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Rapid Urinary Cytology by Phase Contrast Microscopy 
A Preliminary Report 
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Summary. Phase contrast microscopy offers 
a method for very rapid cytological examination 
of urine deposits. To test its reliability, results 
obtained by phase contrast microscopy were 
compared with those of standard cytological meth- 
ods using Papanicolaou or Giernsa-stained smears. 

As only 1.4% false positives and 5.2% false nega- 
tives were obtained, phase contrast microscopy 
can be recommended as a routine office procedure. 
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Although several recent publications (I, 2, 13~ 
19) have favoured phase contrast microscopy for 
examination of the urinary sedimentj only one 
reference has been made to its value for cytologi- 
cal screening (12). There have been few reports of 
its value for cytological studies in other circum- 
stances (20). In an attempt to make urine cytology 
a routine office procedure for all urologists, the 
value of phase contrast microscopy became ap- 
parent (16). 

Phase contrast techniques depend upon separa- 
tion of light that has been transmitted through 
transparent objects, e.g. unstained cells, from 
light that has been diffracted by the same objects 
and has deliberately been retarded by about a 
quarter of its wavelength. 

The two waves are allowed to interfere with 
each other to produce visible changes in wave 
amplitude (24, 25). The phase contrast method 
can be applied readily and inexpensively to light 
microscope urinalysis. Cellular and nuclear 
structural details such as vacuoles, granular con- 
tentsj nucleoli and thickened nuclear membranes 
become clearly visible, and it is possible, there- 
fore, to distinguish atypical and malignant cells 
from normal cells of the transitional epithelium 
of the urinary tract. 

To test the reliability of this method, the re- 
sults of phase contrast microscopy have been 
compared with cytological diagnoses made on 
conventional Papanicolaou and Giernsa-stained 
smears and verified by biopsy. 

Material and Methods 

285 fresh urine samples were obtained from 157 
patientsj attending the'Department of Urology. 
The entire urine specimen was centrifuged, one 
drop of the sediment was placed on a glass slide and 
a cover slip placed over it. The specimen was then 
examined immediately by bright field and phase 
contrast microscopy. If atypical or probable 

malignant cells were seen, they were photographed 
for documentation. 

From the remainder of the same sediment, 
smears were made on normal and frosted glass 
slides (22) for dry and wet fixation and subsequent 

staining by the Giemsa or Papanicolaou techniques. 

All the slides were screened by a eytotechni- 

cian and the final cytological diagnosis checked 
by a cytopathologist. In all cases of benign and 
malignant tumours of the urinary tract, biopsies 

or other surgical procedures were done so that 
diagnoses could be verified histolo.gically. 

All bladder turnouts were graded according to 

the T. N. M. -system, as this is in almost uni- 

versal use amongst urologists and it corresponds 
quite well to the histological classification sug- 
gested by Dukes (5). To simplify matters, all 
papillomatous carcinomas without invasive growth 
(Tx), or with only superficial invasion of the sub- 

mucosa (TI), were placed in one group, as there 
is no cytological difference between them. 

The cytological diagnoses were given in a 
code suggested previously (22). During the com- 
parison of the two methods it was decided to 
mark as negative all cytological diagnoses of nor- 
mal eptihelial cells or slight atypia, as well as 
those in which no cells were deteeted, and as 
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positive those in which the findings were sugges- 

tive of a benign or malignant turnout. 

Results 
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Table 1 lists the diagnoses of all the patients. 
76 had some type of urothelial cancer, of whom 

37 patients were diagnosed for the first time by 

cytology and confirmed by biopsy. In 39 patients 

the diagnosis had been made before and they were 

being followed after treatment; in 37 of them the 

cytological diagnosis was negative and no recur- 

rence was detected by cystoscopy or other means; 

in 2 a positive cytological diagnosis was confirm- 

ed as being due to a recurrent turnout (Table 2). 

Of the 285 cytological examinations, 171 were 

negative by all 3 methods and 95 were positive by 

all of the three. Phase contrast microscopy gave 

a false negative on 15 occasions (5.2%), i.e. either 

Papanicolaou or Giemsa-stained smears were 

considered suspicious of a turnout. Phase contrast 

microscopy gave a false positive result on 4 oc- 

casions (1.4%); Table 3. 
In analysing the false positive cases it was 

found that 2 specimens came from the same case 

of medullary sponge kidneys with multiple small 

stones. Phase contrast microscopy showed atypi- 

cal urothelial cells that suggested malignancy, 
but repeated Papanicolaou and Giemsa smears 

only revealed the atypia which is often found in 

patients with stones (6, 9, 15). In the other 2 

Table i. Final Diagnoses in the 157 patients studied 

Benign papilloma bladder 

Bladder carcinoma Tx +T 1 

Bladder carcinoma T 2 

Bladder carcinoma T 3 

Bladder carcinoma T 4 

Carcinoma in situ bladder 

Squamous cell carcinoma of bladder 

Transitional cell carcinoma renal 

pelvis and ureter 

Ingrowth of other pelvic carcinomas into 

bladder 

Prostatic carcinoma 

Infections of genito-urinary tract 

Haematuria (stonesj trauma, a.o. 

Miscellaneous 

22 

26 

14 

14 

6 

4 

2 

i0 

5 

2 

13 

26 

13 

total: 157 

cases, atypical cells were seen by phase contrast 
microscopy but no cells at all were found in 

Papanicolaou and Giemsa smears. In the exam- 

ples of false negatives, the presence of many pus 

cells or erythrocytes was the main cause of fail- 

ure to detect epithelial cells (Table 4). 

Table 2. Analysis of 76 patients with urothelial carcinomas 

Initial C ontrol 

diagnosis after therapy 
Total number 

Cyt. neg. Cyt. pos. Cyt. neg. Cyt. pos. of cases 

Transitional cell ca. 
bladder Tx + T 1 9 16 1 26 

Transitional cell ca. 

bladder T 2 6 8 - 14 

Transitional cell ca. 

bladder T 3 9 5 - 14 

Transitional cell ca. 

bladder T 4 5 1 - 6 

C.I.S. bladder 3 1 4 

Squamous cell ca. 
bladder 2 - - 2 

Turnouts of renal pelvis 
and ureter 3 6 1 i0 

Total: - 37 37 2 76 
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Table 3. Comparison of Cytological Diagnoses by 

the Different Methods 

Cytological diagnosis phase-contrast 
and Pap/Giemsa negative 

Cytological diagnosis phase-contrast 
and Pap/Giemsa positive 

Cytological diagnosis phase-contrast 
positive but Pap/Giernsa negative 

Cytological diagnosis phase-contrast 
negative but Pap/Giemsa positive 

total: 

171 

95 

4 

15 

285 

115 

Table 4. Causes of false negative results of phase- 
contrast cytology 

Too many pus cells 

Too many erythrocytes 

No epithelial cells discovered 

False interpreted atypia 

4 

7 

3 

1 

total: 15 

Fig. I. Group of uroihelial cells in urine, seen 
by bright field microscopy. The outlines are only 
just visible. 

Fig. 2. The same cell group seen by phase con- 
trast microscopy. Nuclear outlines are clearly 
visible, as well as many nucleoli. The irregular 
arrangement and the early polymorphism are 
suggestive of a papillomatous growth with atypia. 
From a patient with recurrent T1 bladder tumour. 

Discussion 

As shown by the detailed study of Tyrkk5 (21) it 

seems impossible to over emphasize the import- 
ance of urine cytology, and yet many urologists 
either are not familiar with this diagnostic meth- 
od, or are not convinced of its importance in the 
early diagnosis and follow-up of patients with 
urothelial neoplasms. For these reasons the at- 
tempt has been made to introduce urinary cytology 
as a routine office procedure by simplifying the 
technique. 

Although simple staining techniques have been 
devised for routine office use (16, 17), phase 
contrast microscopy has the advantage of enabling 
the clinician to make a rapid diagnosis, or at 
least to obtain information about how to direct 

his diagnostic investigations, whilst the patient 
is still present. An urologist who is accustomed 
to looking for erythrocytes, pus cells or bacteria 
in urinary sediments with ordinary bright field 
microscopy, can, with simple and inexpensive 
additional equipment, employ the phase contrast 
method as well to detect normal, atypical or 
malignant cells desquamated from transitional 
epithelium, and with a reliability that meets 
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Fig. 3. The structure in the middle could easily 
be overlooked in bright field scanning of urinary 

sediment. 

Fig. 4. Under phase contrast this was shown to 
be a malignant epithelial cell with a giant nucleus. 
From a patient with a T2 bladder carcinoma. 

Fig. 5. Between a mass of leucocytes a non- 
descript structure is seen by bright field micros- 

copy. 

Fig. 6. By phase-contrast it is seen to be a giant 
binucleated cell with thickened nuclear membrane 
and large nucleoli. From a patient with A T3 
bladder carcinoma who subsequently underwent 
radical cystectomy. 
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Figs. 70 8, 9, and i0. Three single cells and one group of cells are with definite features of 
malignancy (large nucleoli, irregular nuclear shape, thickened nuclear membranes,, polymorphism 
and altered nuclear-cytoplasmic ratio). Phase contrast view. 
All the photographs were taken at a magnification of X400. 
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standards previously set for urinary cytology. 
(15, 17, 21); if atum'our is suspected, portions 
of the same sediment can be smeared for Papani- 
colaou or Giemsa staining and subsequent con- 
firmation of the diagnosis by a cytopathologist. 
This overcomes one of the principal disadvantages 
of phase contrast microscopy, namely that the 
preparations cannot be preserved, so that re- 
checking is impossible. Documentation is only 
possible by photomicrography which requires 
much more expensive equipment. 

A second disadvantage may be that the diag- 
nostic accuracy is probably less than by conven- 
tional staining methods. Not all degrees of atypia 
seen in Papanicolaou-smears, can be detected by 
phase contrast microscopy, tt is possible to see 
clearly the nucleus-cytoplasmic ratio, irregulari- 
ty and polymorphism of the nuclei and the pres- 
ence of large nucleoli; as Kalnins (9) has pointed 
out, these are important indications of malignan- 
cy. However, fine changes in the chromatin pat- 
tern can only be seen in stained preparations. 
Phase contrast microscopy will provide an im- 
pression of the numbers of transitional epithelial 
cells and whether they are solitary or lie in sheets 
or clumps (suggesting papillomatous growth); 
slight or marked atypia can be detected and so 
can cells that are definitely suspicious of malig- 
nancy. Thus, phase contrast microscopy provides 
a means of rapid urinary cytology as a guide to 
further diagnosis and therapy. 

The number of examinations in the present 
study is too small to permit final conclusions 
about the value of urinary cytology, although 
others have confirmed its value, (7, 14, 15, 16, 
20, 22). It was very interesting that, in using the 
three methods simultaneously, none of the first 
time diagnoses of urothelial cancers were missed, 
and that more pelvi-ureteric tumours and car- 
cinomas-in-situ of the bladder were detected at 
an earlier stage than in previous years. Poor 
results were obtained in the cases of benign papil- 
lomas, an observation made by several other 
workers (6, 15, 21). However, this disappointing 
aspect has not prevented the establishment of a 
large scale survey to confirm the value of urinary 
cytology for the diagnosis of tumour recurrence 
after therapy (i0 and ii), and to examine further 
the correlation between cytological diagnosis and 
the histological and clinical staging of urothelial 
neoplasms, using phase contrast as an initial 
rapid screening technique. 
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