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SUMMARY The cytological changes in voided urines were analysed in 154 patients with calculi.
No abnormality was seen in 52-6 %; 40 9% contained smooth-bordered clusters of transitional cells
with essentially normal, centrally placed nuclei. These, when found in routine urines, were reliable
in predicting calculi in 62-5 % of cases. Of the calculus urines, 6-5 % showed features suspicious of
differentiated transitional carcinoma. Although their morphological features overlapped with those
observed in urines from 40 cases of proved differentiated transitional carcinoma, they contained
significantly fewer single and clusters of transitional cells with abnormal nuclear morphology.
Histological examination of urothelium adjacent to calculi in eight patients showed no evidence of
malignancy although one case showed hyperplasia and severe epithelial atypia.

The value of urine cytology as a diagnostic aid in
genitourinary practice depends on achieving a high
pick-up rate of urothelial tumours together with a low
false-positiveand false-negative rate.Anumber of the
false-positive cytology reports are accounted for by
certain non-neoplastic atypias whose cytological
features overlap with those of urothelial tumours.
One of the main contributors to false-positive
cytology is urinary calculi, as many reports indicate.
Among 15 882 urine cytology examinations

reported in the literature between 1951 and 1978
there are 57 false-positive reports attributed to
calculi.* Of 23 patients with renal calculi De Ruiter
et all found nine false-positive and four atypias.
Beyer-Boon et a12 found 11 patients out of 165
with false-positive reports to have had urinary
calculi. In her study on 62 patients with calculi 10
were reported positive for malignancy, one suspicious
and seven atypical. In both Beyer-Boon's and De
Ruiter's cases, the abnormal cells disappeared after
removal of the calculi.
The problem of interpreting cytological abnor-

malities in the urines of patients with calculi is not
infrequent in genitourinary practice. The opinion of
the cytologist may be especially valuable in patients
known to have calculi but with clinical and radio-
logical features suspicious of an associated tumour.
Urine cytology may also be helpful in the differential
diagnosis of an abnormal intravenous urogram
where calculi are radiolucent or not clearly visible.

*See Bibliography.
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It is for these reasons that a study of urine cytology
in patients with urinary calculi was undertaken.

Material and methods

Approximately 100 ml of a random sample of voided
urine was collected from each patient into bottles
containing 20 ml of a fixative consisting of one part
glacial acetic acid and 99 parts 95% alcohol. Two vol-
umes of 20 ml each were centrifuged and the entirede-
posit was spread on to two glass slides. When no
visible deposit was present two cytocentrifuge
preparations were made. Additional millipore
filter preparations were made from 10 ml of urine
in 15% of the patients (Millipore UK Ltd).
Three groups of patients were studied by both
observers independently:
Group A Urine from 154 patients with urinary
calculi was examined in an attempt to define the
cytological abnormalities in calculus urines. The
urines came from two sources: (a) 216 from 135
patients attending the Calculus Clinic (b) 19, sent
to exclude associated tumour, from Genitourinary
In and Out Patients known to have calculi.
Group B The diagnostic value of the cytological
changes in the calculus cases was assessed by examin-
ing 6059 routine Genitourinary In and Out Patient
urines seen between 1975 and 1979 for the atypical
features observed in the calculus cases. The propor-
tion of patients showing these cytological features
and subsequently found to have stones was then
assessed. A random control sample of 300 patients
without these cytological abnormalities wasexamined
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to determine what proportion of these had calculi.
A x2 test was then applied to the above results to
determine how reliable the cytological criteria were
in predicting calculi.
Group C The cytological features in urines from 40
patients with histologically proved differentiated
transitional carcinoma were compared with those in
the calculus urines in an attempt to find cytological
criteria which would reliably distinguish the two
groups.

Histological examination of the urothelium
adjacent to the calculus was undertaken in eight
cases.

Results

Group A A clinical analysis of the calculus patients
showed that 88-3% were male and 68% had symp-
toms for more than five years. Their ages ranged from
19 to 79 years with an average of 48. The clinical
features are shown in Table 1 and in Table 2, the
situation of their stones is listed.

Table 1 Clinical features in calculus patients

Clinical features No ofpatients % patients

Pain 143 92-8
Haematuria 79 51-3
Dysuria 25 16-2
Frequency 18 11-7
Multiple symptoms 91 59 0
Multiple calculi passed 98 63-6
One calculus passed 43 28-0
No calculi passed 13 8-4
Uretero, pyelo, nephrolithotomy 65 42-2

Table 2 Site of calculus

Position of calculus site No of patients % patients

Kidnsy and pelvis 126 93-3
Ureter 43 28-0
Bladder 5 3-2
Mu'tiple sites 28 18-2

Chemical analysis of the calculi wa,varried out in
91 (59 1 %) of the patients; the majority (76-9%)
were mixed phosphate and oxalate and nearly half
of these were infected. Six patients had staghorn
calculi.
The cytological features in the calculus urines were

studied in detail and the epithelial changes classified
as follows:
(i) No abnormality: 81 (52 6%) patients.
(ii) Atypia: 63 (40-9 %) patients. The cytological
feature characteristic of all the 78 urines in this
group was clusters of transitional cells with smooth
borders averaging five clusters per slide with 5-150
cells per cluster. The clusters were rounded or
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papillary in shape with centrally situated nuclei,
essentially normal in size, shape, and staining and
surrounded by an even rim of cytoplasm (Figs. 1
and 2). In some of the clusters nuclei were slightly

:*.

Fig. 1 Calculus atypia. Rounded smooth-bordered
transittonal cell cluster. Original magnification x 160.

Fig. 2 Calculus atypia. Papillary-shaped smooth-
bordered transitional cell cluster. Original magnification
x 100.

enlarged and their chromatin granules prominent
(Fig. 3). Some urines in this group also contained
sheets of transitional cells up to 20 cells thick with
one smooth and one irregular border and a few
clusters with ragged borders formed by nucleus or
cytoplasmic tags. The predominant type of transi-
tional cell cluster was, however, the cytologically
benign smooth-bordered type. Single superficial
and deep transitional cells were increased in half this
group and of these 80% had less than 10 and 8%
more than 25 single transitional cells per x 10
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Fig. 3 Calculus atypia. Smooth-bordered cell cluster.
Nuclei enlarged and chromatin coarse. Original
magnification x 160.

objective field. Their morphology was essentially
normal.
(iii) Suspicious of tumour: 10 (6X5%) patients. This
group was characterised by irregular clusters of
transitional cells with ragged borders formed by
nuclei or cytoplasmic tags. There was an average of
nine clusters per slide. Some were similar in size to
those of the atypia group and others considerably
larger. No smooth-bordered clusters were seen.
Nuclear morphology was abnormal with nuclei
showing variation in size, shape, and staining. Some
were enlarged with prominent nucleoli and coarse
granular chromatin, others darker and more dense.
There were occasional mitotic figures (Fig. 4).

from transitional carcinoma, the number of abnor-
mal clusters and single cells in each slide were fewer
than those seen in most proved tumour cases. For
this reason a suspicious rather than an unequivo-
cally positive cytology report was given. No tumour
was found in this group during a 1-31 yr follow-up.
Group B Of the 6059 routine In and Out-Patient
urines in this group, 66 showed the characteristic
smooth-bordered transitional cell clusters seen in
group A. These specimens came from 48 patients,
62 5% of whom were subsequently found to have
calculi. Only 5% of a statistically randomised
sample of 300 patients without this cytological
abnormality had calculi. A x2 statistical comparison
indicated that the presence in the urine of smooth-
bordered clusters of transitional cells with the
features described in the atypia section of group A
was highly significant as a predictor of calculus in a
randomly selected patient from a Genitourinary
hospital population (p < 0.001).
Group C The cytological features in 40 urines from
40 patients with proved differentiated transitional
carcinoma of the bladder were compared with those
in the calculus urines. The following differences were
found to be most helpful in distinguishing the two
groups:
(i) Number of transitional cells. All the tumour
urines showed an increase in single transitional cells,
many of which had abnormal features (Fig. 5). Of
the tumour urines, 80% contained more than 25
single transitional cells per x 10 objective field and
the majority 50-250. In the calculus urines, one-third
of the suspicious group showed more than 25 but

Fig. 4 Calculus urine. Irregular, loose transitional cell
cluster suspicious of malignancy. Original magnification
x 100.

The majority of these clusters were associated with
an excess of single transitional cells and in four
urines there were more than 25 per x 10 field. Some
of these single cells showed abnormal nuclear
morphology but this was not a striking feature.
Although the cytological features in the cell clusters
were similar toand in some instances indistinguishable

........,,......

Fig. 5 Transitional carcinoma. Single and clusters of
malignant transitional cells. Original magnification x 160.
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less than 50 single transitional cells per x 10 objec-
tive field. The single cells in the tumour urines showed
significantly greater variation in size, shape, and
staining than in the calculus urines.

In the carcinoma group the feature found to be
most closely related to the number of malignant
cells and cell clusters in the urines was the number
of tumours present. Thus 62 5% cases with more than
25 transitional clusters per slide had multiple
tumours while 75% of cases with less than 25 clusters
per slide had single tumours. There did not appear
to be any significant correlation between the position
or size of the tumour and the number of malignant
transitional cells in the urine.
(ii) Number of transitional cell clusters. All the
tumour urines had large numbers of transitional cell
clusters with 60% having more than 25 per slide and
only 10% with less than 10 clusters per slide. There
were significantly fewer transitional cell clusters in
the calculus cases where only one urine had more
than 25 clusters per slide.
(iii) Morphology and arrangement of transitional
cells. Transitional cell clusters in the tumour group
showed a variety of patterns both between and
within cases (Figs. 5, 6). The cells were essentially
disorderly in arrangement with crowded, over-
lapping nuclei. Many clusters had ragged borders
formed by nucleus or cytoplasmic tags. Some were

Fig. 6 Transitional carcinoma. Smooth-bordered
cluster of malignant transitional cells. Original
magnification x 160.

composed of elongated spindle-shaped cells lying
parallel to each other. Several were irregularly
rounded or papillary in shape with smooth edges
formed by nucleus or cytoplasm. In these smooth-
bordered clusters nuclei were usually enlarged and
within each cluster were nuclei showing features of
malignancy. In a number of clusters crescent-shaped
cells and nuclei could be seen wrapping around
adjacent cells (Fig. 5). Like the calculus clusters many
of the tumour clusters were composed of closely
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adherent cells, while in others they were breaking up
into loose aggregates. This latter feature was rarely
observed in the calculus cases.
The nuclei in both the clusters and single transi-

tional cells in the tumour urines showed variations in
size and shape and staining. Within the same field
were transitional cells with enlarged vesicular
nuclei showing coarse chromatin granules while
others were dark and dense with variable loss of
chromatin pattern. Nuclear shape was usually
round, oval or angular with variable irregularity.
Prominent nucleoli were seen in approximately
one-third of cases. There was a distinct overlap
between the morphological features in the tumour
cases and those in the calculus cases suspicious of
tumour, but with no tumour found on follow-up.
For this reason morphology alone could not be
considered reliable in distinguishing all calculus
atypias from tumours. As a result of these findings a
policy has been adopted of reporting cells of this
type in urines from patients known to have calculi
as "consistent with severe calculus atypia, but a
differentiated transitional cell tumour cannot be
excluded."
The urothelium from ureter, pelvis and calyx was

examined in eight of the calculus cases in this study.
One was from a patient whose intravenous urogram
showed a duplex ureter with the lower moeity
having irregular stenosis and calcification consistent
with either tuberculosis or transitional cell tumour.
The urine contained many single cells and large
ragged clusters of transitional cells and was reported
as highly suspicious of a differentiated transitional
cell tumour (Fig. 7). The abnormal segment of
ureter was excised and found to contain a small
stone. Histological examination of the adjacent
urothelium revealed hyperplasia, ulceration, calcifi-
cation and regeneration but no evidence of malig-
nancy. Of three cases containing a small calculus
embedded in a calyx the urothelium in one showed
focal hyperplasia and minor atypia. In another the
epithelium was flattened and only a single layer
thick in places with detached clusters of transitional
cells lying alongside (Fig. 8). In a third there was
partial replacement of urothelium by granulation
tissue while the remaining urothelium showed
features of squamous metaplasia and hyperplasia.
A further case contained an irregular brown calcium
phosphate stone approximately 2 cm in diameter
impacted in the ureter. Histological examination of
the adjacent urothelium revealed focal ulceration,
regeneration, hyperplasia and moderate atypia.
In the latter areas nuclei were moderately hyper-
chromatic, or enlarged and vesicular with prominent
nucleoli. There was an occasional basal mitotic
figure. The urine in this patient contained in-
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Fig. 7 Calculus atypia suspicious of differentiated
transitional carcinoma. Original magnification x 100.

Fig. 8 Urothelium in a calculus-containing kidney
showing surface ulceration and shedding of transitional
cell clusters. Original magnification x 100.

flammatory cells, many single transitional cells
with minimal atypia and a few irregular clusters of

Highman, Wilson

cells with enlarged nuclei and scant cytoplasm.
Nuclear staining and chromatin pattern was uniform
in each cluster. Epithelial hyperplasia and severe
atypia with featuLres similar to those in the sheets
of transitional cells demonstrated in Fig. 4 was seen
in a calyx of one patient with renal calculi. The
nuclei were enlarged and vesicular or hyperchromatic
and some contained multiple nucleoli. Mitotic
figures were present in the upper layers of the epi-
thelium. The arrangement of these cells was however
orderly and differentiation appeared normal.

Discussion

This study showed that in more than half the urines
from patients with calculi there were no significant
epithelial abnormalities. When these were present
the majority could be clearly recognised as being
non-malignant by the uniformity of nuclear size,
shape, and staining in both the single and smooth-
bordered clusters of transitional cells. The finding
of calculus in 62-5 % of patients with these smooth
bordered clusters in urines sent for routine cyto-
logical examination, suggests that these changes
may be helpful in diagnosing hitherto unsuspected
calculi.
A small proportion of calculus patients (6 5 %) in

this study, in common with those in others reported,
showed epithelial abnormalities of such severity as to
approach and in some instances be indistinguishable
from that seen in differentiated transitional carci-
noma. In this study, however, the tumour urines
contained significantly greater numbers of single and
clusters of abnormal transitional cells in all fields.
The two comparable reports are those of De Ruiter
et a1l and Beyer-Boon et al,2 although the present
study is prospective which may account for some of
the differences in results. De Ruiter, using positive
and suspicious criteria essentially similar to those
used in this paper reported nine false-positive
diagnoses of malignancy and four of atypia in 13
of 23 patients with calculi. There is, however, no
comment on relative numbers of abnormal transi-
tional cells or on the detailed morphology of the
transitional cell clusters in these cases. In Beyer-
Boon's paper urines from 11 out of 62 calculus cases
were reported as showing cytological features of
malignancy; 9 were stated to be compatible with
grade 2 carcinoma (differentiated) and 2 with grade
3 carcinoma (intermediate differentiation). In the
present study the severest cytological abnormalities
approached those of differentiated transitional
carcinoma and no features representing an inter-
mediate or poorly differentiated tumour were found.
A frequent finding in Beyer-Boon's calculus cases
was morphologically benign multinucleated trans-
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Fig. 9 Multinucleate transitional cell. Original
mnagnification x 160.

itional cells and a mean of 1230% multinucleate
malignant transitional cells was noted in the false-
positive cases. While multinucleate cells with three
or more nuclei were observed in the calculus urines
in the present series (Fig. 9) they did not appear to be
significantly more prominent a feature than in non-
calculus urines, although comparative counts were
not made to establish the point. No multinucleate
cells with malignant features were observed.
Beyer-Boon suggested a possible relation between

calculi and cancer of the upper urogenital tract on the
basis of the morphological changes in the trans-
itional cells in the urine and from the finding of
changes comparable to carcinoma-in-situ of the
urothelium adjacent to a ureteric calculus in one
case. A further case of "serious atypical hyperplasia"
with many mitoses in a resected ureter adjacent to an
unsuspected urate stone was reported by Brussee
et al.3 In a review of 92 patients with renal, pelvic
and ureteric cancer Beyer-Boon noted that 14 had
either previous or concomitant stones. De Ruiter
was unable to establish a causal relation between
calculus and cancer among 18 patients treated for
carcinoma of the renal pelvis and ureter.
One of the eight cases in this series in which

urotheliumwas available for histological examination
showed hyperplasia with severe epithelial atypia.
The features were, however, not regarded as suffi-
cient for a diagnosis of carcinoma-in-situ.

We wish to thank Dr GA Rose and Dr AR Harrison

whose patients provided the urines in the calculus
cases, Mr EJ Westbury for chemical analvsis, Mr
AR Constable for the statistical analysis, and Dr
RCB PTgh for invaluable criticism.
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