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The fi t ora
cImyre1 in I

operation. Radiologi I repons refer t
urinary caI uli but hardly ever auempt t dedu their
heroical compo iti n.. Su h dedu tion. can, hO\.. er often

be m de from an ordinary radiographi examination and
it roa be of imponan e a p inting to the presen or
absence of infection for ome ton de el p onl in infected
urine or a indicating that the tone \ ill be easil cru bed
or crushed only with difficulty. It may even indicate the
pH of the urine, e.g. in the renal calyces, where the pH may
differ greatly from that of e reted or catheterized urine.

The chemical compo ition can be determined on the
ba i of the size, hape, imalion radiopacity or radiolucency,
or number, of the calculi. Other imp rtant fa tors in lude
the age of the patient, associated clinical ign and mptoms,
and whether tbe calculi are uni- or bilateral.

Form and Structure
The external hape of.all ton is influenced by that f

tbe ca ity in which they lie. The large 'tag-horn calculi
that form in the renal pel i and calyces are mo t obviou
examples of thi . The nuclei of mo t ton are pherical
or nearly 0, and it is probable that if the growth of a calculu
were ab olutely unrestricted it would remain a phere.

Uric-acid calculi have round or 0 al nuclei, u ually I
than 5-7 mm. in diameter. The nucleu is devoid of
lamination or radial triation and is radiologically homo
geneou . It is urrounded by a series of concentric laminae
which usually have a regular or lightly wavy outline and
are more or less of the same width in the same tone though
of different widths in different tones), un! the tone is
o al shaped in which case the laminae are thickest at the
ends of the long t diameter. The urface i almo t always
mooth but occasionally lightly mammillated.

Oxalate calculi are of 4 types:
(a) A mall stone which has the moot hest urface of all

urinary calculi, is usually le than a pea in ize, is always
multiple, and i round in hape and rarely faceted.

(b The mulberry' type usually le than It inches in
diameter. It i usually circular and the urface is often
broken by mammillary pro ses. \ hich are 4-5 mm. in
height and 3-4 mm. in diameter at the base and have nipple-
haped projections at the api These are the roughest

and mo t irregular of all cal uli. In the pel i they are often
triangular in hape and flattened from side to side owing
to moulding. The mammillary proces may be emirely
absent in portions clo to the wall of the renal pel i .
'mulberry' or thorn-appl· tone in the bladder i to be
diagno d as an 0 alate cal ulu .

(c rare type, \ hi h ontains a few long thorny pr
more than I cm. in I ngth and le than 1-2 mm. in diarne er.
The thorn pr ma be 1- in number. This is the
'Jac - lOne' a1 ulus of eri n uroradi logis. ton
of tbi type are mooth and are alway in a dilated ca ity
(for e ample, a h dronephrotic ca ity). ith growth the
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TABLE I

In decreasing
Order of I I Sur/ace NousOrder of I Tale 0/

I
Age Number Shape Size

order of density incidence growth I I

Calcium carbonate 4 6 A SjM I

I Septic. Alkaline
(0) urine.

Calcium oxalate (0) I (a) 7 40 S I·Mulberry' or Not large in kidney. IIrregular ir Pain and
yrs. thorn-apple' , but 'pigeon's egg' large, smooth haemorrhage

especially in in bladder if small always severe.
bladder

Calcium phosphate I , Occasional(0)
-/

'Stag-horn' or fracture of
2 I (b) A M 'renal cast' I The largest or stone.

Triple phosphate (0) I and faceted all types

I
Smoother than I Septic. Alkaline

calcium·phosph. urine.
stone.

I"

I
Oval or round Smooth-never Familial

Cystine (OjT) 6 IjA S/M 'stag-horn' in ISmall found in ureter cystinuria.
children (slips down Usually aseptic.

into bladder)
,/ I Small/moderate Usually smooth. I Occasional

I

IFlattened ovoids
or round Occasionally fracture of

Urates (T) M rough and I stone.
finely nodulated

I
Smooth-never Spontaneous

Faceted Small found in ureter fracture common.
Uric acid (T) M (slips down into

bladder)

Xanthine m I 4 A S/M Acid urine.

O=opaque. T=translucent. (a) Most rrequent. (b) Quickest growing. I=Infant. Y=YoUlh. A=Adult. S=single stone. M=Multiple stones.

of the commoner urinary calculi is as follows: 3 calcium
carbonate, calcium oxalate, calcium 'phosphate, calciUm
magnesium ammonium phosphate, cystine, urates, uric
acid, xanthine.

The stones listed before cystine are always opaque, those
listed after cystine translucent. There is some controversy
whether cystine is denser than mates and uric acid,3 but the
25 %-sulphur-containing formula of cystine (COOH-CH H 2

CH2S) points to its being the denser.

Incidence

The order of frequency of urinary calculi is as follows:
Calcium oxalate (pure or mixed), pho phates (calcium,
magnesium, or calcium magnesium ammonium, i.e. triple
phosphate), urates (sodium, ammonium, calcium, magnesium
or potassium), calcium carbonate (rarely pure), uric acid,
cystine, xanthine, indigo (pure or mixed with phosphates).

Other rare types including 'bacterial' stones,3 fibrin
stones,3 cholesterol stones, stones of acetyl derivates of
sulphapyridine, 'foreign body' stones (e.g. stones formed
around a drainage tube) silicon stones, and urostealith
stones. All these contain nuclei composed of desquamated
epithelial cell , blood clot, foreign bodies, or urinary cryslal .

In the bladder this order is a little changed, uric-acid
and urate stones being commoner than pho phate, calcium
oxalate, cystine and calcium-carbonate stones. Xanthine
and indigo stones may also occur in the bladder.

Other Factors

Age 0/Patient. It i only in the young that age is a factor
helping in the determination of the compo ition of calculi.
In infants the nucleus i u ually of ammonium urate and in
young adults of uric acid. The outer layer may be composed
of any of the other po sible constituents. Cy tine stones

are found usually in children, but occasionally they develop
in adults.

Size. Cystine, urate and uric-acid stones are usually small
or moderate in size and remain so. The calcium oxalate
stone i of moderate size in the renal pelvis, being slow in
its rate of growth, but may be the size of a pigeon's egg in
the bladder. 'Foreign body' stones and phosphatic stones
grow very rapidly and serial X-rays show continual and
rapid increa e in size. They are the largest stones and may
reach considerable dimensions. Bacterial and non-crystalline
tones are usually pin-head in size but may reach the size

of a cherry or olive.
Site. Stones in the ureter are rarely composed of uric

acid or cystine because stones of these substances are smooth
and readily slip down into the bladder. A translucent stone
in the ureter is therefore often composed of the rarer con
stituents such as xanthine and other radiolucent rare con
stituents.

Number of Stones. As stones which are found bilaterally,
i.e. in both pelves or perhaps both ureters, usually occur
only in the pre,ence of infection, they are composed of
phosphate or calcium carbonate. Cystine stones are an
exception to this rule, but they are commoner in children,
and less dense than the two septic stones. Calcium-oxalate
stones are always single and unilateral, and uric-acid stones
always multiple. Other stones cannot be differentiated on
the bases of multiplicity or singularity.

Clinical signs and symptoms may give an indication of the
chemical constitution of a stone. For example, extreme
pain and continual haemorrhage are usually due to a very
irregular tone uch as a calcium-oxalate calculus of the
bladder. Dilation of the ureter above the stone with or
without hydronephrmis is rare in a eptic stones, and usually
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indicates that the stones are of septic origin, i.e. pho phatic
or calcium-earbonate calculi. A stricture in the region of
the stone, or below it, is usually also a result of a 'septic'
stQDe of phosphate or calcium carbonate.

Rate of Growth. Phosphate stones grow at a faster rate
than those of cystine, uric acid or xanthine (in that order).
Calcium oxalate is the slowest-growing of all stones.

A spontaneous fracture through the stone almost certainly
indicates that the stone is of uric acid or urate. A flake
fracture may occur in phosphate stones, but fractures never
occur in oxalate stones.

CO 'CLUSION AND SUMMARY

Table I is in the main a summary of the foregoing information.
Radiological reports have hitherto not attempted to

diagnose the chemical composition of urinary calculi. From
their appearance, from, structure, density, situation, size,

hape and number, and from the age of the patient and
his clinical igns and ymptom it i not dlfficult to make
such a diagno i and, with e perience the difficulties en
countered become more ar.d more easily re olved. The
diagnosi of the chemical compo ition of the SlOnes make it
possible to determine the presence or absence of infection,
whether the stone can be easily cru bed or crushed only with
difficulty, and even the pH of the urine in part of the renal
tract far removed from the bladder (e.g. the renal calyce )

My most sincere thanks must be extended to Dr. Jos e Kaye,
Chief Radiologist, Johanne burg General Hospital, for his advice
and encouragement, and to Miss A. McDougall for her untiring
and unselfish help in the preparation of this article.
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DEATIlS AND DEATH RATES FOR CARDIOVASCULAR DISEASES, us,
1955, BY CAUSES
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UNDER
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5 to 24 .'
25 to 44 3.6

45 10 64 24.6

2.
65 to 74 28.1

75 AND OVER 42.2
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AGE GROUP

DEATHS fROM CARDIOVASCULAR DISEASES, 1955, BY AGE-GROUPS
(EXPRESSED AS PERCENT OF TOTAL CV DEATHS)

Although most CV deaths occur in the older age-groups, note
that one-quarter were in the age-group 45-64. (Data include
deaths from congenital malformations of the circulatory system.)

DEATHS FROM CARDIOVASCULAR DtsEASES, 1955, BY AGE-GROUPS
(EXPRESSED AS PERCE1'.'T OF ALL DEATHS IN EACH AGE-GROUP)

Note that, even in the age-groups 25-44 and 45-64, CV disea e
are responsible for a large proportion of all deaths. (Data include
deaths from congenital malformations of the circulatory system.)

Arteriosclerosis and hypertension cause over 90% of the death
from CV diseases. (Fig. I.)

1

Rate
per

100,000
popula·

tion

Number of Deaths

2.'

29.'

Cause

ARTERIOSCLEROSIS
AND/OR HYPERTENSION

RHEUMATIC FEVER
AND RHEUMATIC H. D.

HYPERTENSION 10.'

ARTERIOSCLEROSIS 53.7

ALt OTHER CV DISEASES 4.0

Cardiovascular diseases, toial (330-334,
400-468) 815,532 496'4

Arteriosclerosis .. .. 438,316 • 266·8
Arteriosclerotic heart disease, in-

cluding coronary disease (420) 405,830 247·0
General arteriosclerosis (450) 32,486 J9·8

Hypertension and/or arteriosclero-
sis .. .. .. .. 239,764 145·9

Cerebrovascular lesions (330-334) 174,142 106'0
Non-rheumatic endocarditis and

myocardial degeneration (421,
422) 65,622 39 ~9

Hyperiension .. 85,045 5J·8
Hypertension with hl" :rt disease

(440-443) . . . . 73,883 45·0
Hypertension without mention of

heart disease (444-447) .. 11,162 6·8
Rheumatic fever and rheumatic

heart disease (400-416) .. 19,757 12'0
Other cardiovascular diseases (430-

434,451-468) 32,650 19·9

DEATHS FROM CARDIOVASCULAR DISEASES, 1955, BY SPECIFIC CAUSES
(EXPRESSED AS PERCENT OF TOTAL cv DEATHS)

'umbers in parenthesis are code numbers of the Sixth Revision
of the International List of Diseases and Causes of Death. Not
included are 2,672 deaths from cardiovascular syphilis (022, 023),
9,245 deaths from congenital malformations of the circulatory
system (754), and 15,821 deaths from chronic nephritis (592-594).

The following data are abstracted from a handbook on Cardio
vascular Diseases in 'the United States published in March 1958
by the American Heart Association in cooperation with the

ational Heart Institute and the Heart Disease Control Pro
gram, Public Health Service of the US Department of Health,
Education and Welfare:


