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Morphometric diagnosis of serous effusions: refinement
of differences between benign and malignant cases by
use of outlying values and larger sample size
N SCOTT, J SUTTON, C GRAY

From the Department ofPathology, University ofLeeds

SUMMARY Fifty cytologically malignant, five suspicious, and 27 cytologically benign serous
effusions were assessed morphometrically for differences in mean and outlying nuclear and
cytoplasmic variables. Significant differences were found between benign and malignant specimens
for all nuclear morphometric variables measured, the most significant being largest nuclear area and
diameter. No significant differences were found for cytoplasmic size variables. Although measure-
ment ofoutlying values in serous effusions enhanced the difference between benign and malignant cell
populations, it was of insufficient sensitivity or specificity to be of clinical diagnostic use. Increasing
the sample size improved test performance but would be tedious to perform manually.

Morphometry is of value in several areas ofdiagnostic
histopathology. Its application to cytology would be
of considerable benefit both in terms of diagnostic
accuracy and as the basis of an automated screening
programme. The previous study by our group showed
that significant differences existed between mor-
phometric variables derived from nuclear and cyto-
plasmic outlines in benign and malignant effusions.'
Considerable overlap between individual benign and
malignant cases, however, made sensitivity unaccept-
ably low for clinical diagnostic use. These differences
were enhanced after selection of cells positive for
cytokeratin but still failed to discriminate malignant
from benign effusions in a large proportion of cases.
The aim ofthis study was to measure a second series

of cases to validate the earlier series. No previous
study has assessed the significance ofthe most outlying
values derived from nuclear and cytoplasmic outlines.
Cytologists consciously search for the most "atypical"
cells; these may produce the largest outlines. Accord-
ingly, this study aimed to analyse not only the mean
nuclear variables from the sample of cells in each
specimen, but also the outlying values, represented by
the largest nucleus found in each, and the position of
the sample's 96th percentile. We hoped that this would
enhance the detection of small populations of atypical
cells and avoid submerging significant individual
measurements in the average figure as in the previous
study.
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Material and methods

A total of 82 specimens of serous effusions from 79
patients not previously studied were selected from the
files for 1985-88. These included 43 pleural fluids and
39 ascitic fluids classified cytologically as malignant in
50 cases, suspicious in five, and negative in 27. Clinical
details or histological confirmation were available in
all 79 (table 1). Cytological diagnosis was made by a
consultant cytologist on customary criteria.

All specimens were prepared by the standardised
cytospin method routinely used in our department and
spray-fixed with Cell-Fix (LIP Equipment and
Services) as previously reported.' One slide stained
with haematoxylin and eosin was measured for each
fluid. Measurements ofmaximum diameter, area, and
perimeter were performed on the nuclear and cyto-
plasmic outlines of 50 cells in each specimen chosen
randomly using the IBAS image analyser (Kontron
Electronics; Reichert Jung) as described previously.
Polymorphonuclear leucocytes and multinucleate cells
were excluded from analysis. In two cases
measurements were extended stepwise to 500 cells to
assess the effect of sample size.
Owing to the density ofsome cytospin preparations,

cytoplasmic measurements were made in only 23 ofthe
negative specimens, four of the suspicious, and 33 of
the malignant specimens. In no case was measurement
of the nuclear outline prevented by poor staining,
overlapping, or multinucleation.
The differences observed between benign and

malignant effusions were tested for significance by
607
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Wilcoxon's rank sum test for two samples.' Sensitivity,
120 specificity, and likelihood ratios were calculated in the

usual manner.'
110,

Results
100-

NUCLEAR SIZE VARIABLES
One dimensional scattergrams illustrating the dis-

Z90 tribution of mean values for nuclear area, perimeter,
and diameter are shown in fig 1. There were significant

I SO ~~~~~~~~~differences between the mean values for benign and
malignant effusions (table 2), but considerable overlap

710 between individual cases existed. These results closely
reproduced the findings on different cases in our

S0o earlier study, although the overall range of nuclear
sizes was greater in the present series.

I I ~~~diameter and area, and the position of the 96th

40 . ~~~~~~~~~percentile for each variable. The differences found
between measurements for outlying nuclear values
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Morphometry ofserous effusions
Table 1 Summary of clinical and histological diagnoses in
serous effusions

Clinical Histological
diagnosis diagnosis

Diagnosis in cytologically benign effusions:
Malignant disease 5 10
Pneumonia I
Chronic renal failure I
Cirrhosis I I
Congestive cardiac failure I
Constrictive pericarditis I
Unknown (pleural biopsy negative) 4
Unknown (no pleural biopsy) 2
Total 27

Diagnosis in cytologically suspicious effusions:
Malignant disease 4
Chronic renal failure
Total 5

Diagnosis in cytologically malignant effusions:
Carcinoma of ovary 2 12
Borderline ovarian carcinoma I
Carcinoma of breast 1 4
Carcinoma of bronchus 2 6
Carcinoma of stomach 2
Carcinoma of colorectum I
Carcinoma of pancreas I
Hepatoma I
Lymphoma I
Unknown primary 6 7
Total 47

ofgreater significance (p < 0001) than the correspon-
ding values for mean nuclear variables. The degree of
overlap between cases was also reduced, albeit slightly,
being most noticeable for nuclear diameter. Values for
nuclear perimeter are not shown but were also sig-
nificantly increased in malignant specimens.

Test sensitivities using a threshold giving 100%
specificity are listed in table 3. We also calculated
sensitivity and specificity using arbitrary cut-off levels
to give the best discrimination of positive from
negative cases (table 4). Likelihood ratios were gen-
erated from these data and included.

Sensitivity was low, reaching only 30% with
absolute specificity. This increased to 54% for largest
nuclear diameter at the expense of an 18% false
positive rate. The best compromise between sensitivity
and specificity was reached by using the arbitrary

609

threshold for upper limit of nuclear area which gave

40% sensitivity for 11% of benign effusions wrongly
diagnosed as malignant.

CYTOPLASMIC SIZE VARIABLES
No significant differences were found between any of
the variables measured for cytoplasmic outline (table
2). This disagrees with our findings in an earlier study
where all variables were found to be significant.

SAMPLE SIZE
Five hundred cells were measured in each of two
cytologically malignant cases, one pleural and the
other a peritoneal effusion. Table 5 shows the
cumulative means and largest values of nuclear
maximum diameter and area at cell counts of 50, 100,
150, 200, 300 and 500. In both cases the initial
measurement of 50 cells significantly underestimated
the final range of nuclear size variables, although the
mean values remained constant. The upper limit
increased to 173% and 159% for pleural and periton-
eal specimens, respectively, of the original values for
nuclear diameter, while the upper limit of nuclear area

increased by 308% and 180%. In these two cases the
results from cell counts of 150 or more would have
been revised from benign to malignant using the
arbitrary thresholds already described.

Discussion

We extended the observations made in our previous
study to include measurements of the largest nuclei
found in each specimen. Significant deviations in
nuclear size have been shown in cytologically malig-
nant effusions compared with benign ones, and
analysis of outlying nuclear values enhanced these
differences. We have still been unable to separate the
majority of malignant specimens from benign ones,

however, on the basis of nuclear or cytoplasmic size
variables.

Likelihood ratios express the probability that a

positive test result correctly identifies malignancy.
Even for the best discriminator, upper limit ofnuclear

Table 2 Resultsfor mean nuclear and cytoplasmic variables*

Cytological diagnosis

Feature Benign (n = 27) Suspicious (n = 5) Malignant (n = 50) Significancet ofdifference

Nuclear diameter (pm) 8-0 (1}3) 8-4 (0-6) 89 (19) p < 005
Nudear area (pmn) 53-0 (284) 51 8 (79) 62-3 (27.2) p < 0-05
Nuclear perimeter (um) 25-4 (4-3) 26-3 (1-8) 28-1 (610) p < 0 05
Cytoplasniic diameter (pm) 13-0 (3.3) 12-9 (10) 144 (3.9) NS
Cytoplasmic area (um2) 145-7 (77.4) 126-4 (23.7) 176-7 (90 6) NS
Cytoplasmic perimeter (pm) 41-7 (11-0) 40*4 (3.4) 45 8 (12.3) NS

*Mean values (± 1 SD).
tDifference between benign and malignant specimens by Wilcoxon's rank sum test for two samples.
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Figs 2a-d One dimensional scattergrams ofoutlying valuesfor two nuclear variables: (a) ldrgest nuclear diameter;
(b) nuclear diameter-96th percentile; (c) largest nuclear area; (d) nuclear area-96th percqntile. Dots indicate single largest'
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Morphometry ofserous effusions
Table 3 Sensitivity and specificityfor nuclear diameter and
area

Sensitivity Specificity
Feature (%) (%)

Mean nuclear diameter 14 100
Largest nuclear diameter 30 100
Nuclear diameter: 96th percentile 18 100
Mean nuclear area 14 100
Largest nuclear area 16 100
Nuclear area: 96th percentile 16 100

Table 4 Sensitivity and specificityfor nuclear diameter and
area using a second threshold

Positive
Sensitivity Specificity likelihood

Feature (%) (%) ratio

Mean nuclear diameter 60 70 2-0
Largest nuclear diameter 54 81 2-8
Nuclear diameter:

96th percentile 68 74 2-6
Mean nuclear area 68 67 2 1
Largest nuclear area 40 89 3-6
Nuclear area:

96th percentile 64 74 2 5

area, the positive likelihood ratio is no more than
3-6:1. The second best discriminator, largest nuclear
diameter, yields a positive test result 2-8 times more
likely to come from a malignant than a benign case.
Sensitivity and specificity are therefore still too low to
permit the classification of most effusions, although
we have shown that a larger sample size did revise the
test result in two false negative cases. Increasing the
sample size to 300 cells would probably enhance
overall sensitivity and specificity using outlying
results.
The failure to find significant differences between

cytoplasmic outlines from benign and malignant
specimens may be due to the smaller number of cases
in the present series. A trend towards larger values in
malignant effusions was noted but failed to reach
significance.
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Accuracy in routine cytological diagnosis of malig-
nancy in serous effusions is generally of the order of
80-90% with a false positive rate of up to 3%.4 A
substantial false negative rate, however, exists in
which malignant cells become evident on subsequent
aspirations or biopsy. This partly reflects inherent
difficulties in cytological diagnosis such as sampling
problems and reactive mesothelial cells, but also
reflects systematic bias owing to the properly con-
servative approach of cytologists who would rather
under- than overdiagnose.
Morphometry is a potentially useful approach to

the diagnosis of malignancy by automated cytological
methods. Several studies have shown measurement of
nuclear and cytoplasmic variables to be of value in the
differentiation of reactive and neoplastic mesothelial
cells,'7 while recent work using computed interactive
morphometry has provided significant discriminators
in neoplastic effusions akin to those described here.8
Although automated screening and diagnosis of

cytology specimens has been under development in
many centres for some years, as yet no group has
reported the achievement of a comparable level of
competence to human cytological diagnosis. One of
the most sophisticated of these systems uses an
extended panel of features to identify malignant cells,
including nuclear and cytoplasmic area, form factors,
and measurements of nuclear texture. Low false
positive and negative scores have been described for
Papanicolaou stained cervical smears using such com-
prehensive feature sets.9
Our study of serous effusions shows that while there

are significant differences between morphometric
variables in benign and malignant effusions, these are
still insufficient to separate reliably benign and malig-
nant cases in the overlap zones for each variable.
Future studies of serous effusions will have to address
the use of larger feature sets and sample sizes such as
those described by Bengtsson.9 Measurements on this
scale will be too numerous and tedious for a human
observer in a semiautomated system, and will require a

Table 5 Effects ofsample size on mean and largest nuclear variable

Cell count

50 100 150 200 300 500

Malignant pleural effusion:
Mean nuclear diameter (pm) 7-1 7-2 7-2 7 2 7-2 7 2
Largest nuclear diameter (pm) 9-7 10 1 14 5 14 5 16 8 16 8
Mean nuclear area (pm2) 35-8 36 9 38-6 38-3 38-1 37-7
Largest nuclear area (pm2) 61-2 72-2 179-9 179 9 188-4 188 4

Malignant peritoneal effusion:
Mean nuclear diameter (pm) 5-2 5 9 6-4 6-6 6 3 6-3
Largest nuclear diameter (pm) 97 13-6 15-4 15-4 15-4 154
Mean nuclear area (pm2) 20-6 27-7 32-6 33-4 312 3112
Largest nuclear area (pm2) 76-2 110-3 136-9 136-9 137 2 137 2
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612 Scott, Sutton, Gray
new order of sophistication in automated cell selec-
tion, measurement, and computation.

We thank Dr PJR Harkin for assistance with com-
putation, Mr CAR Hay for illustrations, and Mrs J
Fearnley for typing the manuscript. This study was
supported in part by the Yorkshire Cancer Research
Campaign.
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