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We evaluated the diagnostic utility of the histologi-
cal characteristics ascribed in the literature to ser-
rated adenomas and developed a practical working
model to allow their reliable identification. We also
documented the frequency and location of serrated
adenomas identified in an unselected series of indi-
viduals undergoing colonoscopic evaluation, as well
as the clinical characteristics of those individuals.
One hundred forty consecutive individuals (pro-
spective polyp data set; 97 male, 43 female; age
mean: 63.3 y; age range: 29–98 y) with 255 polyps
were identified from 919 individuals undergoing
colonoscopy. Further polyps previously removed
from these individuals were added for the purpose
of histological assessment (extended polyp data set,
n � 380). All polyps were assessed by two indepen-
dent examiners for eight selected architectural and
cytological features of serrated adenomas. In the
prospective polyp data set, 56 patients had 72 hy-
perplastic polyps, 7 had 9 serrated adenomas, 3 had
4 admixed polyps, and 98 had 170 conventional
adenomas. There was no difference in the age, sex,
or cancer association of the seven patients with ser-
rated adenomas when compared with the case of
other individuals with polyps. The prevalence of
serrated adenomas was 9/919 (1%) in our popula-
tion, with an average size of 5.8 mm. When assess-
ing serrated adenomas histologically, the combina-
tion of nuclear dysplasia and serration of >20% of
crypts provided the most accurate model for detec-
tion of these lesions (sensitivity 100%, specificity
97%). Other criteria provided supportive evidence

but did not increase the diagnostic yield. The opti-
mummodel for the histological identification of the
serrated adenoma includes the presence of a ser-
rated architecture in >20% of crypts in association
with surface epithelial dysplasia.
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The term serrated adenoma was first coined in 1990
by Longacre and Fenoglio-Preiser (1) to describe a
discrete neoplastic lesion with a distinctive serrated
architecture that contained areas of epithelial dys-
plasia. This terminology has now largely replaced
the label “mixed hyperplastic adenomatous polyp,”
which was used by Urbanski et al. (2) in their 1984
description of these lesions. Jass, working alone and
in concert with others (3–6), subsequently posi-
tioned this lesion as a key element in the serrated
neoplasia pathway, and its role in the development
of colorectal cancer has been the subject of consid-
erable research interest. The serrated neoplasia
pathway suggests that dysplasia can arise within
hyperplastic colonic polyps, resulting in the forma-
tion of a serrated adenoma and potentially the de-
velopment of colorectal carcinoma. The polyps of
this pathway differ morphologically and genetically
from polyps associated with the traditional adeno-
ma–carcinoma sequence. They are characterized
microscopically by the presence of crypts with
prominent serrations and are characterized by cer-
tain genetic changes, including the presence of mi-
crosatellite instability in many cases (4–9). Uncom-
monly, features of both hyperplastic polyps and
conventional adenomas coexist as discrete ele-
ments within a single polyp. These lesions were
described by Longacre as hyperplastic polyp/ade-
nomas (1) and more recently by Jass as “admixed
polyps” (10). Because microsatellite instability is a
feature of both serrated adenomas and admixed
polyps (5, 6, 11), Jass et al. (5) and Iino et al. (6) have
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postulated that these two lesions may share a com-
mon etiology and that together with hyperplastic
polyps, they form a related group of lesions best
referred to as serrated polyps.

Our knowledge of the frequency and distribution
of the serrated adenoma arises solely from retro-
spective reviews using variable diagnostic and in-
clusion criteria. These data are also incomplete in
the context of the vastly improved endoscopic di-
agnostic and therapeutic techniques available to-
day. Most studies have reported a prevalence of 0.6
to 1.3%, but due to the difficulties with accurate
data collection and histological definition, they are
likely to be underestimates (1, 8). The predilection
of serrated adenomas for the proximal colon, as
reported by Longacre (1), is consistent with the
concept of the serrated neoplasia pathway, because
sporadic microsatellite unstable colorectal cancers
favor a similar colonic distribution. However, this
pattern of distribution remains to be confirmed in
studies where colonoscopic assessment of the full
colon has been made.

Much of the uncertainty regarding the epidemi-
ology of serrated adenomas reflects the fact that the
lesion itself has been incompletely defined and thus
probably underdiagnosed. Longacre and Fenoglio-
Preiser (1) have described several characteristics
thought to aid in the differentiation of serrated
adenomas from conventional adenomas and hy-
perplastic polyps. Likewise, in a 1996 study of pa-
tients with serrated adenomatous polyposis, Torla-
kovic and Snover (12) enumerated seven criteria
characteristic of serrated adenomas. To date, none
of these criteria have been formally tested with
respect to accuracy or reproducibility of diagnosis.

The consistent morphological identification of
serrated adenomas is prerequisite to gaining a
clearer understanding of the serrated neoplasia
pathway of colorectal carcinogenesis. In this study,
we sought to evaluate the diagnostic utility of those
histological characteristics that have been ascribed
in the literature to serrated adenomas and sought
to develop a practical working model to allow the
reliable identification of serrated adenomas. We
also documented the frequency and location of ser-
rated adenomas identified in an unselected series
of individuals undergoing colonoscopic evaluation,
as well as the clinicopathological characteristics of
those individuals.

METHODS

Study Population
The study population consisted of 919 consecu-

tive patients who underwent colonoscopy with ex-
amination of the entire colon at the St Vincent’s
Hospital from July 1999 to December 2000. The

indications for colonoscopy were typical of those
seen in a general colonoscopy practice. From this
population, 140 individuals (15%, 97 male, 43 fe-
male, mean age: 63.3 y, age range: 29–98 y) had a
total of 255 histologically proven, nonmalignant,
noninflammatory polyps resected (mean 2.0, me-
dian 1.0, range 1–13 per patient). These individuals
and their polyps were referred to as the prospective
polyp data set, and this was used for clinicopatho-
logical assessment. Nine individuals (7 male, 2 fe-
male) from the prospective polyp data set were
found to have a colorectal carcinoma in association
with their polyps. In these cases, polyps identified
in subsequent colectomy specimens were also in-
cluded in the prospective polyp data set, so as to
avoid the potential undersampling of benign polyps
that may occur at colonoscopy in the presence of a
clearly malignant lesion.

In order to increase the number of serrated ade-
nomas available for assessment of histological fea-
tures, case records of the Department of Anatomi-
cal Pathology, St Vincent’s Hospital were searched
for any other colorectal polyps obtained between
1995 and 2001 from individuals in the prospective
polyp data set. All histologically proven nonmalig-
nant, noninflammatory polyps sampled at colonos-
copy or colectomy from these individuals were
added to those in the prospective polyp data set,
and the resultant 380 polyps were referred to as the
extended polyp data set.

In all cases, the size of polyps was recorded from
the macroscopic pathological description, or in the
case of polyps removed in fragments, from the re-
ported size of the lesion as seen at colonoscopy.

Histological Assessment of the Extended Polyp
Data Set

In order to define the histological criteria useful in
characterizing serrated adenomas, three examiners
(CB, NH, JT) independently reviewed 20 slides includ-
ing serrated polyps and conventional adenomas, us-
ing the guidelines outlined by Longacre (1) and
Torlakovic and Snover (12). A number of histological
criteria had been suggested in the literature as rele-
vant to the diagnosis of serrated adenomas, and in the
preliminary phase of this study these criteria were
evaluated in terms of their practicality and appropri-
ateness for routine clinical practice. Several of these
criteria involved quantitative traits not routinely eval-
uated by pathologists, including the degree of cyto-
plasmic eosinophilia, thickness of the collagen table,
goblet cell dystrophy, differentiation, percentage per
crypt zone, total mucin content and endocrine cell
count. Although complex qualitative ranking systems
have been proposed for the description of some of
these criteria (12), we considered that their assess-
ment was likely to be impractical, or at least poorly
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reproducible, in routine clinical practice. For this rea-
son they were excluded, and as outlined below a final
set of eight histological characteristics was agreed on
and tested in a blinded fashion. For each polyp in the
extended polyp data set, these eight architectural and
cytological characteristics were independently as-
sessed by two examiners (CB, NH).

Five architectural features were assessed. They
included (1) serration of the epithelial crypt, char-
acterized by infolding of the epithelium in a saw-
tooth fashion within the crypt lumen; (2) architec-
tural atypia, characterized by nonuniformity of the
crypt structure, and in particular by branching,
budding and complexity of the crypt; (3) horizontal
crypt orientation, defined as the horizontal align-
ment of the long axis of the crypt or part of the crypt
when compared with the surface epithelium; (4)
basal crypt dilatation, where the luminal diameter
of the crypt was significantly wider at its base; and
(5) surface tufting, in which apical protrusions in
the cytoplasm of surface epithelial cells produced a
tufted or budded appearance in the presence of an
even basement membrane.

The three cytological features assessed included the
following: (1) surface epithelial dysplasia, character-
ized by the presence in surface epithelial cells of ple-
omorphic, hyperchromatic nuclei, nuclear elongation
and pseudostratification, and prominent and/or ir-
regular nucleoli; (2) increased surface mitoses, as evi-
denced by an equal or greater number of mitotic
figures in upper crypt or surface epithelium in com-
parison with basal crypt zones; and (3) mucin deple-
tion within crypt or surface epithelium in comparison
to adjacent normal epithelium (1, 12–15). All param-
eters were scored as either present or absent, with the
exception of serration, which was ranked on the basis
of the percentage of lesional crypts that showed at
least some evidence of serration at some point along
their length. The percentage of serration was arbi-
trarily assigned to the following categories: 0, 1–19%,
20–49%, �50%.

Where polyps contained areas of dysplasia asso-
ciated with a serrated architecture, histological
characteristics of that specific area were recorded.
In admixed polyps, which were characterized by
foci of dysplastic but nonserrated epithelium in
immediate proximity to serrated but nondysplastic
epithelium, data from the area with maximal dys-
plasia and the area with maximal serration were
recorded. The diagnosis of each polyp was recorded
as hyperplastic polyp, conventional adenoma, ser-
rated adenoma, or admixed polyp.

After completion of the independent assessment
of each polyp, the diagnoses of all lesions were
compared. Where there was disagreement (n � 4),
the slide was jointly re-assessed, a consensus
reached, and a final diagnosis agreed upon for the
purpose of later comparison.

Statistics
An independent sample t test was used when com-

paring the ages of individuals with different polyp
types, as well as polyp size. Categorical variables in-
cluding sex, mode of presentation, association with
cancer, polyp distribution, and the presence of other
types of polyps were compared using a �2 test. Where
any cell had a frequency of less than five, a Fisher’s
exact probability test was performed.

A � score was used to assess the measure of
agreement between examiners for each histological
characteristic evaluated. A score of 0–0.2 was con-
sidered to represent slight agreement; 0.2–0.4, fair;
0.4–0.6, moderate; 0.6–0.8, substantial; and �0.8,
almost perfect agreement (16, 17).

RESULTS

Extended Polyp Data Set—assessment of
Histological Criteria

In the histological assessment of polyps, the pres-
ence of serrated crypts was reliably detected when
it was present to a substantial degree. Likewise,
surface epithelial dysplasia, increased surface mito-
ses, and surface epithelial tufting were also reliably
detected (Fig. 1). Kappa scores reflected these find-
ings (Table 1), with surface epithelial tufting and
increased surface mitoses scoring moderate or
higher levels of agreement between examiners,
whereas surface epithelial dysplasia and the pres-
ence of luminal serrations in �20% of crypts scored

FIGURE 1. Photomicrograph of typical serrated lesions showing
some of the features examined in this study. The top panel shows a
serrated adenoma with (A) serrations seen within all crypt lumens, as
well as surface tufting. A higher power view (B) shows detail of surface
dysplasia, as well as surface tufting (convex cytoplasmic protrusions
along the luminal surface formed by several cells and separated by
shallow notched indentations). The bottom panel shows a hyperplastic
polyp with prominent basal crypt dilation (C) and a serrated adenoma
showing marked architectural atypia, as evidenced by complex
branching papillary structures (D). Hematoxylin and eosin;
magnification: A � 120�, B � 360�, C � 30�, D � 24�.
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an almost perfect level of agreement between
examiners.

In contrast, the assessment of other histological
characteristics showed poor interobserver correla-
tion. These included basal crypt dilatation and hor-
izontal crypt alignment, which were difficult to re-
port because of uncertainty regarding the extent to
which these changes should be considered signifi-
cant. Likewise, mucin depletion proved difficult to
assess accurately, largely because of marked varia-
tion in the density of goblet cells in adjacent normal
and lesional epithelium.

The most sensitive tests for the identification of a
serrated adenoma when used in isolation were sur-
face epithelial dysplasia, surface epithelial tufting,
and the presence of at least low levels of luminal
serration. When used alone, each of these criteria
had a high negative predictive value, but none were
very specific for their diagnosis (Table 2). The com-
bination of surface epithelial dysplasia and crypt
serration markedly improved the sensitivity and
specificity of the tests; a result of little surprise
given that these are the accepted hallmarks of the
diagnosis of serrated adenomas. The precise degree
of serration necessary to define serrated adenoma,
however, has never been specified. When the le-
sions were defined by the presence of serration in
any crypt within the polyp that also shows dyspla-

sia, then all serrated adenomas were correctly iden-
tified (sensitivity 100%). However, these criteria had
a 19% false-positive rate because of the inclusion of
numerous conventional adenomas with minor de-
grees of serration, yielding a specificity of 81%. The
identification of serration in �20% of crypts, again
in association with dysplasia, provided the most
accurate set of diagnostic criteria (sensitivity 100%,
specificity 97%). Where dysplasia was associated
with the finding of luminal serration in at least half
of all crypts within the polyp, the diagnosis of ser-
rated adenoma could be made with high specificity,
but sensitivity was reduced to 89%, because 2 of the
17 serrated adenomas were excluded using these
criteria.

The optimum model for the diagnosis of serrated
adenomas therefore included the presence of ser-
rations in �20% of the lesion crypts in association
with surface epithelial dysplasia. A flow chart out-
lining a proposed diagnostic schema for serrated
adenomas is shown in Figure 2.

Patient Demographics
Using the 919 individuals undergoing colonos-

copy who formed the prospective polyp data set, we
were able to make the following observations re-
garding the clinicopathological features of serrated
polyps. We found that overall, 15% (140/919) of the
individuals in this group had at least one nonma-
lignant, noninflammatory polyp. Hyperplastic pol-
yps were found in 6% (56/919) of these individuals,
with serrated adenomas in 1% (9/919) and conven-
tional adenomas in 11% (98/919).

A total of 117 (13%) individuals had only one
polyp (38 hyperplastic polyps, 78 conventional ad-
enomas, 1 serrated adenoma). A further 23 individ-
uals (3%) had multiple lesions, with 15 having hy-
perplastic polyps and conventional adenomas; 4
having serrated adenomas and hyperplastic polyps;
2 having conventional adenomas and admixed pol-

TABLE 1. Level of Agreement in Established Histological

Criteria between Examiners

Characteristic Kappa Score

Architectural atypia 0.315
Horizontal crypt alignment �0.029
Basal crypt dilatation 0.27
Surface epithelial dysplasia 0.852
Increased surface mitoses 0.757
Mucin depletion 0.3
Surface epithelial tufting 0.71
Serration �0% 0.531
Serration �20% 0.847
Serration �50% 0.826

TABLE 2. Accuracy of Histological Criteria in the

Diagnosis of Serrated Adenoma

Histological Characteristic
Sensitivity

(%)
Specificity

(%)
PPV
(%)

NPV
(%)

Characteristics alone
Surface epithelial dysplasia 100 35 7 100
Surface mitoses 18 41 1 91
Surface epithelial tufting 88 55 8 99
Serration in �0% of crypts 100 45 8 100
Serration in �20% of crypts 100 65 11 100
Serration in �50% of crypts 88 71 12 99

Characteristics in combination
Dysplasia and �0%
serration

100 81 20 100

Dysplasia and �20%
serration

100 97 71 100

Dysplasia and �50%
serration

89 100 94 99
FIGURE 2. A simplified schema for the histopathological
subclassification of serrated polyps.
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yps; 1 having conventional adenomas, serrated ad-
enomas, and admixed polyps; and 1 having hyper-
plastic polyps as well as conventional and serrated
adenomas. Of the seven individuals with serrated
adenomas, one had three of these lesions, and the
remainder had a single lesion each. Patients with
serrated adenomas were no more likely to harbor
associated hyperplastic polyps than they were con-
ventional adenomas.

The most common causes for presentation in
patients with a serrated adenoma were anemia
(30%) and a personal history of colonic polyps or
cancer (30%). Common presentations for those
with other lesions were a past history of colonic
polyp or colorectal carcinoma (31%) and rectal
bleeding (19%), but there was no statistically signif-
icant difference between the groups. There was no
difference in the age (mean: 64 y, range: 54–87 y) or
sex (4 male and 3 female) of the seven patients with
serrated adenomas when compared with other in-
dividuals with polyps.

Of the nine patients found to have colorectal
cancer, two were female and seven male, with a
mean age of 70 years (range: 59–87 y). One of these
patients had 15 polyps, including 11 conventional
adenomas, 3 serrated adenomas, and 1 admixed
polyp. The remaining eight individuals had be-
tween one and four polyps. Four of these had only
conventional adenomas, three had both conven-
tional adenomas and hyperplastic polyps, and one
had only hyperplastic polyps.

Polyp Characteristics
Of the 255 polyps identified in the prospective

polyp data set, nine (3.5%) were serrated adenomas,
four (1.5%) were admixed polyps, 72 (28%) were hy-
perplastic polyps, and 170 (67%) were conventional
adenomas. Serrated adenomas identified within the
prospective polyp data set showed no statistical dif-
ferences in terms of polyp size or location within the
bowel when compared with admixed polyps, hyper-
plastic polyps, or conventional adenomas, either
alone or in combination (Table 3).

DISCUSSION

This study has evaluated the histological features
of serrated adenomas and in doing so has demon-

strated, at least in the current data set, that the
presence of dysplasia and a serrated architecture
alone are the cornerstones of reliable and accurate
diagnosis.

We found that although serrations were present
in the majority of lesional crypts in most serrated
adenomas (15/17), some lesions considered to be
serrated adenomas showed lower levels of serra-
tion. It was noteworthy that in accepting a level of
serration as low as 20% of lesional crypts, we were
able to increase the sensitivity of the diagnostic
criteria, without compromising specificity. The ex-
tent of serration has not been reported in this semi-
quantitative manner in previous histological re-
views but instead has been described qualitatively,
using terms such as “prominent” (12) or “marked in
most cases” (1). Variation in the degree of serration
present in serrated adenomas may be attributable
to differences in the extent of dysplasia in individ-
ual lesions or may reflect variation in the plane of
section relative to crypt length. In any event, we
would argue that it is reasonable to include within
the category of serrated adenoma any lesion show-
ing clear evidence of serration within �20% of le-
sional crypts. The validity of this claim will require
evaluation by other investigators, using other sets
of lesions.

Surface epithelial dysplasia is the key feature dif-
ferentiating serrated adenomas from hyperplastic
polyps. It has been assessed in detail in past histo-
logical reviews of serrated adenomas (1, 12) and its
recognition has not previously been problematic. In
Longacre and Fenoglio-Preiser’s review (1) of 110
serrated adenomas, 50% had formerly been diag-
nosed as conventional adenomas, although only
28% were diagnosed as hyperplastic polyps. This
suggests that the presence of serration was the his-
tological feature more likely to be discounted than
the presence of dysplasia. In our assessment of 380
polyps, there was strong agreement in the identifi-
cation of dysplasia and subsequently, 100% sensi-
tivity for the diagnosis of serrated adenomas.

We found that surface epithelial tufting and in-
creased surface mitoses were reproducible features
in the assessment of polyps, with both having sub-
stantial levels of agreement between study examin-
ers. Surface epithelial tufting, which may well rep-
resent a superficial manifestation of crypt serration,
was easily recognized in our study. However, these
characteristics added little in terms of sensitivity
and specificity to the diagnostic model for serrated
adenomas and should therefore be viewed only as
supporting the diagnosis. Other criteria previously
reported in the literature as diagnostic features of
serrated adenoma, including basal crypt dilatation,
horizontal crypt alignment, and mucin depletion,
were included for evaluation as their presence or
absence should in theory be readily identifiable by

TABLE 3. Polyp Characteristics

Type
Number (%

of Total)
Size in mm

(SD)
Right sided

(%)

Serrated adenoma 9 (3.5) 5.8 (3.0) 44
Admixed polyp 4 (1.5) 4.7 (1.5) 50
Hyperplastic polyp 72 (28) 4.1 (2.0) 20
Conventional adenoma 170 (67) 6.8 (7.0) 40
All polyps 255 (100) 6.0 (6.0) 39
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the pathologist. However, we found that they were
unreliable as diagnostic criteria, as evidenced by
the low levels of agreement between study
examiners.

In terms of patient demographics and the fre-
quency of polyp types, the prospective polyp data
set used in this study was broadly consistent with
other colonoscopy-based studies (1, 18–20). Indi-
viduals with serrated adenomas in our study
showed similar demographics, including age and
gender, to those reported in other large colonos-
copy groups (1, 18). Likewise, the average size of
serrated adenomas identified in our study (5.8 mm)
was consistent with the finding of other groups
(2–10 mm; 1, 12, 21–24).

It is interesting to note however that our diagnos-
tic model detected a greater frequency of serrated
adenomas (3.5%) when compared with the findings
of Matsumoto et al. (18; 1.3%) and Longacre and
Fenoglio-Preiser (0.6%; 1). One important explana-
tion for this apparent discrepancy may relate to the
methodology of polyp accrual. Notably, Matsumoto
and colleagues (18) did not examine the colectomy
samples of study patients found to have carcinoma,
and this may have reduced their yield of polyps,
whereas in the Longacre and Fenoglio-Preiser (1)
study, patients were included regardless of the ex-
tent of colonoscopic examination. Interestingly,
one of the eight individuals whose colectomy sam-
ple was examined was found to have an additional
three serrated adenomas. Their inclusion in the
prospective polyp data set was a source of signifi-
cant bias in terms of serrated adenoma frequency.
When serrated adenomas found at colectomy (n �
3) were excluded from our data set, the frequency of
serrated adenomas was reduced to 2.4%.

Despite this, we consider the expanded criteria
used in our study to be reasonable in view of the
considerable uncertainty in the literature regarding
the biological significance of serrated adenomas.
Only when clear biological markers of serrated ad-
enoma and the serrated-neoplasia pathway are
available will their true morphological characteris-
tics be established. In this study we have explored
the diagnostic criteria proposed in the histopatho-
logical literature, and have identified those criteria
most likely to perform reliably and accurately in
clinical practice. Our results confirm that the ser-
rated adenoma is an infrequent but distinctive le-
sion and is one that is associated with colorectal
cancer. Our findings may help to both clarify and
simplify the ongoing recognition of these lesions.
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Book Review

Palazzo JP, Bombonati A: Breast Epithelial Le-
sions: A Guide to Their Differential Diagno-
sis, CD-ROM, Philadelphia, Thomas Jeffer-
son University, Jefferson Publishing, 2002
($64.95).

Breast Epithelial Lesions is an interactive CD that
would probably be more descriptively titled
“Breast Intraepithelial Lesions,” as it covers atyp-
ical and non-atypical ductal hyperplasia, ductal
carcinoma in situ, lobular hyperplasia, and lob-
ular carcinoma in situ. There is also a chapter on
the differential diagnosis of papillary prolifera-
tions. The chapters are short and concise with
many nice color pictures to illustrate key points.
The photos/“slides” are linked through high-
lighted key words in the text and are interactive
in that you can scan the “slide” and move from
low to mid to high power if you choose. There are

also chapters on pitfalls and frequently asked
questions and a five question self-assessment
test at the end. Shortcomings include a limited
search function, references are not specifically
cited, and the CD does not run on the most
recent operating systems (Mac OS X and Win-
dows XP). Nevertheless, the CD is very easy to
use and is easily reviewed in its entirety in 2 to 3
hours. It makes a good, quick, review of breast
intraepithelial proliferations for practicing pa-
thologists and is an excellent teaching tool for
pathology residents.
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