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the kidney could in fact sometimes be due to such obstruc
tion. I approached Dr. P. Maas," Senior Urologist at the
Pretoria General Hospital and Pretoria University, and in
a verbal communication he confirmed that he had, in fact,
come across such cases at operation.

2. In 26 (31·7~o) of the 82 cases there was foetal
lobulation of the kidney (Fig. 8). One should therefore
not be too hasty to diagnose pyelonephritis merely on
[he finding of an irregular renal outline on a plain radio
graph or a nephrogram, as so many clinicians are inclined
to do.

3. A type of vessel within the kidney subs:ance to
which no reference could be found in the literature, is the
one which lies neither anteriorly nor posteriorly and which
I have named intermediate. This type of vessel was found
in 70% of cases.

4. When transplantation of kidneys becomes a practical
procedure, as surely it must at some future date, it will be
very important to make a thorough contrast-medium study
of the kidney of the donor to eliminate the possibility of
severed accessory vessels, since transplantation of such
kidneys will inevitably lead to necrosis of the segments of
the kidney originally supplied by accessory arteries, lead
ing to renewed complications.

I wish to thank the University of Pretoria for permiSSIOn to
publish these extracts from my M.D. thesis submitted to them.
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RADIOISOTOPE RENOGRAPHY*
L. GECELTER, M.R, RCH. (RAND), F.R.C.S., F.R.C.S.E., Renal Unit and Department of Urology,

Johannesburg Hospital and the University of the Witwatersrand

Radioisotope renography as used in its present form was
introduced by Nordyke et al.] in 1960. l3II-labelled ortho
iodohippurate (Hippuran) has been the isotope used in
this method 0f investigation. It is cleared from the blood
at a rapid rate and exclusively by the kidneys, 75% being
recovered in the urine of normal patients 30 minutes after
intravenous injection.' It produces the highest functional
peak of all agents tested to date, rapidly reaching this peak
in 4 - 6 minutes. The normal renogram is completed 8 - 12
minutes after injection of the labelled Hippuran.

METHODS

The Picker clinical analyser, Model 5802B, is used incor
porating dual 1 inch sodium iodide scintillation detectors.
These are cO!ll1ected to a rate meter and then to dual recti
linear recorders and are mounted on mobile adjustable
arms. The crystals are recessed 4 cm. and a 36° wide-angle

·Radio-renography has been used at the above centre for the
past 18 months in a wide variety of renal conditions. The
purpose of this article is to discuss the clinical applications
and limitations of this test.

collimator is used. A standard cesium (,30C) source is used
to calibrate the probes.

Since its inception various methods have been employed
to obtain the most satisfactory radio-renographic curves.
This has required different doses of the isotope, alteration
in the position of patient and/ or placement of scintillation
probes, different time constants and range of counting. A
standardization method used allows for uniformity of
results and for technicians to be trained fairly quickly. The
whole procedure then can be performed by them except
for the intravenous injections of the radioisotopes.

The method used here has been standardized as follows:
Where possible a straight X-ray of the abdomen or intra
venous pyelogram is used to localize the kidneys. When a
retrograde pyelogram or renal arteriogram has been per
formed, this is used in preference, The centre of the
kidney is taken as being 1 cm. lateral to the middle calyx.
This is usually found 8 - 12 cm. above the iliac crest and
6 - 9 cm. lateral to the mid-dorsal spines, which are the
surface markings used as reference points.

It should be remembered that a straight X-ray of the
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Fig_ 1. See texl.

The patient is told that she is going to be given a tiny
dose of radioactive material which is less than I j2,000th
of a routine chest X-ray' (disregarding the 'O'Hg eohy
drin) and pregnant women are required to sign consent
according to regulations laid down by the Atomic Energy
Commission.

No X-rays are taken nor Neohydrin given before the
test. The kidney is localized according to the method of
Winter.' The left kidney is usually centred at the lower
border of the 12th rib. The right lies a little lower.

At present, an investigation has been started in pregnant
women. The standard procedure, as described above, ha
been modified to minimize the radiation hazard. This in
cludes a dose of Lugol's iodine 2 - 3 days bdore the test
to block the foetal uptake of the radioactive l3l1 in the
Hippuran. A smaller dose of 2-5 - 4 p.c. is given and the
test is done in the sitting position. This is done to ascertain
the effect of gravity and uterine compression.

THE NORMAL RENOGRAM

The renogram is divided into 3 phases which are currently
termed phase I, II and Ill.

Phase 1 occurs after an interval of 10 - 20 seconds, this
period being determined by the circulation time of the in
jected radioisotope from vein to kidney.

It takes about 60 seconds to complete. The rapid rise in
counting over the kidney area, originally believed to be
due to the vascular capacity of the kidneys3 (vascular
spike) is now believed to be due mainly to extrarenal
vascularity (90°0) and only slightly to the vascular capacity
of the kidneys (looQ). This has been proved by administra-

abdominal pyelogram and aortogram are taken in the
supine position. Jf the radioisotope renogram is performed
in the sitting position, a descent of as much as 2 vertebral
spaces may occur.' This is more marked on the right. When
the IVP is used. the difference can be obviated by taking at
least one of the excretory pyelograms in the sitting or
standing position.

To obviate the problems involved in using the sitting
position and the placement of the scintillation probes
according to the X-ray position in the supine position, an
intravenous injection 2 p.c. of ""Hg chlormerodrin ( eohy
drin) is given at least 10 minutes before the commence
ment of the test.'o The patient is then placed in the prone
position on a mobile table with a soft pillow under the
abdomen.

The scintillation probe is used to localize each kidney
separately in the position in which the test is done. The
available X-rays are used as a guide to the position of the
kidneys. Often the two will coincide, but a preliminary
X-ray is not necessary with the present method. The ''03Hg
Neohydrin remains in the kidney where it is selectively
transported hy the tubules, and probing will record the
maximum counting obtainable for that kidney, taking
position rotation, thickness of kidney mass, function and
depth from skin into consideration.

The site of maximum counting rate is marked for each
kidney and a t inch lead shield measuring 4 x 6 inches is
placed in the mid-ver:ical position between the two kid
neys."

The scintillation probes are then placed 10 cm. from the
skin parallel to each other and perpendicular to the floor.
The probes are placed at this distance from the skin to
give a wide field. and the lead shield is used to prevent a
cross-irradiation from one kidney to the contralateral
probe. In this way minor errors in positioning will be
overcome.'

In Fig. 1 a cross-sectional view of the placement of the
patient and the scintillation probes are illus:rated, showing
the lead screen to prevent cross-irradiation from one
kidney to the contralateral probe. The probes are recessed
to obviate any error in inaccurate placement. The probes
are placed parallel to each other and perpendicular to the
floor.

A dose of I p.c./7 kg. body-weight Hippuran is then
given intravenously in the antecubital fossa as rapidly as
possible. Subcutaneous leakage will affect the renogram.
Occasionally the dose of Hippuran will be adjusted to age,
renal function and disease studied. Generally a young
patient will require a smaller dose and patients with a
raised urea or poor renal reserve will require a greater
dose. Patients with obstructive uropathy will require less,
since the Hippuran may be retained by the affected kidney
and concentrated to a greater degree.

The recordings are started before the administration of
the radio-Hippuran, and the paper speed is adjusted to 12
inches per hour. The time constant is fixed at 10 seconds.
More rapid paper speed at the commencement of the test"
to define the first from the second phase is not necessary
and adds to the technical problems.

The recording is made for approximately 15 minutes,
but may be allowed to continue for a longer period if
necessary. particularly when obstruction is present.
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or urea, will decrease time to peak and amplitude of
peak.

If a marked difference of urinary flow occurs between
each kidney, a significant disparity may occur in the
renogram. This is most marked at flows of between 3 - 5
ml./min. 'Slow flow' patterns occur in acute renal vein
thrombosis, hypotension, neurogenic shock, ureteric ob
struction and renal artery stenosis.
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2. Alteration in position. The scintillation probe is so
placed to record maximum counting and, if siting is
inaccurate, all parameters of the renogram will be
diminished.

In the sitting position, the peak is lower and all para
meters are lower than in the prone position. This
suggests that gravity plays an important role in drainage
of urine.

3. Effect of blockage of tubular transport. Competitive
inhibition by para-aminohippurate (PAH) loading will
decrease the amplitude of peak and came a slow excre
tion.'

Probenecid also depresses tubular transport and de
presses amplitude of peak.' Both PAH and probenecid
have no effect on glomerular filtration rate or blood flow
to the kidney, yet the amplitude may be depressed by as
much as 700~.

4. ExperimenTal studies on dogs' have led to uniform
alterations in renograms. Ischaemia decreases amplitude
of phase I and 11. Occlusion of renal vein and ureter in
acute experiments increase amplitude of peak; time to
peak is prolonged and excretion is delayed. (Tt is pro
longed.) Various drugs also affect the renogram. Vaso
pressors such as noradrenalin and the more active angio-

tion of l311-radioalbumin, which is not taken up selectively
by the kidney: and by comparing this with background
activity in nephrectomized patients.

This phase can be more clearly demonstrated by lower
ing the time constant and increasing the paper speed. From
a practical point little information can be gained by trying
to demonstrate this phase as a separate entity from phase
1I, and in our series we are often unable to differentiate
the two clearly.

Phase Il is shown by a slower and greater increase in
counting rate till a peak is reached which is due to maxi
mum concentration of the radio-Hippuran in the kidneys.
This is reached in 3 - 5 minutes and is then followed by
phase Ill.

Phase III is due to a greater excretion of the radio-Hip
puran from the kidney than its concentration by it. The
initial excretion is rapid with a slower fall off later.

The whole curve is usually completed in 15 minutes, but
the graph does not return to base-line as the Hippuran has
not been completely cleared in the period of the graph.

Various authors record different parameters as being
important and correlate these with findings on separate
renal function tests:

The parameters include:
Amplitude of phase I (S)
Amplitude of peak (P)
Amplitude at 10 min. = f
Time to peak (Tp) or (Tmax)
PlO = °0 of maximum radioactivity after 10 minutes

f
PlO = - x 100

p
If the height of maximum uptake alone is used (P), a

greater than 20°& difference between the two sides occurs
in 45?0 of apparently normal kidneys as judged by IVP
differential renal functional test and aortography."

Fig. 2 shows the tracing of a normal renogram with
right and left superimposed for comparison and to save
space. (P = amplitude of peak, Tmax = time to peak
lime of injection to point of maximum counting, and Tt =
time from point of maximum counting rate to point where
counting rate has fallen to half maximum.) Note indis
tinct transition from phase I to phase 11. The usual
difference between left and right graphs becomes less
significant when Tmax and Tt are taken into considera
tion.

Only two parameters correlate well with other tests of
separate renal function tests: (a) Tmax and (b) Tt (see
above).

The amplitude of peak is determined by the dose
administered, the sensitivity of the detectors and the
distance from the source, geometric factors as well as
physiological factors-the most important normal vari
ables being accuracy of placement of probes, posture of
patient, hydration and urine flow rate.

Aliermion of Normal Renogram
The normal renogram may be altered in the same

patient by changing the following variables:
1. Urine flm..... Anything that impedes the removal of

urine from the kidney will result in a 'slow flow' pattern ;
this will increase the amplitude of peak and delay time
to peak. Conversely, a diuresis as occurs with mannitol
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Fig. 3. Radio-renogram in 49-year-old man with labile hypertension
(weight 149 lb.). Shows marked difference in amplitude of peak (P)
with Tmax and Tt differences. Aortography confirmed [he presence of
right main renal artery stenosis. . .
Fig. 4. Renogram in a 29-year-old man wl~h hypertenSlOn of 10 years
duration. BP 160/110 mm.Hg. On reserpme. Urea 47 mg./IOO ml.
IVP shows calyectasis of left kidney. Left kidney 14 cm.. (on nephro
gram phase of aOrlogram) and right kidney 11·3 cl!'. ~orh,:al sca~nng.

'0 renal artery stenosis. Renographic abnormalIty 10 nght kIdney
diminished P. Tmax indefinite;. and flattened~ with T! prolonged. In
distinguishable from renal artery stenosis.

disease of renovascular parenchymal or obstructive neph·
ropathy.

In renal artery stenosis the time to peak is delayed,
amplitude of peak is smaller and there is delayed excre
tion of the dye. The rate of decline in the radio-renogram
may be dependent upon greater sodium and water absorp
tion on the stenotic side. These differences can be dm1i
nished by an osmotic diuretic (such as mannitol) in which
oreater sodium and water absorption does not take place
~o the same degree. The slow urine flow rate on the
affected side may also result in a 'slow flow' pattern on
renography (see above) with a false negative or a. delayed
time to peak and a higher peak on the affected SIde, thus
giving the impression of diminished function in the
unaffected kidney.

Radio-renography in hyper'ension is a screening test in
which a false positive result is not a handicap and which,
in the best hands, has a false negative result of 7%. It
wil! not diagnose renal artery stenosis from pyelonephritis
of hypoplasia and occasionally may give a false localiza-
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tion of the side involved for reasons already discussed
(Figs. 3 and 4).

Nevertheless it is of value as a screening test and should
be used as an indication to seek confirmatory evidence
with differential renal function tests via ureteric catheteri
zation and aortography. A good result can be expected in
corrective surgery if the arteriographic (anatomical) radio
renographic :md 'differential ureteric functional tests corre
spond. The isotope study then is more than just a
screening test in these circums~ances, but also indicates
the functional significance of the stenosis.

Renal artery stenosis also occurs in patients with neph
rop osis." Excess renal mobility is often associated with
hypertension and fibromuscular hyperplasia in young
women.

Radioisotope renography in the prone and erect posi
tion may demonstrate a difference in blood flow with
change in position and should be performed in patients
with hypertension associated with renal ptosis.

This may also be helpful in demonstrating an obstruc
tive pattern du~ to stretching of the renal artery over the
pelvi-ureteric function causing a hydronephrosis in the
upright position."

tensin increase the time to peak and decrease amplitude
of peak.

Histamine increases amplitude and prolongs the dura
tion of peak. Mannitol causes a decrease in amplitude
and time to peak. This may be due to its effect on UrIne
flow rate.

In practice, as phases I and II are not usually defined as
separate phases, and since phases If and III are depen
dent upon and influenced by such physiological factors
as age, blood supply, urinary flow rate, tubular transport,
glomerular filtration rate, it is clear that any disease in
cluding renal artery stenosis, chronic pyelonephritis and
nephrosclero 'is" can diminish peak height and delay rate
of excretion. It becomes obvious that an abnormal
pattern, when compared with the contralateral kidney. is
not pathognomonic of any specific disease. Moreover. It IS

a qualitative and not a quantitative test. At best it is a
screen ing test.

INDICATIONS FOR RADIOISOTOPE RENOGRAPHY

Clinical indications for the test at present are not clearly
defined. Its role at present is both diagnostic and prog
nostic. Because of ease of performance. Iow radiation
hazard and the great facility with which It may be re
peated at frequent intervals. erial renograms may be
undertaken more regularly than pyelography or renal
angiography.

Renal Artery Slenosis
In the assessment of renal artery stenosis as a cause of

hypertension, Schwartz and White" have shown in
necropsy studies that renal artery stenosis may occur in
patients with normal blood pressures, and confirms the
views of o:hers that renal artery stenosis is common in
both normotensive and hypertensive patients. Thus, an
anatomical demonstration of renal artery stenosis by
aortography may indicate the effect of hypertension and
not its cause. The problem is further complicated by the
fact that severe main renal s' enosis on one side is only
associated with a normal contralateral main renal artery
in 9 - 18 0

0," and the contralateral side is severely stenosed
in 55 - 64% of cases.

Before corrective surgery is undertaken, it is necessary
to assess the function of each kidney and to correlate this
with anatomical changes in the vessels.

When differential renal function studies do not correlate
with angiographic findings, selection of patients for surgi
cal treatment should be made with great caution."

Using radioisotope renography as a screening test in
hypertension. Wax and co-workers" have had a 24 0

0 false
positive and a 70

0 false negative result and Stewart and
Haynie" a 45°0 false positive and over-all false negative
result of 25 0

0. Different parameters were used by each.
Renograms are not specific for renovascular disease,

and abnormalities indis' inguishable from those in this
condition may occur in the unilaterally contracted kidney
of chronic pyelonephritis and hypoplasia. In both condi
tions the vessels are adequate. (Hypertension may result
from both these conditions, although the mechanism is
believed to be different to that in renal ischaemia.)

Fermelanti el al." believe that the radio-renogram serves
as a screening test in ± 700~ to eliminate unila:eral



ment of the azotaemic patient. It is more accurate in
those cases in which the azotaemia is of recent or acute
onset and less so when the disease is chronic. The radio
renographic changes are then non-specific and difficult
to differentiate as to origin.
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An alteration on renography, suggestive either of
ischaemia or obstruction in the upright position, should
be confirmed by renal arteriography in the erect position.
This will straighten out any kinking of the renal arteries
and give much better definition of the renal as well as the
adrena I arteries.'s

ObstrLlctive Uropathy
The radioisotope renogram is pathognomonic in acute

urinary obstruction. Experimentally, in animals with a
completely occluded ureter, the renogram shows a rising
pattern in the third phase which is due to the accumulation
of the Hippuran in the kidney and pelvis. Renal function
for the first 48 hours will be unimpaired, and therefore
phase I and Il will be identical when compared with the
contralateral kidney." The renogram in acute renal vein
occlusion which is produced experimentally, is identical to
that in ureteric obstruction (Fig. 5).

ACUTE OBSTRUCTION

Fig. 8. Renograms in the 3 main functional types of acute renal
failure. The 'renal' type of anuria is a direct tracing in a man of 64
years with acute renal failure due to tubular necrosis. The 'obstructive'
and 'dehydrated' patterns are superimposed and are hypothetical. The
effect of mannitol is shown.
Fig. 9. Renogranl on a 29-year-old man done as an emergency on
admission with a history of anuria of 24 hours duration. BP 140/90
mm.Hg. Urea 490 mg./lOO ml. K 6.7 mEq./1. Na 127 mEq./1.
Cl 69 mEq/1. CO. content 13 mEq/1.

No resoonse to dextrose saline (? dehydration) and mannitol. Reno
graphic diagnosis: renal cause of acute uraemia. Clinically acute on
chronic renal failure. Confirmed at postmortem.
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Figs. 6(0) alld (b). Renogram taken before and after operative removal
of opaque calculus from the right lower ureter in a 29-year-old man.

Pre-operative renogram shows typical acute obstructive pattern with
retention of radio-Hippuran in the obstructed kidney.

The postoperative renogram (ID days later) shows the renogram has
returned to near normal.

The difference in pattern pre- and postoperatively may be due to
technical differences and does not necessarily denote functional altera
tion of kidneys.
Fig. 7. Radio-renogram in a 46-year-old female with carcinoma of
cervix and involvement of right ureteric orifice and vesicovaginal fistula
on cystoscopy.

Intravenous pyelogram shows non-functional right kidney with early
clubbing left kidney.

Retrograde pyelography shows minimal hydronephrosis of the left
kidney, but dye excreted within 20 minutes.

Right hydronephrosis of marked degree. Non-function due to ob
struction.

Renogram hows pattern on affected side indistinguishable from any
chronic disease with renal failure. Pattenr of this type seen commonly
in both kidneys in chronic uraemia from any cause.

From a functional point of view, uraemia may be pre
renal. renal or postrenal, and the radio-renographic
changes may differ in the 3 types. Occasionally a graph
will be obtained in which the changes are non-specific,
showing a high uptake and maintained peak. The exhibi
tion of an osmotic diuretic, such as mannitol, will cause
a diuresis in the dehydrated patient and a falling off in
the excretory phase of the renogram. The obstructive
pattern will be aggravated and the excretory pattern will
continue to climb. The uraemia of renal origin will be
unaltered (Figs. 8 and 9).

Fig. 5. Expected pattern in acute and chronic obstruction with normal
superimposed.

Acute o.bstruction shows P to be same as normal but with greater
concentr~tlOn of d~e and therefore a rising curve ('slow flow pauern ').

Chromc obstrucl100 P is indefinite and is lower than the expected
normal or contralateral side. As no dye is being excreted. it will not
show a normal .phase Ill. If the graph is allowed to continue long
enoug~. there wIll ~ a slowly diminishing phase III which is due to
excretlon of the radlo-Hippuran by the contralateral kidney.

After 48 hours, tracings show a progressive loss of tubu
lar function as evidenced by a flattening of phases I and
H, and after 72 hours of complete ligation the tracing
becomes indistinguishable from that of renal failure.

Renography is useful in obstructive· disease to assess
the degree of functional obstruction, which, if painless
and not the cause of infection, may be treated expectantly.
Progress of a stone may be assessed by repeated reno
graphy which can be done more often than retrograde
pyelography.

Although a stone has been successfully removed from
a ureter, the renogram may still show an obstructive
pattern for the following 3 - 4 days. This should be taken
into consideration when doing a check radio-renogram.

An incomplete obstruction, such as occurs in hydro
nephrosis, ptosis in the erect position (in some cases),
extra-ureteric pressure, pregnancy ureterocoele, reflux and
infravesical obstruction, will produce a pattern in which
phase III rises to a lesser degree. The time to peak is
delayed and peak height is higher.

Doubtful hydronephrosis, demonstrating functional ob
struction, can be detected without resort to ureteric cathe
terization and determination of pelvic emptying times
(Figs. 6 and 7).

The Differential Diagnosis of ACUTe Uraemia
Radio-renography has a definite place in the manage-
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2. Pyelitis with unilateral or bilateral lumbar pain in
which drainage as judged by the renogram has been poor

Fig. 10. Renogram of a 14-week-pregnant woman with severe right
lumbar pain. increased frequency and burning on micturition. with
nocturia. BP normal. TO past history of disease. Urine: Numerous
polymorphs, and culture E. coli more than 100,000 organisms/m!.

Renogram essentially normal with possibly 'slow flow pattern' of
right kidney compatible with an acute pyelonephritis. No severe ob
struction. Responded to conservative treatment. Renogram nOt repeated.
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Fig. 11. Renogram in a 19-year-old woman 22 weeks pregnant.
History of bilateral lumbar pain~ rigors. nausea and vomiting.

Abortion of first pregnancy. Temp. 102° F. Tender both reoal angles.
Urine 15,000 WBe/m!. E. coli. more than 100,000 organisms/m!.
Clinical diagnosis of acute pyelonephritis of pregnancy.

Renogram shows obvious abnormality with obstructive pattern in
both kidneys, the right worse than left.

Responded to appropriate antibiotics, strict bed rest with foot of
bed raised.

Renogram repeated when asymptomatic showed no appreciable
difference to one above.

on both sides and remains so after cessation of symptoms
(Fig. 11).

RIGHT

3. Unilateral renal pain typical of pyelitis of pregnancy
which shows a characteristic obstructive pattern, persisting
after symptoms have disappeared [Figs. 12(a) and (b)].

This may be due to extrinsic pressure on the ureter
(usually on the right in our experience) or to an underlying
obstructive uropathy such as hydronephrosis or ureteric
calculus. As symptoms and signs have abated, no further
investigation or treatment has been instituted.

The patients have been advised to return for full
urological investigation after pregnancy when correlation
with renographic changes will be made.

M iscellaneous Conditions
Radio-renography has been helpful on one occasion in

which all methods of investigation for unilateral renal
bleeding in a case of 'essential' haematuria proved nega
tive, including repeated intravenous and retrograde pyelo
graphy and selective renal arteriography.

A 29-year-old doctor complained of recurrent haema
turia for the past 8 years associated with pain in the left
lumbar region radiating to the loin and associated with
tubular blood clots. He had been investigated in London,
Paris and Stockholm, but all the tests were negative.

Radio-renography showed a greater uptake of dye on
the affected side. Since the height of the graph is a summa
tion of vascularity, background activity and the glomeru
lar and tubular function, the only factor which was
suspected of being excessive was the vascularity. As it did
not show on selective arteriography of the kidney, it was
concluded that a capillary haemangioma was the cause of
his recurrent bleeding (Fig. 13).
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In obstructive uropathy it is particularly valuable as a
preliminary test before retrograde pyelography, and the
findings may obviate the necessity for pyelography. It is
likewise useful to exclude obstruction where a preliminary
urinary diversion (ileal conduit or ureto-sigmoidostomy)
has been done, where retrograde catheterization fails or is
difficult or hazardous to do as in the early postoperative
period.

Pregnancy
Pyelitis and backache are two common problems in the

pregnant patient. As a rule their management is stan
dardized and not problematic. Occasionally one is con
fronted with pain or pyelitis that is persistent and does
not respond to accepted measures. It then becomes im
portant to exclude an underlying urological cause that
may require more active treatment such as ureteric
catheter drainage or surgical exploration.

X-rays constitute a relative or absolute contraindication
and even cystoscopy may aggravate an already unstable
pregnancy.

Radio-renography in these circumstances does have a
definite role to play. The radiation dose is approximately
1 - 3% that of a routine chest X-ray. This small risk should
be weighed against the hazard of missing a condition
which may require active treatment.

Radio-renography has been tried on a limited scale in
this hospital in this group of patients after the first tri
mester, when the diagnosis has been equivocal or when
the response to management of pyelitis has been unsatis
factory. The patients were all informed of the slight risk.

The results have been illuminating, and there appear
to emerge 3 main types of renographic appearance in
pregnancy.

1. Backache or pyelitis in which drainage has been
relatively normal (Fig. 10).



1 October 1966 S.A. JOURNAL OF RADIOLOGY 33

This was found at exploration when a frozen section
'onfirmed the diagnosis and a nephrectomy was performed
for a diffuse capillary haemangioma surrounding all the
calyces of the left kidney.

This is the first recorded case of haemangioma of the
kidney diagnosed pre-operatively by radioisotope reno
graphy. ]ohnston,'O who has done over 3.000 radio-reno
grams, concurred with these renographic interpretations.
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Fig. 13. Renogram of 29-year-old doctor with capillary haemangioma
of left kidney. Intravenous, retrograde pyelography and left selective
renal angiography normal.

Relatively flat curve on normal right kidney is due to 3K range
required to keep the graph on the paper.

Note greater uptake and normal excretion on left.
Renogram repeated with same result.

CONCLUSIONS AND SUMMARY

The advantages of the radioisotope renogram are its
rapidity and ease of performance.' It is non-traumatic,
gives immediate results, qualitatively tests and compares
both kidneys, no preparation is required. no anaesthetic
is given and it may be repeated after an hour. The disad
vantages of the test are the initial cost of equipment, the
necessity for air freight of radioisotopes used, and the
fact that the test does not furnish a diagnosis but provides
qualitative information which, like .any special investiga
tion, must be taken in conjunction with the rest of the
findings.

It is useful as a screening test for renovascular causes
of hypertension and should be correlated with anatomical
changes found on renal arteriography. The two tests are
complementary.

Obstructive uropathy shows as a very characteristic
pattern on renography, and progress may be followed by
repeated renography at frequent intervals.

Acute renal failure due to prerenal, renal and postrenal
causes may be differentiated on renography.

Renal ischaemia or hydronephrosis associated with
ptosis and occurring only in the erect position, may be
diagnosed by renography performed in the prone and
erect position.

Its use in pregnancy and in the detection of vascular
tumours has been demonstrated.

In the present series it has been used also to detect
obstruction after diversion operations, such as uretero
sigmoidostomy and uretero-ileostomy. It has given supe
rior information to IVP on several occasions in these
conditions.

It has been used in a variety of other conditions where
it has been of limited value, including space-occupying
lesions of the kidney such as cysts, tumours and abscesses.

Chronic uraemia from any cause produces a non
specific renogram and the test is of little value.

In no case ha, there been any untoward effect on renal
function nor has any allergic reaction been noted.
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Fig. 12 (a) and (b). Renogram on a 20-year-old pregnant ,,'oman (24
weeks). Right renal pain. No past relevant history. 0 X-rays.
Responded to bed rest and antibiotics.

(a) during height of attack.
(b) 14 days later. Asymptomatic and ambulant.
No change in renogram.
Diagnosis. Probable pyelitis of pregnancy. Underlying renal disease

not excluded.
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INOPERABLE BRONCHIAL CANCER TREATED BY COMBINED TELECOBALT
AND NATULAN THERAPY

A. G. SANDISO ,* M.B., CH.B., M.MED. (RAD. T.); G. FALKSON,.1. M.D., M.B., CH.B., M.MED. (fin.); AND
T. FICHARDT.t M.D., D.Sc., M.MED. (RAD. T.), D.M.R.E., F.F.R. (R.C.S.I.); Department of Radiotherapy, Pretoria

General Hospital and University of Pretoria, Pretoria

CLINICAL STAGING

As there is no satisfactory method of clinical staging of
bronchial cancer acceptable to all and agreed to inter
nationally, we have introduced our own criteria for clini
cal staging which are tabulated in Table I:

ment of treatment all these patients had an estimated expecta
tion of life of more than 3 weeks. All the patients had a total
white cell count of more than 4,500 cells/cu.mm. and a blood
urea of less than 40 mg. / 100 ml. Only one patient (no. 10)
had received prior cancer chemotherapy with cyclophospha
mide, otherwise none of these patients received a concomitant
drug which might have had an effect on the malignancy.

SPECIAL INVESTIGATIONS
The following special investigations were performed on
patients entering this clinical trial: (a) Full blood count,
(b) urinalysis, (c) serum alkaline phosphatase, (d) serum bili
rubin, (e) serum albumin-globulin determination, (f) blood
urea and uric acid, and (g) X-ray examination of the chest.

Blood counts were repeated biweekly during periods of
active treatment and X-rays of the chest were taken frequently
during periods of active treatment.

At the commencement of treatment all patients were classi
fied according to the stage of the disease and according to
their performance status.

A radiographic tumour mass in the chest of
between 2·0 and 5·0 cm. in diameter causing
occlusion of a segmental or lobar bronchus
with or without segmental or lobar atelecta
sis/ consolidation

o hilar lymph node involvement

(Continued on page 35)

NO

TABLE I. CLINICAL STAGI 'G OF BRONCHIAL CANCER
DETERMINED RADIOGRAPHICALLY

A radiographic tumour mass in the chest of
less than 2·0 cm. in diameter and situated
either in the hilar region (central) or in the
parenchyma (peripheral)

o hilar lymph node involvement

Stage II

Stage I

MATERIALS AND METHODS
A total of 21 patients suffering from inoperable bronchial
cancer were treated with combined telecobalt and Natulan
therapy.

These patients presented with either one or other of the
following objective criteria of malignancy: (a) Radiographic
evidence of a measurable tumour mass in the chest and/or
(b) clinical evidence of a measurable tumour mass involving
regional lymph nodes or skin.

In \9 of the 2\ patients the diagnosis was confirmed
histologically: 7 were squamous cell carcinoma, 5 were
undifferentiated, 6 were oat cell, I was an adenocarcinoma
and 2 were histologically unknown. These 2 cases, however,
had the clinical criteria and the support of special investiga
tions to establish the diagnosis of bronchial carcinoma, but
unfortunately bronchoscopic biopsy was not possible. These
two cases have been included in this assessment of results.

The patients' ages varied from 41 to 81 years with an
average age of 60·2 years. There were 17 males and 4 females
in the series. TO patient who had a serious infection, was
actively bleeding, or who had an associated severe systemic
disease was entered on the clinical trial. At the commence-

The treatment of inoperable bronchial carcinoma remains
unsatisfactory. In 1962 one of us (T.F.)' reported on the
value of telecobaIt therapy alone in the treatment of 77
patients suffering from inoperable bronchial cancer, and
in 1965 Brule, Schulemleger and Griscelli' reported thera
peutic response in bronchogenic carcinoma treated with

atulan (N-Iso-propyl-alpha-[2-methylhydrazino]-p-tolua
mide hydrochloride; N.S.C. 77213; Ro 46467 Ibenzmetha
zine).

We have observed objective improvement following the
use of combined Natulan and telecobalt therapy in the
treatment of malignant mesothelioma'" and of inoperable
malignant melanoma.' It therefore appeared logical to us
to treat inoperable bronchial carcinoma with combined
telecobalt and atulan therapy.

*Senior radiotherapist.
tCancer chemotherapist. In receipt of a grant from the National Cancer
Association of South Africa.

:;Professor and Director. Department of Radiotherapy.




