH of the urine is another factor which influences the solubi I ity and precipitability 
of urinary crystallo i ds. While var iations i n urine pH do not alter the solubility of calcium 
oxalate in ur i ne, ca lcium phosphate is more soluble i n acid urine. Magnesium ammonium phosphate 
hexahydrate stones form only in alkaline ur i ne. On the other ha nd, the solubility of uric 
acid is greatly enhanced in an alkal ine urine. 

12. Gershott, S.N. The formation of urinary stones . Metabolism ~:875, 1964. 

13. Chute, R. Uri nary stone: Its nature and treatment. Med. Clin. N. Amer. 42 : 
1427) 1958. 

14. McGeown, M.G. and G.M. Bul I. The pathogenesis of urinary calculus formation. 
Brit. Med . Bull. _ll.:53, 1957 . 

Many workers suggested the presence in normal urine of colloids that hold urinary 
crystalloids in solution. No such colloid has been demonstrated to be deficient in the 
ur i ne of stone-forming pat i ents . Evidence exists, however, tor the presence of colloids 
that lead to prec i pitat ion of ur i nary crystalloid. Howard found that the urine of stone
formers tends to calcify rach iti c rat cartilage ( 11evi I urine" ) whereas that of non-stone- formers 
does not or may deca lcify it ( 11 gqod urine"). He concluded that a substance, present in both 
types of urine but i n greater amounts in "evi I" urine, bi nds magnesium and prevents it from 
carrying out its anti-calcifying effect . In addition, the feed i ng of phosphate converted 
11ev i 111 urine to "good" urine whereas the administration of Aludrox increased the percentage 
of 11 evil urines". 

15. Howard, J.E., W.C. Thomas, Jr., R.A. Johnson, Jr . and B.J. Pascoe. The calcification 
of cartilage by urine, and a· suggestion for therapy in patient with certain kinds 

' · of ca!clJII!. Trans. Assoc. Am . Phys. 1.2.:301, 1962 . · 

16. Mukai, T. and J.E. Howard. Some observat ions on the calcification of rachitic 
cartilage by urine. One difference between "good" and "evi I" urines, dependent 
upon content of magnesium. Bul I. Johns Hopkins Hosp. ~:279, 1963. 

Boyce has found t hat the urinary excretion of collo ids in patients with calculous disease 
is increased. Almost alI of these collo i ds were derived from serum with the exception of a 
high molecular weight mucoprote i n that is i ncreased in the urine of alI patients with calculous 
disease . The presence of t his mucoprotein correlated wei I with the presence of another, not 
found in normal urine, that chelates calc i um and leads to the formation of calcium phosphate 
precipitate. This latter mater ia l is immunologically identical to a mucoprote i n present in 
stone matr ix ('Matrix substance A'') and thought to be depolymerization products of the former 
substance present in normal ur i ne and in excess in urine of stone- forming patients (uromucoid 
or Tamm-Horstal I mucoprotein ). 

17. Maxfield, M. Uri nary mucopolysaccharides and cal cui i. Ann. Rev. Med . J..1:99, 1963. 

18. Boyce, W.H . , F.K. Garvey and C.M. Norfleet, Jr. The metal chelate compounds of 
urine. Their relat ion to the initiation and growth of calculi. Am. J. Med . J2: 
87, 1955 0 
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19. King, J.S. Jr. and W.H. Boyce. Immunological studies on serum and urinary proteins 
i n urol i th matrix in man . Ann. N.Y. Acad. Sci. 104:579, 1963. 

20. Boyce, W.H . and J.S. King, Jr. Present concepts concerning the origin of matrix and 
stones. Ann . N.Y. Acad. Sci. 104:563, 1963. 

Other factors known to promote stone formation are infection and stasis. Infection 
exerts its influence by altering the urine pH or by altering the characteristics of the 
urinary epithelium. The presence of bacteria as a nidus for renal stones has been noted 
for its rarity . Stasis by promoting infection and permitting time for urinary crystalloids 
to precipitate may lead to renal stones. Vitamin- A deficiency does not constitute a factor 
in the et iology of renal stones in the majority of patients in North America and England. 

(V. Sjte of Renal Stone Formation 

It was first proposed by Randal I that the initiating lesion for calculi resides in calcium 
plaques located in the renal pyramids over which further precipitation from solution occurs. 
These lesions wi I I form the nucleus of a calculus which was found by Prien to be most commonly 
composed of apatite although plaques of calcium oxalate, uric acid and urates were also en
countered. This concept is supported by the observations of Prien who noted the presence of 
cup-shaped depressions occurr i ng on one surface of the stone and in the bottom of these con
cavities the nucleus is located, suggesting that these stones had capped the renal medul Ia. 

A second site for nucleus formation was proposed in the renal tubule. This is ejected 
i nto the urine and around it growth occurs in the calyx and renal pelvis. 

21. Randall, A. The or igin and growth of renal calculi. Ann. Surg. 105:1009, 1937. 

22. Pr i-en, E.S. Studies i n urolithiasis: Ill. Physiochochemical principles in 
stone formation and prevention. J. Urol. 73 :627, 1955 . 

V. Assoc iated Clinical Conditions and their Treatment 

The presence of a metabolic disorder underlying renal stone formation should be sought 
i n every case. The frequency with which metabolic and other disturbances can be uncovered 
in renal stone patients is i I lustrated by two series, one from the United States and the 
other from England : 



Disorders of calc ium metabolism 

Hyperparathyroidism 

Bone disease 

Milk- alkal i -
Vitamin D 

Renal tubular acidosi s 

Id iopathic hypercalcur ia 

Cyst i nuria 

Primary hyperoxaluria 

Disorders of uric acid 

Infection 

No obvious cause 

9 .6 

6.2 

5.3 

2.9 

8.7 
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% Incidence 

Series of 207 
patients (23) 

33 

2 . 9 

10 .6 

I .4 

52 . 1 

I I .2 

2.5 

0.6 

2.5 

30.0 

Series of 160 
patients (24) 

47 

9.3 

0.6 

I • 9 

41 .2 

23. Melick, R.A. and P .H. Henneman . Clinical and laboratory studies of 207 consecutive 
patients in a kidney- stone clinic. New Eng. J . Med. 259:307, 1958. 

24 . Harrison, A.R. Some results of metabolic invest igations in cases of renal stone. 
Sri t. J. Urol • ..2J_:398, 1959. 

A. Disorders of Calcium Metabolism 

Conditions leading to hypercalcemia and/or hypercalcuria are many and include: 
vitamin- D intoxication, sarcoidosis, idiopathic hypercalcemia of infancy, milk-alkal i 
syndrome, thyrotoxicosis, bone atrophy of disuse, steroid withdrawal syndrome, malignancy 
(by bone invasion or the PI impton-Gelhorn Syndrome), Hodgkin's disease, lymphoma, 
leukemia, multiple myeloma, primary and secondary hyperparathyroidism . Only a few of 
these conditions wi I I be discussed today. 

25. David, N.J. , J . V. Verner and F .L . Engel. The diagnostic spectrum of hypercalcemia . 
Am • J • Med • 33 :88, I 962 • 

a) Hyperparathyroidism; reported in 2-17% of renal stone patients. On the other 
hand, 60- 80% of patients with hyperparathyroidism manifest renal calcu1i and nephro
calcinosis (26,27). It is important, therefore,to thoroughly investigate the patient 
with calculous disease and nephrocalcinosis for the presence of parathyroid hyper
activity, even though the serum calcium may be normal. Of 14 such patients, Bartter 
fou nd 2 with adenoma and 5 with microscopic evidence of hyperplasia of the parathyroid 
(28). Renal stones in hyperparathyroidism are characteristically recurrent. Follow
ing parathyroidectomy the rate of recurrence is sharply reduced (29). 

26. Pyrah, L .N. and F.P. Raper. Renal calcification and calculus formation. Brit . J. 
Urol. 27 :333, 1955. 
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Hel lstrem, J. Ca lc i fication and calculus formation in a series of seventy cases 
of primary hyperparathyro i dism. Br it. J . Urol. 27 :387, 1955. 

George, J .M., A.S. Rabson, A. Ketcham and F .C. Bartter. Calcareous renal disease 
and hyperparathyroidism. Quart. J . Med. n.s. · 34:291, 1965 . 

McGeown, M.G. Effect of parathyroidectomy on the incidence of renal calculi. 
Lancet 1:586, 1961. 

b) Excess ive bone dissolution : although malignancy is the commonest cause of 
hypercalcemia, stones in these patients are infrequent probably due to the short 
duration of the iII ness. On the other hand, senile osteoporosis is the most common 
systemic disease of the skeleton;renal stones are i nfrequent, in this case because 
of the insidiousness of the process . Whenever immobi I ization is imposed the 
osteoporotic process is enhanced resulting in an acute increase in urinary calcium 
excretion. This coupled with stasis of urine results in nephrolithiasis. Of 
I 104 paraplegics 6.8% had renal calculi (28% had vesical calculi). Hyperadrenocor
tic i sm also enhances the osteroporitic process; 30% of patients with Cushing's 
syndrome have renal calculi. The treatment of these conditions should include 
early mobi I ization and frequent turning, limitation of calcium intake and the use 
of phytate, hydration and the prevention and treatment of urinary infections {4). 

30. Bassan, J., B. Frame and H. Feost. Osteoporos is : A review of pathogenesis and 
treatment. Ann. Int. Med . 58:539, 1963. 

31. Comarr, A.E . A long-term survey of the incidence of renal calculosis in paraplegia. 
J • U ro I . 7 4 : 44 7, I 9 55 • 

32. Hur~thal, L.M . and J .B. O'Su l I ivan. Cushing ' s syndrome: Clinical differential 
diagnosis and comp l ications. Ann . Int. Med. 21:1, 1959. 

c) The milk- alkali syndrome : An interesting association between ulcer disease 
and stones exists. Pyrah and Rap.er (26) reported a fourfold increase of stones 
in ulcer patients, and a threefold increase in u lcer disease in patients with 
renal stones. Patients with this syndrome usually ingest more than 2 quarts of 
milk daily in addition to absorbable alkali. These patients develop hypercalciuria 
(from increased intake of calcium and perhaps parathyroid inhibition) and nephro
calcinosis either of which could contribute to stone formation. 

33. Randal I, R.E., M.B . Strauss and W.F. McNeely. The milk-alkali syndrome. Arch. 
I nt . Med. I 07 : 163, 1961 • 

34 . McMi I lan, D.E . and R.B. Freeman. The milk alkali syndrome : A study of the acute 
disorder with comments on the development of the chronic condition. Medicine 
44:485, 1965. 

d) Renal tubular acidosis : in this syndrome there is an inabi I ity to establish 
high pH gradients between urine and plasma resulting in HC03- wasting. There is 
in addition excessive excretion of potassium. The systemic acidosis increases 
the excretion of calcium in the urine; the systemic acidosis and the hypokalemia 
reduce intracellular pH and result in turn in a reduction in the excretion of 
citrate. The combination of relatively alkaline urine, increased calcium and 
decreased citrate contribute to the formation of renal stones . The treatment 
of this condition consists of sodium citrate and potassium citrate (or potassium 
chloride in instances ~here salt · intake is restticted). 
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35. Se ldi n, D.W. and J .D. Wil son. Re nal tubular acidosis in The Metabolic Basis of 
Inher ited D j sease~ Stanbury, Wyngaarden and Freder ickson, Eds., McGraw Hi I 1, 
I nc. 1965, p. 1230. 

36. Dedmon, R.E. and 0. Wrong. The excretion of organi c ani on in renal tubular acidosis 
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results in nephroca lc inosis and nephrolithiasis. On the bas i s of the studies 
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cort i sone and vitam i n-D. La ncet g:720, 1954. 

41 • Henneman, P .H. , E .F. Dempsey , E .L. Carro I I and F. A I br ight. The cause of hyper
cal ciuri a in sarcoi d and its t reatment wi th cortisone and sod i um phytate . J. 
C I in. Invest • ..l2,: 1229 , 1956. 

42. Bel I, N.H., J .R. Gi I I, Jr . and F.C. Bartter. On the a bnorma l calcium absorption 
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36 : 500, I 964 • 

43 . Bel I, N.H. and F.C. Bartter . Transient reversal of hyperabsorption of calcium 
and of abnormal sensitivity to v itamin D i n a patient wi th sarcoidosis during 
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f) Idiopathic hypercal ciuria: On a low calcium diet most normal subjects wi I I 
excrete less tha n 150 mgm of calc i um in the urine in a 24- hour period. On moderate 
calcium diet normal subjects wi I I excrete less than 200 mgm of calcium/24 hours 
and on a high calc ium diet less than 300 mgm of calc i um/24 hours . Flocks first 
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drew attention to the fact that 60% of calcium stone-formi ng pat ients exceed these 
l imits. This finding was later s upported by ma ny workers. Henneman reported 35 
such pat ients alI of whom were ma les and pointed out that most of these patients 
demonstrated a low se rum phosphorus and low fecal ca l c ium excretion. On the basis 
of these find i ngs he proposed the following hypothesisg renal tubular damage~ 
reduced reabsorpt ion of ca l cium~ hypercalciuria ~tenden~y to hypocalcemia~ 
compensatory parathyro i d hyperp l asia~ hyperphosphaturia ~hypophosphatemia. 

Since then the following mod if icat ions have been proposedg 

i) Hypophosphatem i a occurs in 15% of patients with renal calculus but without 
hyperca lciu r ia and in on ly 20% of calculus pat ients with hypercalciuria (48). 

ii) A number of patients are being reported who would better be described 
by the term 1 hyperabsorpt ion hypercalc iurics'. While these patients excrete 
excess ive amounts of calcium on standard or hi gh calcium diets, urinary ex
cretion of calcium tal Is to normal on a low calcium diet (24,51,52). 

iii ) A number of female patients have now been reported. 

44. Flocks, R.H. Calc ium and phosphorus excretion in the urine of pat ients with renal 
or uretera l ca lcu l i . J. Am. Med. Assoc. 112:1 466, 1939. 

45 . Flocks, R.H. Calc i um urolithiasis. The role of calc i um metabolism in the patho
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calciuria. New Eng. J. Med. 259g802, 1958 . 

47. Hodgkinson, A. and L.N. Pyrah. The urinary excretion of calcium and i norganic 
phosphate i n 344 patients wi th calc i um stone of renal origin. Brit. J. Surg. 
46 : I 0 , I 9 58 • 

48 . Edwards, N.A. and A. Hodgkinson. Phosphate metabol i sm in patients with renal 
calculus. Clin. Sc i . ~:93, 1965. 

49. Edwards, N.A. and A. Hodgkinson. Metabol ic studies in patients with idiopathic 
hypercalciuria. Clin. Sci. 29:143, 1965. 

50 . Edwards, N.A. and A. Hodgkinson. Studies of renal function in patients with 
idiopathic hyperca l c iu r ia. Clin. Sci. 29:327, 1965. 

51. Litin, R.B. , G.R. Diessner and F.R. Keating, Jr. Urinary excretion of calcium 
in pat ients with renal lithiasis. J. Urol . .6.§.:17, 1961. 

52. Dent, C.E. and L. Watson. Metabol ic studies in a patient wi th idi opathic hyper
calciuria. Brit. Med. J. 2:449, 1965 . 

Cons idering that the overal I rate of recurrence after surgery for renal stones 
may be as high as 40% and that 60% of patients with recurrence of stones exhibit 
hypercalc i uria, the institution of effective medical therapy becomes of extreme 
importance. 

53. Sutherland, J.W. Recurrence following operations for upper urinary tract stone. 
Brit. J. Urol. 26g22, 1954. 



r 
I 

r 

- 12 -

;; 

The following forms of therapy have been advocated: 

i ) Sal icy lates to increase urinary glucuronosides wh i ch increase the 
so l ub i l i ty of ca lc i um (54). Th i s is now abandoned. 

ii) Aluminum hydroxide gels to reduce urinary phosphorus excretion (55,56), 
An increase in calc i um and a decrease in citrate excretion has been noted; 
an undesirable alteration of ur i nary compos iti on. 

iii) Estrogen a ugments citrate excretion and reduces calcium excretion 
(57). The pract icality of this therapy is questionab le particularly in 
the male pat ients. 

iv ) Feeding of sodium phosphate has been post ul ated to produce the following 
effects: deposition of calcium i nto bone; red uce ionizable calcium ~stimu
lation of parathyro i d~ increased renal reabsorption of calcium; increase 
the excret ion of pyrophosphate and citrat e resulting in increased solubility 
of calcium salts {48,58,59,60 and 61 ). 

v ) Sodium phytate (inositol hexaphosphate) effectively reduces calcium 
excret ion in ur i ne both by reducing calc ium absorption from the gut and 
by a mechan i sm similar to that described for sodium phosphate (62). 

vi) Cellu lose phosphate which reduces urinary calcium excretion by reducing 
calcium absorption from the gut, and bendrofluazide which acts directly 
on the kidney to reduce calcium excretion (63). 
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479' 1964. 
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60. Hellman, D., H.R. Baird and F.C. Bartter. Relationship of maximal tubular phosphate 
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Disturbances of Uric Ac jd Metabolism 

Considerable controve rsy r egard i ng the pathogenesis of primary hyperuricemia exists. 
Most agree that in the majority of pat ients the~~ synthesis of purines is increased 
to varying degrees. This is thought to be due to a disturbance in the regulation of the 
first rate- 1 imit i ng step in the synthes is of purines : 

Glutamine+ alpha-5-phosphoribosyl-1-pyrophosphate + H2c ~ beta-5-phosphoribosyl-1-
amine +glutamic acid+ PP . 

Gutman proposed that the basic defect was the result of the reduced utilization of 
glutamine in the kidney leading to an increased avai labi I ity of glutamine for this 
reaction, and a reduced excretion of ammonia with resulting excessive urinary acidity, 
1n addition to pur ine overproduction a renal defect that interferes with renal excretion 
of uric ac i d has also been proposed; as a result only about 30% of primary hyperuricemic 
patients excrete more ur i c acid than normal indivi duals {normal excretion 420 ± 70 
mgm/day, "overexcretors" put out more than 560 mgm/day). The combination of normal 
or increased uric acid excretion a nd an acid urine resu lts in stone formation; 40% 
in 'overexcretors' a nd 10- 20% in 'normoexcretors'. 

A second form of hy perur i cemia i s that secondary to hematological disorders. 
Renal calcu li occu r in about 5- 6% of these cases . 

Finally, there is a form of uric acid stone unassociated with hyperuricemia and 
thought to be due to a defect in urinary ammonia product ion . It occurs mostly in 
ltal ians and Jews and tends to be fami li al. 

Only about 65% of stones in these conditions are pure uric acid, the others may 
have only ' a nuc leus of uric acid . 

Treatment of these stones is usually grat ify ing and can lead to complete dissolution 
of the stones . It consists of -

/ 

i ) Forced liquids including at bedtime and once at night. 

ii) Alkalin ization of the urine with sodium citrate. 

i ii ) Diamox at night to maintain urine a l kaline. Cauthion must be exercised, 
however, because with the alkalin ization of the urine and the reduction in 
citrate excretion calcium stones may form. 

iv) Uricosuric agents : sulfinpyrozone or probenecid are equally effective. 

v) AI lopurinal: inhibits xanthine oxidase, the enzyme ·that converts hy
poxanthine ~xanthine~ uric acid. The clearance of xanthine and hypoxanthine 
is high so that they are rapidly excreted; they can also recirculate. The 
drug may also d iminish the formation of uric acid by inhibiting the enzyme 
5- phosphoribosyl - pyrophosphate amidotransferase. Caution should be exercised 
when the drug is used: - reduces degradation of 6-mercaptopurine to 6-
thiouric acid; may precipitate acute gouty attack and thus prophylaxis with 
colchicine i s advised; may cause xanthine stones; and may result in hemo
chromatosis. 
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C. Disturbances of Cystjne Metaboljsm 

Cystinuria is a disorder characterized by the excessive urinary excretion of cystine, 
arginine, ornithine and lysine. A defect in the transport of those diamino-acids in 
the gut and renal tubule has been found. The disorder is familial and congenital being 
found in 0.2% of the population at birth. Stones form whenever the urinary excretion 
of cystine exceeds 300 mg/24 hours and constitute a large proportion of pediatric-age 
stones. 

The urine can be tested for the presence of cystine by the cyanide-nitroprusside 
test: to 5 ml of urine add 2 drops of concentrated ammonium hydroxide and then 2 ml 
of 5% sodium cyanide; shake vigorously and allow to stand 10 minutes and then add drop-
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wise 5% sodium nitropruss ide. Cystinuric urine gives a magenta color. 

The treatment of th i s condition consists of: 

i ) Hydration i ncluding midnight drinking. 

i i ) Alkalinization of the ur i ne with sodium citrate. 

i i i ) Low methionine (cystine precursor) diet. 

iv) D-pen i c i I lamine in doses of 2 gm a day reduces the urine cystine to less 
than 100 mg/day. D-penici I lamine forms a d i sulfide with cysteine that is 
fifty times as soluble as cystine. The patients should be given 50 mg 
pyridoxine daily since penici I lamine is an antagonist of this vitamin. Mild 
allergic reactions have been reported but always overcome by stopping the 
drug and restarting it in smaller doses and gradually building up to ful I 
dosage. The nephrotic syndrome has also been reported. With this therapy, 
however, dissolution of the stones has been accomplished. 
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D. Disturbances of Oxalate Metabolism 

Normal subjects excrete 15-50 mgm oxalate per day. The administration of high 
oxalate or glycine diet can double the oxalate excretion (104). Patients who form 
oxalate stones do not excrete more oxalate than normal subjects. However, they do 
excrete significantly more xanthurenic and pyridoxic acids, and less citric acid. 
Following tryptophan feeding there was a rise in oxalic acid and xanthurenic acid 
excretion. The administration of vitamin 86 resulted in a decrease in both (105). 
The therapeutic implications of this observation are not clear. 

Primary hyperoxaluria almost always results in renal calculi - usualiy at an 
early age although one case has been reported past the age of 40 years (109) - progresses 
into nephrocalcinosis and early death. Tissue damage in this disease results from 
the deposition of calcium oxalate. 

The site of the enzymat, i c b I ock Ls thought to be at the point of conversion of 
glyoxylic acid to glycine ai shown on page 17. 
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Acid 

Acid -----~ co2 + F,ormate 

Ascorbic Ac i d Oxal c Ac i d 

There i s no sat i sfactory treatment for th i s d i sease at present . 
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E. Other Di sturbances 

i ) Xanthi nuria: due to xa nth i ne oxidase deficiency . Xanthine stones are 
extremely rare ( I 10,1 I I). 

i i ) Alkaptonur ia: due to homogentisic acid oxidase deficiency. Alkapton 
stones are rare ( I 12 ) . 

i ii ) A report of an opal i ne si I i ca stone (Si02 x H20> in a physician with 
history of large intake of magnesium trisi licate containing antatids (I 13). 
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