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PREFACE

A young female patient, aged 17, who had been known
to suffer from the effects of chronic nephritis for several
years was admitted to Stonehouse Hospital with chroiic
renal failure. In order to gain an estimate of the
severity of the kidney condition, an excretion and clearance
test, using inulin and p—aminohippafate, was carried out
with the assistance of Dr. J.E. Craik. The results
obtained were most interesting and valuable. As a direct
conseqience the stimulus to carry out the investigations,
which form the basis of this thesis, waé created.

There was an opportunity to study tuberculosis
of the kidney in Stonehouse hospital. liar. W.S. lack and
Dr. Alexander Smith permitted me to investigate the patients
who had been admitted suffering from suspected renal
tuberculosis.  Dr., Craik generously made the materials
required for the test available, while Dr. Anderson and
Dr. Kenny provided the laboratory facilities at the

Victoria Infiraary, Glasgou.
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An attempt has been made to assess the value of
(1) clinical findings
(2) the ancillary methods of investigation
(intravenous pyelography, cystoscopy and
retrograde pyelography)

(3) urea clearance tests and

(4) the Imulin/PAH excretion and clearance
tests.

As all of the patients studied have undergone
nephrectomy‘the specimens were avallable for detailed
examination. The findings were correlated with those
already mentioned and an assessment made of the relationship
between them. As the modern methods of anti-tuberculous
chemotherapy developed so a further interesting
assessment could be made, viz. in regard to the benefit
and reaction of the diseased tissue to the drugs being
prescribed to the patients under review. Their effect was
evident in the histological sections of the kidneys
removed at operation.

An incidental finding of considerable interest was
that a few cases were hypertensive and that nephrectomy
restored a normal blood pressure in most. Special mention
will be made of this in chapter XI.

The Inulin/p-aminohippurate excretion and clearance/



clearance test was carried out on three occasions in the

twenty two patients who formed this series

(1) prior to nephrectomy
(2) one week after nephrectomy and

(3) six months after nephrectomy.

It was found:-~

(1) when a kidney with a minimal tuberculous

(2)

(3)

lesion is removed a large amount of
normally functioning renal tissue is lost

so that despite hypertrophy of the remaining
kidney, the loss is not completely made
good.

when a kidney with a moderate tuberculous
lesion is removed, a relatively small

amount of normally functioning remal tissue

is lost. After nephrectomy, hypertrophy in

the remaining kidney makes good the surgical
loss.

When a kidney with a severe tuberculous lesion
is removed practically no normally functioning
renal tissue is removed. Hypertrophy of the
remaining kidney results in an absolute gain in

total rensl function.

-~
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(4) The presence of a tuberculous kidney
- inhibits compensatory hypertrophy of the

contra-lateral healthy kidney.



CHAPTER I

HISTORICAL REVIEW

In the course of the last 150 years the physiology
of the renal tract has undergone considerable investigation.
As each physiologist or clinician introduced some new
interpretation or discovery a review of the preceding
knowledge was inevitably associated with it.

Urea, which is the main nitrogenous end product of
protein digestion, and, with water, the chief constituent
of urine, was first prepared by Rouelle (1773) by the
alcoholic extraction of evaporated human urine. It is
also interesting to appreciate that Rouelle extended his
investigations to other animals and demonstrated the
presence of urea in the urine of the cow, horse and camel,
Fourcroy, (1804) wrote that the expulsion of urea, called
by him urée to distinguish it from urique (uric acid), is
"the principal and the most necessary, the most remarkable
purpose of urinary evacuation!'. R. Bright (1827)
demonstrated an excessive value of the blood urea in
patients who had oedema'and correlated this finding with a

lowered value of urea in urine which contained albumin./ These
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These facts were the basic essential features of the
disease - nephritis - which is now given.his ﬁame as
an eponym,

Wohler (1828) is believed to have been the first
to create urea artificially from ammonium cyanate.

Dumas and Cahours (1842) proved that urea resulted from
the combustion of food material comprised of protein..
Thereafter the term uraemia became associated with renal
insufficiency though, nowadays, it is considered that
accumulation of urea in the blood stream is not the precise
and specific cause of the symptoms and signs described as
renal insufficiency.

i‘Ai the beginning of the century estimations of blood
urea were introduced as clinical tests of effective renal
function. Folin (71917 developed further biochemical
methods and to them were added the evaluation of non-protein
nitrogen, creatinine and uric acid, all of which are
appreciably raised in advanced kidney disease..

Ambard and Weill (1912) attempted to create an equation
which would give a significant value for kidney function,
relating the quantity of urine excreted per unit time to
the quantity in each ml.. of plasma. Physiologically some

difficulty was found in expanding this principal. Austin/



Austin, Stillman and Van Slyke (1921) carried out further
investigation on the influence of urine flow oﬁ the
examination of urea in man and created a more acceptable
equation - UV x1 /AN,= K, which is equal to Us¥ = K.
Where U is tﬁe urine nurea (mgms. per 100 ml.) B Es the
blood urea (mgms. per 100 ml.) and V in the urinary volume
(mls. per minute). In all of these calculations V was
corrected to body surface area of 1.73 sgems. representing
the average surface area of adults. When the maximum
clearance was more than 2 ml. per minute i.e. above the so
called augmentation limit the rate of excretion is at a
maximum. It is then simply proportional to the blood urea
concentration and is ﬁot increased by any addition of urea
in the volume of urine. Mohler, McIntosh and Van Slyke (1929)
coined the word 'clearance! for this type of formula;
accordingly U _V was called maximum clearance. Further

B
when the urine volume is below the augmentation 1limit of 2ml.

per minute, the rate of excretion is slower than at higher
urine volumes and diminishes progressively as the urine
volume decreases. The rate of excretion of urea is not

only directly proportional to the value of the blood urea/



urea but is so changed by the urinary volume that it is
proportional to the square root of the urinary volume, V;
thus the 'standard! clearance is denoted by the formula
B

liore recently, work has proceeded to find other methods
of estimating remal function. Smith H.W. et.al(1941,1943)
have investigated other substances which could produce a more
precise evaluation of renal function. In their tests kidney
function was divided into three distinct parts:-

1. glomerular filtration

2. tubular function and

3.  the rate of renal blood flow.

In the Homer Smith type of test these three entities
are estimated individually but simultaneously. All substances
in solution in the plasma are filtered by the glomeruli
provided their molecular size is less than that of serum
albumin, i.e. a mclecular weight of less than 70,000, The
glomerular filtrate flows into the tubales and in the passage
through the tubules, solutes are dealt with in one of three
ways -

1. they may be reabsorbed by the tubular

epithelium. This process may be (a) complete,

N \ .
s for example with glucose; or (b) partial/

]
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} partial as with water, sodium, potassium and
chloride.

2. more solute may be actively excreted by the

tubule cells with the glomerular filtrate,
creatinine, diodrast and penicillin being
. substances of this nature.

3. the tubulewcells may have no action on the
solute. Only one sibstance is known which is
neither absorbed nor excreted by the tubules,
this i1s inulin; creatinine, thiosulphate, and
mannitol undergo tubular excretion in relatively

- small proportion.

Provided the renal clearance of a substance, such as
inulin, in eategory 3 is known, the clearance of any other
substance immediately gives information as to the action of
tubule cells in its. If the value is less than that of inulin
some of it is reabsorbed by the tubules; if the valie is greater
than that of inulin some is excreted by the tubules, and if
the value is equal to that of inulin it has not becn influenced
by the tubules.

Glomerular Filtration Rate.
Tnulin,which has a molecular weight of 5,200, a

gtarch like polymer of fruclose, isi-

0



Inulin:-

(1) filtered by the glomerulus

(2) neither reabsorbed nor excreted
by the tubules

(3) chemically inert

(4) not altered chemically by any
blocd enzymes ’

(5) completely excreted in the urine
following intravenous injection.

In the search which Smith H.W. (1932)

and his associates undertock, many years were spent in

proving that the tubule cells had no action on inulin.

One or two of their experiments are worthy of mention as

i1lustrations. of the completeness of thelr work.

1.

2.

3.

They made tissue cultures of isolated loops

of renal tubules and immersed them in solutions
containing inulin, No matter how long the loops
were left in inulin solution, no inulin appeared
in the lumina of the tubules.

They injected inulin into the lumind of similarly
isolated tubules and showed that the inulin was not
reabsorbed.

Some of the lower fish, elasmobrsnchg,have kidneys
without glomeruli. Homer Smith showed that these
fish were incapable of excreii g inulin in their

irinc.

lv..l
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The following is a table of comparative clearances
and illustrates these points:-

GLUCOSE CLEARANCE NIL

g Reabsorbed
by tabules.
UREA CLEARANCE 70 ml. per min.) VoS
INULIN CLEARANCE 120 ml.per min.
EXO ENO I.E T u E. I . 1 .
GEIOUS CREATINIVE CLEARANCE 170 ml.per min.) oo ...\
PAH CLEARANCE 600 ml.per min.) tubules.

Renal Blood Flow.

Sheehan, H.L. (1931) in the original experiments in the
measurenent of renal blood flow used the red dye No. 9C which
was completely extracted by the kidney from the blood passing
through it. As all of the dye is excreted in the urine its
ciearance is equivalent to the renal plasma flow. This dye
is poisonous so it cannot be used in the human subject.
Search was made to f£ind some other non~toxic substance.
Diodrast was used at the outset but p-aminohippuric acid is
mostly used now, and has been employed throughout the present
investigation.

Excretion of diodrast and hippuran by the tubules in
the rabbit, dog and man was described by Elsom, Bott,

Shiels and Walker (1936-7) and Landis, Elsom, Bott and Shiels

(1936) who reported that the diodrast ratios in these species/



species are considerably in excess of 1.0 and that the
clearance ratios are depressed as the pasma concentration
of the solute is increased. Homer Smith and his co-workers
re~examined this goup of compounds and developed a diodrast
clearance at low plasma levels as a means of measuring
renal blood flow while a high plasma level was employed

to determine the quantity of functional tubular excretonx
tissue in the kidneys.

P-aminohippurate (PAH) has a clearance identical to that
of diodrast at low plasma levels and is used to estimate the
renal plasma flow. Its chemical evaluation is straightforward;
it is non toxie and can be used to assess the totaltubular
excretory tissue. It is less extensively bound by the
plasma proteins than is diodrast, and so errors involved in
the estimation of the filtrable fraction of the plasma are
less important.

In determination of each of these factors, viz.,
glomerular filtration rate, renal plasma flow and maximal
tubular excretory capacity, a combined single infusion

method has been devised and will be described in chapter III.
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CHAPTER II

THE KIDNEY FUNCTION TEST

On the day prior to the test the patient is informed
briefly of its character in order to allay apprehension
and obtain his or her co-operation. No special restriction
of fluids or diet is necessary. An early light breakfast
with tea or coffee is provided before the procedure is
commenced. No smoking is allowed after 8.00 a.m.

Procedure at the bedside.

The equipment (fig. 7), having been previously prepared,
is brought to the bedside, together with the solutions of
Inulin and p-aminohippurate. Within the package there is a
specially prepared rubber catheter in that there are extra
holes in it to ensure satisfactory and complete dréinage of
urine from the bladder. The patient is catheterised with it
at 9.00 a.m. and a specimen of the bladder urine obtained.

Tt is received into a urine container labelled 'urine blank.!
Between 3.15 a.m. and 9,30 a.m. venipuncture is performed;
20 ml. of blood is taken by syringe and put into a heparinised

universal container - this specimen being labelled 'blood blank.'!

t-a
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The needle is then attached to the special intravenous
infusion set (fig. 6) the filtration fumnel of which has
been filled with intravenous normal saline. A slow drip
infusion of the saline is then instituted and allowed to
run slowly to permit the patient to become adjusted to
the new condition of intravenous infusion and bladder
catheterisation. It is customary to obtain the patient's
systolic and diastolic blood pressure readings.

Once the patient has become accustomed to the presence
of the drip and catheter, the test proper is commenced. It
is divided into two periods of time. In the first period
a measurement of renal piasma flow (RPF) and glomerular
filtration rate (GFR) is obtained, and from these figures
the filtration fraction (FF) RPF/GFR may be calculated.

In the second period a measurement of the maximal tubular
excretory capacity for p-aminohippurate (TmPAH) is obtained.

In order that the concentration of the perfusing chemical
in the total body water may be rapidly raised to effective
levels a priming solution of p-sminohippurate and inulin is
prepared. In order that the concentration of the perfusing
chemical in the total body water may be consistently maintained

at an effective level a sustaining solution is also prepared.



The solutions are made up as follows:-

Priming solution.

(a) 2 ml. of 20% p-aminchippurate

(b) 20 nl. of 20% inulin

Sustaining solution.

(a) 8 ml. of 20% p-aminohippurate

(b) 55 ml. of 10% inulin

(¢) 450 ml. of sterile normal saline
The priming solution is given rapidly in less than two
minutes, whereas the sustaining sdution is given by slow
drip, the rate varying with the severity of renal damage.
With a normal kidney function the rate for the sustaining
solution is 96 drops per minﬁte. With increasing renal
danage the rate is decreased to about 60 drops per minute.

Having obtained the specimen of blank urine and of blank
blood and prepared the priming and sustaining solutions of
the first period, the test is proceeded with as follows:-

The infusion of normal saline is stopped at the needle
(fig. 9). The branch of the 'T' tube in the infusion set is
opened and the saline remaining in the filtration flask is
run off until the neck of the funnel is reached. The branch
of the 'T' tube is now closed and the infusion recommenced by

opening the clip at the needle. The priming solution is now/



now put into the fumnel and allowed to run as quickly as
possible. The sustaining fluid is then added to the
reservoir and the drip infusion slowed to the optimum
rate. In order that complete stabilisation of the inulin
and PAH should occur, the infusion is allowed to run for
more than twenty minutes. At the end of this time the
bladder is completely emptied. This is achieved in the
same way throughout all the tests. 15 ml., which need
not be accurately measured, of sterile intravenous normal
saline are injected into the bladder along the catheter by a
sterile 20 ml., syringe supplied in the specially prepared
package. Following this injection 15 ml. of air are
introduced along the catheter which had been nipped to
prevent any loss of fluid.

The time noted as the commencement of the period is
taken when the last drop of fluid and the last gurgle of air
has left the catheter with suprapubic pressure on the bladder.
A stop-watch, which is used as a means of time-keeping, is
started at this juncture. The urine obtained up to this
point, including that which is removed at the end of the

priming period, is discarded and a collection now made of/

(]
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of all the urine secreted in a special container. This
time is recorded as time zero. After tén to twenty minutes
20 ml. of blood are taken from a vein in the opposite arm
to that in which the infusion is being given. This specimen
is placed in a heparinised container and labelled 'blood 1.!
The time at the 10 ml., mark is noted on the stop-watch and
recorded. The infusion is allowed to continue for as long
again. The complete specimen of urine, including the
bladder washings, is obtained and labelled as 'urine 1.'

The time at which this occurs is noted. At the end of this
period the urine is then allowed to drain into a receptacle
prior to the commencement of period two. The amount of
fluid remaining in the reservoir is noted.

For the priming solution in period two,20 ml. of 20% PAH
solution is taken into a syringe from the 100 ml. bottle of
20% PAH, The clip above the !T' piece is applied to stop
the infusion. The 20 ml. of 20% PAH is then slowly injected
along the 'T! piece into the patient (fig. 9). As this
injection is given the patient may feel somewhat warm and
flush in the face and neck. He may also feel a sensation
of heat in the bladder. One or two of the patients during
the course of this investigation had also abdominal

discomfort.
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Once the priming solution of 20 ml. of 20% PAH has
been given, the remaining 80 ml. is added to the reservoir
which contains the residue of the sustaining solution of the
first period (fig. 10). The infusion rate is recommenced
and adjusted to 96 drops per mimute. The stabilising period is
about twenty minutes. The bladder is drained at the end of
this time in the manner aslready described, the urine and
washings obtained being discarded. The stop-watch is started
and time zero for period two established with the collection
of urine again being under way. The second blood specimen,
labelled 'blood 2', is taken about fifteen minutes after the
commencenent of the period and the second urine specimen,
labelled 'urine 2', collected after thirty minutes in a similar
manner to that described for the first period. With the completion
of the second urine specimen the test is then concluded.

There are now three urine specimens and three blood specimens
together with completed chart (figs. 11 and 12).

During the course of this procedure the patient is allowed
to drink fluids in moderation and encouraged to spend the time
quietly, smoking being forbidden throughout. When the test is
completed the catheter is removed from the bladder and the

intravenous infusion discontinued. Thereafter he may rise, it/

1
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if permitted, and, as has been done in the course of this

series, if the test has been carried out on an out-patient,

he or she is allowed home without any ill effects whatsoever.
A list of the apparatus required is appended.

1. Special infusion set with graduated reservoir,
drip counter and 'TY tube.

2. Specizl catheter with extra holes.
3. 2 ml. s ringe for washing out bladder.

These are all supplied dry and sterile in a
single paper wrapped package.

4e 3 - 20 ml. syringes, eccentric nozzle, to
collect blood specimens 'blank' '1' and '2!.

5 1 - 20 ml. syringe, central nozzle, for giving
priming solution of PAH in period two..

7. Three universal containers with heparin for
blood specimens.

8. Three urine bottles for specimens.

9 1 - 25ml. and 1 - 50 ml. ampoule 10% inulin
10. 1 - 10 ml. and 1 - 100 ml. bottles 20% PAH
11. Two bottles of intravenous saline.

12. Special sheet for entering times and results.



Biochemical methods.

Determination of PAH. In order to estimate the renal
plasma flow (RPF) i.e. by a low PAH concentration, it is
necessary that the serum level should be about 1 - 5 mgms.
per 100 ml., For the estimation of the maximal tubular
excretory capacity for p-aminohippurate (Tmp,y) the srum
level of PAH should be greater than 60 mgms. per 100 ml.
The reagents required are:-

1. A specially prepared cadmium sulphate solution.

-2+ l.1 N-sodium hydroxide.

3. 1.2 N-hydrochloride acid.

e 0.1% sodium nitrite (freshly prepared).

5. 0.5% ammonium sulphamate.

6. 0.1% (l-naphthyl) ethylenediamine dihydrochloride.

The urine specimens are diluted so that the
concentration of PAH in them is approximately equal to the
concentration of PAH in the plasma. Under such an ideal
arrangement the clearance in ml/minute would become Ugsq X Urol fuin
With a previous knowledge or estimate of urea clearance as a

percentage of average normal function, the following dilutions/



dilutions of urine and plasma are prepared.

In the case of the plasma blank (P,) and first
period plasma (Pl) no dilution is required. For the
second period plasma (P,) a 1:21 dilution is made.

The urine blank (Uo) should be diluted with distilled
water so that it gives the same approximste concentration
as the first period specimen of arine (U;) when held up to
the light and examined visually. If the urea clearance
or blood urea value is not available to give an indication
of the patient's renal function, it is usual to assume s
60% renal function velue and make dilutions accordingly.
If this estimation is found to be far out, twofold or greater,
the urinanalysis is repeated at more suitable dilutions.

The dilutions thus made are obtained by reference to
the specially prepared nomogram (fig. 13) the dilutions
being calculated from the minute volumes of urine of each
period. The dilutions of Uy and Ug are the same.

Once all the dilutions have been prepared and thoroughly
mixed, six 50 ml. Erlenmeyer flasks labelled Py Py P, U,
have the following added to them:-

Ui and U2



le. Distilled water 20 ml.,

2. Heparinised plasma, plasma
" dilution or urine dilution

as previously indicated. = 2 ml.
3. cadmium sulphate reagent 6 ml,
4e  sodium hydroxide reagent 2 ml.

The flasks are shaken after each addition and allowed
to stand for five minutes prior to filtration through No.4l
9 cm. Whatman filter papers into clean 6" x 3" test tubes.
These clean test tubes are labelled Py P; Py Uy, Uy TUp

and the appropriate filtrate and reagents are added as

followss—
1. filtrate - 10 ml.
2. 1.2 N-hydrochloric acid 2 ml,
3e sodium nitdite reagent 1 ml.

After the addition of the sodium nitrite reagent
the solution is thoroughly mixed and allowed
to stand for four minutes.

be ammonium sulphamate reagent 1 ml.

Thorough mixing by inversion of the tube on several
occasions in order to decompose the excess nitrous
acid is required after the addition of this reagent.

5.  N.(l-naphthyl) ethylenediamine
dihydrochloride 1 ml,

After the addition of the ethylenediamine thorough
mixing is mrried out and the solution is allowed to
stand for fifteen minutes to allow complete colour
developments.



The solutions are then read on a Spekker
absorptiometer using the green Ilford filter 605, The
figures obtained are later interpreted fﬁr absolute values
from a calibration curve previously prepared.

Determination of Inulin. To estimate the inulin
concentration and thereby obtain a measurement of GFR
it is advisable to have a serum level between 18 and 25 mgms.
per 100 ml. The reagents required are:-

1. Washed yeast. Bakers' yeast is washed with

saline and centrifuged six times in order
to remove any soluble carbohydrate. A 1:5
suspension of the packed yeast cells is made
in distilled water.

2. cadmium sulphate reagent

3. l.li-sodium hydroxide

4e diphenylamine reagent

No dilution of Py, Py P, is required. The dilution
which brought U, to approximately the same concentration
as U is used for Uye The same dilutions are prepared for
Up and U;. The dilution required for Up is obtained from
the nomogram (fig. 13). To seven 12 ml. centrifuge tubes,

labelled Po Pl P2 9]

o Uy Uy and Y.B. (yeast suspension

blank) are added the following:-



1. Distilled water 2 ml.

2. heparinised plasma, or urine

dilution as previously
indicated 2 ml.

3. 26% yeast suspension 4 ml.

2 ml. of distilled water is added to the tube Y.B. to make
its total volume 8 ml.

The contents of the tubes are thoroughly mixed by
inversion and allowed to stand at room temperature for
fifteen minutes. The tubes are shaken at intervals during
this period. All the specimens are then centrifuged.

4 mle of the supernatant fluid is taken from the
centrifuged specimens into 6" x " test tubes, and 6 ml.
of the cadmium sulphate reagent is added to each tube.
After mixing, 2 ml. of 1,1 N-sodium hydroxide is added,
and agéin the mixture is thoroughly shaken by inversion.
The sampies are filtered through No.41 9 cm. Whatman filter
papers into clean test tubes.

3 ml., of the filtrate are then taken and added to
wide bore boiling tubes ( %) to which are then added 10 ml.
of the diphenylamine solution. After the contents of the
tubes have been thoroughly mixed, glass teats are inserted.

The tubes are then placed in a boiling water bath for thirty/



thirty minutes, throughout which time they are agitated
frequéntly to ensure complete mixing of the specimens.
After cooling, the solutions are read on the Spekker
absorptiometer using the red Ilford filter 609. The
figures obtained are then interpreted on a previously
prepared inulin calibration curve.

The RPF, GFR and TﬁPAH results are calculated and
from them are dérived the fractions Filtration Fraction
(FF) BPF/I‘mPAH and GFR/Tmp,y. REF is obtained from RPF
ahd PCV (packed cell volume) which has been obtained from
a haematocrit reading of P .

'A11 the results are then converted into percentage
of average normal for convenience of clinical interpretation.
A completed information sheet is seen in fig. 12.

The principals underlying the method of calculations

are described by Bell, Davidson and Scarborough (1957).
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CHAPTER 1III

MATERTAL

The patients who have been investigated because of
symptoms and signs indicating the presence of renal
tuberculosis were referred to Stonehouse hospital from a
mumber of out-patient clinics and other hospitals in
Lanarkshire. At Stonehouse hospitel Mr. W.S. Mack, who
is consultant urologist, in association with Dr. Alexander
Smith, carried out further investigation to confirm the
diagnosis and prescribe the necessary treatment. Only
four patients in the final group of twenty two presented in
this thesis were not at Stonehouse hospital but were seen
and investigated elsewhere by kind arrangement with ﬁr. T.L.
Chapman, consultant urologist at the Victoria Infirmary and
Hairmyres Hospital. -

During the period April 1953 to Octobef 1956 thirty two
patients underwent nephrectomy at Stonehouse hogpital. Of
these, twenty six had clinically diagnosed renal tuberculosis:
of the remaining six, one had unilateral polycystic kidney
disease, another staghorn calculus whilst in the remaining
four the operation was carried out for other surgical reasons

viz. (1) chronic infective hydronephrosis, (2) rupture of
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of the kidney (3) hypernephroma and (4) non-tuberculous
renal abscess.

Thirty patients had the biochemical procedure
cérried out pre-operatively. The clearance tests were
carried out as the decision for nephrectomy was made. The
patients were unselected. No specific clinical-=feature
or other determining feature obtained from the adjuncts
of investigation potentiated their inclusion in this
series. All the patients underwent nephrectomy and,one
week and six months later, with the exception of three
patients the test was repeated. In these instances J.A.
refused on personal grounds, the second M.McI. succumbed to
an acute coronary artery thrombosis whilst the third, F.L.
had discharged himself irregularly from hospital and could
not be traced, despite every attempt. In five patients
histological examination of the kidney did not confirm the
diagnosis of renal tuberculosis.

Thus the final completely investigated series
comprises twenty two cases of histologically proved renal
tuberculosis. |

A brief diagrammatic explanation of the theory
involved in estimating these factors is given as Figs. 1 - 4

in Volume II.



The initial history in each case was obtained in
detail with special reference to the duration of the
presenting symptom or symptoms; previous or present
infection with tuberculosis and any family history of
tuberculosis; home condition, nature of employment and
any other details applicable to the social background
were also obtained. As a few patients were found to have
an elevated blood pressure which did not settle with bed
rest, a closer enquiry was made into their family history
in order to ascertain whether their parents had suffered
from hypertension or had succumbed to a disease process
which could have had as its origin increased hblood
pressure. Complete blood counts were carried out,
together with blood grouping.

After the clinical examination was completed, physical,
chemical and bacteriological exXamination of the urine was
carried out. Cultures of 24 hour urine collections were
made, and later, animal inoculations were also arranged.

Intravenous pyelography, although in many patients
carried out prior to admission to hospital, was repcated
and followed by cystoscopic examination, when an attempt

was made to pass a uretefic catheter into the 'good! kidney/
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kidney first of all to obtain some indication of its

state. The diseased ureteric orifice was then

catheteriged if possible, but this procedure failed in
many instances because inflammation at the lower end of the
ureter and in the bladder mucosa surrounding the ureteric
orifice made it impossible.  Specimens of urine were
obtained if practicable from each kidney and examined
chemically and bactericlogically. In patients where
ureteric catheterisation had been successful retrograde
pyelography was carried out.

Prior to the initial Inulin/PAH excretion test,
in some patients a urea clearance test had been carried
out. From it an estimate of the optimum rate of infusion
could be obtained. In all the tests a parallel urea
clearance was calculated from the specimens.

Once the diagnosis was confirmed, chemotherapy
commenced. When the decision to remove the diseased
organ was made the Inulin/PAH excretion test was carried
out. It was repeated one week after operation and again
six months after operation.

It is known that hypertrophy of the remaining kidney

commenced shortly after nephrectomy and is significant within/



within a week (see chapters VII and VIII) but as the

patients had some reaction following nephrectomy, it was

not considered justifiablekto carry out these somewhat

trying investigations in less than one week after operation.
In six months it was believed that complete compensatory

hypertrophy and establishment of the altered renal

circulation had taken place and so the test was repeated.



CHAPTER IV

SUMMARY OF RESULTS

A brief amnotation is given in thisvchapter of the
lines on which the twenty two patients,who comprise
this series, have been investigated. There follows
a detailed assessment of the results under three main
headings
(1) Clinical
(2) Biochemical
(3) Pathological
The severity of the disease affecting each patient
has been estimated by each of these methods and the results
of treatment divided into three categories |
(a) surgical,
(b) medical and
(¢) medical and surgical.
In regard to the clinicsl findings a resume is given
of the main clinical symptoms and signs found, with an opinion

in chapter X of their value in the investigation of tuberculosis/



tuberculosis of the kidney.

Intravenous pyelography, cystoscopy and retrograde
pyelography which were employed as surgical adjuncts have
provided useful information which has been included in
chapter V - clinical findings.

The Inulin/PAH excretion test provided a vast
amount of useful data which is presented in a concise manner
in chapter VII - biochemical findings - together with
figs 47 - 59 in volume II.

In chapter ViII an account is given of the interpretation
of these results. In addition to the test which is
nentioned, a parallel urea clearance test was carried out
simultaneously on the specimens obtained for the Inulin/PAH
excretion and clearance procedire and comment is made on
the correlation between these two types of renal function
test.

Bacteriological examination of the urine which is an
essential feature of the evaluation of renal tuberculosis
provides the findings which are detailed in chapter IX.

The opportunity of further identification of the cousative
organism from the specimen of kidney obtained al oper=tion

added to the information already avallable.
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Histological confirmation of the diagnosis revealed
not only the pattern of the disease process present in the
kidney but also reflected the effectiveness of the anti-
tuberculous chemotherapy which had been given prior to
extirpation of the affected kidney. A large number of
photographs, surface contour and cut surface are presented
as figs. 60 - 86 in volume II and in addition, figs. 87 - 99
renresent a cross section of the variable photomicrographs
of these kidneys. Figs. 102 - 106 are the autopsy material
from 1.1, who succumbed four years after nevhrectomy to
cerebral haemorrhage. This featire, which is described
more fully in chapter XIunder the heading 'Unilateral Renal
Tuberculosis with Hypertension! was an interesting corollary
discovered pari passu during the main investigation.

Specimens of specially nrepared large kidney
transparencies are included in volume II as a new method
of illustrating the types of tuberculosis of the kidney
which occur. In chapter XII there is s discussion of the
modern methods of anti-tuberculous chemotherapy and their
place in tuberculosis of the kidney.

Some comparigson is made with the prognosis which is

possible with these nethods and the isefulness of the/
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the biocheaical and other findings as an apparent index
of prognosis.

Finally an appraisal is given of the severity
of the disease by the various types of procedure
which have been. employed and their significance in
estimating the best therapy to be applied in each

instance.



CHAPTER V

CLINICAL FINDINGS

Throughout the clinical aspect of the investigation
of renal tuberculosis the pattern of symptomatology was
constant. In chapter VI a brief account is given of the
prodromal lesions evident ﬁrior to the onset of renal
tuberculosis. All the patients examined had a good

in particular their facial appearance

general appearance
and bodily nutrition did not suggest the presence of
tuberculogis. Only two patients, R.S and D.O'R. locked ill
when admitted to the urological unit and both had active
extra~renal tuberculosis.

Incressed frequency of micturition which was found
in eighteen patients (82per cent) was the most common symptor.
It was divided into two distinct categories, viz. diurnal
and nocturnal. The diurnal frequency was measured as the
average wime betwescen successive micturitions and varied from
twenty minutes to sixty to nineby minntes.  The nocturnal

freguency was denoted by the number of times the patient head

. . . FUNC 1 LSRR RIRI JRT e e
to rise to nass urine daring the night: bthis varied from
four to geven times. ihe volime voided in those who had thae/
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the most persistent symptom was two to three ounces.
Three patients, V.B., M.B., and A.T had in additionm,
extreme urgency. | In addition to fre;uency of micturition
twelve patients (54.5 per cent) had pain on passi:g urine.
The degree of discomfort varied from a burning sensation
during the passing of urine to severe pain at the beginning
or on completion of the act. Some relationship between this
symptom and the presence of cystitis was noticed and is
comzented on later. IM.lle who had increased frequency of
nicturition and some dysuris, originally visited a
gynaecologist because of stress incontinence. No pelvic
abnornelity was discovered in explanation of her urinary
symptoms and accordimgly she was referred for urological
investigation, which resulted in the discovery of tuberculous
bacilluriae

The passage of blood stained urine was complained of
by five patients (22.7 per cent): the amount of blood staining

varied. In one patient, A.T., haematuria had been present
on only one occasio  and apoeared to have been associated with
a secondary infection which was unsuccessfully treated with

sulphothiozole. In the other four patients haematuria was

transient and appeared to have been a conseqience of a more/
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more acute bout of éystitis.

In four patients (18 per cent) there was no history
of increased frequency of micturitibﬁ, dysuria or
haematuria. |

A.Bk, complained of listlessness and swelling of the
ankles which had been long associated with proteinuria.

& diagnosis of chronie néphritis had been suggested at the
outset of her illness and treatment for this condition
instituted. D.O'R who had been suffering from tuberculous
epididymitis and was recelving treatment for this condition
was found to have a tuberculous bacilluria on routine
examination of his urine. There followed more specific
examination of his renal.tract with the findings which
will be mentioned later. R.¥. had been known to have
nobtarnal enuresis for eighteen months. He was referred
to the urological outpatients' department and on
bacteriological examination his urine was found to contain
tubercle bacilli.

Five patients complained of backache. In V.B's case
this complaint was the presenting symptoms In addition
he gave a history of typical right sided renal colic. There

was nauasea and active vomiting with freguency and urgency of/
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of micturition during and after an attack. M.B. hadled
recurrent pain of a cramping character on the left side.
This had been present for cne year. Each attack had
lasted an hour and urgency and dysuria invariably followed.
Initially J.M. had pain in the left loin and developed a
swelling which was aspirated six weeks later. The pus
contained tubercle bacilli. A short history of right lumbar
pain occurring shortly after micturition was mentioned as the
main complaint by K.P. On cystoscopy she was found to have
a sub-acute cystitis. After repeated bacteriological
exaninations of the urine acid and alcohol fast bacilli
were discovered.

Backache developed rather differently in J.P, who had
had pain in the right iliac fossa which had travelled up
into the right loin region and cansed backache. This symptom
was mentioned‘in addition to those of increased fregquency
of micturition and dysuria. In only one patient (A.T.) was
there a history of night sweats, which is a subject of further
cbmment in chapter X. There is appended a table showing the
incidence of the ma’n symptoms which occurred and which

have been detailed above.
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Inc. : Other Fo
Freg. Dysuria.Haematuria.Symptoms.Symptoms.

No.of patients 18 12 5 A 4
Percentage 82% 5% - 22% 8%  18%

As has already been stated the general éppearance of the
patient was good. lMucous membranes were well coloured, =
factor which was confirmed on carrying out examination of the
haemoglobin and red cell count. In noned the patients
was there any evidence of other than a mild degree of iron
deficiency anaemia. Throughout, temperature, pulse and
respiratory fates were recorded without any significant
alteration being apparent. OCOccasionally there were small
bouts of pyrexia associated with -cystoscopic examination or
concomitant mild infections of the upper respiratory tract.
The lowest value of haemoglobin was 79% (11,7>gms.%. The
mean for all patients was 90% ( 13.3) gms.%. The white cell
count was within normal limits, although, when there appeared
to be a more intense tissue reaction to the infective process,
a leucocygtosis (mainly lymphocytic) was present. In
addition erythrocyte sedimentation rates were found to be
noderately elevated in the pre-operative period although
this was not an invariable finding. A more detailed account

of these findings is given in chapnter X.
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Examination of the respiratory system revealed, with
X-ray confirmation, that sixteen patienté had had pulmonary
tuberculosis. This feature is referred to in more detail
in chapter VI. In patients who had cough and spit, the
sputun was referred for detailed bacteriological examination.
In two patients the tubercle bacillus was isoiated, whilst
in all others the organism was not found in repeated examination
of the sputum.

The cardiovascular system was investigated with particular
note being made of the blood pressure readings which are
presented as fig.42. This table shows the figures before

A0peration, one week after operation and six months after
operation. Unfortunately in two patients, A.T. and A.Bt., these
records were mislaid. In the other patients it can be seen
that thirteen had a normotensive pattern prior to operation,
whereas the remaining seven had systolic and diastolic
hypertension. Further reference will be made to this in
chapter XI and is also the subject of a separate comiunication
(Craik and Macdonald 1958). In no patient was there any
evidence of rheumatic carditis, neither was there any clinical
sign or symptom to suggest that the patient had previously

gnffered from tuberculous pericarditis.



Abdominal examination was cairied out routinely in all
the patients. Tenderness over the affected kidney was an
invariable feature. H.McL. had a considerably enlarged
right kidney which was freely palpable in the abdomen and
appeared to be quite mobile. The presence of previous
fistulae was seen in R.S. who also had a firm and adherant
mass in the left loin and hypochondrium.

In the female patients detailed menstrual history
was obtained from the young age group and in none was there
any evidence to suggest the presence of tuberculous
endometbritis. |

A1l the male patients had the testes examined and rectal
examination carried out to note the presence or absence of
enlargement of the seminal vesicles. In two patients D.O'R
and R.S. who had had tuberculous épididymitis previously, some
thickening of the vasa deferentia and the epididymes was
felt.

The'centralAner'vous system was examined and in particular
the fundus oculi to note the presence 6r absence of any retinal
tuberculosis.  In the patients suffering from hypertensicn
in association with the unilateral renal disease the firdings

are commented on in chapter XI.



Urine examination was carried out daily in all
the patients in the series and in most protein was found.
Pus cells were also present in all patients.
Bacteriological examination is referred to in considerable
detail in chapter IX.

Once the diagnosis of renal tuberculosis was confirmed
bacteriologically, further investigation was undertaken
to localise the side of the lesion and assess its severity
in order to arrange anti-tuberculous treatment. In respect
of this, further surgical investigations were undertsken by
means of intravenous pyelography, cystoscopy and retrograde
pyelography.

Intravenous pyelography.

Following the intravenous injection of 50% uriodone
X~ray examination revealed the opague shadow which had been
produced in the kidney. By this method an indication of
the reaction, size, severity, position and distribution
of the tuberculous process in the kidney affected was obtained.
Further, by serial X-ray, i.e. five to ten minute intervals,
concentration of the dye could be judged and the effectiveness
of the excretion of the dye into the kidney estimated. In

addition the shape of the renal pelvis could be assessed;
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assegsed; ‘the condition of the ureter and the size and

appearance of the urinary bladder gauged. Figs. 14 - 27

in Volume II are representative X-ray photographic

reductions of some of the intravenous pyelograms carried

out. The different patterns which occurred in tuberculosis

of the kidney are very numerous but in the examples

included many of the more common features are illustrated.
Fig.l4 shows no excretion from the left kidney, with

some excretion from the right kidney, which appears reasonably

normal, although some hydronephrosis would appear to be

present. Fig. 15 shows the bladder of the same patient

and reveals a fairly normal sized bladder although some

distortion is present at the entrance of the left ureter

to the bladder. Fig. 16 shows no function from the right

kidney whilst the left kidney appears to be reasonably nonnal.

This figure also shows the distortion present in the lumbar

spine, due to spinal caries. The appearance in this

photogaph is suggestive of right renal tuberculosis. Fig.l7

shows dye excretion from both kidneys. On the right side

the shadow is less intense but appears to be quite normal. The

calyces of the left kidney appear to be somewhat dilated with

some fuzziness evident in the middle and lower calyces. The/



The appearances are those of tuberculosis of the left kidney.
Fig.1l8 is an interesting photograph in that the left side
appears to be within normal limits though there is some
distortion in the calyces éf‘the lower pole. The right
kidney is somewhat dilated but there is no other definitive
evidence of disease. In this patient the disease is
localised to the lower pole of the left kidney. IMultiple
calcified glands are seen in the gbdomen, while the bladder
shadow is very small. Fig. 19 shows no excretion from the
left kidney. The right kidney shows distortion of the upper
pole calyces.and little or no excretion from the middle and
lower calyces. The kidney appears to be enlarged. The
tuberculous lesion is in the left kidney (c/f fig. 58). The
bladder shadow is within normal limits. Fig. 20 presents
rather an unusual picture in that both kidneys appear to be
abnormal in outline; the right kidney shows cavitation and
distortion of the calyces of the upper and middle poles of the
kidney. No excretion is seen in the lower pole; the left
kidney shows some dilatation of the lower pole. In this
patient the right kidney is severely damaged; the left kidney
also appears to have some mechanical distortion. In fig.2l

both kidneys show excretion and generally the appearances are/
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are quite normal although on the right side there ig some
irregularity in the lower pole. The ureter appears to be
dilated.  Although not clearly seen in the reduction
photographs the calyces of the upper pole of the right kidney
are somewhat fuzzy and irregular due to tuberculosis. Fig.22
is a most interesting one in that it shows a completely calcified
left kidney with calcification also seen in a thickened left
ureter. Fig. 23 from the same patient shows some dilatation
of the right kidney with irregularity of the calyces of the
upper pole. The left kidney and uretervare calcified as in
Tig. 22. Post-operatively fig. 24 shows the remmant of the
calcified left ureter; the right kidney shadow shows some
slight irregularity of the lower calyces with some slight
dilatation of the ureter. Fig. 25 shows an even but
reasonably normal pattern from the right kidney which appears
to be slightly enlarged. Ko excretion is visible from the
left kidney. Figs. 26 and 27 are at five to fifteen minute
intervals after the uriodone injection. The right kidney is
rapidly visible in fig. 26 but no excretion can be seen from
the left kidney. In fig. 27 there is now a faint shadov seen
on the left side whereas the right kidney now appears to be

more normal in outline.



These representative intravenous pyelograms indicate
the usefulness of this 'surgical! adjunct of renal
investigation, although their use is rather limited. It is
essential that further methods should be employed to reach
a more precise diagnosis. Accordingly cystoscopy was
arranged and carried out in each patient.

Cystoscopy.

Cystoscopy was carried out in all the patients iﬁ
the series by the urological surgeon with or without
general anaesthetics. The severity of the symptoms
complained of and thé patient's general condition being
the determining features in the use or otherwise of the
anaesthetic.

The bladder capacity was measured; the bladder surface
was then examined in detail and the presence or absence of
cystitis, tuberculous or non-tuberculous, noted. A brief
note is given of the findings in some of the patients as
illustrative examples.

In J.licA. who had had a relatively short history of
increased frequency of micturition, four weeks only, the
examination revealed a normal bladder in which the capacity

was small, only four ounces being retained.  The right/
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right ureter appeared to be normal but the left ureter
was likened to a golf hole because of the retraction which
was present. The whole bladder was congested but no tubercles
were seen. Similarly H.McL. at cystoscopy was found to
have.a small bladder capacity and on inspection of the
nucosal sarface a patch of cystitis was evident on which
tubercles were visible. The right ureteric o:ifice was
slightly dilated and the left ureteric orifice drawn back
considerably. In J.P. the bladder capacity was found to be
normal whereas the right ureteric orifice was completely
obstructed and obscured. |

The extension of the disease from the kidney into the
bladder from the ureter can be seen on inspectian and if it
has been long standing tuberculous cystitis méy be evident.
Retrograde pyelography. |
| Following inspection of the bladder by cystoscopy an
attempt was made to pass ureteric catheters first into
the more normal or healthy ureter. When this had been achieved
and the.io ml. of 35% uriodone injected along the catheter,
a retrograde pyelogram X-ray was carried out. Thereafter an
attempt was made to pass the catheter into the ureter on the

affected side, but in many cases this proved impossible due to/



to thickening and cicatrization of the ureter. In patients
where this procedure was successfully carried out and the
dye injected along the catheter, a further X-ray photograph
was obtained. In this way a more complete impression was
obtained of the character, pésition, size, severity,
location and distribution of the tubercalous process in the
kidney affected. A brief note is given of the findings of
the retrograde pyelography demonstrated in Volume II as
figs. 28 - 4l.

In fig. 28 a shaggy appearance of the ureter,due to
diffise fibrosis and granulomatous infiltratiom, is seen.
The renal pelvis is grossly contracted and the normal
architecture of the calyces replaced by a number of large
irregular cavities which present a 'moth-eaten! appearance.
Fig. 29, which is a lateral view confirms the impression
given in fig. 28. Fig. 30 shows generalised dilatation
of the calyces in the right kidney whereas fig. 31 shows the
result of catheterisation of a fairly normal left kidney.
‘The dilated and distorted right kidney calyces are still seen.
Fig. 32 shows the left kidney which is normal in outline;
there is some dilatation evident in the lower pole of the

ureter. The right ureteric orifice could not be catheterised/

[a)
A9



catheterised effectively as the catheter did not go beyond

2 cms. It wés accordingly withdrawn. Fig.33 shows a
somewhat dilated pelvis on the left side with fairly normal
cupped leéser calyces. The right ureter in tais patient also
could not be catheterised and accordingly no dye was injected
into the right kidney. Fig. 34 is similar in %hat the left
kidney appears normal, the right ureteric orifice could not

be catheterised. Fig. 35 and 36 which were carried out

on different occasions show considerable dilatation of the
kidney pelvis on the right side with dilatation of the ureter.
The left side shows gross distortion of the kidney outline.
Cavity formation could be seen in both outer and lower poles.
In fig. 37 the right kidney appears to be normal in outline.
The left ureter could not be catheterised and accordingly no
pyelogram X-ray was obtainable. A normal retrograde pyelogram
was obtained in fig. 32 which reveals a slightly dilated renal
pelvis., As the left ureter could not be catheterised further
than 2 cms. no pyelogram was obtained on this side. In fig. 39
a moderate degree of hydronephrosis is seen on the left side;
the ureter shows some dilatation. On the right side the ureter
was only partially catheterised and considerable dilatation

is seen in it. The kidney is not visualised. A retwgrade/



retrograde pyelogram was not possible in the patient J.P.

as the right ureter was completely obscured. However the
left side was catheterised and a pyelogram obtained. Fig. 40
shows some dilatation of the middle group of calyces apd
incomplete filling of the upper pole. In regard to R.S.

who had been found to have a calcified left kidney and ureter
which could not be catheterised, an attempt was made to

carry out a retrograde pyelogram on the left side with the
result seen in fig. 41. Some distortion of the middle and
upper calyces is evident with dilatation of the pelvis.

It can be seen that the retrograde pyelograms obtained
are a useful ancillary method of localising the distribution
of the lesion in the affected kidney when it can be catheterised.
Its value in estimating the zppearance and condition of the
contralateral kidney is also evident.

It is therefore advisable to make use of all the
clinical findings assisted by the surgical techniques of
intravenous pyelography, cystoscopy and retrograde pyelograph
to obtain accurate localisation of the tubercilous lesion
or lesions present. It is felt however that a more re'lably
quantitative estimate of renal damage is reqired and so the

Tnulin/PAH excretion and clearance procedures were carried out.



CHAPTER VI

PRODROMAL LESTONS

It has been categorically stated by most authorities
in discussing the etiology'of renal tuberculosis that
the disease is not the initial presenting lesion of
tuberculosis.

Thomson-Halker (1937) stated that strictly primary
renal tuberculosis does not exist. Ie goes on to state
that there is always a primary focus present in the body
though not always discovered clinically. In 193 patients

'

who had renal tuberculosis operated on by him, 48.1 per cent
had lesions elsewhere. In 346 patients who had been operated
on for renal tuberculosis Braasch (1920) found 71 per cent
had had previous evidence of tuberculosis. A further
series described by Persson (1925) had prodromal extra renal
tuberculosis in 50 per cent of cases.  Borthwick (1956)
assessed this feature in the course of a review of renal
tuberculosis and found that in 48.3 ner cent of males there
was evidence of extra uro-genital tuberculosis, whereas
in ferales the proportion was slightly lower at 46.3 per cent.

£

Thonoon=-al%er (1027) found active pulmonnry tuberenlosis/
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tuberculosis invonly 5¢3 per cent of his series whereas
Borthwick (1956) reports that 47.7 per cent of patients
had pulmonary tubercul-sis and a further 12.6 per cent
had combined lung and bone and lung and joint tuberculosis.

In the present series 16 (72.7 ver cent) had evidence
of previous pulmonary tuberculosis. Tuberculous
epididymitis was found in three patients (13.6 per cent),
D.0O'R, W.S. and R.S. as prodromal lesions. Thomsdn-walker
had 23.3 per cenlt with epididymitis in his series whilst
Borthwick had 63.8 per cent.

E.C. in whom there was no evidence of pulmonary
involvment had had tuberculosis of the third and fourth
lumbar spine seven years prior to the renal disease.
¥M,P. had previously suffered from tuberculosis of the
sternum.

It is interesting that the daughter of T.B. had had
tuberculous meningitis two years prior to his own illness.

R.Y., who is the youngest patient in this series,
had previously suffered from pulmonary tuberculosis and
wag orphaned b the death of his mother by pulmonary phthisis.

In four patients (18 per cent) no distinctive evidence

was found of the presence of a prodromal lesion.



The tubercle bacilli may reach the kidney in
one of the following three wayss:-

(1) by an ascending route from the epididymis,

seminal vesicles or prostate.

(2) vy lymphatic channels from neighbouring

glands or

(2) by blood spread.

pedler (1926 and 1932) showed that bilateral renal
tuberculosis was present histologically in many patients
who had died of extra-urogenital tuberculosis.

It was considered that the resistance of the patient
and the virulence of the bacilli determined the development
of the kidney lesion. Following breakdown of a small
quiescent lesion in the kidney, a tuberculous bacilluria
may arise and in this way symotoms and signs of the disease
develop. The process, once it has invaded the mucous
membrane of the renal éelvis and caused ulceration may result
in furthér lesions developing clsewhere in the renal tract
with spread occurring into the ureter and thus to the bladder

itself.

Fullerton (1927) in a series of 141 cases found evidence

of some tuberculous lesions in 26 per cent and added that/
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that no doubt hidden foci were present in glands, bonesg
ete. but not sufficiently obvious tb arrest aﬁtention
during an ordinary clinical examination.

In this series the most common precursor of renal
tuberculosis was lung involvement.  The incidence of
prodromal lesions affecting other parts of the genital
system - seminal vesicles, prostate and epididymis, -
found by Borthwick (1956) was not confirmed ih this sm?ll
series. It is generally recognised however that renai
tuberculosis is not a‘primary disease but is secondafy to
another focus of taberculous'infection,»apparent or

latent.
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CHAPTER VII

BIOCHEMICAL FINDINGS

The biochemical investigation which has been utilised
for the purpose of this series was the combined Inulin/PaH
excretion test as described in chapter II. This test was
carried out on each patient on three occasions,

(1) prior to nephrectomy
(2) one week after nephrectomy and
(3) six months after nephrectomy.

From the results of the test a value for Renal Plasma
Flow (RPF), Glomerular Filtration Rate (GFR), and Maximal
Tubular excretion of p-aminohippurate (TmPAH) was obtained.
The maximal excretion of PAH depends on the number and the
functional efficiency of nevhrons and is little influenced
by physioclogical vasomotor variations in renal blood flow
and in glomerular filtration (Smith, (1951). In renal
disease the maximal tubular excretion of Tmppy is a measure
of surviving functionel kidney tissue, the quantitative
accuracy of which ig further discussed in chapter X.

If the Tmpay figures ere arranged in descending orde/



order of the pre-operative value (fig.43) the cases can
be arranged in mild, moderate and severe groups. >It can
be seen from fig. 43 that there is an overall loss of
funetional rénal tissue immediately after operation which
is not made good in six months time. It is important to
note that the values obtained pre—oéeratively are for the
combined functioning ability of the two kidneys, while the
post operative figures are for the single remaining kidney,
the percentage of average normél figure being caléulated
on the average normal for two kidneys. In the mild group
the TmPAH value is 75 per cent of average normal or higher;
in the moderate group it is 50 - 75 per cent and in the
severe group it is less than 50 per cent of average normal.

A review of these groups will now be given, with
details of illustrative examples of Tmppy, RPF and GFR results.
MILD GROUP. |

There were five patients in this group in all of whom
the pre-operative maximal tubular excretory capacity of
PAH (TmPAH) for two kidneys was more than 75 per cent of average
normal. The oldest natient was 35 years, the youngest 23

years and the mean age 28.8 years. (fig.43).

Moximal Tubular Fxcetory Capacity of PAH.



Maximal Tubular Excretory Capacity of PAH.

The mean value of Tmp,y prior to operation was
63.7 mgm. per min. (80 per cent of average normal): one
week after operation there had been a considerable fall
to 45.6 mgm. per min. (57.8 per cent of average normal)
with a further slight but not significant fall to 42.3 mgm.
per min. (53.6 per cent of average normal) after six
monthse. Fige 44e

In J.P. the Tmp,y pre-operative value was €l.2 mgm.
per min. (77.5 per cent of average normal): one week post
operatively this figure was 60./ mgm. per min. (77 per cent
of average normal). It is difficult to explain this
high value after Aephrectomy as the six month's figure was
34.0 mgm.‘per mine. (43 per cent of average normal). In
general, at the end of gix months the amount of functional
renal tissue was within the normal range for a single kidney.

Renal Plasma Flow.

The mean value for the mild group for RPF was 431 ml.
per min. (69 per cent of average normal): at one week after
operation RPF was 415 ml. per mine (66 per cent of average
normal) whilst at six months this figure had fallen to 315

ml. per min. (50 ner cent of average nornal). Fige 4l



In fige 45 the RPF and GFR results are arranged
according to'the‘descending value of Tmp,y pre-operatively.
It can be seen that the general pattern is similar although
the quantitative amount of renal tissue damaged cannot be
assessed as accurately as with Tinp pppe

The FPF value for RS pre-cperatively was low at 267 ml.
per min. (43 per cent of average normal): after one week the
figure was 232 ml. per min. (42 per cent of average normal)
and remained more or less the same after six months. In
this patient there had been some improvement in ﬁhe RPF
after nephrectomy whereas in AC the initial value which
had been 527 ml. per min.(84 per cent of average normal)
fell immediately after operation to 444 ml. per min. (71 per
cent of average normal) and was finally reduced to 277 ml.per
min. (44 per cent of average normal) after six months.

Glomerular Filtration Rate.

The mean value for the mild group for GFR was
82 ml. per min. (67 per cent of averagé normal) prior to
operation. Immediately after operation the GFR was 69 ml.
per min. (56 per cent of average normal) whereas in six months
time there had been some slight recovery and the figure was

72 ml. per min. (59 per cent of average normal). Fig. 4.

i
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The GFR results which have been arranged according
to the pre-operative value of Tmp,y results in fige. 45
showed no particula: trend other than that there is an
associated parallel with Tmpyy and RPF results.

The pre-operative value of GFR in IP was 57 ml. per
min. (46 per cent of average normal): after one week the
figure had dropred to 52 ml. per min. (42 per cent of average
normal) and after six months it recovered to 58 ml. per min.
(47 per cent of average normal). Initially RS had a GFR
result of 90 ml. per min. (73 per cent of average normal)
falling one week after operation to 76 ml. per min. (62
per cent of average normal) and finally rising after six
months to 79 mle. per min. (64 per cent of average normal).

In the mild group the Tmppy , RPF and GFR values
pre-operatively indicate that there is a reasonable amount
of functional renal tissue, fige 44. One week after operation
there is a reduction in the amount of functional renal
tissue present.  Six months later there has been a still
further slight.drop in functional renal tissue but the overall
final result indicates that there is still substantial renal

function in the remaining kidney.



MODERATE GROUP.

In the moderate group fhere are eight patients in
whom the pre-cperative maximal tubular excretory capacity
of PAH for two kidnéys was more than 50 per cent and less
than 75 per cent of average normal. The oldest patient
was 45 years, the youngest 12 years and the mean age 27.3
years, slightly lower than but noﬁ significantly different

from the mild group, fig.43.

Maximal Tubular Excretory Capacity of PAH.

The mean value of TmfAH prior to operation was 57.7 ngm.
per min. (60.5 per cent of average normal): one week after
operation Tmpay was 45.5 mgm. per min. (57.7 per cent of
average normal) which indicates that there has been very little
loss of functional renal tissue. This result for TmPAH of
45.5 mgme per min. (57.7 per cent of average nofmal) was
also found six months after operation. This general result
is discussed further in chapter X.

An inspection of individual figures is interesting.

TB, RY and 1B all showed some increase in Tmp,y after operation
although all three reverted to velues which were less than thaee
prior to operation. In the case of WN the pre-operative

value of 45.5 mgm. per min (58 per cent of average normal) had/



had fallen to 38.5 mgm. per min. (49 per cent of average
normal) one week after operation and finally had risen to
46.7 mgn. per min. (59 per cent of average normal) six
months after operation, indicating that hypertrophy had
occurred in the remaining kidney following removal of the
diseased organ. Further reference will be made to this
in chapter X.

Renal Plasma Flow.

The mean for the moderate group in respect of RPF
results was 597 ml. per min. (79 per cent of-éverage normal)
prior to nephrectomy: one week after nephrectomy it was
397 ml. per min. (64 per cent of average normal) and six
months later 373 ml. per min. (60 per cent of average normal).

On inspection of fige. 45 it can be seen that the general
ipattern throughout has been consistent. Only in one, WN, was
there #n increase in RPF value after operation. It, however,
had settled six months after operation. This increase
from 325 ml. per min. (62per cent of average normal) was,
perhaos, due to some technical difficully experienced
during the execution of the test imsediately after operation.
VB at six months after nephrectomy had an increase in RPT to

512 ml. per nmin. (82 per cent of average normal) from an/



an initial value of 437 ml. per min. (70 per cent of
average normal) which had fallen to 411 ml. per min. (66
per cent of average normal) one week after operation.

Glomerular Filtration Rate.

The results in this group were in keeping with the
other results. The mean value prior to operation was
84 ml. per min. ( 68 percent of average normal) dropping to
75 ml. per min. (6L per cent of avérage normal) one week after
nephrectomy and recovering to 78 ml. per min. (63 per cent of
average normal) six months.

An inspection of the detailed values, fig. 45, shows
no specific trend, the figure falling fairly closely between

hose of RPF and TmfAH' In JkcA the initial value was

7/ ml. per min. (6l per cent of average normal) falling one
week after operation to 50 ml. per min. (41 per cent of
average normal) and returning to 75 ml. per min. (6L per cent
of average normal) six months after operation whereas in
DO'R the initial value of GFR was 90 ml. per min. (73 per cent
of average normal) falling to 24 ml. per min.(68 per cent of average
nornal) one week after operation and finally the figure being
65 ml. per min. (53 per cent of average normal) at six months.

The trend generally in the moderate group indicates/



indicates that the amount of functional renal tissue

is less than that of the mild group, although the RPF and
GFR values remain slightly better. One week after operation
there has been a further slight loss in the amount of
functional renal tissue as showm by the T?PAH value buf the
loss is considerably less than that seen in the nild group.
The fall in RPF and GFR has also been correspondingly

less than that which occurred in the mild group

after one week. Six months later the TmPAH figure was
unchanged whereas in the mild group there had been a
further loss at six months.

SEVERE GROUP,

In this group there are nine patients, the pre-operative
maximal tubular excretory capacity of PAH (TmPAH) for both
kidneys being less than 50 per cent of average normal. The
oldest patient was 62 years, the Xoungest 25 and the mean age
L2.4 years, significantly older than in the other two groups.’

Maximal Tubular Exeretory Capacity of PAH.

The mean vahie of Tuppg before operation was 31.8 mgm.
per min. (40.4 per cent of average normal); one week after
nephrectomy it had dropped to 30.1 mgm. per min. (38.1 per

cent of average nornal) whereas in six months time 1t had risen/

o)
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risen to 36.2 mgm. per min. (45.9 per cent of average
normal). |

In this group the most outstanding feature has
been the bonsidé}able recovery generally of the TWPAH
values found six months after operation. In WS the
pre-operative value for Tmppy was 29.7 mgm. per min.

(38 per cent of average normal); this figure fell to

20.2 mgﬁ. per min. (26 per cent of average normal) one week
after operation whereas in six months time the Tmp,y value
was 35.0 mgm. per min. (44 per cent of average normél)f

Fig. 43. The pre-~operative velue for HMcL wasréS.l mgm.
per min. (35.7 per cent of average normal) which had risen
slightly one week after bperation io 29.1 mgm. per min.

(37 per cent of average normal) and made a more significant
recovery still ﬁo 39.1 mgm. per min. (50 per cent of average
normal) six months after operation.

The hypertrophy of the contralateral kidney which
occurs on the removal of the diseased organ is well
represented in these two examples and will be commented on
more fully in chapter X. .

Renal Plasma Flow.

The RPF results for this group showed a mean of 240 /
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20 ml. per min. (38 per cent of average normal) prior to
nephrectomy: after one week RPF was 284 Ml. per min. (45
per cent of average normal) whereas in six months the figure
obtained was 223;ml. per min. (36 per cent of average normal).
Further reference to fig. 45 shows that the trend
which was noted to occur in the mild group and the moderate
group so far as the RPF values were concerned has been
maintained in the severe group. In AT the pre-operative
value for RPF was 416 nl. per min. (67 per cent of average
normal) a figure which, after one week, had fallén to”
260 mle. per min. (42 percent of average normal)‘énd was
reduced to 215 ml. per min. (34 per cent of average normal)
six months after operation. 1In WS the pre-operative value for
| RPF was 170 ml. per min. (27 per cent of average normal)
which rose slightly one week after operaticn to 213 wml. per
min. (34 per cent of average normal) but six months after
nephrectomy had fallen again to 184 nl. per min. (30 per cent
of average normal).

Glomerular Filtration Ratbe.

The GFR results in this group follow a similar pattern
to that seen in the mild group and moderate groupe. The

mean velue for GFR before operation was 51 ml. per min. /
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win. (41 per cent of average normal): one week after
operation was 53 ml. per min. (43 per cent of average normal)
with reversion to the original value six months after
operation, 51 ml: per min. (41 per cent of average normal).
In the severe group WS had an initial GFR value
~of 42 ml. per min. (34 per cent of averagenormel) which
improved to 47 mle per min. (38 per cent of average normal)
one week after nephrectomy and remained at 47 ml. per min.
(38 per cent of average normal) six months after operation.
In HMel the pre-operative value for GFR was 42 ml. per min.
(34 per cent of average normal) rising one week after
operation to 53 ml. per min. (43 per cemt of average normal)
but finally returning to a lower figure of 44 nl. per min.
(35 per cent of average normal) six months after
nephrectomy. Fig. 45.
In the severe group, as has been stated, there has

been a considerable loss of functional renal tissue,

the mean value of Tmp,y RPF and GFR being less than 50 per
cant of average nofmal in each case. One week after operation
there has been a slight improvement in RPF and GFR group
figures, though the Tmppy results have been still further

lessened. In regard to this, comparison with the other two /



two groups, mild and moderate, shows that there has been a
slight increase in the HPF and GFR values in the severe
group whereas in the other two groups there had been a fall
in RPF and GFR ;fter one week. Six months later the
outstanding feature has been the recovery of TmPAH
with a maintenance of the GFR value though the RPF result
has fallen to a value lower than that existing pre-operatively.
Comparison with the mild and moderate groups
at six months after nephrectomy reveals that the general
trend of reduction in FPF and GFR values has beenvcongistant
in the three groups but that the Tmp,y value has shown
recovery. The significance of this feature will be

discussed in chapter VIII.
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CHAPTER VIII

INTERPRETATION OF RESULTS

In chapter VII reference has been made to the tables
prepared from the results of the excreticn and clearance
tésts. It is now proposed to assess.the significence of
these results.

The maximal excretion of PAH depends on the number
and the functional efficiency of nephrons and is little
influenced by physiological vasomotor varistions- in renal
blood flow and in glomerular filtration, Smith (1951).

In renal disease the maximal tubular excretion of PAH
is a measure of surviving functional kidney tissue.

The TmPAH results have been arrang;d in descending
order of théir pre-operative values, It has been found
that a convenient though arbitrary arrangement of these
results can be made by which the patients are divided into
ﬁhree distinct groups:-

(1) a mild group in which the pre-operative

values of Tmp,, were 75 per cent or more of
average normal. There are five patients in

this groupe.



(2) a moderate group in which the pre-operative
value of Tmpy was from 50 - 75 per cent
of average normal. There are eight patients
in this group.

(3) a severe group in which the pre-operative
value of Tmppy was less than 50 per cent of

average normal. There are nine patients in

this group.
Ii31d Group.

In the mild group, as has already been seen, the

diseased kidnéy still contains a considerable amount of
functional renal tissue and this is lost when surgical
removal takes place. That this is the case is secen
in the TmPAH values pre-operatively and post~operatively,
£ige Lk

- From the group means it can be seen thaf the pre-operative
value for Tmpuy Was 63.7 mgu. per min. (80.7 per cent of average
normal): one week after operation thé valﬁe was 45.6 mgm.
‘per min. (57.8 per cent of average normal) with the final
result six months later being 42.3 mgm. per min. (53.6 per
cent of average normal)e It is also noted that compensatory

hypertrophy of the remaining kidney is maximal by the end /
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end of the first post operative week. Six months later
there is no significa.ﬁ'b alteration of renal function,
though thg renal plasma flow has shbwn some decrease from
415 ml. per mihj‘(66 per cent of average normal) one week
after operation to 315 ml. per min. (50 per cent of average
normal). |

Moderate Group.

In the moderate group the amount of functional renal
tissue remaining in the diseased kidney pre-operatively is
considerably less than that remaining in the affected kidney
in thé first group. The mean value for TmPAHMfor the
moderate group is 47.4 mgms per min. (60.5 per cent of average
normal) as compared with 63.7 mgm. per min. (80.7 per cent
of average normal) in the mild group. One week after
operation there has been some slight loss of functional
renal tissue, the Tmpyy figure dropping from 47.7 mgm. per
min. (60.5 per cent of average normal) to 45.5 mgm. per min.
(57.7 per cent of average normal; and in six months time
there is no further hypertrophy of the remaining kidney to
make good the loss resulting from the removal of the diseased
organ, the TmpAH figure being unaltered from that found one

week after operation, 45.5 mgm. per min. (57.7 per cent of/
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of average normai).

Severe group.

The most interesting finding is,that in the severe
group there is a significant increase in the Tmp,, values
six months after operation. A week after operation hypertrophy
of the contralateral kidney has almost made good the loss
of functional tissue following operation. Unlike the
mild and moderate groups compensatory hypertrophy is not
maximal in a week and progresses until,in six months, renal
function‘is better than before nephrectomy. This is{a most
intriguing situation andJcan'only be interpreted by suggesting '
that the presence of a severely diseased kidney has inhibited
compensatory hypertrophy of the contralateral kidney and
possibly also deﬁressed its functional capacity. As
soon as the diseased kidney is removed this influence no
longer exists - function is recovered and in fact is improved
further by the occurrence of some hypertrophy in the
remaining kidney. These facts have been represented
diagrammatically in fig. 100.

Arataki (1926) carried out experimental researches

on the compensatory enlargement of the gurviving kidney/
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kidney after nephrectomy in albino rats and found that
the increase in renal mass was attributed to hypertrophy
and hyperplasia of the tubules and their epithelium, but
not to igcrease;in the number of glomeruli. Jackson and
Shiels (1927/28) confirmed these findings and made detailed
observations of the rate at which the compensatory
hyper£rophy tock place. They have stated that this is
mich greater when nephrectomy has occurred in young rats
(first month) than in adolescent or mature animals.
They also state that there was no evidence of pseudo-
hypertrobhy due to renal congestion.

loore (1929) found that there was no increase in
the number of glomeruli in the kidney of the adult white rat
which had had nephrectomy in early life. He followed this
with a further peper in 1930 in which he reported an
interesting case in which there had been hemi-hypertrophy.‘
He took the opportunity to study in detail the two kidneys.
He found tbat each kidney contained essentially the same
number of glomeruli in spite of the notable difference
in thelsize and weight of the two organs.

Rollason (1949) in his paper on the role of cellular

hyperplasia in the compensatory hypertrophy of the kidney/
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kidney of the young rat concluded that the hypertrophy
began immediately after the recovéry from the operation
and had feached its maximum within twenty days. IHe

found that both cortex and medﬁlla increased in size.

The tubules became enlarged within twenty four hours as a
- result of hypertrophy occurring in the cells whilst
increase in this mitotic figure was present within four to
eight hours in most of the tubules.

Saphir (1927) mentioned that the glomeruli became
enlarged in rats and also in rabbité primarily because the
capsular cells increased. Sulkin (1949) also étudied the
éytological alterations which took place after operation
and found that mitosis was most active between the third and
tenth days. Dlalm (1949) described a series of studies |
wﬁich referred to the recovery of renal fuanction after
nephrectomy for renal tuberculosis. Iialm fognd that on
the twenty sixth day after nephrectom~ there had been
congiderable recovery of function in the remaining kidney.

I have not been able to find a report of hypertrophy
of the remaining kidney following nephrectomy,for unilateral
renal tuberculosis, in man. All the evidence quoted above

has been from the results of experimental studies mainly/
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mainly in thé albino rat.

Another aspect of the experimental study in this
problem has been the assessment of the effectiveness of
diet. - % high protein diet has been found to accelerate
hypertrophy and cause a greater increase in the mass of
renal tissue. McKay et al (1933), Smith, A.H. and loise
(1927) have commented on the effectiveness of diet in the
achievement of hypertrophy of the surviving kidney in
énimals. No special arrangemeﬁt waé made to ensure that
the patients in my series had a particularly enriched diet
in so far as protein was concerned. The diet was arranged
to provide sﬁfficient nutrition fo£ the patients! general
needs and not particularly to encourage hypertrophy of the
remaining‘kidney.'

The>RPF results have been érranged in descending oxder
accarding to their pre-operative value, fig. 48 and although
an arbitrary arrangement similar to that which has been
made for Tmp,y would result in a suitable division into
W groups:-

(1) above 50 per cent of average normal value

(2) below 50 per cent of average normal value

no advantage would be achieved.
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The GFR results have similarly been arranged in
descending order according to their pre-operative value,
fige 49 and the same comment applies to this table.

" A 3ivision into two groups could be made but once
again the information gained would not be of any further
advantage.

- The three principal groups have been inter-related
as follows:- |

(1) GFR and RPF have been arranged in
tabular form accordinglto the descending
order of the pre-operative value of TmPAH
Fig. 45.

(2) GFR and Tmppy have been arranged in
tabular form according to the descending -
order of the pre-~operative value of RPF.w
Fig.’50.

(3) ERPF and Tmpyy have been arranged in
tabular Porm according to the descending
order of the pre-operative value of GFR.
Fig. 51.

In group (2) the cloéest pair of correlations are

given. This suggests that loss of tubules and glomeruli/
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glomeruli is much more dependent on diminished blood supply
than is the loss of glomeruli and diminished blood supply
with destruction of tubules or loss of tubules. It thus
appears that th; diminished blood supply results in the
destruction of glomeruli, indicating that intimal
proliferation of the arterioles is the most important
change in renal tuberculosis.

In order to confirm statistically the correlations
of -

(1) Tmp,, with RPF

(2) Tmppy with GFR

(3) UCT with TmpaH

(4) UCT with GFR

(5) BRPF with GFR
tables have been prepared and are‘presented in Volume II
as figs. 53 - 57.

The correlation co-efficient obtained with RPF and GFR
is + 0.79 indicating that there is statistical significance
in this relationship. The regression equation for RPF
and GFR has also been derived and is x = 5.40 (§ = 73.0) + 374
where x is RPF and y is GFR. This curve is shown in fig.5L 797r54.

and fits very well with the plotted results.
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It is suggested that the close relationship
between RPF and GFR in reﬁal tuberculosis is due to the
pathological effect of the disease on the arterioles
which become the seat of endarteritis - figs. 94 and 95.
As a result of the intimal proliferation the lumina of
~the vessels are narrowed and the blood flow through the
glomeruli is diminished. As a further consequence of
the lowered intra-glomerular blood pressure the glomerular
filtration rate decreases in propertion to the fall in
blood supply. _ )

That the tubular functicn is less directi} reléted
to blood flow suggests that there are considerable
reserves of oxygen carrying cavacity to compensate the loss
in total blood supply, thus tubular function diminishes
with blood supply but is not quite so directly dependent
as is the filtration rate.

The slight dilatation of the afferent arteriole
combined with slight constriction of the efferent arteriole
will increase the filtration fraction and thus compensate
in the same degree for the reduction of blood flqw.

Nineteen patients had intimal proliferation of the

smaller arterioles amountig to endarteritis. In three/
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three patients no evidence of this was seen in the sections
examined.

In regard to the correlation coefficient obtained
between UCT and GFR which was 0.80, fig.56 and between
UCT and Tmp,y which was 0,32, £ig.55 it is evident, as is
to be expected, that there is a closer correlation between
the two filtration factors, UCT and GFR, than there is
between UCT and Tmppy. The urea is filtered by the glomeruli
but some of it is reabsorbed on its passage through the
tubules. Ll

The regression equation has been prepared from the
UCT and GFR figures which is x = C.66 (y - 76) + 56 where
x is UCT and y is GFR. The curve of this equation, as seen
in fig. 58, fits in satisfactorily with the actual plotted
results.

Perhaps the most significant figures are found in
fige 46 in which the derived values i.e. fractional figures,
(FF) RPFVTmPAH and GFR/TmPAH have also been arranged according
to the pre-operative descending value of TmPAH' In primary
renal disease there is, as a rule, vaso-dilatation of the
post glomerular arteriocles lowering the effective glomerular

filtration and thus producing a low filtration fractioh. In/
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In hypertension, on the other hand, there is peripheral
vaso-constriction affecting, in the kidney, the post-glomerular
arterioles thus raising the effective glomerular pressure and
producing a high filtration fraction.

The filtration fraction is the fraction of the blood
plasma that is filtered in the glomeruli and passes from
the capillaries into the glomerular capsule. It is
principally dependent on the hydrostatic filtration pressur
which in turn is controlled by:-

(1) pre-glomerular vasospasm, i.e. increased
resistance to the flow of blood before it -
enters the glomerulus.

(2) post glomerular vaso-dilatation, i.e. diminished
resistance to the outflow of blood from the
glomerulus.

RPF/TQPAH represents relative proportions of plasma
flow and tubular function. If it is high there is hyperaemia
of remaining functional renal tubules. If it is low there is
ischaenia of the remaining functional tubules.

GFR/TmPAH revresents the amount of glomerular filtrate
that is acted on by each unit of functionsl renal tissue. If

high the tubules are be'ng rclatively overloaded, and if low, /
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low, they have to elaborate less than their optimum amount
of urine.

It can be seen that there are two general patterns
of renal:functi;n in the present series:-—

l. primary renal disease and

2. hypertensive nephrosclerosis

In (1) the filtration fraction was low while the
BPF/TmP g Wes slightly reised. In (2) there was a high
filtrati;n fraction and a lowered RéF/TmPAH. T1lustrative
of the first group is JP, fig 46, who pre—~operatively had a
filtration frection of C.157 (80 per cent of averaze ﬁorﬁal)
and RPF/Tmp,y of 10.68(134 per cent of average norual)
which would suggest that there is a simple primary renal
disease. Post-operatively the filtration fraction had fallen
still further to 0.137 (70 per cent of average normal)
whilst the RPF/TmPAH remains much the same at 10.40 (13L per
cent of average normal). In six months however the filtration
fraction is raised to 0.192 (100 per cent of average normal)
and the RPF/TmPAH increased to 13.20 (167 per cent of average
normal) showing an alteration from the primary rensl discase
pattern to a pattern which is midway between primary renal

disease and hypertensive nephrosclerosis.
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From the clinical findings there has been no apparent
alteration ‘n the blood pressure. Fig.98 shows that JP
whose blood pressure was 128/86 prior to nephrectomy had a
reading of 130/80 six months after opsration.

As an evample of the second type of functional
pattern P had an elevated filtration fraction at 0.233 (112
per cent of average normal) pre-operatively and a lowered
RPF/TméAH of 3.70 (47 per cent of average normal). One
week after operation there is not very much alteration in
Aeither of these fractions although the RPF/TmPAH Valug has
been elevated slightly to 5.33 (66 per cent of average normal)
which remains lower than the average normal figure of 7.92.
The six months post operative values of 0.296 (132 per cent
of average normal) for FF and 4.88 (62 per cent of average
normal) for BPF/TmPAH confirm the continued hypertensive
nephrosclerotic pattern seen in the derived figures in
this patient's case. Reference to fig. 42 shows that P had
a pre-operative blood pressure of 160/100 although in six months
time this had dropved to 123/84. It had become somewhat
elevated to 170/106 after four years. Fig.98.

An attempt has been made to arrange the mean values

of the derived figures in groups. The arrange-ent shows /




shows the general pattern in patients who have a T gy
value
(1) greater than 75 per cent
(2; between 50 and 75 per cent
(3) 1less than 50 per cent
It is seen that in the pre-operative phase in the
mild group the values for all three fractions are less
than normal, that is the simple primary renal disease
pattern whereas six months after operation there has been
an alteration to the hypertensive pattern. In the severe
group the initial pattern resembles that of hypértension -
kigh filtration fraction and lowered RPF/Tm,,, and six months
after operation this hag been further intensified. It is
iﬁteresting to note that the older patients tend to be
in the latter group with the most severe lesions.
The derived fraction GFR/TmPAH is closely allied
to that of RPF/TmPAH, the information which is given by

each being similar in every instance.



-CHAPTER IX
PATHOLOGY

Twénty two kidneys were examined which had been
surgically removed from patients who were considered
clinically to be suffering from renal tuberculosis. There
were eléven right kidneys and eleven left kidneys and
of these specimens twelve (55 per cent) were obtained from

males and ten (45 per cent) from females.

BACTERIOLOGY.

Isolation of the causative organisms is necessary
to confirm a diagnosis of tuberculosis. The Koch's bacillus,
which is an acid and alcohol fast orgsnism is sometimes
difficult to isolate but if the satisfactory routine of
bacteriological search is practised and éulture and biological
techniques carefully employed the results should be appropriately
sucecessful. In this series direct examinations were carried
out at Stonehouse and Hairmyres Hospitals. The patients who
were seen at Stonehouse Hospital had the direct examination
carried out in the laboratory at the hospital whereas those
seen at Hairmyres Hospital had their examination carried out

at the laboratory at Hairmyres Hospital. C dltures and animal/
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animal inoculations were carried out from both hospitals at
the Central Laboratory, Hamiltone.

The presence of ulcerative lesions in the pelvis
or abscesses in;thelcortex or medulla,ﬁhich have direct
access to the renal pelvis,seem to be the determining
factors in the production of tuberculous bacilluria.
Repeated and detailed examination of the urine obtained
casually and in 24 hour collecticns waé carried out in
every case. Out of 116 urines from twenty patients
who were examined bacteriologically, 54 were positive
and 62 negative for tuberculosis. In two patients, A.Bk.
and J.}., no tubercle bacilli were discovered by any of
the methods mentioned. In J.l. five specimens of urine
were examined pre-operatively whilst in A.Bk. five
were examihed.

The figures just mentioned include' the total results
from the different methods of bacterioclogical examination
of urine, direct examination, culture and animal inoculation.
Dr. Gow Brbwn of the Central Laboratory, Hamilton, carried outb
typing of some of the specimens and found them to be of the
’ human variety. In the post-operative phase five specimens

of urine contained tubercle bacilli, three of these were from/
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from one patient, A.Bt, who, on cystoscopic examination
was seen to have persistent chronic cystitis. A second
patient, M.M. also had a small area of persistent tuberculous
cystitis and frem her, on two occasions post-operatively,
urine was found to contain tubercle bacilli. Another
three of the remaining twenty patients were found to have
secondary urinary infection after operation. In those
three patients a coliform pyelonephritis was present which
responded to treatment.

A1l the kidneys removed at operation underwent a
similar examination. They were bisected sagittally,"
one half was retained for photography while from the other
half, blocks were taken for histological examination. The
remainder of this tissue was digested and concentrated.
It was then examined microscopically and culturally for‘
tubercle bacilli. Erom fourteen of the kidneys acid and
alcohol fast bacilli were found on direct film and four on
culture. The remaining eight were negative on concentration
and on cﬁlture. It is pointed out that repeated examination
of urine may often be necessary in order that the causative
organisﬁs can be identified with certainty and thus effectively

establish the bacteriological diagnosis of tuberculosis.




MACROSCOPIC APPEARANCES,

Examinations of the kidneys obtained at operation
included a linear measurement of the specimen together with
its weight; +the length of the ureter attached was also
noted. Photographs of most of the kidneys are shown ih
Volume II, figs.’60 ~ 86.

After the kidney has been bisected sagittally the
detail of the macrosvopic appearance of the pelvis, medulla
and cortex is noted, the presence of tuberculous abscesses
detailed, and, as mentioned already, smears obtained of
any purulent material present. A brief note is now given
of the kidneys which are illastrated in Volume IT, All
the kidneys photographed are actual size except figs. 74 and
75 which are 4/5ths of life size.

Figs. 60 - 6l. A.Bk, The gurface of the kidney is
lobulated and there are five large abscesses on the cut surface.
Urine -culture was not positive but was negative on eight
occasionse. ,

Fige 62. A.Bt. This isa small kidney which had
foetal lobulation on its surface. The cut section revealed
a dilated pelvis which was lined by granulation tissue.

Multiple tubercles are scattered throughout the nedulla/
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medulla and. cortex; a few foeci are caseous. Urine
culture was positive on two occasions and negative on
two occasions.

Fig.63. T.B. This was a moderately large kidney
on the surface of which there was evidence of abscess
formation. On cut surface a large Lobulated abscess is
present in the nid zone of the kidney. . The lower
calyces are dilated; granulation tissue is seen on the
mucosal surface of the calyces of the lower pole. Urine
culture was positi&e on two occasins and negaﬁive on
two occasions.

Figs. 64 - 65. V.B. The surface contour shows
gross foetal lobulation. On cut surface the kidney is a
bag of caseous pus. There is a small amount of relatively
normal tiésue present in the upper pole. Urine culture was
positive on one occasion and negétive on one occasion.

Fige 66. }MoB. The contour of the kidney is normal.
On cut section the primary calyces and pelvis are dilated.
A tuberculous cavity is seen in the mid zone. Petechial
haemorrhages are seen in the pelvic mucosa. Urine culture
was pogitive on two occasions and negative on two occasions.

Figs. 67 - 68. A.C. The contour of this kidney/
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kidney is normal but the surface is irregularly lobulated.
No scarring or abscess formation is seen. On cut surface
howeverfhggg ggalescing tuberculosis confined to the medulla.
There is no cadeation. Urine culture was positive on two
occasions and negative on two occasions.

Figs. 69 - 70. A.F. This is a very large
lobulsted kidney of rather cystic appearance. There is
considerable thickening of the ureter. On cut surface
there is gross hydronephrosis with distension of the
pelvis primary and secondary calyces. Urine culture was
positive on two occasions and negative on one occasi;n.

Figs. 71 - 72. M.F. This kidney is of normal
size and contour but on cut surface there is gross dilatation
of the primary and secondary calyces. Abscess cavities are
éeen in the lower pole. The pelvic fat is increased. The
ureter is not unduly thickened. Urine culture was positive
on one occasion and negative on five occasions.

Figs. 73 = 74. M.I.  Several small retention cysts
are seen on the surface of the kidney, which, on cut surface,
reveals that they are confined to the cortex. Numerous

tuberculous cavities are present, particularly at the poles.

The adjacent calyces show some mucosal ulceration.  The pelvic/
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pelvic fat is increased. There is no thickening of the
ureter. Urine culture was positive on two occasions and
negative on one occasion.

Fig. 75. H.McL. This is a large lobulated kidney
with a smooth surface containing tubercles up to & mm. in
diameter. On cut surface the pelvis and all the calyces
are grossly dilated being filled with caseous pus.

Maltiple small tubercles are scattered in groups throughout
both cortex and medulla. The ureter is somewhat thickened.
Urine culture Was‘positive on two occasions and was not
negative. | “

Figs. 76 = 77. J.McA. The kidney is of normal
contour. There is some increase in pelvie fat. On cut
surface the pelvis, primary and secondary calyces are dilated,
being filled with caseous pus. Small tubercles are seen
in groups in both medullay and cortex. Urine culture was
positive on two occasions and was not found negative.

Fig. 78. D.O'R. This is a kidney of normal shape
and size which on cut section reveals dilated pelvis, primary
and secondary calyces. Multiple tubercles are present
on the mucosal surface of the upper calyces. The ureter is

not thickened. Urine culture was positive on one occasion and/
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and negative on two occasions.

Fig. 79. HePe  The kidney appears to be normal but
on cut surface there are two small areas of fibrosis together
in a pyramid on the lower pole. The mucosa of the pelvis
is ulcerated and shows petechial haemorrhages. The ureter
is normal. Urine culture was positive on one occasion and
negative on one occasion.

vFigs. 80 - 81. J.P. This is a normal shaped kidney
with two groups of tubercl: s seen at the upper pole ana
another larger group present in the mid zone. On cut surface
the pelvis is slightly dilated but no ulceratién of tﬁe
micosa is evident. There are tiny coalescing tubercles
underlying the superficial lesion. Urine culiure was
positive on one occasion and negative on one occasion.

Figs. 82 - 83. W.S. This is a small kidney of
normgl shape with a finely grandlar surface and a few
depressed scafs. On cut surface the pelvis is slightly
| dilated but the primary and secondary calyces are more dilated.
In the upper pole there are large numbers of small abscesses in
the pyramids and in the cortex. The serous surface of the
pelvis and ureter are covered with punctate haemorrhages.

Urine culture was positive on three ocasions and negative/




negative on one occasion.

Figs. 84 - 85. A.T. The kidney is small but
unusually thick with some foetal lobulation. Depressed
scars are presént but no abscesses. On cut section
there is gross dilatation of the primary and secondary
calyces which contained caseous pus. The cortex is
reduced to a narrow rim. Innumerable punctate haemorrhages
are seen. The ureter is thickened. Urine cuiture was positive
on four occasions and was not foind negative.

Fig. 86, R.Y. This is a small kidney with two
iéolated large abscesses visible on the anterior sirface
near the lower pole and in the middle of the posterior surface.
On cut section hydronephrosis is present. All the calyces
are dilated. They are lined with tuberculous granulation
tissue containing caseous material. The ureter is slightly
thickened. Urine culture was positive on two occasions and
was not found negative.

Seventeen patients (77 per cent) have evidence of
tuberculous granulation in the mucosa of the renal pelvis.
In the two patients, J.k. and A.Bk. in whom no tubercle bacilli

were found on culture, tuberculous lesions were walled.off.
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It is evident from the selection of kidneys seen
that the outward appearance gives no indication of the extent
of the lesion within the kidney subétance. It is, however,
evident that thé;extent of the tuberculous process histologically

cannot be fully gauged from the macroscopic findings alone.

In the next section a description is given
of the histological appearances which are seen in renal
tuberculosis together with the results of modern anti-
tuberculous chemotherany.

HISTOLOGICAL, APPEARANCES,

A few representative photomicrographs are included
in Volume II, figs. 87 - 99 to demonstrate the types of
lesions which are present in renal tuberculosis. It is
proposed to discuss the histologicél appearances as they
were affected by the various chemotherapies employed.

Streptonyein and PAS. Fiss 87 -~ 88.

In fig. 87 characteristic tuberculous, pyelitis is
seen in which caseating tubercles are being walled off.
by reactive fibrosis which has been stimulated by
streptomycin and PAS. The giant cell systeus, showing
multi-nucleated epithelioid cells sirrounded by lymphocytes,

are seen in the lower part of the section. In fig. 88 a/
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a section of the ureter is seén. Chemotherapy has caused
reactive fibrosis as a result of which the tuberculous
ureteritis is being confined. Tuberculous giant cell
systems are seen in both these sections.

Streptomyein and Isoniagid. Figs. 89,90,92 and 96.

In fig. 89 a large area of caseation is seen surrounded
by reactive fibrosis which is attempting to wall off the
tuberculous process and confine it. A destroyed glomerulus
is seen in part of the section. In fig. 90 o larger area of
caseation is present but the reactive round cell infiltration
is more active than in the previous section. In fig.92
active tuberculosis is present with gilant cell systems being
seen in the lower part of the section. There is also
considerable coalescing tubercles evident. In addition
to that the section shows nephrosclerosis. A very active
invading type of caseating tubercles is seen in fig. 96
with evidence of active round cell infiltration occurring
in the neighbourhood of the caseating tubercles.

Streptomyein, Isoniazid and PAS. Fig.9l.

In this figure the section reveals considerable reactive

fibrosis taking place in an active renal tuberculosis.

Multiple giant cell systems are seen in the centre of the section.
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Isoniazid. Fig.97.

The outstanding feature in this section, in which
multiﬁle giant cell systems are seen, is the considerable
round céll infiitrationlwhich is taking place to control
the tuberculous process which is very active.

Untreated., Figs. 98 - 99,

As a means of comparison to the sections described
above, two sections are included, figs. 98 and 99, which
demonstrate untreated renal tuberculosis. The sections
show widespread renal tuberculosis without any. evidence
of active control taking place. There is some round cell
infiltration but the round cell reaction which is present
is not as active as that which is seen in the sections
described above.

Effects of Renal Tuberculogis.

(a) Healing. In fig. 90 staisfactory evidence

is present of the healing reaction produced by the streptomycin

and isoniazid. The confining influence of the round cell
infiltration, stimulated by chemotherapy, is evident also
in figs. 89, 96 and 97.

(b) Nephrosclerosise In figs. 92 and 93 there are

typical signs of nephrosclerosis showing destruction of /
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of glomeruli and other renal elements.

(c) Endarteritis. In figs. 94 and 95 examples are

presented of sections showing characteristic intimal
proliferétion occurring in renal tuberculosis, a feature
which has already been mentioned in chapter VIII and which

was confirmed on review of the histological sections.

LARGE KIDNEY SECTICHNS.

In Volume II, as specimens 1 - 5 there are presented
whole kidﬁey sections from patients who are known to have
had tuberculosis of the kidney. The methoq of
preparation of these sections is given as an appendix to
this chapter.

Specimen 1. J.lcA. The kidney, which is of normal

contour, reveals scattered tubercles of small size throughout
the medulla. There are very small tubercles also seen in
groups in the cortex. There is some dilatation of the
pelvis and primary and secondary calyces. The ureter is
not thickened.

Specimen 2. D.C. The kidney, which shows an

indentation in the mid zone, shows hydronephrosis with
three abscess cavities in the upper pole. There is also

evidence of haemorrhage in this area. In the mid zone/
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zone and in the lower pole there are areas of fibrosis.
The ureter appears to be somewhat distorted.

Specimen 3. R.lcN, A,siﬁgle large caseous abscess
containing caséous pus is occupying the renal pelvis.
There is a small abscess cavity in the lower pole.
There is thickening of the ureter.

/Specimen 4e 1l.J. A small kidney showing indentation
of the surface. There is hydronephrosis of the upper pole
with small areas of punctate heamofrhage. The ureter appears
to be slightly thickened. This specimen shows healed renal
tuberculosis.,

Specimen 5. Ge.R. In this kidney there are three
abscess cavities with an area of fibro-caseation in the upper
pole. The ureter is somewhat thickened. There are also
small tubercles seen in the lower pole.

Specimen 1 is that of J.McA, whose kidney is also
seen as figs. 18, 37, 76 and 77. The other four specimens
are from patients who were undergoing a further investigation
which is being reported as a separate paper. A11 these
specimens have been included as a practical method of
demonstrating the lesions in renal tuberculosis.

Band (1935) used whole sections of kidney to demonstrate/
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demonstrate the presehce of microscopic bilateral renal
tuberculous lesions in kidneys which, on naked eye
appearance had revealed no evidence of tuberculosié though
there had been %abgrculous bacilluria.
DISCUSSION.

The histological appearanceswhich have been described
above are indicative of the effectiveness of the modern
method of anti-tuberculcus chemotherapy. Dick (1953a)
described the effects of isoniazid when given alone in
the treatment of renal tuberculosis. It was found to cause
disintegration of the epithelioid cells and prevented
: develOpment)of fibrosis of isgolated narenchymatous 'epithelioid!
lesions. There was some absorntion of recent caseation with
re-vascularisation of all stages of tuberculous lesions
including the dense fibrosis which surrounded old lesions and
furthermore prevented the development of fibrosis in and
around new lesions. It was stated at that time that a combination
of various methods of treatment would probably produce a
better effect than that produced b - isoniazid‘alone. Dick
(1953b) described the effects of streptonycin with and without
p-amino-salicylic acid (PAS) on the histopathological processes

in renal tuberculosis. In it he stated that tuberculous/
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tuberculous lesions in the speqimens from patients who

had been treated with streptomycin and PAS showed a greater
degree of fibrosis than after streptomycin alone. Also

in this paper it was suggested that the best results from the
higtological viewpoint were obtained after a double course

of streptomycin and PAS. The same author (Dick,1954) later
compared the effects of streptomycin and PAS with those of
stfeptomycin and isoniazid.

The main difference appeared to be that isoniazid had
a more fundamental anti-tuberculous action by which
epithelioid cells reverted to macrophages, highly vaééular
granulation tissue was produced without fibrosis and healing
was more complete, with greater absorption of necrotic tissue.
Dick (1955) is of the opinion that a combination of drugs,
including isoniazid is more effective, as the toxic factor
present is dealt with more expeditiously and real healing
appears to occur more rapidly.

From these papers and the photomicrographs, figs. 87 - 99
it is apparent that a single drug therapy does not produce
the maximum benefit but rather creates a condition in which
the metabolism of the tubercle bacilli is so altered that it

develops resistance to the drug which is being employed.
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From the histological appearances it would appear
that the best combination would be streptomyecin and
isoniazid. The improvement in the patients treated in
this way would:éuggest that the drugs are synergistic in
action. Borthwick (1956) in a review of genito-urinary
tuberculosis has confirmed these findings and has added his
opinion that the most effective combination of anti-tuberculous
chemotherapy is obbtained with streptomycin and isoniazid.
Further reference to this aspect as it applied in this

investigation is made in chapter XII.
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APPENDIX

Method for cutting whole kidney sections
employing the M.S.E. Large Section lMicrotome.

The kidney specimens are fixed in formol-acetate
for two weeks, and then washed in running water for twelve
hours. They are then transferred to a special solution
of gum arabic and immersed for twenty four hours.

At the end of thils period the specimens are orientated
on the object table of the microtome in a four sided wooden
box, which has sufficient gum arabic solution fo cover them.
The object table is placed in the deep freeze at ~-20°C for
four to six hours, by which time the gum arabic solution
should be frozen. The four sides of the wooden box are then
removed and the sections cut at 100 -_lﬁO,p/%hickness.

The sections are collected in a flat dish in tép water
(if sections are rolled up they should be flattened out) and
the water changed to get rid of any surplus gum arabic. The
Specimeﬁ thus obtained is placed flat on a sheet of perspex
over which has been poured a warm solution of 10 per cent
gelatine, the whole is then covered with a sheet of No.l
filter paper, and arubber roller squeegee is run over it

lightly to squeeze out surplus gelatine and air bubbles./
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bubbles. The perspex sheet is suspended for a few seconds
to drain, »and then laid flat until the glatine is set.

It should be hung up at room te_mpera‘buré until no damp
patches “can be ‘seen. ~ The paper with the section

mounted ofx it is peeled off the pefspex and éxa.mined on an

1lluminated viewing box.
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CHAPTER X

ASSESSMENT OF THE CASE

In thié éhapter an attempt is made to correlate the
extént of the damage found on pathological examination of
the extirpated kidney with the |

(1) clinicsl findings
(2) surgical findings and
(3) Dbiochemical findings.

CLINICAL, FINDINGS.

Routine enquiry was unrewarding in the egfablishment
of any precise symptom which would give an indication
of the pathological state of the patientsf functional renal
tissue. Many patients when presenting their symptoms for
the first time appeared to be very well. A common complaint
given by eighteen out of the twenty two patients investigated
was increased frequency of micturition at night and
occasionally by day. Four of t:ese patients were in the
mild group, six in the mocderate group and eight in the
severe group, the grouping having becn determined from the
Tuppy vaelues obtained pre-operatively -~ chapter VII.
The degree of increased frequency was difficullt to assess

as many pationts had beon ‘nstructed by thelr doctor to/
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to increase the amount of fluid taken. This hydrotherapy
accordingly had increased the frequency and volume of
nicturition. The remaining four patients, one in the mild
group, two in tﬁe moderate group and one in the severe group,
did not give any history referable to the urinary tract and
made no mention of difficulty in urination as they had
apparently become accustomed to their symptoms. On
questioning they admitted that they had some increase in the
frequency of nocturnal micturition.

Painful micturition, which was not expected to be a
cémmon complaint was found in nine patients, two in the mild
group, three in the moderate group and four in the severe
group. The dysuria was normally associated with the
comencement and completion of micturition and was most
evident in patients who had a small bladder capacity.

There was no suggestion however that the presence of this
symptom gave any indication of the severity of the renal
lesion bult was more likely to be associated with the presence
of cystitis and urethritis.

Six patients had backache wikh was found to vary somevhat
in description. In five there was specific reference to the

loin and in all ~f them the lesion was found on the side in which/
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which the pain had been felt. In the remaining patient,
backache was more genefalised but eventually a swelling

on the affected side which, on examination by aspiration,
revealed:the présence of acid and alcohol fast bacilli.

Two patients had no symptoms referable to the urinary

tract but on routine testing of the urine, protein and

pus were discovered. Specially obtained specimeﬁs of urine
from these patients was examined bacteriologically and the
presence of acid and alcohol fast baﬁilli determined.

The erythrocyte sedimentation rate was carried out
repeatedly in the patients under review and showed a Qide
variation. An attempt has been made to relate the findings
to the histological findings of the kidneys obtained at
operation. A brief note of some of these patients is given
to demonstrate the usefullness of this test in the assessment
of the case. All the readings are_for the first hour and
are given in millimetres. The method used was the Westerglen
method.  The result have not been corrected for any mild
associated ansemia.

J.P, who had readings of 3% mms. and 54 mms. within a
few days prior to operation had an increase to 76 mms. which

fell to 7C mm. within twc weeks and finally, the last reading
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reading available five months after nephrectomy was 29 mms.
This patient had an active but very localised tuberculosis
of the kidney which showed small areas of caseation which
were undergoiné re-active organisation. A.Bt. had ESR
values of 40 mml. and 30 mm. prior to operation and
immediately after operation the reading was 36 mm, eventually
falling to a normal value of 10 mm. four months after
operation. This patient had multiple scattered tubercles
with associated caseation. Gross interstitial fibrosis of
the kidney had also occurred. There was caseating ﬁuberculosis
with evidence of orgenisation in the tisgues sﬁrrounding the
active lesion. A.Bk. had a considerably elevated BSR value
of 106 mms. This feature persisted althoigh improved with
chemotherapy. After operation a value of 80 mms. was obtained
and in three months time this patient's ESR returned to normal.
The post operative elevation was associated with a discharging
nephréctomy wound. The kidney contained five large caseous
abscesges: there was considerable fibrosis and glomerular
sclerosis. This was a caseous xidney which was undergolng
generalised fibrosis.

1. B. had more mormel values for this test, 9 mms., 16 mas

and just prior to operation 17 mms.  Six weeks alter oneration/
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operation the value had rigen to 47 mms. settling in a further
‘three months to 19 mms. This patient had a very early
lesion, the appearance being that of tuberculous pyelitis.
This was a non-caseous lesion with egvidence of organisation
taking place in the wall of the single tuberculous cavity
present. MeF., prior to operation, had readings of 17 mms.
and 11 mms. The kidney showed multiple tiny tubercles with
associated abscess formation containing caseous pus. There
was considérable re-active organisation taking place.  After
operation the findings were 12 mm., & mm., ond 10 mm., 4 .
and 5 mm. This‘patient had shown no evidence of the activity
of the disease in the values obtained for the sedimentation
rate. H.licL. prior to operation had a reading of 16 mm.
Hiétologically hé had a widespread lesion with multiple
caseating abscess cavities. . There was some re-active
organisation taking place. The values after operation were
12 mme., 8 mm., and 2 mm. In this patient the readings

did not indicate the extent or type of lesion present.

D.C'R. before nephrectony had readings of 2 mm. and 4 nm.
Histologically he had an unusually widespread tuberculosis

of the kidney with large areas of caseation. The velues

obtained prior to operation geve no indication of the /
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the severity of the kidney lesion.

JoM. had a pre-operative reading of 13 mms.
Microscopically the appearances were those of extensive
fibro-caseous tuberculosis. In this patient slso
the near normal value of the reading gave no hint of the
severity of the lesion. V.B. had a pre-operative reading
of 18 mn. On examination histologically the diseased
kidney was a bag of caseous pus. The reading in this
patient gave no suggestion of the severity of the tuberculous
process. The pre-cperative valuesof Li.ll. were 37 mm. énd
13 mm. The kidney removed at operation was thevsea;vof
widespread renal tuberculosis. There was associated fibrosis.
The readings obtained after operation were 35 mm., 16 mnm.,

12 mm. and 13 mm. In this patient also the pre-operative
values gave no indication of the type or severity of the
lesione.

It can be seen from a review of these figures and
the histological findings stated briefly that the sedimentation
rate can not be employed as a means of assessing elither the
severity of the lesion existing in the diseased kidney or the
type. In several of the patients mentioned above, normal

values were obtained and at operation the kidneys were found/

107




found to be severely diseased with active renal tuberculosis.

To summarise I have taken the highest ESR recofded in
each patient prior to medical and surgical treatment. The
mean for this figure in the mild group of cases is 18 mm.,
in the moderate group 23 mm. and in the gevere group 41 mm.
Thus it ig seen that the ESR gives little indication of
the severity of the renal lesion, though the highest mean
value was found in the severe groupe.

A review of a1l the patients from the history viewpoint
appeared to give a loose arrangement of the severity of the
disease into two categories

(1) mild to moderate and
(2) severe.

On closer examination of the features which would
tend to place them in these categories, viz. general appearance,
severity of sjmptoms,'loes of weight, the assessment was far
from accurate once the offending kidney had been removed
_surgically and its condition estimated.  As an exception
to this general statenent one patient, R.5. had had severe
discharging sinuses in addition to his new complaint of
increased fregiency of micturition. It was thought clinically

that this patient would have a severe renal lesion.

108



Ihvestigatibn revealed the presence of a completely
non-functioning and calecified left kidney.

It is also noteworthy that the duration of s:mptoms
could n;t be e%ployed as a measure of assessing the severity
of the tuberculous process in the kidney. As an example
WeS. had a very short history, which was increased frequency
of micturition, and yet was found to have had severe renal
tuberculosis.

In regard to a past history of tuberculous disease
affect’' ng other tissues, such as lungs, bones4pr epididymes
no indiecation could be given of the‘severity of the new
lesion affecting the kidney.

SURGICAL FINDINGS.

The localisation of the tuberculosis in the renal tract
depended almost entirely on the surgical investigations,
intravenous pyelography, cystoscopy and retrograde pyelography.
A rough estimate of the functional capacity of the kidney could
also be made iﬁ most instances.

Intravenous Pvelosraphy.

investigation, which wos dependent upon the succesg of the

dye exeretion by the kiduney, provided the technique of the/
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the injection had been satisfactory.

1.

2.

deo

Apparently normal. The dye was well
concentrated in both kidneys and the X-ray

ph6%ographs revealed two normally
functioning kidneys.

Poorly functioning. The dye was poorly
concentrated in the pelvis of the diseased
kidney producing only a very faint shadow
on the X-ray plate.

Apparently non-functioning. In this group
the dye was not sufficiently concentrated
by the diseased kidney to produce even a

faint shadow on X-ray examination.

Functioning but abnormal. This goup

occurred when there was reasonable concentration

of the dye in grossly distorted and damaged

calyces.

From the appearances obtained in these dye excretion

photographs it is possible to localise the disease of the

kidney affected and in some instances to give an assessment

of the size, position, character and extent cof the

tuberculois process in the kidiey affeccted.
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important to realise.that the assessment given must be
governed by all the circumstances applicable to the case
under review. Gryspeerdt and Thomas (1954) reported
a case o} renal‘tuberculosis which masqueraded ds a
simple renal cyst.
In the assessment of the case accordingly

intravenous pyelography plays an important part but one
which should be utilised only in association with the
.other proéedures undertaken in the investigation of the
patient's renal state.

| In the first group J.P. was found, as appearances
revedled, to be quite normal, the only abnormality detected
was a slight degree of faintness on the right side with
dilatation of the ureter, fig. 40. The appearances at the
upper pole were somewhat irregular but in view of the wide
variation in the normal pattern this pyelogram could be read
as normal. Nephrectomy was carried out and the tuberculous
process present in the kidney was quite mild, figs. 80,8l.
It ig realised that small lesions occurring in the nedulla
or cortex of the lkidney would not be shown on intraveanous

pyelography.

In the second group L.li. was placed. he right/




right kidney appeared to be functioning normally but

on the left side the shadow was that of poorly functioning
kidney, fig 17. The kidney obtained at operation’

showed wﬁdesprééd renal tuberculosis and nephrosclerésis with
retention cysts, fiés 73y74e  In this patient, the X-ray
appearances had confirmed the side on which the lesion was
present but did not accurately denote its extent and
severity.

In the third group were placed A.Bk. and HslieL. both
of'wﬁom showed no excretion from the left kidney whereas the
right kidney appeared to be normel.  A.Bk. wasﬂfound to
have an advanced renal t:berculosis in the non-functioning
side, figs. 60.61, whilst H.licL also had widespread
renal tuberculosis with considerable dilatation of the
pelvis and calyces which were filled with cascous pus, fig.75.

In the fourth group D.C'R showed good excretion in
both kidneys. All the calyces of the left kidney were
dilated as was the pelvis in the right kidney, fig.Z20. The
specimen obtained at operation was the right kidne; which
appeared to be nmore particilarly damaged and 1t had widespread
renal taberc&losis with dilatetion of the primery and secondary

calyces. There were multiple tubercles on the mucosa surface/
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surface of the calyces, fig.78.

Intravenous pyelography, whilst a useful adjunct in
the investigation of renal tuberculosis, giving as it
does an:indication of which side is mainly implicalted in the
tuberculous process and also some indication of the situation
of the lesion, does not give an assessment of the severity
of the parenchymatous lesion in the kidney.

Cystoscopy.
This surglcal procedure was carried out by the
urclogical surgeoﬁ in every patient who was believed to be
suffering from renal tuberculosis. ~ Its plrpoée was‘fourfold:e
(1) to measure the capacity of the bladder
(2) to inspect the micous membrane and the
ureteric orifice of the bladder
(3) to attémpt ureteric catheterisation.of
the 'mormal' kidney and
(4) +to attempt ureteric catheterisation
followed by retrograde pyelography of
the diseased kidney.
The bladder canacity, though reduced in many of the
patients becaise of secondary involvenent of the mucosa by

invasion from the ureter on the side affected, was not/
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not invariably so. When it was reduced as in R.S. and H.Mek.

to four ounces and two ounces respectively it could not be
empioyed to give an assessment of the severity of the renal
lesion ﬁresent, but was an indicétion that the tuberculous
process in the kidney was probably an ulcerative one, causing
extension down the ureter to the bladder mucosa.

Inspection of the bladder mucosa in éll of the patients
‘showed a variable picture. In many of them there was vefy
little abnormality but in others, e.g. A.Bk., cystbscopic
examination revealed evidence of secondary infection.as well
as the tuberculous cystitis. The presence of the secondary
infection did not appear to confuse the issue in regard to
the attempt at assessment of the severity of the case from the
bladder appearance.

The intensity of the cystitis together with the
appearance of the ureteric orifices were pointers to the
side affected by tuberculosis but could not be employed as
indieces of the severity of the renal lesion. In all patients
under review the 'nmormal' urcter wag successfully cathetzriced
whereas the abnormal side was not cathelerised in nine caszes.
In three,catheterisation could only be partielly carried out.

In the remaining thirteen patients urciteric catheterisation/




catheterisation was successful.

Cystoscopy is accordingly a useful method of assessing
the local condition in the bladder and of confirming the
side of the rensl lesion. It is of limited value in

assessing the severity of the lesion.

Retrograde Pyelography.

Details of many of the patients have been mentioned
in chapter V together with the interpretation of the X-ray
findings.

There appeared to be three groupings possible in this
investigation which was devendent upon the success of

ureteric catheterisation.

(1) Complete success. The ureteric catheter was

successfully passed and regrograde pyelogram
obtained of both kidneys.

(2) Partial success. The normal kidney was successfully
catheterised but the abnormal kidney was only
partially catheterised.

(3) Failure. The diseased kidaey could not be
catheterised gnd accordingly no retrograde

pyelogram was obbtaiied.
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Complete success. Tn A, Bk. figs 28,29 the retrograde

pyelogram of the left kidney showed gross dilatation of the
calyces throughqutvthe kidney. The additional information
that the:ureter‘ﬁas also involved in the disease process
was found because of the irregularity seen at its upper end.
A lateral view of this pyelogram, fig.29, demonstrated the
severity and widegpread nature of the lesion. These findings
were confirmed by removal of the left kidney, figs 60,6L.
A.Bte In fig. 30 retrograde pyelogram of the right kidney showed
gross dilatation of all the rensl calyces wiereas in fig. 3L
the normal left kidney has been s:iccessfully caéheterised and
pyelogram obtained of it. The appearances are essentially
normal apart from a slight distortion of the calyces of the lower
pole, which however, did not appear to be the seat of
tuberculosis. The kidney obtained at operation is scen in
fig. 62 énd the evidence of gross dilatation of all the renal
calyces confirmed.

R.S. In fig. 41 retrograde pyelogram showed some
irregularity of the calyces of the right kidney, the left kicdney
and ureter are grossly calcified. Unfortunately no photograph

of this kidney was obtained.

Partial success.

16




Partial successs D.O'R. In fig. 31 the right
kidney was only partially catheterised but the lower part
of the ureter showed considerable dilatation. The left
kidney also showed some dilatation of the pelvis with
irregularity of the calyces. The right kidney was removed
and is seen as fig.78. There is some narrowing of the
ureter shortly after it leaves the pelvis. It is at this
Jjuncture that the ureteric catheter was obstructed.

Failure. Je.licA. In fig. 37 the left ureter could
not be catheterised althoush the faint soft tissue oqﬁline
of the left kidney could be seen. The right kidney was
normal in outline. The specimen obtained at operation,
the left kidney, is seen in fogs 76 and 77 and also as a
large section, specimen le

The clinico surgical investigations of renal
tuberculosis together are a giide but not an accurate
measurement of the extent of the pathological process taking
place in the kidney. From them ihformation is obtained
indicating which side is concerned in the tuberculois process
and slso some idea of the extent of the lesion can be gauged.
Ag has been seen in the retrograde pyelograms there are

occasional variations in the normal pattern which are within /
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within normal 1limits., It is not possible however from

the evidence obtained from these investigations to give an
accurate assessment of the prognosis as the extent of the
parenchimatous;damage cannot be visualised by them.

BIOCHEMICAL FTINDTNCS.

In chapter VII a complete review has been given
of the biochemical findings followed in chapter VIII by an
account of the interpretation of the results. It is
proposed briefly to-assess the case on these biochemical
findingse |

The Tmpyy vdnes, as has been stated, havé arbitrarily
been placed in three groupings, mild, noderate and severe
and some comment has already been given of the associated

alterations which have taken place in the RPF and GFR values.

Tip pe In the mild group J.P. had a satisfactory
value of TmPAH pre~operatively indicating that the amount of
‘renal damage was not severe, The clinical assessment indicated
that the amount of damage bélieved to be present, taking into
account the varions symptons and signs obtained, was that
there was querate deamage. The pathological finding showed

that there was an active but very localised renal tuberculosis.
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This sppears to indicate that the biochemical
finding in this instance was accurate.

As an example of the moderate group M.B., who is the
lowest value in the moderate group, clinically was assessed
to have a severely damaged kidﬁey from tae nature of
her symptoms and signs. On examination of her kidney,
fig. 66, it can be seen that there is a moderate amount
of ‘renal tuberculosis present althouzh the histological
appearances indicate that it was fairly early. The importance
» of the biochemical finding in this case is once again an
_accurate assessment of the quantitative amount of renal
tissue damaged.

As an example of the severe group H.licL, from the Tmp,y
figure pre-operatively had a severe lesion. The clinical
history had been indicative that the tuberculoais process
present in his kidneys should be severe but in actual fact
pathological findings, fig. 75 showed the appearances were
those 6f a widespread severe tuberculosis. This again would
confirm that the biochemical assessment of the case had been
accirate.

The pre-operative assessment of 'severe' danage may
have two distinct causes, (1) ertensive dazage confined to

one kidney, (2) less extensive disease of one kidney combined/
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combined with mild disease of the other., A third possibility, -
severe damage of both kidneys - would produce obviocus bilateral
involvement which would exclude the case from this series.

EPF_and GFR. In assessing the severity of the case,
according to RPF and GFR values, though some indication can
be obtained from these figures, the precise character which
is present in the Tmppy vdlies has not been achieved although
the general tendency of the pattern of the disease can be
obtained. As an exémple, in J.P. the pre-operative values
of RPF and GFR were high. In the mild group the pre-operative
value for M.B. was also high, suggesting that the blood flow
and glomerular filtration were in both instances satisfactory,
whereaé as has been noticed in the Tmppy results, there is
considerable difference in the amount of functional renal
tissue present in these two examples. In the seve e group
He.MecL. had a lowered RPF and GFR value which was more in
keeping with the Tmppyg values although the smount of renal
tissue damaged could not be estimated from these figures.

The derived values are comuented on more fully in
Chapter VIII and are not sg:itable in the assessment of the
cagse from the viewpoint of treatment and prognosis. They are

more concerned with renal haemo-dynamics.




Uzes, GleargggeiTest. The urea clesrance test was carried
out in all cases where sufficient material was available.
The vahes found are very much in parallel with the GFR.
figures; as caﬁ>be seen from the correlation coefficient +0.80,
fig. 56 and the scatter diagram, fig 53. As is to be
expected, the test is of little valﬁe as a means of
assessing the geverity of the lesion.
SUMHARY,
Thomson-Walker (1927) was adamant that catheterisation
of the ureters was the most important part of @he investigation
of a case of renal tuberculosis. This has been reiterated
by Jacobs (1934) who added that this was necessary in order
to obtain specimens of urine from each kidney for examination.
From all the data produced and discussed it is suggested
that the most beneficial source of information in regard to
the assessment of the case, from the viewpoint of severity and
prognosis, is obtained fron the Tmpyy results. It is also
noteworthy that the clinical appraisal of the severity of the
lesion cannot be estimated with accuracy without the assistance
of the surgical techniques of intravenous pyelography, cystoscopy

and retrograde prelography.
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'CHAPTER XI

UNILATERAL RENAL DISEASE WITH HYPERTENSION

Bfood préésure readings were obtained routinely
on several occasions from patients suffering from renal
tuberculosis who were undergoing hospital treatment.

On finalising records which had been obtained in each case
it was noticed that a small group appeared to have
hypertension before nephrectomy. On examination of the
figures one week and six months after operation, it was.
seen that there had been some improvement in the hloocd
pressure findings.

This aspect has been made the subject of a separate
paper (Craik and Macdonald - in preparation.) t is not
proposed to deal in detail with this collateral finding
as it raises a separate issue which is not the main concern
of this investigation.

Seven patients were found to have hypertension, fig.l1l0l,
and they all had recovery to a normo-tensive pattern six months
after operation. It is interesting furthermore to note that
in only two patients had there been return of hypertension, M.P
‘and M.M., who later unfortunakly succumbed to cerebral

haemorrhage.
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In the case of M.M. permission was obtained for
removal of the remaining right kidney and this is demonstrated
ag figs. 102 and 103. The right kidney was long and narrow
and there was a;large cyst in the upper pole. The pelvic
fat was considerably increaseds On cut surface the upper
pole is reduced to a narrow rind. IMultiple reteﬁtion cysts
of varying size are present.

Histologicel examination of a representative section,
£ig.104 confirms the presence of hypertensivernephrosclerosis.
There is also interstitiszl glomerulo—sclerosis‘and considerable
atfophy of the tubules. There is no evidence of tuberculosis.
On comparing this section with fig. 93, that of the left
kidney obtained at operation, it can be scen that the degree of
nephro-sderosis has advanced. In fig. 105 thickening of the
imtima is seen with fibrosis of the media and splitting and
fragmentation of the internal elastic lamina. In fig.106
a section of the renal artery is seen in which there 1s gross
nedial fibrosis with considerable intimal thickening, some
splitting of the internal elastic lamina being evident in this
section alsoe

K11 the other patients who had hypertension have been

fully examined recently and are very well, with no synptons/
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symptoms referable to their cardio-vascular system.

Ophthalmological examination does not show any
evidence ofvhyperﬁensive retinopathy.

In M.P. the recurrence of hypertension is associated
with the vasomotor disturbance of the'mgnopaase.

It is noteworthy thatAthe natients who had hypertension
appeared to be in the older age groupe.

The return to the normo-tensive pattern has been
‘studied in considerable detail and is being commented on
fully in the paper mentioned above which is in course of

preparation;
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CHAPTER XIT

TREATMENT »

Macle (1935) in an interesting account of renal
tuberculosis stated that the tvea tment of the disease was
a race between the surgeon and the tuberculosis with the
"other side of the trigone as its goéi.

Such was the prognosis in these pre anti-biotic days
that a high mortality resulted from the operation of
nenhrectomj for renal tubercilos1s.>

Thomson-Walker (1927),commenting on the mbrtality
- oceurring in the patients under review in his series, found
a figure varying from 7.3 per cent to 2.5 per cent.
Furthermore, many pallistive operations, including
transplantation of the ureters, were carried out to relieve
the distressing bladder symptoms.

Tt is an interesting fact that since this investigation
comnenced in 1953 no patient has undergone transplantation‘
of the ureters for renal tuberculosis at Stonehouse Hospital.
In the previous five years there had been six patients
in whom this operation had been required.

A firther complication noted in the pre anti-biotic era/
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era was the formation of post operative sinuses in the
operation scar, a feature again noted by Thomson-Walker (1927)
in his own series. Indeed Legueu (1909) demonstrated that
tuberculous deposits were occasionally found in the
perinephric fat.

As all the patients in this series had anti-biotic
- chemotherapy a brief aécount is now given of the routine
medical treatment enployeda
NODERN TREATIENT.

Twenty of the patients in this series had a course of
90 gms. streptomycin given in daily injections¥bf L ém.'
Isoniazid commenced two to three days after the initiation of
streptomycin and was given in 100 mgm. doses thrice daily,
the two drugs being given concurrently.

The other two patients in the series, who were treated
‘ at Hairmyres Hospital, were also given streptomycin and
isoniazid but in each case the dosage of streptomycin given
prior to operation was, in one instance, 20 gms. and in
the other, 25 gms. The post operative dosage was continued
until a total of 90 gms. was given in all.

The treatment was arranged in such a way that

nephrectomy was carried out when the patients had had 45 gns./
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45 gms. streptomyein.  All the patients were kept strictly
in bed prior to nephrectomy.

Cystoscopic examination was carried out on several
occasions and wlhen ﬁhe side affected and the extént of
the lesion were determined, by utilising the evidence
obtained from intravenous and retrograde pyelogranms,
removal of the diseased kidney was arranged to coincide
with the mid point in the streptomycin therapy.

SURGICAL TREATYEINT.

As all the patients in this series underwept
nephrectony, the operation carriedlout was by tﬁé usual
technique: the kidney was mobilised through a loin
incision and after ligation of the renal vessels, as much
ureter as possible was freed and removed with the kidney.

In no case in this series was partial nephrectomy carried

out though Jacobs (1953) has recommended that this is possible
if the disease is localised to one of perhaps two adjacent
areas of fhe kidney.

Results of nechrectomy.

As has already been stated in chapter V, twelve
patients pre-operatively were known to have cystitis with

attendant urgency and freguency of micturition. An
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An immediate effect ofAnephrectomy seen in all these patients
was the lessening of these clamant symptbms.

Their tempgrament, which had previously been somewhat
irfitable: becamé more placid due to the fact that thej could
now have a more prolonged restful sleep at night.

In three patients hdwever, increased frequency remained and
on cultural examination of the urine they were found to
have a coliform infection. This was treated by sulpha-~triad
and alkaline diuretic. These measures were successful in
every case. One patien-, R.S5., had a severely contracted
bladder and has required repeated courses of chemotherapy,
usually PAS and isoniazid. PAS was given in a dosage of
15 gms. per day and isonlazid 300 mgms. daily, the duration
of the course lasting twenly eight days in each instance.
R.S. has been a very complex case to deal with since the
o1tset of his illness because of the multiplicity of the

tuberculous lesions.

Complication of nephrectomy. (a) Sinus formation.

In two patients, W.S. and J.l., there was leskage from
the operation wound but this rapidy cleared up with local

penicillin treatment.
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(b) Bladder contracture.

In all the patients, post-operative intravenous
pyelography was carried out and particular note made
of the cjstograﬁ appearance. = This however was
inconclusive: cystoscopic examination was more exact
in determining the state of the bladder mucosa. The
choice of chemotherapy is important and, as has been
reported by Borthwicl and D’ck (1957), the main problem
is the choice of which conbinstion is to be most effective
in the case under surveillance. Streptomycin has been noted
to produce some bladder contracture after severe cystitis due
to the fibrosis which igs a result of its therapeutic actions
in such cagses it has been found thalt this has been lessened
by combining streptomycin with PAS or giving PAS with
isoniazid.

In patients who have contracted bladder, operations
have been devised to overcome this complication:  these
include cutaneous ureterosotomy, uretero-colic anastomosis,
and ileo - cystoplasty. he lst two procedures have been
reported to be the most beneficial. . Ileo-cystoplasty should
only be employed when there is no active tiberculois disease

present in the contracted bladder (Jacobs, 1957).
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DISCUSSION.
Lattimer et al (1948) used 1.8 gms. streptomycin daily

for 120 days and found this efficadous in the early cases

of renal tuberculosis. Lloyd et al (1948) however, stated
that the:applic;tion of streptomycin alone was rather limited
in the treatment of the condition and was certéinly not of
itself curative. Wimsett (1952) gave a detailed regime |
to be followed in the different types of patient. In his
paper he agreed that little or no effect was gained by
streptomycin on an destructive type of lesion which had been
- well established. He also stated that streptomycin had a |
beneficial effect on tuberculous cystitis bﬁt this was
depéndent on the extent‘of the disease present in the

ubper urinary system. Indeed, the drug appeared t§ hasten
the contracticn of the bladder.

7 PAS was given to a further twemty patients, together
with 1 gm. streptomycin and Wimsett comcluded that the two
drugs produced a slightly improved‘effect, though the established
destructive type of lesion showed no response

In ﬁhis series all the patients have been followed
‘up and particular attention paid to their general condition.
It is pleasing to be able to report that they are all doing

very well.  Increased freqiency of micturition remsins only/

129



only in one patient, R.S. who has recently been an
in-patient in Stonehouse Hospital for a further course
of chemotherapy.

It is note%erthy that, after the initial 15/20 doses
of streptomycin, there is a general improvement in the
patients! conditién with lessening of the general toxic
signs. In no case was there an alteration or upset to
the planned routine prior to nephrectomy.

The patients' weight, as can be seen in fig.l07
has improved in the majority of pa’ients and isAa signifigant
pointer to the clinical recovery which has beenqﬁade following .
extirpation of the organ diseaged by tuberculosis.

There has been no recurrence of renal tuberculosis
noted in the remaining kidney in any of the patients who
comprised this series four to five years after their
initiél presentation of symptoms andsigns of the disease.

Future Treatment.

It is recommended that in patients who have
a mild degree of renal tuberculosis, as estimated by the
Inulin/PAH excretion test, they should be successfully treated
by chemotherapy, il.e. a combination of two drugs such as

streptomycin and isoniazid, without nephrectomy being required.
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In cases judged to be in the moderate or severe
groups, there is still a place for‘nephrectomyg
either partial or total, depending on the situation and
quantitative amount of tuberculosis present.

Streptomyecin and ismniazid will be required in a
dosage of 1 gme. streptomycin daily and 300/450 mgms. isoniazid
daily. Operation should be plammned to take place when

" the patient has had 45 gms. streptomycin.
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CHAPTER XIIT

SUMMARY OF THESIS

The cliniecal Study3 which is the subject of this
investigation was commenced in 1953, It includes complete
records of twenty two patients suffering from renal
tuﬁercuiosis who have been investigated clinically,
surgically and blochemicallye.

The patients were selected only in so far as they
had nephrectomy carried out. The specimens obﬁéined ﬁere
examined bacteriologically and histologically.

‘Tt has been shown that fhe Tmpyy results can be ased
as an accurate index of the quantitative severity of the
lesion present and also as a-measurement of the prognosis
to be expected.

The derived fractions have provided information which
suggests that the pathological process of rehal tuberculosis
produced damage of the smaller arteries, thus worsening the
general effect of the infection which had occurred in the

kidneye This has been confirmed by examination of the

histological specimens available.
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Hypertension as a éomplication of unilateral renal
tuberculosis has been @iscovered as a collateral finding
andl an introductory comment has been made on this feature.

Finaliy, a bI;'ief review is given of the modern
method of treatment of the condition, with a suggestion

that mild cases of renal tuberculosis can now be confidently

dealt with by anti-tuberculous chemotherapy alone.
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Renal.
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TUBULE-
CAPILLARY
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veiny™_
Fig.l. NEPHRON DIAGRAM

The colour scheme is uniform in all
diagrams.

Yellow; Glomerular capsule and
Glomerular Filtration Rate
(GFR)

Red: Blood vessels and effective
Renal Blood Flow .(RBF)

Greens Tubules and maximal tubular
excretory capacity (Tm)



2.

INULIN CLEARANCE or GLOMERULAR FILTRATION RATE

The glomerulus acts as a simple ultra-filter retaining only proteins,
so the concentration of all solutes is the same in the glomerular
filtrate as in the plasma. This is represented as 10 black dots

in the capsule and 10 dots in the capillary.

In the tubule, water is absorbed, but the inulin, as it is neither
absorbed nor excreted, is progressively concentrated. The original
10 units are contained in less and less fluid until -

In the pelvis the 10 units are dissolved in a single drop of
urine and no extra inulin has been added.

Thus the Inulin Clearance gives the volume of filtrate in which
the inulin was originally contained - i.e. the Glomerular Filtration

Rate.



Renal.

artery
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Fig.3. LOW PAH CLEARANCE OR RENAL BLOOD FLOW
a) Glomerular filtration is the same as for Inulin.
b) In the tubule PAH is actively excreted by the tubule
cells.
¢) Provided the blood concentration is low all the PAH has
been removed from the blood by the time it reaches the
venous end of the intertubular capillaries.
d)

Thus all the PAH brought by the blood stream to the
kidney is excreted in the urine. The PAH clearance,
therefore,

kidney - i.e.

gives the volume of blood passing through the
the Renal Blood Flow.



Fig. 4. HIGH PAH EXCRETION or

a)

b)

d)

MAXIMAL TUBULAR EXCRETORY CAPACITY

Glomerular filtration and tubular excretion are the same as
with the low PAH clearance.

When the blood concentration of PAH is high, the tubules are
saturated and cannot remove all the PAH from the blood, excess
passing to the renal vein.

Raising the blood concentration does not alter the amount of
PAH excreted by the tubules as these are already working to
full capacity.

The total amount of PAH excreted per minute (note: this is
not the 'clearance" rate) is an index of the amount of active
tubular tissue in the kidneys - i.e. the maximal tubular
excretory capacity.



<Fig. S.

Colour photograph showing
patient with intravenous
saline drip established.
Catheter has also been
passed.

-Fig. 6,

Filtration flask
containing sustaining
doses of PAH and Inulin
in the first period.

8 ml. PAH

55 ml. Inulin
450 ml. Normal Saline.



Pig. 7.

Apparatus required to complete a test, the
first period having been established.

.Fig. 8.

Photograph showing T-tube and intravenous needle
in position.



Pig. 9.

Injection of 20 ml. of PAH passing along T-tube.

Fig. 10.

Filtration flask after addition of 80 ml. of PAH.



Fig. !le

Photograph showing three urine specimens, three
blood specimens and information sheet.

Sheet 1. Lab. Ref. No.
H)HER 8HITH RSNAL FUNCTICW TEST.
Case No: Name: j.p# (i) Ago: 23
Referred By: Dr. Kaodanald Stonehoase Hospital. Date: 11 AO/55
Height: 5 ft.v 0 ine. Weight: 8 jt. 2 Ita. Surfaoe Area: 1.47 (p =i.ig)

Clinioal Diagnosis: Tubercilosis.

Urea Clearanoe - % of normal: B.P.s 124/36
(1) 121 (correoted)

(2) 119 (correoted) RESUIFS.
(Correoted to Sorfaoe Area 1.73 H2.)

P.CV R.P.F, GFR. FF. Tapw RPF. GFR.
kapAH  *®RPAH
Normal values 45 1136 626 123 0.197 70.9 7.92 1.56
Patient 40 1069 654 103 0.157 61.2 10.68  1.69
% of normal . 9% 104 84 80 77.5 134 108
I. R.PP. + GFR. 1L MI
Priming:  PAH  20# Priming: PAH  20# 20 ml

Inulin 10%

Sustaining: PAH 20§ § ml, Sustaining: PAH 204 2o
Inulin 104 55 ml.
Saline 430 ml. Sustaining 1 210 ml*
Rate: 96 drops per minute. Rate: 96 drops per minuto.
Stabilisation period 24minutes. Stabilisation period: 23 minutes
Time Time )
oy Blood  Urine Remarks. (ming) Blood  Urine Remarks 1
Disoard Disoard
0 0
1750 let YD 2na
30.80 Ist 29.25 2nd

Fig. 12.

*

Photograph showing completed information sheet.
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IVF at 15 minutes.
No excretion from
le ft kidney.

Fig. 15. ABk

IVP at 90 minutes.
Bladder appearance.



Fig. 16. EC.

IVP. No excretion
from right kidney.
Note old tuberculous
lesion of spine L3.L4-.

Fig. 17. MW

IVP. Poor excretion from
right kidney. Some
dilatation of calyces left
kidney*



Fig. 18. JMCA.

IVP. Considerable
distortion of right
kidney shadow. Left
kidney fairly normal.
Small bladder shadow.
Multiple calcified
glands in abdomen.

Fig. 19. HMcL.

IVP. No excretion visible
from le ft kidney. Some
dilatation of right
kidney pelvis.



Fig. 20. DO*R.

IVP. Both kidneys
excreting dye. Considerable
distortion and dilatation
of right kidney. Some
distortion and dilatation
of left kidney pelvis.

Fig. 21I. JP..

IVP. Both kidneys
excreting the dye. Some
irregularity of lower
calyx right kidney.



Fig. 22. RS.

Straight X-ray.
Calcified, le ft kidney
and le ft ureter visible.

Fig. 23. RS.

IVP. Dilatation of
right kidney with
irregularity of calyx
right kidney. Left
kidney calcified and
le ft ureter calcified.



Fig. 24. RS.

IVP. Post-operatively.
Remnants of calcified
left ureter visible.
Some irregularity of
lower calyces of
right kidney.

Fig. 25. AT.

IVP. No excretion seen
from le ft kidney. Right
kidney appears to be
somewhat dilated.



Fig. 26. RY.

IVP at .5 minutes.

No excretion seen from
le ft kidney. Some
dilatation and
irregularity of outline
of right kidney at

5 minutes.

Fig. 27. RY..

IVP at 15 minutes.

Left kidney very slight
shadow seen in mid pole.
Right kidney appears
more normal with some
dilatation of pelvis.



Fig. 28. A.Bk.

Retrograde Pyelogram
shows gross dilatation of
calyces throughout the
kidney. There is also
irregularity of the
ureter.

Fig. 29. A.Bk.

Lateral view shows distortion
and cavitation in both

upper and lower poles of

the kidney. Pelvis is
irregular in outline.



Fig. 30. A.-Bt.

Retrograde pyelogram
Right kidney shows gross
dilatation of all

renal calyces.

Fige 31» A .Bt.

Retrograde pyelogram.
Right kidney grossly
abnormal. Left kidney
is normal in outline.
Slight distortion of
calyces of lower pole.
Pelvis slightly dilated.



Fig,. 32. EG.

Retrograde pyelogram

Left kidney normal in
outline. Right kidney
could not be catheterised.

A.C.

Left retrograde pyelogram.
Some dilatation of kidney
pelvis. Right ureter

could not be catheterised.



AN

z

E

Hz* 34* Mtf-

Retrograde pyelogram.
Left kidney normal in
outline. Right ureter
could not be catheterised.

ML

Retrograde pyelogram.

Right kidney some dilatation
of kidney pelvis.
Irregularity of outline
evident in upper pole#.



Fig..- A

Retrograde pyelogram.

Left side shows gross
distortion of kidney
outline with cavitation
evident in upper and lower
poles.

Fig. 37. JtliSA*

Retrograde pyelogram.
Right kidney normal in
outline. Left ureter
could not be catheterised.
Vague outline of left
kidney can be seen.



AC.I& Sr

Fig. 38. H. .McL.

Retrograde pyelogram.
Right kidney shows normal
pattern. Left ureter
could not be catheterised.

Retrograde pyelogram.

Right ureter partially
catheterised. Ureter

shows considerable
dilatation. No kidney
shadow evident. Left
kidney shows some dilatation
of pelvis and slight irregu-
larity of calyces.



LtLt.

Retrograde pyelogram.
Left kidney normal.
Right ureter not
catheterised.

Retrograde pyelogram.
Right kidney shows some
irregularity of middle
calyces and dilatation
of pelvis.

Left kidney and ureter
grossly calcified.



J.K.
M.P*
A.C.
J.P.
R.S.
T.B.
V.B.
J.McA.

H.MCcL.
A.Bk.
KM
E.C.

SEX

AR ERERZERERRERE g

REIAL TUBERCULOSIS

HLood Pressure Before and After Nephrectoiqy

AGE

23-
46
32
23
35
45
38
26
18
12
29
18
33
29
42
62
25
42
44
55

PRE-OP.

116/80
160/100
135/80
128/86
140A00
124/70
130/94
140/84.
13540
112/82
180A00
112/80
130/80
114/90
130/84
210A10
140/86
ZL0A20
150A00
160A04

Pig. 42

1/52
120/76

130A6
120/84

136/84
130/80
118/86
110/86

106/84
160A00

130/84
124/82
130/80
118/80
120A4
130/84
170A10
164A04

170Al2

POST-OP.

6A 2

130A0

128/84
134/80

130/80
120/86
106/84
118/86
120/80
116/84
110/30
128/86
118/86
132/86
116/86
120/82
130/96
120/84
164/84
150/80
150/76



J.M.
M.P.
A.C.
J.P.
R.S.

T.B.

J.McA.

M.F.
R.Y.

D.O'R.

Li«B«

A.F.
H.P.
A.T.
A.Bt.

H.UcL.

A.Bk.
MM.
E.C.

TUBERCULOSIS OF KIDNEY

Cases Arranged, in Order of Descending

AGE

23
31
32
23

45
38

18
12
29
18

33

29
42
32
51
62
25
42
44
55

PRE-OP.

53.1
52.9
49.2
48.9
45.7
45.4
44.6
39.6

38.8

38.3
37.9
34.7
29.7
28.1
27.2
26.8
24.6

Fig. 43.

POST-OP.

1/52

32.3
44.1
59.2

60.4
31.9

62.0
52.4

39.9
40.6

46.8

38.5
38.6

45.4

15.3
33.6

19.1
40.8

20.2
29.1

31.3
44.0

37.3

d12

40.0
40.0
58.7
34.0
38.6

50.6
53.9
35.8
54.4
45.0
46.7

45.4
32.1

56.7
43.9
40.1
40.1
35.0
39.1
30.9
19.6
20.4



ALL CASES

Mean for
Group

Mean as %
Normal

Mean for
Group

Mean as %
Normal

Mean for
Group
Mean as %
Normal
Mean

Mean as %
Normal.

Group Means of Renal Function Tests Values

PRE-OPERATIVE
RPF GFR
ThiPAH

431 82 63.7

69 67 80,7
497 84 47.4

79 68 60.5
240 51 31.8

38 41 40.4
389 72 47.8

62 58 60.5

TUBERCULOSIS OF KIDNEY

66

397

64

284

45

365

58

Fig. 44.

1/52

69

56

75

61

53

43

66

54

POST-OPERATIVE
AAH RPF
45.6 315
57.8 50
45.5 373
57.7 60
30.1 223
38.1 36
40.3 30
51.1 49

6/12

72

59

78

63

51

41

67

55

ToVAH



TUBERCULOSIS OF KIDNEY

R.P.F. and O.F.R. Arranged According to Pre-operative value of

TmpAH R esults.
ReP.F. G.F.R.

NAVE PRE-OP. POST-OP. PRE-OP. POST-OP.

1/52 6/12 1/52 6/12
J.M. 462 444 322 46 67 76
M.P. 243 235 195 57 52 58
A.C. 527 444 277 114 63 64
J.P. 654 628 449 103 85 85
R.S. 267 323 330 90 76 79
T.B. 481 376 372 97 80 78
V.B. 437 411 512 80 68 97
J.Mecn . 435 231 306 74 50 75
M.F. 461 440 375 92 86 80
R.Y. 450 314 422 111 63 81
W.N, 385 449 251 60 113 81
D.O») 672 529 435 90 84 65
M.B. 600 396 286 125 55 65
A.F. 305 468 280 56 85 70
H.P. 283 463 238 81 91 53
A.T. 416 260 215 91 32 50
A.Bt. 232 303 392 43 45 25
W.S. 170 213 184 42 47 47
H.MeD. 216 384 219 42 53 44
A.Bk. 183 205 119 36 55 69
M.M. 157 141 171 22 18 41
E.C. 197 223 186 44 49 60

Fig. —45.



Average
Normal

J.M.
M.P.
A.C.
J.P.
R.S.

A.F.

A.T.
A.Bt.
W.S.
H.McL.
A.Ek.
MM.
E.C.

TUBERCULOSIS OF KIDNEY

Fractional Figures Arranged. According to Pre-operative

F.F.

197

100
233
216
157
144

201
182
171
198
247
078
134
209

.184
.285
219
235
247
195
154
.143
223

Value of
PRE-OPERATIVE
RPF  GR F.F.
mPAH  ~“PAH
7.92 1.56
6.79 0.68 151
3.70  0.86 .226
8.29 1.79 .142
10.68 1.69 .137
4.44 1.50 235
9.06 1.82 213
8.26 1.50 .165
8.86 1.51 217
9.42 1.87 .195
9.84 2.42 .210
8.48 1.32 .252
15.07 2.02  .158
15.15 3.15 .138
7.85 1.44 .181
7.38 211 .196
11.00 2.40 123
527 1.24 220
572 1.41 221
7.70  1.50 .138
8.53 132 .180
5.86 Q84 .130
8.01 1.79 .220

Fig. 46.

Besults.
POST-<OPERATIVE

1/52 6/12
RPF  GRR F.F. RPF

ThPAH ~AH AAH
13.74 2.C7 237 8.05
5-33 1.18 296 4.88
7.50  1.07 231 4.72
10.40  1.40 198 13.20
10.13  2.38 245 8.55
6.06 1.29 .209 7.35
7.88  1.29 191 9.50
5.79 1.26 243 8.55
10.84 2.12 213 6.89
6.70  1.35 192 9.38
11.67 2.94 +323 5-38
13.70  2.17 152 9.59
8.72  1.20 228 8.93
30.59 5.52 .250 4-93
13.78  2.71 223 5.42
13.61  1.68 232 5.36
502 1.10 210 2.97
10.54 2.32 .255 5.20
13.20  1.82 .198 5.61

9.67 1.74 175 12.68
3.20  0.42 237 8.74
598 1.31 .323 9.13

GFR
"PAH

1.90
1.44
1.09
2.50
2.03

1.54
1.80
2.08
1.47
1.80
1.73
1.21
2.03

1.23
1.21
1.25
0.62
1.34
1.11
2.23
2.07
2.94



TUBSRCIJLOSIS OF KIDNEY

Jrea Clearance Tests Arranged According to P e-Operative Valie of T

NAME AGE SEX PRE-OP. u.Cc.T,() U.C.T.(2)
TmPAH PRE-OP. POST-OP. PRE-OP. POST-mOP.
1/52 6/12 1/52 6/12
J.M. 23 P 68.0 (X 46 66 coe 59 58
M.P. bS P 65.6 36 74 49 43 81 45
A.C. 32 M 63.6 68 eee Xy 58 Xy oee
J.P. 23 F 61.2 121 75 72 119 78 61
T.B. 45 M 53.1 132 97 58 134 77 63
V.B. 33 M 52.9 98 66 67 115 63 65
J.tv'eA. 26 M 49.2 95 49 oo 71 55 oo
N.P. 18 P 48.9 89 91 70 84 71 63
R.Y. 12 M 45.7 78 46 85 76 40 69
‘W.N. 29 M 45.4 cee coe 83 cee eee 62
D.O'R. 18 M 44.6 94 68 76 83 84 97
M.B. 33 P 39.6 124 37 47 83 38 37
A.F. 29 M 38.8 57 52 96 58 52 71
H.P. 42 P 38.3 102 74 63 103 90 73
A.T. 32 M 37.9 69 42 51 49
A.Bt. 51 P 34.7 36 66 33 50 57 - 41 >
W.S. 62 M 29.7 48 44 108 46 40 91
H.McL. 25 M 28.1 50 100 80 37 66 116
A.Bk. 42 P 27.2 33 55 68 41 66 63
M.M. 44 P 26.8 36 18 33 11 18 29
E.C. 55 P 24.6 53 44 42 59 50 57
Pig. 47.

TPAH resul'bs are absolute values whereas U.C.T. results are calculated

according to the Van Slyke maximum and standard clearance fonnulae.



TUBERCULOSIS OF KIDNEY

R.P.F. Results Arranged According to pre-operative

value.

NAME AGE PRE-OP. POST-OP.

1/52 6/12
D.O»R. 18 672 529 435
J.P. 23 654 628 449
M.B. 33 600 396 286
A.C. 32 527 444 277
T.B. 45 481 376 372
J.M. 23 462 444 322
M.F. 18 461 440 375
R.Y. 12 450 314 422
V.B. 38 437 411 512
J .MCA. 26 435 231 306
A.T 32 416 260 215
W.N 29 385 449 251
A.F 29 305 468 280
H.P 42 283 463 238
R.S 35 267 323 330
M.P 31 243 235 195
A .Bt. 51 232 303 392
H.McL. 25 216 384 219
E.C 55 197 223 186
A Bk 42 183 205 119
W.S 62 170 213 184
MM 44 157 141 171

Pig. 4B.



TUBERCULOSIS OF KIDNEY

G.F.R. Results Arranged According to Pre-operative

Value.

NAME AGE PRE-OP. POST-OP.

1/52 6/12
M.B. 33 125 55 65
A.C. 32 114 63 64
R.Y. 12 111 63 81
JP. 23 103 85 85
T.B. 45 97 80 78
M.F. 18 92 86 80
A.T. 32 91 32 50
D.O »R. 18 90 84 65
R.S. 35 90 76 79
H.P. 42 81 91 53
V.B. 38 80 68 97
J .MCA. 26 74 50 75
W.N. 29 60 113 81
M .P. 31 57 52 58
A F. 29 56 85 70
IM. 23 46 67 76
E.C. 55 44 49 60
A Bt. 51 43 45 25
H.McL 25 42 53 44
w.S. 62 42 47 47
A .Bk. 42 36 55 69
M.M. 44 22 18 41

Fig. 4.9.



TUBERCULOSIS OF KIDNEY

Q.F.R. and TtapAH Arranged Aooording to Pre-operative value
of R.P.F. Results .

0.F.R. TmpAH

NAME PRE-OP. POST-OP. PRE-OP. POST-OP.
1/52 6/12 1/52 6/12
D.O »R. 90 84 65 44.6 38.6 45.4
1.P. 103 85 85 61.2 60.4 34.0
M.B. 125 55 65 39.6 45.4 32.1
A.C. 114 63 64 63.6 59.2 58.7
T.B. 97 80 78 53.1 62.0 50.6
J.M. 46 67 76 68.0 32.3 40.0
M.F. 92 86 80 48.9 40.6 54.4
R.Y. 111 63 81 45.7 46.8 45.0
V.B. 80 68 97 52.9 52.4 53.9
J.MCA. 74 50 75 49.2 39.9 35.8
A.T. 91 32 50 37.9 19.1 40.1
W.N. 60 113 81 45.4 38.5 46.7
A.F. 56 85 70 38.8 15.3 56.7
H.P. 81 91 53 38.3 33.6 43.9
R.S. 90 76 79 60.2 31.9 38.6
M.P. 57 52 58 65.6 44.1 40.0
A.Bt. 43 45 25 34.7 40.8 40.1
H.MoL. 42 53 44 28.1 29.1 39.1
E.C. 44 49 60 24.6 37.3 20.4
A.Bk. 36 35 69 27.2 31.3 30.9
W.S. 42 47 47 29.7 20.2 35.0
M.M. 22 18 41 26.8 44.0 19.6

Fig. 50.



TOBERCUIOSIS OF KIDNEY
R.P.P. and TmpAH Arranged Aooording to Pre-operative value of

G.F.R. Results.

R.P.P. “"PAH

NAVE PRE-OP. POST-OP. PRE-OP. POST-OP.

1/52 6/12 1/52 6/12
M.B. 600 396 286 39.6 45.4 32.1
A.C. 527 444 2717 63.6 59.2 58.7
R.Y. 450 314 422 45.7 46.8 45.0
J.P. 654 628 449 61.2 60.4 34.0
T.B. 481 376 372 53.1 62.0 50.6
M.F. 461 440 375 48.9 40.6 54.4
A.T. 416 260 215 37.9 19.1 40.1
D.O»R. 672 529 435 44.6 38.6 45.4
R.S. 267 323 330 60.2 31.9 38.6
H.P. 283 463 238 38.3 33.6 43.9
V.B. 437 411 512 52.9 52.4 53.9
.T.MoA. 435 231 306 49.2 39.9 35.8
W.N. 385 449 251 45.4 38.5 46.7
M.P. 243 235 195 65.6 44.1 40.0
A.P. 305 468 280 38.8 15.3 56.7
J.M. 462 444 322 68.0 32.3 40.0
E.C. 197 223 186 24.6 37.3 20.4
A.Bt. 232 303 392 34.7 40.8 40.1
H.MoL 216 384 219 28.1 39.1 39.1
W.S. 170 213 184 29.7 20.2 35.0
A.Bk. 183 205 119 27.2 31.3 30.9
M.M, 157 141 171 26.8 44.0 19.6

Fig. 51.



TUBERCULOSIS OF KIDNEY

Group Means of Fractional Figures

PRE-OP: IRATIVE POST OPERATIVE
1/52 6/L2
FF HPF GER FF RPF GFR FF
Tm Tm Tm
TmPAU TnPAH PAR PAH PAH

Tm > 75% 170 6.78 1.30 178 9.42 1.62 241 7.88
Tm 50% - 75% 178 10.52 1.95 .19-4 8.92 1.70 219 8.20
Tm < 50% 209 7.48 1.56 179 11.73 2.07 234 6.67

Fig* 52.



CORRELATION OF Tin with R.P.F.

1. 2. 3. 4. 5. 6.
Ob?\x;,;'vatlon TPAH R.P.F. - 72 7
X 7

1. 68.0 462 4624.00 213444 31416.0
2. 65.6 243 4303.36 59049 15940.8
3. 63.6 527 4044.96 277729 33517.2
4. 61.2 654 3745.44 427716 40024.8
5. 60.2 267 3624.04 71289 16073.4
6. 53.1 481 2819.61 231361 25541.1
7. 52.9 437 2798.41 190969 23117.3
8. 49.2 435 2420.64 189225 a 402.0
9. 43.9 461 2391.21 2125a 22542.9
10. 45.7 450 2088.49 202500 20565.0
11. 45.4 385 2061.16 148225 17479.0
12. 44.6 672 1989.16 451584 29971.2
13. 39.6 600 1568.16 360000 23760.0
H. 38.8 305 1505.44 93025 11834.0
15. 38.3 283 1'66.89 80089 10338.9
16. 37.9 416 1436.41 173056 15766.4
17.- 34.7 232 1204.89 53824 8050.4
18. 29.7 170 882.09 28900 5049.0
19. 28.1 216 789.61 46656 6069.6
20. 27.2 183 739.84 33489 4977.6
7L 26.8 157 718.24 24649 4207.6
22. 24.6 197 605.16 38809 4846.2
Total. 984.1 8233 47826.41 3608109 392990.4
Mean Value 44.7 374 2173.93 164005 17863.2

Standard deviation of Tnip"j = 13.26

Standard deviation of R.P.F. = 155

Correlation co-efficient r= +0.56

Fig. 53.



CORRELATION OF Tm * with G.F.R.

1. 2. 3. 4. 5. 6.
Obi\?;.vatlon TPAH G.F.R. X2 yi X Xy
X y
1. 68.0 . 46 4624.00 2116 3123.0
2. 65.6 57 4303.36 3249 3739.2
3. 63.6 114 4044.96 12996 7250.4
4. 61.2 103 3745.44 10609 6303.6
5. 60.2 90 3624.04 8100 5418.0
6. 53.1 97 2819.61 9409 5150.7
7. 52.9 80 2798.41 6400 4232.0
8. 49.2 74 2420.64 5476 3640.8
9, 48.9 92 2391.a 8464 4498.8
10. 45.7 111 20S8.49 123a 5072.7
11. 45.4 60 2061.16 3600 2724.0
12. 4% 6 90 1989.16 8100 4014.0
13. 39.6 125 1568.16 15625 4950.0
u. 38.8 56 1505.44 3136 a72.8
15. 38.3 81 1466.89 6561 3102.3
16. 37.9 91 1436.41 8281 3440.9
17. 34.7 43 1204.09 1349 1492.1
18. 29.7 42 882.09 1764 1247.4
19. 23.1 42 789.61 1764 1180.2
20. 27.2 36 739.84 1296 979.2
a. 26.8 22 718.24 484 589.6
22. 24.6 44 605.16 1936 1082.4
Total 984.1 1596 47826.41 133536 75417.1
Mean Value  44.7 73 a73.93 6070 3428.05
Standard deviation of Tmp"i _13.26
Standard deviation of G.F.R. =27.2

Correlation co-efficient r —+ Q46

Fig. 54-



CORRELATION OP UREA CLEARANCE TEST (low PAH) with Tm »

1. 2. 3. ; i 6.
Obse;h\)'ation U.C.T.(low PAH) dnPAH X y X X
1. 27 65.6 4503.36 729 1771.2

2. 51 63.6 4044.96 2601 3243.6

3. 91 61.2 3745.44 8281 5569.2

4. 99 53.1 2819.61 9801 5256.9

5. 73 52.9 2798.41 5329 2803.7

6. 71 49.2 2420.64 5041 3493.2

7. 67 48.9 2391.21 4489 3276.3

8. 59 45.7 2088.49 3481 2696.3

9. 71 44.6 1989.16 5041 3166.6

10. 93 39.6 1568.16 8649 3682.8
11. 43 38.8 1505.44 1849 1668.4
12. 77 38.3 1466.89 5929 2949.1
13. 52 37.9 1436.41 2704 1970.8
14. 27 34.7 1204.09 729 936.9
15. 36 29.7 882.09 1296 1069.2
16. 38 28.1 789.61 1444 1067.8
17. 25 27.2 739.84 625 680.0
18. 27 26.8 718.24 729 723.6
19. 40 24.6 605.16 1600 984.0
Total 1067 8105 37517.21 70347 47009.6
Mean value 56 42.7 1974.59 3702 2474.2

Standard deviation of U.C.T.(low PAH}= 23.8
Standard deviation of “12.3

Correlation coefficient r = + 0.32

Fig. 55.
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Correlation co-efficient
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56.
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5840
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11625
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4732
1161
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CORRELATION OF R.P.F. with G.F.R.

0b1~ “ 2. 3- 4, 5. .
;!;va ion R.XP.F. G.FR. 2 y2 X X
y
1. 4.62 46 213444 2116 a 252
2. 243 57 59049 3249 13851
3. 527 114 277729 12996 60078
4. 654 103 427716 10609 67362
5. 267 90 71289 8100 24030
6. 481 97 231361 9409 46657
7. 437 80 190969 6400 34960
S. 435 74 189225 5476 3a90
9. 461 92 212521 8464 42412
10. 450 111 202500 123a 49950
11. 385 60 148225 3600 23100
12. 672 90 451584 8100 60430
13. 600 125 360000 15625 75000
M. 305 56 93025 3136 17080
15. 283 81 80089 6561 22923
16. 416 91 173056 8231 37856
17. 232 43 53824 1849 9976
18. 170 42 28900 1764 7140
19. 216 42 46656 1764 9072
20. 183 36 33489 1296 6588
21. 157 22 24649 484 3454
22. 197 44 38809 1936 8668
Total 8233 1596 3605109 133536 674079
Mean Value 374 73 164005 6070 30640
Standard deviation of R.P.F. = 7§55
Standard deviation of G.F.R. = 27.2
Correlation co-efficient r = +0.79

Fig. 57.
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Fig*. 58.

Scatter diagram showing correlation between GFR (Glomerular

Filtration Rate) and UCT (Urea Clearance Test)
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Scatter diagram showing correlation between GFR (Glomerobr

Filtration Rate) and RPF (Renal Plasma Flow)



Fig. 60. Left kidney. A.Ek. Female. Age 4-2.

Surface is lobulated suggesting the presence of
abscesses. Weight was 250 gms.



Fig. 0L Left kidney. A.Bk* Female. Age 42*
The cut surface reveals the presence of five large

caseous abscesses.
Histologically an advanced renal tuberculosis.

Tubular function

Pre-operative 34$ of average normal.



Fig.. 62. Right kidney. A .Bt. Female. Age 52.

A small kidney weighing 112 gins, and showing cut
surface. The pelvis is dilated and lined by tuberculous
granulation tissue; multiple scattered tubercles are
present in the medulla and cortex - some of which

are caseous.

Histologically a widespread tuberculosis.

Tubular function

Pre-operative 44$ of average normal.



Fig. 63. Right kidney. T.B. Male. Age 45*

This kidney measured 130 x 60 x 60 mms. and weighed
245 gms. On cut surface a large lobulated abscess

is present in the mid zone of the kidney. The lower
calyces are dilated.
Histologically an active renal tuberculosis.

Tubular functionr-

Pre-operative 67$ of average normal.



Fig. 64. Right kidney. WB. Male. Age 38.

This kidney measured 110 x 60 x 85 mms. and
weighed 265 gms. There is gross foetal
lobulation.



Fig. 65. Right kidney. V.B. Male. Age 38.

On cut surface the kidney is a bag of caseous pus
with a small area of relatively normal tissue at

the upper pole.
Histologically an active caseating tuberculosis.

Tubular function

Pre-operative 67$ of average normal.



Fig. 66. Left kidney. M.B. Female. Age 33.

Kidney is of normal contour measuring 120 x 60 x 35 nmns*

On section the primary calyces and pelvis are dilated.
A tuberculous cavity is seen in the mid zone. Many
petechial haemorrhages in pelvic mucosa.-
Histologically an early renal tuberculosis.

Tubular function

Pre-operative 50.2$ of average normal.



Fig. 67. Right kidney. A.C. Male. Age 32.

A normally shaped kidney weighing 180 gms. with an

irregularly lobulated surface, without abscess or
scar.-



Fig. 68. Right kidney. A.C. Male. Age 32.

On cut surface there is coalescing tuberculosis
confined to the medulla. There is no caseation.
Histologically a proliferative tuberculosis.
Tubular function:-

Pre-operative 81$ of average normals



Fig. 69. Right kidney. A.F. Male. Age 29.

A very large lobulated kidney weighing 4-05 gins.
Upper pole is wide but the lower pole narrow and

haemorrhagic.
The kidney felt cystic.



Fig. 70. Right kidney. A.F. Male. Age 29*

On cut surface it is grossly hydronephrotic.

The pelvis, primary and secondary calyces are

all distended.

Histologically an advanced tuberculous pyelonephritis.

Tubular functionr-

Pre-operative 49% of average normal.



Fig. 71. Right kidney. M.F. Female. Age 18.

Kidney of normal size and contour weighing 175 gms.



Fig, 72. Right kidney. M.F. Female. Age 18.

On cut surface the primary and secondary calyces

are grossly dilated, especially in the upper half.
Abscess cavities are seen in the lower pole. (The
calyces contained blood stained inspissated pus.)
Histologically a widespread and advanced tuberculosis.

Tubular functions-

Pre-operative 62% of average normal.



Fig. 73* Left kidney. MM. Female. Age 44*

This kidney weighed 175 gms. Several small cysts
present.



Fig. 74. Left kidney. KM, Female. Age 44.

On cat surface the cysts are seen to be confined to
the cortex. Scattered tuberculous cavities are most
numerous at the poles.

Tubular function?-

Pre-operative 345 of average normal.



Fig. 75% Left kidney (x 4-/5) H.McL. Male. Age 25.

A large lobulated kidney with a smooth surface
measuring 14-5 x 80 x 75 mms. and weighing 4-25 gms.

On cut surface pelvis and all the calyces are
grossly dilated and filled with caseous pus.
Histologically a widespread tuberculosis.

Tubular functionr-

Pre-operative 35+7% of average normal.



Fig. 76. Left kidney. JMcA. Male. Age 26.

Kidney of normal contour weighing 155 gms..



Fig. 77. Left kidney. J.McA. Male. Age

On cut surface the pelvis, primary and secondary
calyces are dilated and filled with caseous pus.

Histologically a widespread tuberculosis.

Tubular function:-

Pre-operative 62% of average normal.



Fig. 78. Right kidney. D.OfR. Male. Age 18.

Normal shaped kidney with dilated pelvis. Weight 185 gins

¥l Cut section the primary and secondary calyces are
seen to be dilated.

Histologically an unusually widespread tuberculosis.

Tubular function:-

Pre-operative 56$ of average normal.



Fig* 79* Right kidney. H.P. Female* Age 42.

Kidney appeared to be normal weighing 120 gms.
On cut surface two small points of fibrosis are

seen in a pyramid at the lower pole.
Histologically a healing tuberculosis.

Tubular function

Pre-operative &% of average normal.-



Fig. SO, Right kidney. J.P. Female. Age 23.

Normal shaped kidney measuring 120 x 70 x 40 mms.
and weighing 160 gms. On the posterior aspect
two groups of tubercles present at the upper pole
and another larger group seen in the mid zone.



Fig, 81. Right kidney. J.P. Female. Age 23.

On the cut surface pelvis is slightly dilated and
tiny coalescing tubercles are present underlying the
superficial lesions.

Histologically an active but very localised renal
tuberculosis.

Tubular function

Pre-operative 77,5% of average normal.*



Fig. 82. Left kidney. W.S. Male. Age 62.

A small kidney of normal shape weighing 100 gins, and

showing a finely granular surface with a few depressed
scars.-



Fig. 83- Left kidney. W.S. Male. Age 62.

On cut surface the pelvis is slightly dilated and

the primary and secondary calyces considerably dilated
In the upper pole large numbers of small abscesses
are seen in the pyramids and the cortex.

Histologically a widespread proliferative tuberculosis

Tubular function:-

Pre-operative of average normal.



Fig. 84. Left kidney. A.T. Male. Age 32.

This is a small but unusually thick kidney weighing
170 gms. The surface shews faint foetal lobulation

and contains many depressed scars but no abscesses.-



Fig. 85. Left kidney. A.T. Male. Age 32.

The cut surface reveals the primary and secondary
calyces to be grossly dilated and containing caseous
pus. The ureter is thickened.

Histologically an active tuberculosis.

Tubular functions-

Pre-operative I§% of average normal.



Fig. 86. Left kidney. R.Y. Male. Age 12.%
A small kidney weighing 90 gms. Two isolated large
abscesses are visible on the anterior surface near the
lower pole and in the middle of the posterior surface.
On cut surface the kidney is hydronephrotic. All the
calyces and the pelvis are dilated.

Histologically a widespread caseating tuberculosis.

Tubular function :-

Pre-operative 57% of average normal.



Fig. 87. ABk. H. &E. x 50.
Tuberculous pyelitis with considerable round

cell reaction. Caseation and fibrosis evident*
Treated with Streptomycin and PAS.

giant cell systems.

reactive fibrosis..

Fig. 88. A.Ek.

Ureteritis. Reactive fibrosis.
Attempt to shut off tuberculous lesion.



V-y-

. Fig. 89. V.B. H&E x 65..

Tubercles are undergoing invasion by
granulation tissue.
Treated with Streptomycin and INAH.

Large caseous area undergoing granulation.
Treated with Streptomycin and INAH.

invasion of tubercles
with fibrous tissue.

caseating tubercles.

destroyed glomerulus.

reactive round cell,
infiltration.

large caseating area.



giant cell systems.

reactive fibrosis.

fig. 91 . AC. H &E. x 65.
Several giant cell systems evident.

Considerable granulation talcing place.
Treated with Streptomycin, INAH and PAS.

coalescing tubercles.

nephrosclerosis.

giant cell systems.

Fig, MM MG. x 50.

Caseating tubercles present with considerable
fibro-blastic reaction.

Nephrosclerosis evident.

Treated with Streptomycin and INAH.



Fig. 93. MM MG. x 50.

Nephrosclerosis with destraction and reactive

fibrosis evident. Occasional giant cell systems.

Fig. 94. MM MG. x 85

Endarteritis of middle sized vessel with
surrounding reactive fibrosis.



Fig. 95. MM. MG x 250.

Arteriolar endarteritis.

Fig. 96. HMcL. H. SE. x 110.

Granulation invading caseating tubercles.'
Treated with Streptomycin and INAH.



round cell reaction

Fig. 97. M.P. H. &E. x 65.

Considerable fibrosis evident.
Multiple giant cell systems.

Treated with INAH only.



RENAL TUBERCULOSIS
UNTREATED

moderate round cell
infiltration.

Widespread renal tuberculosis.
There is no evidence of any healing reaction.

area of caseation.

giant cell systems.

Fig. 99. SW, H.& E. x 110.

Area of caseation evident with mild reactive
fibrosis taking place.



NEPHRECTOMY

Function Minimal Function
normal damage decreased

NEPHRECTOMY

Function Moderate
depressed damage

NEPHRECTOMY

Function Severe Function
depressed damage increased

Fig. 100.

When a kidney with minimal damage is removed a large
amount of normally functioning renal tissue is lost.
In spite of hypertrophy of the remaining kidney the
loss is not entirely made good.

When a tuberculous lesion of moderate severity is
present in one kidney the function of the remaining
kidney is depressed. Nephrectomy removes comparatively
little functional tissue sc that hypertrophy of the
remaining kidney makes up the loss.

A severely damaged kidney contains little or no
functional tissue and also depresses the function of
the contralateral kidney. When the diseased organ is
removed the remaining one hypertrophies with the result
that there is an overall gain in renal function.



TUBERCULOSIS OF KIDNEY

E ffect of Nephrectomy on Hypertension

NAMB AGE SEX
MLP. 46 F.
R.S. 35 M
W.N. 29 M
W.S. 62 H.
A. He. 42 F.
K.M. 44 F.
E.C. 55 F.

+ Patient now deceased..

PRE-QP

160A 00
140A00
ISOAO0O
210A10
210A20
150A00

160A04

Fig. 101.

POST-OP
6A2

123/&4
12076
128/96
130/96
164/94
150/90

150/76

POST-dP
4 years

170A06
130/38
136A4
160/98
158”6
260A40 +

150A4



Fig. 102. MM. Right kidney. Autopsy specimen.

Long narrow kidney measuring 130 x 60 x 35 mms. and
weighing 14-5 gms. Upper pole replaced by large cyst
40 mms. in longest diameter. Great increase in
pelvic fat.



Fig. 103. Right kidney. Autopsy specimen. MM. Female. Age 4*

On cut surface the upper pole is reduced to a narrow
rind. There are multiple large and small retention
cysts evident. Pelvic fat was increased.



Fig. 104. MM MG x 50.

Severe hypertensive nephro-sclerosis.

There is interstitial fibrosis, glomerulo-
sclerosis and considerable tubular atrophy.
In comparison with Fig. 93 the degree of
nephro-sclerosis is increased.

Fig. 103. MM.  MG. x 170.

Intra-lobular artery.

There is thickening of the intima, fibrosis
of the media and splitting and fragmentation
of the internal elastic lamina.

No evidence of tuberculosis.



Fig. 106. KK. MG. x 65.

Renal artery.

Gross medial fibrosis and considerable
intimal thickening. Some splitting

of the internal elastic lamina.



TUBERCULCSIS 0? KIDUEY

Weight before and six months after nephrectomy

NAME' Ist Weight. 2nd Weight.
St. lbs. St. 1bs.
WN 10 0 11 8
JM. 8 11 9 5
M.P. 9 0 9 0
AC. 9 10 10 12
J.P. 8 2 9 7
R.S. 9 10 11 4
T.B. 9 11 11 3
V.B. 15 0 14 6
J.MCcA. 12 12 12 10
MF. 7 0 7 6
AF. 9 7 10 0
H.P. 8 12 9 2
AT. 10 3 12 5
A Bt. 9 12 10 12
W.S. 10 12 12 4
H.KcL. 11 4 12 0
A.Be. 8 2 7 6
MM 8 0 9 0
E.C. 9 5 10 10
RY. 7 0 7 S5
D.OR. 9 0 9 0
MB. 8 4 9 2

Fig. 107.
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