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A b s t r a c t 

Recent studies based on multivariate analysis have 

identified cytologic features that may be of value in the 

diagnosis of malignancy in bile duct brushings. We 

sought to assess the reproducibility and accuracy of 

these criteria. Three different observers used 4 sets of 

criteria that included 9 cytologic features to review 165 

bile duct brushing specimens with available follow-up 

data. An overall assessment of malignancy and 

evaluation for the presence of chromatin clumping had 

excellent reproducibility (3-way K values ofO. 708 and 

0.629, respectively). Evaluation for the presence of 

enlarged nuclei, increased nuclear:cytoplasmic ratio, 

nuclear molding, and loss of honeycombing showed 

moderate reproducibility. An overall assessment of 

malignancy was a better predictor of the presence of 

malignancy than any other criteria, with a sensitivity of 

36.2% and a specificity of 95%. Retrospective analysis 

demonstrated that the criteria of chromatin clumping, 

increased nuclear cytoplasmic ratio, and either nuclear 

molding or loss of honeycombing had similar sensitivity 

and specificity as the overall assessment of malignancy 

(sensitivity = 35.2%, specificity = 95%). An overall 

assessment of malignancy or the criteria of chromatin 

clumping, increased nuclear:cytoplasmic ratio, and 

either nuclear molding or loss of honeycombing are 

reproducible cytologic criteria that accurately predict 

malignancy in bile duct brushings. 

Examination of bile duct fluid is a relatively noninvasive 

method for establishing a diagnosis of malignancy. Initially, 

secreted or aspirated bile was the only material available for 

cytologic examination. Currently, however, bile duct brush-

ings are the favored method of epithelial cell sampling. The 

reported sensitivity for this test ranges from 33% to 80%,1-18 

and the specificity for a definitive diagnosis of carcinoma in 

most older series is 100%,1-10 with only rare false-positive 

cases"-15 (reviewed by Kurzawinski and associates19). Sensi-

tivity varies with the location of the tumor, and brushings 

appear to be more sensitive than either washings or direct bile 

sampling. Flow cytometry provides only modest improvement 

in diagnostic accuracy.
13 

A variety of nonmalignant conditions may be an indica-

tion for bile duct brushing cytology. These include stones, 

surgical stenosis, pancreatitis, pancreatic cysts, sclerosing 

cholangitis, cirrhosis, jaundice, hydatid cyst, and acute cholan-

gitis.15-9-20*21 None of these conditions have specific cytologic 

findings. Although pancreatitis may be associated with 

numerous degenerate cells,
22 it is a common finding in pancre-

atic and bile duct carcinomas as well. Complicating the diag-

nostic evaluation further is the fact that some of these condi-

tions are well known to either predispose to or frequently 

coexist with malignancy. 

In an effort to improve the diagnostic accuracy of cytologic 

examination of bile duct brushings, several investigators have 

proposed specific diagnostic criteria for malignancy. Initial series 

emphasized disoriented or crowded cells in 3-dimensional 

groups, extreme nuclear enlargement, and nuclear contour irreg-

ularity,8 but rigorous statistical analysis was not performed. 

More recent series have used multivariate analysis to derive their 

criteria. One of the first of these reports (the Japan criteria), 

performed on bile specimens rather than brushings, examined 32 

criteria and determined that loss of honeycomb arrangement, 

enlarged nuclei, loss of polarity, bloody background, flat nuclei, 
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and cell-in-cell arrangement were highly associated with the 

correct diagnosis of malignancy.
20

 Another recent study (the 

Iowa criteria) used multivariate logistic regression analysis on 

bile duct brushings to analyze 18 variables and concluded that 

the criteria of nuclear molding, chromatin clumping, and 

increased nuclearxytoplasmic ratio resulted in a sensitivity of 

83% and a specificity of 98%.21 

Nevertheless, although multivariate analysis is helpful in 

the analysis of these specimens, it is not without limits. The 

greatest concern regarding this technique is that, because a 

very large number of cytologic features were tested, it is 

highly probable that some combination will result in an 

apparent improvement in diagnostic accuracy that may in fact 

represent a chance occurrence rather than a reproducible 

result. Thus, the true sensitivity and specificity of the derived 

criteria can only be determined by applying the criteria to 

another group of cases; the sensitivity and specificity in the 

original series will almost certainly be better than in another 

unbiased population. Second, multivariate analysis does not 

provide any evaluation of the reproducibility of the derived 

criteria. If the criteria are difficult to reproduce, the resultant 

sensitivity and specificity will be as well. Third, the criteria 

used in the 2 studies based on multivariate analysis are 

similar, though not identical, and the accuracy of the indi-

vidual cytologic features in each series that were eventually 

selected as being of great diagnostic importance was often 

similar to that of other cytologic features that did not achieve 

statistical significance. In fact, when the data from these 2 

large series
20

'
21

 are combined, a third set of criteria, namely 

those of chromatin clumping, loss of polarity, and nuclear 

molding (or cell-in-cell arrangement) actually appears to be 

better than the criteria used in either of the original papers. 

Finally, these criteria are primarily qualitative rather than 

quantitative. Although individual criteria contain quantitative 

information (ie, a 3-fold variation in nuclear size), the final 

criteria are either present or absent. Other series have instead 

emphasized a gradation of atypia, including architectural, 

nuclear, and nucleolar atypia, in which increased degrees of 

atypia increase the likelihood of malignancy.
15

 Although this 

approach is probably more familiar to cytologists than is the 

use of qualitative criteria, it is more difficult to measure. No 

series has attempted to compare this approach to the criteria 

derived from multivariate analysis. 

To evaluate these cytologic criteria, we prospectively 

compared the accuracy and reproducibility of 4 different sets 

of criteria in a series of 165 bile duct brushings. 

Methods 

Cases were derived from the files of the Division of 

Cytology of the Department of Pathology, Brigham & 

Women's Hospital, Boston, Mass, from 1990 to 1997. Biliary 

duct brush specimens were obtained endoscopically for all 

cases and were delivered to the laboratory either as prepared 

air-dried slides or in sterile solution. A total of 215 cases were 

received in the department during the aforesaid period; 

adequate follow-up could not be obtained in 38 cases, leaving 

177 cases for review. One islet cell tumor, 1 mucinous cystic 

neoplasm, 1 serous cystadenoma, 5 metastatic carcinomas, 

and 4 non-Hodgkin lymphomas were also excluded. The 

remaining 165 cases form the basis of this report. 

Of those 165 cases, 92 (56%) had histologic (87 cases) or 

cytologic (5 cases) confirmation, and 73 (44%) had clinical or 

radiologic follow-up or a combination thereof. The cytologic 

confirmation consisted of material obtained by a route other 

than bile duct brushing, most commonly a percutaneous fine-

needle aspiration. A diagnosis of malignancy required either 

pathologic confirmation or a radiologic mass consistent with a 

primary lesion in either the pancreas or hepatobiliary tree along 

with radiologic evidence of either metastatic disease or tumor 

progression. Of the 160 patients, 105 had a diagnosis of malig-

nancy and 60 had a benign diagnosis. Of the malignant cases, 

44 patients had tumors of the biliary tree and 61 had pancreatic 

tumors. The benign cases included 22 patients with biliary 

stricture of unknown cause, 2 with postoperative strictures, 4 

with radiation-induced strictures, 21 with primary sclerosing 

cholangitis alone, 3 with primary sclerosing cholangitis and a 

stent, 1 with primary sclerosing cholangitis and a stone, 1 with 

a stent for stricture of unknown cause, 2 with acute cholangitis, 

2 with pancreatitis, and 2 with ampullary masses. 

Material included alcohol-fixed, Papanicolaou-stained 

direct smears in 117 cases (usually 2 per case), cytocen-

trifuged preparations in 5 cases, 44 cases with Thinprep 

preparations (Cytyc Corp, Boxborough, Mass) (usually 1 per 

case), and 28 cases with H&E-stained cell block material. All 

cases were reviewed individually by 3 of the authors (A.A.R, 

R.M, S.R.G.) without knowledge of the clinical outcome. 

The presence or absence of 9 separate cytologic features 

was evaluated in each case. These features were derived from 

and described and illustrated in previous publications.
I5
-
20

-
21

 The 

features included the following: nuclear molding, cell-in-cell 

arrangement, or a combination thereof; chromatin clumping; 

increased nuclearxytoplasmic ratio; nuclei enlarged to at least 

3-fold the size of a normal nucleus; loss of polarity; loss of 

honeycombing (disordered sheets); bloody background; and flat 

nuclei (interpreted to mean nuclei with flattened nuclear 

outlines). In addition, an overall assessment of malignancy 

based on the degree of atypia (architectural, nuclear, and nucle-

olar) was performed. A cell-in-cell arrangement was interpreted 

as an extreme example of nuclear molding, and these 2 features 

were grouped together. Loss of polarity and loss of honey-

combing were related but different features. Specifically, loss of 

polarity could be assessed in single (1 -dimensional) strips of 
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ITable II 
Diagnostic Criteria for Bile Brushings 

Name of Criteria Criteria Content 

Iowa* Nuclear molding, chromatin clumping, and increased nuclearcytoplasmic ratio 
Japan* 3 or more of the following: loss of honeycombing, enlarged nuclei, loss of polarity, bloody background, 

flat nuclei, cell-in-cell arrangement 
Boston Chromatin clumping, loss of polarity, nuclear molding 
Overall assessment Sufficient atypia to warrant a diagnosis of malignancy 

of malignancy based on 
degree of atypia* 

*Cohen MB, Wittchow RJ, Johlin FC. et al. Brush cytology of the extrahepatic biliary tract: comparison of cytologic features of adenocarcinoma and benign biliary strictures. 
Mod Pathol. 1995;8:498-502. 

7
Nakajima T. Tajima Y, Sugano I, et al. Multivariate statistical analysis of bile cytology. Ada Cyrol. 1994;38:51-55. 

?
Layfield LJ, Wax TD. Lee JG, et al. Accuracy and morphologic aspects of pancreatic and biliary duct brushings. Acta Cyrol. 1995;39:11-18. 

ITable 21 ITable 31 
Three-way K Analysis of Nine Cytologic Features Sensitivity and Specificity of Nine Cytologic Features 
in Bile Duct Brushings in Bile Duct Brushings for a Diagnosis of Malignancy 

Criteria K Criteria Sensitivity (%) Specificity(%) 

Nuclear molding/cell-in-cell arrangement 0.414 Nuclear molding/cell-in-cell arrangement 35.2 83 
Chromatin clumping 0.629 Chromatin clumping 35.6 91.7 
Increased nuclearxytoplasmic ratio 0.503 Increased nuclear:cytoplasmic ratio 41.0 88.3 
Enlarged nuclei 0.569 Enlarged nuclei 48.6 68.3 
Loss of polarity 0.204 Loss of polarity 36.2 96.7 
Loss of honeycombing 0.587 Loss of honeycombing 51.0 73.3 
Bloody background 0.191 Bloody background 15.2 88.3 

Flat nuclei 0.082 Flat nuclei 6.7 100 
Overall assessment of malignancy 0.708 Overall assessment of malignancy 36.2 95.0 

cells and primarily represented a loss of the basal location of the 

nuclei. Loss of honeycombing could be assessed only in (2-

dimensional) sheets of cells and consisted of a disorganized 

arrangement of nuclei in rows and columns. The overall assess-

ment of atypia was somewhat vague by design and meant to test 

the observer's gestalt as to whether the degree of atypia was 

sufficient for a diagnosis of malignancy rather than objective 

assessment on any single or small set of features. These features 

were used to form 4 separate diagnostic criteria, detailed in 

ITable II. The Boston criteria shown in Table 1 were derived 

for this paper from data available in the Iowa and Japan papers. 

Each observer's results were analyzed separately. In addi-

tion, the consensus of all 3 observers was also analyzed. Sensi-

tivity and specificity were determined as usual. Reproducibility 

was determined by using the K statistic, which was calculated 

between individual observers and as a 3-way analysis. Values 

of K greater than 0.6 demonstrate excellent agreement, those 

between 0.4 and 0.6 demonstrate moderate agreement, and 

those less than 0.4 demonstrate poor agreement. 

R e s u l t s 

Several observations were made when these slides were 

reviewed before any analysis was performed. All 3 observers 

believed that flat nuclei were poorly defined and difficult to 

identify. A bloody background could not be appreciated on 

Thinprep preparations. In addition, the material on Thinprep 

preparations was more atypical looking and appeared 

different than on the other preparations; cells were larger and 

more closely packed together, nuclei were larger and had 

more irregular borders, and nucleoli were more prominent. 

Also, all 3 observers agreed that fixation was critical. Air-

drying artifact interfered with assessment of virtually all cyto-

logic features, regardless of the diagnostic category of the 

specimen. Finally, several of the criteria appeared closely 

associated. For example, enlarged nuclei were often, though 

not always, associated with increased nuclearxytoplasmic 

ratios. Similarly, loss of polarity was often, albeit not always, 

associated with loss of honeycombing. In fact, both enlarged 

nuclei and loss of polarity seemed to be less stringent 

versions of the criteria with which they were linked. 

The results of K analysis are summarized in ITable 21. 

We also performed K analyses between each individual 

observer; the results were similar to each other and to the 3-

way K statistics reported in Table 2 except for loss of polarity, 

in which case the individual K values were 0.420, 0.168, and 

0.036, respectively. Overall assessment of malignancy was 

the most reproducible criterion, with an excellent K value 

(0.708). Chromatin clumping was also very reproducible (K = 

© American Society of Clinical Pathologists Am J Clin Pathol 1998; 110:635-640 637 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/a
jc

p
/a

rtic
le

/1
1
0
/5

/6
3
5
/1

7
5
8
2
5
7
 b

y
 g

u
e
s
t o

n
 2

0
 A

u
g
u
s
t 2

0
2
2



Renshaw et al / CRITERIA FOR BILE DUCT BRUSHINGS 

•Table 41 
Sensitivity and Specificity of Loss of Polarity 
for Three Different Observers for a Diagnosis of Malignancy 

Observer Sensitivity (%) Specificity (%) 

1 51.4 76.7 
2 31.4 96.7 
3 18.1 91.5 
Consensus 36.2 96.7 

•Table 51 
Sensitivity and Specificity of Bloody Background 
for Three Different Observers for a Diagnosis of Malignancy 

Observer Sensitivity (%) Specificity (%) 

1 5.7 95.0 
2 40.0 66.7 
3 12.4 88.1 
Consensus 15.2 88.3 

•Table 61 
Sensitivity and Specificity of Four Different Diagnostic 
Criteria for a Diagnosis of Malignancy 

Criteria Sensitivity*(%) Specificity* (%) 

Iowa 24.8(20.0-22.9) 98.3(95.0-100) 
Japan 39.0(31.4-44.8) 86.7(76.7-80.0) 
Boston 21.9(10.3-23.8) 100(96.7-100) 
Overall assessment 36.2 95.0 

of malignancy 

•Result for consensus (range of individual results). 

•Image I I Adenocarcinoma in bile duct brushings. The 

cells demonstrate chromatin clumping, an increased 

nuclear:cytoplasmic ratio, and loss of honeycombing but 

not nuclear molding (Papanicolaou, x400). 

638 Am J Clin Pathol 1998;110:635-640 

0.629). On the other hand, loss of polarity, presence of a 

bloody background, and flat nuclei were not reproducible. 

The sensitivity and specificity of each cytologic feature 

for the consensus diagnosis are summarized in liable 31. 

The sensitivity and specificity of each cytologic feature for 

each observer was similar to that of the consensus except for 

loss of polarity and bloody background, which are summa-

rized in liable 41 and ITable 51, respectively. 

The sensitivity of each set of diagnostic criteria using the 

consensus diagnoses are summarized in ITable 61. The sensi-

tivity of both the Japan criteria and the overall assessment of 

malignancy criteria were much higher than those of the Iowa 

and Boston criteria; however, the specificity of the Japan 

criteria were much lower than those of the other criteria. The 

results for the individual observers were similar. 

After the aforesaid results had been obtained, those cases 

that were correctly identified as positive by the overall assess-

ment of malignancy and missed by the Iowa criteria were 

reviewed. Of the 11 cases, none showed nuclear molding; 

however, all but 2 showed chromatin clumping and all but 1 

had an increased nucleancytoplasmic ratio. In addition, all 11 

cases showed both loss of honeycombing and enlarged 

nuclei. Next, we retrospectively tested the criteria of chro-

matin clumping, increased nuclearxytoplasmic ratio, and 

either nuclear molding or loss of honeycombing 11 mage II. 

In that retrospective analysis, the sensitivity for a diagnosis of 

malignancy was 35.2% and the specificity was 95.0%. 

Substituting either enlarged nuclei or enlarged nuclei together 

with loss of honeycombing for loss of honeycombing did not 

improve the accuracy of the criteria. 

Discussion 

This report attempts to evaluate the diagnostic criteria for 

bile duct brushings proposed by others. We focused on 2 

particular features of these criteria: reproducibility (as deter-

mined by K values) and accuracy (as determined by sensi-

tivity and specificity). 

Surprisingly, our data clearly demonstrate that an overall 

assessment of malignancy based on the degree of atypia in a 

specimen was not only more reproducible than any other set 

of criteria but also resulted in a much higher sensitivity for 

malignancy with only a very small decrease in specificity. We 

suggest that this implies that cytologists are good at what they 

do; namely, cytologists develop a skill for assessing the overall 

degree of atypia or abnormality in a specimen that is a very 

good determinant of the presence of malignancy. The value of 

this skill in this setting has not previously been demonstrated. 

It is no surprise that the sensitivities of both the Iowa and 

Japan criteria were lower than in the original articles. Although 

the practice of using the same cases from which a set of criteria 

© American Society of Clinical Pathologists 
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was derived to test those same criteria is often reported in the 

cytology literature, verification of diagnostic utility requires 

testing criteria on a second set of subjects. This is especially 

true when the criteria in question were culled from a very large 

set of possible variables. The results will always be biased in 

favor of the new criteria. 

However, the sensitivity of the criteria in our series is 

very low indeed, not even reaching 25%. Although there is a 

wide range of reported sensitivities for bile duct brushings,
1
"

18 

this sensitivity is certainly in the lowest possible range. A 

review of the false-negative cases in this series revealed the 

majority to be due to sampling. One possible explanation for 

this fact is that the majority of patients in the series who had a 

malignant diagnosis had pancreatic masses, which have been 

previously shown to be more difficult to diagnose on the basis 

of bile duct brushings compared with biliary tree lesions. 

The Boston and Iowa criteria (Table 5) have a similar 

level of accuracy. This is not surprising inasmuch as 2 of the 

3 features for each criteria are the same. However, because 

the Boston criteria rely on loss of polarity, which does not 

appear to be very reproducible, we must conclude that the 

Iowa criteria are probably more reliable. 

Nevertheless, with retrospective analysis it was possible 

to improve on the Iowa criteria and achieve results similar to 

those obtained with an overall assessment of malignancy by 

using a new set of modified qualitative criteria. These criteria 

suggest that malignancies in bile duct brushings have at least 

2 different appearances: those that have nuclear molding and 

those that have loss of honeycombing. Obviously, the value 

of these new modified criteria needs to be assessed prospec-

tively in a new and unbiased set of cases. 

The current study has 2 limitations. First, an assessment of 

all of the criteria was made at the same time in each case. It is 

certainly possible that the exercise of evaluating for nuclear 

molding and so forth influenced our overall assessment of 

malignancy. Thus, our overall assessment of malignancy may 

have been influenced by the individual features contained in the 

other criteria, which may explain the ability to duplicate these 

results with a new set of modified criteria. The second limitation 

is that all 3 observers in this series are from the same institution 

and may share an approach to cytologic interpretation that is 

different from that at other institutions, even though the descrip-

tions and illustrations of the cytologic features in the original 

articles were used to define each cytologic feature. This may be 

a particular problem with the assessment of overall malignancy 

inasmuch as, by design, this criterion was left somewhat vague. 

It would be of value to reproduce this study with a larger set of 

observers from a variety of practice settings. 

In conclusion, we have compared the reproducibility and 

accuracy of 4 different sets of criteria for diagnosis of malig-

nancy in bile duct brushings. We believe that assessment of 

the overall degree of malignancy is both more reproducible 

and more accurate than is reliance on any currently published 

set of qualitative criteria. However, the modified criteria of 

chromatin clumping, increased nuclearxytoplasmic ratio, and 

either nuclear molding or loss of honeycombing may achieve 

a similar level of accuracy. 
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Dana Farber Cancer Institute, Boston, Massachusetts, and 
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