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INTRODUCTION

1. Object and Scope of the Present Investigation.

Stone is the commonest upper urinary tract disorder for
which surgicalvtreatment is indicated and patients suffering
from it constitute a substantial proportion of 211 urological
practice. According to Burkland and Rosenberg (1955) the
average urologist in the United States sees sixty new cases
each year. Less common than prostatic obstruction less lethal
than tumour-formation, stone is still a potent source of ill-
health; and it has great social and economic importance since
it occurs at an earlier age. Furthermore, there is evidence
that the incidence is increasing (Hellstrom, 1949). Its study,
therefore, has many practical applications, and it was with
this thought in mind that the present investigation was
commenced in 1949.

The initial object was an accurate assessment of the
incidence of post-operative recurrence and the factors related
to it, in the hope that this information might be applied to
the prevention of recurrence. To this end the late results of
operation were studied in over 500 patients, 80 per cent. by
interview and re-examination.

Inmpressed by the high recurrence rate revealed, experimental
work was then carried out in man and animals with the aim of
controlling or dispersing stones already present, or of

prevent recurrence in conditions, natural and artifiecial, highly



favourable to the development of further stone.

Whenever possible, biochemical studies of calcium metabolic
disorders have Dbeen performed. Opportunity has been taken during
the convalescence period after operation, of appraising the
blood chemistry and urinary calcium output under controlled
conditions. Modified investigations of this type have been
carried out in the Out Patient Department in patients known to
be suffering from post-operative recurrence and in others,
conservatively treated, who frequently pass stones or have
bilateral calculi. Quantitative and qualitative chemical
examination of a large number of kidney and ureteric stones was
done. The relationship of these results to aetiology was
studied.

Thus far the emphasis had been entirely on the late results
of operation, and it was felt that this gave a rather unbalanced
impression of the whole subject of stone. Over 500 cases
treated conservatively were therefore followed to gain some
insight into the natural history of the disease. This aspect
has been sadly neglected in the past; yet, without it, prognosis
is difficult to assess and there is no standard or "control
series" by which the results of operation may be measured.

Bilateral calculi were found in 149 patients. Since they
represented g more serious form of the disease, and one in which
surgical judgement was often exceedingly difficult, they were
studied as a group, and a tentative scheme of management devised.

The clinical part of the investigation is therefore based on



a study of over 1,000 stone patients most of whom have been
interviewed and re-examined. The number is large enough to allow
reasonably accurate genefal conclusions to be made of results
with, and without, operation.

The facts relating to the entire series, i.e., the findings
at the initial visit, were analysed and constituted a study of
the general incidence and aetiology.

The results are considered under six headings.

i. The general incidence and aetiology - facts relating

to the complete series of 1,114 patients.

ii., The natural history - the results of conservative

management in 568 patients.

iii. Pogt-operative recurrence and the late results of

operation in 546 patients.

iv. The prevention and treatment of recurrence =

experimental studies in man and animals.

V. The management of bilateral calculi in 149 patients.

vi. Biochemical studies.

It is regrettable, but inevitable, that investigation of a
series as large as this should produce some fairly complicated
statistical information. Whenever possible, the fuller tables
have been relegated to the Appendix, simplified versions being
incorporated in the text, With suitable precautions against
bias, consideration of these large numbers enables us to reach
conclusions which might, with a smaller series, be regarded as

being of doubtful validity.
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These clinical, experimentsl and biochemical studies have
occupied eight years. The patients investigated have been under
the care of Mr. T. L. Chapman, Consultant Urologist to the
Victoria Infirmary, Glasgow, Hairmyres Hospital, Lanarkshire and
Ballochmyle Hospital, Ayrshire. Without his enthusiastic
encouragement to underteke this work, his generosity in affording
every facility for pursuing it, and his tolerance when the
necessary investigations threatened to swamp his Department, it
is doubtful if this complex study could have been undertaken.
Since their inception at various times during the last twenty
years, the urologicel units mentioned have been under Mr.
Chapman's care, so that uniformity in the pre-operative

investigation, surgical treatment and follow-up is assured.

2. Historical Background.

Much of the colourful and romantic history which invests
urinary stone refers to the condition as it affects the bladder.
The fascinating activities of the mediaeval itinerant
lithotritists, who flourished on the shores of the Mediterranean,
are well known and have become part of the fabric of medical
history. Their skilful manipulations are to be admired even
by modern standards; and in ancient times they must, to the
onlooker, have bordered on magic itself. There is little doubt
that these ancestors of the modern urologist kept alight the
flame of major surgery when the forces of ignorance and

superstition threatened to extinguish it.



In striking contrast, much less detail is availsble of the
history of kidney stone; yet the disease has been known from the
very earliest times. The most obvious reason’for this lies in
the fact that major surgicszl intervention was considered
impracticable unless pus was present in the kidney. Treatment,
therefore, consisted of diuretics znd sedatives, and what could
not be cured had to be borne. Generally speaking, the condition
was regarded as non=-surgical, and interest in it lapsed for
several centuries.

The eerliest example of kidney stone was discovered by the
Bgyptologicel Expedition of the Ufiiversity of Californisa
(Shattoeck, 1905) and was assigned to the Second Dynasty
(4,400 B.C.). TFour stones composed of an admixture of calcium
carbonate, calcium phosphate, znd calcium oxalate were found
lying beside the lumbar vertebrae and were considered to be of
renagl origin.

The first of the four diseases of the kidney described by
Hippocrates was almost certainly stone (the others perhaps being
tuberculosis, tumour and pyonephrosis). The only indication for
operation was the presence of pus, for which, incision, without
removal of the stone was recommended. His disciples took the
oath "neither will I cut them that have stone, but will leave
this operation to those who are accustomed to perform it".

In the first century of the Christian BEra, Rufus of Ephesus

described a form of nephritis, probably czlculous in origin. At



that time stone was considered to be the principal cause of
renal inflammation,

The ignorance of the Middle Ages is characterised by the
well known and traditional figure of the uroscopist holding up
to the light a beaker of urine and diagnosing by sight and smell
the nature of the renal pathology.

The first recorded account of surgical removal of a kidney
stone is given by Ambroise Paré in 1474, although Joly (1929)
doubted its authenticity. An archer of Meudon had been
condemned to death for robbing a church. He was known to be
suffering from gtone in the kidney and was oftered a remission
of sentence providing he would undergo operation. In fairy-tale
fashion two stones were removed, he was cured in fifteen days,
and was set free with a gift of money; "thus have kindly kings
protected the arts and sciences". (Pare).

The first suthentic stone operation was performed in 1633.
The surgeon was Dominique Marchettis, and the patient was an
Englishman, aptly named Hobson. Owing to severe bleeding when
the renal substance was incised, the operation was performed in
two stages. Three stones were removed. Shortly afterwards he
passed a stone which had obviously been overlooked at operation.
Ten years later, urine still escaped through a loin fistula.

Few stones have achieved the publicity enjoyed by those of
Samuel Pepys. In 1657 Charles Bernard skilfully removed a two

ounce uric acid stone from Pepys' bladder. TFor more than 30
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years thereafter Pepys enjoyed good health., A few years before
his death the suprapubic wound broke down and was healed only
with some difticulty. In the interval he had passed two small
stones. Autopsy showed advanced calculous pyonephrosis, the
kidney having been completely destroyed. In the centre of this
bag of pus lay a nest of seven uric acid stones linked together
and weighing 4% ounces. This condition may well have existed
for 30 years or more - an interesting contribution to the study
of the natursl history of the disease. In spite of it, Pepys
lived to the age of 71, with remarkably few symptoms referable
o his upper urinary tract.

Two other fragments of history refer to post-mortem
examingtions. Ambroise Paré tells of the man who suffered a
severe penetrating thoracic wound, followed by the passage of
urine by mouth two days before his death. He was found to have
a tightly impacted ureteric stone with great dilatation of the
ureter above it. In 1707, Pope Innocent XI was shown to have
bilateral branched calculi, functioning renal tissue being
reduced to a mere shell.

To Lafitte in the 18th-century goes the credit for
performing the first successful and orthodox nephrolithotomy.
Once again, on account of the haemorrhage encountered on
incising the kidney, the operation was performed in two stages;
the first was the incision, and 22 days later two stones were
removed, with complete recovery and healing.

With the advent of anaesthesia and antiseptic surgery,
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technical progress advanced rapidly. The first nephrectomy was
performed by Gustav Simon in 1869, the first nephrolithotomy

(as we know it today) by Morris in 1880, the first pyelolithotomy
by Beck in 1881, and the first x-ray diagnosis of stone by
McIntyre in 1896,

Apart from intravenous pyelography, most of the techniques
for the diagnosis, localisation and removal of calculi were
approaching perfection by 1917.

A rough assessment of the chemical nature of stone had been
made and the fact noted that infection was often present. Work
on the crystalloids (Ebstein & Nicolaier, 1891) and the colloids
(Lichtwitz, 1919) was under way, but few scientific theories
regarding causation or the stone-forming mechanism were
propounded or vigorously upheld.

At this stage our reasoning as to the nature of stone was
largely hypothetical and was based on such concepts as the
hardness of water, the so=-caglled "stone diathesis" or stone-
forming "catarrh", and the theories of crystalloid hyperexcretion.
The gap between the haphazard approach of the past and the modern
intensive mood of enquiry was bridged by Swift Joly whose book
on "Stone & Calculous Disease of the Urinary Organs" remains the

great authority on the subject.

3. Modern Regearch.

The quest for the aetiology of stone has enjoyed the



attention of a host of research workers since the time of Joly.
It is fitting, therefore, that his statement in Ramon Guiteras
lecture in 1934 should be recorded here: "Calculous disease has
not changed in its salient features throughout the history of
medicine. It presents the same train of symptoms, the same
pathological changes and the same complications now that it did
in the earliest times. It is, therefore, legitimate to assume
that its aetiology has remained unchanged".

The research work performed in the 25 years between 1917
and 1942 has been summarised by Keyser (1943) who concludes;
"we are much confused and bewildered. In the ultimate it seems
that no two workers, chemist, pathologist or clinician are in
even gpproximate agreement". It seems only fair to echo this
sentiment today in spite of the volume of work performed since
1943,

In general it appears that two factors are essential for
stone-formation. The first, and probably the more important,
is some form of trauma (toxic, infective or vascular) to the
epithelium overlying the renal papilla. The second factor, the
precipitation of stone-forming crystals in a colloidal matrix,
then comes into operation.

The Papillary Lesion. Randall's conception of the sub-

epithelial caleium plaque in 1932, shone a new and powerful
light on the pathogenesis of calculous disease. The work of

Rosenow & Meisser (1922) and Hellstrom (1938) on the
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experimental production of infective stone, and McCarrison's
observations in India (1931) on vitamin A lack, fell into line
very naturally with Randall's theories. The only perplexing
point that remained was: what, in the absence of vitamin A lack
or of inflammatory disease, caused the plagque? This, as yet,
remalins unanswered,

Precipitation of Stone-forming Crystals : Calcium Metabolism.

Meyer (1927) made a great contribution by determining the
conditions which govern the precipitation of stone-forming
substances in the urine and these physicochemical principles
have recently been emphesised by Prien (1955).

Once it was reslised that 95 per cent. of urinary calculi
were calcium-containing and that phosphate, oxalate and uric
acid metabolism were of secondary importance, the closest study
was made of calcium metabolism. Hammarsten (1937) demonstrated
the importance of msgnesium and vitamins A & D in keeping calcium
salts in solution. : The work of Albright and his co-workers in
Boston (1948) on hyperparathyroidism is well known and further
contributions have come from Stockholm (Hellstrom, 1955) and
Leeds (Pyrah, 1955). ©Excessive urinsry excretion of calcium has
been studied by Flocks (1939). It is natural that the layman's
interest should be in the direction of "dissolving stones" and
Suby (1944) produced a solution containing citric acid (based on
Shorr's work, 1945), =nd magnesium (based on Hammersten) for

this purpose. Higgins (1932) has in fact mansged to produce and
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dissolve (by dietary means alone) calcium phosphate stones
formed after a low vitamin diet in rats.

Recent Trends.

(a) Microradiographic Techniques in Stone Analysis.

Dissatisfaction with the more traditional biochemical
techniques of stone anglysis led to improved methods employing
x=-ray microdiffraction (Prien, 1949; Lagergren, 1956). Ikrom
crystallography a new understanding of the nature of the
crystals is growing.

(b) Carr (1954) has elso employed painstaking radiographic

methods in studying papillary pathology. From these he concluded

that many small stones previously thought to be formed on a
Randall plaque are, in fact, lodged in a dilated or blocked
lymphatic which he called a "pouch".

(¢) The biocolloids of urine are the latest object of exhaustive

research. For long their importance has been apm eciated but
their precise chemical nature has eluded definition, short of the
fact that they are probably acid mucopolysaccharides. The work
of Butt and his associates (1952) on hyaluronidase therapy; of
Boyce and his co-workers (1954) on the ion-binding properties

of mucoproteins; of Baker & Sison (1954) on selective staining
techniques to demonstrate altered itssue mucopolysaccharides in
renal calculous disease; and of Ravich & Ravich (1954) on

surface tension measurements, has rekindled interest in the

subject. Herein may lie the basic cause of stone. In health the
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colloids are "protective"; in stone disease, having undergone
gsome alteration, they form the cement or "skeleton" of the stone,
without which it is doubtful if stone-formation can occur.

One feature of modern research which quickly becomes
apparent is the need for teamwork. Intimate understanding of
the problems involved in upper urinary tract stone presumes a
‘knowledge of colloid chemistry, crystallography, calcium
metabolism, renal pathology, and radiology, and this-ig obviously
an impossible accomplishment for the individual. The team
therefore has a clinician as its director and consists of

biophysicist, biochemigt, radiologist and pathologist.



FOREWORD

Sheer weight of numbers has necessitated the transfer
of the Figures, Diagrams and photographed Tables to Volume IT,
in company with the Appendix. To minimise inconvenience they
are arranged in exactly the sequence described in the text.
It should therefore be possible to proceed from one Table or
Figure to the next in conjunction with the reading matter in

Volume TI.



PART TI.

THE GENERATL INCIDENCE, DIAGNOSTIC FINDINGS AND

POSSIBLE AETTIOLOGICAL FACTORS

IN 1,114 CASES OF

UPPER URINARY TRACT STONE

Section I Source of Material and Method of Study.

Section IT General Incidence and Diagnostic Findings.

Section IIT Possible Aetiological Factors.
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PART T.

GENERAL INCIDENCE, DIAGNOSTIC FINDINGS AND POSSIBLE

AETIOLOGICAL FACTORS

The results of the routine investigations performed before
operation constitute the "General Incidence and Diagnostic
Findings". Predisposing causes revealed by special questioning
or examination are grouped under the heading of "Possible

Aetiological Factors".

Section I. Source of Material and Method of Study.

Source of Material.

The total series of 1,114 patients was derived from three

sources (Table I):-

(I) The Urological Department (U.D.Series), 891 Patients.

. This group is the backbone of the whole investigation. The
patients in question have been under the care of one urologist,
‘or his junior colleagues, so that uniformity has been maintained
in respect of diagnostic criteria, indications for operation, and
follow-up technique. The patients (891) constitute 80 per cent.
of the complete series (1,114); and those undergoing operation
(323) represent 60 per cent. of the operation series of 546
(Table I).

(2) The Victoria Infirmary General Surgeons (V.I.Surg.Series)
161 Patients.

The senior surgeons of the Victoria Infirmary kindly gave
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permission for review of their cases, all treated by operation.
Some could not be traced, but valuable information has been. gained
from studying some results 30 or more years after operation. They
represent 14.5 per cent. of the total series, or 30 per cent. of
all patients treated by operation.

(3) Other Surgeons. (Others), 62 Patients.

Inevitably, with the shift of population over the years, a
Urological Department collects cases treated by operation else-
where. These patients have been referred only when symptoms
were severe enough to teke them to their family doctors. They
therefore introduce a considerable element of bias if studied in
terms of post-operative recurrence, and their main velue ig that
they provide general information about age, sex, side, etc.

Method of Study.

(1) Extraction of Information from CGase Records.

The physical task of handling and analysing the mass of
information relating to over 1,000 patients was lighfened by
constructing for each a transcription card. On one side of this
information already available in the case records was summarised
under the following headings:-

(2) General: date of birth, sex, occupation, date when
first seen, duration and nature of symptoms.

(b) Initisl Examination: clinical, urine, x-ray and
biochemigtry.

(c) Operation and post-operative course.
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(d) Immediate post-operative examination with special
reference to a check x-ray (to exclude residual stones),
urine examination, and biochemical studies.

(e) Follow-up information: the results of earlier reviews.

(f) Date and cause of deaths, if known.

(2) Follow-Up.

The ideal investigation attempts to trace, interview, and
re—-examine all patients still alive, and to ascertain the date
and cause of death in the case of those who have died since last
geen, Strenuous efforts were made to attain this ideal.

Patients were routinely sent an introductory questionnaire
with a stamped addressed label enclosed. If they replied they
were agked to attend for interview. If there was no reply the
questionnaire was repeated; and if there was still no reply, or
the envelope was returned marked "deceased" or "gone away", the
family doctor was written for information regarding the date and
cause of death, or their latest address and present condition.
Many patientsvwho had moved to new houses were traced after a
visit by the Social Service Department to their old address.

In spite of these measures, Table II shows how far short of
perfection this follow-up has fallen. For simplicity, three
categories have been designated:-

(a) Interviewed. (70 per cent.) Fortunately this was possible

in 95 per cent. of the Urological department series, which
provides the main material for study. The 778 patients

have been personally interviewed and examined.



(p)

(e)

16.

Replied by Questionnaire, (20 per cent.) All indirect

methods of obtaining information have been included, viz.,
questionnaire reply by patients who stated that they were
unwilling or unfit to attend for interview; letters from
family doctors or relatives; and Social Service Department
reports; Helpful though such knowledge may be, firm
conclusions can rarely be drawn from it in the 213 patients
concerned,

Untraced, (10 per cent.) Prolonged search failed to trace

123 patients, regarding whom only the information from the

case record is available for analysis.

(3) Interview.

The 778 patients personally interviewed were thoroughly

guestioned on the following lines:-

(a)

(b)

(e)

Where there was some doubt in the matter, they were asked
to confirm that the information transcribed from the case
record was accurate,

Their progress since they were last seen was determined
in terms of work record, general health,and urological
symptoms such as colic, haematuria, frequency, pyuria,
or the passage of stones.

A painstaking effort was made to assess any predisposing
causes of stone-formation. They were therefore asked
about:-

1. The nature of their occupation.

2. Any family history of stone.
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3. Periods spent in hot climates.

4, Pregnancies and associlated renal disease.

5. Preceding renal disease (pyelitis, nephritis, or
scarlet fever with renal complications).

6. Peptic ulcers, especially when alkali therapy had
been prolonged.

7. DProlonged recumbency due to bone and joint disorders.

8. Dietary habits (particularly for sources of oxalate).

9. Night vision (as a test of Vitamin A intake).

10. Medicines regularly prescribed.

11l. Any personal theories of the patient regarding
aetiology.

(4) Investigation.

A1l 778 patients interviewed had bacteriological and
cytological examination of the urine, and a plain film of the
urinary tract carried out. When doubtful opacities or definite
stones were seen on this straight x-ray plate, selective use was
made of intravenous and retrograde pyelography.

Those who had recurrence or had passed stones frequently
were studied biochemically. Serum calcium, serum inorganic
phosphorus, serum alkaline phosphatase, plasms proteins and blood urea
were egstimated. A rough impression of urinary calcium output
was obtained, using the Sulkowitch test, and after admission
more detailed studies were made of urinary calcium excretion
after six days on a fixed low calcium intake. They were asked

to provide stones whenever possible. Many brought crumbling
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fragments of stone, lovingly preserved since the date of overation.

(5) Czuses of Death.

In Table IT it will be seen that conditions associsted with
the urinary tract have accounted for the deaths of 39 patients, or
less than 4 per cent. of the total series of 1,114. Upper
urinary tract stone can therefore scarcely be regarded as one of
the more lethal conditions affecting man. In 211, 135 patients
died at some time during the period of observation, but 96 were
due to extra-urinary causes. Of the 39 urinary deaths, 23 were
post-operative, and 16 were due to renal failure not immediately
associated with operation.

The findings after interview and re-examination of these
778 patients were entered on the reverse of the original

transcription card, which was then ready for analysis.

Section II. General Incidence and Diagnostic Findings.

Although the results detailed in this section refer to the
complete series of 1,114 cases, information was not always
available for the full total. When this is so, the availlable
total is stated.

The term "operation" indicates that an open surgical
procedure has been uged. ILikewise, "no operation" means that no
open operation has been carried out. TLower ureteric stones
treated by endoscopic procedures were included in the "no
operation" series since the first object at that time was the

study of the late results of open operation., This terminology is
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awkward, but for tabulation purposes has the great merit of
brevity. It so happened that the numbers were almost equal,
546 occurring in the "operation", and 568 in the "no operation"
series. (Table III).

(1) Increasing Incidence of Upper Urinary Tract Stone.

It is apparent from Fig.l that Sweden experienced a marked
increase in the incidence of upper urinary tract stone in the 20
years after the end of the First World War (Hellstrom, 1949).
(This may have been associated with vitamin A deficiency caused
by the export of dairy milk produce to the combatants). A "stone
wave" swept over Europe in the late twenties (Grossmann, 1938).
Calcium oxalate was the principal constituent, and younger
patients tended to be affected. The stones must have been small
enough to pass, because it will be seen from Fig. 1 that only one
patient in ten required opergtive treatment, in striking contrast
to the present series in which operation was required in half the
total number of patients. In spite of the high nutritional
standards prevailing in the United States, a recent stone survey
has reported a slight increase there also (Burkland and Rosenberg,
1955), The incidence in Britein is difficult to assess, but stone
operations in this series for the decades 1926 to 1935; 1936 to
19453 and 1946 to 1955, numbered 105, 249 and 326 respectively.
(2) ZLength of Follow-Up.

Informstion relating to 974 patients (480 with, and 494
without operation) is detailed in the Appendix, Table 1, page i,

and in diagrammatic form in Fig.2. The summary in the top right
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hand corner of Fig. 2 shows that 64 per cent. hzd been followed
for more than five years, 35 per cent. for more than ten yeszrs,
and 7 per cent. for more than 15 years. Satisfactory conclusions
cannot be dreawn from an analysis of any series of stone cases
followed for less than five years. The interval between
operation and detection of recurrence, for example, is ten years
or more in 16.8 per cent. of recurrent stones. In the same way,
the natural history of the disease can only be studied over
lengthy periods. After ten years, larger numbers of the

operation series (black columns) have been followed.

(3) sex.

The male/female ratio for the totzl series was very nearly
two to one. This supports the male predominance reported by
Barney (1922) seven +to two; Twinem (1937) five to three;
Grossmann (1938) four to one; and Harrington (1940) two to one.

The most interesting feature of Table IV is the difference between

the “operation" series (1/F = 1.25 : 1) z2nd the "no operation"
series "/F = 3 : 1). 1In other words, 240 of the total or 385
women ( just over &0 per cent.) required operation, compared with
306 of 729 men (40 per cente.). Alternatively, the ladies may be
better 2t passing small stones which are never identified, so
that they show no opacity when they come for x-ray and the
condition remains an "undisgnosed colic"; whereas the same gize
of stone may be arrested sufficiently long in men t0 e2ppeer on

x~ray and only be passed therezfter.
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(4) side. (Teble V).

The sides were almost equally affected, and 13.4 per cent.
had bilateral calculi. Swift Joly (1929) found roughly the same
incidence, but Winsbury-wWhite (1936) and Twine, (1937) found that
the left side was involved slightly more often, due to a closer
lymph connection between the kidney and the lower urinary tracf
on that side. The data on the right half of Table V indicate
that bilateral stone constituted 17.6 per cent. of the "operation"
series, and only 9.0 per cent. of the "no operation", showing that
two out of three came to operation, compared with one out of two
for unilateral stone.

(5) Age.

Information relating to 1,007 patients is given in five year

groups in the Appendix, Tebles IT and III on pages two and three.
(a) Age at onset of symptoms (Fig.3.).

The average age at onset of symptoms was:-

Without operation =~ 41.0 years.
With operation - 37.3 years.
Total series - 39.1 years.

There was no appreciable sex difference. The inference is
that operation cases represent a more severe form of the

disease which declares itself two years earlier.

(b) Age at operation (or at diagnosis in "no operation"

Series) (Fig.4d.).

The average age at operation or diagnosis was:-
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Without operation - 43,0 years
With operation - 39.0 years
Total series - 41,6 years

Again there is a difference of approximately four years
between those with and without operation. Men averaged
37 years at operation, and women 40.8 years.

For the total series, then, the average age at the onset of
symptoms was 39.1 years, and at operation or diagnosis, 41.6
years. There is therefore an average duration of symptoms of
2,5 years.

Scrutiny of Figs. 3 and 4 reveals that the majority of
patients are aged 25 to 55. Joly (1929) found this span to be
20 to 50 years, as did the majority of U.S. urologists (Burkland
and Rosenberg, 1955); but Barney (1922) found that most of his
patients were 20 to 30 years old, as did Hellstrém (1938) in his
Staphylococcal stone series.

(6). sSymptoms.

The incidence of symptoms in 1,061 patients is recorded in
some detail in the Appendix, Table IV, page four. The presenting
symptoms are summarised in Fig.b.

Pain due to distension of the renal pelvis is the main

symptom., Only 89 (less than 9 per cent.) had no pain, but other

symptoms led to the discovery of the underlying lesion, and 50
of the 89 eventually came to operation. The commoner symptoms

may be listed thus:-
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(a) Colic (617). This represented approximately 60 per cent.,

after those free from pain (89) were subtracted from the
available total (972)., The fact that 386 of the 617
patients with colic did not require operation emphasises
the belief that "small dogs (or stones) bark most loudly".

(b) Lumbar Pain (355). The remaining patients had a constant

dull ache in the kidney angle.
(c) Passage of Stones (232). Colic followed by the passage

of a stone is considered "complete", and the incidence of
this is therefore 232/617, or just under 40 per cent. A

single stone was passed by 149 patients, and 83 patients

passed more then one stone,

(d) Haematuria (380). Haematuria, visible to the naked eye,

~

was present in just over one third of patients.  The
figures for colic, pain, passage of stones and haematuria
were therefore much the same as those found by Joly (1929)
and Schenck and Lane (1937).

(e) Pyuria (160), Frequency (113), Dysuria (180). The se

figures do not suggest that the majority were infected
when first seen. The actual incidence of infection was
50 per cent.

(7) Duration of Symptoms.

The estimated duration of symptoms in 641 cases is tabulated
in detail in the Appendix, Table V, page 5, and summarised as a
histogram in Fig.b6.

The length of time for which stone patients will tolerate
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their symptoms before seeking medical advice is a constant source
of wonder. One elderly man was delighted to find that his
backache disappeared as soon as a kidney stone had been removed.
Only then did he realise that he had suffered needlessly for
more than 40 years. Barney (1922) found that symptoms had been
present for more than three years in 39 out of 70 cases. In
this series of 641 patients, symptoms had been present for more
then five years in 28 per cent. and for more than ten years in
16 per cent. It has already been calculated from the ages at
onset of symptoms and at diagnosis, that the average duration of
symptoms is 2% years.

(8) Urine Examination at Diagnosis.

A detailed account of the findings on bacteriological and
cytological examination of the urine at diagnosis in 665 patients
is provided in the Appendix, Tables VI and VII, pages six and
seven. The subject is studied under four headings:-

(a) Urine reaction. The reaction was acid . in 270 out of 481

patients studied (approx.60 per cent.). In the case of
operation patients it was ascid in 101 out of a total of
170. This is interesting when it is recalled that stone-
formation occurs more readily in an alkaline infected
urine.

(b) Incidencé of Infection (Table VI). Almost one half (331

of 665) were infected when the diagnosis was established.
As might be expected, 60 per cent. of operation cases

were infected, compared with 40 per cent. of those not



treated by operation.  Other investigations disagree with
these figures. Higgins (1952) found infection in 87 per
cent. of 800 stone patients; Lett (1936) in 82 per cent.
of 419; and Harrington (1940) in 74 per cent. of 480.

(¢) The Infecting Organism. (Table VI). Sterile pyuria was

the only indication of infection in 173 patients.
Organisms were present in the remsining 158, and B.Coli,
alone or in mixed infection, occurred in 112 (over 66 per
cent.). The notorious urea-splitters, Proteus end Staph.
Aureus, were present singly or in mixed infection in 29
patients (20 per cent.). Their importance in stone-
formation is universally acknowledged, but the role of B.
Coli ig less easy to determine. Illyes (1934) maintained
that B.Colli could assist in the production of coral
calculi, but Rovsing (1924), Joly (1929) and Winsbury-
White (1936) considered that B.Coli played no part in
stone-formation. In the same way, Hellstrom (1938)
thought that B.Coli were mainly secondary invaders, but
that occasionally they might be able to split urea. In
Hellstrom's opinion the Staphylococcl found in the nucleus
of the sténe were the principal culprits.

(d) The Role of Infection in Primary and Recurrent Stone

Formation.

The part played by infection in primary stone-formation is

undeternined and will be discussed under "Possible

Aetiological Factors". There is, however, little doubt



that pre-operative urinary infection is closely related
to post-operative recurrence of stone. (Table VII). The
first point of interest in this table is that 39.2 per
~cent. of the "no operation" series were infected when
first seen, compared with 61.3 per cent. of those treated
by operation. The lower table shows that stone recurred
in 20.3 per cent. of patients whose urine was sterile
before operation, and in 45.1 per cent. of those whose
urine was infected. Conversely, of those patients who
later developed recurrence, 78 per cent. had pre-operative
urinary infection. These results are in agreement with
the findings of Brongersma (1924), Rovsing (1924),
Illyes (1934), Oppenheimer (1937), Twinem (1937), Keyser
(1943), Hellstrom (1949), and Smith (1939). |

(9) Initial Radiological Findings.

.Detailed information regarding the site, size and number of
the stones in 1,027 patients, and the state of the kidney function
in 932, is presented in the Appendix, Table VIII, page eight. TFor
further analysis these are divided into 481 "no operation" and
546 "operation" cases in Appendix, Tables IX and X, pages nine
and ten.

A diagrammatic attempt has been made to summarise this
complex subject in Fig.7. (Composite diagram).

(a) site of Stones. (Table VIII). Renal and ureteric calculi

were equally represented and at this stage only 7.6 per

cent., were bilateral. Insufficient information was
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available to determine with accuracy the site of 108
renal and 39 ureteric stones.

Lett (1936) found that the ratio of renal to ureteric
stone was 2 to 1; Winsbury-White (1936) 2 to 1; and Joly
(1929) 5 to 1. These authors were, however, considering
only calculli requiring operation. The stones would
therefore be larger and more easily trapped in the kidney.
In this series the kidney/ureteric ratio in operation
cases was 360/129, or 3 to 1. Where operation was not
performed, the kidney /ureteric ratio was 109/337, or 1 to
3. In a nutshell, the majority of ureteric stones were
small and 75 per cent. were expected to pass naturally,
whereas 75 per cent. of kidney stones were sufficiently
large that operstive treatment was required. The
favourite sites were the renal pelvis, the lower calyx
and the lower third of ureter (Fig.T).

Number of Stones. (Teble IX and Fig.7). Approximately

80 per cent. of renal and 95 per cent. of ureteric stones
were single. Multiple stones (more than three), on the
other hand, occurred much more commonly in the kidney
(10.8 per cent.) than in the ureter (0.3 per cent.). In
the operation series, however, 7 per cent. of ureteric

stones were multiple.

Joly found 60 per cent. of renal and 80 per cent. of

ureteric stones to be multiple. Brongersma (1924),

impressed (as always) by the importance of infection,
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stated that 94 per cent. of aseptic calculi were single,
compared with 73 per cent, of infected.

Multiple calculi accounted for 10 per cent. of
Jeanbrau's series of ureteric stones (1914), and 6 per
cent. of Braesch and Moore's (1915).

(c) size. (Table X. Fig.7). Large stones are rare in the

ureter (less than 2 per cent.), and relatively common in
the kidney (32 per cent.). Few, however, occur in either
situation, except in the operation series. The optimum
condition for stone growth is a combination of mild
infection and slight obstruction. Frequently, but not
invariably, the very large kidney stones were infected.

(d4) Renal Function. (Table XI. Fig.7.). In the case of

unilateral stones this refers only to the side affected.
Three grades of renal function are recognised on
intravenous pyelography:-
1. Good: good function; normal pyelogram; no
‘’hydronephrosis.
2. TFair: some impairment of function with early or
moderate hydronephrosis.
3., Poor: very little function, or none at all, or
advanced hydronephrosis.,
The obstructive potential of ureteric calculi has
long been recognised; in fact, it is standard urological

practice when renal and ureteric stones occur

simultaneously, to "work from below upwards" in freeing
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the renal tract from stone. Information is available
about renal function at diagnosis in 932 patients, and the
outstanding fact which emerges is that for the entire
series, kidney stone was much more harmful to renal
function than stone in the ureter. The figures show that
in 26.8 per cent. of 388 renal stones, function was poor,
compared with 6.8 per cent. of 454 ureteric stones. In
the same way, function was good in 31.2 per cent. of
kidney stones, and in 56,6 per cent. of ureteric stones.
These findings were more or less the same whether or not
operation was performed. It seems only fair to add that
the presence of 68 unilateral and 11 bilateral staghorn
renal calculi made an undoubted difference, and that, if
stones of comparable gize alone were considered, function
might well have been equally affected by renal and
ureteric calculi.

Stone in the upper and middle third of the ureter
was slightly more harmful than stone in the lower third.

Incidental x-ray findings. Stone occurred in

agsociation with tumour in two cases only, and one of these
was an adenocarcinoma. The risk of developing carcinoma
at a later date seems very slight and is therefore not a
convineing reason for the removal of all stones.
Unequivocal evidence of stasis, pelvi-ureteric

stenosis or ureteric stricture was found in ten cases

only (less than 1 per cent.).
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Horseshoe kidney was present in six and pelvic
ectopla in one,
These findings are discussed under "aetiology".

(10) Biochemistry.

The importance and complexity of the biochemical studies
have made it necessary to consider them separately (Part VI).
Information has been collected concerning urinary calcium output
studies in 73 patients, blood chemistry in 210 patients and 204
upper urinary tract calculi have been analysed. This represents
a considerable volume of work. Yet it will be realised that it
refers to less than 20 per cent. of the total of 1,114 patients.

In passing, it may be said that hyperparathyroidism has been
noted in six patients (3 per cent.). Recurrence after operation
was twice as common in those with hypercalcuria as in those with
a normal urinary calcium output.

Routine stone analysis has proved valuable in formulating a

regime for the prevention of recurrence, particularly in the

case of phosphatic, cystine and uric acid stones.

SUMMARY OF GENERAL INCIDENCE AND DIAGNOSTIC FINDINGS.

(1) In a series of 1,114 upper urinary tract stone, roughly half
(546) were treated by operation; and half (568) expectantly.

(2) The Urological Department Series represented 80 per cent. of
the total, the other 20 per cent. being derived from the

Victoria Infirmery Surgeons and cases treated by other

Surgeons.
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(10)
(11)
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(13)
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O0f the total, 70 per cent. (778) were interviewed and
investigated, 20 per cent. replied to a questionnaire and
10 per cent. were untraced.

During many years of observation, the mortality of the
disease was less than 4 per cent.

There is evidence of an increasing incidence of renal
calculus.

Follow-up was lengthy, 35 per cent. being followed more.
than ten years.

The sex ratio for the total was M/F = 2/1. In the operation
series it was 1.25 : 1, and in those without operation 3 : 1.
The right and left side were equally affected and 13.4 per
cent., were bilateral.

The average age at the onset of symptoms was 39.1 and at
operation 41.6 years. Most cases were aged 25 to 55 years.
Pain was not experienced in 8 to 9 per cent.

Symptoms were present for more than 5 years in 28 per cent.
and more than 10 years in 16 per cent.

Urinary infection was present in 50 per cent. the commonest
organism being B.Coli. There was a close relationship
between pre-operative urinary infection and post-operative
recurrence of stone.

Radiological exemination showed an equal incidence of renal
and ureteric stone, the principal sites being the renal

pelvis, lower calyx and lower third of ureter. Single stone

was commone st in the ureter and multiple stone in the kidney.
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Large stones were rare in the ureter and relatively common
in the kidney. Renal function appeared to suffer more
harm from renal than from ureteric calculi.
Hyperparathyroidism was discovered in 3 per cent. of 210

patients investigated.

Section IIT. DPossible Aetiological Factors.

At first sight the opportunity of interviewing and

investigating 778 stone patients appeared to offer a rich field

for exploration, but this purely clinical approach to aetiology

has proved dissppointing. The various findings are detailed in

the Appendix, Table XI, page eleven.

(a) Dietary Factors.

1. Vitamin A. lack. Poor night vision was admitted by 87 of

517 patients questioned (17 per cent.). This is a very
rough test of presumed vitamin A deficiency and it was
difficult to believe that any of these patients had, in
fact, dietary deficiency of any kind; and the same applies
to the majority of stone patients seen in this country.
Dark adaptation tests and estimation of vitemin A in plasma
by biophotometry were impracticable. This view is in
agreement with Keyser (1935) and Grossmann (1938) who
reported that they could find no evidence of vitamin or
other nutritional deficiency. Higgins (1936), however,
was go impressed by finding II out of 16 patients vitamin

A deficient (68 per cent.) that he insisted on a high
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vitamin A intake in his regime for the prevention of
recurrence, and still does (1952).

Peptic ulcer and alkali therapy. Of 335 patients

questioned, 24 stated that they had at one time or another
received alkali therapy for peptic ulcer (7.1 per cent.)
and in most of them the therapy had been prolonged. |
Kretschamer and Brown (1939) found that only 1.2 per cent.
of a large series of stone patients had at any time
received alkali therapy, but Pyrah (1955) thinks there is
a definite connection between gastric conditions and
nephrocalcinosis or nephrolithiasis. On the statistical
basgis that 3.55 per cent. of admissions in one year had
been for peptic ulcer, and 0.38 per cent. for stone, he
calculated that the actual number of ulcer patients was
four times the expected number and that the actual number
of stone patients suffering from ulcer was three times

the number expected. He stressed also the role of pyloric
obstruction and vomiting with consequent hypochloraemic
alkalosis in producing tubular calcification; and
emphasised the "milk-drinker's syndrome" of hypercalcaemia
and hyperphosphataemia which, (along with alkali therapy),
might well produce widespread calcification. Pyrah found
that 10 per cent. of stone patients had a peptic ulcer
history.

Diet rich in oxalic acid, or oxalate. A handful of

patients were abnormelly fond of rhubarb, but none consumed

excessive quantities of cocoa, strong tea, chocolates,
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spinach or loganberries. In any case, endogenous sources
of oxalic acid upset such calculations.

(b) Metabolic Factors.

It is sufficient to sgy that chemical analysis revealed
one pure cystine and two pure uric acid stones.

(¢c) Familial Incidence,

Blood relatives had suffered from upper urinsry tract stone
in approximately 6 per cent. (20 in 335 questioned). It is
difficult to say what significance may be attached to this
without a control series. Stones occurring simultaneously in
brothers are illustrated in Figs. 8 and 9 (the bladder stone was
known to have descended from the kidney). In two instances a
brother and sister of each patient had been affected. In the
other 18 only one relative was concerned - father 6, mother 1,
daughter 1, brother 9, sister 1.

The racial incidence does not require consideration since
almost all of the patients were of Scottish descent. The Arab
is commonly affected (even allowing for bilharizia) while the
Negro is relatively immune. Both have a high enough melanin
content in the skin to prevent excessive formation of vitamin D
from exposure to strong sunlight. In both cases there is dietary
deficiency in some respects., The American negro is more likely
to develop stone than his Bantu cousin (Cony, 1937; Dodson and
Clark, 1946). An understanding of racial factors might give

valuable clues to the underlying aetiology.
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(d) Recumbency, Low Fluid Intake, Sweating.

These factors, in combination, are neatly illustrated in
the recumbency cealculi associated with bone and joint
tuberculosis, as Illingworth and Dick (1945) have pointed out.
Stasis, low fluid intake, skeletal decalcification, vitamin D
excess (from exposure to the sun) and sweating, all play their
parts, as does urinary infection,

1. Recumbency. Only 39 of 891 patients questioned (4.4 per

cent.) gave a history of disease causing prolonged
recumbency, and Pyrah found a similar incidence (4 per cent.)
The factor is an important one in orthopaedic practice and
the value of frequent changes of position, forced fluids

and frequent urine and x-ray examinstion is now widely
recognised.

2. Low Fluid Intake and Sweating. This group of 35 patients

occurring in a total of 335 (approx. 10 per cent.) srose
in two ways:-

i. Periods spent overseas during World War II when both

factors operated. Dix (1951) certainly found

ureteric stone to be common in the Middle East forces,
although this was not my personal experience in over
two years. Stone is common in North India, South
China and the Arab countries, all of which have warm
climates; yet it is relatively uncommon in Central

Africa and has a remarkably low incidence in the

north part of South America through which the
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Equator runs (Davalos, 1945). Why is the madern
Arab more prone to lithiasis than his ancestors?
Very few of the mummies examined by Professor Elliot

Smith contained upper urinary tract stone.

ii. Occupational - foundry workers, stokers, boilermen,
bakers and those working in hot atmospheres. On
the other hand, there is reason to believe that a
sedentary occupation with imperfect drainage of the
calyces might be just as harmful.

(e) Obstructive Factors.

1., Pelvi-ureteric stenosis and ureteric stricture 3.3%
2. Congenital anomalies ~ horseshoe kidney 2.3%
3. Bladder neck obstruction 2.3%

Total 7.9%

Obstructive factors therefore accounted for only 7.9 per
cent, of the total.

Stagsis has long been considered of great importence in
stone-formation (Fig.10) and there is no doubt that a slight
degree of obsgtruction is a contributing factor and that it should
be corrected whenever possible. Owing to defective drainage,
stone is said to be six times as common in horseshoe kidney as

in the normsl. Certainly, 50 per cent. of the horseshoe kidneys

seen at the Urological department of the Victoria Infirmary,
presented with stones. Having said this much, it must be pointed
out that over 90 per cent. of stone cases have no evidence of

such obstruction and, conversely, many cases of pelvi-ureteric
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following ways.

1.

2.

By damaging and eroding the papilla or straight
collecting tubules:

By interfering with the normal physicochemical
relationships of the urinary crystalloids and colloids;
e.ge. an alkaline infection in which calcium phosphate is
precipitated; or interference with the calcium citrate
complex which holds the calcium in solution. Its effect
on the colloids is unknown, but the inflammatory debris
may serve to bind the crystals together and may even act
as the nucleus of the stone. Many workers have produced
stones in experimental animals by introducing infection,
e.g. into the dental canal (Rosenow, 1922) or intra-
venously (Hellstrom, 1938), or into the bladder.

In 1923 Davalos found, however, that B.Proteus only
produced stones in animal bladders after the epithelium
had been damaged by the instillation of salicylic acid -
and this would appear to be the conclusion reached, that
there can be no stone without preceding damage to the
epithelium.

The incidence of infection in primary stone has been
variously estimated. Rosenow (1922), Keyser (1943) and
Hellstrom (1949) all thought it significant. Birdsall
(1939) found infection in 189/211. Carroll and Brennan
(1952) were undecided. Smith (1939) was unimpressed.
Higgins found preceding pyelonephritis in 23 out of 29,
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Lett found only 29 in 419 sterile. The U.S. survey
(1955) thought infection "an associated factor" in
47 per cent.

(f) Biochemical Factors.

Hyperparathyroidism has been associated with 3 per cent.
of 210 stone patients investigated. If the six cases in
gquestion are set against the total of 1,114, the incidence
becomes less than 0.6 per cent. The moral is that hyper-
parathyroidiem must be excluded in every case of stone. Over
40 per cent. of 67 stone patients investigated on a fixed low
calcium intake have shown evidence of hypercalcuria.

Comment on Aetiology.

There is still a wide gap between scientific knowledge
acquired under experimental conditions, and its application to
the search for the csuse in the individual patient. No one is
more sorrowfully aware of this than the clinician, who attempts,
to the best of his ability, and with the available knowledge, to
bridge the gap. In some cases a definite factor is present -
vitamin deficiency, hyperparathyroidism, obstruction, recumbency,
(even infection or metabolic upset), but an impressively large
group of patients is left in whom the most thorough clinicel,
x-ray, bacteriological, and biochemical investigations reveal
(as yet) no abnormality. Their diet is normal; their urine
shows no excess of crystals,nor is it infected; their urinary
tracts gre free from obstruction and their kidneys healthy; and

studies of calcium and phosphate metabolism are normal - yet
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they form stones and continue to do so. The problem is a

perplexing one, raising many questions which must remain

unanswered meantime. It is full of apparent paradoxes and

curlious anomaliesg,

Unanswered Questions.

1.

2.

3

4.

5.

Are all stones formed on papillary lesions?

If so, what causes the lesion?

If the cause of the lesion is toxic, infective or
vascular, why are only 10-15 per cent. bilateral
and why do they not all recur?

Do specific infections produce stone or must there
be a predisposing degenerative change?

Why is there a racial and climatic difference?

SUMMARY OF AETTOLOGY

FACTS No. Per cent.

Factors of Significance.

Hypercalcuria - 40.0
* * * *
Hyperparathyroidism 6 3.0
Horseshoe kidney and pelvic ectopia 7 3.0
Pelvi-ureteric stenosis 3.3

Ureteric stricture 10

Recumbency stone -39 4.4



Factors of Doubtful Significance. Per cent.
l. Peptic ulcer 7.0
2. Fanily History 6.0
3. Metabolic Stone (cystine & uric acid) 1.5
4, Predisposing rensl disease 10.0
5. Uringry infection 50,0
6. Vitamin A lack -(history of night 17.0

blindness.)

It is therefore apparent that a satisfactory explanation
for stone-formation (apart from knowing that 40 per cent. have
hypercalcuria) cannot be found in other than a small proportion -
62 of the total. The gap between the laboratory and the patient
is obvious.

As 0ld as medicine itself, the problem of stone remains
unsolved. It has, however, stimulated and tantalised research
workers to such an extent that a tremendous effort has been, and
still is, being made, to unravel the tangled threads leading to
its solution.

A broad picture has been presented of the material (source
and nature); the methods of tracing, interviewing and
investigating; and the facts or results accruing from this study
of the entire series. This is a necessary forerunner of the
three clinical sections, - natural history, recurrence and

management of bilatersl stone, - which follow.

* * * * * * *



PART ITI.

THE RESULTS OF CONSERVATIVE MANAGEMENT

A Study of some aspects of the Natural History of

Upper Urinary Tract Stone.

Section I

General considerations,

Section IT The Natural History of Ureteric Stone.

Ll

Section IIT The Natural History of Renal Stone;

Conclusions and Summary.
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IHE RESULTS OF CONSERVATIVE MANAGEMENT

A Study of some Agpects of the Natural History of

Upper Urinary Tract Stone.

Section I. General Considerations.

Acecording to Hippocrates, the good physician is a "minister
(i.e. a servant) and interpreter of nature". Study of'the
natural history of disease is not simply an academic exercise,
but has considerable practical value. Great physicians and
surgeons such as McKenzie, Gairdner, Lewis and Trotter, have
acknowledged this and have themselves been natural historians;
yet our knowledge of this aspect of disease is fragmentary and
much of thig important field remains to be explored.

Once the natursl history of a disorder is known, a yardstick
is available by which the results of treatment may be measured,
and the prognosis accurately assessed. In surgical practice the
indications for operation can rarely be stated with confidence
until the course of the untreated disease is known. By prolonged
observation, supplemented by discriminating experimental work,
the true natursl historian will become accurate and confident in
prognosis, sound in judgment, broad in outlook, and consistent
in his assessment of the indications for treatment.

Upper urinary tract stone provides abundant material for

the study of its natural history. Many stones require no

treatment since they treat themselves by spontaneous passage.
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Others, equally smell, become lodged in a calyx, or, (according
to Carr's hypothesis, 1945) in a "pouch" outside the calyx,
there to lie dormant, causing neither symptoms nor damage to the
kidney. More rarely, large symptomless "silent" stones are
revealed as an incidental finding during some other form of
radiological examination. Finally, there are the patients who
are unfit for operation or who refuse it since their symptoms
are not sufficiently severe.
Material. The principal group studied was the "no operation"
series (568 patients). Even in the "operation" series some
caseg were treated conservatively for good reasons. Table IIT
indicates broadly the treatment carried out in 1,114 patients,
and it will be seen that in the "operation" series there were at
least three groups who merited further study from this point of
view; viz:-
(1) The stone-passers cee eee eoe see ses sos soe oo. 106
(2) some of the large stones, primary or recurrent... 26
(3) The small untreated stones ces eos ses see eee 11
When these are added to the 568 patients not treated by open
surgery, an impressive total ié available for analysis. Finally,
it seemed fair to incorporate patients deliberately treated
conservatively for many years before operation; and even those
recurrent cases for which treatment was not advocated.
Method. A questionnaire was sent as a form of introduction.
Thereafter patients were interviewed and re-examined in the manner

previously described. The 568 patients constituting the "no
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operation" series, had all initially been seen at the Urological
Department, so that uniformity in their management was
guaranteed., Many of them had been reviewed in 1945-46, and the
resulting information was entered on their transcription cards.

More than 90 per cent. were traced and followed for periods of

from one to 30 years.

The Progress and Fate of Stones

Originating in the Kidney

The clinical course and termination of 1,394 renal calculi
in 1,038 patients, are summarised in Table XII and Fig.l4. Each
stone is followed from its birthplace until it either (1) passed
naturally, or (2) removed surgically, or (3) retained temporarily
or permanently at some point in the urinary tract. Such a study
gives a very impressive aerial picture of the natural history of
the disease., Two courses are open to stones formed in the
kidney:-

(1) They may be retained in the kidney. (711). This fate befell

711 (just over one half) of the 1,394 stones under
consideration. Operative removal was required in 534 (75 per
cent.) of these retained stones, and the remaining 25 per
cent, or 177 were treated conservatively and may be divided
into:-

(a) small stones (124) with minimal symptoms, good renal

function, and every expectation, in time, of

spontaneous passage.
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(b) Large stonmes (53) which had no hope of passing naturally.

Expectant treatment was advocated in unilateral large
~stones because patients were unwilling or unfit to
undergo operation; and in bilateral branched calculi
because they were symptomless.

They may enter the ureter. (683). For the present, only

primary stonesrare considered. DPatients may therefore pass
one stone from each side and multiple stone-passers are
excluded. Of the 683 stones which escaped from the kidney,
only 146 (21 per cent.) required open removal (62 per cent.
from the lower ureter, 12 per cent. from the middlé third
and 26 per cent. from the upper ureter). Spontaneous
passage (in some with endoscopic assistance) occurred in
521, whilst 16 described as "retained" are still under
observation.

These figures indicate that 521 of 683 stones entering the

ureter eventually pass (75 per cent.); or 37 per cent. of the

original total of 1,394, It is emphasised that all those which

passed were confirmed by x-ray examination or were identified

after passage. If allowance is made for the total number known

to have been passed (1,641 stones by 521 patien ts) and for those

cases in which a stone has presumably passed without

identification, it is certain that the proportion of stones

leaving the kidney is greater still - probably over two-thirds

of the total. In the same way, the percentage of ureteric stones

passed would be even higher than 80 per cent.
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The natural history of ureteric stone is simpler than that

of kidney stone and will be considered first.,

Section IT. The Natural History of Ureteric Stone.

It has been observed above that some patients have the
happy knack of passing their stones unaided. Further
consideration of this group of 521 patients constitutes the

natural history of ureteric stone.

A Study of Stone-passers.

Of the 521 patients concerned, 415 came from the "no
operation" series, and 106 from the "operation" series.(Table III).

The number of stones passed per patient is illustrated in
Fig.1l5.,(the black columns representing stones passed by patients
treated by open operation.). It is at once obvious that the
majority (365) passed only one stone eaéh, but several patients
who showed special aptitude, passed more than seven stones each.
One patient, in fact, passed the astonishing total of 560 stones.
The total number of stones passed is considered in Table XITT.
Needless to say, not all of these have been confirmed
radiologically and diagnosis depends on the patient having
observed the stone after passage. The mammoth total of 1,641
was unfairly influenced by including the patient who passed 560
stones, but even if he is omitted there remains a total of 1,081
stones.

Fallacies Exposed by these Figures. (1) It was stated earlier

that slightly more than half (711) of 1,394 stones were retained
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in the kidney, and slightly less than half (683) entered the
ureter. TIf the grand total (1,641) of stones passed is taken
into consideration, it is clear that two-thirds or more make
their escape from the kidney. (2) Many of the good results of
endoscopic intervention would have been achieved in any case by
"watchful waiting".

Particularly significant is the fact that 365 patients
(70 per cent.) passed one stone only - an isolated lapse from
grace. The remaining 156 passed more than one, and if,
hypothetically, this is regarded as a "recurrence', 30 per cent.
were thus affected (Table XIV). This must be regarded as

recurrence due to the disease itself. It would be expected

therefore that open operation would have at least this recurrence
rate; and such indeed proves to be so in the case of uretero-
lithotomy (31l.4 per cent.).

In the operation series of 106 stone-passers (25 per cent.
of 403 interviewed), the process started after operation in 12
per cent., stopped after operation in 44 per cent., and occurred
with impartiality before and after in 44 per cent., i.e.
operation appeared to start it in 12 per cent., to terminate it
in 44 per cent., and to have no effect either way in 44 per cent.
(Table XV). (Detailed information about this group of 521
stone-passers is available in the Appendix, Table XII, page 12).

Factors influencing the passage of Stones.

Patients vary widely in their ability to pass stones. In

general, women appear to be more expert than men, but even within
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the sex there are individual differences. One lady (Fig.l16)
passed a large ureteric calculus while she was under observation
in a maternity hospital. Another (Fig.l7) whose stone was
smaller, but easily palpable per vaginam, required operative
treatment. One patient, a shipping clerk, who has already been
mentioned, produced a bag containing 560 stones, which he
claimed to have piloted from his left kidney to the exterior
over a period of ten years. Nephrectomy was performed for
widespread large renal calculi and the process stopped at once.
Time and agein one is struck by the ease with which some
patients pass irreguler stones of 1 cm. diameter, whilst others
have great difficulty in expelling stones half that size.
Stone-passers merit further gstudy to determine the important
factors facilitating or hindering stone passage. If it may be
assumed that there is equality among patients in respect of the
muscular expulsive power of the renal pelvis and ureter, there
is then left for consideration the stone itself, and the passage
it must traverse. The subject is, of course, highly speculative
and the remarks which follow are only impressions based on
incomplete information. This can hardly be otherwise, since,
to be completely informed, it would be necessary to follow the
stone-from its earliest days by serial radiography until it has
been trapped in the kidney for certain, or had been passed and
was available for measurement, weighing and analysis.
(a) The Stone.

l., Size. Assuming for the moment that there is no



50.

constriction at the calyceal neck or pelvi-ureteric junction,
the critical factor is the size of the stone when it is lying
freely in the renal pelvis waiting to be passed. If it has been
liberated from the plaque, pouch or surface on which it has
formed before its diameter has exceeded 1 cm, it still has a
reasonable chance of passing naturally. Above that size the
prospect becomes more remote, although assistance can be given
in the lower ureter by endoscopic manceuvres. The largest stone
in this series recorded as passing spontaneously, was l.4 cm. in
diameter (see Fig.16) but this is most unusuzl, The average
stone is less than 0.5 cm. and the usual measurement given is
5x 3 x 2 mm, On the other hand, Dourmashkin (1945) was able
to produce from his very large series of cases, 503 examples of
lower ureteric stone of greater diameter than 0.5 cm. Phosphate
or mixed oxalate-phosphate stones achieved the greatest size.
Pure oxalate stones in the main were smaller. Analysis of 52
stones passed naturally showed that 28 were composed of pure
calcium oxalate and that 80 per cent. of the total contained
§ggg’calcium oxalate. This was not the experience of Kretschmer
(1942). In his series of ureteric stones, 45 were composed
principally of calcium phosphate, and 35 of calcium oxalate.

2. Nature of Stone. OQbviously the smooth non-irritant

stone has a much better chance of passing than the one with an
irregular surface which readily causes spasm. Swift Joly (1929)
thought that the majority of stones passed naturally consisted

of uric acid or urates, because of their smooth surfaces.
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In this series only one urate stone has been noted. The largest,

heaviest and smoothest stones were made of calcium phosphate;
the smallest, lightest and roughest, of calcium oxalate.

(b) The Passage.

What may be termed the normal points of narrowing, occur at

the calyceal neck, the pelvi-ureteric junction and the intra-

mural portion. Once the stone has entered the ureter it ig most

likely to travel at leagst as far as the bladder wall.
Pathological obstruction has not proved to be common in this
series, either in respect of the aetiology of stone production,
or of hampering the progress of the stone once it has been
formed., It is, however, obvious that the "dysuric" calyx, or
pelvi-ureteric stenosis, or an aberrant renal artery, or
ureteric stricture, may all pley a significant part in a small
group of cases, as may congenital abnormalities like the six
éases of horseshoe kidney noted previously.

Comment on Stone-passers.

It has been noted that two-thirds of those who pass stones,
do so only once., If it is assumed that these stones form on a
papillary plaque, it must be possible for such a plaque to heal.
In the same way, if the stones are caused by some upset of the
urinary physiochemical relationships, this upset must be
reversible. These patients portray an uncomplicated picture of
stone-formation in its earliest and mildest form. If modern
radiological biophysical and biochemical techniques were

applied to the problems of calculous disease at this stage when
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the departure from normal is least obvious, it would be possible
to learn more about underlying aetiology than can ever be
achieved by animal experimental studies.

Conclusions.

(1) In a group of patients with ureteric stone, surgical removal
was required in 146 (20 per cent.) and in 521 (80 per cent.)
the stone eventually passed (30 per cent. with endoscopic
assistance), This is a conservative estimate of the
proportion passing naturally since a total of 1,641 stones
was passed by the 521 patients concerned, Calculation on
the basis of this large figure indicates that approximately
90 per cent. passed naturally.

(2) Endoscopic intervention was successful in 80 per cent; but
in the light of the last statement this has no particular
merit and the method should Be used with discrimination.

(3) "Recurrence" or the passage of a second stone, occurred in
30 per cent. This is the natural progress of the disease.
Likewise, 70 per cent. of the 521 patients passed only one
stone, and many of this group had experienced no symptoms,
passed no stones, and were clear on x-ray examination when
they were reviewed after intervals of one to thirty years.

(4) The majority of the stones passed were small and contained
oxalate (80 per cent.). In the absence of repeated attacks
of colic, hydronephrosis or severe infection, and providing
it shows a satisfactory rate of progress and no increase in

size, there is every justification for a conservative
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attitude to the smooth, ureteric caleulus less than 1 cm.

in digmeter,

Surgical Management of Ureteric Stone.

Although it is far removed from the natursl history, the
surgical management of ureteric stone deserves some comment at
this point, since it becomes necessary when expectant treatment
fails.

(2) Open Surgery. Operative removal was performed in 146 of

683 ureteric calculi (21 per cent.). The stone was arrested
in the upper third of the ureter in 26 per cent., in the
middle third in 12 per cent., and in the lower third in 62
per cent. of these 146 patients. In 1932 Ravich stated that
only 1l.2 per cent. of ureteric stones in his care were
removed by open operation. In a series of 274 cases,
Kittredge and James (1954) treated a2ll stones in the upper
and middle ureter surgically, none passing naturally, whilst
21 per cent., of those in the lower ureter required operative
removal., In the absence of repeated colic, hydronephrosis,
or infection, there is much to be said for an expectant
attitude to the ureteric calculus of moderate slze and
reasonably smooth contour. Steady progress along the ureter,
with frequent x-ray confirmation of the stone's position,
should encourage one to continue in this way. DPrecipitate
surgical action is called for only in bilateral stone where
obstructive anuria is potentially imminent until at least

one ureter is cleared., In unilateral cases, surgical action
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is indicated when there is complete arrest of progress with
marked increase in size, leading to hydronephrosis; or where
symptoms become intolerable, or severe infection supervenes.
Dourmashkin (1945) was impressed by the number of patients
with large stones in the lower ureter who could continue for
long periods without suffering renal damage. Closer
inspection of the stones showed grooves or channels along
which urine could trickle. The ureter itself developed a
little pocket-like dilatation round the stone. The patient
exemplified in Fig.l8a retained a fairly large‘calculus for
one year without colic or hydronephrosis, and is still under
observation. By contrast, and without apparent explanation,
the stone in Fig.1l8b is not significantly larger, yet
hydronephrosis developed at an early stage and operative
removal was indicated.

Endoscopic Surgery. Indications for its use were present in

193 of the 521 patients who eventually passed stones. The
procedures employed and the results are detailed at some
length in the Appendix Table XIII, page 13. Briefly, 80 per
cent. success was attained in 135 of 168 patients traced.
The merit of this is difficult to assess once it is realised
that epproximately the same figure obtains for untreated
ureteric stone. "Recurrence", or the passage of a further
stone after successful endoscopic treatment, was recorded in

12,5 per cent. This is the "recurrence" of the disease

itself, and is the very least that may be expected after



55.

open operation. Wany American Urologists attach great
importance %o "cystoscopic recovery of the stone", and claim
success in achieving this in s high percentage of all
ureteric stones encountered. Squires (1930) reported 87.3
per cent. and Ravich (1932), 83.6 per cent. In fact, Ravich
stated that only 6.3 per cent. of ureteric stones passed
spontaneously. In the present series, endoscopic assistance
to stone-passage was found necessary in only 30 per cent.

The commonest method employed was the passage of one or more
ureteric catheters which were left in place for several hours.
Ureteric meatotomy, diathermy coasgulation to the orifice and
Dourmashkin's ureteric bougies were less commonly used.
Examples of cases treated by these methods are illustrated

in Figs. 18e and 18f. The dangers associated with forcible
extraction by wire baskets and snares, have been emphasised
by Kretschmer (1942), Ormond (1940) and Dourmashkin (1945).
When it is realised that 50 to 90 per cent. of ureteric stones
pass naturally, there is little credit in achieving figures
within the same range by endoscopic methods. Bgrney and
Chute (1931) very reasonably meke the point that the natural
force of an obstructed stresm can scarcely be equalled by
dragging downwards. Dourmashkin (1945) held that simple
passage of ureteric catheters was valueless, and that forcible
extraction by wire baskets was positively dangerous. He felt

that cystoscopic dilatation of the ureteric orifice by metal

bougies was effective and safe.
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The subject teems with problems, calling for sound
Jjudgment based on a wide experience of handling ureteric
stone patients. One of the best ways of gaining a balanced
outlook is a careful review of those patients who pass stones
without surgical assistance, i.e. the stone-passers

previously considered.,

Section ITI. The Natural History of Stone Retained

in the Kidney.

Isolated examples of large, symptomless, slowly-growing
stones have occurred at one time or another in the experience
of most urologists. They are sufficiently rare that the
individual surgeon can scarcely hope to accumulate enough
information on which to base a confident prognosis, and very
little help is forthcoming from the literature. Swift Joly's
(1949) view was that sooner or later a stone destroyed the
kidney; and even Worse; if infectionlwere present, the stone-
forming process spread to the other side, after the manner of
tuberculosis. He categorically stated that the most
conservative treatment of a stone in the kidney was its early
removal and found no indication for conservative management,
apsrt from a brief period of observation in very small stones.
The only comparsble review of conservative maenagement comes
from Priestly and Brousch (1937) who followed 177 untreated
stone cases for 11 years. Symptoms occurred in a high
proportion. Those stones originally "silent" caused symptoms

in two-thirds, those originally harnful, in almost 100 per cent.
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Large stones were worse than small; calycesl stones better than
those in the pelvis, In their opinion, kidney calculi, even if
silent, were gerious and progressive.

Problem Stone Cases.

These views appear sufficiently definite to exclude further
argument; yet it is the actual experience of many urologists that
cases of large unilateral or bilateral stone remain symptomless
and in good health for long periods. It is felt by these
urologists that, apart from the radicsl step of nephrectomy,
surgical interference might worsen the situation. Conservative
operations, in their opinion, might not ensure complete removal.
They are quite likely to impair further the function of the
kidney and in more than half are followed by recurrence, itself
more painful and harmful than the original stone. A lesser
version of the gsame problem is presented by calyceal stones for
which calycectomy is recommended (Stewart, 1952), yet
conservatively-minded surgeons feel reluctant to make this
sacrifice of heaglthy kidney tissue unless the stone is increasing
rapidly or causing symptoms sufficient to interfere with work.

There is general agreement that the obstructive stone
should be removed, and in the last event the degree of

obstruction is much more important than the size of the stone.

The other point which must be assessed is whether the stone or

its surgical removal will be more harmful.
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Studies of various Groups of Patients

with Kidney Stones treated Conservatively.

In an effort to arrive at some broad conclusions which
might be helpful in managing these problem cases, the natural
course of the disease has been studied in seven groups of
patients suffering from kidney stone - all treated conservatively:-

(1) Stones treated conservatively for more than 10 years
(156 patients).

(2) small untreated calyceal stones (156 patients).

(3) Large untreated pelvi-calyceal stones (68 patients).

(4) Stones treated conservatively for some years before
operation (34 patients).

(5) Untreated bilateral calculi (53 patients).

(6) Mild post-operative recurrences, where gecondary operation
was not indioatedv(43 patients).

(7) severe post-operative recurrences unfit or unwilling to
have secondary operation (29 patients).

Group I. Kidney Stones treated Conservatively for more than

ten years.
This group oi 156 patients is approximately one guarter of
the "no operation" series. It represents a mixture of 106
"stone-passers" who had passed a stone and were known to be
clear, and 50 "stone-retainers". Their progress 1s contrasted

in the Appendix, Table XIV, page 14, and summarised below:-
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Originally clear, having passed stone (106 patients).

Progress: 87 have remained clear and had no symptoms (85%)
15 haeve passed further stones.
4 have formed fresh stones (small).

Stone originally present (50 patients).

Progress: 18 remain unchanged, no symptoms (36%)
3 have passed further stones.
3 have formed further gtones.
1 (bilateral, large) died from urinary causes.
16 have increased - no operation.
9 have had operative treatment.
Tt is obvious, therefore, that a more sanguine prognosis
‘can be given to the pgtient who has passed one stone and whose
urinary tract is clear than to those retaining the stone. 1In
the latter, 32 of the 50 (64 per cent.) had symptoms and 29 (58
per cent.) had progressed.

Conclusions.

(1) Oof the 106 stone-passers followed for more than 10 years,
85 per cent. have had no further evidence of stone-formation.
It will be remembered that this applied to only 7O per cent.
of the total group of stone-passers. The difference is not
a marked one, but it does seem that the longer they survive
without passing stones, the less likely this 1s to happen.

(2) Where stones are retained in the kidney, symptoms occur in
64 per cent. and the disease progresses in 58 per cent. of
patients. The results, therefore, although not good, are

not so depressingly bad as those reported by Priestly and

Braasch (1937).
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Group II. Small untreated Calyceal Stones.

Symptoms were absent or minimal in the 156 patients studied.
The stones were small, less than 1 cm. in diameter, usually
incarcerated in a calyx,and had a good chance of passing naturally
if they were freed into the pelvis. Pyelography showed no
evidence of renal damage. In these circumstances, surgical
removal wduld probably have been more harmful than the condition
itself. Partial nephrectomy seemed a rather extravagant.method
of extirpating such small calculi,

The progress of 156 untreated small calyceal stones is
given in detail in the Appendix, Table 15, page 15. The patients
were followed for periods ranging from one to 30 years. Tracings
of some examples of the latest pyelograms are illustrated in
Fig.1l9, the number in the renal pelvis indicating the length of
time each has been followed. It is obvious that hydronephrosis
is not a common sequel.

The decision not to operate imposes on the surgeon a strict

moral obligation to review the patient at regular intervals of
not more than one year to ensure that the stone is not making
rapid progress.

The progress of the cases may be summarised thus:s=-

(a) Now clear, having passed the stone = 12 (7.7 per cent).

Alive - no symptoms eee. 9
Died - other causes ... 3

(b) No increase in size = 111 (71.2 per cent)

Alive =  no symptoms <. T4

Alive = gymptoms ... 30
Died - other causes eee 1
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(¢) Increase in sgige (all alive) = 33 (22,1 per cent).

NO SymMDTOmMS eue eee see oo 1
Symptoms, no operation ... 13
Operation required ... ... 19
Hence: (1) 33 had become larger.
(2) 30 had mild symptoms without becoming larger.
(3) 10 had died from other causes.
(4) 83, or more than half, were symptom free.

Urine examination showed no infection in over 80 per cent.
Pyelograms have remained normal in over 75 per cent. Those who
have come to operation for symptoms, or increase in size, or
hydronephrosis, have lost nothing by the period of observation,

and technically, removal of the stone has been easier.

Conclusions.

1. TFailure of a small stone to progress does not mean (as Swift
Joly thought) that it is lodged in a functionless kidney.

2. Small calyceal stones, unless causing pain or kidney damage,
should be treated expectantly.

3. The absence of urinary infection in 80 per cent. is
surprising.

Comment., These small calyceal stones may originate in a dilated

and obstructed lymphetic pouch outside the calyx, as Carr (1954)

has described. TIf they do not ulcerate into the calyx, it is

natural that they should remain small. They may, however, forn

on a papillary erosion or plaque (Rendall, 1932). In this case

they constitute a surface on which crystals may be depogited and

they ought therefore to increase in size. The fact that many of
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them do not grow may mean that the neck of the calyx is
constricted (the "dysuric" calyx of Twinen, 1940) so that the
stone cennot escape. Subsequently, the mechanical irritation
caused by the presence of the stone may fibrose the straight
collecting tubules, so that urine no longer enters the calyx
and the gstone is now imprisoned in a "urine-tight" compartment.
Advances in radiographic technique might be of great benefit in
investigating these small calyceal stones which represent an
early and important stage in the life history of a stone which

eventually grows large enough to require surgical treatment,

Group ITT. Large Untreated Kidney Stones.

The progress, particularly the symptomatology, has been
studied in 68 patients with large untreated kidney stones. They
represent a heterogeneous collection derived from the "operation"
and "no operation" series, the common features being the size and
conservative treatment. Those in the operation series represent
original untreated stones, the patient being unwilling or unfit,
or of advanced age. Of the 68, 44 were unilateral and 24
bilateral. The term "large" indicates that they were large
enough to have no chance of passing naturally, so that, normally,
operation would have been advised. It does not indicate that
they were all huge, branched stones.

Some of the grosser examples of large untreated stone are
illustrated in Fig.20, in which the number under each kidney
represents the period in years each patient has been followed.

The patient whose pyelogram is shown in Fig.2l, had experienced
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no pain, in spite of the presence of multiple large discrete
stones in a non-functioning right kidney. He had bronchiectasis
and was unfit for operation. It will be noted that there has
been no involvement of the opposite side in spite of an infected
(B.Proteus) urine for most of these 16 years.

The progress of the 68 patients with large untreated stones
has been detailed in the Appendix, Table 16, page 16.

The outstanding points are:-

(1) symptoms were experienced by 22 of the 68 patients,
i.e., only 32 per cent. In some of the larger stones
the absence of symptoms was undoubtedly due to poor
remal function. The kidney was "too ill to complain".
QZ) Deaths were due to urinary causes in 9 of the 20 that
occurred.,
(3) Operation was required in 15 of the 48 alive,
(4) Of the remaining 33, only 11 have symptoms (33 per cent.).

Conclusion.

It is difficult to draw ény firm conclusion from study of
this group, particularly as the patientts age or unfit condition
may méke the decision for the surgeon. The large unilateral stone
in a non-functioning kidney ought, other things being equal, to
be treated by nephrectomy. It is hardly a matter of extreme
urgency, however, unless pyonephrosis is superimposed. In the
last event, the clinician has to be guided by the thought that

a conservative attitude (or operation) is only truly conservetive
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when 1t is in the patient's best interests.

Comment on manner of growth of Large Branching Stones.

A large coral calculus may start:-

1. 1In the renal pelvis and grow upwards against the

urinary stream.

2. In a calyx on a plaque, and spread outwards.

3. Multifocally in the pelvis énd calyces, later

coalescing to fill the entire pelvi-calyceal system.

In order that growth masy be maintained, the ideal condition
is a combination of'mild obstruction and slight infection. If
the stone impacts in the pelvis, the kidney will rapidly be
destroyed, and the kidney must retain some function to provide

material for stone-formation.

Group IV. Kidney Stones treated conservatively

before operation.

This group has been included since it gives additional
information about the course of the untreated disease. The
progress of 34 patients with kidney stones treated conservatively
for some years before operation is given in the Appendix, Table
.17, page 17. 1In 16 patients the stones.were large, and in 18
they were of medium size. Patients were followed for periods up
to 30 years. A conservative attitude had been adopted in 30
because symptoms were mild or absent, in two because they were
unfit, and two refused operation.

Progress was rapid in only three patients (9 per cent.) The

remgining 31 had slowly growing stones, 18 of which were calyceal
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and 13 branched. ZEventually, one half of the patients had
conservative operstions and the other half had nephrectomy.

Initially, bilateral stone was present in nine, so that
25 were unilateral. During the period of observation none had
"spread" to the opposite side in spite of the almost universal
infection and the presence amongst the group of staghorn
calculi, for 4, 7, 8, 11, 15 and 20 years.

The patient illustrated in Fig.22 is typical of the group.
He had very mild symptoms, yet radiologicsl exemination showed
a staghorn calculus in a functionless left kidney. The opacity
on the right side was shown by intravenous pyelography to be
outside the urinary tract. For business reasons he refused
operation for three years, during which time he had no symptoms
and the stone did not enlarge.

Some present with atypical urinary symptoms, such as
frequency or pyuria, or even albuminuria. Others are
incidental findings during radiological examination for a
different complaint. Symptoms are mild or absent. Kidney pain
may never have been experienced or, to the confusion of the
patient, and the embarrassment of his medical attendant, may be
present on the opposite side., In many cases it is quite obvious

that the condition has developed slowly over several years.

Conclusion:

(1) Spread to the opposite side has not occurred in 25

unilsateral stone cases followed for periods of seversl

years.
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(2) Progress has been slow in the majority (90 per cent.) even
when kidney function has been good.,

(3) ©No common asetiological factor has emerged.

(4) Meny are so "silent" that it is difficult to imagine that
they might ever be detected at an earlier stage.

Cases illustrating some of the features of large renal stones,
treated conservatively.

The natural history of the large, or moderately large, renal
calculus has been discussed above in groups 3 and 4. Some of
their salient features are best illustrated by referring to
specific examples. Circumstances prevented operative treatment
being carried out at first in the following three cases which
have therefore been followed without operation for 11, 7 and 4
years:-—

Case 1. Male, Aged 19 years.

10.1.44. Referred by the Recruiting Board with albuminuria and
six attacks of right renal colic in the previous six
months.

Intravenous pyelography showed a congiderable stone in
the right renal pelvis with marked hydronephrosis. The
left pyelogram was normel. (These films are not
availsble.)

Urine: Acid, frequent leucocytes, B.Coli.

28.1.44. Operation was advised and refused.

28.9.55. He was seen in the course of this review, Operation
had still not been performed. He hed no urinary
symptoms and his general health was good. He worked
as a labourer. _
Intravenous pyelography showgd a large 1rregu1a; stone
of triangular shape in the right renal pelv;s with .
extengion into the lower calyx. Some funct;on was still
present, but hydronephrosis was advanced (Fig.23).

Urine: Acid, no R.B.C. or W.B.C., sterile.
studies of calcium and phosphorus metabolism were normal.,

The urinary calcium outpu® (on a fixed low inteke) was
0,18 gm. in 24 hours.
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Comment.

Case 2.

6. 8.47.
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Right nevhrectomy was performed.

Histologicelly there was diletation of all the calyces
with compression of medullery tissue, but no
significent degree of inflammatory cellular tissue.
Stone analysls showed mixed calcium oxalate and
phosphate.

The previous films are not available for comparison,

but it is obvious that growth has been slow, and kidney
damage gradual during these eleven yesrs. The sterile
urine, lack of inflammatory cells histologically, and
failure to spread to the opposite kidney, are all
worthy of note. This patient's main trouble now is to
convince the Labour Exchange that he is fit to return
to heavy work, which he is quite capable of undertaking.

* *- * * *

Male., Aged 20 years.,

Incidental discovery of left staghorn calculus during
chest screening for cough. No urinary symptoms,.
General health good.

I.V.P.: Large left branched renal stone. Function was

only fair but there was no dilatation. (Fig.Z24a).

. Urine : Alkaline, phosphate crystals, frequent W.B.C.,

B.Coli.

. Operation was advised, but he was reluctant, and wes

25.11.53.

3xlo 8’. 54"5

60 3~56o

advised to return if he had further symptoms.

One attack of left renal colic and haematuria of three

hours' duration. .

I.V.P.: Stone much the same size, Kidney now

functionless. (Fig.24b & c).

Urine : Amphoteric, frequent W.B.C., B.Coli.

Biochemistry: First Stage Biochemical Osteomalacila:-
Serum Calcium 9.7 mg. per 100 ml. Serum
Inorganic Phosphorus: 2.22 mg.per 100 ml.
Serum Alkaline Phosphatase: 5.7 K.A.units
per 100 ml, Plasma Total Protein 7.2 gm.
per 100 ml.
Blood Urea: 33 mg. per 100 nl,

Sulkowitchs Normal.

Left nephrectomy.
Stone analysis: Mainly magnesium ammonium phosphate with
traces of magnesium and calcium carbonate.

Review: In very good health.
Urine : Alkaline, no W.B.C. or R.B.C., sterile.
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Comment. This stone was symptomless from the start, apart from
one brief colic six years later, in spite of a constant
urinary infection. He was 20 years of age when first
seen with a staghorn calculus, which must therefore
have been present for many years, perhaps from early
childhood. This is the type of case which, if bilateral,
is best treated conservatively.

* * * * *

Case 3. Male. Aged 35 years.

10.10.,51. His complaint was of left renal colic with haematuria
of two days' duration., Had never experienced pain on
the right side.

I.V.P.: Irregular stone in right renal pelvis, with
collection of small stones in lower calyx and
single stone in middle calyx. Poor function
and hydronephrosis. (Fig.25a & b).

Urine : Amphoteric, few W.B.C., sterile.

Operation was advised but he was unable to attend for

admission for business and domestic reasons.

14, 9.55. Reviewed. No urinary symptoms and general health good.
. I.V.Pe: Irregular stone right renal pelvis with
calyceal stones as before. Not much increase in
size. Fairly marked hydronephrosis as in 1951.
Regarded as borderline case for partial
nephrectomy. (Fig.25c & 4).
Urine : Acid, frequent W.B.C., B.Coli,
Blood Chemistry: Normal,
Urinery calcium output (on intake of 0.15 gm. per dsy)
was 0.22 gm. per day (just above the upper limit of
normal).

23.,11.55. Right nephrectony.
Stone on analysis showed mixed calcium oxalate and
phosphate,

13, 3.56. Reviewed. No symptoms.
Urine: Acid, no W.B.C., sterile.

* * * * *

Interesting common factors in these three cases.

(1) Pailure to involve the opposite kidney after 11, 7 and
" 4 years.

(2) Slow rate of growth, probably due to poor kidney function.



i 69.

(3) Youthfulness when discovered - ages 19, 20 and 35: yet,
judging by the size of the stone the condition had been
present for many years.

(4) Absence of any gross aetiological factor; no pelvi-ureteric
stenosis, hyperparathyroidism, or urea-splitting infection.

Group V. Untreated Bilateral Calculi.

The surgical management of patients with bilateral calculi
is beset with so many problems and difficulties that it has been
given separate consideration at a later point in this work.

Cases treated conservatively are more appropriately dealt with in
this part.

In general, the preéence of stones on both sides indicates
a more advanced and serious stage of the disease (size, amongst
other things, being equal). Even small bilateral calculi are
potentiaily dangerous since they may lead to calculous anuria.

It would therefore seem that there ig very little place for
expectant treatment when such a threat to life and health is
present. Closer inspection of the problem, however, soon revesls

that only bilateral obstructive stones are dangerous, and the

calculi under consideration are not of that type.

Of the 53 patients concerned, 42 presented with small stones
on both sides, eight with large stones on both sides and three
with a large stone on one side and a small stone on the other.

() Bilateral Unbranched Calculi.

Patients in this group (42) had small non-obstructive

calyceal stones. Their progress is described in detail in the

Appendix, Table 18, page 18. The findings on re-exeminetion may
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be summarised as follows:~—

Both sides now clear ... 14

One gide now clear ees 14

Stones sitill present

on both sides ... eee 9

Condition unknown eee 5
2

There was evidence of improvement in 28 of the 37 patients
traced, and half of those improved were completely clear.
Conservative treatment in suitable cases was therefore completely
justified. ‘

(b) Bilateral Branched Calculi.

Operation was not advised in some who were unfit and in
others'Who were gymptom-free. The progress of these cases is
detailed in the Appendix, Table 18, page 19. In brief, three
have dieéd from urinary causes, one is untraced, and four are
alive 5, 5, 8 and 17 years later. One of the four has mild
symptoms. Comparison with the results of operation (Table XVI)
shows that there is little to choose between the two sets of
kresults, as only 10 of the 23 undergoing operation are known to
be alive (9 having died from the disease, 1 from other causes
and 3 are untraced). All ten have stones and five have symptoms.

The problem is a very difficult one. Each case should be
judged on its merits and operation should be undertaken only
for severe pain or unilateral infection.

The ten years' survival rate following treatment of



T1.

bilateral staghorn calculi has been studied by Priestley and
Dunn (1949). They came to the conclusion that removal of the
stones gave more favourable results than conservative management.
bThay appreciated that practically every dperation would be
followed by recurrence sooner rather than later, but still
considered that operation wag the treatment of choice. In their
opinion a painless case was a hopeless case.

The following case is described in some detail since it is
such a striking exaﬁple of the opposite side of the picture:-

Bilateral Symptomless Branched Calculi Treated Conservatively
for 16 Years. (Fig.26).

1940. Female, aged 37, seen by Mr.T.L.Chapman's senior,
Mr.J.Russell, with minimal symptoms and bilateral stone,
already branched on the right side, and developing
calyceal extensions on the left.

Conservative treatment was recommended,

6. 3.46. Occasional haematuria and pyuria. Passged two stones.
I.V.P.: Bilateral staghorn calculi. Total function fair.
Urine : Alkaline, frequent W.B.C., B.Coli and Proteus
Vulgaris.

9., 6.48., Very slight backache and tiredness.
I.V.P.: Stones even larger,
Blood Urea: 40 mg. per 100 ml.

7. 3.51. Routine follow-up. No symptoms. "Never felt better".
I.V.P.: Stones larger still, but total function fair.
Blood Urea: 36 mg. per 100 ml.

25.,3.53., Haematuria, tiredness, and aching pains in the legs.
I.V.P.: Still further increase in size of the stones.
Urine : Persistent Proteus infection in alkaline urine.
- Blood Urea: 36 mg. per 100 ml.

25.4,55, Admitted with uraemic symptoms. Blood Urea 100 mg. per
100 ml., Settled with chemothergpy and correction of
electrolyte imbalance.
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3. 8.55. TFelt better than she had done for years. No urinary
symptoms. Only compleint was of tiring easily and
dyspnoea on hills.

Blood Urea: 43 mg. per 100 ml,

20.4.56. Routine follow-up. Occasional hasematuria =nd pyuria.
General health good apart from tiredness at night and
dy spnoea on effort.

I.V.P.: Enormous staghorn calculi. No obvious renal
function, and a rather poor concentration of
dye in the bladder. The renal outline however
indicated that, at places, there was a fair
thickness of parenchyma.

Urine : Proteus infection persists.

Biochenistry: Serum Celcium: 10.4 mg.per 100 ml.Serum.
Inorganic Phogphorus: 4.4 mg.per 100 ml,Serum.,
Alkaline Phosphatase:10.9 K.A.units per 100 ml.
Plasma Total Protein: 7.5 gm.per 100 ml.

Blood Urea 27 mg.ver 100 ml,

Comment. This case is a classical example of the combination of
mild chronic urea-splitting infection combined with
slight obstruction. She was reported by Mr.Chapmaen in
the discussion on stone at the 1948 Meeting of the
British Association of Urological Surgeons, and was
contrasted with another case of bilgteral staghorn
calcull in a male trested surgically. Post-operative
x-ray exemination of the latter showed no residual
fregments, but sbout a year later he had attacks of
colic and passed stones. He died from uraemia- three
and a half years later.

(¢) Unilateral Branched, Unilateral Unbranched Calculi.

No helpful conclusions emerge from consideration of three
cases. Two have died from other causes 4 and 7 years later.
The third is slive and symptom-free 2 years after refusing
operation. |

Conclusions.

(1) Cénservative treatment was completely justified in small
bilateral non-obstructive stones since improvement was
noted in 60 per cent. on review,

(2) Bilateral branched stones should be treated conservatively
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if symptomless. O@eration is only indicated for severe
pain or unilateral infection., There is little to choose
between the results with and without operation in these

cases.

Group VI. Mild Post-Operative Recurrences

Treated Conservatively.

Recurrence is regarded as "mild" when stones are small,
symptoms few, and secondary operation not indicated. During a
review of the late results of operation in 1949, evidence of
mild recurrence was discovered in 43 patients and their progress
has been studied seven years later. Tracings of some examples
of the latest pyeolograms are shown in Fig. 27, where it will
be noted that the number in the renal pelvis indicates the
length of time since the recurrence was detected. It is obvious
from the pyelograms that the kidneys show no evidence of
hydronephrosis.

The progress of the 43 patients is indicated in the

Appendix, Table 19, page 20, which may be summarised thus:-

Improved, having passed stones - 13
Unchanged - 25
Operation required - 2
- Died - other causes - 3
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Conclusions.

(1) Mild recurrences have the same hopeful prognosis as
small untreated calyceal stones.

(2) Operation was required in two patients. It is imperative

| that they be reviewed regularly in case they grow rapidly
and damage renal function beyond any hope of recovery.
Expectant treatment can only be advised with a clear
conscience if facilities are available for such a

follow-up. The ideal method dis a Stone Clinic.

Group VII. Severe Post-Operative Recurrences

Treated Congervatively.

The group to be considered congists of 29 patients who
developed severe recurrence.

Recurrence is regarded as "severe" when secondary operation
is indicated. The late results and sequelae of operative
treatment, hardly constitute the natural history of the disease,
but having acquired fresh stones, the 29 patients in question
were treated expectantly for the following reasons:- Unfit (10),
unwilling (10), waiting for operation (2), and untraced (7).

Some were unfit in the sense that their general condition was too
poor or their age too great. In others the presence of a
branched stone in a solitary kidney prevented operative
intervention owing to the rick of kidney failure. A Typical
example is shown in Fig.28 where a branched stone occupies the

remaining portion of the right kidney, nephrectomy heving been
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performed on the left side and resection of the lower pole of
the kidney on the right. The patient is alive six yearé after
operation, enjoys good health and has a blood urea of 45 mgm.
per 100 ml. Seven were untraced and 22 hgve been followed for
periods up to 22 years, 6 having died (5 from other causes;

1 from urinary cause). The results are not good (Table XVII).
Kidney function is fair in 6 and poor in 12, i.e. impaired in
18 out of 22. General condition when first detected was good
in 18, poor in 1l.l Symptoms were present in 20 of the 29
patients,

Comment and Conclusione.

An impression is gained that there is a difference in
behaviour between large unilateral or bilateral stones arising
de nové and those developing as post-operative recurrences. The
recurreht stones progress more rapidly. Many of them have Proteus
or Staph. Aureus infections, but this is not the sole determining
factor as others may develop without urea-splitting organisms.

The gloomy picture presented makes one wonder that Priestley
and Braasch thought recurrence of so little moment that they were
prepared to take the risk of performing bilateral conservative
operations, after which recurrence is acknowledged to be very
common.,

Intfection in Renal Calculi Treated Conservatively.

The results of urine examination at the first visit and at

subsequent review, have been analysed and compared in 223 patients

treated conservatively. When first seen, 168 patients had
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sterile urines. At review the figure had risen to 180 of the
223 (80 per cent.). In the same way, of 55 patients who had
infected urines when first seen, only 43 were infected at review.
The incidence of infection in the various clinical groups
is closely related to the presence or absence of stone, e.g.,
where patients are free from stone only 10 per cent. are infected;
where they continue to pass stones, 16 per cent.; where small
stones are present, 40 per cent. and large stones are
practically all infected. .
Once again B.Coli predominated in 32 out of 43 (75 per cent.).
Proteus was present five times in association with large branched
stones.

Conclusions.

Urinery infection does not necessarily develop in all cases
treated.conservativeiy. It is commonest where large stones are
present.

The results are presented in detail in the Appendix, Table
20, page 21.

Rate of Growth of Renal Calculi.

Joly considered that phosphatic stones grew most rapidly
followed by cystine, uric acid and oxalate, in that order. He
thought that the main factor in determining the rate of growth
was the amount of stone-forming substance in the urine; that
small stones grew less rapidly than large since there was a
smeller surface area for deposition; and(for the same reason)

that single stones grew more slowly in terms of total weight than
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multiple. Other factors to be considered are (1) Obstruction,
particularly when slight and intermittent; (2) Infection,
particularly when it is urea-splitting; and (3) Hyperparathy-
roidism, although this applies to a very small fraction of the
total. Joly remarked that the e st combination of circumstances
fo: rapid stone growth was mild infection and slight obstruction.
The all-important point that emerges from this is that size
by itself is not the main consideration. Within reason it does
not maotter how rapidly stones grow or recur. What does matter
greatly is how much damage they cause to the kidneys, and in
this sense the medium-sized, tightly-impacted stone is mudh more
dangerous than the large, symptomless, mildly infected, non-
obstructive staghorn calculus. The large stone is quite often
found ;p a kidney with fairly good function, whereas the smsller

obstructive stone leads to comple te destruction of the kidney.

An Appraisal of some of Joly's Statements.

Our knowledge of stone has been advanced so considerably
by Joly's work, and such great authority attaches to all his
writings, that it is with some reluctance that the following
rather dogmatic statements of his are queried. In respect of
large impacted stones there is a great deal of truth in them;
but in the light of the present natural history studies, all of
them r;quire to be qualified to some extent, particularly in the
case of small celyceal stones. The following observations

appear on pages 192 and 194 of "Stone and Calculous Disease of

the Urinary Organs":-
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"The majority oi these stones become infected in the course

of time." This 1s completely true of large branched
stones but only 40 per cent. of small stones were infected
when reviewed,

"Tf a renal calculus is left untreated it sooner or later

destroys the kidney in which it lies." While this is

more or less true of large stones, it is definitely not
true of small calyceal stones followed for many years.

"Renal Calculus is a seriougs menace to life." In a series

of 1,114 stone cases, 39 urinary deaths were recorded, 23
post-operative and 16 from urasemis, i.e., less than 4 per
cent. of the total series died from the disease.

"A stone that is not increasing in gize is always lodged in

a functionless kidney and cessation of growth is a bad

instead of a good sign." This statement is undoubtedly

true in respect of large branched stones or obstructive
smaller stones, but it is doubtful if Joly would have been
quite so emphatic about smaller stones had intravenous
pyelography been available as a test of individual kidney
function.

"The most conservative treatment of renal ceslculus is an

early‘removal of the stone." This very bald statement

‘gives the impression that Joly thought operative treatment
indicated in practically every stone. There would be no
argument with his statement if the words "potentially

obstructive" were inserted before '"renal calculug'.
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It will hardly be disputed that the most conservative

treatment of the obstructive or potentially obstructive stone

is its early and complete removal by the least traumatic method.

On the other hand, it is felt that there is a definite place for

conservative management, with careful supervision, in thé

following groups of cases:-

(1) small symptom-free calyceal stones with normal pyelograms.

(2) Large symptomless bilateral branched stones.

(3) Ureteric stones which are making satisfactory progress,
providing there is no ﬁydronephrosis, repeated attacks of

colic, or severe infection.

SUMMARY

Sﬁimulated by the lack of information available, the
natural history of upper urinary tract stone has been studied in
a series of 568 stone patients not submitted to operation and in
suitable cases,(also untreated)from the operation series.

1. The clinical progress of 1,394 stones formed in the kidney
showed that 711 were retained in the kidney, while 683
entered the ureter,

26 Of 711 stones retained in the kidney, operative removal was
perforﬁed in 534 (approximately 75 per cent.).

3. of 683 stones entering the ureter, 521 passed, 146 (21 per
cent.) required operative removal and 16 were under
obgervation.

4, If the total number of stones passed 1s considered, it is
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10,

11.

30.

probable that more than 80 per cent. pass naturally.‘
Watchful waiting is therefore recommended.

In a total of 521 stone-passers, 136 or 30 per cent, passed
more than one stone.

The recurrence rate following endoscopic manoeuvres is

12,5 per cent. |

Renal cases treated conservatively for more than 10 years
showed that only 15 per cent. of those whose urinary tract
was free froﬁ gtone at first, had further symptoms, compared
with 64 per cent. of those who retained stones.

Small calyceal stones in more than 50 per cent. of cases
remained symptom free, only 20 per cent. increasing in size.
Pyelograms have been normel in 75 per cent. after several
yéars and in most the urine has remasined sterile. An
expectant attitude is therefore recommended for small

calyceal stones if symptoms are absent and the pyelograms

‘normal.

O0f 33 large stones treated conservatively before operation,
progress was slow in 30 (90 per cent.). There was no spread
to the other side in the 25 unilateral calculi.

There is little to choose between the results of operative
and expectant treatment in bilateral branched stones. In

the absence of pain or gevere unilateral infection a
conservative attitude is advocated.

amall recurrent calyceal stones behaved in much the same

(fairly benign) way as smell primary calyceal stones. ILarge
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recurrent stones had a worse prognosis than the
cérresponding primary calculi.

Urinary infection was present in only 10 per cent. whose
urinsry tract was clear, in 16 per cent. of those who
continued to pass stones, in 40 per cent. with small stones

and in 100 per cent. with large stones.
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PART TIT.

THE RESULTS OF OPERATIVE TREATMENT OF

UPPER URINARY TRACT STONE.

The relative merit of any operative procedure may begt be
judged by the immediate post-operative course, in which the
mortality and complications are the main considerations, and by
the late results.

Recurrent stone-formation is one of the most important
problems in the after-care of patients who have undergone
surgical treatment for caleulous disease. According to Joly
| (1929) the late results depend on:-

(1) Recurrence of the sgtone.
(2) The functional value of the kidney.

’ (3) Post-operative infection. |

These three factors are so closely related and inter-
dependent that the study of recurrent stone leads inevitably to
consideration of the other two.

The patient submitting himself for operative treatment may
reasonably anticipate relief from his symptoms; but this is, a2t
best, of temporary benefit, unless steps can be taken to prevent
the development of further stones, themselves requiring treatment.
The thoughtful stone patient has every right to ask the following

two quesgtions:-

(1) How often do stones recur?

(2) What can be done to prevent recurrence?
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In spite of the considersgble volume of regearch devoted to
the subject in the last 30 or 40 years, it is still difficult to
give him an accurate answer about the incidence of recurrent
stone, and even more perplexing to reply convincingly about its
prevention. It is the object of the present investigation to
attempt to answer the first of these questions, the other being

congidered in Part IV of this work.

Section I. Method of Review.

Stone patients treated by operation were reviewed in 1949,
1951, and 1955, On each occasion fresh material was added until
the present total of 546 patients was reached. Table XVIII
indicates that 323 (60 per cent.) were treated in the Urological
Department, 161 (30 per cent.) in the General Surgical Wards,
and 62 (10 per cent.) elsewhere.

It is desirable that as many patients as possible sghould be
interviewed and re-examined. ZEvery effort was made to trace
patients by postal guestionnaire, Social Service Department
vigits, and by letters to their doctors. Once contact had been
established, they were invited to attend for an interview and a
gimple examination.

Many of the patients treated by the Victoria Infirmary
Surgeons had last been seen 20 or 30 years previously. It is
ﬁheréfore greatly to the credit of all who assisted in tracing
them that only 38 of the total of 546 could not be found. This
means that information of some sort is available for over 90 per

cent. of all cases. In the Urological Department Series, in
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which only 10 patients were untraced, the follow-up is even
better, - 96 per cent.

Even so, the important point is the number re-examined.

In spite of the careful follow-up technique mentioned above,
only 403 of the 546 patients (74 per cent.) were personally seen
and invegtigated., This is a common and unavoidable factor in
re#iews of the present type.

Patients seen for the first time within the last year (32)
have been excluded. DPost-operative deaths numbered 23 - an
incidence of 4.2 per cent. Information concerning 50 patients
gained from questiomnaire formsg, Social Service visits, or
letters from relatives, is valuable in terms of symptoms, but
not helpful in assesging the incidence of recurrence, and it
has t@erefore been omitted.

The present investigation is based on the 403 patients
interviewed and re-examined. Of this total, 246 had been treated
in the Urological Department, 99 by the Victoria Infirmary
Surgeons, and 58 by surgeons elsewhere.

It is at once clear that the most reliable figures will come
from the Urological Department series since all have been under
the care of one surgeon and 80 per cent. have been interviewed
( compared &ith 60 per cent. of the Victoria Infirmary Surgeons'
patiéhts). The group of 58 treated elsewhere, reported only when
compelled to do so by symptoms. They therefore introduce a
considerable bias towards recurrence - another reason for

believing that the figures for the Urological Department are



more accurate than the total. The other two groups provide
valuable information, however, and are included. Throughout

the part of this work devoted to post-operative recurrence, the
results for the total number of cases re-examined (403) and the
Urological Department series (246) will be compared and contrasted.

During the extraction of relevant data from case records,
prolonged search was made for information on three vital points:
(1) An immediaté post-operative radiograph of the urinary tract
to exclude stones left behind at operation; (2) an early post-
operative urine examination; (3) stone analysis, Only in
isolated instances had these investigations been carried out
before 1945, but shortly thereafter they became established as
standard practice in the post-operative management of patients.

The interview was conducted on the lines indicated earlier,
The length of follbw-up (interval since operation) was more than
five years in 64 per cent., and more than ten years in 35 per
cent. of those investigated.

The minimum investigations carried out were (1) a plain
x-ray film of the urinary tract, and (2) bacteriological and
cytological examination of the urine. Where symptoms or x-ray
evidence of recurrence. were present, more detailed investigation
was underfaken on radiological and biochemical lines, A
vigorous effort was made to investigate each case with pains-
taking thoroughness so that not even the smallest recurrent

calculus would escape detection.
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Section IT. Operations Performed.

The operations performed fall into six well-detined groups

designated as follows:-

(1) Pyelolithotomy: the stone was removed by a simple incision

in the renal pelvis;

(2) Nephrolithotomy: this implies all operations in which renal

parenchyma wag incised. Hence it includes pyelonephro-

lithotomy in which a small cortical incicision down to the
stone was made against the counter-pressure of a finger

introduced through the renal pelvis; nephrostomy with

removal of stones and drainage of the kidney; and pyélotomie

élargie (Marion) in which the incision in the pelvis
extended into kidney substance.

(3) RPartial Nephrectomy: The upper or lower calyx was resected.

(4) Nephrectomy:

(5) Ureterolithotomy:

(6) Indefinite: precise information about the nature of the

operation was not available.
Pyelolithotomy, nephrolithotomy and partial nephrectomy
together, represent "conservative renal operations".
(A more detailed account of the operations performed is available
in the Appendix Table 21, page 22.)

The Incidence of Different Overationg in Three Decades.

The number of operations performed per decade has steadily
increased due, possibly, to a true increase in the incidence of

the disease. This was noted by Hellstrom (1949) whose figures
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are reproduced in Fig.l (see Volume II.). In the present
series a total of 680 operations was performed in 546 patients.
The numbers for the decades 1926-35, 1936-45, and 1946-55, were
105, 249 snd 326 respectively. |

The percentage incidence of the various types of operation
.is indicated in Fig.29, each column representing the percentage
incidence oi the particular operation in its own decade.
Analysis is best achieved by individual consideration of the
operative procedures.

Pyelolithotomys It was with some surprise that a

percentage decrease in the last decade was noted. The
percentages in chronological order, 1926-35, 1936-45, 1946-~55
(which is followed throughout) were 39.2, 41.8 and 28.5. One
expl?nation is that partial nephrectomy is now the operation of
choice for a dendritic calycesal stone or for a "nest" of small
stones in a calyX. Another is the recent expectant attitude
to borderline stones (less than 1 cm. in diameter) which would
previously have been vregted by pyelolithotomy, but which now
impact in the upper ureter and require ureterolithotomy.

Nephrolithotomy: The steady decrease in the popularity

of nephrolithotomy over the three decades (18.0, 14.0, and 3.4
per cent.j indicates the growing appreciation of the traumatic
natﬁ}e of the operation and the high recurreme rate associated
with it. Hellstrdm (1949) also made this point, and the
operative techniques employed in Sweden over the period 1911-1947

are ghown in Tgble XIX.
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Partial Nephrectomys: The last decade has witnessed the

advent of partial nephrectomy as an operative measure which
offers a happy medium between simple removal of the stone and
nephrectomy. It is indicated in patients who have a large
dendritic stone or a collection of small stones in a calyx, and
was used in 9.2 per cent. of cases.

Ureterolithotomys The increasing use of ureterolithotomy

through the decades (15.2, 20.4 and 25.5 per cent.) is probably
due, as suggested above, to the expectant treatment of stones
less than one cm, in diameter. Those with a rough surface
become impacted and require removal. (In the upper third of
ureter this may be accomplished through the triangle of Petit
without division of muscles, Fig.30).

Nephrectomy: Much will be written later about modern

trends in conservative renal surgery: but the percentage

incidence of nephrectomy has risen in three decades from 16.2
and 13.0, to 26,0 per cent. The anomaly is due to the number
of secondary nephrectomies necegsary in patien ts found to have

severe recurrence during this investigation.

Operations performed in the cases interviewed.

A total of 437 primary operations has been performed in
the 403 patients interviewed, 34 having bilateral operations
(Table XX) - 26 on both kidneys, 2 on both ureters, and 6 on

one kidney and the opposite ureter.
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Section ITI. ZEarly Results of Operation.

Post-operative mortality.

The incidence was 4.2 pef cent., 23 deaths occurring in
546 patients. Six occurred on the day of operation, 13 within
four Weeks,andv4 at later dates. 1In brief, 19 were urinery in
origin, in the sense that they were due to operative shock,
haemorrhage, or renal failure, and 4 were due t0 causes outside
the urinary tract. The incidence in relation to the type of

operation wass-

Pyelolithotomy | 4 in 238 operations Per.cent.
Nephrolithotomy 10 in 128 do. 8.0
Ureterolithotomy 5 in 150 do. 3.3
Partial nephrectomy 2 in 134 do. 1.5
Nephrectomy 2 in 30 do. 6.6

(Each post-operative death is detailed in the Appendix, Table 22,
pages 23 and 24.)
Comment.

The mortality associated with nephrolithotomy is another
good reason why it should lose favour. ILiberal incisions into
renal substance cause considerable desfruction of functioning
nephrons, and secondary haemorrhage from infection is still a
possibility, in spite of antibiotics. The Internztional
Congress of Urology in 1924 found (according to Joly) that the
mortality from nephrolithotomy was 10.3 per cent., compared with
2.4 per cent. from pyelolithotomy.

The totgl post-operative mortality in this series (4.2 per
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cent.) is in agreement with that reported by Joly (1929) -

4.9 per cent; Barney (1922) 3.5 per cent; Quinby (1933) 3.3
per cent; Twinem (1937) 3.4 per cent; and Winsbury-White (1954)
4,6 per cent.

Barly Post-operative Complications.

The common and important complications are:-

(1) Urinary leakage (35). ILeakage occurred in 22 after uretero-
lithotomy, 7 after pyelolithotomy and 6 after partial
nephrectomy. Dix (1951) reported urinary leakage after 10
per cent. of ureterolithotomy for stone in the lower third
and the experience in this series confirms that this is the
worst point, since 1t occurred in 14 per cent. of patients
undergoing lower ureterolithotomy. A fine continuous catgut
suture is now used in an attempt to achieve watertight

,olosure of incisions in the renal pelvis and ureter. In
consequence, there has been less leakage after pyelo-
lithotomy, but an appreciable number still leak after lower
ureterolithotomy.

(2) Secondary nephrectomy for haemorrhage (5) - three after
nephrolithotomy for the reasons mentioned above,

(3) Secondary nephrectomy for persistent fistula (8).

(4) Wound infection (15).

(5) " Pseudo-recurrence (32).

(6) Pleural injury (5). Rapid lung expansion occurred in all.

(7) Injury to inferior vena cava (1) - with recovery.

(8) Iumber hernia - only 2 of the 403 interviewed were affected.
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The post-operative complications are listed in detail,
according to the operations performed, in the Appendix, Table 23,

page 25).

Section IV. Late Results of Operation.

The principal complications ehcountered at a later date are:-
(1) recurrence of the stone; (2) impaired renal tunction; and
(3) urinary infection. The initial aim of this investigation
in 1949 was an accurate assessment of the incidence of post-
operative recurrence and of the factors relafed to it. It was
hoped that the informatién obtained might have a practical
applicetion in the prevention of recurrence.

Results of other investigations.

" At the Annual Meeting of the British Association of
Urological Surgeons in 1948, Professor John Hellstrom remarked
that there had been surprisingly few investigations in recent
years to determine the frequency of recurrence after operations
for renal lithiasis. Tgble XXI indicates that the most modern
studies of all aspects ot recurrence before World War II were
conducted by Twinem (1937), Oppenheimer (1937) and Spence and
Baird (1939), who must have been given considerable food for
thought by the fact that some 15 to 20 years had elapsed since
the well-known investigations of Cabot and Crabtree (1915),
Barney (1922), Braasch and Foulds (1923) ana Brongersma (1924),
without any significant reduction in recurrence rate. Swift
Joly (1929) considered that Brongersma's report to the

International Society of Urology in 1924 was the most complete
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and convincing review of the late results of the various
operations for renal stone, and in many respects this is still
true. His figures are worth recalling. Following 38 cases
.of pyelolithotomy, recurrence was present in 23,6 per cent. ot
sterile cases, compared with 50 to 54.8 per cent. of those
infected. Hunner (1928), an enthusiastic advocate of urostasis
and ureteral stricture ag Causes of stone-formation, followed 78
of 302 cases and found 9.5 per cent. recurrence after kidney
operations. Higgins (1936) reported that his recurrence rate
had been reduced from 16.4 to 4.7 per cent. by a strict dietary
and follow-up regime. 1In a recent Hunterian Lecture Hamilton
Stewart (1952) described the progress of 101 partial
nephrectomies performed in the 13 years prior to +the early part
of 1950: he re-examined 87 of these and found recurrent calculi
in only six (6.8 per cent.).

The very wide variations that may be expected trom one
investigation to the next is emphasised by the high incidence in
two recent British papers which were in fairly close agreement
(Ssutherland, 1954 and Pyrah, 1954) and the very low rate found
by Kairis, (1955).)

Reasons for Widely-varying Recurrence Rates Reported in

Different Investigations.

" In any carerul and objective follow-up of stone patients,
the accurate assessment of recurrence depends on the following

five points:-
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(1) The thoroughness of the investigation. It will be shown

later that one-third of patients with recurrence are
sympton-free and would therefore have been missed without
radiological examination. In 1923 Braasch and Foulds

depended lergely on questionnaire follow-up, and it is
significant that their recurrence rates are much lower

than those of the other investigators of their day (Table XXI).

(2) The Length of time for which cases are followed.

Oppenheimer (1937) followed his own cases for an average of
4 years only, but considered that a 10 or 15 year period
would give more accurate figures. In this series, 17 per

cent. of recurrences were detected after 10 years.

(3) The percentage traced and re-examined. Hunner (1928) re-

) examined 78 out of 302; Twinem (1937) 115 out of 252; and
Kairis (1955) 39 out of 1,676; and their recurrence rates
were all low (Table XXI). 1In the case of those dying since
operation, the cause of death should be verified from the
family doctor. In the present investigation 80 per cent.
of the Urological Department cases have been re-examined.

(4) The exclusion of pseudo-recurrence. This may only be done

by x-ray examination before the patient leaves hospital;
otherwise there is no method of distinguishing at a later
- date between fresh stones and residual ones.

(5) The criteria of recurrence. Oppenheimer (1937) regarded

e colic followed by the passage of a stone as a recurrence,

Others maintain that this is recurrence due 10 the disease
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and not to the operation. There can, however, be no
certain way of distinguishing. All stone-formstion after
operation must therefore be regarded as recurrence.

Conclugion.

The greater the percentage traced, the longer the follow-up,
and the more thorough the investigation, the higher is the
recurrence rate,

It is obviously an unattainable ideal to trace, interview
and investigate 100 per cent. of cases after 10 to 20 years, and
invariably be able to distinguish between true and false
recurrences; but the more those standards of perfection are
approached the more accurate will recurrence rates be. The fact
thaﬁ his patients do not return complaining of colic or
haematuria undoubtedly gives the surgeon a false sense of
sechrity. Kairié (1955) for example, re-exsmined only those
who returned with symptoms. Only by regular review and thorough
re—-examination of as many cases as possible may an opinion be
passed of the relative merits of the various operations and
post-operative regimes.

The Incidence of Falgse or Pseudo-Recurrence.

The reported incidence varies widely from one investigation
to the next and depends entirely on the performance in every
patient of a plain film of the urinary tract before they leave
hospital. At one end of the scale Barney (1922) reported 45
per cent. and Nay (1928) 30 to 40 per cent; at the other end

Quinby (1933) found only 3.3 per cent. and Braasch (1917) 4.4
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per cent. There is even a hint of fatalism in the suggestion
that all recurrences are due to tiny portions left behind at
operation. This may be true enough in the sense that
microscopic tubular calcification, microliths, and plaques

remain behind, but immediate post-operative x-ray showed no

opacity in 87.5 per cent. of cases in this series. False

recurrence is taken to mean an opacity which can be appreciated
naked-eye on a plain film. Benjamin (1931) who reported 25 per
cent.pseudo-reéurrence, found that it was quite possible +to
leave behind stones gregter than 1.5 cm. in dismeter.

The evidence of pseudo-recurrence in this series has been
assessed by careful re-examinagtion of x-ray plates taken
immediately after operation in 175 patients (or roughly one-
thifd of the 546 treated surgically). Stones had been left
behind in 38 patients (22 per cent.). A fairer estimate was
made by adding all patients who showed no opacity on x-ray
examination several years after operation, and who had passed
no stone in the intervening period. TUnder these circumstances
it seemed unlikely that they had left hospital with residual
stones, even though there was no immediate post-operative plate
to prove it. This brought the total reviewed to 305 and the
incidence became 38 in 305, or 12.5 per cent, (Table XXII).
The- incidence was 16 per cent. for stones in the kidney, and 6
per cent. for stones in the ureter. In the 403 patients
interviewed, only 21 showed evidence of pseudo-recurrence, but

information was available for less than 200 (10 per cent.).
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The incidence of recurrence and its relationship to the

various types of operation is stated in detail in the Appendix,

Table 24, page 26. Briefly, the relationship of recurrence 1o

different operations is:-

Pyelolithotomy

12 in 119 (10 per cent.)

Nephrolithotomy : 13 in 44 (30 per cent.)

Partial nephrectomy
Ureterolithotomy

>

in 27 (15 per cent.)
in 104 ( 6 per cent.,) -

.
(0)

(five in the lower
third of ureter.)

Cases illustrating Pseudo-recurrence.

Pyelogram tracings before and after operation (Fig.31)

illustrate four examples of pseudo-recurrence. Two merit

discussion.

Example (a).

Example (Db).

A boy, aged 12, had a pelvic stone of moderate
size, and scattered small calyceal stones in a
poorly functioning pain-free kidney. Sacrifice
of the whole kidney seemed too radical; removal
of all the stones by resection of the lower
calyx did not seem practicable, and the compronise
was a series of cortical incisions against the
counter~-pressure of the little finger inserted
into the calyces through the renal pelvis. A
small fragment has been left and he may
eventually come to nephrectomy.

A paraplegic man, aged 45, had a gross scoliosis

to the right side with a narrow ilio-costal space.
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An approach via the twelfth rib bed was not
particularly helpful. Small stones were scattered
throughout all the calyces with a large collection
in the lower calyx, which was therefore resected.
Through the renal pelvis and the neck of this calyx
the kidney was thoroughly explored to the extent ot
a further incision through renal cortex, over the
middle and upper calyces. X-ray control was not
available in theatre or it might have been possible
to locate and remove the remaining fragmenfs.

Conclusions.

l. Pseudo-recurrence has been detected after 12.5 per cent. of
~ the operations performed for upper urinary tract stone. In

this respect nephrolithotomy has the worst record, the
incidence of regidual stone after it being 30 per cent. The
surgeon tries to spare the kidney by conservative removal of
multiple scattered stones. In the end, nephrectomy may be
necessary on account of further large stones developing on
the basis of pseudo-recurrence.

2. There are some cases in which it is humanly impossible to
remove all the stones. It is wiser therefore not to make
the attempt. Consideration of the radiograph of a kidney

~ after removal in Fig.32 will at once make clear the difficulty
of removing every tiny tfragment of stone.

3. Radiographic confirmation that all stones have been removed

is helpful (but technically bothersome) in the opersting
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theatre. During the operation it may give vslusble guidance
on reaching a decision regarding the operation indiceted.
Even with x-rg control, complete removal of the stones
shown in Fig.32 would be impossible and the attempt to
achieve it would be very damaging to kidney function.

4. All stone patients should have a plain film of the urinary
tract before they leave hospital or, if this is omitted,
when they report for check-up. Only in this way can pseudo-
recurrence be distinguished,

Terminology of Recurrence,

True recurrence indicates fresh stone~formation since
operation. False or pseudo-recurrence refers to stones left
behind at operation. Contralateral recurrence means the
de&elopment of fresh stones on the opposite side after operation.
Ithdoes not include those present on the opposite side at the
time of operation.

True recurrence has been further divided into mild and

severe . recurrence,

"yild" and "Severe'm Recurrence.

The disability caused by recurrence varies enormously from
case to case and much the same agpplies to the subsequent progress
ot those suffering from it. Some patients have no backache or
haematuria, enjoy good health, and have a perfect work record.
Those less fortunate are crippled by repeated bouts of colic or

the passage of stones. Others require one or more secondery

operations, ending sometimes in the loss of a kidney, or more
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rarely, in complete renal failure. On clinical grounds at
least there has therefore seemed some justificastion for class-
ifying recurrence as "mild" and "severe".

In the sense in which it is used in this investigation,

severe recurrence indicates that secondary operation has in fact

been performed, has been agdvised and refused, or has been
considered unwise on account of the patient's genéral condition,

The patient illustrated in Fig.33 had bilateral severe
recurrence, a staghorn left renal, end a massive right lower
ureteric stone. His Elood urea was 95 mg. per cent., and he
~ leaked urine through bilateral lumbar sinuses, having had two
conservagtive operations elsewhere on each kidney. Naturally,
no. surgical action was underteken.

Size by itself is not necessarily the main index of the
severity of recurrence. The medium-sized stone which is liable
to become impacted in the ureter, leading to frequent bouts of
colic, or hydronephrosis, or even anuria,is considered more
serious than the large, immobile, symptomless, staghorn calculus,
although the latter is also regarded as a severe recurrence.

The patient shown in Fig. 34 had a right pyelolithotomy and
later a right nephrectomy for recurrent stone before she
reported to the Urological Department with left renal colic.

Tﬁé plain film showed three medium-sized calculi, all of a
suitable size tor impaction in the ureter with the development
of anmuria. There was no hydronephrosis, but pyelolithotomy was

performed as a matter of urgency.
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Mild recurrence indicates one of the following possibilities:-

(1) Radiological demonstration on the side of operation of a
stone (or stones) small enough to stand g reasonable chance
of passing naturally. Where some doubt has existed about a
shadow on the x-ray plate it has been regerded as a recurrent
stone, particularly if the patient has experienced
significant symptoms. Most commonly these tiny stones are
locked away in a calyx, causing minimal discomfort to the
patient, damage to the kidney, or threat to life. They are
go small that the possibility of impaction in the ureter,
with consequent anurias, is a remote one. Tracings of recent
pyelograms exemplifying mild recurrence are shown in Fig.27.

(2) The developument of similar calculi on the opposite side.

(3) The passage of a stone from either side since operation.

: Summarising, then: Severe recurrence callgs for secondary

operative treatment. Mild recurrence does not.

Criteria of Recurrence.

Oppenheimer (1937), as already mentioned, had very strict
criteria of recurrence. A colic followed by the passage of a
stone was regarded as a recurrence, even if x-ray examination
subsequently prbved negative. Every effort has been made in this
inveétigation to emulate these high standards.

- Not all follow his example, however, Some feel that the
passage of a stone on the opposite side cannot be considered a
true recurrence due to operation. They maintain that such

sequelae represent the appearance of the same disease elsewhere
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(Keiris, 1955, Douillet, 1933). 1In their opinion, this
fraction of recurrence is inevitable, in much the same way as
cystoscopic treatment of lower ureteric calculi is followed by
recurrence in 12,5 per cent. Nevertheless, to preserve
uniformity of observation, they should be included in recurrence
figures, since they constitute fresh stone-formation since
operation.

Reliability of figures in various groups studied.

Before the incidence of recurrence and the factors related
to it are discussed, attention is drawn once.more to the
differences that exist between the Urological Department series
and the other groups (Victoria Infirmery Surgeons and Other

Surgeons). A summary of the percentage true recurrence for
the three groups in terms of patients, and of operations,will at

once maeke the point clear.

Percentage Recurrence Urological Vict.Infy. Other Total
Serieg. Surgeons. Surgeons. Series.
(246) 99) (58) (403)
Per operation 26.0 5l.4 T1l.4 39.4
-Per patient 30.0 52.5 70.0 41.7

-The favourable results in the Urological Department are not
;claimed to be due to any superiority in treatment, one hastens to
add. The reasons lie elsewhere:-
(1) The Victoria Infirmary Surgeons' patients have been followed

for longer periods and fewer have been traced.
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Patients treated by Other Surgeons have reported only when
compelled to do so by symptoms. It is natural, therefare,
that over 70 per cent. should prove to have recurrence.
Urological Department cases have been followed more
completely, but for shorter periods.
(The results shown above appear in greater detail in the
Appendix, Table 25, page 27).
The Total Series (403 patients) represents a cross-section
in that its recurrence rate lies between that of the
Urological Department and the Victoria Infirmsry Surgeons.
The figures for the Urological Departument Series and the
Total Series run in parellel end will be studied throughout

the remainder of this section.

Section V. Post=Operative Recurrence.

(Incidence and Relationships)

The following factors appear to be related to the incidence

of recurrence:-

I.
IT.
ITI.
Iv.
V.
VI.

VIII.
IX.

The type of operation performed.

The decade in which the operation was performed.
The development of contralateral recurrence.

The presence of bilateral lithiasis.

The sex of the patient.

The number who have symptoms with recurrence.
The interval between operation and recurrence.
The size of the stones.

The number of stones.
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Xe Pre— and post-operative urinary infection.
XI. Post-operative renal function.

XI1I. The composition of the stone.

XIII. Hyperparathyroidism.

XIV. Urinary calcium output, .

The subject of recurrent stone involves many complex
statistical analyses. Histograms have been constructed to make
the arithmetical presentation as lucid as possible, without
sacriticing accuracy. More detailed information is available
in the Appendix, pagés 21 to 47.

I. Relationship o the type of operation.

There is general agreement that the best operation is the
one which ensures complete removal of the stones with as little
damage to the kidney as possible and Which 1s associgted with a
low recurrence rate. The results in the Total Series and in the
Urological Series are presented separately so that compsrisons
can be made and general conclusions reached about the relative
frequency of recurrence after the various operative procedures.

(a) Totsl Series. There were 437 primary operations in 403

patients (34 having had bilateral operations). If 21 pseudo-
recurrences are omitted, 416 operations remain for study of
the true recurrence. Fig.35 indicates the percentage

- incidence of no recurrence, mild recurrence, severe recurrence
and total reourrenée (i.e. the sum of mild and severe)

following the different operations. The salient features are:-
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(1) The total recurrence (shown at the extreme right) which

may be summarised thus:-
Per cent.

A1l operations (including nephrectomy) ......... 40.0

Pyelolithotomy .,............... P £ R &
Nephrolithotomy ..iveieeeenrnenvenennnneeennnans 64,0
Partial nephrectomy ..viveeeevenceseeeenenneenas 6.0
Ureterolithotomy seeeeceescecececceecnsoscnssanes 31.6
Nephrectomy (contralateral recurrence).......... 12.9

Conservative operations (excluding nephrectomy). 46.0
- not shown in Fig.35.

(2) severe recurrence closely parallels total recurrence,

and is commoner than mild recurrence.

(3) Mild recurrence remains at a stable level apart from

nephrectomy and partial nephrectomy.

(b) Urologicel Series. In similar fashion, there were 260

primary operations in 246 patients (14 having had bilateral
operations). Omission of 14 pseudo-recurrences leaves for
congideration of true recurrence, 246 operations.
The salient features of Fig.36 are:-

Per cent.
(1) Total Recurrence:- after:-

All operations (nephrectomy included) ....eeeee. 26.C
PyelolithotOmy seceeessecssessccsosrscensscssceas 34,0
Nephrolithobomy sesececescccccscossesecsansassess 50,0
Partial nephrectomy eceeosesesesoccevescsssosses Nil

Ureterolithotomy ececsscscsceasssssssssnasscacss 2745
Nephrectomy (contralateral TeCUrrence) e........ 7.9

Conservative operations (nephrectomy excluded).. 31.0
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The percentage incidence for conservative opergtion, i.e.,
all except nephrectomy, once again does not appear in
Fig.36.

(2) This time, mild and severe recurrence both run parallel

to the total recurrence and mild recurrence is, if

any thing, the commoner.

(Statistics relating to the two series are given in much
greater detail in the Appendix, Tables 26, 27, 28.and 29,
pages 28, 29, 30 and 31.)

In passing, é striking similarity is noted between the
recurrence rates of the Urological Series and those

lately published by Pyrah (1954). He found recurrence

in 34.9 per cent. after pyelolithotomy, 60 per cent. after
nephrolithotomy and 20.9 per cent. after ureterolithotomy.

Conclusions and Comparisons. (Recurrence rates for the Total

Series are always quoted before those for the Urological Series.)

1.

In accordance with the experience of other investigations,
nephrolithotomy had the highest recurrence rate (64 and 50

per cent.). The reasons are obvious. Greater trauma is
inflicted during the operation and quite considerable areas of
parenchyms lose their blood supply when deep mattress sutures
afe used to control bleeding and coapt the edges of the wound
in the kidney.

Pyelolithotomy (48 and 34 per cent.) was<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>