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Summary

Experience with x-rays, strontium-87m scintigraphy, and
technetium-99m polyphosphate scintigraphy in the
identification of bone metastases in 201 patients with
prostatic cancer is reviewed. About 40% of the patients
had demonstrable metastases in bone at the time of first
presentation.
Comparative studies of 247 x-ray and B?mSr surveys

indicated that x-rays failed to detect metastases in 10%
of cases where they were identified by B7mSr but that the
isotopic survey similarly failed to detect radiologically
evident deposits in 7% of cases.
Similar studies comparing 99mTc polyphosphate sur-

veys with x-ray scans showed that x-rays missed iso-
topically detected metastases in 12% of cases, but in only
one survey out of 67 did the isotope miss radiologically
evident deposits. In a series of 32 patients investigated by
both isotopic techniques 'mTc polyphosphate did not
fail to detect any metastases and Identified deposits in one
patient in whom they were missed by 87mSr scintigraphy.
About 15% ofboth x-ray and s7mSr surveys gave equivocal
results, but only 3% (2 out of 67) of "mTc polyphosphate
surveys were equivocal.
We concluded that 9 mTc polyphosphate bone scinti-

graphy with the gamma camera was the most reliable of
the techniques used for the identification of bone metas-
tases in patients with carcinoma of the prostate. The
results of scintigraphy with s7mSr suggested that serial
surveys may provide early evidence of hormone resist-
ance in prostatic cancer.

Introduction

Early and accurate recognition of bone metastases in patients
with carcinoma of the prostate is an important part of the
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evaluation of the disease both at the time of initial presentation
and during its subsequent course. Extensive change is needed
in the texture of bone before metastases become radiologically
visible and several reports have emphasized that radioisotopic
bone scintigraphy can identify secondary deposits earlier than
x-rays (Kontturi and Kiviniitty, 1971; Roy et al., 1971; Robin-
son and Constable, 1973). The principal nucleides used have
been fluorine-18, strontium-85, or strontium-87m, but it is recog-
nized that each isotope has drawbacks (O'Mara et al., 1972).
Since the introduction of technetium-99m labelled poly-
phosphate (Subramanian and McAfee, 1971) there has been
widespread acceptance of this compound, (Lavender et al.,
1972; Redman and Turley, 1973) and clinical comparison of it
with other isotopes is needed to evaluate its usefulness and
accuracy in the investigation of prostatic carcinoma.

Between 1970 and December 1972 patients attending the
prostatic carcinoma unit of the Institute of Urology were
investigated by radiological skeletal surveys and by B7mSr bone
scintigraphy. Between January and June 1973 "9mTc poly-
phosphate scintigraphy was used as well, and in June 1973
87mSr was discontinued. We here present our experience in the
use of these various techniques in the recognition of bone
secondary deposits.

Patients and Methods

All patients in this study attended a special unit for the investiga-
tion of prostatic cancer. In all cases the diagnosis was estab-
lished by histological or cystological examination of a prostatic
biopsy. A total of 201 patients were investigated by 305 radio-
logical surveys, 280 ?7mSr surveys, and 67 99mTc polyphosphate
surveys. Radiological skeletal surveys were done by means of
x-ray examinations of the chest, pelvis, lumbar and dorsal
spines, skull (lateral view), femora, and humeri.
Bone scintigraphy was carried out with a Nuclear Enterprises

Mk III gamma camera within a few days of the skeletal survey
using either S7mSr or 99mTc polyphosphate (Manufactured by
Diagnostic Isotopes Ltd. in kit form and supplied by Duphar
Petten, Holland). In those cases where both agents were used
the e7mSr generally preceded the 99mTc by five days.
The scintigraphic procedure was similar for both agents and

the doses given were 15-2-0 mCi s7mSr and 8-10 mCi 99mTc
polyphosphate. The radiation dose to the patient was mainly to
the skeleton in both investigations and totalled about 600 mrads
for the combined study. The other critical organ was the kidney
where the radiation dose can be at least as high as that to bone
in the presence of good kidney function and outflow tract
obstruction. The doses were given to the patient between 10 a.m.
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and 11 a.m. and scintigraphy began four hours later. The patient
first emptied his bladder and the first views taken were those of
the pelvis, thus minimizing the bladder contribution to the
observed counts though some retention was often observed.
Scintigrams were obtained for pelvis, lumbar and dorsal spine,
chest, and proximal femora.
The variable indices of the gamma camera display--spot

brilliance, camera aperture, and display size were always set to
standard values to achieve some measure of repeatability. A
"phantom" exposure to check for uniformity was obtained for
each patient. The first scintigram (pelvis) was exposed until
200,000 counts were accumulated and the time for this exposure
was noted. The remaining scintigrams were given the same time
exposure regardless of counts accumulated. Though the use of
the pelvis as the area for the "standardizing" exposure could
theoretically result in some under-exposure of other areas of the
skeleton because of the variable bladder component in practice
this did not occur, and we found no difficulty in interpreting
the scintigrams.
The reporting of scintigraphic findings was undertaken

jointly by a clinician (R.J.S.) and a physicist (A.R.C.), who
inspected the polaroid photographs of the display. A positive
diagnosis was made when one or more of the following character-
istics was clearly evident: (a) asymmetry ofuptake-for example,
between right and left sides of the pelvis; (b) non-uniform uptake
-for example, intensity variations along the spinal column;
(c) isolated hot areas, particularly with 87mSr, in the ribs and
shoulders where normal bone can sometimes appear no different
from the background tissue.

Results

The overall findings are shown in table I; the results fell into
three groups as follows: positive, definite evidence of deposits;
suspicious, an abnormal appearance but without any definite
areas that could be identified as metastases; and negative,
entirely normal appearances. The results in those patients
investigated before treatment had been started are shown in
table II since it is possible that the high incidence of suspicious
results in both the x-ray and s7mSr surveys was due to modifica-
tion of radiological appearances or abnormal metabolic bone
activity by hormone therapy. There was, however, no significant
change in the distribution of results, and the suspicious survey
results remained at about 15% of both x-ray and s7mSr surveys.
A total of 165 patients were investigated a total of 247 times

by simultaneous x-ray and s7mSr surveys and the comparative
results are shown in table III. While there was good correlation
in most cases-the x-ray films and the isotope scan "agreed" in
173 of the 247 investigations-in 24 cases (10%) where x-ray
films failed to provide definite evidence of metastases (eight

TABLE i-Overall Results of Radiological and Radioisotopic Surveys in 201
Patients with Carcinoma of the Prostate

No. Positive Suspicious Negative
of

Surveys No. % No. % No. %

X-Ray .. .. 305 101 33 36 12 168 55
smTSr 280 114 41 43 15 123 44

pomTcpolyphosphate .. 67 33 49 2 3 32 48

TABLIE u-Results of Radiological and Radioisotopic Surveys in 129 Patients
before Treatment was begun

No. Positive Suspicious Negative

Surveys No. % No. % No. %

X-Ray .. .. 129 36 28 21 16 72 56
*mMSr . 112 35 31 16 145 61 54.5
*'ImTc

polyphosphate .. 38 16 42 1 3 21 55

TABLE III-Comparison of 247 Radiological and 87mSr Surveys in 165 Patients
with Carcinoma of the Prostate. Percentages are given in Parentheses

Results of "'mSr Bone Scans
X-Ray Findings Total

Positive Suspicious Negative

Positive .. .. 71 (29) 12 (5) 5 (2) 88 (36)
Suspicious .. .. 8 (3) 9 (3 5) 14 (5 5) 31 (12)
Negative .. .. 16 (6-5) 19 (7 5) 93 (38) 128 (52)

Total .. . 95 (39) 40 (16) 112 (45) 247 (100)

TABLE IV-Comparison of 67 Radiological and 99mTc Polyphosphate Surveys
in 61 Patients with Carcinoma of the Prostate. Percentages aregiven in Parenthe-
ses

Results of "*mTc Polyphosphate
X-Ray Findings Bone Scans Total

Positive Suspicious Negative
Positive .. .. 25 (37) 0 1 (1-5) 26 (39)
Suspicious .. .. 2 (3) 1 (1-5) 5 (7 5) 8 (12)
Negative 6 (9) 1 (1-5) 26 (39) 33 (49)

Total .33 (49) 2 (3) 32 (48) 67 (100)

TABLE V-Conmparison of 32 87mSr and 99mTc Polyphosphate Surveys in 32
Patients with Carcinoma of the Prostate. Percentages are given in Parentheses

"*mTc Polyphosphate Bone Scanss'mSr Findings . Total
Positive Suspicious Negative

Positive .. .. 14 (44) 0 0 14 (44)
Suspicious .. .. 1 (3) 0 2 (6) 3 (9)
Negative 1 (3)0 2 (6) 13 (41) 15 (47)
Total .. . 15 (47) 2 (6) 15 (47) 32 (100)

suspicious results, 16 negative results) such evidence was
supplied by strontium scintigraphy. There were, however, 17
cases (7%) in which the strontium survey did not recognize
metastases that were visible on x-ray films, and in nine cases
(3 5%) metastases could neither be identified nor ruled out
even after both investigations.

Sixty-one patients were investigated by simultaneous x-ray
and ssmTc polyphosphate surveys (67 investigations) 'and the
comparative results are shown in table IV. Polyphosphate
scintigraphy identified metastases in eight cases (12%) not seen
on x-ray films, and in only one case did the x-ray identify
deposits missed on the isotopic survey. One patient presented
suspicious appearances to both the x-ray and the 9mTc poly-
phosphate scan; this was a man with primary carcinoma of both
bladder and prostate whose radiological appearances could have
been those of either metastases or Paget's disease. The patient
with a suspicious result of a polyphosphate survey but whose
x-ray pictures appeared normal subsequently had a further
polyphosphate survey which showed definitely positive results,
and he developed back pain related to that area of his spine
though his x-ray findings remained negative. These results
indicated that though 99mTc polyphosphate was not significantly
better than 87mSr at detecting metastases missed by x-rays
(P 0 9) the lower incidence of false negative results using
9 9mTc polyphosphate was probably significant (P < 0.05) and
there was a significant reduction of equivocal results (P <0-01).

Thirty-two patients were studied by simultaneous tm Sr and
99mTc polyphosphate surveys and the comparative results are
shown in table V. In no case did '9mTc polyphosphate fail to
confirm metastases identified by the strontium survey, and in
one case a suspicious slmSr survey finding was definitely positive
on polyphosphate scintigraphy. The two suspicious poly-
phosphate results discussed above were both negative on s7mSr
survey. A comparison of x-ray survey results with those of the
two methods of isotopic scintigraphy in the 32 patients is shown
in table VI.
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TABLE VI-Comparison of 32 Radiological Surveys with s7mSr and 99m Tc Polyphosphate Surveys in 32 Patients with Carcinoma of the Prostate

No. (%) X-Ray Findings: I. No. (oo) a?mSr Bone Scan Findings: No. (%) omTc Polyphosphate Bone Scan Findings:. ~~~~~~~~~~~~I
Positive Suspicious Negative Positive Suspicious Negative

Positive 13 (40 5) 13 (40 5) 0 0 13 (40 5) 0 0
Suspicious .. 3 (9-5) 0 0 3 (9-5) 0 1 (3) 2 (6-5)Negative 16 (50) 1 (3) 3 (9-5) 12 (37-5) 2 (6 5) 1 (3) 13 (40*5)

To find out whether reduction in bone activity, as shown in the
survey after a period ofhormone therapy of at least three months,
can be used as an objective indicator of prognosis or response to
treatment we studied further 30 patients investigated by serial
S7mSr surveys in whom there was an initial positive finding.
In seven the second survey gave a negative result, in 22 the
result remained positive, and in one patient the second survey
gave a suspicious result. Of the 22 patients with persistently
positive results 10 complained of bone pain at the time of the
first investigation, and in six hormone treatment failed to
relieve the pain completely. Of the seven patients whose findings
became negative two had bone pain at the time of the first
investigation, which was completely relieved in both cases by
hormone therapy. Because of the small numbers, these differen-
ces were not statistically significant.
Of the 22 patients with persistently positive survey results

17 (77%) had raised serum tartrate labile acid phosphatase levels
at the time of the first survey (mean 27A4 K.A. units/100 ml,
range 1-4317-0 K.A. units/100 ml), and in only four did the
acid phosphatase fall to normal by the time of the second investi-
gation. In the remaining 13 the mean level at the second
investigation was 37-4 K.A. units/100 ml (range 1-0-280 K.A.
units/100 ml). In contrast four of the seven patients whose
results became negative had initially raised serum acid phospha-
tase (mean 7T8 K.A. units/100 ml, range 2-411-5 K.A. units/
100 ml), and in all four the acid phosphatase subsequently
became normal (mean 0 5 K.A. units/100 ml, range 0-3-0 7
K.A. units/100 ml). There was, however, no statistically
significant alteration in the acid phosphatase levels in either
group.

All seven of the patients with negative results of second surveys
were alive and had no evidence of activity of their disease after at
least two years, whereas 12 of the 22 with persistently positive
surveys died of cancer, only one patient surviving more than 18
months after first presentation. Of the remaining 10 patients,
three were alive but had symptoms indicating activity of their
tumours, six (27%) became symptom free, and one patient
died of left ventricular failure three months after starting hor-
mone therapy; at that time he was complaining of severe bone
pain and his serum acid phosphatase level was rising rapidly.
Patients with prostatic carcinoma whose bone scintigraphy
findings become negative after at least three months hormone
therapy are therefore more likely to survive at least two years
than those whose scintigraphy findings remain positive (P
<0-01).

Discussion

The physical characteristics of 99mTc make it very suitable for
scanning with the gamma camera; its photon energy of 140 keV
is suitable for detection with the 12-5 mm sodium iodide crystal.
Because of the larger doses of 9omTc polyphosphate given,
photographic exposure time was less than with S7mSr, and all
patients who had both 99mTc polyphosphate and B7mSr scans
preferred the polyphosphate since it entailed less time lying
immobile under the gamma camera. All users of 9 9mTc poly-
phosphate have been impressed by the photographic quality of
the views obtained, and our experience is no exception, but
critical evaluation of any new technique in the light of previous
experience is essential before it is accepted for routine clinical
use. Our experience over three years led us to conclude that

87mSr bone scintigraphy was a reliable method of identifying
metastatic prostatic carcinoma. Nevertheless in a significant
proportion of cases it failed to detect radiologically visible
deposits, and in a further group of patients no definite conclu-
sion could be reached as to the presence or absence of metastases.
No single explanation can be advanced to account for these
difficulties. It is, however, possibly significant that 12 of the 17
false negative or equivocal s7mSr scintigrams were in patients
already undergoing hormone treatment at the time of investiga-
tion. Possibly therapy had modified the metabolism of the
abnormal bone areas so as to render differentiation between
metastases and normal bone less certain, a contention supported
by changes in the serum phosphatases that we have seen in these
patients. The remaining five false negative 87mSr scintigrams
formed no recognizable pattern; in particular there was no one
anatomical site at which scintigraphy was especially inefficient.
A uniformly high uptake throughout the skeleton was con-

sidered of dubious diagnostic value and could have indicated
either widespread secondary deposits or unusually high uptake
in normal bone. The one patient with positive x-ray results
but negative 99mTc polyphosphate survey results fell into this
group though a subsequent survey in this patient gave definitely
positive results.

Before discarding strontium in favour of 9mTc polyphos-
phate we were concerned not only to see whether we could
improve our identification of deposits but also to assure our-
selves that we were not missing metastases with 99nmTc poly-
phosphate that we could detect with s?mSr. Our results indi-
cated that 99mTc polyphosphate does indeed help us to recog-
nize the metastases more easily and earlier than either 87mSr or
x-rays and misses less than either. Its greatest value, however,
probably lies in the fact that because of the better quality of
photographs obtained the uncertain area of suspicious scans is
reduced.
Our clinical experience with prostatic cancer has led us to the

conclusion that though most cases are responsive to hormone
therapy a proportion of patients (about 15%) do not respond to
oestrogens or orchidectomy. Because of the protean manifesta-
tions and slow clinical course of carcinoma of the prostate
identification of this group is difficult, and by the time it be-
comes clinically apparent that the tumour is hormone resistant
it is usually too late to provide anything other than brief pal-
liation by other treatment. The results obtained in the small group
of patients with metastatic disease studied by serial 87mSr
surveys suggest that failure of a positive finding on a survey to
revert to normal after a period of adequate hormone therapy
may be an early indication that the tumour is hormone re-
sistant and should perhaps be treated by alternative means.
The better definition of metastases obtained with 9 9mTc
polyphosphate surveys suggests that this may provide a more
precise method of identifying the hormone-resistant tumour,
and possibly the first indication of escape from control of a
previously hormone-sensitive tumour may be given by the poly-
phosphate survey. We have therefore instituted further inves-
tigation of this problem.

CONCLUSIONS

Bone scintigraphy with the gamma camera after injection of
87mSr provides earlier identification of metastases than x-ray
surveys but is not sufficiently reliable, because of false negatives

I
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and a high incidence of uncertain scan findings, to be used as the
only method of search for secondary deposits. The greater
accuracy of "9mTc polyphosphate makes it more suitable as the
principle means of search though in one patient of the 61
investigated with this isotope we were unable to identify meta-
stases which were clinically and radiologically evident. Care also
needs to be used in the interpretation of positive results since an
isotopic "hot spot" is a non-specific indicator of abnormal
metabolic bone activity and can therefore be produced by any
metabolically active lesion, such as are seen, for example, in
Paget's disease. We do not envisage that polyphosphate scinti-
graphy will completely replace x-ray examination in the identi-
fication of bone metastases, but we do feel that it should be used
as the principle "search weapon" both in the initial assessment
of the patient with prostatic cancer and in the continuing man-
agement of the disease.
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MEDICAL MEMORANDA

Development of Heart Valve Lesions
during Methysergide Therapy

K. A. MISCH

British Medical Journal, 1974, 2, 365-366

Methysergide is a pharmacological antagonist of serotonin and
is used mainly for the prophylaxis of migraine. Unwanted side
effects on normal therapeutic doses occur in 10-15% of cases
and retroperitoneal fibrosis is likely to occur in about 1% of
all cases treated continuously for more than a year (Neleman,
1972). The fibrosclerotic side effects causing retroperitoneal
and pleuropulmonary fibrosis have been well documented
(Grham, 1964, 1967). During 1968-70 some 50,000 E.C. 10
prescriptions of methysergide were issued in England and
Wales, and during that time four cases each of peritoneal
fibrosis and pleural fibrosis were reported to the Adverse Re-
action Register (Committee on Safety of Medicines, personal
communication). The yearly number of E.C. 10 prescriptions
in England and Wales fell from 23,000 in 1968 to 800 by 1972,
probably due to the recognition of these side effects. Valvular
insufficiences due to methysergide appear to be less widely
known (Graham, 1967). This paper describes a case involving
the tricuspid and mitral valves.

Case Report

A 48-year-old aircraft mechanic with hemiplegic migraine had been
taking methysergide 2 mg twice daily for four years. This was the
only drug able to control his attacks though it did not affect his
gradually progressive dementia and extrapyramidal disorder. In-
vestigation showed no retroperitoneal fibrosis, no cardiac symptoms
and no murmurs. Blood pressure was 140/80 mm Hg and the E.C.G.

Lister Hospital, Stevenage, Herts
K. A. MISCH, F.R.C.PATH., Consultant Pathologist

was normal. There was no history of rheumatic fever. A 24-hour
urine sample contained less than 10 mg 5-hydroxyindoleacetic acid.
He became bedridden as a result of dementia and extrapyramida
ataxia and died with an intercurrent pulmonary infection.
At necropsy death was found to have been due to lobar pneumonia.

The brain showed areas of cystic degeneraion of white matter. The
heart was normal externally and weghed 370 g. The mitral valve
showed mild stenosis, admitting only two fingertips (2 cm diameter)
and feeling stiffer than normal. There was a striingly uniform,
glistening white thickening of the chordae tendineae with some fusion
which extended on to the ventricular aspect of the valve leaves,
producing fan-shaped ridges. Slight diffuse thickening was present
on adjacent parts of the cusp surfcs (fig. 1). The anterior and septal
cusps of the tricuspid valve were similarly but less severely affected
(fig. 2). The aortic and pulmonary valves were normal. The only
other endocardial lesion was a 5-mm white fibrous thickening on
the septum below the aortic valve resembling a "jet" lesion caused by
turbulence. The myocardium and pericardium were normal. The
abdominal organs were normal and there was no obvious retro-
peritoneal fibrosis.

FIG. 1-Mitral valve after four years of methysergide
therapy. Chordae enineae are covered with smooth white
fibrous tissue.
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