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A close view on histopathological changes in inflammatory bowel
disease, a narrative review

Lauge Kellermann'#, Lene Buhl Riis**

'Department of Gastroenterology, Herlev Hospital, University of Copenhagen, Herlev, Denmark; “Department of Pathology, Herlev Hospital,
University of Copenhagen, Herlev, Denmark

Contributions: (I) Conception and design: All authors; (II) Administrative support: None; (III) Provision of study materials or patients: None; (IV)
Collection and assembly of data: None; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors; (VII) Final approval of
manuscript: All authors.

Correspondence to: Lauge Kellermann. Department of Gastroenterology, Herlev Hospital, Borgmester Ib Juuls Vej 1, 2730 Herlev, Denmark.

Email: lauge kellermann@regionh.dk.

Abstract: Optimal management of inflammatory bowel disease (IBD) requires a multidisciplinary team
approach, including specialists in the fields of gastroenterology, surgery, radiology and pathology. The
histological examination of endoscopic biopsies or resection specimens after surgery aids in establishing
the diagnosis of IBD and plays a central part in distinguishing between the two main entities of IBD, that
is ulcerative colitis (UC) and Crohn’s disease (CD). The histopathological features that are characteristic
for either UC or CD, have been well-described for decades. Though, the fact that no single finding is truly
disease specific can introduce diagnostic doubt and mix-up of the diagnoses. Recent progress in the usage of
proper validated histological indexes to measure and grade the histological activity in endoscopic biopsies,
and the systematical evaluation of resection margins in ileal resections specimens in CD, suggest that
histological assessment can be utilized as a predictive factor that can guide disease management, also after the
diagnosis has been established. For now, systematic assessment of histological activity with an appropriate
histological index is a well-established endpoint for evaluation of treatment responses in clinical trials. Given
the growing amount of valid data, it might also be beneficial to systematically include use of histological

scoring in daily clinical practice to improve the future management of IBD.
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Introduction pathophysiology, affected parts of the gastrointestinal

The histological examination of surgical specimens or (GI.) tract, symptoms, complications ?nd Fre'atment
endoscopic biopsies is a central element in establishing a regimens. Nevertheless, some overlap in clinical and
diagnosis of inflammatory bowel disease (IBD). Ulcerative
colitis (UC) and Crohn’s disease (CD) encompasses the
two major forms of IBD (1,2). Both are chronic remittent

diseases, with an increasing incidence worldwide, that

histopathological manifestations can indeed be seen,
which can lead to diagnostic doubt and mix-up of the
correct diagnosis. In general, UC affects the colon

only and spreads continuously from rectum to more

are causing severe morbidity and reduced quality of

life in affected individuals (3,4). UC and CD differs in

proximal colonic segments. The inflammation is mostly
superficial and complicated by erosions, ulcers and bloody
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diarrhea with mucinous stool (1). CD can in contrast
affect any part of the GI tract, and is characterized by
discontinued inflammation (skip lesions) with transmural
inflammation that leads to fibrosis, fistula and strictures,
causing symptoms such as chronic abdominal pain,
diarrhea, obstruction or perianal lesions (2). The
pathophysiology underlying IBD is complex and not
completely understood. It includes a leaky epithelial
barrier and a dysregulated immune response towards the
intestinal luminal content. Several factors such as genetics,
environment, nutrition, and composition of the intestinal
microbiome all contribute to susceptibility for IBD (5-7).

An accurate and timely diagnosis of IBD is important
in order to start appropriate treatment. As no single
golden-standard modality for the diagnosis of IBD
exists, the diagnostic procedure should involve a
multidisciplinary approach, including specialists in the
fields of gastroenterology, pathology and radiology. The
diagnosis is based on a combination of clinical symptoms,
endoscopy, histopathology, imagining and laboratory
testing whenever appropriate to rule out any differential
diagnoses, such as infection or other type of colitis (8). The
diagnostic criteria for IBD have not changed much over
several decades. This also applies to the histopathological
features of IBD, which have been well-known for many
years and described in comprehensive textbooks (9). Some
guidelines and consensus reports on the histopathology
examination of IBD specimens do exists, of which one of
the most comprehensive was published by the European
Society of Pathology (ESP) and the European Crohn’s
and Colitis Organization (ECCO) in 2013 (10,11) with an
ECCO position paper update in 2020 (12). In addition,
recent studies points to the importance of applying
histopathological assessment not only to establish the
diagnosis, but also as a tool to assess responses to therapy
(the concepts of “histological remission” and “treat-to-
target”) and to serve as a predictive factor for disease- and
treatment outcome (13).

A basic knowledge of histopathology is important for
all clinicians working with IBD in order to interpret and
act on the information provided in the pathology report.
Here we review the histopathological changes in IBD with
an emphasis on typical features that aids in establishment
of the diagnosis. We cover the histopathologic approach
to the diagnostic specimens and pinpoint diagnostic
challenges the pathologist faces. Furthermore, the usage
of histological indexes for evaluation of disease activity is
discussed. We present the following article in accordance
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with the narrative review reporting checklist (available at
http://dx.doi.org/10.21037/dmr-21-1).

Procedures for the histological diagnosis of IBD

When IBD is suspected, the diagnostic biopsies should
ideally be obtained before initiation of medical therapy
because drugs can induce changes in histological
morphology (11). For optimal interpretation of a
histological specimens, access to detailed clinical
information is essential (11). The progression of the
histological findings that are suitable for the diagnosis of
IBD is dependent of disease-activity and time. Thus, initial
onset and later stages of disease show different microscopic
characteristics. At least two endoscopic biopsies from a
given bowel segment is recommended in order to detect
minimal changes (14) and should represent the most
affected lesions, including the edge of ulcers. Biopsies
from each bowel segment should be sent in separate
containers rather than pooling different segments in the
same container (13). Biopsies should immediately be fixed
in buffered formalin followed by paraffin embedment
for proper histological examination. However, surgical
specimens should preferentially be grossly evaluated
before fixation, as macroscopic changes are best studied on
fresh tissue. This can with benefit include photographic
documentation. Awareness of lesions suspicious for dysplasia
or cancer is important. Tissue sampling for microscopy of
surgical specimens should include terminal ileum, appendix,
lymph nodes and multiple samples from affected and
normal appearing mucosa whenever feasible. An optimal
number of sections have not been established. Though, it
is recommended that sections should be acquired for every
10 cm of resected bowel, in addition to sections from
relevant focal changes. The distance from areas of tissue
sampling to resections margins should be noted (11,15).
Because the histological changes in IBD can be focal,
serial sections in the tissue block increases diagnostic
accuracy and should be performed in order to identify
subtle changes (10,16,17). There is no definite number
of sections required, but the ESP state that two-three
tissue levels is preferred, and if feasible step-section each
consisting of five or more sections can be applied (10-12).
Routine staining with hematoxylin and eosin (H&E) is
appropriate for diagnostic purpose. Whereas special-stains
or immunohistochemistry are not needed routinely, they
can be used as supplement is selected cases, e.g., a stain for

cytomegalovirus (CMV) might be of relevance (11).
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Table 1 Macroscopic findings useful for the diagnosis of inflammatory bowel disease

Characteristic findings

Ulcerative Colitis

Crohn’s Disease

Affected segments

lleal involvement

Colonic involvement

Rectum

Inflammation pattern

Ulcers

Cobblestone relief
Skip-lesions

Fissures

Fistulae

Fat wrapping

Strictures

Inflammatory Pseudo-polyps
Mucosal atrophy

Intestinal wall fibrosis/thickness

Serositis

Colon and rectum

Only in back-wash ileitis
Left side > right side
Typically involved
Continuous (diffuse), Superficial
Mainly superficial

Not typical

Not typical

Not typical

Not typical

Not typical

Not typical

Often present

Often marked

Often normal thickness

Only in fulminant colitis

Whole gastrointestinal tract

Often involved

Right side > left side

Typically spared

Discontinuous (patchy), Transmural
Aphthous, fuse to linear or serpiginous deep ulcers
Typical

Typical

Typical

Typical

Typical

Typical

Sometime present

Often minimal

Can be increased

Often present

Figure 1 Macroscopic findings in ulcerative colitis. A surgical resection specimen of ulcerative colitis with diffuse and continuous

involvement of the mucosa and a sharp transition to normal mucosa in ascending colon. The involved mucosa shows a granular appearance

with small superficial ulcers (A). In Left-sided colitis, a cecal patch (marked by “*”) that is inflammation surrounding the appendiceal orifice,

is a common finding. “Long arrow”: Ileocecal valvula, “short arrow”: Appendix (B). In long-standing disease, marked ulceration with sparing

of remaining areas of normal mucosa can lead to formation of inflammatory polyps (C).

Gross pathology
uc

Classically, gross examination of a UC surgical resection
specimen reveals diffuse and continuous inflammation

© Digestive Medicine Research. All rights reserved.

with no skip lesions. UC affects the rectum with variable,
but continuous, involvement of the more proximally colon
(Tuble 1). The shift between the inflamed and normal
mucosa is distinct (Figure 14) (11). The extent of UC is can
be classified according to the Montreal classification (18)
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Figure 2 Macroscopic findings in Crohn’s disease. In Crohn’s disease the inflammation is patchy (with skip lesions) and fistulous tracts can

evolve (marked by stick) (A). At sites of severe inflammation and primarily in the small intestine, the mesenteric adipose tissue can expand

around the intestinal segment, which is known as “fat wrapping” or “creeping fat” (marked by “*”) (B). The earliest mucosal lesions are

minor aphthous ulcers that often are found near lymphoid follicles. When the small ulcers fuse, they form larger and deeper linear ulcers

with overhanging mucosal edges, giving rise to the characteristically cobblestone appearance of the mucosa (C).

as (I) ulcerative proctitis (only rectum is affected), (II) left-
sided or distal UC (colonic involvement distal for the
left flexure), and (III) extensive UC or pancolitis (colonic
involvement proximal to the left flexure). However,
skip lesions can been seen in UC in some cases, and it
is important to be aware of this matter in order to avoid
misinterpretations as CD. In about 20% of cases of
extensive UC, involvement of the terminal ileum with
inflammation known as “backwash ileitis” occurs (19).
Inflammation surrounding the appendiceal orifice, can be
found in left-sided colitis, which is known as “cecal patch”
(Figure 1B) (11,20). Medical therapy can affect the extend
of disease and result in patchiness, especially in the form of
rectal sparing after topical treatment with glucocorticoids.

In active disease, the mucosal surface typically become
edematous, granular and vulnerable. Ulcers are, if present,
frequently minor and oriented longitudinally in relation
to the teniae coli. In severe disease ulcers undermining
the nearby mucosa may lead to mucosal denudation.
Inflammatory pseudo-polyps may arise as a consequence of
widespread ulceration with sparing of areas of remaining
mucosa (Figure 1C). In severe colitis, serositis may be
present and changes of the mucosa is not sufficiently
distinct to macroscopically differentiate UC from CD. A
severe complication to fulminant disease is toxic megacolon,
where the intestinal wall becomes thin and dilated (9).

In the quiescent stage of UC, the mucosa may
seem totally normal, or exhibit diffuse granularity and
inflammatory pseudo-polyps. After a long-standing UC,

© Digestive Medicine Research. All rights reserved.

the intestinal wall may become thick and contracted with an
atrophic mucosal surface (9).

CD

CD can affect any part of the GI tract, from mouth to anus,
but most commonly involves the terminal ileum. At time
of diagnosis approximately one third of patients with CD
have small bowel involvement only, one third large bowel
involvement only and one third have ileo-colonic disease (2).
Typically, macroscopic examination of a resection specimen
shows a patchy (discontinuous) pattern of inflammation
with areas of normal mucosa interspersed between inflamed
areas. Transition from involved to normal areas is usually
sharp (Figure 2A4). The serosal surface of an involved
intestinal segment may be hyperemic and covered with
inflammatory exudate. In long-standing disease serositis
and adhesions can arise. In CD of the small intestine, and
less commonly also in the colon, mesenteric adipose tissue
expands towards the anti-mesenteric surface of inflamed
segments. This is termed “fat wrapping” or “creeping fat”,
which is a valuable diagnostic feature for the diagnosis of
CD (Figure 2B). The underlying mechanism is still not
fully understood, but recently it has been suggested that
translocation of the gut microbiota to mesenteric adipose
tissue is involved, so the fat creeps in order to incapsulate
the bacteria to prevent systemic spread (21).

The earliest mucosal changes are minor aphthous ulcers
that often arise near lymphoid follicles of the intestinal wall

Dig Med Res 2021;4:3 | http://dx.doi.org/10.21037/dmr-21-1
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and are surrounded by relatively normal appearing mucosa.
When the small ulcers fuse, they form larger and deeper
linear ulcers with overhanging mucosal edges, giving rise to
the characteristically cobblestone appearance (Figure 2C).
With time, healing of ulcers can leave depressed scars and
as in UC inflammatory polyps can occur (11).

At segments of transmural inflammation, the intestinal
wall can be thick and stiff due to fibrosis and fibromuscular
proliferation. In long-standing disease, strictures sometimes
arise, which more often is observed in the small than in
the large intestine. In complex cases, fissures and fistulous
tracts, and intermural- or abdominal abscesses can
develop, which is a typical hallmark of CD. Perforations
to the abdominal cavity are uncommon but can be seen
as a complication of fissures or fistulas, or as a result of
superimposed ischemia or infection. Fibrous adhesions may
close off sites of perforation, so they may not be visible
upon gross examination (9). Another hallmark of CD is
perianal manifestations, which at some point is developed in
a large proportion of patients with CD. This includes skin
tags, ulcers, blind sinus tracs, fissures, fistulae, abscesses and
strictures (11).

Microscopy

"The histological diagnosis of IBD is based upon assessment
of four main features: (I) mucosal architecture, (I) lamina
propria and submucosal cellularity, (III) neutrophil
granulocyte infiltration, and (IV) epithelial abnormality (10).
Thus, knowledge of the normal histology of GI-mucosa is
essential for optimal interpretation of biopsy specimens.

(I) The morphologic features of mucosal architecture
changes are termed crypt architectural distortion.
Normal crypts are straight, parallel and extend from
the surface to nearly above the muscularis mucosae.
The crypt architectural distortion observed in IBD
is characterized by irregularly arranged, dilated,
branched, and/or shortened crypts. This can both
be a sign of ongoing inflammation or the process
of regeneration (11). However, the crypts in the
normal rectum can show minor abnormalities
resembling architectural distortion (9).

(II) Abnormal cellularity of the lamina propria refers
to an increased and altered distribution of cell
types that are normally present. Lymphocytes and
plasma cells are always found in the colorectal
lamina propria. In the normal colon, the number of
inflammatory cells varies depending on anatomical

© Digestive Medicine Research. All rights reserved.
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site. In general, the cecum and right colon are most
cellular with a progressive decrease in the cellularity
from the right to the left side (9). Also, a focally
increased number of lymphoid cells are present
in close relation to the lymphoid tissues of the
normal gut associated lymphoid tissue (GALT) (22).
The abundance of eosinophil granulocytes varies a
lot between normal individuals (9,12).

(III) Neutrophil granulocyte infiltration is the hallmark
of active disease. Neutrophils can be found in the
lamina propria or they can invade the crypt surface
epithelium (termed cryptitis) and the lumen of
crypts forming crypt abscesses. Neutrophils are in
general not found in normal mucosa (12).

(IV) The epithelial abnormalities found in IBD includes
mucin depletion, metaplastic changes and surface
epithelial damage. Mucin depletion can be defined
as a decreased number of goblet cells or decreased
amount of intracellular mucin. Metaplastic changes
are seen in the form of pyloric gland metaplasia (a
typical sign of chronicity in ileal involvement of
CD) or Paneth cell metaplasia. The damage of the
surface epithelium, e.g., focal cell loss, flattening,
erosions, and ulcers reflects the activity of disease.
None of these findings are for sure disease specific
and might be observed in UC, CD and other types
of colitis as well (10).

The histologic findings in IBD differ depending on the
clinical phase of disease and the grade of inflammatory
activity. IBD can be categorized as “Chronic active”,
“Chronic inactive” or “Active” (without features of
chronicity) (9). The histological features that define
chronicity (regardless of “activity”), are crypt architectural
distortion, crypt atrophy, diffuse mixed lamina propria
inflammation, basal plasmacytosis, basally located lymphoid
aggregates, and Paneth cell metaplasia.

Inflammatory activity is defined by the presence of
neutrophils. Neutro-philic cryptitis, crypt abscesses,
hemorrhage, erosions, ulceration and necrosis are all
features of active inflammation. The pathology report
should describe the histological features of chronicity and
activity and preferably also grade the degree of activity as
mild/moderate/severe. The grading should be performed
in the most affected biopsy, and if feasible a separate
grade should be assigned to biopsies from different bowel
segments. The need for grading has led to introduction of
several scoring systems or histological indexes. There is no
golden standard for grading of activity, but one example
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Figure 3 Microscopic findings in ulcerative colitis. A hallmark of long-standing ulcerative colitis is architectural crypt distortions and a

diffuse lymphocytic infiltrate expanding the lamina propria. Cell stain: Hematoxylin and eosin (H&E), x100 (A). The infiltrate is often most

dense basally between the lamina muscularis mucosa and crypt bases (basal plasmacytosis, marked by arrow). Cell stain: H&E, x200 (B).

Active disease is defined by the presence of neutrophilic granulocytes, that leaves the bloodstream and invades the lamina propria, epithelium

(cryptitis, marked by short arrow) and breaks the epithelia barrier forming crypt abscesses (marked by long arrow). Cell stain: H&E, x200 (C).

Dysplastic lesion can arise in IBD and awareness of dysplastic chances (marked by arrow) is important in order to prevent co development of

colo-rectal cancer. Normal crypts are not represented. Cell stain: H&E, x200 (D).

is the Nancy Index (23), which in 2020 was recommended
as suitable for daily clinical grading of UC by ECCO (12).
The Nancy Index has five grades, from 0 to 4. Grade 0
represents a normal biopsy with no (or only a little) chronic
inflammation and no active inflammation. Grade 1 (“chronic
inflammation”) means that chronic inflammation, but no
active inflammation is present. Grade 2 (“mild activity”)
means only a few neutrophils that are difficult to see and
no ulceration. Grade 3 (moderate-severe activity”) indicates
a moderate or severe neutrophil infiltrate that is easy to
see but no ulceration. Grade 4 (“ulceration”) indicates
ulceration of the surface epithelium (24).

ucC

In UC, the mucosa is characteristically involved in a
continuous manner. Sometimes also the superficial

© Digestive Medicine Research. All rights reserved.

submucosa is involved. The changes are often most
distinct in the distal colon and rectum. The inflammatory
infiltrate diffusely expands the lamina propria and is mainly
lymphoplasmacytic with superimposed neutrophils (Figure
34). The number of eosinophils is variable. The density
of plasma cells is usually highest in the basal parts of the
lamina propria, which is termed basal plasmacytosis (Figure
3B). Crypt abscesses (Figure 3C) are more common in
UC than CD (Table 2). Epithelioid granulomas which is
a hallmark of CD, are not identified in UC, where only
foreign body granulomas evolved as a response to mucin
from ruptured crypts (termed cryptolytic granulomas)
are observed (11). Lymphoid aggregates, that may show
germinal centers, are common in UC. These are situated
basally between crypt bases and the muscularis mucosae (9).
Expansion of the lamina propria by the inflammatory cells
and the presence of basal lymphoid aggregates contributes

Dig Med Res 2021;4:3 | http://dx.doi.org/10.21037/dmr-21-1
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Table 2 Microscopic findings useful for the diagnosis of inflammatory bowel disease
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Characteristic findings

Ulcerative colitis

Crohn’s disease

Inflammation involvement
Chronic inflammation distribution
Crypt architectural distortion
Neutrophil granulocytic infiltration
Crypt abscesses

Lymphoid aggregates

Limited to mucosa, or superficial submucosa
Diffuse, often most marked distally

Often marked

Continuous

Typical

Often in basal mucosa

Often transmural

Focal, patchy

Present, but often less marked
Focal, patchy

Less typical

Often transmural

Histiocytic granulomas Only in relation to ruptured crypts Typical

Mucin depletion Typical Less typical
Pyloric gland metaplasia Not typical Typical
Paneth cell metaplasia Can be seen Less common
Neuronal hyperplasia Not typical Typical
Muscular hypertrophy Not typical Typical

to the irregular spacing of the crypts. The architectural
distortion is usually more pronounced in UC than CD.

In early stages of UC, the diagnosis can be challenging.
A normal crypt architecture and absence of diffuse lamina
propria inflammatory cell infiltration do not necessarily
exclude early-stage disease. Basal plasmacytosis might be
an initial finding with the highest predictive value for the
diagnosis of UC and is identified in up to 38% of patients
within 2 weeks after presentation of symptoms (25). In
contrast, in a recent study of pre-clinical UC, that were
discovered incidentally in “asymptomatic” individuals
undergoing endoscopy in a colorectal-screening program
basal plasmacytosis were rarely observed (26).

The classical features of longstanding UC are distortion
of the crypt architecture and increased lamina propria
cellularity. Though, over time this pattern can change, both
as a consequence of treatment or natural disease course.
During medical treatment, the extent involvement often
declines, resulting in rectal sparing with restoration of the
rectal mucosa in about 30-40% of patients. Areas of normal
mucosa and discontinuous inflammation can also evolve with
time, changing the distribution pattern from the classical UC
continuous pattern to a more discontinuous pattern (27,28).
This is important to keep in mind to avoid incorrectly
changing a diagnosis of UC into CD. Furthermore,
longstanding inflammatory activity increases the risk of
dysplasia, which requires extra awareness (Figure 3D).

In clinical remission, histological features reflecting

© Digestive Medicine Research. All rights reserved.

preceding inflammatory activity, such as architectural
abnormalities and reduced numbers of crypts may still be
seen. During mucosal regeneration, the mucin stores of
goblet cells normalize. The inflammatory infiltrate may
show variable density, so the lamina propria may be either
hyper- or hypocellular. With time, as basal plasmacytosis
declines, a normal cellularity and architecture can be
restored (13).

CD

CD is characterized by a patchy inflammatory pattern,
so that endoscopic biopsies can show varying degree of
inflammation, both within a single biopsy and between
biopsies form the same bowel segment. Thus, focal
microscopic changes such as chronic inflammation and
focal crypt architectural distortion next to normal crypts is
a diagnostic clue to CD (11). The inflammatory infiltrate
in CD can be transmural. Transmural lymphoid aggregates
and inflammatory cells that invades the submucosa and
even lamina muscularis and may give rise to deep fissures,
ulcers and fibrosis (Figure 44). Transmural changes can
only be identified in resection specimens, as biopsies
are more superficial. The presence of non-caseating
epithelioid granulomas favors a diagnosis of CD, but only
if they are found without any relation to ruptured crypts,
and identification of a granuloma is not strictly required
for establishment of the diagnosis (11). An epithelioid
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Figure 4 Microscopic findings in Crohn’s disease. The inflammatory infiltrate in Crohn’s disease is patchy, often transmural and can lead to

fissuring ulcers (marked by arrow). Cell stain: Hematoxylin and eosin (H&E), x200 (A). Granulomas seen in relation to ruptured crypts are

termed cryptolytic granulomas (marked by arrows) and are not specific for a diagnosis of CD. Cell stain: H&E, x200 (B). Histiocytic, non-

caseating granulomas is a hallmark of Crohn’s disease. They can be vaguely defined and difficult to detect (marked by arrow). Cell stain:

H&E, x400 (C). Pyloric gland metaplasia (marked by “*”) in the terminal ileum is a typical sign of long-standing chronic inflammation in

Crohn’ disease. Cell stain: H&E, x200 (D).

cell granuloma is defined as a collection of at least five
epithelioid cells (activated histiocytes) with or without
multinucleated giant cells. Granulomas of CD are often
vaguely bordered, and necrosis is unusual (Figure 4B,C).
Furthermore, granulomas are more frequently found in
children than in adults (29).

In biopsies from the terminal ileum an irregular villous
architecture is indicative of CD, but if it lies in continuity
with a proximal colitis, this can be a sign of backwash
ileitis in UC as well (11). Pyloric gland metaplasia may
evolve (Figure 4D) and is observed in up to 25% of ileal
biopsies from patients with CD (and very commonly in ileal
specimens after surgical resection) but only rarely in UC (11).

Pouchitis

The most common surgical procedure for patients with
UC requiring colectomy is a proctocolectomy with creation
of an ileal pouch anal anastomosis (IPAA) (1). A common

© Digestive Medicine Research. All rights reserved.

complication after this procedure is pouchitis, which
constitutes a non-specific idiopathic inflammation of the
neo-rectal ileal mucosa. The diagnosis of pouchitis is based
on a combination of symptoms, endoscopy and histological
findings. If the duration of the inflammation is less than
4 weeks and responsive to treatment with antibiotics,
the term acute pouchitis is used. Whereas, longstanding
inflammation refractory to treatment is known as chronic
pouchitis (30). The changes are often patchy and can be
more prominent in the lower and posterior regions of the
pouch, therefore several biopsies are often required to
confirm the diagnosis (10,12).

In up to 85% patients with a normal functioning pouch,
histological signs of chronic inflammatory changes, such as
architectural distortion and lymfo-histocytic infiltration of
the lamina propria, is present (11). Neutrophils are rarely
seen. Furthermore, villous atrophy and crypt hyperplasia
can be found as adaptive or regenerative changes of colonic
metaplasia. In cases of symptomatic chronic pouchitis one

Dig Med Res 2021;4:3 | http://dx.doi.org/10.21037/dmr-21-1
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should rule out CMV re-activation as a contribution factor.
In acute pouchitis, neutrophilic infiltrates become more
numerous and cryptitis, crypt abscesses and ulcerations
develop (11). The findings of chronic pouchitis are often
patchy and can in some cases resemble typical hallmarks of
CD with deeply located submucosal lymphoid aggregates
and fistulous tracts. Furthermore, as some patients develop
complications typical of CD, such as perianal fistulas and
stenoses or fistulas in the pouch, this may cast doubt on the
initial diagnosis, but do not disprove a diagnosis of UC. The
term “CD in pouch” is not fully defined (31). Changing a
diagnosis from UC to CD due to CD-like findings after
IPAA surgery should only be considered if reexamination of
the original surgical specimen shows typical features of CD
(10,11).

Indeterminate and unclassified colitis

In up to 5% of IBD cases, a definite diagnosis of either UC
or CD cannot be established (32). Diagnostic uncertainty is
usually an issue in children. However, disease involvement
limited to the colon with a histological pattern of patchy
acute and chronic inflammation with architectural changes,
not consenting a final diagnosis, may be an issue in adults as
well. In the literature several different terms have been used
to cover such cases, including “indeterminate colitis” (IC),
“inflammatory bowel disease unclassified” (IBDU), “chronic
inflammatory bowel disease unclassified” and “chronic
idiopathic inflammatory bowel disease not otherwise
specified”. In order to allow comparison between different
studies, the ECCO/ESP consensus report from 2013 (10)
supported an alinement on terminology that suggest the
term IC should be limited to diagnoses based on histological
examination of surgical specimens. Thus, the term IBDU
is preferred in case of a patient with chronic colitis with
clear signs of IBD based upon the clinical history, but where
endoscopy and histology biopsies are inconclusive. Both IC
and IBDU should be considered a temporary diagnosis, as
disease progression over time often enables a classification

of either UC or CD.

Children and adolescents

About 10-20% of IBD patients are diagnosed during
childhood. Pediatric-onset of IBD can show less
characteristic symptoms and histological findings than
in adult-onset (33). In general, diagnostic biopsies from
children with UC often show less severe inflammation,

© Digestive Medicine Research. All rights reserved.
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less architectural abnormalities and less epithelial injury
despite extensive disease (10,11). Backwash ileitis occurs
with the same frequency as in adults, but children more
often present with patchy inflammation and rectal
sparing at time of debut (10,11). In children, CD is more
often restricted to the colon and less frequently to the
ileum. Biopsies from the entire colon can show chronic
inflammatory changes, causing troubles to distinct CD
from UC. Nevertheless, the upper Gl-tract is more often
involved than in adult CD. Due to this atypical presentation
of UC and CD, clinical work-up for the diagnosis of IBD
in children should include a total colonoscopy with ileal
intubation, esophagogastroduodenoscopy, multiple biopsies,
and a complete small bowel exploration (e.g., a capsule
endoscopy) as diagnostic procedures (34).

Infectious colitis and other differential
diagnoses

The differential diagnoses to CD and UC include chronic
and acute intestinal infections, drug induced colitis and
gastritis, graft-versus-host-reactions, ischemic colitis,
vasculitis, intestinal lymphoma and other causes of chronic
diarrhea such as microscopic colitis. Some of these have
specific histological characteristics (e.g., lymphoma,
microscopic colitis and vasculitis). Whereas others, such
as infectious and drug induced colitis can show the same
histological changes of acute and chronic inflammation as
seen in IBD.

The interaction between IBD and intestinal infection
(parasites, fungi, bacteria and viruses) is complex and
still not fully understood. Intestinal infections have been
associated with both initial onset of IBD and flare-ups
of disease, whereas superinfection might complicate the
disease course (35-37). From the pathologist view, intestinal
infection should always be considered a differential
diagnosis, especially in areas with a high prevalence of
chronic pathogenic infections, and some situations requires
extra cautiousness. In the early phase of acute onset IBD
there might be an overlap with the histopathological
features seen in acute intestinal infection. Histology does
not reliably detect superinfection, so here the clinical
time course and a stool sample for pathogens is essential.
The presence of caseating granulomas, or endemic areas
in general, should lead to investigations for intestinal
tuberculosis (38,39). A Ziehl-Neelsen staining can be used
to identify acid-fast organism which can be supplemented
by a PCR analysis for Mycobacterium tuberculosis in the
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tissue block. Treatment failure of immunosuppressive drugs
or the presence of larger ulcers with granulation tissue
should lead to investigations for reactivation of a latent
CMYV infection, that might require antiviral treatment (40).
In HE stained slides CMV can usually be identified in
granulation tissue. as large (cytomegalic) cells of mostly
mesenchymal origin such as fibroblast and endothelial cells.
They are up to four times larger than normal with large
intranuclear inclusions surrounded by a clear halo and small
cytoplasmatic inclusions, though some infected cells are less
characteristic. A pitfall is that the morphology of apoptotic
cells and ganglion cells might look like CMV inclusions.
Immunohistochemistry or PCR analysis can increase the
diagnostic accuracy for CMV (11,41).

The diseases of microscopic colitis, that is lymphocytic
colitis and collagenous colitis, are also considered a subtype
of IBD. They cause chronic diarrhea, but are in contrast
to UC and CD, characterized by a macroscopic normal
mucosa, with some characteristic microscopic findings.
Lymphocytic colitis is diagnosed by an increased number of
intraepithelial lymphocytes (more than 20 per 100 epithelial
cell), whereas a thickened subepithelial collagenous band of
more than 10 pm defines collagenous colitis (42,43). Crypt
architectural distortion is uncommon, and the distinction
from UC and CD is often unproblematic. Drug-induced
inflammation in the GI-tract can also be a histopathological
differential diagnosis to IBD, sharing many of the same
microscopic features. Colitis can be caused by a variety of
drugs (44) including but not limited to: non-steroid-anti-
inflammatory drugs (NSAID) (44), checkpoint-inhibitors (45)
and chemotherapeutics. Here knowledge of clinical history is
extremely important to avoid a misdiagnosis of IBD.

Upper GI inflammation, esophagitis, gastritis and
duodenitis (H. pylori negative) is more common in IBD than
the background population, especially in early-onset IBD (46).
Upper GI involvement is a part of the natural disease
course in CD but can also occur in UC (47). Whether or
not the GI inflammation is part of IBD can be a diagnostic
problem. Typical differential diagnosis includes gastro-
esophageal reflux, H. pylori gastritis, reactive gastritis and
peptic-duodenitis, that should be ruled out before assigning
the symptoms as a part of IBD. Entities such as lymphocytic
esophagitis, focally enhanced gastritis and duodenal cryptitis
are all considered possible manifestations of IBD, especially
in children and more often in CD than UC (48). However,
apart from the occurrence of a classical granuloma of CD,
there are no disease specific histological changes indicative
of upper GI involvement of IBD.
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IBD, dysplasia and cancer

The risk of colorectal cancer (CRC) is increased in some
patients with IBD compared to the background population,
and is related to longstanding disease, level of activity and
pediatric-onset (1,2,49-53). The prognosis of CRC in IBD
may be worse than CRC in the general population and
shows a higher mortality (49). In general CRC develops
from dysplastic precursor lesions. The presence of dysplasia
in endoscopic biopsies is the most reliable marker of cancer
risk (10,11). This makes the histopathological evaluation of
dysplasia in endoscopic biopsies crucial for the surveillance
of IBD patients, as it is the pathologist’s interpretation of
biopsy specimens that distinguish between high-risk and
low-risk, and thereby guide the follow-up regime towards
continued endoscopic surveillance or surgical resection (54).
Two distinct macroscopic types of dysplastic lesions are
recognized: flat and elevated. The flat dysplasia refers to
lesions that are not visible by endoscopy and is often found
incidentally in biopsy specimens. Whereas, elevated lesions
refer to visible lesion and cover a broad range of entities,
including adenoma-like lesions and non-adenoma-like lesions
such as, elevated plaques, wart like-lesions and large sessile
polyps (54). The dysplastic lesions develop after longstanding
inflammation and can be patchy and widespread, thus,
chromoendoscopy is recommended as a screening procedure
in order to detect flat or small lesions (8).

Histological, dysplasia is defined as an “histological
unequivocal intraepithelial neoplasia without evidence
of tissue invasion” (in the intestine this accounts for
invasion through the lamina muscularis mucosa) and is
classified according to the Vienna classification system into
five categories: (I) negative for neoplasia/dysplasia, (II)
indefinite for neoplasia/dysplasia, (III) non-invasive low
grade neoplasia/dysplasia, (IV) non-invasive high-grade
neoplasia/dysplasia (V) invasive neoplasia/dysplasia (cancer).
As inter-observatory agreement, especially on the evaluation
of indefinite- and low-grade dysplasia, is not optimal (55),
it is recommended that a diagnosis of dysplasia is confirmed
by an independent specialist in GI pathology (8). The
microscopical features used to evaluate dysplasia in IBD
are based on a combination of cytological and architectural
aberrations of the crypt epithelium and are identical to those
used in the general assessment of intestinal dysplasia (54).
This includes an increased nucleus/cytoplasmic ratio,
hyperchromasia, loss of cell polarity, atypical mitosis and
lack of stratification and maturation. The architectural
changes include crypt-branching and crowding (known
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as “back-to-back” configuration) as well as villiform
changes (56). Diagnostic uncertainty may be supported
by immunohistochemistry for p53 which marks dysplastic
cells, however, also can be expressed in regenerating non-
dysplastic epithelium (11).

Role of histology in assessing disease activity in
the clinical setting

Assessment of disease activity and severity is important for
making therapeutic decisions in the clinical management
of IBD, as well as for documentation of treatment effects
in clinical trials. The most obvious goals for treatment
are complete remission of symptoms and control of
inflammation. In daily clinical practice inflammation is
measured by symptoms, laboratory tests (e.g., CRP and
fecal calprotectin) and endoscopy. Currently histology is not
recommended for routine evaluation of treatment responses
and disease activity (8).

The term “histological remission”, though not unifying
defined, is used to describe the complete histological
normalization of the mucosa with cessation of neutrophil
infiltration and inflammatory activity, including architectural
abnormalities. Whereas “histological improvement” describes
a progress towards less inflammatory activity in the biopsies
(13,57). There is a well-known discordance between clinical
symptoms, endoscopic findings and histological disease
activity. Especially in UC, evaluation of histological activity
has turned out to predict clinical relapse, use of corticosteroids,
and hospitalization better than endoscopy (58-61).

The role of histology as a predictive factor has been
the subject of several studies in CD as well (62). In both
pediatric patients (63,64) and adults (29) with CD, the
presence of granulomas are associated with a higher risk
of hospitalization and a shorter time to start of immune
modulating therapy. In patients with CD undergoing
ileocecal surgery, two recent metanalysis (65,66) investigated
histological evaluation of resections margins in surgical
specimens. They found that positive resection margins
(active inflammation in the resection margin), granulomas,
and plexitis (involvement of inflammation in the myenteric
plexus situated between the circular and longitudinal
muscularis propria layer of the intestinal wall) are predictive
of post-operative CD recurrence.

Due to the need of a standardized measure of histological
activity in clinical trials, several different histological
scoring indexes have been proposed during the last
40 years. The principle of all these indexes, is to assign
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a score/points according to the presence of different
histological features (such as mucosal architecture
distortion, neutrophil granulocyte infiltration, epithelial
abnormality, ulceration etc.), and to sum up to a final score
or grade reflecting the degree of inflammatory activity and
damage. Ideally a scoring index should be reproducible,
reflect clinically disease activity and be easy to use.
Furthermore, it should remain unchanged in stable patients
and detect changes in disease activity over time. For UC
more than 30 histological indexes has been described (59).
Of these the “Geboes score” (67,68) developed in 2000 has
been the most widely used and can serve as an independent
risk-factor for disease progression in UC (69). The more
recent “Nancy histological index” (23) and “Robarts
histopathological index” (70) both from 2016 have proven
feasible, easy to use, and are the most proper validated
(57,71). Validation, in the sense of testing inter- and intra-
observer reproducibility and alignment with clinical
symptoms over time, is important before implementation
of a histological index. This can be difficult in CD due to
the patchy nature of disease. Fourteen different histological
indexes have been suggested for CD (72), of which the
“Global histologic disease activity score” and the “Naini
and Cortina index” is the most widely used, though they
have not been proper validated (62,72).

Reporting on histological remission has turned out to
serve as a good endpoint in clinical trials and might be a
future key treatment-goal in a “treat-to-target” strategy in
the clinical setting (57). Unfortunately, there are currently
no general agreement on which index should be used.
This can make direct comparison between studies difficult,
though one could expect a good correlation between the
well validated indexes (71). The 2020 ECCO position
paper (12), concluded that the Nancy index can be
recommended for daily clinical practice. For clinical trials
both the Nancy and Robarts histopathology index are
feasible, though both of them are solely validated for UC.
"This have led to the development of a new, consensus-based
scoring index in 2020 (13). The IBD-DCA score, which can
be applied to both UC and CD, is intended for both clinical
practice and clinical trials, though this score still needs
validation in a prospective cohort.

Discussion and conclusions

The histopathological features of UC and CD are well-
described, and microscopic assessment of endoscopic biopsy
specimens is crucial for establishing a diagnosis of IBD. As
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none of the histological features of IBD are truly disease
specific, a definite diagnosis of UC or CD should never
be based on histology findings alone. This implicates that
a well-functioning collaboration between the clinicians,
radiologists and pathologists is central for optimal
management of IBD, which could be structured in the
setting of a “multidisciplinary team meeting” (MDT) (73).
The histopathological evaluation is furthermore an
important part of detecting early signs of dysplasia to
prevent cancer development. For the purpose of sign-out,
the pathology report should include findings suggestive
of chronic colitis (basal plasmacytosis, basal lymphoid
aggregates, crypt architectural/atrophic changes, mucin
depletion and metaplasia), and further give an indication of
disease activity based on the extend of neutrophil infiltration
(in lamia propria, cryptitis and crypt abscesses) and epithelial
damage (erosions and ulcerations), which should be graded
if present. This can guide clinicians in decision making
when establishing the diagnosis and selecting treatment,
though histological remission is not (yet) implemented as
a treatment-target in routine clinical practice. For optimal
implementation of a histological index and assessment
of histological remission in clinical settings, a consensus
agreement involving both the clinicians/endoscopist and the
pathologist is needed. Preferably, a standardized endoscopy
biopsy procedure should be implemented, so specimens for
histological examination is uniform between patients and
medical centers. Further agreement on using a particular
scoring index would allow easier comparison between
centers. In ileocecal resection specimens of CD, recent
advances suggest that it might be beneficial to routinely
report on active inflammation, plexitis and granulomas
in the resection margins in order to guide clinical follow
up after surgery (74). Also, there is a need for a more
standardized reporting of IBD resection specimens, e.g., a
synopsis report form and checklist as currently used in the
evaluation of CRC resection specimens, in order to fully
implement histology as a predictive factor after surgery.

The recent progress of use of histological indexes in
clinical trials and their capability to serve as a predictive
factor to guide disease management, also after the diagnosis
has been established, clearly points to the fact that
histopathology remains an ever important factor in the
management of IBD.
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