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Preface

Ulcerative colitis (UC), together with Crohn’s disease (CD), is one of the major forms of 
inflammatory bowel disease (IBD). UC affects only the colon and rectum, while CD can 
affect any part of the bowel. Epidemiological trends suggest that in a region where IBD 
incidence is increasing, UC is the predominant subtype in the early years of increased 
industrialization, followed by a rise in the incidence of CD. This book covers various 
aspects of UC: etiology, clinical manifestation, histopathologic diagnosis, the role of 
anti-inflammatory dietary components such as fermented rice bran, special populations 
such as children and expectant mothers, the emerging role of interventional endoscopy in 
colitis-associated neoplasia, and the management of postoperative complications.  

The etiology of UC is still unknown but it is multifactorial. In a genetically susceptible 
host, the combination of altered gut microbiome and environmental factors ultimately 
triggers the common pathway of dysregulated immune activation.  First chapter, “Etiology 
of Ulcerative Colitis”, discusses the well-known etiological factors that are unique to UC. 
The chapter “Platelets in Ulcerative Colitis: From Pathophysiology to Therapy” highlights 
the unique role of platelet activation in amplifying immune response in UC, and summa-
rizes current evidence to support the role of anti-platelet therapy in UC. 

Intestinal and extra-intestinal complications and manifestations are summarized with 
specific reference to pediatric patients in “Complications of Ulcerative Colitis in Children”. 

The two chapters “Histomorphological Diagnosis of Ulcerative Colitis and Associated 
Conditions” and “The Role of the Pathologist in Ulcerative Colitis” provide a concise 
illustrated review of all aspects of histopathology in UC. Histologic diagnosis of UC 
and histology in different stages of the disease are covered, together with histological 
scoring systems, histologic remission, differential diagnosis (from infective or Crohn’s 
colitis), histopathological changes in special conditions (e.g., post-operative status, acute 
severe colitis), diagnosis of co-existent cytomegalovirus infection, and colitis-associated 
neoplasia. 

Pediatric ulcerative colitis is a distinct subset of UC. Differences between pediatric and 
adult UC, natural history, diagnostic algorithms, and overall management, including  
acute severe UC and very early onset IBD (VEOIBD), are highlighted in the chapter 
“Pediatric Ulcerative Colitis”. 

Another special population in UC is pregnant women, a group that poses unique clinical 
challenges to the treating physician. Pre-conception planning (fertility, counseling, con-
traception, inducing remission), pregnancy care (obstetric, nutritional and drug therapy, 
management of flare and acute severe colitis, the role of endoscopy), and postpartum care 
(lactation, thromboprophylaxis, and contraception) are discussed in detail in the chapter 
“Ulcerative Colitis and Pregnancy”. 

As in Crohn’s disease, anti-inflammatory diets are being explored in UC. “Dietary 
Fermented Rice Bran Is an Effective Modulator of Ulcerative Colitis in Experimental 



Animals” highlights the potential role of anti-inflammatory dietary components in reduc-
ing gut permeability. 

Finally, there is the emerging role of interventional endoscopy as a potential bridge 
between endoscopic and surgical therapy. The main indications in UC are endoscopic 
detection (using advanced endoscopic imaging) and resection of colitis-associated 
neoplasia, along with management of postoperative pouch complications. The chapter, 
“Role of Interventional IBD in Role of Interventional IBD in Management of Ulcerative 
Colitis(UC)-Associated Neoplasia and Post-Operative Pouch Complications in UC: A 
Systematic Review”, is the first review of its kind and includes all currently available 
evidence for the role of interventional endoscopy in UC. 

Ulcerative Colitis - Etiology, Diagnosis, Diet, Special Populations, and the Role of Interventional 
Endoscopy aims to act as a ready reference for the clinician treating ulcerative colitis. It 
provides indispensable updates on several relevant issues in the diagnosis and management 
of ulcerative colitis and has benefited from the collaboration of leading experts in various 
aspects of the disease. It aims to facilitate decision-making by gastroenterologists, IBD 
specialists, interventional endoscopists, dieticians, pathologists, surgeons, and pediatri-
cians treating UC patients in their clinical practice.  

Partha Pal 
Asian Institute of Gastroenterology,

Department of Gastroenterology,
Hyderabad, India 
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Chapter 1

Etiology of Ulcerative Colitis
Carmen-Monica Preda and Doina Istrătescu

Abstract

Ulcerative colitis (UC) is a chronic immune-mediated inflammatory disorder of 
the colon, related to a complex contribution of environmental and host factors that 
increase the susceptibility of individuals. Genetics, environmental factors, dysbiosis, 
and dysregulated immune system: all these components together are necessary to 
trigger IBD. The temporal sequence of events leading to UC is unknown. UC is not 
a classically transmitted genetic affliction. The risk of developing the disease is 
increased in first-degree relatives but there is no evidence that it is related to genetics 
or environmental factors exposure early in childhood. The environmental factors 
associated with ulcerative colitis development are diet, smoking, breastfeeding, use 
of antibiotics or NSAIDs, urban location, pollution exposure, appendectomy, and 
hypoxia. In normal intestinal homeostasis environment, both innate and adaptive 
immune systems are integrated with various mediators and immune cells to maintain 
tolerance to commensal organisms. In UC patients, the innate immune system is 
responsible for inducing inflammatory reactions, while the adaptive immune system 
is crucial in the evolution of chronic inflammatory events. With the shifting global 
burden of ulcerative colitis, more research is needed to better understand the illness’s 
etiology in order to prevent and find potential novel therapeutic targets or predictors 
of disease burden in the future.

Keywords: ulcerative colitis, inflammatory bowel disease, etiology, genetics, 
environmental factors, immune response

1. Introduction

Ulcerative colitis (UC) is a chronic immune-mediated inflammatory disorder 
of the colon (IBD) that is hypothesized to be related to a complex contribution of 
environmental and host factors, that increase the susceptibility of individuals and 
events that damage the mucosal barrier, alter the gut microbiota’s healthy balance, 
and inappropriately enhance gut immune responses, are all known to promote illness 
onset [1–3].

Despite knowing the pathophysiology of the disease, the exact etiology is not so 
clear, but it is likely to be multifactorial. Genetics, environmental factors, dysbiosis, 
and dysregulated immune system: all these components together are necessary to 
trigger IBD. The temporal sequence of events leading to UC is unknown up to now.
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2. Ulcerative colitis etiology

2.1 The role of genetics in UC

A number of genetic variables have been associated with ulcerative colitis. There 
are 163 susceptibility disease-associated loci associated with IBD. Thirty of them 
are associated with Crohn’s disease (CD), 23 with ulcerative colitis and most of the 
remaining ones are common to both CD and UC, as well as other conditions: pso-
riasis, celiac disease [4, 5]. The unique genes associated with UC can be divided into 
genes that affect epithelial barrier (ECM1, HNF4A, CDH1, LAMB1, and  
GNA12), genes that are immune-mediated (IL8RA / IL8RB, IL2 / IL21, IFNG / IL26, 
IL7R, TNFRSF9, TNFRSF14, IRF5, LSP1, FCGR2A) and others (OTUD3 / PLA2G2E, 
PIM3, DAP, CAPN10, JAK2). The genes that overlap with Crohn’s can also be divided 
into those that are immune-mediated: IL10, CARD9, MST1, ICOSLG, IL1R2, 
YDJC, PRDM1, TNFSF15, SMAD3, PTPN2, TNFRSF6B, HLA: DRB1*03 and others: 
ORMDL3, RTEL1/SLC2A4RG, PTGER4, KIF21B, NKX2-3, CREM, CDKAL1, STAT3, 
ZNF365, PSMG1, IL23R, IL12B, AK2, FUT2, and TYK2 [4, 6–9]. Further details are 
presented in Tables 1–5 [4, 7, 9].

Recent studies have shown that the genes of the major histocompatibility complex are 
major genetic determinants of susceptibility to UC. The human leukocyte antigen (HLA) 
region on chromosome 6 is connected with the greatest genetic signals within UC-specific 
loci. Sixteen HLA allelic correlations for ulcerative colitis were revealed after further fine 
mapping genetic study, including HLA DRB1*01*03 for IBD colonic involvement [10, 11].

A unique yet rare missense mutation in the adenylate cyclase 7 gene (ADCY7) 
that doubles the risk of ulcerative colitis was discovered in a recent whole-genome 
sequencing study of over 2,000 ulcerative colitis patients. The ADCY7 gene has the 
strongest genetic connection with ulcerative colitis outside of the HLA area. ADCY7 
is one of ten enzymes that convert ATP to cAMP. Additionally, numerous ulcerative 
colitis-specific genes are involved in epithelial barrier function regulation [12].

UC is not a classically transmitted genetic affliction. The risk of developing the 
disease is increased in first-degree relatives but there is no evidence that it is related 
to genetics or environmental factors exposure early in childhood or both conditions. 

Gene Locus SNP Protein name Function

ECM1 1q21 rs3737240 Extracellular matrix 
protein 1

Involved in cell proliferation

HNF4A 20q13 rs6017342 Hepatocyte nuclear 
factor 4α

Regulates cellular 
differentiation along crypt-

villus axis

CDH1 16q22 rs12597188 E-cadherin Involved in epithelial adherens 
junction

LAMB1 7q31 rs886774 Laminin β1 Protein involved in cell 
adhesion and differentiation

GNA12 7p22 rs798502 guanine nucleotide-
binding protein alpha 12

Protein is involved as 
modulators or transducers 
in various transmembrane 

signaling systems

Table 1. 
Genes associated with UC that affect the epithelial barrier.
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Twin studies that compared the concordance rates of monozygotic and dizygotic 
twins backed up this conclusion. Monozygotic twins had a higher concordance (up to 
17 percent in UC and up to 55 percent in CD) than dizygotic twins (6 percent in UC 
and 4 percent in CD), suggesting that the genetic trait is more important in Crohn’s 
disease than ulcerative colitis. Furthermore, in both Crohn’s disease and ulcerative 
colitis, genetic factors appear to differ across Western and Asian locations [13–18].

Another study reported a concordance rate among monozygotic twins of 67% for 
CD and 13–20% for UC; in one study, a lower rate of concordance for CD has been 
reported among monozygotic twins [19].

The overall lifetime risk (absolute risk) of developing IBD for first-degree relatives of 
a UC patient is 1.6% in non-Jews and 5.2% in Jews. Similarly, the risk (age-corrected) for 
offspring of a UC patient developing IBD is 11 and 2.9–7.4% in non-Jews and Jews, respec-
tively. There is an increased risk (33–52%) in offspring with both affected parents [20].

However, there are many individuals that, when assessed by a polygenic risk score, 
do not present a genetic predisposition that accounts for all of the susceptibility 
loci. Despite the significance of genetic predisposition, no single genetic mutation 
can account for the rapid progression of UC. It is also unclear why some people with 

Gene Locus SNP Protein name Function

IL8RA / 
IL8RB

2q35 rs11676348 Interleukin 8 receptor 
alpha/ Interleukin 8 

receptor beta

Activation of neutrophils

IL2 / IL21 4q27 rs17388568 Interleukin 2/ 
Interleukin 21

T-cell proliferation and other 
activities crucial to regulation 

of the immune response /
Immunoregulatory activity. May 
promote the transition between 
innate and adaptive immunity

IFNG / 
IL26

12q14 rs7134599 Interferon gamma 
protein/ Interleukin 

26

Cytokine is critical for innate 
and adaptive immunity/mucosal 

immunity, proinflammatory function

IL7R 5p13 rs3194051 Interleukin-7 receptor 
protein

Normal development of T cells

TNFRSF9 1p36 rs35675666 Tumor Necrosis 
Factor Receptor 

Superfamily Member 
9

Co-stimulatory immune checkpoint 
molecule

TNFRSF14 1p36 rs10797432 Tumor necrosis factor 
receptor superfamily 

member 14

May mediate the signal transduction 
pathways that activate the immune 

response

IRF5 7q32 rs4728142 Interferon regulatory 
factor 5 protein

Transcription factor that plays a 
critical role in innate immunity

LSP1 11p15 rs907611 Lymphocyte-specific 
protein 1

Mediate neutrophil activation and 
chemotaxis

FCGR2A 1q23 rs1801274 Low-affinity 
immunoglobulin 
gamma Fc region 

receptor II-a protein

By binding to IgG it initiates cellular 
responses against pathogens 

and soluble antigens. Promotes 
phagocytosis of opsonized antigens.

Table 2. 
Genes associated with UC—Immune-mediated.
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Gene Locus SNP Protein name Function

IL10 1q32 rs3024505 Interleukin 10 Downregulates the expression of Th1 
cytokines, MHC class II antigens, 
and co-stimulatory molecules on 
macrophages. It also enhances B 
cell survival, proliferation, and 

antibody production. IL-10 can block 
NF-κB activity and is involved in the 
regulation of the JAK-STAT signaling 

pathway

CARD9 9q34 rs10781499 Caspase recruitment 
domain-containing 

protein 9

Regulatory role in cell apoptosis

MST1 3p21 rs3197999 Macrophage-
stimulating protein

Stimulates macrophages

ICOSLG 21q22 rs2838519 ICOS ligand Co-stimulatory signal for T-cell 
proliferation and cytokine secretion; 
induces also B-cell proliferation and 

differentiation into plasma cells

IL1R2 2q11 rs2310173 Interleukin 1 
receptor, type II

Binds interleukin alpha (IL1A), 
interleukin beta (IL1B), and 

interleukin 1 receptor, type I(IL1R1/
IL1RA), and acts as a decoy receptor 
that inhibits the activity of its ligands

Gene Locus SNP Protein name Function

OTUD3 / 
PLA2G2E

1p36 rs138347004 OTU Domain-
Containing Protein 3 /
Phosphatidylcholine 
2-Acylhydrolase 2E

Protein turnover/role in 
inflammation and the immune 

response

PIM3 22q13 rs5771069 Serine/threonine-
protein kinase pim-3

Prevent apoptosis, promote 
cell survival and protein 

translation

DAP 5p15 rs2930047 Death-associated 
protein 1

Negative regulator of 
autophagy. Involved in 

mediating interferon-gamma-
induced cell death

CAPN10 2q37 rs4676410 Calcium-Activated 
Neutral Proteinase 10

Calcium-regulated non-
lysosomal thiol-protease, 
which catalyzes limited 
proteolysis of substrates 
involved in cytoskeletal 
remodeling and signal 

transduction

JAK2 9p24 rs10758669 Tyrosine-Protein 
Kinase JAK2

Involved in cell growth, 
development, differentiation, 

or histone modifications. 
Mediates essential signaling 

events in both innate and 
adaptive immunity.

Table 3. 
Other genes associated with UC.
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Gene Locus SNP Protein name Function

YDJC 22q11 rs181359 YdjC 
chitooligosaccharide 

deacetylase 
homolog

Predicted to enable deacetylase 
activity and magnesium ion binding 
activity. Predicted to be involved in 

carbohydrate metabolic process

PRDM1 6q21 rs6911490 PR domain zinc 
finger protein 1

Transcription factor regulating 
downstream cytokines. It is activated 
by TLRs and IRF-4 and is crucial in 

T cell, B cell, and myeloid lineage cell 
differentiations

TNFSF15 9q32 rs4246905 TNF superfamily 
member 15

It can activate both the NF-κB and 
MAPK signaling pathways and acts as 
an autocrine factor to induce apoptosis 

in endothelial cells

SMAD3 15q22 rs17293632 Mothers against 
decapentaplegic 

homolog 3

Up-regulation of genes and TGF-β-
induced repression of target genes

PTPN2 18p11 rs1893217 Tyrosine-protein 
phosphatase non-

receptor type 2

Involved in cell growth, 
differentiation, mitotic cycle, and 

oncogenic transformation

TNFRSF6B 20q13 rs6062504 Tumor necrosis 
factor receptor 

superfamily 
member 6B

Regulatory role in suppressing FasL- 
and LIGHT-mediated cell death and T 

cell activation

HLA:DRB1*03 6p21 rs9268853 Major 
histocompatibility 
complex, class II, 

DR beta 1

Displays foreign peptides to the 
immune system to trigger the body’s 

immune response

Table 4. 
Genes associated with IBD—Immune-mediated.

Gene Locus SNP Protein name Function

ORMDL3 17q12 rs2872507 ORMDL 
sphingolipid 
biosynthesis 
regulator 3

Negative regulation of B cell apoptotic 
process

RTEL1/
SLC2A4RG

20q13 rs2297441 Regulator 
of telomere 
elongation 
helicase 1/ 

SLC2A4 regulator

ATP-dependent DNA helicase is implicated 
in telomere-length regulation, DNA repair, 
and the maintenance of genomic stability. 
/ transcription factor involved in SLC2A4 

and HD gene transactivation

PTGER4 5p13 rs6451493 Prostaglandin E2 
receptor 4

May play an important role in intestinal 
epithelial transport

KIF21B 1q32 rs7554511 Kinesin Family 
Member 21B

Plus-end-directed microtubule-dependent 
motor protein, which displays processive 
activity. Involved in delivery of gamma-

aminobutyric acid (GABA(A)) receptor to 
the cell surface

NKX 2-3 10q24 rs6584283 Homeobox 
protein Nkx-2.3

Transcription factor
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UC-associated risk variations remain healthy while others develop UC or perhaps 
several immune-mediated diseases [21, 22].

IBD susceptibility and progression cannot be explained solely by genetics. This 
indicates that abnormal adaptive immune responses and epithelial barrier dysfunc-
tion play a crucial role in disease development. Nongenetic factors, notably epi-
genetics, may have a role to play [23, 24]. A summary of the genetic factors that are 
associated with UC can be seen in Table 6.

Genetic predisposing factors for UC

HLA

ADCY7

67% of susceptibility loci are shared between UC and CD

Low disease hereditability in UC

Table 6. 
Genetic predisposing factors for UC.

Gene Locus SNP Protein name Function

CREM 10p11 rs12261843 cAMP responsive 
element 

modulator

Bound to the -180 site of the IL-2 promoter 
to repress its transcription

CDKAL1 6p22 rs6908425 Cdk5 regulatory 
associated protein 

1-like 1

Associated with adaptive immunity

STAT3 17q21 rs12942547 Signal transducer 
and activator of 
transcription 3

Essential for the differentiation of the TH17 
helper T cells

ZNF365 10q21 rs10761659 Protein ZNF365 Contributes to genomic stability by 
preventing telomere dysfunction

PSMG1 21q22 rs9977672 Proteasome 
assembly 

chaperone 1

Enables proteasome binding

IL23R 1p31 rs11209026 Interleukin-23 
receptor

Associates constitutively with Janus kinase 
2 (JAK2) and also binds to transcription 

activator STAT3 in a ligand-dependent manner

IL12B 5q33 rs6871626 Subunit beta of 
interleukin 12

Sustain a sufficient number of memory/
effector Th1 cells to mediate long-term 

protection against an intracellular pathogen

AK2 1p35 rs804427 Adenylate Kinase 
2

Catalyzes the reversible transfer of the terminal 
phosphate group between ATP and AMP

FUT2 19q13 rs516246 Galactoside 
2-alpha-L-

fucosyltransferase 
2

regulates several processes such as cell-cell 
interaction including host-microbe 

interaction, cell surface expression, and cell 
proliferation

TYK2 19p13 rs11879191 Non-receptor 
tyrosine-protein 

kinase TYK2

Tyk2 is activated by IL-10, and its 
deficiency affects the ability to generate and 
respond to IL-10. Involved in the regulation 

of the JAK–STAT pathway

Table 5. 
Other genes associated with IBD.
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2.2 Environmental factors in UC

The rapid growth in the incidence of ulcerative colitis in newly industrialized 
nations implies that environmental factors have a role in disease initiation [25].

Ulcerative colitis comes initially in urban locations, with a quick rise in incidence 
followed by a slowing period. After that period, Crohn’s disease grows in frequency, 
finally approaching that of UC. Industrialization is associated with a new urban 
lifestyle, pollution exposure, dietary changes, antibiotic access, improved cleanliness, 
and fewer infections, all of which are considered general contributory factors [26, 
27]. Urbanization is no longer regarded as a risk factor, according to studies from both 
Western and developing jurisdictions [28–30].

2.2.1 Early life factors

Breast milk is often one of the first foods offered to babies. Breastfeeding has 
been shown in studies to help prevent the development of immune-mediated 
disorders by preserving the epithelial barrier, avoiding infections, and offering 
direct immunologic advantages [31–33]. A meta-analysis of 35 studies discovered a 
link between breastfeeding and the likelihood of developing ulcerative colitis later 
on [34].

Human milk oligosaccharides (HMOs), which are nondigestible molecules and 
free competitors to enteric pathogens, highly influence the composition of the infant 
gut microbiota. Formula-fed children’s fecal microbiota is poorer in bifidobacteria 
and lactobacilli (only 40 to 60%), whereas breastfed children have a higher propor-
tion of bacteria (90%). It demonstrates the important role of breast milk oligosac-
charides in the establishment of the infant gut microbiota. HMOs are digested by 
gut bacteria and produce a variety of metabolites, including short-chain fatty acids 
(SCFA), which are well-known for their immunomodulatory characteristics. SCFA 
boosts numerous activities of the epithelial barrier after being absorbed by colonic 
epithelial cells. The mucus layer that covers epithelial cells is necessary for the 
epithelial barrier to remain intact. SCFA increases mucus production by upregulat-
ing mucin 2 expression, protects against inflammatory insults, and fortifies the tight 
junction barrier. They also modulate the inflammatory immune response by interact-
ing with DC and T cells [35–38].

Hygiene hypothesis: evidence suggests an inverse relationship between the 
risk of UC and early childhood exposure to farm animals, pets, larger families, 
more siblings, and childbirth mode. As an internal environmental component, all 
of these early exposures are known to be major drivers for more diversified gut 
microbiota in early life. Although external variables are equally key determinants 
of health and disease, the positive relationship between the gut microbiota, host 
genetics, and immune system is an essential environmental factor in disease  
etiology [39–43].

Several studies have looked into whether antibiotic usage early in life predisposes 
to IBD in Western countries and have consistently shown this link [44]. According to 
a Canadian nested case-control study, 58 percent of juvenile IBD patients got antibiot-
ics in their first year of life, compared to 39 percent of healthy controls. The number 
of antibiotic courses taken and the degree of the elevated risk of ulcerative colitis were 
also found to have a dose-response relationship [45]. Although the results of these 
studies are significant, other studies have failed to establish a relationship between the 
use of antibiotics and the risk of ulcerative colitis [46].



Ulcerative Colitis - Etiology, Diagnosis, Diet, Special Populations, and the Role of Interventional…

10

2.2.2 Adolescent influences

Quitting smoking has been linked to an increased risk of ulcerative colitis [47]. 
The pathophysiology of how smoking causes ulcerative colitis or protects a person 
from developing the condition is unknown. Active or passive smoking produces 
milder forms of the disease in the case of UC, requiring fewer surgeries throughout 
its development and less need for immunosuppressive drugs. It is unclear whether the 
rise in ulcerative colitis is related to smoking cessation patterns. Indian research shows 
that there is no link between quitting smoking and the development of ulcerative 
colitis. As for the association between active smoking and the incidence of Crohn’s 
disease, there is also no evidence in their studies [30, 48].

Studies proposed the divergent effect of appendectomy on UC suggesting inflam-
mation of appendix might have protective interplay with the disease [49, 50].

The dietary habits of adolescents are characterized by excessive consumption of 
meat and fat and an insufficient intake of fiber, fruits, and vegetables. There is also a 
tendency to frequently consume processed food and high sugary or soft drinks that 
increase the risk of developing IBD [51]. This subject will be further discussed in the 
Diet chapter.

Stress and distress can cause depression and anxiety. Psychological comorbidity 
is three times higher in those with IBD than in the general population. More than 
a quarter of people with IBD will have depression at some point in their lives, and 
more than a third will experience anxiety. Not only does having this chronic disease 
cause an increase in anxiety and depression but it is also possible that having these 
psychiatric disorders makes you more likely to develop IBD. It is unclear how much 
depression and IBD have in common in terms of gene alterations, epigenetic changes, 
or immunological responses. When they coexist, it has a detrimental influence on 
health-related quality of life (HRQOL), regardless of which arrives first: impaired 
mental health or IBD [52–54].

2.2.3 Other factors

NSAIDs are among the most commonly used drugs, and their link to ulcers in the 
stomach or duodenum is well known. They have, however, been associated with the 
development of IBD. Several theories have been proposed as possible mechanisms 
for the link between NSAIDs and IBD. A prospective cohort study assessed the link 
between aspirin and nonsteroidal anti-inflammatory drug (NSAID) use and the 
occurrence of Crohn’s disease and ulcerative colitis. A higher risk of both conditions 
was observed with the highest frequency of NSAID use [55].

In urban areas, air pollution has been related to a variety of health problems. 
In mice, acute exposure to high levels of airborne particulate matter increases gut 
permeability and heightens the innate immune response in the small intestine, while 
chronic exposure results in increased expression of pro-inflammatory cytokines and 
changes in colon microbiota composition and function. Long-term exposure also 
aggravated colitis in an Il10/mouse model [56].

Particulate matter exposure has given inconsistent results in epidemiological 
studies evaluating the link between air pollution and ulcerative colitis, showing that 
when there is a link, other components of air pollution may play a role in disease 
development. People who lived in locations with greater SO2 concentrations were 
more likely to develop ulcerative colitis than people who lived in areas with lower SO2 
concentrations [57]. In a European nested case-control study, airborne particulate 
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matter interaction was found to be inversely related to the incidence of IBD, but not 
Crohn’s disease or ulcerative colitis. In contrast, living near a high-traffic area was 
linked to a higher risk of disease, and other air pollutants such as nitrous oxides had a 
trend toward positive relationships with IBD [58].

Hypoxia has been shown to cause inflammatory responses in immune and endo-
thelial cells, with a buildup of inflammatory cells in different organs and increased 
cytokines in experimental animal models after short-term exposure to low oxygen 
levels. Levels of circulating IL-6, IL-1ra, and C-reactive protein are elevated in human 
studies in response to hypobaric hypoxic settings such as high altitudes, and the 
systemic elevations in these inflammatory markers could reflect local inflammation in 
the intestine [59, 60].

Hypoxia-inducible factor (HIF), a transcription factor that is dormant when oxy-
gen is available but activated in hypoxic situations, is required for cellular responses to 
hypoxia. Patients with ulcerative colitis or Crohn’s disease have increased expression 
of HIF-1. Patients with IBD also have increased colonic mRNA expression of glycolytic 
enzymes, which is triggered by hypoxia through the transcription factor HIF-1 [59, 61].

Based on the hypothesis that hypoxia leads to intestinal inflammation, a small pilot 
proof-of-concept randomized trial that included 18 patients demonstrated hyperbaric 
oxygen therapy to be beneficial in moderate-to-severe ulcerative colitis (Table 7) [62].

2.3 Diet

Multiple epidemiological researchers have concluded a link between nutrition 
and ulcerative colitis. In recent decades, significant changes in food intake have 
been related to an increase in the incidence of UC. Consumption of soft drinks and 
sucrose was linked to an increased chance of acquiring the condition. On the other 
hand, the consumption of fruits and vegetables was related to a decrease in UC 
development [63–68].

There is a significant association between red meat intake and ulcerative colitis risk 
[69]. Furthermore, whereas dietary n-3 polyunsaturated fatty acids (PUFAs) were linked 
to a lower risk of UC (odds ratio: 0.56) [70], dietary arachidonic acid (an n-6 PUFA) 
assessed in adipose tissue was linked to a higher risk of UC (relative risk: 4.16) [71].

Although there is no evidence of the mechanisms involved in the diet role in IBD 
development, there are several plausible explanations such as the effects on composi-
tion of gut microbiota, the microbial metabolites produced, and alterations in muco-
sal barrier and immunity [72].

Environmental factors in UC

Smoking

Appendectomy

Breastfeeding

Antibiotic usage in childhood

NSAIDs

Air pollution

Hypoxia

Table 7. 
Summary of environmental factors in UC.
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Diet plays a major role in the composition of gut microbiota. Several studies 
demonstrated that a change in the gut microbiome induced by diet can result in 
a disease-inducing entity that could either initiate or perpetuate inflammation in 
patients with IBD. Differences in food patterns between African and European 
children were related to increased Bacteroidetes and decreased Firmicutes and 
Enterobacteriaceae [73, 74].

A high fat/high sugar diet can result in intestinal mucosal dysbiosis characterized 
by an overgrowth of pro-inflammatory proteobacteria and a decrease in protective 
bacteria. Dietary factors have significant effects on microbial composition and 
can also affect the metabolic functions of gut microbiota. In both small and large 
intestines, commensal bacterial fermentation of indigestible food fibers produces 
short chain fatty acids (SCFA). SCFA changes gene expression, cellular differentia-
tion, chemotaxis, proliferation, and apoptosis in epithelial and/or immunological 
cells [75]. Some UC patients have a lower amount of SCFA-producing bacteria 
such as Faecalibacterium prausnitzii, which is inversely connected to disease 
activity. Furthermore, experimental investigations have linked a western diet high 
in sugar and fat and low in dietary fiber to lower SCFAs and greater colitis suscepti-
bility [76–78].

There have been demonstrated links between dietary PUFA content and inflam-
matory processes in IBD. Dietary n-3 polyunsaturated fatty acid (PUFA) intake 
has been linked to a lower risk of ulcerative colitis, while dietary n-6 PUFA intake 
has been linked to a higher risk of ulcerative colitis [71, 79, 80]. Dietary n-3 PUFAs 
reduced the clinical severity of spontaneous and NSAID-induced colitis in rats. 
Furthermore, TNF generated by splenic CD4+ T cells was inhibited. These findings 
are consistent with previous reports establishing the preventive impact of n-3 PUFAs 
on experimental colitis [81], as TNF plays a key role in IBD development.

Dietary variables may have a direct impact on the cells of the host. Some studies 
have demonstrated that luminal iron may affect the function of intestinal epithelial 
cells and T cells and also triggers the apoptosis of epithelial cell stress [82]. Zinc 
deficiency can also decrease the barrier integrity and increase the permeability in 
IBD patients and vitamin D has a role in reducing inflammation in experimental and 
human IBD [83, 84].

Several food additives, such as emulsifying agents, maltodextrin, and thicken-
ers including carrageenan, carboxymethyl cellulose, and xanthan gum, have been 
shown to disrupt intestinal homeostasis [85]. Carrageenan is a type of sulfated 
polysaccharide derived from seaweed. The US Food and Drug Administration has 
approved it as “generally regarded as safe,” and it is utilized in the food industry 
for its gelling, thickening, and stabilizing characteristics. Reduced protein and 
peptide bioaccessibility, disturbance of normal epithelial function, and intestinal 
inflammation have all been associated with carrageenan [86]. Within one day, 
carboxymethyl cellulose and polysorbate80 were found to shift the gut micro-
biota into a pro-inflammatory state by raising bioactive flagellin levels. Changes 
in gene expression and the development of colitis have been linked to the pro-
inflammatory microbiota [87, 88].

Other studies have found that complete dietary guidance, low FODMAP, or 
IgG-guided exclusion diets are useful in reducing disease activity in UC patients 
[89–91]. Although these findings are encouraging, one of the significant limitations 
of these studies is that they did not disclose their findings separately for patients 
with active disease and those in remission, making it difficult to make meaningful 
judgments (Table 8).
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2.4 Microbiome

Early gut microbial colonization is integral to the development of the immune 
system and intestinal homeostasis, providing a synergistic relationship between 
defensive and tolerant mechanisms [92]. Different studies from the literature have 
demonstrated that patients with ulcerative colitis have disturbances in the composi-
tion of their gut microbiota, coined “microbial dysbiosis,” with a reduction in bacte-
rial diversity with lower proportions of Firmicutes (phylum) and Bacteroides (genus) 
and higher proportions of Enterobacteriaceae (family) [73, 93–95]. Short-chain fatty 
acid (SCFA)-producing Ruminococcaceae and Lachnospiraceae have been shown to 
be depleted, whereas pro-inflammatory microorganisms such as Enterobacteriaceae, 
especially Escherichia coli and Fusobacteriaceae have grown in number [96, 97].

It is unclear if dysbiosis is a result of or a cause of gut inflammation in ulcerative 
colitis. In ulcerative colitis, the virome and mycobiome are similarly less varied in 
this regard [98–101]. There are four controlled positive faecal microbial transplanta-
tion clinical studies that confirm the therapeutic effect for ulcerative colitis patients 
[102–105]. Microbial diversity restoration, particularly the bacterial species respon-
sible for SCFA generation in donor stool, has been indicated as a key factor [102, 106].

In ulcerative colitis, one of the main impacts of dysbiosis is likely to be a decline in 
the epithelium health or a state of epithelial malfunction, which increases inherent 
sensitivity to disease. Faecal diversion away from the rectum worsens inflammation, 
resulting in “diversion colitis” in ulcerative colitis; on the other hand, faecal diversion 
decreases inflammation in Crohn’s disease [107].

The microbiome is the most unstable during childhood, and disturbances to 
the microbiota in the earliest years of life may alter gut immunity and, therefore, 

Increased risk Decreased risk

Soft drinks Fruits

Sucrose Vegetables

Red meat n-3 PUFAs

n-6 PUFAs Normal levels of vitamin D

Food additives Low FODMAP

Zinc deficiency Diet guidance

Luminal iron exposure IgG-guided exclusion diet

Table 8. 
Dietary factors associated with an increased/decreased risk of developing UC.

Decreased diversity of UC gut microbiome, virome, and mycobiome over time

dysbiosis: either a result or a cause of gut inflammation in ulcerative colitis

Imbalance: ↓ protective microbes (Firmicutes and Bacteroides) /
↑ inflammatory microbes (Enterobacteriaceae and Fusobacteriaceae)

Dysbiosis in the earliest years of life → alteration of gut immunity →
↑ susceptibility to IBD

Table 9. 
Overview of microbiota changes in UC.
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susceptibility to IBD [108]. Before, during, and after a 5-day treatment with oral 
ciprofloxacin, the variety, richness, and evenness of the faecal microbiota in healthy 
humans were reduced [109]. Because antibiotics are widely used in both developing 
and developed countries and are progressively used in poor countries, it is plausible 
to believe that antibiotic use is a fundamental predisposing factor in IBD etiology. 
Antibiotic misuse and abuse, as well as their usage in cattle, could aggravate the 
problem (Table 9).

2.5 Epithelial barrier alteration

An increased population of effector T cells and increased production of proin-
flammatory cytokines (such as TNF- α, IL-6, and IFN- γ) are thought to be the cause 
of ulcerative colitis. The balance between proinflammatory and immunosuppressive 
forces can determine the progression of inflammation that is characteristic of IBD. 
Disruption of intestinal homeostasis can be determined by an epithelial barrier 
deficiency. This deficiency has multiple causes: a primary dysbiosis of the intestinal 
microbiota, a defect in the mucus layer, a primary defect of the epithelium, or an 
inflamed state of the lamina propria [110].

An epithelial barrier deficiency is seen early in the etiology of UC. For example, 
in individuals with active UC, the thickness of the mucin-containing mucosal layer 
of the colon has been demonstrated to be reduced, primarily due to decreased mucin 
2 synthesis. In addition, in the early stages of UC, although the epithelium looks 
normal endoscopically, apoptotic foci can already be observed. This weakened barrier 
function might be caused by a fundamental genetic deficiency or environmental 
influences such as changes in the microbiota [111].

Susceptibility polymorphisms in genes producing junctional proteins such as 
E-cadherin, guanine nucleotide-binding protein alpha 12, and Zonula occludens-1 
have been found in genome-wide association studies (GWAS), suggesting that epi-
thelial barrier abnormalities may be a major cause for UC. Furthermore, alterations in 
the expression of junctional proteins such as E-cadherin, b-catenin, and claudins have 
been detected in intestinal biopsies from patients with IBD, indicating that barrier 
disruption plays a role in IBD etiology [112, 113].

2.6 Immune response in UC

Because the human immune system is responsible for recognizing, responding 
to, and adapting to a wide range of self and foreign molecules, its integrity is vital 
for maintaining and recovering health. In the gastrointestinal system, there are two 
complicated mucosal immune processes that check the luminal contents on a regular 
basis, recognize microbial or dietary antigens, and activate immune pathways. During 
the active phase of gut diseases, such as UC, both innate and adaptive immune sys-
tems are integrated with various mediators and immune cells to maintain tolerance, 
manage low-grade inflammation, and upregulate [114].

Antigen-presenting cells (APCs) include dendritic cells, B cells, and macrophages, 
which are important in both innate and adaptive immunity and immune homeostasis 
because they can secrete cytokines and activate innate immunity while also present-
ing antigens to adaptive immune cells, thus linking adaptive and innate immunity 
pathways [115].
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2.6.1 Innate immune response

Innate immunity consists of defense-related elements that are programmed or 
automatic, such as the mucosal barrier, epithelial cell tight junctions, and gut perme-
ability control, as well as the secretion of antimicrobial enzymes like defensins and 
lysozyme to protect the lamina propria from microbial raids. The innate immune sys-
tem is composed of macrophages, monocytes, neutrophils, and other granulocytes, as 
well as natural killer cells (NKs), dendritic cells, mast cells, and innate lymphoid cells 
(ILCs). Non-immune cells involved in the innate immunity system include intestinal 
epithelial cells (IECs), endothelial cells, transforming growth factor-releasing stromal 
cells, and mesenchymal cells [116].

Several types of innate immune cells have been implicated in the development of 
IBD. Neutrophils contribute to the persistence of intestinal inflammation by impair-
ing epithelial barrier function and releasing numerous inflammatory mediators. To 
maintain homeostasis, dendritic cells (DCs) regulate crosstalk between innate and 
adaptive immunity. In IBD, however, inappropriate conditioning of DCs has been 
observed throughout both active and passive disease states as a result of decreased 
mucosal expression of TGF-b and TSLP, as well as downregulation of the retinoic acid 
signaling pathway [115].

Macrophages and DCs, as well as epithelial cells and myofibroblasts, maintain gut 
immunological homeostasis by continuously recognizing microbial antigens. Mucosal 
DCs and macrophages from IBD patients have higher levels of TLR2, TLR4, CD40, 
and the chemokine receptor CCR7, all of which contribute to and promote inflamma-
tion by stimulating the release of pro-inflammatory cytokines like TNF, IL-1b, IL-6, 
and IL-18 [114–116].

2.6.2 Adaptive immune response

Adaptive immunity is characterized by unique immunological responses 
triggered by antigen-specific activation of B cells or T cells. This immune system 
includes antibody-secreting B cells, cytotoxic T cells, effector T cells, regulatory T 
cells (Tregs), and T helper lymphocytes that are all engaged in this process. Peyer’s 
patches of the small intestine, lymphoid follicles of the colon, and mesenteric 
lymph nodes are the places where adaptive immune cells differentiate. The human 
immune system’s basic function is determined by its interaction with the human 
microbiome [9].

Several types of innate immune cells have been implicated in the development of 
IBD. Neutrophils contribute to intestinal inflammation by impairing epithelial barrier 
function and secreting a variety of inflammatory mediators. To maintain homeosta-
sis, dendritic cells (DCs) regulate crosstalk between innate and adaptive immunity. 
Intestinal epithelial cells that generate retinoic acid, thymic stromal lymphopoietin 
(TSLP), and transforming growth factor (TGF)- β impact DCs, increasing the forma-
tion of IL-10-producing DCs and thus anti-inflammatory responses and tolerance. In 
both active and inactive IBD disease stages, decreased mucosal expression of TGF- β 
and TSLP, as well as downregulation of the retinoic acid signaling pathway, leads to 
improper conditioning of DCs. [117].

A complex inflammatory process involving innate and adaptive immune cells enter-
ing the lamina propria occurs during the active phase of UC. Neutrophils, the short-lived 
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“first responder” cells, are recruited in large numbers with the histology of “crypt 
abscesses,” and they migrate over the epithelium before dying in the crypts. [118].

The survival of neutrophils is aided by the inflammatory environment (potentially 
via HIF-1 and hypoxia). As a result of this prolonged survivability, its inflammatory 
impact and tissue damage are intensified (via many means, including the release of 
serine and matrix metalloproteases, reactive oxygen species, and pro-inflammatory 
cytokines). Uncontrolled pro-inflammatory cell death (necrosis, necroptosis, and 
NETosis) occurs in a large proportion of neutrophils, amplifying and potentiating 
the pro-inflammatory milieu. High quantities of s100a8/9 proteins (or calprotectin) 
produced in blood and stool, as well as a strong serological response to self peri-
nuclear anti p-neutrophil cytoplasmic antibodies (pANCA), are both likely indirect 
indications of uncontrolled neutrophil cell death, corroborate this mechanism in 
UC. Extracellular traps (NETs) on neutrophils can operate as a net for immunogenic 
chemicals that keep the inflammatory response going. All of these changes sup-
port the rational paradigm that, following the onset of the disease, a wave of innate 
inflammatory neutrophils and monocytes (with their pro-inflammatory cytokine 
repertoire, such as IL-1 family, IL-6, and TNF- α) creates an inflammatory environ-
ment (nutritional, metabolic, and cytokine) that promotes a pathologic adaptive 
(likely T-cell) immune response [119–121].

All of these parameters will influence the host’s ability to resolve inflammation, 
restore homeostasis, and heal the UC mucosa, as well as newly incoming inflamma-
tory monocytes, monocyte-macrophage activity, survival, and phenotype [122].

Because of UC’s significant genetic connections to HLA (mainly class II), defective 
antigen(s) drive the aberrant T-cell response, which subsequently shapes the patho-
logic cytokine milieu, and is considered to be a key causal component. The complete 
mechanism of how HLA affects commensal and/or self-antigen presentation to T 
cells, and then a downstream pathogenic T-cell response, is yet unknown and difficult 
to understand. Approaches to studying, screening, and defining T-cell epitopes have 
vastly improved, and further development is expected [123].

Naïve CD4+ T-cells activated by antigen-specific signals from APCs, influenced by 
the cytokine milieu, differentiate into effector T-helper cells; T-helper 1 (Th1), T-helper 
2 (Th2), T-helper 17 (Th17) cells, T-helper 9 (Th9), or regulatory T-cells (Tregs). 
Previously, it was thought that the differentiation of naive CD4+ T-cells into effector 
T-cell lineages was an irreversible process; however, specific cytokine circumstances 
and stimuli may cause plasticity between T-cell subsets [124]. Treg and Th17 plasticity 
are most likely triggered by dynamic changes in the inflammatory environment. As a 
result, pro-inflammatory stimuli may stimulate the conversion of immune-suppressive 
regulatory T cells into pro-inflammatory Th17 cells, while inflammation resolution 
may induce or even necessitate the switch from Th17 to Treg [125].

UC is traditionally associated with a Th2 response characterized by high levels of 
IL-4, IL-5, and IL-13, whereas CD is characterized by a Th1/Th17 response. Previous 
research has linked UC to a nonclassical Th2 response, with CD1d-restricted natural 
killer T-cells releasing IL-13. This region has been overwhelmed by subsequent develop-
ments. The discovery of IL-23 as a critical driver of Th17 responses, genetic connections 
with IL-23 and associated genes and the presence of Th17 (and Th9) cells in UC are only 
a few examples. IL-9 is produced from Th9 cells, a new subtype of Th cells. Th9 cells 
develop from naïve T cells under the induction of transforming growth factor (TGF)-β 
and IL-4. IL-9 is thought to disrupt gut barrier function by inhibiting intestinal epithe-
lial cell proliferation and suppressing the expression of many tight-junction proteins 
such as claudin and occludin. Furthermore, greater IL-9 levels in UC patients with 
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severe disease compared to patients with moderate disease and control patients may 
represent disease activity, as seen by the higher IL-9 levels reported in UC patients with 
severe disease compared to patients with mild disease and control patients [126–128].

Multiple pathways occur in the recruitment of mesenchymal cells and the forma-
tion of activated myofibroblasts, the major functional unit responsible for excessive 
extracellular matrix (ECM) deposition, during intestinal injury and repair. Multiple 
matrix metalloproteinases (MMPs) are significantly expressed in IBD tissues, with 
interstitial collagenase (MMP1) and MMP2 mediating collagen fiber breakdown, 
whereas fistula formation in Crohn’s disease has been linked to elevated expression of 
MMP3 and MMP9. A balance between MMPs and tissue inhibitors of metalloprotein-
ase occurs, resulting in excessive deposition of certain ECM components. All of these 
anomalies are most likely the result of inflammation-derived soluble mediators that 
regulate ECM deposition.

Primary human intestinal epithelial cells (IECs) from normal mucosa may process 
and deliver antigens to primed peripheral blood CD8+ T lymphocytes that act as 
nonspecific suppressor cells. IBD-associated IECs have a reduced ability to induce 
CD8+ T suppressor cells, implying a deficiency in mucosal immunoregulation that 
predisposes to IBD [129].

Despite the fact that CD4 T cells are thought to have a larger role in IBD pathogen-
esis, CD8 T cell transcriptomic patterns have been identified to determine whether 
UC follows a more aggressive course. The recent discovery of innate lymphoid cells 
(ILCs) as a further mediator of IL-23-driven inflammatory response in the colon is a 
further new dimension in UC [130–132].

While the innate immune system is responsible for inducing inflammatory reac-
tions, the adaptive immune system is crucial in the evolution of chronic inflammatory 
events in UC (Table 10).

2.7 New advances in the etiology

Recent studies suggest that mitochondria have a major role in inflammation. 
Mitochondrial dysfunction has long been linked to UC, but recent paper released 
in the last three years has re-emphasized this theory. Earlier colonic microarray 
investigations in UC revealed such dysregulation of genes that affect mitochondrial 
activity [133–135].

When mitochondrial homeostasis is disrupted, energy generation is impaired, 
mitochondrial oxidative stress rises, and mitochondrial products (mitochondrial 
DNA) are released as pro-inflammatory DAMPs. All of these factors play a role in 

Pathogenic adaptive (presumably T-cell driven) responses: triggered by innate immune responses (neutrophils/
macrophages)

HLA allelic connections may influence antigen presentation

Complex UC immunity:

• a nonclassical Th2 response

• Th9 response

• Th17 response

• interleukin (IL)-23 inflammatory pathway

Table 10. 
Overview of the immune responses in UC.
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core UC themes such as epithelial failure, the pro-inflammatory mucosal environ-
ment, and direct inflammatory triggers. As a result of this convergence of facts, novel 
techniques for targeting pro-inflammatory mitochondria have emerged, such as 
mitochondrial antioxidant therapy in active UC [136, 137].

Inflammation causes tissue damage and different forms of cell death (apoptosis, 
necrosis, necroptosis, and pyroptosis), as well as the release of several cytosolic 
and nuclear products with intrinsic proinflammatory characteristics, as seen in 
IBD. DAMPs are the term used to describe those items. Proteins and peptides (High 
mobility group box 1 protein [HMGB1], defensins, heat-shock proteins, S100 
proteins, IL1 and IL33, and so on), lipoproteins and fatty acids (such as serum 
amyloid A and oxidized low-density lipoproteins), ECM degradation products (for 
example, hyaluronan fragments), and nucleic acids are among the many different 
types of DAMPs. Through a DAMP-mediated mechanism, any agent, medicine, 
or virus that damages the epithelium can cause IBD flare-ups and clinical illness 
recurrence [138].

Exogenous, microbial, stress, and endogenous danger signals trigger inflam-
masomes, which activate caspase 1 and produce IL1 and IL18. Inflammasomes 
are members of the NLR or pyrin family, with members of the NOD-like receptor 
family, such as NLRP1a/b, NLRP3, NLRC4, and AIM2, regulating immunologi-
cal responses, metabolism, and disease pathogenesis being the best known. The 
inflammasome’s function in regulating interaction between the mucosal immune 
system and the microbiota makes it particularly appealing and biologically 
relevant to IBD immunopathogenesis. Inflammasome activity appears to be  
higher in CD based on circumstantial data, but there is no information available  
for UC [139].

MicroRNAs (miRNAs) are single-stranded noncoding RNAs with key regulatory 
activities on gene expression, primarily via suppressing (silencing) genes via degra-
dation of target RNAs or translation inhibition. Long noncoding RNAs and circular 
RNAs are two more forms of noncoding RNAs that have been discovered. These 
noncoding RNAs also have important regulatory activities, and how these functions 
may be involved in IBD pathogenesis is becoming a hot topic. Excessive immunologi-
cal reactivity and inflammation, both of which are linked to IBD, could be caused by 
dysregulation or insufficient miRNA-mediated repression [140].

Single-cell profiling of the inflamed UC mucosa allows for a thorough 
examination and census of the cell populations. New research has discovered new 
and unusual cell kinds, as well as cell-type-specific expression and deep cell–cell 
interactions and cell lineage linkages. Mucosal compartments that have gotten less 
attention in the past, such as the colonic mesenchyme, are now being identified as 
major mediators of inflammation, but all of this needs to be confirmed in the future 
(Table 11) [141–143].

Disruption of mitochondrial homeostasis → alteration of energy production →↑ oxidative stress →release of 
pro-inflammatory damage-associated molecular patterns.

Novel techniques in active UC: targeting pro-inflammatory mitochondria,
(i.e. mitochondrial antioxidant therapy)

Major mediators of inflammation: colonic mesenchyme

Table 11. 
New advances in UC.
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3. Conclusion

Despite recent advances in our understanding of the role of environmental expo-
sures, genetics, dysbiosis, and dysregulated immunity in disease development, the 
temporal sequence of events leading to IBD remains unknown. They are all important 
in triggering IBD/UC because none of the factors alone can cause IBD/UC. Immune 
system is the effector arm for inflammatory response. With the shifting global burden 
of ulcerative colitis, more research is needed to better understand the illness’s etiol-
ogy in order to prevent and find potential novel therapeutic targets or predictors of 
disease burden in the future.
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Abstract

Based on the role of platelets in inflammation and hemostasis it has been assumed 
that antiplatelet therapy could be beneficial for patients suffering from ulcerative 
colitis. Platelets present a link between inflammation and coagulation. They have 
more than 300 active mediators stored in their granules. Upon activation, platelet 
degranulate and release a lot of microparticles and mediators and interact with other 
immune and non-immune cells thereby amplifying inflammation. The most impor-
tant parameters of platelet activation are P-selectin and CD40 ligand expressed on 
their surface upon activation, and their soluble forms presented in blood. Today, we 
have potent anti-platelet drugs that can inhibit platelet activation and degranulation, 
and thereby reduce inflammation. The most important drugs are P2Y12 receptor 
antagonists such as ticagrelor and clopidogrel and glycoprotein IIbIIIa inhibitors. 
Ticagrelor is an active drug and besides antiplatelet activity, it has bactericidal activity 
against Gram-positive strains and Clostridium difficile. Clopidogrel is a prodrug with 
less anti-inflammatory effect than ticagrelor and no proven bactericidal activity. 
Glycoprotein IIbIIIa inhibitors are very potent in reducing platelet aggregation but 
have lower anti-inflammatory potential than ticagrelor and clopidogrel.

Keywords: ulcerative colitis, platelets, antiplatelet therapy, P-selectin, CD40 ligand, 
ticagrelor, clopidogrel, glycoprotein inhibitors

1. Introduction

Ulcerative colitis (UC) is a chronic disease resulting not only from the abnormal 
immune response but also from the activation of non-immune cells. Both, immune 
and non-immune cells are inducing inflammation that causes tissue injury [1, 2]. 
Platelets (Plt) are now recognized as proinflammatory cells, and aside from their 
primary role in a hemostasis they also enhance inflammation. The hypercoagulable 
state exists in the UC patients. Inflammation activates coagulation and coagulation 
amplifies inflammation [3, 4]. Platelets are unique cells without nucleus that have 
an important role in hemostasis and thrombosis, with a 5–9-day life span. Platelets 
have four granule types with stored numerous biologically active substances, such 
as platelet factor 4, fibrinogen, Von Willebrand factor (vWF), protein S, histamine, 
prostaglandin E2, platelet growth factor, thromboxane A2, transforming growth 
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factor-beta, coagulation factors, angiogenic and growth factors, β-thromboglobulin, 
P-selectin (Psel), chemokines, regulated upon activation, normal T cell expressed 
and presumably secreted (RANTES), monocyte chemotactic protein-1, interleukin 
(IL) 8 (IL-8), IL-1β, IL-7 [5, 6]. Platelets can interact with many different cells and 
contribute to vascular inflammation [7]. Platelet factor 4 and β-thromboglobulin 
are exclusively released from Plt and are increased in the serum of the patients with 
active UC [8]. Platelet activation is of utmost importance for Plt functioning and is 
a result of Plt interaction with numerous active molecules. The first step is adhesion 
to the subendothelial matrix. After that Plt change their shape, resulting in pseudo-
podia formation [9]. Platelet activation, in the UC patients, takes place in mesenteric 
microcirculation after exposure to subendothelial collagen, adenosine diphosphate 
(ADP), arachidonic acid, Plt activating factor, thrombin, fibrinogen, and cytokines 
from other cells. Upon Plt activation, they degranulate and release a lot of Plt-derived 
microparticles (PDMP) and preformed mediators and interact with other immune 
and non-immune cells [10]. The PDMP represent 70–90% of all human cell-derived 
microparticles and have high procoagulant (due to tissue factor) and proinflamma-
tory potential [11]. They also secrete ADP which in turn bind to the P2Y1 and P2Y12 
receptors on the membrane surface of the Plt and amplify initial Plt activation [12].

2. Mechanism of platelets intervention in ulcerative colitis

Upon activation, Plt express receptors on their surface, the most important being 
glycoprotein IIbIIIA (GPIIbIIIa), CD40 ligand (CD40L), Psel and receptors for 
cytokines, chemokines, and complement components [13]. A CD40L is a membrane 
protein, co-stimulatory molecule, presented mostly on the surface of the activated T 
lymphocyte (T Ly) and activated Plt. Its receptor is CD40, expressed on the surface of 
the immune cells, endothelial, epithelial cells, Plt, and other mesenchymal cells [14]. 
After Plt activation, CD40L and Psel are cleaved from the cell surface and secreted in 
the blood, being called soluble CD40L (sCD40L) and soluble Psel (sPsel). These solu-
ble forms activate other cells, especially endothelial cells, fibroblasts, T Ly, monocyte, 
neutrophils, and B cells. The CD40/CD40L signaling pathway is a very important 
pathogenic mechanism in the UC, it amplifies inflammation and activates numerous 
immune and non-immune cells, including Plt [15, 16]. Platelets are the main source 
of sCD40L in UC. The number of CD40L positive T Ly and Plt is increased in colonic 
mucosa [17]. Also, the CD40L-CD40 signaling pathway is responsible for throm-
boembolic complications in UC patients and inflammation-induced angiogenesis. 
Platelet dysfunction exists in UC, meaning that Plt are becoming pro-inflammatory 
cells, and represent a connection between innate and adaptive immunity and between 
inflammation and coagulation [18].

3. Role of platelets as biomarkers in UC severity

P-selectin is expressed on the membrane surface of the activated Plt and endothe-
lial cells. P-selectin has the most important function in leucocyte (Le) recruitment, 
mostly in the colonic mucosa [19]. The level of tissue expression of Psel is in strong 
positive correlation with the level of inflammation in colonic mucosa [20]. In severe 
inflammation, there is abundant Psel expression in colonic mucosa. Soluble Psel and 
sCD40L are excellent biomarkers of Plt activation [21].
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Abnormalities seen in UC are: elevated Plt count (>450,000 × 109/L), reduction in 
mean Plt volume (MPV), increased platelet distribution width (PDW) value, increased 
plateletcrit value (PCT), increase in granular content, increased Plt activation and aggre-
gation, hyperreactivity to agonist stimulation, such as ADP and collagen. These abnor-
malities are mediated by IL-6, are not seen in a healthy person, and are more pronounced 
in UC than in other inflammatory diseases like rheumatoid arthritis. The MPV and PCT 
show a negative correlation with disease activity [22–25]. Spontaneous platelet aggrega-
tion is observed in more than 30% of UC patients, a phenomenon that is not seen in 
healthy persons and rarely seen in other inflammatory disorders [26]. Histopathological 
studies found mesenteric vascular microthrombi to be the first finding in the mucosa of 
UC patients. Those microthrombi contribute to ischemia. Microthrombi are not found 
in mesenteric vessels in healthy persons [27]. Activated Plt form aggregates with Le and 
other Plt, so-called platelet-leukocyte aggregates (PLA) and Plt-Plt aggregates (PPA), via 
Psel [28]. Platelet-leukocyte aggregate number is increased in serum and colonic tissue 
of patients with active UC but does not correlate with disease activity, instead, there is a 
positive correlation with Plt number and serum sPsel concentration. But it is proven that 
Le within PLA are more active than free Ly or Plt [29]. Platelet-leukocyte aggregate react 
with endothelial cells, activate them, activate other free Plt and Le. Also, PLA activate 
endothelial cells more than free cells, leading to increased expression of adhesion mol-
ecules thus contributing to inflammation [30]. Increased Plt activation and aggregation, 
especially spontaneous platelet aggregation, are very much responsible for thrombosis 
and thromboembolic complications in UC, particularly arterial thrombosis [31, 32].

Platelet to Ly ratio, with cut off value of 175.9 (sensitivity 90.9%; specificity 
78.4%; positive likelihood ratio 4.205, 95% confidence interval (95% CI) 2.214–7.894; 
area under the curve (AUC) 0.897, 95% CI 0.802–0.992) can serve as a biomarker for 
disease activity in UC, and can help us distinguish UC from healthy controls, that is, 
to identify UC patients with active disease [33].

We can also use neutrophil to Plt ratio to identify UC patients with active disease, 
with cut-off point of 14.94 (sensitivity 87.95%; specificity 63.5%) [34].

4. Antiplatelet drugs types

With the developments in medicine, especially pharmacology, we have a lot of 
antiplatelet drugs, and the number is constantly increasing [35]. The most important 
antiplatelet drugs are:

1. Thienopyridines represent a group of drugs that blocks ADP-mediated Plt 
aggregation by blocking the P2Y12 receptor on the Plt membrane surface. After 
Plt activation, ADP is released from Plt and then binds to P2Y12 on Plt surface 
and amplifies Plt activation, aggregation, degranulation, and procoagulant 
activity. Two thienopyridines are most important: clopidogrel and prasugrel. 
They are prodrugs and require biotransformation to become active. Clopidogrel 
is used for secondary stroke prevention and after coronary stenting (with 
aspirin). Prasugrel is used for the prevention of thrombosis after percutaneous 
coronary interventions [36].

2. Cyclopentyltriazolopyrimidines: ticagrelor. It is an active drug, with a fast 
onset of action, 30 minutes after ingestion, and it is a reversible P2Y12 receptor 
antagonist [37].
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3. The ADP receptor antagonists: cangrelor. It has a short action time and it is used 
preoperatively in patients with atherosclerotic disease [38].

4. Aspirin or acetylsalicylic acid is the oldest antiplatelet drug that irreversibly 
inhibition both cyclooxygenase (COX) 1 and 2 and suppresses the production of 
prostaglandins and thromboxane. Other non-steroidal anti-inflammatory drugs 
inhibit COX-1 and Plt function, but their effect is short and reversible [39].

5. Phosphodiesterase inhibitors: dipyridamole that reversibly inactivates platelet 
cyclic adenosine monophosphate (cAMP)-phosphodiesterase thus increasing 
cAMP and decreasing Plt activity. Cilostazol is a selective inhibitor of phospho-
diesterase type 3 leading to accumulation of cAMP and inhibition of Plt aggrega-
tion. It is used for treating peripheral vascular disease [40].

6. GP IIb/IIIa antagonists are anti-Plt agents that block binding GP IIb/IIIa to 
fibrinogen and inhibit Plt aggregation. Three agents are now being used: ab-
ciximab (monoclonal antibody), and two smaller molecule drugs tirofiban and 
eptifibatide [41].

7. Protease-activated receptor-1 (PAR-1) antagonists: a new class of drugs. Vora-
paxar inhibits thrombin-related platelet aggregation [42].

They are used to prevent or treat arterial thrombosis.
The most important indications are: acute coronary syndrome, after the per-

cutaneous coronary intervention (PCI) with stenting, acute ischemic stroke, after 
percutaneous intervention of peripheral arterial disease, stable angina, and primary 
prevention of coronary artery disease [43].

Not all anti-Plt agents are the same. Some of them affect mostly Plt aggregation, 
and some of them affect Plt aggregation and degranulation. The most significant 
contraindication for anti-Plt agents is active bleeding [44].

The most important antiplatelet drugs with the possibility to be used in UC are 
clopidogrel, ticagrelor, and GP inhibitors.

Clopidogrel is a prodrug, has 50% bioavailability. After biotransformation in the 
liver, its active metabolite binds to P2Y12 on the Plt surface and irreversibly inhibits 
ADP-mediated Plt aggregation and Plt activity. Due to the necessity of the liver 
biotransformation of clopidogrel by cytochrome P450 (CYP) enzymes CYP3A4/3A5, 
there is potential for drug interactions and therapeutic failure. Some genetic altera-
tions in the CYP2C19 gene can lead to a low Plt response to clopidogrel [45].

Ticagrelor is an orally active drug. It is a reversible antagonist of P2Y12 receptor 
on surface Plt membrane that inhibits ADP induced Plt aggregation. It is given twice 
daily. After ingestion, maximal Plt inhibition was measured at 2–4 hours. It almost 
completely inhibits Plt aggregation. It has faster and more profound action on Plt 
inhibition than clopidogrel. Its half-life is 7 hours. After P2Y12 inhibition there is 
decreased Plt degranulation and decreased releasing of bioactive mediators from Plt, 
and low expression of Psel and CD40L on Plt surface. Ultimately it leads to reduced 
generation of PLA and PPA which is considered to be the major mechanism respon-
sible for anti-inflammatory effect. It also inhibits the reuptake of adenosine which 
leads to its accumulation in the extracellular matrix. Major adverse events are bleed-
ing, dyspnea and bradycardia [46].
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Glycoprotein inhibitors compete with fibrinogen and VWF for binding to 
GPIIbIIIa, which represent the final step in Plt aggregation. They are very potent 
inhibitors of Plt aggregation. Three GP inhibitors are approved in clinical use: abcix-
imab, eptifibatide, and tirofiban. The route of administration for all three drugs is 
intravenous. Major adverse events are bleeding and thrombocytopenia. They are 
very potent in inhibiting Plt aggregation but do not have a potent anti-inflammatory 
effect [47].

5. The role of antiplatelet drugs in the pathogenesis of UC

Antiplatelet therapy is not a part of standard therapy for treating UC patients, 
but growing evidence suggest that it is safe in UC and might be useful addition to the 
standard therapy. I will summarize published results.

This chapter is based on an evaluation of antiplatelet therapy in patients with 
UC. We defined key questions as our literature searching algorithm. We searched 
literature from PubMed according to the adequate MESH terms (“ulcerative colitis,” 
“platelets,” “antiplatelet therapy,” “P-selectin,” “CD40 ligand,” “ticagrelor,” “clopido-
grel,” and “glycoprotein inhibitors”) for the period from 2000 to the present.

5.1  Antiplatelet agents’-ticagrelor and eptifibatide-safety in experimental  
colitis in mice

The authors conducted an animal study about the usage of antiplatelet agents—
ticagrelor and eptifibatide in mice. Forty C57BL/6 mice (inbred females, age: 
2–3 months, and average body mass: 20–24 g) were used. The bodyweight of mice was 
measured every day. Mice were observed for stool consistency and rectal bleeding on 
a daily basis so that disease activity index (DAI) could be calculated daily as the sum 
of the weight loss score, the diarrheal score, and the hematochezia score based on the 
method used by Friedman et al., as shown in Table 1. The DAI was used to assess the 
severity of colitis [48].

Colitis was induced in 30 mice by 5-day drinking water with 3.5% dextran sulfate 
sodium (DSS) (average molecular weight within the range of 35,000–55,000). All 
mice developed DSS colitis. After 5 days, DSS-induced mice were divided into three 
experimental groups, 10 each. The first (I) group, the DSS control group, received no 
intervention during the subsequent 5 days treatment period. The second (II) group, 
the ticagrelor treatment (PO) group, received 1 mg (in 0.5 mL) dosages per day of 

DAI score

0 1 2 3 4

Weight loss 0% 1–5% 6–10% 11–20% >20%

Stoll consistency Well-formed 
pellets

Semi-formed 
pellets

Liquid stools

Rectal bleeding Hemoccult 
negative

Hemoccult 
positive

Gross bleeding

Table 1. 
Disease activity index (DAI).
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Brilinta® via gastric tube. The third (III) group, the eptifibatide treatment (IP) 
group, received 150 μg (in 0.2 mL) dosages per day of Integrilin® via intraperitoneal 
injection. Group of mice (n = 10), experimental control (K) group, received water 
without DSS during the 5 days period.

The primary outcome was bleeding, and the secondary outcomes were changes in 
platelet count, hemoglobin (Hgb) level, and hematocrit (HCT) level. Complete blood 
counts were determined for each group at baseline (day 0: before treatment; DSS1, 
PO1, and IP1 subgroups) and at 1 day after the last dose (day 5; DSS2, PO2, and IP2 
subgroups). On day 5, all surviving mice were sacrificed, and an autopsy was per-
formed. The Plt aggregation was measured using a multiplate Plt function analyzer 
with adenosine diphosphate and thrombin receptor-activating peptide.

Platelet aggregation was measured at baseline, after 2 h, and 24 h of ticagrelor and 
eptifibatide therapy. An autopsy showed signs of colitis and there was no evidence of 
recent bleeding in the liver, spleen, central nervous system, or serous cavities of any 
of the antiplatelet treatment groups. Histological findings of colonic mucosa in all 
three experimental groups after autopsy were that DSS2, PO2, and IP2 showed mild 
inflammation and ulceration.

Maximum weight loss was below 15% in all three experimental groups. 
Hematochezia was observed in all three experimental groups as blood around the 
anus and present in the sawdust or as hemoccult positive. Blood was seen from the 
fourth day of the experiment in all three experimental groups.

The DAI score was not significantly different between the three experimental 
groups (Kruskal-Wallis test; p = 0.925).

Significantly lower levels of Hgb and HCT were found in all three experimental 
groups (PO1, DSS1, PO1, and IP1 vs. control; Kruskal-Wallis test: p = 0.007 and 
p = 0.002, respectively) (Figures 1 and 2). However, the Plt count was not signifi-
cantly different between any of the DSS groups and the control group (Kruskal-Wallis 
test: p = 0.640) (Figure 3). There were no significant differences in the drug-related 
changes in the Hgb, HCT, and Plt levels of the three DSS groups according to the 
two drugs administered (baseline vs. end of treatment; Kruskal-Wallis test: HGB, 
p = 0.369; HCT, p = 0.104; and Plt, p = 0.307) (Figures 4–6).

The authors concluded that administering eptifibatide and ticagrelor to DSS colitis 
mice did not cause serious adverse events. There was no significant decrease in Plt 

Figure 1. 
Hemoglobin (Hgb) values before initiation of antiplatelet drug administration. Data are presented as mean ± SD. 
Groups DSS1, IP1, and PO1 represent DSS colitis mice before administration of drugs; K represents the 
experimental control group. DSS, dextran sulfate sodium; IP, eptifibatide treatment; PO, ticagrelor treatment.
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count or Hgb and HCT levels, and autopsy found no bleeding into the liver, spleen, 
serous cavities or intracranially. These observations support the potential use of 
antiplatelet therapy for treating UC in humans as an addition to the standard therapy. 
Ticagrelor could be used in the moderate form of UC and eptifibatide in the severe 
form, together with standard therapy.

5.2  Evaluation of anti-inflammatory effect of anti-platelet agent-clopidogrel  
in experimentally induced inflammatory bowel disease

The goal of this research was to evaluate the anti-inflammatory effect of clopi-
dogrel on an animal model for Crohn’s disease (TNBS model) and ulcerative colitis 
(oxazolone induced) in rats. Rats were weighing 150–200 g and were housed in 
standard conditions, on a standard diet and water ad libitum. Ulcerative colitis was 
induced by intrarectal administration of oxazolone on first day. Rats were divided 
into four groups, each consisting of six animals: Control group (healthy rats), 

Figure 2. 
Hematocrit (HCT) values before initiation of antiplatelet drug administration. Data are presented as 
mean ± SD. Groups DSS1, IP1, and PO1 represent DSS colitis mice before administration of drugs; K represents 
the experimental control group. DSS, dextran sulfate sodium; IP, eptifibatide treatment; PO, ticagrelor treatment 
(Kruskal-Wallis test: p = 0.002).

Figure 3. 
Platelet (PLT) count for all groups. Data are presented as mean ± SD. Groups DSS1, IP1, and PO1 represent 
DSS colitis mice before administration of drugs; K represents the experimental control group. Groups DSS2, IP2, 
and PO2 represent DSS colitis mice after administration of drugs. DSS, dextran sulfate sodium; IP, eptifibatide 
treatment; PO, ticagrelor treatment (Kruskal-Wallis test: p = 0.640).
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Oxazolone group (induced UC without treatment), Standard group (oxazolone + 
sulfasalazine for the next 21 days), and Test group (oxazolone + clopidogrel per os for 
the next 21 days). At regular time intervals percentage change in body weight, colon 
mucosal damage index (CMDI), DAI, and myeloperoxidase (MPO) activity were 
measured. The CMDI, DAI, and MPO were used to assess inflammatory changes in 
colonic mucosa. It was shown that the test group resolved symptoms and significantly 
reduced MPO activity, DAI, and CMDI, better than other groups [49].

5.3  Acetylsalicylic acid reduces the severity of dextran sodium sulfate-induced 
colitis and increases the formation of anti-inflammatory lipid mediators

The goal of this study was to evaluate the effect of acetylsalicylic acid (ASA) on 
DSS colitis in mice. Female C57BL/6 mice, average body weight 19–21 g, were divided 
into three groups: Control group, another group receiving 3% DSS and no treatment 

Figure 4. 
Percent change in values of hemoglobin (Hgb) relative to basal values. Groups DSS2, IP2, and PO2 represent DSS 
colitis mice after administration of drugs. DSS, dextran sulfate sodium; IP, eptifibatide treatment; PO, ticagrelor 
treatment (Kruskal-Wallis test: HGB, p = 0.369).

Figure 5. 
Percent change in values of hematocrit (HCT) relative to basal values. Groups DSS2, IP2, and PO2 represent 
DSS colitis mice after administration of drugs. DSS, dextran sulfate sodium; IP, eptifibatide treatment; PO, 
ticagrelor treatment (Kruskal-Wallis test: HCT, p = 0.104).
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and ASA group, receiving 3% DSS and daily intraperitoneal ASA for 5 days. 
Bodyweight, occult blood in stool samples, histological evaluation of the distal colon, 
and magnetic resonance imaging (MRI) were measured to evaluate colitis severity. 
The authors concluded that DSS colitis can be alleviated by ASA [50].

5.4  CD40-CD40 ligand mediates the recruitment of leukocytes and platelets in 
the inflamed murine colon

The aim of this study was to evaluate the role of the CD40-CD40L signaling 
pathway in intestinal inflammation in DSS colitis in mice and the anti-inflammatory 
effect of Trapidil (triazolopyrimidine) on intestinal inflammation. Trapidil is an 
antagonist of platelet-derived growth factor and it was developed to inhibit the 
response of monocytes to CD40L. They found a 10-fold increase in CD40 expres-
sion in endothelial cells in the colon (an important result of CD40-CD40L signaling 
pathway), increased recruitment of Plt and leukocytes in colonic venules due to 
CD40-CD40L pathway and significant inhibition of CD40-CD40L signaling pathway 
with Trapidil [51].

5.5  The role of P-selectin in experimental colitis as determined by antibody 
immunoblockade and genetically deficient mice

The objective of this study was to evaluate the role of Psel on leukocyte recruit-
ment and the effect of its blockade with an anti-P-sel antibody. They induced DSS 
colitis in wild type and P-selectin−/− C57BL/6 J mice. Disease activity index, plasma 
IL-6, length of colon and rectum, histological damage of the colon, and MPO activ-
ity of the distal colon were evaluated. Leukocyte-endothelial interaction in colonic 
venules was assessed using intravital microscopy. Vascular cell adhesion protein 1 
(VCAM-1) and intercellular adhesion molecule 1 expression on endothelial cells and 
expression of very large antigen-4 integrin on circulating leukocytes were obtained. 
They found that Psel has an important role in intestinal inflammation in DSS colitis. 
Its blockade or genetic deficiency offers protection against DSS colitis. They also 
found that treatment of DSS colitis with Psel antibody was very potent in reducing 

Figure 6. 
Percent change in values of platelets (PLT) relative to basal values. Groups DSS2, IP2, and PO2 represent DSS 
colitis mice after administration of drugs. DSS, dextran sulfate sodium; IP, eptifibatide treatment; PO, ticagrelor 
treatment (Kruskal-Wallis test: PLT, p = 0.307).
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DAI, MPO activity, and leukocyte adhesion. The VCAM-1 over-expression in the 
colon and extracolonic organs and increased level of IL-6 in circulation were observed 
in P-selectin−/− mice, but not in mice treated with anti-P-sel antibodies. The conclu-
sion was that Psel is a key molecule for the development of DSS colitis and that Psel 
antibodies administration or genetic deficiency offers protection against DSS colitis 
by diminishing leukocyte recruitment in the colon [52].

5.6  Daily aspirin use does not impact clinical outcomes in patients with 
inflammatory bowel disease

It was a retrospective analysis of 174 patients with pre-existing inflammatory 
bowel disease, who were taking aspirin, due to cardiac comorbidity, for at least 
18 months and did not differ in age, gender, disease duration, smoking status, medi-
cation usage, or baseline C-reactive protein. They were looking for the connection 
between aspirin and inflammatory bowel disease (IBD) related hospitalization/
surgery/corticosteroid required during the period of follow-up. Their results indicate 
that aspirin use did not have a clinical impact on IBD patients [53].

6. The role of antiplatelet drugs in the treatment of UC

A retrospective analysis of 36 patients with pre-existing IBD (test group), who 
started on combination therapy of aspirin and clopidogrel for at least 6 months, due 
to PCI for coronary artery disease. There was a control group with IBD matched for 
gender and age, not taking antiplatelet therapy. They found no change in frequency of 
IBD exacerbations between groups, after the initiation of the aspirin and clopidogrel 
in the test group [54].

6.1  Antibacterial activity of ticagrelor in conventional antiplatelet dosages 
against antibiotic-resistant Gram-positive bacteria

After analysis of the PLATO study, the question was raised whether ticagrelor 
has antibacterial activity in standard anti Plt dosages against Gram-positive bacteria 
because patients treated with ticagrelor had a lower risk of infection-related death 
than patients treated with clopidogrel. Authors proved that in vitro ticagrelor has 
bactericidal activity against all Gram-positive strains tested, including drug-resistant 
strains glycopeptide intermediate Staphylococcus aureus, methicillin-resistant 
Staphylococcus epidermidis, methicillin-resistant S. aureus, and vancomycin-resistant 
Enterococcus faecalis. These bactericidal concentrations are not reached in the 
systemic circulation but might be reached at the infection site probably by drug 
accumulation [55].

6.2  Repurposing a platelet aggregation inhibitor ticagrelor as an antimicrobial 
against Clostridioides difficile

The author tested the antimicrobial activity of ticagrelor against different types of 
Clostridium difficile (C. diff) in vitro. They found that ticagrelor has minimal inhibi-
tory concentration (MIC) 20–40 μg/ml for all types of C. diff. Ticagrelor had a more 
rapid killing profile compared to metronidazole and vancomycin, and also inhibited 
biofilm formation, which is very important for the pathogenicity of C. diff infection. 
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Ticagrelor effectively reduced spore germination of C. diff, caused membrane disrup-
tion in C. diff and had an additive effect on metronidazole and vancomycin [56].

7. Conclusion

The exact pathophysiology of ulcerative colitis is unknown. Except immune cells, 
it is important to take platelet function into the consideration so we could improve 
the response rate to the standard therapy in ulcerative colitis patients. Antiplatelet 
therapy is still not a part of the therapeutic armamentarium for this disease. We have 
increasing evidence that raises the possibility of using antiplatelet therapy in humans 
with ulcerative colitis. Antiplatelet therapy in UC is safe and it seems that ticagrelor 
could be the drug of the first choice.
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CMDI colon mucosal damage index
cAMP cyclic adenosine monophosphate
COX cyclooxygenase
CYP cytochrome P450
DSS dextran sulfate sodium
DAI disease activity index
GPIIbIIIa glycoprotein IIbIIIA
HCT hematocrit
Hgb hemoglobin
IBD inflammatory bowel disease
IL interleukin
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MRI magnetic resonance imaging
MPV mean Plt volume
MIC minimal inhibitory concentration
MPO myeloperoxidase
PCT plateletcrit
PCI percutaneous coronary intervention
PDW platelet distribution width
PLA platelet-leukocyte aggregates
Plt platelets
Psel P-selectin
PDMP Plt derived microparticles
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Chapter 3

Complications of Ulcerative Colitis 
in Children
Sabina Wiecek

Abstract

Inflammatory bowel disease is a group of chronic disorders of the gastrointestinal 
tract, including Lesniowski-Crohn disease, ulcerative colitis, and indeterminate coli-
tis. The most frequently occurring symptoms in patients with IBD, including ulcer-
ative colitis, involve abdominal discomfort, recurring and often bloody diarrhoea, 
weight loss, and the resulting anaemia and/or cachexia. Extraintestinal manifesta-
tions of ulcerative colitis may precede the diagnosis of inflammatory bowel disease, 
they may also occur during remission (pyoderma gangrenosum, uveitis, spondylitis, 
and PSC) or accompany an exacerbation of the disease (erythema nodosum, episcle-
ritis, aphthae, and some forms of peripheral spondyloarthritis). This study focuses 
on the most common extraintestinal manifestations and complications in ulcerative 
colitis in paediatric patients.

Keywords: ulcerative colitis, parenteral symptoms, complications, children

1. Introduction

Inflammatory bowel disease is a group of chronic disorders of the gastrointestinal 
tract, including Lesniowski-Crohn disease, ulcerative colitis, and indeterminate colitis. 
The course of these disorders is characterised by alternating periods of remission, 
which may last even a few years, and exacerbation. Chronic inflammatory bowel 
diseases develop as a result of coexisting genetic, immunological and environmental 
factors, and the immune system, which is linked to the digestive system and constitutes 
a vast proportion of the whole defence mechanism of our body. Among the most 
frequently occurring symptoms in patients with IBD, including ulcerative colitis, 
are abdominal discomfort, recurring and often bloody diarrhoea, weight loss, and 
the resulting anaemia and/or cachexia. The aspects of extraintestinal symptoms of 
inflammatory bowel diseases are not discussed often, and yet in as many as 40–50% 
of patients, at least one extraintestinal manifestation of IBD occurs with even 25% 
of patients reporting two or more symptoms not related to the digestive system. The 
causes of the occurrence of extraintestinal symptoms in the course of ulcerative colitis 
have been widely discussed. Increased permeability of the intestinal wall allows for the 
contents of the bacterial wall (endotoxins) and other components to enter the blood-
stream, which may cause inflammation. Extraintestinal manifestations of ulcerative 
colitis may precede the diagnosis of inflammatory bowel disease, occur during remis-
sion (pyoderma gangrenosum, uveitis, spondylitis, and primary sclerosing cholangitis) 
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or accompany an exacerbation (erythema nodosum, episcleritis, aphthae, and some 
forms of peripheral spondyloarthritis). The course of inflammatory bowel diseases 
in children is more severe than in adults. Extraintestinal manifestations may precede 
intestinal ones by months or years and may lead to false diagnoses and delayed treat-
ment. Patients with extraintestinal manifestations often first consult other specialists, 
such as ophthalmologists, orthopaedic surgeons, or rheumatologists, before being 
diagnosed with a gastroenterological disorder. Ankylosing spondylitis or primary 
sclerosing cholangitis, which co-occur in patients with ulcerative colitis pose a greater 
health problem for some patients than the main intestinal disease(Table 1) [1–6].

Gastrointestinal complications are as follows:

a. Toxic megacolon (megacolon toxicum): a potentially lethal complication was 
observed in 3–4% of all patients with ulcerative colitis. Toxic megacolon usually 
occurs in patients whose whole area of the large intestine (pancolitis) has been 
affected shortly after the onset of the disease. Pathophysiological factors include 
inflammation-induced severe damage to the intestinal wall, electrolyte imbal-
ance, and hypoproteinemia. Antidiarrheals and a barium enema may addition-
ally contribute to the development of the complication. The removed intestine 
is characterised by significant thinning, fragility of the walls, and segmental 
mucosal atrophy. Histopathological examination shows significant hyperaemia, 
infiltration of all layers of the intestinal walls, and multiple small microperfora-
tions. Diagnostic criteria for megacolon toxicum involve radiological symptoms of 
large bowel distension, clinical symptoms (fever, HR >120/min and leukocytosis), 
and at least one of the following symptoms—dehydration, impaired conscious-
ness, and decreased RR. The physical examination reveals increased tension 
and tenderness of the abdominal wall to palpation, as well as absent or subdued 
peristaltic sounds. In some cases, peritoneal symptoms occur, which may indicate 
an intestinal perforation. The diagnosis of toxic megacolon is based on the clinical 
picture and X-ray picture of the abdomen, which will show extensive distension 
of the colon filled with gas. A radiological criterion for megacolon is the transverse 
colon exceeding 6 cm in diameter in the body’s midline. Laboratory tests show 
leukocytosis, anaemia, hypoalbuminaemia, and hypokalemia.

The skeletal system Osteopenia/osteoporosis

The liver and bile ducts Steatosis
Primary sclerosing cholangitis
Autoimmune cholangitis
Bile duct cancer

Joints Arthritis of the large joints
Sacroiliitis
Ankylosing spondylitis

The skin Erythema nodosum
Pyoderma gangrenosum

The eye Conjunctivitis
Iritis

The vascular system Vein thrombosis
Embolism

Table 1. 
Extraintestinal symptoms of ulcerative colitis.
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b. Perforation of the large intestine may further complicate toxic megacolon but 
it may also occur independently in a severe course of the disease. It occurs in 
severe, often first flares of ulcerative colitis and most often affects the left half 
of the colon. The clinical presentation is dominated by the symptoms of acute 
abdomen and peritonitis. The presence of free gas trapped within the peritoneal 
cavity visible in the abdominal X-ray picture or CT scan is the most reliable 
confirmation of the perforation.

c. Intestinal bleeding: caused by significant inflammatory lesions in the rectal and 
colonic mucosae. It is a life-threatening condition that can only be averted by 
colectomy.

d. Intestinal stricture: observed in 12% of patients with UC after 5–25 years with the 
condition, typically in the sigmoid colon or the rectum. However, it may occur at 
any time during the course of the disease. A severe course of the disease gradu-
ally leads to fibrosis and strictures in the lumen of the intestines. It is caused by 
the hypertrophy and thickening of the muscularis mucosa with accompany-
ing fibrotic lesions. Their length does not usually exceed 3 cm but may reach 
20–30 cm. The diagnosis of this complication based on clinical symptoms is 
difficult. Symptoms of strictures involve constipation, abdominal distension, 
sometimes more severe diarrhoea, or faecal incontinence. In the endoscopic and 
radiological examination, the lesions may imitate those of colorectal cancer.

e. Colorectal cancer: the most serious, if remote, consequence of ulcerative colitis is 
colorectal cancer. Risk factors include prolonged ulcerative colitis (over 8 years), 
large affected area of the large intestine, and the onset of the disease in childhood. 
An early diagnosis is difficult. Colonoscopy, together with multiple biopsies of all 
parts of the large intestine play the greatest role in diagnostics. These examinations 
also contribute to the detection of the characteristic precancerous lesions in the 
form of intestinal epithelial dysplasia. Low- or high-grade dysplasia is observed 
in flat, macroscopically insignificantly changed, or normal mucosa or in small 
irregularities or polypoid elevations in the mucosa, endoscopically detectable.

f. Perirectal lesions occur in 5–18% of patients with ulcerative colitis. They include 
thrombosed or prolapsed haemorrhoids, skin maceration, fissures, abscesses, 
and/or perianal fistulas. The majority of these lesions are secondary to diarrhoea 
and are characterised as acute bacterial complications. The diagnosis is based on 
a thorough physical examination. The main type of the internal fistula in IBD is 
rectovaginal fistula.

g. Gastrointestinal amyloidosis is characterised by the depositing of protein 
substances (amyloid) in the gastrointestinal wall leading to its thickening and 
disorders of the motor activity of the gastrointestinal tract [1–6] (Table 2).

Extraintestinal symptoms. Many patients with ulcerative colitis experience symp-
toms from other organs and systems. Comorbidities, also referred to as systemic 
complications can be divided into two groups—conditions that occur mainly in the 
exacerbation of colitis ulcerosa (e.g., arthritis of the large joints, iritis, and erythema 
nodosum) and conditions occurring independently from the activity of colitis (e.g., 
ankylosing and most complications from the liver and bile ducts).
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2. Malnutrition

Malnutrition is a significant complication in children with inflammatory bowel 
disease that results in delayed growth and puberty. Fatigue and loss of appetite are 
sometimes also observed. They may imitate anorexia nervosa.

Inhibition of growth and/or puberty. The main causes include chronic inflammation, 
abnormal level of nutrition, and intake of glucocorticoids for medicinal purposes [2, 4, 5].

3. Hepatic lesions

Liver-related symptoms may present as hypertransaminasemia caused by the 
disease or as a result of the treatment (sulfasalazine, steroids, azathioprine, and 
parenteral nutrition). Other serious complications include autoimmune hepatitis and 
primary sclerosing cholangitis. Liver-related symptoms are observed in about 50% of 
patients with ulcerative colitis. Primary sclerosing cholangitis (PSC). A total of 90% of 
patients with primary sclerosing cholangitis have ulcerative colitis. Primary scleros-
ing cholangitis (PSC) is a chronic cholestatic liver disease of complex aetiology that 
leads to damage to intra- and extrahepatic bile ducts. The following factors play a part 
in the etiopathogenesis—genetic (HLAA1, B8, DR3), autoimmune, infectious, and 
environmental (the impact of diet and the gastrointestinal microbiome). The disease 
is characterised by the narrowing of the bile ducts that impairs the flow of the bile 
and leads to cholestasis. Consequently, it may result in portal hypertension, cirrhosis/
liver failure, maldigestion, and malabsorption of fat and vitamins. Europe and North 
America report the highest incidence rate, at 4.1–16/100,000 of inhabitants. The 
highest incidence rate is among 20–40-year-olds. The incidence rate of PSC in the 
paediatric population is reported at 0.2/100,000/year, with a higher rate among  
the adult population, at 0.5–1/100,000/year.

The clinical manifestation is not characteristic. In 40–60%, there are no clinical 
symptoms, and the observed abnormal parameters of cholestasis and damage to the 
liver suggest primary sclerosing cholangitis.

Intestinal complications of ulcerative colitis Frequency of occurence

Megacolon toxicum 3–4%

Perforation 2.5–3.5%

Haemorrhage

Perirectal lesions

• fissures

• abscesses

• fistulas

• Haemorrhoids/prolapsed haemorrhoids

5–18%

Inflammatory polyposis 10–12%

Stricture 8–12%

Cancer 0.5–1.5%

Table 2. 
Intestinal complications of ulcerative colitis.
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In some patients, the skin and the sclera turn yellow, and other symptoms involve 
itching, fatigue, loss of body weight, weakness, epigastric pain, andor episodes of 
fever. PSC is a progressive condition leading to cirrhosis and liver failure. A total of 
50% of patients with primary sclerosing cholangitis require a liver transplant within 
10–15 years of diagnosis. A total of 50–80% of patients with PSC have a co-existing 
inflammatory bowel disease (ulcerative colitis more often than Lesniowski-Crohn’s 
disease). Lesions more often affect the right colon, with the rectum remaining unaf-
fected (free). Interestingly, only 2–4% of patients with ulcerative colitis, and 1.4–3% 
of those with Lesniowski-Crohn’s disease have co-existing PSC. Other autoimmune 
conditions often co-exist in patients with PSC. They are type 1 diabetes mellitus, 
coeliac disease, autoimmune pancreatitis and Hashimoto thyroiditis, glomerulone-
phritis, and/or arthritis. Diagnosis. Laboratory tests reveal elevated parameters of 
cholestasis and damage to the liver. A total of 40–50% of patients have increased IgM 
and IgG, and in 20–50%, there are anti-nuclear antibodies and/or anti-smooth muscle 
antibodies. In 50–70% of patients, pANCA antibodies are present. Cholangio-MRI 
reveals the characteristic picture of strictures with subsequent dilatations of the intra- 
and/or extrahepatic bile ducts. Retrograde cholangiopancreatography (ERCP) is per-
formed in the case of clinical uncertainty, or a need for treatment (sphincterotomy, 
stenting) and/or for cytology to confirm or exclude cholangiocarcinoma. Similarly, 
histopathological assessment of liver biopsies is only conducted in the case of diag-
nostic uncertainty. Histopathological examination reveals fibrosis around bile ducts—
“onion skin” in 20–40%, inflammatory infiltrate in portal areas, the proliferation 
of the bile ducts, and subsequent biliary ductopenia. Complications. Inflammation 
and fibrosis lead to the development of cirrhosis of the liver. Patients with PSC are 
at a higher risk of developing cholangiocarcinoma and/or hepatocellular carcinoma. 
Primary sclerosing cholangitis is linked with an increased risk of colorectal cancer 
(in 9% after 10 years of diagnosis, in 31% after 20 years, and in 50% after 25 years), 
cholangiocarcinoma, and/or gallbladder cancer (400× greater risk). Close to 50% 
of gallbladder polyps in patients with PSC is malignant. 1/3 of cholangiocarcinoma 
in adults is diagnosed at the same time as PSC. The treatment of primary sclerosing 
cholangitis involves ursodeoxycholic acid, which, despite being controversial, reduces 
the risk of dysplasia within the large intestine. It is possible that ursodeoxycholic acid 
lowers the concentration of endogenic, harmful metabolites of bile acids. There has 
been research on the inclusion of vancomycin in the treatment of patients with PSC, 
but its efficacy was not proven. In the case of strictures in bile ducts and cholelithia-
sis, the procedure of ERCP is adopted. A liver transplant is necessary in the case of 
recurrent cholangitis, end-stage liver failure, portal hypertension, and/or treatment-
resistant pruritus. Autoimmune hepatitis. In some patients, it accompanies primary 
sclerosing cholangitis. The clinical manifestations are not characteristic—sometimes 
weakness, the yellowing of the skin and the sclera, pruritis and hepatosplenomegaly. 
Laboratory tests reveal elevated parameters of liver damage and cholestasis, hyper-
gammaglobulinemia, and high levels of IgG. Histopathological assessment of a liver 
biopsy is crucial for the final diagnosis. The treatment involves immunosuppressive 
drugs (glucocorticoids, azathioprine, and cyclosporine). Cholelithiasis. Cholelithiasis 
is more frequently observed in patients with Lesniowski-Crohn disease than in those 
with ulcerative colitis, especially with the lesions affecting the ileum terminale and 
after ileocecal resection (link with interrupted enterohepatic circulation). In patients 
with ulcerative colitis, cholelithiasis occurs noticeably and frequently following large 
bowel resection and is linked to the abnormal absorption and transport of bile acids. 
The problem may affect even 10–30% of patients. Liver steatosis is the most frequently 
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observed liver pathology in the course of inflammatory bowel disease. The aetiology 
highlights the role of an unhealthy diet, loss of body weight, and steroid therapy. 
Hepatic steatosis may affect even 40% of patients with ulcerative colitis. Hepatic ste-
atosis often correlates with the severity of the inflammatory bowel disease and often 
subsides once treated. Hepatic amyloidosis—the problem concerns 0.07% of patients 
with ulcerative colitis. The aggregation of amyloid in the liver leads to asymptomatic 
hepatomegaly. No correlation has been shown between the occurrence of amyloidosis 
and the advancement of intestinal lesions, the scope and duration. Liver abscess. It 
occurs more often in the course of Lesniowski-Crohn disease. Laboratory tests show 
leukocytosis and elevated activity of alkaline phosphatase. Liver abscesses may 
develop as a result of direct contact with an abdominal abscess or the hematogenous 
spread of inflammation. Drug-induced hepatotoxicity:

• 5-ASA-elevated aminotransferases

• Azathioprine/6-mercaptopurine—asymptomatic elevated aminotransferases 
(in 5%), vein thrombosis

• Methotrexate—steatosis, fibrosis, and cirrhosis of the liver, depending on the 
dose [7–16].

4. Pancreatic complications

Pancreatitis. Increased activity of amylase/lipase in the blood serum is observed in 
14% of patients with inflammatory bowel disease. It is most often asymptomatic and 
has no link with the activity of bowel disease. Acute pancreatitis may be a side-effect 
of treatment with the following drugs—azathioprine, sulfasalazine, and mesalazine. 
The symptoms usually occur within the first weeks of treatment. The course of 
the disease is usually mild and rapidly subsides once the triggering factor has been 
withdrawn. Apart from the impact of the applied treatment, the pathomechanism has 
not been entirely determined. It may be connected with autoimmunological factors 
and the formation of antibodies. Autoimmune pancreatitis. The impact of inflamma-
tory mediators and the presence of anti-pancreatic antibodies has been considered. It 
is very rarely observed in the paediatric population [1–6, 17, 18].

5. Skin lesions

Skin lesions are observed in about 3–10% of patients with ulcerative colitis. 
Erythema nodosum is an inflammatory condition that affects the subcutaneous fat in 
the skin and is characterised by the formation in the subcutaneous tissue of weakly 
delineated, flatly elevated, tender, red and warm nodules of 1–1.5 cm in diameter (the 
nodules may merge). They usually appear on both sides of the lower leg (less com-
monly on the calves), but they are not uncommon on the thighs, buttocks, arms, and 
torso. The nodules do not fade after 2–9 weeks, they subside without leaving scars, 
and they may leave post-inflammatory discolouration. It usually precedes a relapse 
of the intestinal condition and related gastrointestinal manifestations. However, in 
some patients, the course of this skin complication is independent of the activity of 
ulcerative colitis. It may affect even 10–15% of patients with ulcerative colitis, more 
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of whom are women. The treatment involves the treatment of the intestinal disease, 
and glucocorticoids also render good results. Pyoderma gangrenosum. It occurs very 
rarely in the paediatric population with inflammatory bowel disease, affecting less 
than 1% of patients. Pyoderma gangrenosum most often presents in its severe, classic 
form (skin ulcers) or milder, pustular form. The lesions rapidly transform into ulcers 
affecting the skin and the superficial layer of the subcutaneous tissue. They are 
mainly located within the pretibial region, but they may affect every body part. They 
may lead to abscesses, ulcers, and osteomyelitis. Pyoderma gangrenosum does not 
always correlate with the activity of intestinal disease. Histopathological examination 
shows necrotic lesions in the skin, substantial leukocyte infiltrations, thrombosed 
veins, and petechiae. The healing process is difficult and leaves behind anthropic 
scars. The treatment involves high doses of glucocorticoids and in some cases cyclo-
sporine and infliximab. Sweet’s syndrome is a form of erythema exsudativum multi-
forme with accompanying fever and neutrophilia, also seen in patients with ulcerative 
colitis. Lesions may resemble erythema nodosum but steroid treatment rapidly brings 
improvement. Psoriasis. Occurs five times more frequently in patients with ulcerative 
colitis than in the population. It may be a side effect of the applied biological treat-
ment. Epidermolysis bullosa acquisita. Following a mechanical injury, large subepithe-
lial blisters form, often blood-filled. The lesions are most often located on the hands, 
the soles of the feet, in the elbow creases and behind the knees. Erosions within the 
oral cavity are observed in some patients. Necrotizing vasculitis. May lead to peripheral 
gangrenous lesions.

Stomatitis aphthosa occurs in around 3% of patients with ulcerative colitis. Mouth 
ulcers most often present as small and rather shallow erosions in the mucosal surfaces 
of the cheeks, soft palate, and/or the tongue. Such ulcers require differential diagnosis 
with moniliasis, which is another complication following severe lapses of ulcerative 
colitis treated with glucocorticoids and antibiotics [19, 20].

6. Rheumatoid symptoms

Arthritis may affect single or many joints, including knees, elbows, and/or hips 
(around 3.8%). Ankylosing spondylitis and sacroiliitis may also occur. Manifestations 
from the musculoskeletal system are the most common extraintestinal symptoms 
of inflammatory bowel disease, with as many as 25% of patients with UC affected. 
Arthritis may occur together with, or irrespective of the level of activity of inflamma-
tory bowel disease. Lesions of the joints occur more often in patients with intestinal 
and extraintestinal complications, such as abscesses, pseudopolyps, perirectal lesions, 
and/or lesions in the mouth, erythema nodosum or pyoderma gangrenosum. The 
location of arthritis may change and may move from one joint to another. It usu-
ally lasts several weeks, rarely leading to joint deformity, and subsides following 
standard treatment for IBD. Patients are diagnosed with arthralgia (the presence of 
pain not linked with the inflammation) and spondyloarthropathies (arthritis with 
swelling, pain, redness, impaired mobility, and lesions seen in the imaging tests). 
The pathophysiology of these conditions is not fully known. Classification: A. Type I 
arthritis—type I arthropathy—axial type—typically affects several large peripheral 
joints (usually fewer than five), with often nonsymmetric and self-limiting lesions, 
and linked with the activity of the primary condition. It may precede the intestinal 
symptoms. It does not lead to the destruction of the affected joints. B. Type II arthri-
tis—type II arthropathy—peripheral type—concerns at least five small peripheral 



Ulcerative Colitis - Etiology, Diagnosis, Diet, Special Populations, and the Role of Interventional…

58

joints, symmetric and with no link to the primary condition. Lesions occurring in 
this type are usually chronic and recurring. Synovitis occurs in both types. Synovial 
biopsies indicate non-characteristic lesions in the form of increased blood flow, epen-
dymal proliferation, and mononuclear cell infiltration. Laboratory tests in arthritis 
are not specific. Leukocytosis, the ESR, and C-reactive protein correlate more with 
the activity of the intestinal disease and are of little value in the diagnostics of lesions 
in the joints. Synovial fluid analysis shows an increased count of leukocytes with the 
majority of neutrophils. Radiological analysis of peripheral joints shows mild oedema 
of the tissue, osteoporosis, periostitis, and exudation, usually without erosions or 
bode destruction. CT and/or MRI scans prove very useful for the assessment of 
lesions within the sacroiliac joints. Axial spondyloarthropathy is treated with relevant 
physiotherapy, rest, and specialist medication (sulfasalazine and mesalazine, among 
others)—as the only treatment of the primary condition, which, once in remission 
will also result in the withdrawal of the manifestations from the musculoskeletal 
system. Lesions in type II inflammation are often chronic and recurring, with both 
rheumatological and physiotherapy assistance necessary.

Ankylosing spondylitis occurs in 4–8% of patients with IDB. Men are affected 
more often than women. In around 60% of patients, the HLA-B27 antigen is pres-
ent. The occurrence of ankylosing spondylitis is over 30 times higher in patients 
with ulcerative colitis compared to the general population. No correlation between 
the advancement of lesions in the joints and that of the lesion of the large intestine 
has been shown. The clinical manifestations of AS involve pain and stiffness in the 
lumbar spine, in particular in the morning or after a period of rest. The disease is 
progressing and is characterised by periods of relapse. It may lead to significant 
impairment of mobility. First-line treatment involves physiotherapy and in some cases 
immunosuppressants. Sacroiliitis occurs in around 14% of patients with inflammatory 
bowel disease but is mildly symptomatic in 90% of cases. There is no link between 
sacroiliitis and the activity of intestinal disease. The course is often asymptomatic, 
and the condition is diagnosed incidentally during radiological tests. The treatment 
involves sulfasalazine, analgesics, and physiotherapy. Fibromyalgia syndrome affects 
soft tissues, and its clinical manifestations are typical of the area affected. The most 
frequent symptoms are muscular pain and pain in the areas of tendon insertion 
points, for example, within the shoulder girdle, elbow joints, pelvis, knee joints, and 
rib attachments. In the physical examination, tenderness of the tendon insertion 
points is noticeable (tender points). The treatment involves anti-inflammatory and 
analgesic medication, as well as regular physiotherapy [1–6, 21–24].

7. Opthalmological manifestations (1%)

Ophthalmological manifestations concern mainly patients with ulcerative colitis, 
with the whole area of the large intestine affected and accompanying lesions in the 
joints. They occur in 6–60% of patients with IBD, almost twice as frequently in men 
as in women. These complications are typically one-sided, and their presence is linked 
with the activity of the primary condition. The most common ones involve water-
ing eyes, burning eyes, pain in the eyes, light sensitivity, conjunctival hyperaemia, 
scleral hyperaemia, impaired visual acuity, or complete vision loss. Ophthalmological 
complications may also be asymptomatic. Inflammation may develop in any part 
of the eye. Episcleritis, together with uveitis is the most common ophthalmological 
complication of inflammatory bowel disease. Less frequent conditions include iritis 
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scleritis, keratitis, and conjunctivitis. Among complications related to the treatment 
of IBD, cataract is often observed, which is probably linked to the prolonged use of 
glucocorticoids.

Iritis. It presents with blurred vision, headache and pain in the eye, photophobia, 
and irritated conjunctiva. Uveitis. Its course is often insidious and chronic. The 
clinical manifestations involve painful eyes, blurred vision, photophobia, and/or 
headaches. This disease occurs four times more frequently in women. In the physi-
cal examination, inflammatory lesions are concluded in the front area of the uvea, 
corneal opacity, and/or conjunctivitis. Lesions are usually both-sided. In 75% of 
patients arthritis also occurs. The treatment involves glucocorticoids, used topically 
and systemically. Episcleritis. Its course may be asymptomatic (2–5%) or may present 
as burning and sore eyes. The physical examination shows vascular injection of the 
ciliary body and visible inflammation in the episclera. The treatment involves treat-
ing the primary disease and topical steroids. Cataract. May be linked with the use of 
glucocorticoids.

Rare opthalmological complications are as follows:

• Central retinal vein occlusion and retinal vasculitis.

• Subepithelial keratopathy.

• Peripheral corneal ulcer and/or corneal infiltrates.

• Central serous chorioretinopathy [1–6].

8. Haematological complications

Anaemia concerns almost 30% of patients with IBD. It significantly affects the 
quality of life. Chronic blood loss, impaired absorption, and the impact of cytokines 
play an important role. Similarly, the applied treatment, involving sulfasalazine, 
methotrexate, and azathioprine also contributes to the condition. In the treatment of 
anaemia linked to ulcerative colitis, an early therapeutic intervention that is suited to 
the deficiencies and activity of the intestinal disease is extremely important.

Hypochromic anaemia is caused by microhaemorrhages within the gastrointestinal 
tract and ongoing inflammation. Anaemia caused by B12/folic acid deficiency includes 
autoimmune haemolytic anaemia and thrombocytopenia/thrombocytosis [1–6, 25–27].

9. Osteoporosis/osteopenia

Reduced bone mineral density has a complex mechanism and is related to 
deficiencies in protein and calories, abnormal absorption of calcium, vitamin D 
deficiency, glucocorticoid therapy, and the adverse impact of proinflammatory 
cytokines (TNF-alpha, IL-1alpha, IL-1Beta, and IL-6) on the bone tissue metabolism. 
Osteoporosis occurs in approximately 15% of patients with inflammatory bowel 
disease. Osteoporosis and osteopenia develop particularly often in patients with 
co-existing sclerosing cholangitis, probably as a result of the abnormal transportation 
and absorption of bile acids. It has been shown that patients with IBD statistically 
significantly more often experience fractures of long bones and the corpus vertebrae. 
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Densitometry is a screening test and should be performed in particular in groups of 
patients with severe IBD, especially treated with glucocorticoids [1–6].

10. Nephrological complications

In patients, especially in paediatric ones, the calcium obtained from food interacts 
with unabsorbed fatty acids. This leads to an increase in urine oxalate excretion, and 
significantly increases the risk of urolithiasis. Some studies concerning IBD men-
tion cases of glomerulonephritis caused by concentrations of immune complexes in 
patients affected. Recurring urinary tract infections, hydronephrosis, and renal amy-
loidosis are reported relatively more frequently compared to the general population.

Urolithiasis. Occurs particularly often in patients with Lesniowski-Crohn disease 
and with the affected small intestine or following its resection. It develops as a result 
of calcium-binding with unabsorbed fatty acids.

Interstitial nephritis. Also known as tubulointerstitial nephritis is an inflamma-
tion process that develops mainly in the areas of the kidney other than the glomeruli. 
Those areas, that is, the renal interstitium and renal tubules become infiltrated with 
inflammatory cells, which leads to abnormal renal functions. The symptoms of acute 
interstitial nephritis may occur from the 1st day to over 2 months (on average within 
3 weeks) after the triggering factor (e.g., the intake of new medication). The most 
common manifestations include fever and pain within the lumbar area. Chronic 
interstitial nephritis may be asymptomatic for many years. Glomerulonephritis is a 
group of diseases characterised by the inflammation of the glomeruli, which impairs 
normal kidney functions. Inflammatory cells (lymphocytes and leukocytes) and 
antibodies concentrate within the glomeruli that trigger the hyperplasia of the normal 
glomerular cells. If the inflammation is chronic, the glomeruli become fibrotic over 
time, and this leads to renal failure. Infections of the urinary tract. Frequently recurring 
cystitis; E.coli being the most frequently isolated pathogen. Hydronephrosis is caused 
by the obturation of the ureter by inflammatory lesions within the abdominal cavity. 
Renal amyloidosis [1–6, 28–30].

11. Cardiological complications

Pericarditis, including drug-induced; sulfasalazine/mesalazine [1–6, 31, 32]. 
Myocarditis occurs in patients with ulcerative colitis twice as frequently as in the 
healthy population.

12. Pulmonary complications

The following occur with a greater frequency—pulmonary vasculitis, chronic 
bronchitis and bronchiolitis, and bronchiectasis (more extensive and more rapidly 
developing compared to those of another aetiology). It is sometimes difficult to deter-
mine whether the pulmonary lesions are an extraintestinal manifestation or indepen-
dent comorbidity. Interstitial pneumonia. Interstitial lung diseases are characterised by 
progressive damage to the architecture of the alveoli and the lungs, which leads to the 
loss of normal pulmonary functions.

Drug-induced pulmonary complications are as follows:
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• Eosinophilic pneumonia/pleuritis: The clinical presentation is dominated by 
fever, cough, dyspnoea, and respiratory distress. The HRCT test shows ground-
glass areas and the BAL fluid eosinophil greater than 25%.

• Methotrexate-related complications—after as little as 1 dose and up to 4 weeks fol-
lowing the last dose; folic acid does not protect from such complications. Imaging 
tests show diffuse lesions, interstitial infiltrates, fibrosis, and granulomas.

• Azathioprine-related complications—rarely-interstitial pneumonia; discontinu-
ation of the medication usually leads to improvement and the withdrawal of the 
symptoms.

• Anti-TNFα-related complications-usually interstitial pneumonia-often in older 
patients, with previous lung strains and with simultaneous immunosuppressing 
therapy-discontinuation of treatment leads to the withdrawal of the symptoms 
in most patients.

Opportunistic infections. Infections with Mycobacterium tuberculosis, 
Pneumocystis carini, Listeria monocytogenes, Aspergillus fumigatus, Histoplasma 
capsulatum, and Cytomegalovirus.

The pulmonary lesions are usually either asymptomatic or oligosymptomatic. 
Pulmonary function tests show abnormalities in over 40% of patients. The classic 
thoracic X-ray in the majority of patients is non-characteristic. A High-resolution CT 
scan, on the other, is a helpful diagnostic tool.

Also, patients with inflammatory bowel disease develop asthma more often 
[1–4, 33, 34].

13. Arterial/vein thrombosis

Occurs 3–4 times more often in patients with inflammatory bowel disease com-
pared with the healthy population. The frequency of occurrence increases with age 
and concerns 2–10% of patients with IBD. Vein thrombosis is the dominant condition. 
The treatment involves low molecular weight heparin.

Types of thrombosis are as follows:

• deep vein thrombosis.

• pulmonary embolism.

• thromboembolic lesions of intracranial vessels and/or of the eye.

The significance of these complications are mainly due to the young age of the 
affected patients, a large percentage of deaths and complex treatment (the use of 
anticoagulants in patients with gastrointestinal bleeding). It is often recurring. Vein 
thrombosis in the course of IBD is characterised by the atypical location of the throm-
botic lesions, correlates with the activity of the intestinal disease and has a proven link 
with the use of glucocorticoids. Active intestinal disease with thrombocythaemia and 
increased activity of blood coagulation factors, as well as an increase in the concen-
tration of homocysteine, are additional factors contributing to the development of 
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thrombosis. Thromboprophylaxis should be adopted in patients with medium/acute 
exacerbation of inflammatory bowel disease [27].

14. Neurological complications

• Peripheral neuropathy

• Myelopathy

• Myasthenia

Vascular lesions in the central nervous system occur equally frequently in patients 
with ulcerative colitis and those with Crohn’s Disease. They usually develop 5–6 years 
following the onset of the intestinal disease and often coincide with other extraintes-
tinal manifestations of IBD [1–6, 35, 36].

15. Summary

• Better awareness of the initial symptoms, the course of the disease and extrain-
testinal manifestations, often preceding IBD may shorten the period from the 
onset of the symptoms to the diagnosis.

• Arthritis of the large joints, iritis, and erythema nodosum occurs mainly during 
the periods of the exacerbation of ulcerative colitis.

• Ankylosing spondylitis and most complications in the liver and bile ducts happen 
independently from the activity of the intestinal disease.

• Extraintestinal manifestations require differential diagnosis with conditions 
occurring independently from IBD and drug toxicity.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Ulcerative colitis (UC) is a chronic, idiopathic inflammatory disease that affects 
mainly young adults. The histologic examination of endoscopic biopsies or resec-
tion specimens plays an important part in the diagnosis and follow up of patients 
with inflammatory bowel disease, including UC. In this chapter, we discuss on main 
histological features that can be used when analyzing endoscopic biopsies, as well as 
features that can be evaluated in surgical samples of patients with UC. The differen-
tial diagnosis toward Crohn’s disease and other mimickers is emphasized. In addition, 
the main complications associated with treatment and long-standing diseases, such as 
infection colitis and dysplasia are presented.

Keywords: ulcerative colitis, histology, biopsy, inflammatory bowel disease, 
inflammatory bowel disease-associated dysplasia, chronic active colitis, cryptitis,  
crypt abscess, CMV colitis, differential diagnosis, complications

1. Introduction

Ulcerative colitis (UC) is a chronic, idiopathic inflammatory disease that affects 
mainly young adults with no sex predominance. Its incidence is rising worldwide and 
is higher in developed countries [1–3].

The disease is characterized by relapsing and remitting mucosal inflammation, 
starting in the rectum and extending to proximal segments of the colon. Clinically, UC 
usually presents with chronic bloody diarrhea. Extraintestinal manifestations, includ-
ing peripheral arthritis, primary sclerosing cholangitis, and pyoderma gangrenosum 
occur in about a third of patients [4, 5].

The diagnosis of UC is based on a combination of clinical presentation, endoscopic 
findings, histology, and the exclusion of alternative diagnoses. The histopathological 
examination of biopsy specimens is fundamental, not only for making a specific diag-
nosis but also in determining the state of disease activity and evaluating the prospect 
of healing and risk of relapse [6]. Even further, histology is essential in assessing the 
response to treatment and diagnosing complications of treatment and longstanding 
UC, such as dysplasia and cytomegalovirus (CMV) infection.
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2. Histological characteristics of UC

For a reliable diagnosis of IBD, at least two endoscopic biopsies each should be 
taken from at least five sites along the ileum, colon, and rectum [7–11]. The histologi-
cal features of UC include non-active inflammation, active inflammation, structural 
changes, and epithelial abnormalities [5, 8]. The inflammation is concentrated in the 
mucosa, only occasionally the inflammation may spread into the superficial part of 
the submucosa.

Non-active inflammation includes the presence of lymphocytes and plasma cells 
in the lamina propria that could be associated with edema and hyperemia. Apart 
from areas of ulceration, the inflammatory infiltrate in untreated UC is limited to the 
mucosa, diffuse or continuous without any variations in intensity or skip lesions, and 
its severity increases characteristically toward the rectum [5, 12, 13]. When three or 
more plasma cells accumulate in the mucosal lamina propria around the crypt base 
or between the crypt base and the muscularis mucosae, a condition is termed basal 
plasmacytosis [11, 14]. This phenomenon is observed already in biopsies obtained at 
early onset, sometimes it is the first lesion to appear. Although limited and focal in the 
initial phase of UC, it later spreads to more colonic segments [15, 16]. The occurrence 
of eosinophils in the lamina propria, between the crypts, and within the muscularis 
mucosae, has been associated with aggressive disease and a high risk of relapse [17].

Active inflammation is defined by the presence of neutrophils in the lamina 
propria, crypts, or surface epithelium. The term cryptitis is used when neutrophils 
are found penetrating the crypt epithelium, and crypt abscess is a term describing 
neutrophils occupying the crypt lumens [11]. Neutrophils infiltrating the surface epi-
thelium lead to mucosal erosions or ulcerations, on the other hand, cryptitis and crypt 
abscesses are associated with crypt destruction, all features of structural changes of 
the mucosa [8, 18].

Structural changes of the mucosa include crypt distortion and changes in surface 
topography (surface irregularity). Chronic inflammation leads to irregular size and 
shape of crypts (e.g., branching and shortening), irregular distribution of the crypts 
in the lamina propria, and crypts with loss of parallelism. Crypt atrophy is defined 
as shortened crypts, accompanied by an increased layer of lamina propria stroma 
between the crypt basis and the muscularis mucosae [5, 11, 19, 20]. Irregular mucosal 
surface or pseudovillous transformation means wide crypt mouths giving the mucosal 
surface a finger-like appearance [15].

Epithelial abnormalities include surface epithelial damage, metaplastic changes, 
and mucin depletion. Surface epithelial damage, such as flattening, focal cell loss, 
erosions, and ulcers reflect the activity of the disease. Ulcers in UC colitis are always 
associated with mucosal inflammation in contrast with Crohn’s disease, in which the 
surrounding mucosa can appear uninflamed [5]. In addition, UC ulcerations tend to be 
more superficial, broad based and continuous [21]. In severe disease, these ulcers may 
undermine the adjacent mucosa, finally resulting in denudation of the mucosal surface 
or deep penetration through the muscularis mucosae [8]. Extensive ulceration with 
sparing of remaining mucosal islands may give rise to inflammatory pseudopolyps, 
which are common in the sigmoid and descending colon, but rare in the rectum [9, 20]. 
Hypertrophy of the muscularis mucosae and submucosal fibrosis is rarely identified in 
UC [22]. Paneth cell metaplasia, a term used when pyramidal crypt epithelial cells with 
supranuclear eosinophilic granular cytoplasm are present in the transverse and left 
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Figure 1. 
Diffuse continuous inflammation with basal plasmacytosis, active inflammation with cryptitis, and structural 
changes including crypt distortion and atrophy. An erosion is present on the far right.

Figure 2. 
Cryptitis and crypt abscess are shown on the left, while on the right Paneth cell metaplasia and cryptolytic 
granuloma are present.
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colon [11], is an epithelial abnormality that can help in the diagnosis of long-standing 
UC [16, 19, 23]. Mucin depletion, defined as a reduction in number of goblet cells or 
depleted mucin within cells is additional epithelial abnormality frequently encountered 
in UC [11]. Characteristic histological features are shown in Figures 1 and 2.

3. Distribution of changes in UC

UC generally begins in the rectum, extending proximally in a continuous, circum-
ferential pattern. The inflammatory infiltrate is diffuse or continuous without any 
variations in intensity and its severity increases characteristically toward the rectum. 
There are no skip-areas characteristics for Crohn’s disease. The demarcation between 
inflamed and normal mucosa is sharp, although histological inflammation can be 
found in normal-appearing mucosa [22, 24]. Based on the spread of disease, three 
subtypes of UC are distinguished in Montréal classification—ulcerative proctitis 
where the proximal extent of inflammation is distal to the rectosigmoid colon, left-
sided colitis, and extensive colitis when involvement extends proximal to the splenic 
flexure. The later also includes pancolitis [7, 25].

However, unusual inflammation patterns can occur, such as rectal sparing, cecal 
patch, and backwash ileitis. Rectal sparing should not be interpreted as evidence of 
Crohn’s disease, as it can be the result of topical or systemic medications. The rectum 
may be spared in some adults with fulminant colitis [26, 27]. In up to 75% of patients 
with left-sided UC an isolated area of inflammation around the appendiceal orifice can 
be appreciated; this association is referred to as cecal patch [28]. In some patients with 
pancolitis, the ileum too is affected by acute or chronic inflammation. This condition 
has been termed “backwash ileitis” [29]. The ileal lesions in “backwash ileitis” are char-
acterized by active inflammation in the villi and lamina propria, together with shorten-
ing and blunting of the villi. Focal erosions, mucous gland metaplasia, or patchy edema 
with mild active inflammation are features suggestive of Crohn’s disease [29, 30].

4. Histological changes in different stages of the disease

UC is a chronic disease with the relapsing-remitting course and histological 
alterations are changing during the course of the disease. They are further influenced 
by medical treatment. In early-stage disease, the diagnosis of UC can be challenging 
due to the fact, that crypt architecture may still be preserved [17]. In longstanding 
disease, with widespread architectural crypt distortion and increased cellularity 
of the lamina propria the diagnosis of UC is more obvious. However, in this situa-
tion, rectal sparing, cecal patch, and backwash ileitis can be found that should not 
lead to misdiagnosis. Under treatment, the extent of involvement of the colon tends 
to decrease and the distribution pattern may change from diffuse (continuous) to 
patchy (discontinuous). Complete restoration of the rectal mucosa can be found in 
34–44% of patients [5, 18]. In quiescent (clinically inactive) disease neutrophils are 
not observed, the mucosa may look nearly normal, however, some features, related to 
chronic mucosal injuries, such as architectural abnormalities, reduced crypt density, 
and basal plasmacytosis remain [13] (Figure 3). Histological mucosal healing is 
characterized by the resolution of crypt architectural distortion and inflammatory 
infiltrate. Nevertheless, the mucosa can still show some features of sustained damage, 
such as decreased crypt density with branching and shortening of crypts.
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5. Histologic disease activity

Assessment of disease activity is essential for developing and determining appro-
priate therapy in patients with UC. Disease activity and treatment response can be 
assessed using symptoms, biomarkers, endoscopy, and histology. Currently, clini-
cal decision-making is predominantly based on clinical and endoscopic measures. 
Recently, histology has been recognized as an important prognostic factor and poten-
tial treatment target in patients with UC [31]. Both, epithelial damage in association 
with neutrophils and basal plasmacytosis have been proposed as markers of disease 
activity and the prediction of relapse. A recent meta-analysis revealed that histologi-
cal remission was associated with lower rates of clinical relapse compared with those 
with histological activity and was a superior predictor of clinical relapse compared 
with endoscopic and clinical remission [32]. Furthermore, the presence of mucosal 
inflammation during follow-up in patients with UC was associated with a greater risk 
of subsequent colorectal neoplasia than in those with mucosal healing [33].

Histologically, the level of activity and the stage of the disease (e.g., flaring vs. 
quiescent UC) can be assessed by different scoring systems. Although more than 30 
histological scoring systems in UC have been described, three have undergone exten-
sive validation—the GS, Nancy Index, and Robarts Histopathologic Index [31, 34]. 
Recently a new consensus-based scoring index has been proposed, intended for both 
clinical practice and clinical trials that still needs to be validated [10]. Although these 
are not applied routinely, the pathology report should include some information 
on the level of activity in the biopsies to assess the effect of therapy and the risk of 
relapse. Pai [31] recommends that pathologists classify UC biopsies into 1 of 5 catego-
ries: normal colonic mucosa, quiescent chronic colitis without basal plasmacytosis, 
quiescent chronic colitis with basal plasmacytosis, chronic active colitis without basal 

Figure 3. 
Crypt architectural distortion and hypocellular stroma in quiescent disease.
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plasmacytosis, or chronic active colitis with basal plasmacytosis. If present, active 
inflammation should be graded. Assessing the degree of activity should be carried out 
on the worst affected biopsy sample [10].

5.1 Fulminant UC

Fulminant colitis is a term used for clinically acute severe colitis, usually  involving 
the entire large bowel, often associated with systemic illness and sometimes accom-
panied by colonic dilatation (toxic megacolon). It is a well-recognized mode of 
presentation of UC that typically requires surgical resection [35]. In fulminant UC 
resections show mainly acute features (Figure 4), while chronic changes are rarely 
present. With the absence of the part of classical histological changes characteristic of 
UC both, identification and subclassification of inflammatory bowel disease can be 
very difficult.

In fulminant colitis, the macroscopic appearance of the mucosa is not sufficiently 
distinct to differentiate UC from Crohn’s disease and serositis may be observed 
[27, 36]. In parallel, fulminant colitis caused by UC may show Crohn’s-like histological 
features, such as deep ulcers, transmural inflammation, and rectal sparing. There may 

Figure 4. 
Surgical resection of the colon from a patient with fulminant UC. Sharp demarcation from macroscopically 
normal terminal ileum is apparent (arrow).
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be deep ulcerations, typically eroding down to muscularis propria in a broad-based 
fashion. The transmural inflammation in this setting is typically more active and dif-
fuse, lacking discrete lymphoid aggregates. This finding does not preclude a diagnosis 
of UC. In a study by Swan, the two most specific predictors of a final diagnosis of 
Crohn’s disease were granulomas and transmural lymphoid aggregates, macroscopic 
features were unhelpful [27]. Apparent rectal sparing is also recognized in fulminant 
UC, where inflammation of the transverse colon is so severe as to make the rectum 
look comparatively spared [37].

6. Histological mimickers of UC

The main histological feature of UC is chronic active inflammation. In addition to 
Crohn’s disease, many conditions can mimic UC on mucosal biopsies. Besides being 
familiar with histological features of a wide range of diseases and conditions that can 
be included in the differential diagnosis, a knowledge of the clinical, endoscopic, 
and in some cases even imaging features is required for the pathologist to come to the 
right conclusion. It is, therefore, recommended that the pathologist has access to the 
endoscopy report and possibly also radiological and microbiological investigations 
[21, 22]. Some more common mimickers are addressed in the following section.

6.1 Crohn’s disease

Although Crohn’s and UC are frequently discussed together under the term 
chronic inflammatory bowel disease, distinguishing UC from Crohn’s is neverthe-
less important. One of the reasons is that only patients with UC are considered for 
ileal pouch formation, because of the high risk of complications after this procedure 
in patients with Crohn’s disease. The most common macroscopic and microscopic 
features distinguishing UC from colonic Crohn’s disease are listed in Table 1. 
Although non-caseating epithelioid granulomas are considered a classical feature of 
Crohn’s disease, the presence of granulomas associated with cryptolysis are now well 
recognized in UC and their presence should not exclude the possibility of UC [21, 38] 
(Figure 2). Rectal sparing, cecal patch, and ileal disease, all features of UC that 
might suggest the diagnosis of Crohn’s disease were discussed in one of the previous 
sections. Treatment of UC can also result in patchy disease, that is, a change from 
continuous to discontinuous inflammation and should not lead to reclassification to 
Crohn’s disease [26]. Transmural inflammation, another classical feature of Crohn’s 
disease may be encountered in fulminant UC [27]. Compared to surgical resection 
samples, the confident distinction of UC from Crohn’s disease is even more challeng-
ing in endoscopic biopsy samples where only mucosal and limited submucosal tissue 
is sampled. When convincing features of chronic inflammatory bowel disease are 
evident, but further classification is not possible, the diagnostic term inflammatory 
bowel disease, unclassified (IBDU) is used [5, 22].

6.2 Infective colitis

Infective colitis is one of the most important differential diagnoses of chronic 
inflammatory bowel disease including UC since the steroid therapy used for treat-
ing inflammatory bowel disease can have adverse results in patients with infective 
colitis.
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One of the most common inflammatory patterns in enteric infections is the 
so-called nonspecific acute self-limited colitis that characteristically features intact 
crypt architecture with neutrophilic infiltrates of the surface epithelium. Basal 
plasmacytosis should not be seen as this is a marker of chronicity [39]. However, 
crypt abscesses and cryptitis may be present in the acute phase. As patients often do 
not come to endoscopy until several weeks after onset of symptoms, pathologists 
frequently do not see the classic histological features of acute infectious-type colitis. 
The protracted course of colitis, which may be seen for example in Campylobacter 
infections or shigellosis is more challenging to diagnose histologically as the develop-
ment of “chronic” features such as crypt destruction and architectural disturbance 
may resemble inflammatory bowel disease including UC [40]. Extensive involvement 
of the surface mucosa by neutrophils is not often seen in inflammatory bowel disease 
and should alert the pathologist to the possibility of infection or toxin-induced injury 
[40]. In contrast, basal plasmacytosis, one of the earliest features of UC, crypt distor-
tion, and irregular mucosal surface favor inflammatory bowel disease over infection 
[16, 19, 41]. However, in patients with early-onset UC (within 10 days of symptoms) 
structural changes may not yet be present [5, 42].

Lymphogranuloma venereum (LGV) and syphilis are sexually transmitted 
diseases caused by Chlamydia trachomatis and Treponema pallidum, respectively. 

Typical features Ulcerative colitis Crohn’s disease

Localization of inflammation Limited to the mucosa, 
sometimes submucosa

Transmural

Non-active inflammation Diffuse (continuous) Focal (discontinuous), with skip 
lesions

Lymphoid aggregates Frequent in mucosa, 
submusosa

Common, transmural

Granulomas Absent, except cryptolytic Common, transmural

Active inflammation (cryptitis, 
crypt abscesses)

Diffuse (continuous Focal (discontinuous)

Ulcers Superficial Deep, fissure-like, aphtous

Fistulae Absent except in fulminant 
UC

Common

Inflammatory pseudopolyps Common Rare

Crypt architectural irregularity Diffuse (continuous), marked Focal (discontinuous)

Atrophy Present, pronounced Uncommon, mild

Paneth cell metaplasia Present Uncommon

Pyloric gland metaplasia Rare Present

Neuronal/muscular hypertrophy Rare/absent Common/present

Serositis Absent except in fulminant 
UC

Present

Wall thickness Normal Increased

Strictures Uncommon Common

Fat wrapping Absent Common

Table 1. 
Classical microscopic and macroscopic characteristics of ulcerative colitis and Crohn’s disease.
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LGV and syphilitic proctitis are usually reported in men who have sex with men and 
can clinically mimic UC [43]. Histologically, both infections are characterized by an 
intense lymphohistiocytic infiltrate associated with prominent plasma cells within the 
mucosa and submucosa but minimal basal plasmacytosis. Characteristically, the asso-
ciated acute inflammation with cryptitis and crypt abscesses is only mild to moderate. 
Crypt distortion and granulomas are minimal as well and Paneth cell metaplasia is 
rare [19, 43, 44]. Specific antibodies for T. pallidum are available that work well on 
paraffin-embedded tissue, however, real-time polymerase chain reaction on rectal 
swab specimens is the most reliable diagnostic test [43].

In addition to infections mimicking UC, in treated patients with clinical deteriora-
tion, superimposed infection, particularly CMV and Clostridium difficile should be 
considered [45, 46].

In some cases, diagnosis of infectious colitis is not possible on histological grounds 
alone. It is, therefore, vital to exclude infection by stool culture. In addition, a detailed 
clinical history addressing intestinal and extraintestinal symptoms, travel history, 
sexual history, and conditions influencing immune status should be collected [41].

6.3 Drug-induced colitis

Drug-induced colitis can show several histological patterns, one of them being 
a UC-like pattern with diffuse inflammation and ulceration. Histological features 
that favor drug-induced etiology include significant eosinophilic infiltrate, epithelial 
apoptosis, melanosis, cytoplasmic vacuolation, and increased intraepithelial lympho-
cytes [39].

Recently several monoclonal antibodies targeting immune checkpoint molecules 
became available for the treatment of advanced neoplasms. These immune checkpoint 
inhibitors (ICIs) induce immune activation and robust antitumor T-cell activity and 
can greatly improve survival. Following the administration of ICIs, immune-medi-
ated adverse events including enterocolitis that can be severe are common [41, 47]. 
Microscopic features of ICI colitis include mixed inflammation of the lamina propria, 
cryptitis, crypt abscesses, crypt destruction, and granulomas [48] (Figure 5). In cases 
of distal distribution or pancolitis they may suggest UC. In ICI colitis crypt distor-
tion, if present, is usually mild. Atrophic crypts often show marked attenuation of 
crypt epithelium and contain luminal apoptotic debris admixed with inflammatory 
cells [49]. If ICI colitis recurs, there may be chronic features such as basal lympho-
plasmacytosis, crypt architectural irregularity, and Paneth cell metaplasia. Apoptosis 
and lymphocyte-mediated epithelial damage at the base of crypts favor ICI colitis, 
whereas severe inflammation, severe crypt distortion, and basal plasmacytosis favor 
UC [41, 50].

6.4 Segmental colitis associated with diverticulosis

Segmental colitis associated with diverticulosis (SCAD) is chronic colitis that is 
confined to the colonic segment containing diverticula [51]. By definition, the rectum 
and proximal colon are spared from inflammation [51]. SCAD is histologically charac-
terized by a transmucosal chronic inflammation associated with crypt distortion, 
cryptitis, crypt abscesses, goblet cell depletion, basal plasmacytosis, or granulomas 
(UC-like or Crohn’s disease-like pattern)[52]. However, these features are exclusively 
distributed in the sigmoid tract with sparing of the rectal and distal colonic mucosa 
[52–54]. Thus, for a correct diagnosis, it is fundamental to know the exact biopsy site 
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and to compare the morphology of the sigma and rectum in the differential diagnosis 
with IBD. In addition, patients with SCAD tend to be older compared to inflammatory 
bowel disease patients.

7. Associated conditions with ulcerative colitis

7.1 UC with primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) is a chronic, cholestatic liver disease, char-
acterized by the inflammation and fibrosis of both intrahepatic and extrahepatic bile 
ducts, leading to the formation of multifocal bile duct strictures [55]. It is frequently 
associated with other diseases and a classic extraintestinal manifestation of IBD. The 
diagnosis of PSC may precede diagnosing the patient with IBD but can present even 
after colectomy in IBD patients [56]. The course of UC differs significantly when PSC 
is present; the most notable differences are the presence of more extensive but colitis 
showing lower activity. It is also more often associated with rectal sparing and so-
called backwash ileitis compared with patients with UC without primary sclerosing 
cholangitis [56]. Another important issue is the higher incidence of carcinomas in the 
PSC-UC patients [56, 57].

7.2 Histological evaluation after previous surgery

Absolute indications for surgery in UC patients include uncontrolled hemor-
rhage, perforation, and colorectal carcinoma or dysplastic lesions not amenable 

Figure 5. 
Colitis associated with ICIs showing diffuse chronic inflammation with cryptitis and crypt abscesses without crypt 
distortion and basal plasmacytosis.
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to endoscopic removal. Surgery is also indicated in refractory acute severe UC or 
medically refractory disease [1]. The most commonly performed surgery for UC is 
restorative proctocolectomy with ileal pouch-anal anastomosis (IPAA) [58].

Adaptive changes of the pouch mucosa (“colonic metaplasia”) are present several 
months after surgery in up to 87% of biopsies and consist of villous atrophy, crypt 
hyperplasia, and infiltration of the lamina propria by mononuclear cells, eosinophils, 
and histiocytes. In addition, mild ischemic changes can be observed in a few patients, 
while others may show features of mucosal prolapse. These changes should not be 
regarded as evidence of pouchitis. True pouchitis is associated with increased villous 
atrophy, acute and/or chronic inflammatory infiltrates, cryptitis, crypt abscesses, and 
ulceration [20, 59]. Based on the etiology pouchitis can be subdivided into idiopathic 
and secondary. Secondary pouchitis can occur in up to 30% of cases and can be classi-
fied as infectious (CMV, candida), ischemic, nonsteroidal antiinflammatory drugs-
induced, collagenous, autoimmune-associated, or Crohn’s disease [59]. Histology has 
a limited role in the evaluation of pouchitis; the main purpose for histology evaluation 
of the pouch is the exclusion of secondary pouchitis and dysplasia [60]. The diagnosis 
and differential diagnosis of pouchitis should be based on a combination of clinical, 
endoscopic, and histological findings [61].

When pouch biopsies show severe inflammation with neutrophils within the 
lamina propria and epithelium associated with erosions and ulcerations this should 
not lead to the reclassification into Crohn’s disease. Even deep submucosal lymphoid 
aggregates and fistulous tracts were found in pouches excised from UC patients. A 
diagnosis of Crohn’s disese after IPAA surgery should only be made when reexami-
nation of the previous histological specimens shows typical pathologic features of 
Crohn’s disese [62].

Pouchitis should be distinguished from cuffitis, which is inflammation in the 
columnar cuff mucosa distal to the pouch. After the IPAA procedure patients might 
often have residual rectal tissue, referred to as a rectal cuff, at the anastomosis 
between the ileum and anal canal. This area can become inflamed due to an exacerba-
tion of UC leading to cuffitis [8, 60].

7.3 Cytomegalovirus infection and UC

In patients with UC, the risk for reactivation of latent cytomegalovirus (CMV) 
infection is a common complication, particularly in those with steroid-resistant 
disease [45]. On routine H&E stained slides, CMV typically presents as large cells, 
two- to four-fold larger than normal, with large amphophilic intranuclear inclusions, 
surrounded by a clear halo, and smaller cytoplasmic inclusions. However, CMV colitis 
in IBD patients tends to present with atypical, small viral inclusions, often lacking the 
characteristic owl-eye appearance, and it mostly affects endothelial cells in granula-
tion tissue in ulcers [45, 63]. Therefore, CMV reactivation should be actively sought 
in all patients with severe colitis refractory to immunosuppressive therapy and on 
biopsies with prominent granulation tissue associated with large ulcers. Because the 
infected cells are usually scarce on limited biopsy material and morphologically less 
characteristic they may be missed on routine H&E stains. Immunohistochemistry, 
using monoclonal antibodies directed against CMV immediate early antigen, 
increases the diagnostic yield in comparison with H&E staining. Semiquantitative 
immunohistochemistry, reporting the number of infected cells and/or the number of 
CMV positive biopsy fragments, may have a predictive value [64].
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7.4 Colitis cystica profunda

Colitis cystica profunda (CCP) is a rare benign condition characterized by cystic 
dilatation and misplacement of mature crypts through the muscularis mucosae into 
the submucosa and/or deeper layers of the bowel wall. It is a complication of vari-
ous conditions including inflammatory bowel diseases, more commonly UC [65]. 
The condition usually affects the rectum and sigmoid colon, though it may diffusely 
involve the entire large bowel. It is believed to be the result of misplacement and 
entrapment of regenerating glands during healing. With gland formation extending 
deep into the bowel wall, it can be easily misdiagnosed as adenocarcinoma, par-
ticularly in endoscopic biopsies. Features favoring the diagnosis of CCP over cancer 
include multiple lesions, intact mucosa on the surface and no atypia on histology. 
Special care must be taken not to over-diagnose regenerative atypia as a well-differen-
tiated adenocarcinoma [66].

7.5 Mucosal dysplasia and colon cancer

It has long been known that the risk of colorectal carcinoma in patients with 
colonic IBD is greater than in the general population [67, 68]. Recent population-
based cohort studies indicate that current treatment approaches and surveillance 
measures have markedly reduced the risk making it more comparable to that of the 
general population [69]. Colorectal cancer risk, however, remains elevated in certain 
populations, such as those with young age at onset, long duration of disease, exten-
sive and uncontrolled inflammation, and those with primary sclerosing cholangitis or 
family history of colorectal cancer [70].

Mucosal dysplasia is the best and most reliable marker of an increased risk of 
malignancy in patients with UC [70, 71]. Dysplasia should be distinguished into 
low and high degrees, using the architectural and cytological criteria of the World 
Health Organization [72]. In low-grade dysplasia, crypt architecture shows minimal 
distortion. Cytologically, the nuclei have slight hyperchromasia and the nuclear 
membrane has irregular edges. High-grade dysplasia is characterized by greater 
architectural complexity and marked nuclear pleomorphism, irregular nuclear 
membranes, and macronucleoli. There is more nuclear crowding and overlapping, 
and consequently greater nuclear stratification. Cytoarchitectural alterations not 
meeting the above-mentioned criteria that can also not be attributed to regenera-
tion secondary to inflammation or medical procedure are considered “indefinite for 
dysplasia.”

Dysplasia related to UC develops in areas with chronic inflammation and is often 
multifocal. Dysplasia and neoplastic lesions in UC can often be non-polypoid, flat, or 
ill-defined. Flat dysplasia is not endoscopically visible and can be detected microscop-
ically in random biopsies from unremarkable mucosa. For that reason, many biopsies 
are performed in patients at risk to increase detection of neoplasia. The interobserver 
variability for dysplasia is high among pathologists, particularly for low-grade and 
indefinite dysplasia, making this field one of the most challenging in gastrointestinal 
pathology [73]. Therefore, confirmation of dysplasia by a pathologist with expertise 
in gastrointestinal pathology has been recommended [22]. Although discussed in 
past recommendations [22], recent recommendations do not encourage the use of 
p53 immunohistochemistry for detecting and discriminating dysplasia (Figure 6) 
[6, 8, 11].
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8. Conclusion

UC is a complex disease that requires a multidisciplinary approach. Histological 
evaluation of biopsies and resection specimens from the gastrointestinal tract plays 
a vital part in the management of UC patients. Despite the evolution of advanced 
endoscopic procedures that help in a detailed assessment of mucosa recent studies 
have confirmed the value of histology in predicting clinical outcomes.

Conflict of interest

The author declares no conflict of interest.

Figure 6. 
Low-grade dysplasia in a patient with longstanding active UC (left) showing p53 positivity (right).
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Chapter 5

The Role of the Pathologist in 
Ulcerative Colitis
Gayana Mahendra and Janaki Hewavisenthi

Abstract

Pathologists have an essential and wide role in the management of patients with 
ulcerative colitis (UC) which is a chronic inflammatory disorder of the bowel with 
remissions and relapses. The initial diagnosis of UC itself is challenging as the his-
tological features vary widely with the clinical phase of the disease. Differentiating 
UC from other types of acute and chronic colitis, especially Crohn’s disease is crucial 
in the management. Understanding the characteristic morphological features of UC 
as well as unusual morphological features of the disease are important in this task. 
The histological disease activity has now been identified as important in therapeutic 
decisions. There are several histological activity indices in UC and currently, the 
Nancy histological index has been recommended to be used in daily clinical practice. 
Identifying dysplasia associated with UC and its grading is a challenging task for the 
pathologist and it is a crucial step in the surveillance and management of this chronic 
disease.

Keywords: ulcerative colitis, histological features, diagnostic pitfalls,  
histological disease activity, dysplasia in ulcerative colitis

1. Introduction

Ulcerative colitis (UC) is a chronic inflammatory disorder of the colon characterized 
by remissions and relapses. The disease almost always begins in the rectum and extends 
proximally to involve the colon. In some patients, the disease is confined to the rectum 
(ulcerative proctitis) and in others, the inflammation extends to a variable distance 
along the colon in a continuous manner. The entire colon is involved in some patients 
(pancolitis). The clinical presentation and the disease course vary widely amongst 
patients. Majority of the patients present with an acute episode that clinically mim-
ics any of the acute colitis. The patients on surveillance could show minimal clinical 
symptoms and minimal histological changes during the periods of remission. Some 
patients have continuous low activity while some may have an initial episode of active 
disease followed by long periods of quiescence where the accuracy of the initial diagno-
sis becomes questionable [1]. Some patients present with the fulminant disease either as 
the first attack or in an acute exacerbation and this may lead to resection of the colon as 
an emergency measure.

The pathologist plays a major role in the diagnosis and the management of this 
chronic relapsing disease. The differing clinical presentations, the chronic relapsing 
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and remitting nature of the disease resulting in recurrent mucosal damage and 
healing, and the iatrogenic interventions both medical and surgical lead to a variable 
pathological picture (both macroscopic and microscopic) making the pathologists 
task a difficult one. Therefore, the diagnosis of UC should always be a combined 
effort of the clinician, endoscopist, and pathologist. The pathologist should be 
provided with information regarding clinical symptoms, their duration, the clini-
cal course of the disease, the treatment received by the patient, and the endoscopic 
appearance of the bowel.

The pathologists are called upon to play various roles during the management of 
UC. These include the initial diagnosis of the disease and its differentiation from the 
other forms of colitis and in the classification of inflammatory bowel disease (IBD) in 
differentiating it from Crohn disease (CD). The morphological differential diagnosis 
of UC is wide and depends on whether the biopsies are performed during an acute 
relapse, in remission, or while on treatment.

Assessment of disease activity in UC is another responsibility of the pathologist. 
There are various clinical and endoscopic activity indices; however, histology is con-
sidered to be the gold standard in assessing the disease activity in UC [2]. There are 
various activity indices used by pathologists. The selection of the activity index  that 
is used in practice  is largely determined by the preference of the reporting patholo-
gist and the responsible clinicians [3].

Pathologists are also required to identify dysplasia associated with UC. Dysplasia 
is an indicator of poor prognosis in UC patients, with a high risk of evolution towards 
invasive colorectal adenocarcinoma in the absence of treatment. Diagnosis and clas-
sification of dysplasia in UC is a challenge to the pathologist and it is a crucial step in 
the surveillance and management of the patients.

Basic knowledge of the histopathology of this disease is important for clinicians 
managing UC to interpret and act on the information provided in the pathology 
report. Here, the morphological features of UC are reviewed, with an emphasis on 
typical features as well as atypical features that could cause diagnostic pitfalls. The 
challenges the pathologist faces when examining the diagnostic material at different 
stages of the disease are highlighted. Further, the use of histological indices for the 
evaluation of disease activity, identification, and grading of dysplasia associated with 
UC are also discussed.

2. Macroscopic appearance of ulcerative colitis

UC is characterized by diffuse, continuous inflammation without skip lesions, 
restricted to the rectal and colonic mucosa. The bowel is characteristically filled with 
blood-stained dark fluid mixed with mucus. At the onset of the disease, the mucosa 
shows diffuse granularity, oedema, and erythema justifying the term ‘red velvety’ 
appearance. With the progression of the disease, the mucosa becomes friable with 
the appearance of punctate ulcers followed by irregular broad-based ulcers of various 
sizes. Ulceration may undermine the mucosa creating mucosal bridges. Ulcers distrib-
uted along the long axis of the colon extending down to muscularis propria are seen in 
UC but not the serpentine ulcers that are characteristic of CD. These mucosal changes 
involve the rectum and variable lengths of the proximal colon in continuity. The distal 
colon is more severely diseased than the proximal colon. The margin between the 
inflamed and normal mucosa is distinct and abrupt.
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Against a backdrop of mucosal ulceration, there are islands of non-ulcerated 
residual and regenerating mucosa, bulging into the lumen creating inflammatory 
pseudopolyps which are usually small, multiple, and bizarre in shape. Sometimes 
these pseudopolyps could be large and may mimic malignancy (Figure 1) [4].

The mucosa is atrophic and smooth with the absence of mucosal folds in long-
standing UC. In the quiescent stage of UC, the mucosa may appear normal or exhibit 
diffuse granularity and inflammatory pseudopolyps.

The extent of UC is classified according to the Montreal classification as follows [5];

3. Microscopy appearance of ulcerative colitis

For the optimum assessment of the microscopy, the pathologist should be supplied 
with adequate and good-quality colonoscopic biopsies. The endoscopist should obtain 
samples from the ileum, at least four colonic sites, and the rectum, with a minimum 
of two biopsies from each site [6].

Biopsies from each colonic segment should be submitted in separate containers 
for each colonic segment, which should be accurately labeled. This is of paramount 
importance as the pathologist has no means of identifying the separate colonic seg-
ments/sites based on histology. This in turn will hinder the pathologists’ attempts at 
mapping the pattern and distribution of disease activity throughout the colon.

Samples should be fixed immediately by immersion in buffered formalin 
solution before transport and should be accompanied by clinical information, 
including endoscopic findings, duration of disease, and current treatment. It 
is important to sample both endoscopically normal as well as abnormal mucosa 

Figure 1. 
Macroscopic appearance of the colon in UC showing involvement of the entire colon with ulceration and 
pseudopolyp formation.

a. Ulcerative proctitis Only the rectum is affected

b. Left-sided or distal UC Colonic involvement distal to the splenic flexure

c. Extensive UC or pancolitis Involvement of the colon extending proximal to the splenic flexure
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as there could be histological activity identified in even endoscopically normal 
mucosa [7, 8]. Proper orientation of the biopsy during tissue embedding is impor-
tant as tangentially sectioned biopsies hinder the assessment of the crypt archi-
tecture. Serial sectioning is also vital as certain focal features like granulomas may 
appear at different levels. However, the ideal number of sections is not defined 
and varies with the laboratory. At least two tissue levels, and preferably three, 
are advisable [2]. Some laboratories produce step-sections on two slides, but this 
may incur extra costs. Routine staining with hematoxylin and eosin is appropri-
ate. Special stains and immunohistochemistry are not routinely necessary for the 
diagnosis or classification of IBD [2].

3.1 Main histological characteristics of ulcerative colitis

The knowledge of the normal histology of the gastrointestinal mucosa is essential 
for the optimal interpretation of biopsy specimens in IBD. Four main histological 
characteristics are assessed in the diagnostic process of IBD.

3.1.1 Crypt architectural abnormalities

Normal colonic crypts are straight, parallel, and extend from the surface, up to 
the muscularis mucosae. The crypt architecture is assessed based on the crypt size, 
crypt branching, crypt shortening, and variability in inter-crypt spacing. The crypt 
architectural distortion observed in UC is characterized by irregularly arranged, 
dilated, branched, fused, and shortened crypts. The crypt size and spacing could 
vary. This is a manifestation of ongoing inflammation and regeneration [9]. However, 
the crypts in the anorectal junction and ileocaecal junction can show minor abnor-
malities resembling architectural distortion due to regional variations. Another point 
to remember is that the crypt architecture should not be assessed close to lymphoid 
aggregates as these could result in distortion.

3.1.2 Cellularity in the lamina propria

Lymphocytes and plasma cells are always found in the colorectal lamina propria 
(LP). Normally, these chronic inflammatory cells are most dense in the upper third of 
the mucosa and their density decreases towards the base, resulting in the ‘plasma cell 
gradient’. The absence of the plasma cell gradient is accepted as normal in the caecum 
and ascending colon. The cellularity in the LP varies depending on the anatomical 
site of the colon. In general, the caecum and the right colon are most cellular with a 
progressive decrease in the cellularity from the right to the left side. Dense lymphoid 
tissue may be found in the normal large bowel, particularly in the rectum. The 
abundance of eosinophil granulocytes varies a lot between normal individuals and is 
found to have a seasonal and geographic variation and is more in the right colon and 
the ileum than the left colon [2, 10].

Abnormal cellularity of the LP refers both to increased and altered distribution 
of cell types that are normally present. Basal plasmacytosis or plasma cells extend-
ing below crypt endings in more than two foci in a biopsy is considered to denote an 
increase in chronic inflammation (Figure 2).
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3.1.3 Neutrophil granulocytes in the lamina propria

Normal colonic mucosa does not contain neutrophils except a few scattered 
neutrophils, that may occur as a result of bowel preparation [11]. Neutrophils are the 
hallmark of activity in IBD/UC. These are found in the LP or they can infiltrate the 
crypt surface epithelium (termed cryptitis) or enter the lumen of crypts forming 
crypt abscesses (Figure 2).

3.1.4 Epithelial abnormalities

These include mucin depletion, surface epithelial damage, and metaplastic changes. 
Mucin depletion can be defined as a decreased number of goblet cells or decreased 
amount of intracellular mucin. Focal epithelial cell loss, flattening, erosions, and ulcers 
denote epithelial damage and reflect the activity of the disease. Metaplastic changes are 
seen in the form of Paneth cell or pyloric gland metaplasia. None of these findings is 
disease-specific and might be observed in UC, CD, and other types of colitis.

Working definitions of some of the microscopic features of IBD/UC are given in 
Table 1 [11].

3.2 Typical histological features of ulcerative colitis

The histologic findings in UC vary depending on the clinical phase of the disease 
and the grade of inflammatory activity. The histological features that define chronic-
ity are crypt architectural distortion, crypt atrophy, diffuse mixed lamina propria 
inflammation, basal plasmacytosis, basally located lymphoid aggregates, and Paneth 
cell metaplasia [9]. Inflammatory activity is defined by the presence of neutrophils. 
Neutrophilic cryptitis, crypt abscesses, hemorrhage, erosions, ulceration, and necro-
sis are features of active inflammation.

It is convenient to divide the histologic appearances into those seen inactive 
disease, resolving disease, and disease in remission.

3.2.1 Active ulcerative colitis

The characteristic features of acute UC include architectural distortion which is more 
in the distal colon than the proximal bowel, diffuse chronic inflammatory cell infiltrates 

Figure 2. 
Main histological features of UC. (A) Basal plasmacytosis and mucin depletion. (B) Villiform surface, variation 
in size and shape and branching of crypts. (C) Surface ulceration, diffuse heavy inflammatory cell infiltrate in 
the lamina propria and crypt abscess formation ((A–C): H&E ×200).
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Microscopic abnormality Definition Additional remarks

Crypt distortion Branching, loss of parallelism, 
irregularity, tortuosity, dilatation, 
and variation in shape and size of the 
crypts

Should not be assessed adjacent 
to crypt abscesses/lymphoid 
aggregates/follicles
Anal transition zone/columnar cuff 
unsuitable for assessment

Crypt branching Two or more branched crypts in a 
well-oriented biopsy

Branching between mucosal hillocks 
is normal

Crypt atrophy Crypt shortening, with an increased 
gap between crypt base and 
muscularis mucosae
Additional evidence is the wider 
spacing of crypts; >1 crypt diameter 
between crypts
(normal: 6 crypts/mm in a biopsy 
with muscularis mucosa)

Caution adjacent to lymphoid 
aggregates/follicles
Anal transition zone/columnar cuff 
is unsuitable for assessment
Mucosal oedema may mimic atrophy

Villiform/irregular 
mucosal surface

Undulating or broadly villiform 
surface
Wide crypt mouths

Basal plasmacytosis Plasma cells at the base of mucosa. 
May separate crypts from muscularis 
mucosae but not always sub cryptal
Loss of plasma cell gradient

Basal plasma cells are normal in the 
caecum and the ascending colon

Basal lymphoid aggregates Nodular collections of lymphocytes 
with or without germinal centres. 
It may be seen between muscularis 
mucosae and crypts

One or two transmucosal lymphoid 
nodules can be seen in normal 
mucosa; can extend across 
muscularis mucosae. Pathological 
aggregate may be difficult to 
distinguish from normal

Cryptitis Neutrophils in the crypt epithelium

Crypt abscess Neutrophils in crypt lumen Often located near the crypt base

Granuloma A discrete collection of at least five 
epithelioid macrophages

Consider crypt rupture as a cause. 
Serial sections may help

Mucin depletion Unequivocal reduction of goblet cell 
mucin in the crypt epithelium

Mucin in normal mucosa may be 
reduced near lymphoid follicles. 
Depletion can reflect bowel 
preparation

Ulceration/erosion Loss of epithelium replaced by 
‘immature’ granulation tissue or the 
presence of a fibrinopurulent exudate
An ulcer extends more deeply than 
the muscularis mucosae while an 
erosion does not

It May be difficult to differentiate 
ulcer and erosion
The epithelium can denude 
artifactually during biopsy 
procedures or processing

Paneth cell metaplasia Pyramidal crypt epithelial cells with 
supranuclear eosinophilic granular 
cytoplasm

Normal in the caecum and right 
colon, probably as far as the splenic 
flexure

Diffuse chronic 
inflammation

An overall increase in chronic 
inflammatory cell density throughout 
the biopsy/biopsies

The caecum and ascending colon 
may have a higher density of chronic 
inflammatory cells

Patchy chronic 
inflammation

Areas of increased chronic 
inflammatory cell density in a 
background of variable cellularity
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extending up to the muscularis mucosae, and neutrophil infiltration. The neutrophils 
seem to migrate directly from capillaries into the crypt epithelium (cryptitis) and often 
form crypt abscesses. Ulcers covered with granulation tissue and regenerative epithelium 
could be seen. The surface epithelium may take an undulating or low villiform appear-
ance. The inflammation may extend into the superficial submucosa but the muscularis 
propria and serosa remain free of inflammation, except in fulminant colitis.

Neutrophils are predominant within the lumina of the crypts in UC and compara-
tively small numbers are seen migrating between the epithelial cells. Crypt abscesses 
are the precursors of mucosal ulceration and inflammatory polyp formation. In 
severe active UC, crypt abscesses burst into the loose submucosal tissues and there is 
a tendency to spread beneath the mucosal membrane, which sloughs off leaving an 
ulcer. The remaining mucosa is relatively raised from the ulcerated area and forms 
‘inflammatory pseudopolyps’.

The inflammatory damage to the crypts produces a variety of degenerative and 
regenerative changes in the crypt epithelium. There is loss of mucin from goblet cells, 
often with enlargement and hyperchromatism of nuclei of the absorptive cells. Such 
changes must not be mistaken for dysplasia. In the presence of attenuated or restitut-
ing superficial epithelium, the changes in the crypts are almost certainly reactive [1].

There is a heavy diffuse infiltrate of inflammatory cells in the LP. These include 
neutrophils, lymphocytes, plasma cells, eosinophils, and mast cells. The presence of 
deep plasma cells is characteristic of longstanding UC. Many eosinophils may be seen 
in the LP in some of the biopsies but the role of eosinophils in UC is uncertain and 
has been subject to many studies [10]. Lymphoid aggregates, that may show germinal 
centres, are common in UC. These are situated basally between crypt bases and the 
muscularis mucosae (Figure 3). Epithelioid granulomas, which are 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.

3.2.2 Resolving ulcerative colitis

With the resolution of disease, the numbers of inflammatory cells of all types 
show a variable density, therefore, the LP could be either hyper or hypocellular. 
Further, the distribution of inflammatory cells becomes uneven. The goblet cell 
population returns to normal. The crypt architecture will show variable evidence of 
distortion, depending on the severity of the attack. The crypts may appear short and 
branched, the changes invariably being more marked distally. The resolution may 
occur at different rates in different parts of the colon, and this may give rise to the 
false impression of segmental disease (Figure 4).

Microscopic abnormality Definition Additional remarks

Focal chronic inflammation Well circumscribed foci of increased 
chronic inflammatory cell density in 
a normocellular background

Differentiate from lymphoid 
aggregates

Focal active inflammation Focal crypt infiltration by neutrophils 
in the absence of significant 
inflammation in the adjacent LP

Uncommon in UC but could be seen 
in early or treated UC

Table 1. 
Working definitions of histological features seen in UC/IBD.
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3.2.3 Quiescent ulcerative colitis

Varying degrees of crypt atrophy and distortion are the hallmarks of the quiescent 
disease. Active inflammation is absent. The muscularis mucosa is thickened and a 
characteristic finding in UC, especially in rectal biopsies, is the double muscularis 
mucosae [1]. Paneth cell metaplasia in the left colon and pyloric-type metaplasia in 
any location of the colon are also features of chronic disease [1].

Figure 4. 
Resolving UC; a mild crypt architectural distortion, normal mucin content in the glands, hypocellular LP, no 
activity (H&E ×100).

Figure 3. 
Histological appearances of active UC. (A) Depletion of mucin in the epithelium, cryptitis, heavy infiltrate of 
lymphocytes, plasma cells, and eosinophils in the LP (H&E ×400). (B) Marked crypt distortion and crypt abscess 
formation. (C) Surface ulceration. (D) A lymphoid aggregate with the germinal centre formation in the LP 
((B–D): H&E ×200).
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Although most UC patients have some residual changes of previous damage, 
such as crypt distortion, atrophy, and Paneth cell metaplasia, it has become increas-
ingly recognized that a group of UC patients may show complete resolution with no 
evidence of previous disease [12, 13]. This must always raise the question of whether 
the original diagnosis is UC or infective colitis. In such situations, a careful review of 
the previous clinical records including the initial biopsies and ancillary investigations 
may be of help [1].

4. Unusual morphological patterns of ulcerative colitis

There are some exceptions to the classic morphological patterns described above, 
that may lead to diagnostic confusion. A summary of the unusual morphologic 
patterns of disease in UC is noted in Table 2. Pathologists need to recognize these 
patterns to avoid falling into a diagnostic trap.

4.1 Morphological features of treated ulcerative colitis

Endoscopically or histologically discontinuous disease may be observed in the 
setting of medically treated UC. This occurs as a result of uneven healing [6]. The 
same process may also lead to absolute or relative rectal sparing in 30–40% of patients 
[9]. As patchiness of the disease and rectal sparing mimicking CD is commonly 
seen in treated UC, evaluation of disease distribution to subtype IBD should not be 
attempted in this setting. This emphasizes the importance of pre-treatment histology 
and the value of communication between the clinician and the pathologist.

4.2 Appendiceal ‘skip’ lesions and the ‘caecal patch’ in ulcerative colitis

Appendiceal involvement is demonstrated in about 75% of the total colectomies 
performed for UC. This may be continuous with extensive colitis or may represent 
a ‘skip lesion’ of UC with involvement of the more distal colon only [9]. Such a skip 
lesion may raise the suspicion of CD and be erroneously considered as a contraindica-
tion for pouch surgery. The mucosal inflammation in the appendix may extend to the 
appendiceal orifice and contiguous large bowel as a periappendiceal patch.

Similar to the appendiceal skip lesion, there could be isolated involvement of the 
caecum and/or ascending colon, which is discontinuous with the left-sided colitis. It 
is shown that patchy right-sided inflammation in patients with left-sided colitis has 

1. Treatment effect

2. Appendiceal ‘skip’ lesion and ‘caecal patch’

3. Ileal involvement

4. Rectal sparing

5. Paediatric UC-initial presentation

6. Fulminant colitis

Table 2. 
Unusual patterns of disease in UC.
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little clinical significance but should be recognized by pathologists to prevent a false 
diagnosis of CD in this setting [14].

It is also interesting that in appendices removed for possible acute appendicitis, 
inflammation confined to the mucosa with associated crypt distortion should raise 
the possibility of an appendiceal involvement in UC.

4.3 Involvement of the ileum

Ileitis is found in about 10% of patients with UC, the extent of involvement 
varying from 50–250 mm [1]. The mucosal changes are similar to those seen in the 
colon and are always in continuity with the disease in the large bowel. The involve-
ment of the ileum is associated with an open dilated and incompetent ileocaecal 
valve. Although the term ‘backwash ileitis’ is in common use for this condition, it is 
not necessarily accurate as evidence for such a mechanism is not yet proven [1]. This 
condition should not be confused with CD of the terminal ileum which typically 
shows longer lengths of involvement and is normally associated with chronic active 
inflammation, and other features of CD. Unfortunately, strict histopathologic criteria 
for backwash ileitis have not been defined [15].

4.4 Rectal sparing

According to traditional belief, UC is a diffuse continuous disease that begins in 
the rectum and extends proximally, without skip areas. The term ‘absolute rectal spar-
ing’ refers to the rectum with a normal endoscopic appearance and normal histology. 
Another term sometimes used is ‘relative rectal sparing’, in which the rectum has 
inflammation that is less severe than the more proximal colon [16]. Rectal sparing and 
patchiness of inflammation are seen in medically treated UC, especially with thera-
peutic steroid enemas. This too emphasizes the importance of the provision of clinical 
details to the pathologist. The pathologists should also be vigilant not to interpret 
these findings as definite evidence of CD.

4.5 Ulcerative colitis in pediatric populations

Pediatric-onset of IBD can show fewer characteristic symptoms and histological 
findings than adult-onset IBD. In general, diagnostic biopsies from children with 
UC often show less severe inflammation, fewer architectural abnormalities, and less 
epithelial injury despite extensive disease [2, 6, 17, 18].

The available evidence strongly suggests that UC in children is typically a 
pancolitis with variable degrees of inflammation on histology [16]. In a subset 
of pediatric patients, relative rectal sparing and patchy inflammation both 
endoscopically and histologically may occur at the pre-treatment stage of UC. 
These features are also observed in treated pediatric patients presumably similar 
to adults. In a minority, absolute rectal sparing occurs [16]. It is prudent not to 
preclude the diagnosis of UC in children when these atypical features are pres-
ent. The precise reason why pre-treatment stage pediatric patients have a higher 
prevalence of rectal sparing compared to adults is unclear. Younger age (<10 years) 
at presentation and shorter duration between the symptoms and endoscopy are 
proposed explanations [19].
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4.6 Fulminant ulcerative colitis

Fulminant colitis is defined as severe, acute inflammation of the colon with associ-
ated systemic toxicity. Most cases (89%) of fulminant colitis represent IBD, with the 
remainder relating to ischemia or infection, amongst other aetiologies [20].

In fulminant UC, the inflammatory cell infiltrate extends beyond the mucosa with 
thinning of the wall. There is separation and oedema of the muscle layer known as 
myocytolysis. There is diffuse haemorrhagic necrosis of the mucosa, deep fissuring 
ulcers, and transmural polymorphous inflammation. Unlike in classical UC where 
the serosa is shiny and intact, there is a purulent or seropurulent exudate seen on the 
peritoneal surface in many cases of fulminant colitis. The bowel wall is also markedly 
thinned out and dilated and this usually occurs in the region of the transverse colon. 
Macroscopic features, such as dilation, skip lesions, rectal sparing, linear ulcers, 
terminal ileal disease, pseudopolyps, and creeping fat, are poor discriminators of UC 
and CD, in the setting of fulminant colitis.

5.  Histological differential diagnosis of ulcerative colitis and diagnostic 
pitfalls

5.1 Infective colitis

Infective colitis may clinically mimic acute UC. However, most cases of infec-
tious colitis demonstrate a histological pattern of acute colitis, which may be diffuse, 
patchy, or focal, without evidence of architectural distortion. Less commonly, chronic 
infectious colitis may produce a histological pattern of chronic active colitis resem-
bling IBD. Most of these cases have no specific diagnostic features on histological 
examination and in such cases, knowledge of the clinical history and correlation with 
serologic studies or stool cultures are required for diagnosis.

Some features help in differentiating acute self-limiting colitis from UC in the 
acute stage. In acute self-limiting colitis, the neutrophils are plentiful in the LP and 
are more superficially arranged. In UC, the neutrophils are predominant within the 
lumina of the crypts and comparatively small numbers are seen migrating between 
the epithelial cells [1]. Chronic changes, such as crypt distortion in UC, take about 
4–6 weeks to develop and this could, therefore, cause a diagnostic difficulty in the 
early stages of the disease.

In amoebic colitis, presenting as chronic active colitis, there could be trophozoites 
of Entamoeba histolytica in biopsy material and identifying the trophozoites becomes 
crucial because, if immunosuppressive therapy is started for presumed IBD in these 
patients, it can result in perforation due to fulminant amoebic colitis. Superimposed 
infection with many organisms can occur with established UC and cytomegalovirus 
(CMV), campylobacter and Clostridium difficile are some of the important secondary 
infections to be considered when UC presents with an acute exacerbation [21].

5.2 Chronic ischaemic colitis

Chronic ischemia may produce a pattern of chronic active colitis and can pres-
ent a difficult differential diagnosis. Chronic or recurrent ischemia may cause 
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significant crypt distortion, Paneth cell metaplasia, and chronic active inflamma-
tion, all features which mimic UC. However, atrophic and regenerative changes in 
the epithelium, hyalinization of the LP, and the presence of microthrombi in the 
adjacent mucosa should suggest ischemia [21]. Overall, in ischemia, the chronic 
active inflammation is mild relative to the degree of epithelial injury [21]. Further 
confounding this differential diagnosis, UC has been reported to cause a hyper-
coagulable state, particularly in genetically predisposed patients. In this setting, a 
superimposed arterial and venous thrombosis may occur, leading to severe steroid-
refractory colitis [21].

5.3 Diverticular disease-associated colitis (DAC)

Chronic active colitis resembling UC may be seen in the setting of diverticu-
losis. In addition, diverticulosis is a relatively common disease of the elderly and, 
thus, both diverticulosis and IBD (either CD or UC) may coexist in the same 
patient. Unlike chronic active colitis of UC, DAC is confined to segments involved 
by diverticular disease, most commonly the sigmoid colon, and, by definition, 
spares the rectum. However, UC and diverticular colitis may in some cases rep-
resent overlapping entities, as a small subset of diverticular colitis patients has 
progressed to typical rectosigmoid UC and DAC may respond to medical therapy 
utilized for IBD [21].

5.4 Drug-induced colitis

Some forms of medication-induced colitis may demonstrate chronic active colitis, 
which may enter the differential diagnosis of UC. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) may result in the reactivation of UC. However, in some patients, this 
group of drugs has also been implicated in initiating UC [1].

The most useful histological feature in distinguishing NSAID-related colitis from 
UC is an increase in apoptotic bodies in the crypt epithelium and lymphocytes and 
mononuclear cells of the superficial LP. The morphological changes that occur with 
NSAIDs include a generalized increase in chronic inflammatory cells in the LP, a 
prominent eosinophil infiltrate, increased intra-epithelial T lymphocytes and thick-
ening of the subepithelial collagen plate may resemble eosinophilic colitis, lympho-
cytic colitis, and collagenous colitis, respectively [1].

5.5 Diversion colitis

Diversion colitis develops in segments of the bowel that have been excluded from 
the fecal stream, such as in a Hartmann’s pouch. This chronic inflammatory condition 
usually develops within a few months to several years following surgical diversion, 
and typically regresses completely within 3–6 months of re-establishment of the 
fecal stream [22]. The disease may mimic IBD on biopsy samples and may show crypt 
atrophy, distortion, and lymphoid hyperplasia, involving the mucosa and/or submu-
cosa. Symptomatic patients can show superimposed cryptitis, crypt abscesses, and 
superficial aphthous-type erosions or frank ulceration.

This warrants the importance of obtaining a biopsy of the segment at the time 
of the surgery to get a baseline analysis and review of the clinical, radiological, and 
endoscopic information prior to diagnosis.
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5.6 Crohn disease (CD)

In most instances, UC and CD may be readily distinguished from each other 
pathologically, particularly when each exhibits classic histological features assisted 
by clinical data and other ancillary investigations. There are several circumstances 
in which the ‘classic’ morphological features that help to distinguish UC from CD 
are altered or absent. When these atypical morphological features are present, they 
may mimic CD (Tables 3 and 4). Most of these atypical features have already been 
discussed in Section 3.

5.6.1 Granulomas in UC

Approximately 30–40% of CD cases contain either mucosal or mural, non-
necrotic granulomas [22]. When present, it is a helpful feature to confidently 
diagnose CD, especially in mucosal biopsies. Granulomas in CD are composed of 
loose collections of CD 68 immunostain positive epithelioid histiocytes. When there 
is rupture of a crypt or extravasated mucin in UC, there could be the formation of 
a granuloma which is termed a ‘cryptolytic granuloma’ that could be difficult to 

Pathological feature Ulcerative colitis Crohn’s disease

Disease distribution Diffuse and continuous Segmental

Rectal involvement Almost always (adults) Occasionally

Disease severity Increased distally Patchy and variable

Ileal involvement Occasional (‘backwash’) Often

Inflammation of the 
colonic wall

Superficial (mucosal) Transmural

Transmural lymphoid 
aggregates

Rare, underneath ulcers Any location

Fissures Rare superficial in fulminant colitis Deep, any location

Sinuses and fistulas Absent Present

Granulomas Related to ruptured crypts 
‘cryptolytic granuloma’

Not crypt-related and are epithelioid 
cell granulomas

Table 3. 
Classic morphological features helpful in differentiating UC from CD [13].

1. Discontinuous or patchy disease (‘caecal patch’)

2. Absolute or relative rectal sparing

3. Inflammatory changes in the ileum (‘backwash’ ileitis)

4. Treatment-related change

5. Granuloma formation

6. Transmural inflammation

Table 4. 
Unusual morphological patterns of UC that may mimic CD.
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distinguish from granulomas of CD (Figure 5). Examination of multiple tissue levels 
that will demonstrate the relationship between granulomas and the crypt epithe-
lium is a helpful measure in this situation. Cryptolytic granulomas often contain 
an admixture of neutrophils and lymphocytes, in addition to foamy macrophages 
and multinucleated foreign body-type giant cells and these are not usually seen in 
CD-related granulomas [22].

5.6.2 Transmural inflammation in UC

In CD, transmural lymphoid aggregates are seen randomly in the wall of the 
bowel. In fulminant UC when superficial fissuring ulcers that extend into the deep 
submucosa or superficial muscularis propria are present and in toxic megacolon when 
myocyte necrosis and serosal inflammation are prominent, there could be mural 
mononuclear inflammation. However, in contrast to CD, these do not form typical 
discrete lymphoid aggregates and are usually seen underlying the areas of severe 
ulceration [22]. Thus, lymphoid aggregates in areas under intact mucosa are not a 
feature of UC and, in fact, favor a diagnosis of CD.

5.6.3 CD with UC-like features

Typical features of CD such as granulomas, fissuring ulcers, and transmural 
lymphoid aggregates are seen less commonly in the colon compared to the small 
intestine [15]. Therefore, some cases of colonic CD may mimic UC by demon-
strating only superficial mucosal involvement without inflammatory changes in 
the submucosa or muscularis propria, diffuse and continuous disease, and even 
pancolitis. Nearly 20% of CD patients develop colitis without the involvement 
of the upper GI tract [22]. In these cases, careful evaluation of colonic and ileal 
biopsies for granulomas, identifying focal or patchy inflammation and activity 
within the LP, identifying transmural lymphoid aggregates in resections, correla-
tion with a detailed clinical history and imaging will be of help in differentiating 
UC from CD.

Figure 5. 
(A) Cryptolytic granuloma following a rupture of a crypt in UC. Extravasated mucin, multinucleated giant cells, 
and inflammatory cells are seen. (B) Epithelioid cell granuloma formed by histiocytic cells in CD ((A and B) 
H&E ×400).
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6.  Indeterminate colitis (IC) and inflammatory bowel disease unclassified 
(IBDU)

In up to 5% of IBD cases, an exact classification of IBD into UC or CD proves dif-
ficult due to either the overlapping histological features of the two diseases or to the 
fact that UC and CD represent two ends of the spectrum of a single disease [1, 6].

Several different terms have been used to refer to this condition, including ‘inde-
terminate colitis’ (IC), ‘inflammatory bowel disease unclassified’ (IBDU), ‘chronic 
inflammatory bowel disease unclassified’, and ‘chronic idiopathic inflammatory bowel 
disease not otherwise specified’. The European Crohn’s and Colitis Organization 
(ECCO) and the European Society of Pathology (ESP) jointly addressed the ambigu-
ous usage of this terminology, in their consensus report in 2013 [6]. Accordingly, the 
term IBDU could be used for patients with chronic colitis who have IBD based on 
the clinical history, but endoscopy and histology of the biopsies show no definitive 
features of either UC or CD [6]. This term is reserved for biopsy examination as the 
post-operative examination of resections of such IBDU cases usually provides defini-
tive evidence of UC or CD.

The entity of IBDU is more common in the pediatric population. The possible 
reasons for this being more colitis than ileitis occurs in CD in early cases and the 
presence of rectal sparing in UC in the pediatric population [6]. Upper GI biopsies are 
particularly helpful in these cases.

The pathological diagnosis of IC is made only on resected specimens with the pres-
ence of overlapping features or the absence of a clear diagnostic pattern to distinguish 
CD from UC.

Usually, macroscopically IC shows diffuse disease with involvement of trans-
verse and right colon and less severe inflammation in the distal colon. There is 
extensive ulceration. Microscopy confirms extensive ulceration with a sharp 
transition to normal adjacent mucosa and multiple V-shaped ulcers lacking  
surrounding inflammation. The overlapping histological features of IC are given 
in Table 5.

It makes no difference whether the large bowel resection is called ‘UC’ or ‘IC’, 
but CD needs to be excluded conclusively since an ileal pouch-anal anastomosis 
(IPAA)/‘pouch’ procedure is generally contradicted in CD.

• Severe mucosal and wall involvement

• Non-aggregated transmural inflammation

• Fissures reaching the muscularis propria

• Discontinuous pattern

• Diffuse mucosal disease with normal ileum

• Deep mural lymphoid aggregation

• Non-necrotizing granulomas in lymph nodes

• Anal fistula

Table 5. 
Overlapping histological features in indeterminate colitis (IC).
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7. Measuring the disease activity in ulcerative colitis

The complete assessment of disease activity in UC involves symptomatic evalua-
tion, physical examination, measurement of laboratory indices, endoscopic visual-
ization, and the histological assessment of the mucosal inflammation [3]. However, 
measuring disease activity using all these different parameters is cumbersome and 
time-consuming in practice and will delay therapy. In routine clinical practice, the 
disease activity and subsequent medical treatment are usually assessed largely by the 
clinical symptomatology. Histological assessment of the degree of inflammation is 
the gold standard for evaluating the true disease activity but its conventional use is 
limited owing to its inconvenience, invasiveness, and cost [3].

Traditionally, clinical and endoscopic remission were the two main therapeutic 
targets for UC. However, up to 40% of patients in clinical and endoscopic remission 
show persistent histological activity [2]. Furthermore, histological activity predicts 
the worst outcome and histological inflammation represents a significant risk fac-
tor for the subsequent development of UC-related colorectal neoplasia. Therefore, 
histological remission is now increasingly regarded as an important therapeutic target 
for UC [2].

There are about 30 histological activity indices in IBD, that have been introduced 
over the last few decades [23]. These systems use different stepwise grading scales 
for the assessment of inflammation which is used as the basis of grading the disease 
activity. These scales have four to seven steps and quantitatively assess the following 
features—architectural changes in the mucosa, chronic inflammatory cell infiltrate, 
amount and location of neutrophils within the mucosa, crypt abscess formation, 
erosion, and ulcers.

Of these scores, the ‘Geboes score’ developed in 2000 has been the most widely 
used and can serve as an independent risk factor for disease progression in UC  
[24, 25]. The more recent ‘Nancy histological index’ (NHI) and ‘Robarts histopatho-
logical index’ (RHI) both from 2016 have proven feasible, easy to use, and are the 
most extensively validated [26, 27]. There is currently no general agreement on 
which index should be used. The 2020 ECCO position paper concluded that the NHI 
can be recommended for daily clinical practice and for clinical trials both the NHI 
and RHI are feasible [2].

RHI requires assessment of four features which include ulceration/erosion, neu-
trophils in the epithelium, neutrophils in the LP, and the chronic inflammatory cell 
infiltrate. Each of the features is subdivided on a scale of 0–3 to calculate the ultimate 
disease activity score. This may reduce its clinical usefulness and probably is more 
useful for clinical trials and in research. In NHI, three main histological characteris-
tics which include ulceration, the acute inflammatory cell infiltrate and the chronic 
inflammatory cell infiltrate are assessed. The NHI is defined by a 5-level classification 
ranging from grade-0 (absence of significant histological disease activity) to grade-4 
(severely active disease) (Table 6) [27].

In the NHI, chronic inflammation includes lymphocytes, plasma cells, and 
eosinophils and it is assessed without quantification. Furthermore, if neutrophilic 
inflammation is present, regardless of extent, the degree of chronic inflammation is 
not assessed.

It has been shown that both NHI and RHI have a similar degree of inter and intra-
observer agreement and share equivalent feasibility in terms of time taken for scoring 
the biopsies [28].
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Despite the development and validation of novel histologic scoring systems, there 
are no agreed definitions for histologic healing and remission. Histologic healing is 
the ultimate goal of the treatment and could be defined as complete normalization 
of the mucosa [7]. What constitutes complete normalization needs to be precisely 
defined. Rare architecturally distorted crypts should not be overinterpreted as 
evidence of persistent architectural abnormalities. A rare, branched crypt can be 
seen even in a normal colon. Furthermore, the crypts in a normal rectum often do not 
extend to the muscularis mucosae [7].

The best definition of histologic remission in UC is also unclear. Traditionally, 
this has been regarded as persistent architectural abnormalities without neutrophilic 
(active) inflammation, with varying degrees of lymphoplasmacytic inflammation. 
The presence of mucosal eosinophils is allowed [7]. Ideally, remission includes clini-
cal, endoscopic, and histological resolution, which is called complete remission.

8. Dysplasia andv malignancy in ulcerative colitis

The risk of colorectal carcinoma (CRC) is increased in patients with long-term UC 
compared to the general population. Carcinogenesis in UC is inflammation-driven and 
has a different pathway than usual colorectal carcinogenesis. Epithelial cells acquire 
early mutations of TP53 and KRAS genes and no mutations of APC genes, while in 
non-inflammatory carcinogenesis of the colon, APC mutation is the earliest event [7].

Epithelial dysplasia is the precursor lesion of UC-associated CRC. The features 
associated with increased risk of dysplasia/CRC in UC include the duration of the dis-
ease, the anatomical extent of the disease, early age of onset, concomitant sclerosing 

Histological criteria and defining features Disease activity Score

Ulceration
Loss of colonic crypts replaced with 
immature granulation tissue or presence of a 
fibrinopurulent exudate

Severe 4

Acute inflammatory cells infiltrate
Presence of neutrophils in LP and/or epithelial 
cells

Moderate to severe
Presence of multiple clusters of neutrophils 
in LP and/or in the epithelium that is easily 

apparent.

3

Mild
Few or rare neutrophils in LP or in the 

epithelium that are difficult to see

2

Absence
Assess the chronic inflammatory cell infiltrate

Chronic inflammatory infiltrate
Presence of lymphocytes and/or plasma cells 
and/or eosinophils in LP

Moderate to severe
Presence of an increase in chronic 

inflammatory cell number that is easily 
apparent

1

Mild
No or mild increase in chronic inflammatory 

cell number

0

Table 6. 
Nancy histological index (NHI).
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cholangitis, family history of CRC, and endoscopic/histological activity of the disease 
[29]. The prognosis of CRC in IBD may be worse than CRC in the general population 
and shows higher mortality [9].

8.1 Colorectal dysplasia in ulcerative colitis

The presence of dysplasia in endoscopic biopsies is the most reliable marker of 
cancer risk. There are no specific clinical features related to dysplasia in UC. Most 
cases of dysplasia occur in the left/distal colon, and this mirrors the higher incidence 
of UC-associated colorectal carcinoma (CRC) in the rectosigmoid region. The 
endoscopic appearance of dysplasia is categorized according to the SCENIC classifica-
tion and includes visible and invisible lesions. The visible lesions are subdivided into 
polypoidal (either pedunculated or sessile) and non-polypoidal (superficial, flat, 
depressed [29].

Dysplasia of the colorectum is defined as an unequivocal epithelial alteration that 
remains confined within the basement membrane within which it originated. The 
microscopic features of dysplasia in UC are based on a combination of cytoarchitec-
tural features of the crypt epithelium that remains confined to the mucosa and are 
identical to those used in the general assessment of dysplasia elsewhere [9]. Dysplasia 
is classified according to either the Riddell or the Vienna system [30, 31]. In the 
Riddell system, there are four categories for dysplasia, which are negative, indefinite, 
low grade, and high grade. The Vienna system has five categories with the addition of 
invasive carcinoma.

The most common histological subtypes of dysplasia include intestinal (adenoma-
tous) and serrated types [29]. Regardless of these subtypes, dysplasia is divided into 
low grade and high grade according to the cytoarchitectural features. In low-grade 
dysplasia (LGD) the crypts may be tubular and/or villous or serrated and they show 
either no or only mild crypt budding or crowding. The dysplastic cells show enlarged, 
hyperchromatic nuclei with a high nuclear/cytoplasmic ratio, nuclear stratification 
limited to the basal half of the cytoplasm, and clumped chromatin or multiple small 
nucleoli. In serrated dysplasia, the dysplastic cells may show hypereosinophilic, 
mucin depleted cytoplasm, or a microvesicular epithelium that is similar to the spo-
radic sessile serrated adenomas. These atypical nuclear features usually involve both 
the crypt and surface epithelium.

High-grade dysplasia (HGD) exhibits enlarged nuclei with marked nuclear 
hyperchromasia, pleomorphism, stratification involving the full thickness of the 
cytoplasm, increased mitoses, and loss of nuclear polarity. It shows complex glandular 
architecture with crowding, cribriforming, complex branching, and budding [29].

The category indefinite for dysplasia refers to ambiguous epithelial alterations that 
cannot with certainty be classified either as negative or positive for dysplasia. Some of 
the settings in which indefinite for dysplasia is considered are shown in Table 7.

8.2 Some issues in histopathological reporting in UC-associated dysplasia

A. Examination of multiple biopsies is necessary to rule out the possibility of 
dysplasia confidently, as dysplasia is also identified in endoscopically normal 
mucosa.

B. The active and resolving phase of UC may cause diagnostic difficulties as the 
damaged or the regenerative epithelium may harbor mucin depleted cells and 
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atypical nuclear changes, such as enlargement, hyperchromasia, stratification, 
and brisk mitoses. Careful observation for surface maturation, which is a feature 
in reactive conditions helps to solve this problem. Another good practice is to 
perform colonoscopic surveillance during a period of remission of UC.

C. Inter-observer agreement amongst pathologists for dysplasia associated with 
UC is suboptimal. Poor reproducibility is seen mainly in indefinite dysplasia 
and LGD groups. (6). Reporting the biopsies for dysplasia ideally by two histo-
pathologists will help to overcome this problem. A review of the biopsies with 
the diagnosis of dysplasia by a more experienced gastrointestinal pathologist, 
before any surgical intervention is undertaken, will optimize the management of 
these patients.

D. Adenomas can arise in both affected and non-affected mucosa in UC patients. 
They are treated like any other adenomas by complete local excision. The stalk 
or the tissue around the base of the lesion needs to be examined carefully to 
confirm that these are adenomas or part of a more widespread area of dysplasia 
associated with UC.

E. Colonic biopsies of patients treated with immunosuppressive agents, such as 
cyclosporin for severe UC, are known to show ‘pseudo dysplastic’ changes in the 

1. Atypical cytological features in an inflammatory background where differentiating regenerative change 
from LGD/HGD could be difficult

2. Marked cytological atypia in the crypt bases where surface maturation cannot be assessed due to 
ulceration or poor orientation

3. Various artifactual cytological changes occur as a result of poor histological techniques—processing, 
cutting, staining

4. Only a very small focus (only a few crypts) shows dysplasia.

Table 7. 
Some settings where indefinite for dysplasia are considered.

Figure 6. 
Dysplasia in UC. (A) Flat low-grade dysplasia with villous configuration. There is no significant pleomorphism 
or loss of polarity (H&E ×100). (B) High-grade dysplasia with crowding glandular proliferation (H&E ×100). 
Reprinted by ([21], pp. 178-192). Published by Oxford University press and digestive science publishing Co 
Limited.
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epithelium [32]. Perhaps the most helpful feature is that the ‘pseudo-dysplasia’ 
induced by cyclosporin is strikingly diffuse, with many, and sometimes all, 
crypts showing similar changes, a pattern not usually seen in UC associated 
dysplasia. Therefore, the clinician needs to alert the pathologist to the fact that 
the patient has been on cyclosporin and that the pathologist in turn should be 
cautious when diagnosis dysplasia in this situation (Figure 6).

8.3 The demise of the term ‘DALM’ in ulcerative colitis

A diagnosis of dysplasia is made on biopsy material taken from a polyp or a mass 
evident on endoscopy was historically termed ‘dysplasia associated lesion or mass’ 
(DALM) and was considered as an indication for colectomy to rule out the possibility 
of invasive malignancy. In 2015 SCENIC international consensus statement on the 
surveillance and management of dysplasia in IBD, abandoned the term DALM and 
replaced it with endoscopically visible and non-visible lesions [33]. With advance-
ments in endoscopic polypectomy and endoscopic mucosal resections (EMR), the 
concept of DALM is now outdated because most lesions that are noninvasive can be 
removed using these techniques [1].

8.4 Carcinoma in ulcerative colitis

Carcinomas arising in UC are mostly similar to their counterpart in non-colitis 
patients except for the background colitis. However, there are some features that are 
more frequent in UC-associated carcinomas. The tumors could be multiple and often 
are flat lesions with ill-defined edges, therefore, these tumors are easily felt than 
seen. Histologically there is a higher incidence of high-grade tumors and mucinous 
subtypes [1].

9. Conclusions

The pathologist plays a vital role in the diagnosis and follows up of patients with 
UC. The histological features in the biopsies vary widely depending on the stage 
of this chronic relapsing and remitting disease, making the differential diagnosis 
lengthy and challenging. The final diagnosis should be ideally concluded at a clinico-
pathological meeting. Understanding the typical and atypical histological features of 
UC is vital in the task of differentiating UC from other types of colitis, mainly CD. 
Histological disease activity and identifying histological remission are increasingly 
considered important therapeutic targets. Identifying dysplasia associated with UC 
and its grading is a crucial step in the surveillance and management of this chronic 
disease.
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Chapter 6

Pediatric Ulcerative Colitis
Rayna Shentova-Eneva and Ivan Yankov

Abstract

Inflammatory bowel disease (IBD) is a collective term that includes a group of 
disorders with unknown etiology characterized by chronic inflammation of the 
gastrointestinal tract and relapsing and remitting course. Ulcerative colitis (UC) is 
a type of IBD that affects the large intestine, causing irritation, inflammation, and 
ulcers in its lining. Approximately 25% of patients with IBD are diagnosed before 
the age of 18 years. Children and adolescents with UC are more likely to have more 
severe disease course with more extended intestinal involvement at diagnosis and 
faster disease progression than adults. Atypical presentation is also common in 
pediatric age. Treatment recommendations for children and adolescents are dif-
ferent than those for adults and offer many unique challenges for the healthcare 
professionals.

Keywords: typical ulcerative colitis, atypical ulcerative colitis, severe ulcerative colitis, 
diagnostic approach, management of pediatric ulcerative colitis

1. Introduction

Inflammatory bowel disease (IBD) represents a group of chronic disorders of 
the digestive tract with a relapsing and remitting clinical course and a debilitating 
character. IBD may occur at any age [1]. Approximately 25% of incident cases of 
inflammatory bowel disease occur during childhood [2–4]. The majority of newly 
diagnosed pediatric patients are teenagers, but the disease may have an earlier 
manifestation [5, 6]. According to the Montreal classification of IBD the pediatric IBD 
(PIBD) is defined as having an age of occurrence younger than 17 years [7]. Later the 
Paris classification defined A1a group for those children with less than 10 years of age 
IBD onset and A1b for children with onset of symptoms between 10 and <17 years of 
age [8]. The latest modification of the IBD classification defines disease onset under 
the age of 17 as PIBD and this is further classified into early onset IBD (EOIBD) when 
it occurs under 10 years of age, very early onset IBD (VEOIBD) with less than 6 years 
of age IBD onset, infantile (and toddler) onset of IBD (less than 2 years of onset) and 
neonatal IBD (disease onset within first 28 days of age) [9].

Evidence over the last several years have shown that VEOIBD is a separate disease 
entity with specific clinical features and outcomes that are different from those of 
adolescent-onset IBD [9, 10]. In most cases VEOIBD is associated with underly-
ing primary immunodeficiencies or has an underlying monogenic etiology. It is 
characterized by a severe and often treatment-refractory course of disease [11]. Not 
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surprisingly VEOIBD is accepted currently as a unique disease that requires a specific 
diagnostic approach and specific treatment. A recent position paper summarized 
the diagnostic algorithm by suspected VEOIBD and described some of the potential 
treatments [12].

The classically group of IBDs in childhood includes three nosological entities: 
Crohn’s disease (CD), IBD-unclassified (IBDU) and ulcerative colitis (UC) and [13].

CD is a type of IBD whose predilection site for development is the terminal 
ileum, but it may affect any part of the gastrointestinal tract, from the mouth to the 
anus [14]. The changes are usually segmental, the diseased sections alternating with 
healthy ones—the so-called skip lesions. The inflammation in CD is transmural and 
may affect the entire bowel wall. Initially, infiltrates are localized around the intesti-
nal crypts, but with the disease progression, deeper layers are involved, and specific 
histological structures are formed—non-caseating epithelioid granulomas [13–16]. 
The transmural inflammation predetermines the disease-specific complications: 
wall thickening and narrowing of the lumen of the intestine, intestinal obstruction, 
fistulation, and abscess formation [16].

IBDU is the rarest of the IBD subgroups. It is more common in the pediatric popu-
lation than in adults and is a diagnosis which is made in patients with IBD in whom 
the inflammation is confined to the colon and the disease has characteristics which 
do not allow to determine definitively whether it is UC or CD despite all necessary 
tests [7, 13, 16–18].

In UC, the inflammatory changes are usually localized in the colonic mucosa. 
The inflammation is ulcerative and purulent. It is continuous, usually starting 
from the rectum and gradually extending to the more proximal parts of the bowel. 
Histological findings include chronic inflammation of the mucosa with infiltra-
tion of polymorphonuclear neutrophils, accumulation of polymorphonuclear 
neutrophils in the crypts of the large intestine, formation of crypt abscesses, and 
disruption of the structure of the mucous glands. In more severe cases, inflamma-
tory pseudopolyps are formed. The wall of the intestine becomes thick and rigid, 
without haustration [5, 6, 11, 13, 14, 16].

2. Specific features of pediatric ulcerative colitis

Pediatric ulcerative colitis is a different disease entity from adult-onset UC. It has 
a particular etiopathogenesis, unique clinical characteristics, specific disease course 
and outcome.

2.1 Etiopathogenesis

The etiopathogenesis of IBD is complex and multifactorial. It is suggested that a 
dysregulation of mucosal immune system leads to excessive inflammatory response 
to the contents of the intestinal lumen (microflora, infectious agents, nutrients, etc.). 
This abnormal immune response results in chronic inflammation and damaging of 
body’s own structures [20]. Different genetic and environmental factors may con-
tribute to the development of the immune dysregulation and the abnormal immune 
response [21]. Typical for the pathogenesis of pediatric IBD is that the role of the 
genetic factors is stronger than in adults, while environmental factors are of major 
importance in later clinical manifestation [22–24].
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Childhood-onset UC is often associated with a consanguinity and a positive 
family history of IBD which provides an additional clue to an underlying genetic 
predisposition [25].

Currently, over genetic 160 loci have been associated with IBD. Most of the 
variants lead to aberrations in several mechanisms altering the intestinal immune 
homeostasis and contribute to both CD and UC risk. However, some polymorphisms 
are unique to UC- or early-onset UC-specific risk [26–28]. Furthermore, some types 
of infantile IBD or VEOIBD that manifest phenotypically with UC are thought to be 
monogenic diseases having a Mendelian inheritance [9, 12].

2.2 Clinical manifestation

The most common symptoms of pediatric UC include abdominal pain, chronic 
diarrhea with or without blood, weight loss, fatigue, fever, and rectorrhagia [6]. 
Generally, the clinical manifestation of the disease is associated with its location 
and the degree of inflammation [29]. Children with UC have more extended disease 
compared to adults with UC [30]. They are likely to present with pancolitis, whereas 
in adults the disease is predominantly confined to the rectum or left side of the colon 
[16]. The differences in disease location result in different clinical presentation in 
comparison with adult patients with UC. The majority of children with UC report of 
abdominal pain and bloody diarrhea, whereas adults tend to present most often with 
rectal bleeding [14, 16]. Furthermore, pediatric patients with UC have more often 
extraintestinal manifestations, impaired nutritional status or are at impaired general 
condition compared to adults with UC [30–32].

2.3 Endoscopic findings

The typical endoscopic findings of UC are continuous mucosal inflammation that 
starts from the rectum, extends proximally, and ends at transition zone anywhere in 
the colon or involves the whole colon [13]. Sometimes, in case of severe pancolitis the 
ileocecal valve and the most distal part of the terminal ileum may also be affected. 
This extension of the inflammatory process is termed “backwash ileitis” [14]. The 
typical macroscopic features of UC include erythema, granularity, friability, purulent 
exudates and ulcers which usually appear as superficial small ulcers. The typical 
histologic findings of UC include chronic inflammation in the mucosa accompanied 
by cryptitis or crypt abscesses. The inflammation is most severe distally and is getting 
milder proximally [13].

Pediatric-onset UC may present also with atypical endoscopic findings. 
Recognized and described are the following 5 phenotypes [13, 19]:

1. Rectal sparing UC: 5–30% of pediatric patients with UC have reduced or no 
inflammation of the rectum compared to proximal colon.

2. Short duration of disease: This variant occurs primarily in children younger 
than 10 years of age and is characterized by patchy disease in biopsies or lack of 
typical architectural distortion in pathological specimens.

3. Cecal patch: This phenotype is observed in 2% of the pediatric patients with UC 
and is characterized by left sided colitis with an area of cecal inflammation
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4. Involvement of the upper gastrointestinal tract: 4–8% of the children with UC 
present with mild ulceration and microscopic involvement of the stomach; 0.8% 
of them present with inflammatory changes in the esophagus or duodenum—
usually erosions, rarely ulcerations.

5. Acute severe UC: Children with clinical manifestation of acute severe ulcerative 
colitis may have several features that are typically characteristic of CD such as 
transmural inflammation and deep ulcers, which are associated with the severity 
of the disease.

Based on the specific endoscopic manifestations of pediatric UC in 2013 was 
introduced the term “atypical UC”: a new child-specific IBD category consisting of 
5 atypical disease phenotypes. Nowadays the pediatric UC is divided into typical UC 
and atypical UC [13].

2.4 Evolution and outcome

In contrast to adult-onset presentations, children with UC have extended 
disease and are likely to present with pancolitis [26, 33]. This more extended 
disease is consistently associated with a more severe and aggressive disease course. 
According to the literature, within 5 years from diagnosis a significantly higher 
percentage of patients with childhood-onset UC are admitted to emergency 
units for acute severe colitis, compared to adult-onset disease [33]. Furthermore, 
children with UC are more likely to receive corticosteroids, be initiated on immu-
nomodulators, and require surgery in the first year after diagnosis than adults with 
UC [26, 33].

The colectomy rate is significantly higher in children compared to adult UC popu-
lations [33]. Based on the literature the colectomy rate within 10 years from diagnosis 
is over 40% in pediatric-onset UC compared to less than 20% in adult-onset UC [34]. 
However, other studies show lower colectomy rates of 25% in 6 years and 15% in 
10 years [35, 36].

Another specific feature of childhood-onset UC is the possible change in the 
diagnosis from onset to long-term follow-up [6]. A recent study of the natural 
history of pediatric-onset IBD showed an increased disease reclassification over 
time from UC diagnosis to CD diagnosis [37]. Patients initially diagnosed as UC 
(a correct initial diagnosis) developed findings that led to a diagnostic change to 
CD [38].

3. Classification of pediatric ulcerative colitis

In May 2009 an international group of experts in pediatric IBD met in Paris and 
created a classification which reflects the specific phenotypic characteristics of 
pediatric IBD—the so-called Paris classification (Table 1). It represents a pediatric 
modification of the adult Montreal Classification of IBD. The classification of pedi-
atric UC disease according to the Paris classification. With respect to disease extent it 
is divided into four categories: ulcerative proctitis (E1), left-sided UC (E2), extensive 
UC (E3) and pancolitis (E4). Disease severity is categorized as never severe (S0) and 
ever severe (S1) [8].
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For measuring disease activity and evaluation of disease severity is used a validated, 
multi-item, scoring system—the so-called Pediatric Ulcerative Colitis Activity Index 
(PUCAI) (Table 2). The PUCAI is a score comprised of six parameters, including the 
assessment of abdominal pain, rectal bleeding, stool consistency, number of stools per 
24 h, nocturnal stools, and activity level. Each item is assigned a value contributing to a 
combined total PUCAI score ranging from 0 to 85. Categories of UC disease activity are 
defined by the following total PUCAI scores: 0–9 (no activity), 10–34 (mild activity), 
35–64 (moderate activity), and 65–85 (severe activity) [39]. The items that are included 
in the PUCAI score and their corresponding points are presented.

Table 1. 
Paris classifications for pediatric ulcerative colitis (adapted from Levine et al. [8]).

Item Characteristics Points

Abdominal pain No pain
Pain can be ignored

Pain cannot be ignored

0
5

10

Rectal bleeding None
Small amount only, in less than 50% of stools

Small amount with most stools
Large amount (>50% of the stool content)

0
10
20
30

Stool consistency of most stools Formed
Partially formed

Completely unformed

0
5

10

Number of stools per 24 h 0–2
3–5
6–8
>8

0
5

10
15

Nocturnal stools
(any episode causing wakening)

No
Yes

0
10

Activity level No limitation of activity
Occasional limitation of activity

Severe restricted activity

0
5

10

Total score:

Table 2. 
Pediatric ulcerative colitis activity index (adapted from Turner et al. [39]).
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4. Diagnosis of pediatric ulcerative colitis

The diagnosis of pediatric UC is based on standard consensus-based criteria for 
diagnosing IBD in pediatric patients, the so-called Porto criteria. They were prepared 
and issued in 2005 by the IBD Working Group of the European Society for Pediatric 
Gastroenterology, Hepatology and Nutrition [16]. In 2013 the initial criteria were 
revised and updated [13]. According to the Porto criteria the diagnosis of pediatric UC 
involves history taking, physical and laboratory examination, esophagogastroduodenos-
copy and ileocolonoscopy with histology, and imaging of the small bowel [11, 13, 16]:

1. History: Abdominal pain and bloody diarrhea are the most common present-
ing symptoms in pediatric UC. Other symptoms may be rectal bleeding, fever, 
weight loss, growth retardation, malnutrition, psychiatric symptoms, arthropa-
thy, erythema nodosum, retardation of pubertal development, secondary amen-
orrhea, etc. Suspicious are symptoms which persist for ≥4 weeks or recurrent 
symptoms (≥2 episodes within 6 months).

2. Physical examination: Physical examination might reveal signs of anemia, 
 abdominal tenderness, and blood on rectal exam. Looking for presence of mal-
nutrition or extraintestinal manifestations (skin abnormalities, arthritis, etc.) is 
an important part of the full examination.

3. Blood tests: Screening blood tests should include full blood count, erythrocyte 
sedimentation rate, C-reactive protein, serum levels of urea and creatinine, 
 serum albumin, immunoelectrophoresis, liver function tests and (in certain 
cases) celiac screen.

4. Microbiological investigations: The search for bacterial infections should 
include a stool culture to exclude Samonella, Shigella, Yersinia, Campylobacter as 
well as Clostridum difficile toxins in all children.

5. Screening for tuberculosis

6. Serological investigations: No serology pattern can preclude the diagnosis of 
UC, due to imperfect test performance of all existing antibodies. However, the 
presence of pANCA+/ASCA- serology increases the likelihood of UC.

7. Fecal markers of inflammation: Pediatric data exist primarily for fecal calpro-
tectin and lactoferrin. Both markers are excellent tools for identifying the  
presence of intestinal inflammation but are unspecific.

8. Ileocolonoscopy and esophagogastroduodenoscopy with biopsies:  
Colonoscopy including intubation of the terminal ileum and multiple bi-
opsies for histology obtained from all segments of the lower intestinal tract 
(ileum, cecum, ascending colon, transverse colon, descending colon, sigmoid 
and rectum) is essential for the diagnosis of pediatric UC. In addition,  
an esophagogastroduodenoscopy is advocated is recommended in all patients 
to exclude a CD or to confirm an atypical UC.

9. Imaging of the small bowel: It is recommended for all patients unless the diagno-
sis favors typical UC. Magnetic resonance enterography is the imaging modality 
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of choice in children IBD at diagnosis with high diagnostic accuracy. Alternatively, 
wireless capsule endoscopy can be used to identify small bowel mucosal lesions 
in children in whom magnetic resonance enterography cannot be performed. 
Abdominal ultrasound is also a useful imaging modality that accurately detects 
and characterizes inflammation of the bowel wall, but it is more valuable in CD di-
agnosis and usually should be complemented by more sensitive imaging method.

10. Genetic tests and immunological investigations: They are recommended for all 
patients with suspected VEOIBD, presenting with UC phenotype.

Figure 1. 
Diagnostic algorithm for pediatric ulcerative colitis. IBD: inflammatory bowel disease; VEOIBD: very early onset 
inflammatory bowel disease; EIM: extraintestinal manifestation; UC: ulcerative colitis; MRI: magnetic resonance 
imaging; WCE: wireless capsule endoscopy; CD: Crohn’s disease; IBDU: Inflammatory bowel disease unclassified.
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A summary of the diagnostic algorithm for suspected pediatric UC is presented at 
Figure 1.

5. Therapy of pediatric ulcerative colitis

The management of pediatric UC is based on therapeutic guidelines produced 
by the European Crohn’s and Colitis Organization (ECCO) and European Society 
for Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) [40, 41]. 
Generally, the treatment strategy should be guided by the endoscopic extent of 
inflammation and disease severity. However, in children with UC the therapy depends 
mainly on disease severity, assessed by the corresponding disease activity index: 
Pediatric Ulcerative Colitis Activity Index (PUCAI) [39, 40]. The treatment goal is 
induction and maintenance of steroid-free complete remission [40].

5.1 Medical therapy

5.1.1 5-Aminosalicylates (5-ASA)

5-ASA are the preferred first-line therapy for induction and maintenance of 
remission for patients with mild (PUCAI 10–34) and some patients with moderate 
disease (PUCAI 35–64) [40]. The preparations are available as forms for local admin-
istration (suppositories and enemas) and forms for systemic administration (tablets 
and granules). Topical 5-ASA are effective in mild-to-moderate distal UC, but usually 
they are combined with oral 5-ASA, as the combination therapy is more effective than 
either treatment alone [40, 42]. Rectal 5-ASA are superior to rectal steroids for induc-
tion and maintenance of remission in distal UC [43]. Oral 5-ASA preparations are 
generally preferred to sulfasalazine due to a superior side effect profile combined with 
similar efficacy. However, sulfasalazine is cheaper and available in liquid formulation 
[40, 42]. The recommended dosing for oral mesalamine is 60–80 mg/kg/day (maxi-
mum 4.8 g daily) and for oral sulfasalazine 40–70 mg/kg/day (maximum 4 g daily). 
Both are usually given in divided doses, but according to the studies once daily dosing 
of 5-ASA may be as effective as twice daily dosing [44]. The recommended dosing for 
rectal mesalamine is 25 mg/kg up to 1 g daily (1 g daily is as effective as higher doses) 
[40]. Lack of meaningful response to 5-ASA within 2–3 weeks of therapy is an indica-
tion for treatment modification and initiation of steroids [40, 42].

5.1.2 Steroids

Treatment with steroids is recommended for induction of remission in children with 
moderate and severe UC. It is not recommended for maintenance of remission [40]. 
Available are forms for oral, intravenous, and local administration. Steroid dependency 
is defined as response or remission with corticosteroid treatment, but recurrence of 
symptoms when the dose is lowered or within 3 months following complete taper [40]. 
Steroid refractory UC is defined as lack of clinical response to oral prednisolone at doses 
0.75–1 mg/kg/day (max. 40 mg/day) within 4 weeks or lack of clinical response to intra-
venous prednisolone at doses 0.75–1 mg/kg/day (max. 60 mg/day) within 1 week [40, 41].

Oral steroids should be used as second-line therapy for mild or moderate UC 
not responding to 5-ASA (oral ± rectal) and may be considered as first line in more 
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severe moderate disease. The recommended daily dose for oral prednisolone/pred-
nisone is 1 mg/kg/day up to 40 mg/day administered once daily (in the morning) for 
2–3 weeks followed by a tapering period of up to 8–10 weeks [40]. Second-generation 
oral steroids with lower systemic effect such as beclomethasone dipropionate and 
budesonide-MMX may be considered in patients with mild disease refractory to 
5-ASA before oral prednisolone. The recommended dosing schedule for beclometha-
sone dipropionate is 5 mg once daily for 4 weeks and for budesonide-MMX 9 mg 
for 8 weeks. The recommendations are for patients with weight > 30 kg. Dosing for 
children <30 kg has not been established [40].

Intravenous steroids should be used as first-line therapy in patients with severe UC 
(PUCAI ≥ 65) (See section Acute severe ulcerative colitis) [40, 41].

Rectal steroid preparations are useful for patients who are 5-ASA intolerant and in 
selected patients refractory to 5-ASA before starting oral prednisolone [40].

5.1.3 Immunomodulators

Thiopurines are recommended for maintaining remission in children with UC. 
They should be used as second-line therapy for maintaining remission in children 
with mild or moderate UC after 5-ASA failed and as first-line therapy for main-
taining remission in children with severe UC and in 5-ASA intolerant patients. 
Although thiopurines have been shown to be more effective than 5-ASA they should 
generally be reserved as second-line therapy, considering their safety profile [40]. 
Before starting therapy with thiopurines it is recommended the determination of 
thiopurines methyltransferase (TPMT) genotype or phenotype to identify patients 
at greater risk of early profound myelosuppression or other thiopurine associated 
toxicity. Dose should be reduced in heterozygous patients or in those with low 
activity. Thiopurines should not be used in children homozygous mutants for TPMT 
or those with very low TPMT activity. Concomitant use of allopurinol 50 mg once 
daily in patients <30 kg and 100 mg once daily in patients ≥30 kg (maximum 5 mg/
kg) with reduced dose of azathioprine (to approximately 25–30% of initial dose) is a 
valid therapeutic option in cases of hyperactive TPMT resulting in high 6-MMP and 
low 6-TGN. The recommended dosing in patients with normal TPMT is 2–2.5 mg/
kg/day for azathioprine and 1–1.5 mg/kg/day for mercaptopurine, in a single daily 
dose [40]. The therapeutic effect of thiopurines may take up to 10–14 weeks after 
the start of treatment. Measurement of thiopurine metabolites, 6-methyl mercapto-
purine and 6-thioguanine is helpful to assess compliance, adjust therapy and avoid 
adverse events [40, 42].

Methotrexate may be considered as alternative therapeutic option for maintaining 
remission in selected children with UC. Generally, there is no evidence supporting 
its routine use for maintenance of remission in UC, therefore it should be used only 
when other alternatives are not possible or available [40, 45].

Tacrolimus is a potent immunomodulator which administration is reserved for 
special occasions. Oral tacrolimus may be considered in selected outpatient UC 
children as another option to steroids for bridging to thiopurines or vedolizumab. 
The target trough level should be 10–15 ng/mL when initiating the treatment, and 
5–10 ng/mL during the follow up period. Rectal tacrolimus may be considered as 
third-line therapy in patients with ulcerative proctitis who are either refractory or 
intolerant to mesalamine and steroids topical therapies. The recommended dose is 
0.07 mg/kg/day, maximum 3 mg/day [40].
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5.1.4 Biologics

Treatment with biologics is recommended as second- or third-line therapy for chil-
dren with moderate or severe UC. Currently approved for pediatric use are three tumor 
necrosis factor (TNF)-alpha inhibitors: infliximab, adalimumab, golimumab; and one 
anti-integrin drug: vedolizumab. However, the mainstay of pediatric UC management 
is the therapy with infliximab. It is used for induction and maintenance of remission in 
children and adolescents who have had an inadequate response to conventional therapy 
including corticosteroids and thiopurines or who are intolerant to or have medical 
contraindications for such therapies. The recommended dose is 5 mg/kg per dose at 
weeks 0, 2, and 6, then 5 mg/kg every 8 weeks thereafter. Higher dosing should be 
considered in children with low body weight (<30 kg) or high BMI, and in the presence 
of higher inflammatory burden and hypoalbuminemia. A combination therapy with 
immunomodulator is preferred to reduce the likelihood of developing drug-antibodies 
and to enhance the effectiveness [40]. Target trough levels during induction are ≥15 μg/
mL and post induction at the start of maintenance (week 14) ≥5 μg/mL [46–48].

Adalimumab or golimumab may be considered as therapeutic option in children 
with moderate to severe UC who are intolerant to infliximab or initially respond but 
then lose response to infliximab (secondary loss of response). The recommended 
dosing for adalimumab is 160 mg at week 0, followed by 80 mg after 2 weeks 
and then 40 mg every other week in adolescents with weight ≥ 40 kg. In children 
with weight < 40 kg the recommended dosing is 92 mg/m2 at week 0, followed by 
46 mg/m2 after 2 weeks and then 23 mg/m2 every other week. Adalimumab target 
levels should be ≥13 μg/mL during the induction phase and ≥7.5 μg/mL during the 
maintenance phase [47, 49]. The recommended dosing for golimumab is 200 mg at 
week 0 followed by 100 mg at week 2 and every 4 weeks thereafter in adolescents 
with weight ≥ 45 kg. In children with weight < 45 kg the recommended dosing is 
115 mg/m2 at week 0, followed by 60 mg/m2 at week 2 and every 4 weeks thereafter. 
Recommended target trough levels during maintenance are >2 mg/mL [40].

5.1.5 Antibiotics

Antibiotics should not be routinely used for induction or maintenance of remis-
sion of pediatric [40]. However, recent studies demonstrated that a combination 
of specific antibiotics—the so called wide-spectrum antibiotic cocktail could be 
used as therapeutic option for pediatric patients with severe UC resistant to other 
treatments [50, 51].

5.1.6 Probiotics

The use of specific probiotic agents (e.g., VSL#3 or Escherichia coli Nissle 917) may 
be considered as an adjuvant therapy in pediatric patients with mild UC or as first-line 
therapy in selected patients with mild UC intolerant to 5-ASA [40].

5.2 Surgical therapy

Despite advances in conventional therapy surgery remains an integral part of 
the management strategy in children with UC. It should be considered in patients 
with active, or steroid-dependent, UC despite optimized medical therapy, and in 
those with colon dysplasia [40]. The most common surgery that is carried out is a 
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subtotal/total colectomy with a temporary stoma [42]. A minimally invasive laparo-
scopic approach is recommended for superior outcomes. Generally, the restorative 
proctocolectomy with ileal pouch-anal anastomosis and a covering loop ileostomy, 
performed as one- or two- or three-stage procedures is the recommended elective 
surgery for pediatric patients with UC [40].

5.3 Acute severe ulcerative colitis

Acute severe ulcerative colitis (ASC) is defined by a PUCAI score of at least 65 
points [39]. According to the literature 11–23% of children with UC experience at 
least one severe exacerbation during the course of their disease [52–54]. ASC is an 
emergency which requires immediate management. Children with ASC should be 
treated in a hospital by a multidisciplinary team. They need close monitoring and 
frequent reevaluation [41].

Intravenous methylprednisolone is used as first-line treatment for ASC in chil-
dren. It is preferred over hydrocortisone due to its minimal mineralocorticoid activity. 
The recommended dosage is 1–1.5 mg/kg/day (up to 60 mg/day) given in one or two 
divided daily doses. The majority of patients will respond to this treatment. However, 
sequential measurement of PUCAI scores is essential for identifying those patients 
requiring a step up in treatment with second-line (rescue) therapy [41, 42]. A PUCAI 
score of >45 on day 3 indicated a likelihood of steroid failure and should dictate plan-
ning for second-line therapy. In children with a PUCAI of 35–65 on day 5 intravenous 
steroids should be continued for an additional 2–5 days before a decision on second-
line therapy is made. A PUCAI score of >65 on day 5 indicated the need for starting a 
rescue therapy [41].

The second-line therapy involves either infliximab or calcineurin inhibitors (cyclo-
sporin or tacrolimus) [41]. Both are equally effective in inducing clinical remission in 
children with ASC [55]. Due to increased clearance of infliximab in ASC the recom-
mended dosing for induction of remission is higher up to 10 mg/kg per dose and may 
be given more frequently than usual (e.g., weeks 0, 1, and 4–5). After achievement 
of remission target drug levels should be 5–10 μg/mL. The recommended dosage 
for tacrolimus is 0.1 mg/kg per dose orally twice daily with target drug levels during 
induction 10–15 ng/mL and 5–7 ng/mL once remission achieved. The recommended 
induction dosage for cyclosporine is 2 mg/kg/day administered as continuous intra-
venous infusion. Target drug levels should be 150–300 ng/mL during the induction 
phase and 100–200 ng/mL during the maintenance phase. Response to rescue therapy 
should be judged daily by PUCAI. If the rescue therapy fails, there is an option for a 
second-line rescue therapy in selected patients or it should be proceeded to a surgical 
management [41].

Many gastrointestinal infections have been associated with pediatric 
ASC. Exclusion of several specific pathogens, such as Clostridium difficile or 
Cytomegalovirus is crucial for the adequate management. In addition, for all patients 
on triple immunosuppressive therapy which includes anti-TNF or a calcineurin inhib-
itor plus thiopurines or methotrexate plus steroids should be considered a Pneumocystis 
jiroveci pneumonia prophylaxis with trimethoprim-sulfamethoxazole. The recom-
mended trimethoprim-sulfamethoxazole dosing is 450 mg/m2 twice daily (maximum 
1.92 g daily) for 3 days each week, either consecutive or alternate day dosing [41].

ASC is associated with increased risk for venous thromboembolic events (VTE) 
[56–58]. However, thromboprophylaxis with subcutaneous low molecular weight 
heparin is recommended only for children or adolescents with an underlying 
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predisposition such as smoking, use of oral contraceptives, complete immobilization, 
obesity, concurrent significant infection, known prothrombotic disorder, previous 
VTE, family history of VTE, etc. [41].

Adequate nutrient intake and early treatment of the accompanying conditions 
such as anemia, infections, etc., are also an integral part of the successful manage-
ment of ASC and should not be overlooked.

5.4 Very early onset inflammatory bowel disease with colitis phenotype

The colitis phenotype is the most common in the VEOIBD group [40]. The clini-
cal manifestation could be very heterogeneous and requires a different treatment 
approach altogether [12]. A large percentage of children with VEOIBD presenting 
as colitis have a mild disease which can be easily managed with 5-ASA [59]. Others 
demonstrate an extended disease with severe and treatment refractory course. They 
require escalated dosing strategies and more intensive treatments: early introduction 
of biologics, combination therapies, higher dosage of immunomodulators or biolog-
ics, etc. [12]. Additionally, many of the patients with VEOIBD with colitis phenotype 
have an underlying monogenic disorder and benefit from specific targeted therapies 
[12, 40]. If the molecular defect is caused by a mutation affecting predominantly 
immunological cells (e.g., IL10 signaling defects, XIAP and chronic granulomatous 
disease), hematopoietic stem cell transplantation may be curative [40]. Therapies 
that inhibit the hyperactive T-cell signaling could be used successfully in patients with 
CTLA4 or LRBA defects [60]. Abatacept and rapamycin could also be used in those 
patients and in patients with other defects that involve loss of Tregs or unchecked 
T-cell activation, such as FOXP3 and PIK3CD mutations. Generally, targeted medical 
therapies can be used in a variety of monogenic diseases as a maintenance therapy, 
and in some cases, as a bridge to hematopoietic stem cell transplantation [12].

6. Conclusions

Pediatric UC is a disease with a heterogeneous phenotype which poses many 
unique challenges. The majority of children with UC present with pancolitis. Since 
disease extent is consistently associated with disease severity, it is not surprising 
that they have more aggressive disease course requiring more intensive therapies. 
Furthermore, children with UC have some unique age-related issues, such as delay of 
growth and pubertal development, nutrition disorders, psychological or emotional 
problems. Pediatric UC may present also atypically making the diagnosis difficult and 
demanding specific diagnostic tests and procedures. In addition, there is a group of 
patients with early-onset UC who needs a completely different diagnostic and treat-
ment approach.

Pediatric UC is a disease with unique features and characteristics. Its correct 
diagnosis and successful management always require a hard teamwork and multidis-
ciplinary approach.
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Abstract

Ulcerative colitis (UC) is characterized by relapsing and remitting episodes of 
inflammation limited to the mucosal layer of the colon. It commonly involves the rec-
tum and may extend to involve other parts of the colon. The age of onset for females is 
during the reproductive years, and many are likely to get pregnant after the diagnosis 
of the disease. Women have comparable fertility to the general population when the 
disease is in remission. Fertility is likely to get affected in women with active disease 
and in women who had undergone ileal pouch-anal anastomosis (IPAA). Assisted 
reproduction has improved the chances of successful pregnancy in these women 
whose fertility is impaired following surgery. Affected females delay pregnancy due 
to active disease, fear of medications affecting the fetus, and fear of transmitting the 
disease to the newborn. Most drugs used in the management are safe in pregnancy 
except for drugs such as methotrexate and tofacitinib. Congenital abnormalities are 
not increased in pregnancies complicated with ulcerative colitis. Preconception coun-
seling with the objective of planning the pregnancy during remission, reviewing drug 
therapy, and educating on the importance of continuing medication and its safety are 
important for better outcomes for the mother and the baby.

Keywords: ulcerative colitis, pregnancy, inflammatory bowel disease, fertility, fetus

1. Introduction

Ulcerative colitis (UC) is an inflammatory bowel disease, sometimes diagnosed 
during the reproductive years. The incidence and prevalence of ulcerative colitis 
vary not only according to geographical region but also to race and ethnicity. In 
an Australian study, the estimated crude prevalence of IBD was 653 per 100,000 
patients, Crohn’s disease was 306 per 100,000, and ulcerative colitis was 334 per 
100,000. In this study, males had a lower risk of Crohn’s disease and a higher risk of 
UC compared to females [1].

In a systematic review and meta-analysis of studies done in the Arab world, 
quantitative analysis revealed a pooled incidence of 2.33 (95% confidence interval 
[CI] 1.2–3.4) per 100,000 persons per year for UC and 1.46 (95% CI 1.03–1.89) per 
100,000 persons per year for CD [2].

The incidence and prevalence of UC in Latin America were different between 
regions and studies, ranging from 0.04 to 8.00/100,000 and 0.23 to 76.1/100,000, 
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respectively. An increasing trend was seen over the period from 1986 to 2015. Most 
patients with UC were females (53.6–72.6%) [3]. In the Asian region, the mean annual 
incidence of IBD was 1.5 per 100,000. India had the highest incidence of IBD and 
ulcerative colitis [4].

Approximately 25% of women are likely to get pregnant after the diagnosis of 
the disease [5]. Prepregnancy counseling and controlling the disease activity before 
pregnancy are important because active disease at the time of conception and during 
the pregnancy has shown to result in poor maternal and fetal outcomes [6–9]. Review 
of drug therapy is also important since some of the drugs such as Methotrexate and 
Tofacitinib used in the management could affect the fetus.

Active disease during pregnancy is associated with an increased risk of maternal 
and fetal complications; therefore, it is important to continue therapy and have the 
disease under control at the time of conception and during pregnancy [6, 7, 9, 10].

Almost 50% of women with IBD have been identified to have a poor knowledge 
of pregnancy-related issues [11]. Poor knowledge of specific issues related to repro-
ductive health leads to patient concerns and noncompliance. Different educational 
activities, including eLearning, have shown to improve the patient’s knowledge of 
pregnancy-related issues and reduce patient concerns, which in turn will improve 
compliance [12, 13]. Current knowledge of prepregnancy assessment of patients with 
UC, the management of pregnancy, safety and the effects of medication, manage-
ment of delivery, and the postpartum period will be discussed in this chapter.

2. Prepregnancy planning

Women with UC have a higher risk of adverse pregnancy outcomes than women 
without the disease. The magnitude of this risk is related to the disease activity at the 
time of pregnancy. As such, a woman with inflammatory bowel disease needs interven-
tions to manage the disease before pregnancy to minimize adverse outcomes [6, 7, 9, 10]. 
This is particularly important if the patients have undergone surgical management.

Ulcerative colitis (UC) can affect women during their childbearing years. 
Pregnancy presents a unique challenge, in the management of UC, where the physi-
cian needs to make sure the mother’s health is optimally managed, while not compro-
mising the health of the fetus. At most instances, pregnancy in a UC patient would 
have an uncomplicated course. A multi-disciplinary treatment approach is required 
when a UC patient becomes pregnant.

2.1 Preconception counseling and education

It is important that patients are advised to conceive during a period of remission 
of their disease. Prepregnancy planning and proper communication with the treating 
physician are paramount in this context. Fertility wishes must be discussed with any 
female with UC in their reproductive age during the consultation and appropriate 
advice should be given. There are several concerns regarding UC during pregnancy, 
its impact on pregnancy outcomes, and its effect on the disease. These should be 
discussed with the patients before pregnancy.

It has been shown that 30–35% of pregnancies are complicated by flares [14]. A 
meta-analysis of 14 studies found a significantly higher risk ratio of active disease 
during pregnancy in mothers with UC who commenced pregnancy with active 
disease (55%) as opposed to the mothers in remission at conception (36%) (risk ratio, 
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2.0; 95% confidence interval, 1.5–3; P < .001). Similar results were seen in a recent 
European multicenter cohort: where only 14% of patients in remission at conception 
relapsed during pregnancy. In contrast, 26% of those with active disease at concep-
tion remained in active disease during pregnancy [8].

Having active disease at conception is found to be associated with adverse pregnancy 
outcomes. In a Danish study of inflammatory bowel disease, 55% of mothers had an 
inactive disease and 45% had mild to moderate active disease during pregnancy. There 
was a twofold higher risk of preterm delivery in the active disease group when compared 
to the disease inactive group [15]. Several such studies have reiterated the importance 
of the woman being in remission or at least only having mild disease at the time of 
conception.

When the woman is in remission or has only mild disease activity at the time of 
conception, it is very likely that the pregnancy will be uncomplicated [16]. A meta-
analysis by Miller et al. in more than 1300 female UC patients demonstrated that 
normal pregnancies are observed in 85% of women with UC (76–97% in individual 
studies) [17].

In a study by Mountfield et al. on fear and fertility in patients with IBD, 25.8% of 
patients reported fear of fertility due to ulcerative colitis. This fear was equally seen in 
males and females suffering from the disease. Only 15.3% have consulted for medical 
advice before pregnancy in this study. Fear of congenital abnormalities, fear of tera-
togenicity of drugs, fear of genetic transmission, and inappropriate advice negatively 
influenced the reproductive decisions. The impact of fertility is variable in different 
couples as such, it is important to use an individualized approach for prepregnancy 
advice [18].

Familial occurrence of inflammatory bowel disease (IBD) is well documented. In 
a study with over 2000 UC patients, a positive family history of IBD was confirmed 
in 31 patients (1.5%), and 24 (77.4%) had only first-degree relatives affected. All the 
affected relatives had UC [19]. Different studies have reported varying familial risks 
of developing ulcerative colitis depending on the study population [20].

The initial prenatal visit is very important to plan out the future pregnancy and 
communicate and alleviate any concerns of the couple. Discussion should focus on 
nutritional aspects, weight gain, disease activity, monitoring of mother and fetus, and 
managing a potential flareup in the future. This discussion that begins at the precon-
ception visit should continue in a dynamic process throughout the pregnancy, further 
reiterating the importance of management steps.

The principle underlying the treatment of UC during pregnancy is balancing the 
risks associated with active disease versus any probable or actual risk associated with 
specific UC medications. Most mothers would feel any medication during pregnancy 
will be harmful to the baby and would opt not to continue with their medications. It is 
important this fear is acknowledged and discussed and set into context. Proper coun-
seling of the potential adverse effects of the medications and untreated disease needs 
to be discussed with the mother and other relevant persons. It is important to commu-
nicate with the mother and highlight the importance of continuing the medications 
and being in remission throughout the pregnancy. Most drugs are considered safe in 
pregnancy and active disease is likely more harmful than the medication that main-
tains remission. Medication used by the woman should be reviewed. Medicines which 
are considered unsafe in pregnancy should be changed to more pregnancy friendly 
medication when a couple plans a pregnancy. Ideally this should be done at least 3 
months prior to the pregnancy, so that there is adequate time for the new medication 
to take its action and the woman to be in remission at the time of conception.
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2.2 Ulcerative colitis and fertility

A systematic review of 11 studies to evaluate nonsurgically treated inflammatory 
bowel disease found that there is no reduction in fertility in women and men with 
UC in remission [21]. Lower fertility rates have been reported in women with active 
disease [22, 23]. However, in UC patients with ileal-pouch anal anastomosis (IPAA), 
there is an observed reduction in fertility. In a recent meta-analysis, the relative risk 
of infertility is reported as 4.17 (95% CI 1.99, 8.74) compared with patients before 
surgery in women who had UC [24]. This is likely due to reproductive organ dam-
age during deep pelvic dissection, formation of scar tissue and adhesions, and the 
increased prevalence of dyspareunia following surgery.

However, a recent Cochrane review of 16 studies concluded that the effect of 
surgery on female fertility is uncertain. Any differences in infertility among those 
undergoing open versus laparoscopic procedures were also uncertain [25].

Assisted reproduction is safe and effective in patients with ulcerative colitis. In 
medically managed patients, the live birth rates are like that of the general popula-
tion. However, the live births are reduced after IPAA failure [26].

2.3 Contraception

Since it is advisable to get pregnant during disease remission, contraception plays 
a significant role in prepregnancy management. Women with UC often present 
during the reproductive years [5, 7], and thus, women with this disorder need effec-
tive contraceptives to prevent unintended pregnancies or to optimally time desired 
pregnancies.

With regard to oral contraceptives, concerns are expressed about their absorption, 
increasing the risk of relapses, and increasing the risk of venous thrombosis during 
their use. In a systematic review on contraceptive use among patients with inflam-
matory bowel disease, the studies have shown that absorption of the hormones is not 
affected by the presence of ulcerative colitis, including the patients who had under-
gone surgery. The frequency or severity of relapses is also not affected compared 
to nonusers of oral contraceptives. There is no adequate data on the risk of venous 
thrombosis [27].

Long-term use of depot medroxyprogesterone acetate (DMPA) is associated with 
small but reversible changes in bone mineral density [28], but it is not known whether 
the use of DMPA modifies the risk of osteoporosis or osteopenia in women with UC.

Long-acting reversible contraceptives, such as copper or levonorgestrel intrauter-
ine devices or levonorgestrel implants, are highly effective contraceptive methods. 
Center for Disease Control and Prevention (CDC) recommends the use of these 
methods for patients with ulcerative colitis [29].

3. Effect of pregnancy on ulcerative colitis activity

Patients with disease remission at the time of conception have 26–35% chance 
of flare during pregnancy, and this is comparable to the risk of flare in nonpregnant 
women [7, 8]. There is a significantly higher risk of disease relapse in patients with UC 
during pregnancy, particularly in the first and second trimesters and the postpartum 
period compared with nonpregnant women with UC [8, 17]. Similar results were seen 
in a recent European multicenter cohort: where only 26.4% of patients in remission at 
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conception relapsed during pregnancy. In contrast, 33% of those with active disease 
at conception remained in active disease until delivery [8]. Most of patients with 
active disease went into remission during pregnancy [8, 30].

A meta-analysis of 227 women with active UC at conception identified that 24% of 
women continued to have active disease, 45% experienced worsening disease activity, 
and 27% improved during pregnancy [17, 30].

In a study with 206 women with IBD, postpartum flares occurred in 31.6% of 
women, out of which 60% were in patients with UC [31]. The development of post-
partum flares was predicted by disease activity during the third trimester, therapy 
de-escalation during pregnancy, and therapy de-escalation after pregnancy [31].

4. Effect of ulcerative colitis on the pregnancy and child

Many studies have shown that women with UC have an increased risk of preterm 
delivery, low birth weight (LBW), small-for-gestational-age (SGA), and cesarean 
section (CS) delivery [30, 32–37]. It has also been shown that these complications are 
higher in patients with active disease requiring drug therapy [10, 32].

Having active disease at conception is found to be associated with negative preg-
nancy outcomes as well. In a Danish study of inflammatory bowel disease, 55% of moth-
ers had inactive disease and 45% had mild to moderate active disease during pregnancy. 
There was a twofold higher risk of preterm delivery in the active disease group when 
compared to the inactive group [15]. Several such studies have reiterated the importance 
of the woman being in remission or at least only having mild disease at conception.

If the woman is in remission or has only mild disease activity at conception, it is 
very likely that the pregnancy will be uncomplicated [16].

Some studies have shown an increased rate of miscarriage in patients with UC 
compared to the normal population. However, this difference was not statistically 
significant [38].

Most studies have shown that there is no increased risk of congenital abnormalities 
in patients with UC compared to patients without the disease [32, 35, 37].

5. Management of a patient with UC during pregnancy

5.1 Obstetrics care

Once pregnant, it is recommended to refer patients with UC for consultant-led 
care early. An ultrasound scan to exclude an ectopic pregnancy is important, espe-
cially in patients who have undergone bowel surgery. After confirming the viability of 
pregnancy, arranging specialized care in a joint clinic with an experienced obstetri-
cian and IBD physician is recommended for optimal care during pregnancy [39, 40].

Dating the pregnancy with an ultrasound scan between 12 and 14 weeks should 
be done as there is an increased risk of preterm delivery in a patient with UC. 
Aneuploidy screening should be performed in line with local guidelines. An anomaly 
scan to screen for congenital anomalies should be offered to all patients with UC.

Serial growth scans in the third trimester are recommended as there is an 
increased risk of small for gestational age and fetal growth restriction [30, 32–37].

Vaccinations during pregnancy should be offered as routine, including vaccina-
tion against COVID-19, although very limited data is available regarding its safety. 
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Preliminary studies have shown no significant increased risk with COVID-19 mRNA 
vaccines during pregnancy [41].

5.2 Nutrition

During pregnancy, the fetus derives all its nutrition from the mother via the pla-
centa. Therefore, the mother’s nutrition should be optimal to ensure a healthy baby. 
IBD patients are at increased risk of macro and micronutrient deficiencies due to 
mucosal loss and impaired absorption [42]. Zinc, Vitamin D and B12, Calcium, folic 
acid, iron, and protein deficiencies are known to occur in IBD patients and should be 
actively suspected and treated as indicated [40, 43, 44].

There are studies that have shown that a diet rich in vegetable oils, fruits, grains, 
and fish has protective effects on adverse pregnancy outcomes [44].

5.3 Drug therapy and safety during pregnancy

Most medications used in UC are considered safe during pregnancy (Table 1). But 
an honest discussion with the mother is important to ensure compliance.

5.3.1 5 Aminosalicylates (5 ASA)

Aminosalicylates are used in the treatment of mild to moderate UC. 
Aminosalicylates are generally considered safe for use in pregnancy as per the 
European Crohn’s and colitis guidelines (ECCO) [45]. Several case series, population-
based cohort studies, and two meta-analyses did not demonstrate an increased risk 
for early pregnancy adverse outcomes such as miscarriage and ectopic pregnancy in 
mothers continuing with 5 ASA during pregnancy [46]. Few trials have demonstrated 
premature birth and low birth weight with 5 ASA use, but whether active disease 
during pregnancy was considered a confounding factor cannot be ascertained [46]. 
Reassuringly, animal and human data, including recent meta-analysis, did not 
demonstrate any teratogenic effects with 5 ASA and therefore is recommended to be 
continued during pregnancy [47]. Sulfasalazine can potentially interfere with folate 

Medication Risk during pregnancy FDA 
category

Mesalazine Low risk B

Sulphasalazine Low risk B

Corticosteroids Low risk C

Thiopurines Low risk (Limited data for 6 TG) D

Anti TNF Agents Low risk, consider stopping in 3rd trimester if in remission B

Methotrexate Do not take during pregnancy X

Metronidazole Avoid in the first trimester B

Ciprofloxacin Avoid in the first trimester C

Tofacitinib No reliable human studies are available C

Table 1. 
Summary of medications used in ulcerative colitis.
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absorption, which is essential for neural tube development. Folic acid supplementa-
tion is therefore always required if not already given.

5.3.2 Corticosteroids

Steroids are needed in the management of most acute flares of UC and are recom-
mended for use in the ECCO guidelines [45]. Corticosteroid may increase the risk of 
pregnancy-related adverse outcomes and gestational diabetes. Although most studies 
have not shown an increased risk of congenital malformations associated with the use 
of steroids, there seems to be an increased risk of orofacial malformations if steroids 
are used in the first trimester [48]. However, a large population-based study, includ-
ing 51,973 pregnancies, did not show any adverse events from using steroids during 
pregnancy [49].

5.3.3 Ciclosporin and tacrolimus

Both ciclosporin and tacrolimus are widely used for the treatment of solid organ 
transplantation, and most data on pregnancy outcomes are derived from such 
patients. In a meta-analysis of 15 studies with 410 pregnant patients, ciclosporin 
did not cause an increased rate of congenital malformations [50]. Data on pregnant 
women with IBD are minimal.

5.3.4 Thiopurine

Thiopurines, both azathioprine and 6-mercaptopurine, are used in the main-
tenance of remission of UC and are considered low risk and well tolerated during 
pregnancy [45].

Thiopurine use in pregnancy has been evaluated in several studies. Initial studies 
showed an increased risk of preterm delivery, small for gestational age and low birth 
weight, [51, 52] but these studies overall failed to consider disease activity, which is 
commonly associated with these pregnancy outcomes. On the contrary, several recent 
studies revealed thiopurines did not cause any negative pregnancy outcomes [53, 54]. 
With respect to congenital anomalies, studies have revealed an association with thiopu-
rine use in pregnancy, but again several long-term studies have refuted these findings, 
adding up to the debate on the safety of thiopurines in pregnancy [55–57]. In a Spanish 
study, interestingly, patients on thiopurines had better pregnancy-related outcomes 
than those not exposed to thiopurines, further emphasizing the importance of control-
ling the disease throughout pregnancy [53, 58].

5.3.5 Biologics

Although there is substantial evidence of its safety in pregnancy, some mothers 
may insist on stopping biologics during pregnancy. Discontinuation of biological 
therapy early during pregnancy poses several problems. There is a potential risk 
of flares during pregnancy and postpartum period, increased risk of developing 
antibodies against the biologics, and possible loss of response if restarting is needed. 
Therefore, discontinuation of biologics during pregnancy should only be considered 
under certain circumstances in patients who are at a very low risk of relapse. Studies 
have shown patients may be considered low risk if objective sustained endoscopic 
remission is seen for 6 months before conception, appropriate therapeutic levels 
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before conception, no hospitalization in the last 3 years, no prior bowel resection, no 
previous loss of response to anti-TNFs, or need for dose optimization [59].

5.3.5.1 Anti-TNF agents

Anti-TNF agents used for IBD include infliximab (IFX), adalimumab, golimumab, 
and in some countries certolizumab (CZP). Anti-TNF agents do not cross the placenta 
passively as they are large molecules. However, as their structure resembles maternal 
immunoglobulins that are transported actively from the end of the second trimester, 
they too can be actively transported across the placenta. Therefore, not only is the fetus 
potentially exposed to these agents, but they can have blood levels exceeding maternal 
levels [60]. In contrast to the other anti-TNF agents, certolizumab has a pegylated 
molecular structure and is not transferred across or has very low or no detectable fetal 
drug levels at birth [61]. As organogenesis occurs before this transplacental anti-TNF 
drug transfer, there are no reported congenital malformations with the use of biological 
agents. In the PIANO (Pregnancy Inflammatory bowel disease And Neonatal Outcomes) 
registry, more than 500 women were exposed to the anti-TNF medications during preg-
nancy, and no increased risk of adverse pregnancy outcomes was reported [62]. Several 
studies have shown anti-TNF agents do not increase pregnancy-related outcomes [53, 63] 
and are therefore considered low risk and recommended for being used in pregnancy in 
the ECCO guidelines [45]. It is important to delay the scheduled dose of anti-TNF agents 
as late as possible during the second trimester (around 24–26 weeks of gestation), to 
maintain remission during the third trimester and to limit its transport to the fetus [64].

Infliximab has been detected at 6 months after birth in the child; therefore, there 
have been concerns about its implications on neonatal vaccinations. No adverse 
outcomes have been reported for non-live vaccines [65]. It s recommended to only 
institute live vaccines after 6 months of age when no detectable anti-TNF medication 
is seen in the child’s blood. Levels of other immune suppressants used in pregnancy 
are probably not elevated in neonates, and routine vaccination schedules can be fol-
lowed, although reliable data are lacking.

5.3.5.2 Anti-integrin agents – Vedolizumab

Vedolizumab (VDZ) is unique as it is a gut-selective IgG-1 monoclonal antibody 
against the integrin α4β7. There is limited data on the effects of VDZ in pregnancy. A 
small case series consisting of 24 and 73 pregnancies exposed to VDZ had no safety 
concerns reported [66, 67].

In a European retrospective study, no difference in miscarriages was seen with 
VDZ exposed and a control group on IFX (16 vs. 13%, p = 0.71) or a control group 
not exposed to any biologics (16 vs. 10%, p = 0.236). Similar number of miscarriages 
were seen once patients with active disease were excluded from the analysis [68]. It 
is recommended to use VDZ in pregnancy if indicated. But, if the childbearing age 
woman is naïve to biologics, as most data are available with anti-TNF agents, anti-
TNFs, especially CZP, are most appropriate as a first-line treatment option for use of 
biologics in pregnancy.

5.3.5.3 Ustekinumab

Ustekinumab is increasingly used in pregnancy, and like the other anti-TNF 
agents, it is an actively transported IgG1 antibody across the placenta via neonatal Fc 
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receptors. It appears to have stable drug levels during pregnancy, with a similar infant: 
maternal ratio of the older anti-TNFs. It is completely cleared from the infant’s blood 
by 20 weeks. But like with other biologics, live vaccination needs to be avoided at least 
till 12 months of age until further clearance data are obtained [69].

5.3.5.4 Tofacitinib

Animal studies clearly show congenital malformations with tofacitinib in supra 
therapeutic doses. Although no reliable human studies are available, it is recom-
mended to avoid this drug, especially in the first trimester. As the half-life of the drug 
is short, a washout period of approximately 1 week is adequate before conception [67].

5.4 Disease assessment and monitoring of UC

As IBD may adversely affect pregnancy and vice versa, it is important that the 
activity of the disease is objectively monitored before pregnancy and during a flair 
within the duration of the pregnancy. Various modalities are used to assess disease 
activity in IBD.

Along with histology, direct visualization with endoscopy is the definitive method 
to assess disease activity in IBD. But procedure-related hazards to the mother and 
fetus, including fetal hypoxia and demise, maternal positioning for the endoscopy 
and maternal hypotension, and sedation during pregnancy, are a concern [70].

Due to physiological changes in pregnancy haeamoglobin, albumin are lower and 
erythrocyte sedimentation rate (ESR) is higher than normal, therefore these should 
not be used to monitor disease activity. Fecal calprotectin that measures gastroin-
testinal mucosal inflammation is detected before clinical symptoms and is a useful 
noninvasive indicator of disease activity, although its use specifically in pregnancy 
has not been studied. Fecal calprotectin of lower than 50 ug/g has been shown to be 
predictive of quiescent disease in UC [71].

5.5 Management of flare and acute severe ulcerative colitis in pregnancy

Management of flares in UC would be like a nonpregnant patient. Serum biomark-
ers used traditionally to assess severity of UC may be physiologically abnormal during 
pregnancy.

Steroid therapy: The steroid regime is IV methylprednisolone 40 mg BD or IV 
hydrocortisone 100 mg QDS and rectal Hydrocortisone 100 mg in 100 ml normal 
saline BD given through soft rectal cannula (Foley catheter) over 30 minutes, via IV 
giving set.

Dehydration: Administer IV fluids to correct dehydration, with at least 60 mmol 
potassium per day. Patients are highly prone to hypokalemia due to diarrhea and 
steroid therapy, and this requires close attention.

Anti-coagulation: Prophylactic doses of LMW heparin should be considered in 
all pregnant females with acute relapse, as pregnancy and acute severe UC greatly 
predisposes a patient to venous thrombosis.

Antibiotics: Metronidazole and ciprofloxacin can be considered for patients 
suspected of infection after recent hospital admission, visit to an endemic area 
for amoebiasis, the first attack of UC, or when surgery is considered. In the 
absence of these features and especially in pregnancy, antibiotics are not rou-
tinely indicated [72].
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Rescue therapy: Both infliximab and cyclosporine are equally effective and 
can be considered as rescue therapy in patients who do not respond to first-line 
therapy.

5.6 Endoscopy during pregnancy

Endoscopy during pregnancy is considered safe if indicated, except in states of 
placental abruption, ruptured membranes, or eclampsia. It should be performed by 
an experienced endoscopist and, if possible, should be postponed until after the first 
trimester. While performing the lower gastrointestinal endoscopy, mothers need to be 
lying in a left lateral position or what is known as “left pelvic tilt” to avoid compres-
sion to the major vessels supplying the placenta. Unsedated flexible sigmoidoscopy is 
preferred following an enema and would give the necessary information in a patient 
with UC [73].

If strongly indicated, colonoscopy can be done with obstetric anesthesia monitor-
ing, but colonoscopy is generally avoided due to the difficulties in bowel prepara-
tion, technical difficulties, and negative effects on pregnancy. Sedation needs to be 
discussed with anesthetists, and benzodiazepines are best avoided during pregnancy. 
It is recommended to document the fetal heartbeat before and after endoscopy and to 
always have obstetric support available.

5.7 Timing, planning, and management of the delivery of the fetus

In the majority of patients with UC, the mode and timing of delivery can be 
decided according to the obstetric indications. There is no contraindication for vagi-
nal delivery in a patient with UC without fetal or maternal complications. Episiotomy 
should be given, if necessary. Vacuum or forceps deliveries should be done for usual 
obstetrics indications.

When deciding the mode of delivery, the AGA guideline would be a good reference 
(Figure 1) [40]. Patients without perineal disease should be encouraged for vaginal 
delivery. However, for patients with active disease or with perineal disease (anorectal 
fistula, anal abscess, rectovaginal fistula, anal fissures, and anal stenosis), cesarean 

Figure 1. 
Guide to decide the mode of delivery in patients with UC. VTE, venous thromboembolism.
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delivery should be offered [74]. IPAA is a relative contraindication for vaginal deliv-
ery. One should consider the possible protection of anal sphincter by performing an 
elective cesarean delivery. An experienced obstetrician should perform the cesarean 
section to minimize the risk of intraoperative organ injury with the possible involve-
ment of the surgical team if required.

Nevertheless, women with UC have a higher risk of cesarean deliveries compared 
to women in the general population [75]. Most of the time, a cesarean section is 
suggested or requested because of unjustified fears on the part of patients or care 
providers.

6.  Breast feeding, postpartum management, and follow up including 
family planning

6.1 Thromboprophylaxis

Patients with UC have an increased risk of developing venous thromboembo-
lism (VTE), especially during the postpartum period [76]. The need for throm-
boprophylaxis should be assessed in each patient according to AGA guideline [40] 
(Figure 1). Thromboembolic deterrent stockings and low molecular weight heparin 
(LMWH) should be offered to all women who have undergone cesarean delivery. 
UC patients with other risk factors for VTE regardless of the mode of delivery 
should be offered with both mechanical and LMWH as thromboprophylaxis. 
Some may need anticoagulation for an extended period. LMWH and warfarin can 
be used in these circumstances. UC patients who have been successful in vaginal 
delivery with no other risk factors for VTE can be offered mechanical thrombopro-
phylaxis only.

6.2 Postpartum

The risk of relapse is higher during the postpartum period. Discontinuation of 
drug therapy during pregnancy and fear of drug therapy during breastfeeding are the 
main reasons. In one study, 75% of cases experienced a relapse during the postpartum 
period in patients who discontinued the drug treatment before 30 weeks of gesta-
tion. In contrast, only 26% of cases had a relapse in patients who continued the drug 
therapy throughout pregnancy [77].

Biological treatment can be restarted 24 hours after vaginal delivery and 48 hours 
after cesarean delivery [78]. However, exclusion of possible infection is mandatory 
before recommencing treatment. Methotrexate can be restarted during the postpar-
tum period if the mother is not breastfeeding [79]. Most of the other drug therapies 
can be safely continued in the postpartum period (Figure 2).

Patients with IPAA are at a higher risk of developing paralytic ileus during the 
postpartum period, especially the ones who undergo cesarean deliveries. Early feed-
ing and mobilization, proper hydration, and other supportive measures can reduce 
this risk significantly [80].

The risk of stoma complications is higher during the postpartum period. Liaising 
with a stoma specialist nurse and colorectal surgeon will help to minimize complica-
tions with stoma [79]. Covering the ostomy with a gauze towel is recommended to 
protect the operative field during cesarean section [76].
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6.3 Lactation

In most instances, a woman with UC can breastfeed the child without any major 
issues. Exclusive breastfeeding for 6 months, with the continuation of breastfeeding for 
1 year or longer as mutually desired by mother and infant is recommended. However, 
a significant number of women with UC defer breastfeeding due to fear of drugs 
in breast milk or discontinuing medication during the postpartum period, equally 
harmful to both the mother and baby. In the PIANO registry, the breastfeeding rate was 
significantly lower in women on immunomodulators and biologic treatments [81].

Breastfeeding has a protective effect on the development of UC in offspring. A 
systematic review has shown that ever being breastfed was associated with a lower 
risk of UC (OR 0.78, 95% CI 0.67–0.91) [82].

When deciding the drug therapy during the postpartum period and lactation, the 
AGA guideline will be very helpful [40].

5-ASA agents (mesalamine, basaloid, and olsalazine) can be continued when 
breastfeeding. Although they are excreted in breastmilk, only a few isolated cases of 
diarrhea are reported in infants who are exposed. Compared to sulfasalazine, which 
is excreted into milk and known to have hemolytic and antimicrobial properties, 
mesalamine derivatives are safer during lactation [83].

Thiopurines and corticosteroids are secreted in minute amounts in breast milk. Some 
studies have shown when corticosteroid dose is higher than 20 mg per day, significant 
levels are detected in breast milk [84]. They can also reduce breast milk production. Some 
advice avoiding breastfeeding for 3 to 4 hours after taking thiopurines as the drug is not 
detected in breast milk after 4 hours of dosing. Most of the biological agents are found 
in minute amounts in breast milk and are degraded in the stomach of the infant, and no 
significant adverse effects are reported, thus can continue during breastfeeding [85].

Anti-interleukin 12–23 and anti-integrin are considered safe during lactation, as 
only minute amount is secreted in breastmilk. Nevertheless, limited safety data are 
available for these relatively new therapies [86].

Figure 2. 
Postpartum care for women with UC.
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Due to lack of data, lactation is contraindicated in women who are on tofacitinib.

6.4 Postpartum contraception

Effective, safe, and reliable contraception should be offered to all women with UC 
after delivery. Long-acting reversible contraceptives are the safest and most effective. 
These include hormonal or nonhormonal intrauterine devices or hormonal implants. 
Estrogen-containing contraceptive methods may increase the risk of venous thrombo-
embolism, hence should be offered only if no personnel or family history of DVT or no 
other risk factors. Estrogen patches or low-dose estrogen contraceptive pills are safer.

7. Long-term effects of ulcerative colitis on the Fetus

7.1 Ulcerative colitis and genetics

Genetic studies have shown an increased risk of developing UC in the offspring, 
although the risk is somewhat less than Crohn’s disease. Family history with multiple 
members having the disease increases the risk further for the offspring. In monozy-
gotic twins, there is a 6–19% concordance for UC [87]. The incidence rate ratio is 3.7 
for UC in an offspring if the mother is having UC and the absolute risk of an offspring 
developing UC is 1.6% [88]. The risk of developing IBD rises to 30% if both parents 
have UC [89]. There are no genetic tests available currently to predict the probability 
of a child developing the disease.

7.2 Infection and vaccination

There is a significant risk of neonatal infection postdelivery due to immunosuppressive 
treatment during pregnancy. Neonates and infants should be monitored for possible infec-
tions, especially if they are exposed to a combination of thiopurines and biologics [79].

It is recommended to avoid live vaccinations until 6 months postdelivery in 
infants exposed to biological therapy during the third trimester [39]. This is because 
of possible immunosuppression in the infant due to clinically significant drug levels 
detected up to 6 months after birth.

7.3 Mental development

PIANO registry data and other studies indicate that there is no significant effect on 
the neurodevelopment of babies regardless of exposure to the antenatal medication. 
In fact, some studies have shown better achievement of neurodevelopment milestones 
in infants with higher drug levels compared to infants with lower drug levels at birth. 
Therefore, good disease control with proper medication should be encouraged when 
counseling women with UC [90].

8. Conclusion

Ulcerative colitis affects women during their reproductive years and many of them 
are likely to plan pregnancy after the diagnosis of the disease. Fertility is reduced in 
women with active disease and in patients who have undergone surgical management. 
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Abstract

Ulcerative colitis (UC) is an inflammatory disorder with colon and rectum, 
characterized by recurring bloody diarrhea due to microbial dysfunction and some 
autoimmune response. Scientists have linked microbial disruption in the gut to 
several chronic conditions such as UC and other types of inflammatory bowel disease 
(IBD). Surprisingly, our gastrointestinal tract contains more than 100 trillion micro-
bial cells. Some microbes in the gut microbiome are friendly bacteria that can help to 
treat UC by influencing metabolism, nutrition, immune function, and more in the 
gut. The conventional medical treatment of UC relies on the use of amino-salicylates, 
corticosteroids, immunosuppressive drugs, glucocorticoids, and antibiotics. Multiple 
new mechanisms in the treatment of UC are being developed and many are showing 
promising results in ulcerative colitis. Still need scientific evidence to support the 
role of gut microbiota in the etiology of UC. The dietary fermented rice bran (DFRB) 
may include the active potential for the treatment of ulcerative colitis. The DFRB may 
attenuate intestinal inflammation by regulating gut permeability for cellular infiltra-
tion and maintenance of luminal safety with favorable efficacy in UC. In this chapter, 
we discussed and summarized the insight mechanism of DFRB’s modulatory activities 
for the management or treatment of ulcerative colitis.

Keywords: ulcerative colitis, fermented rice bran, gut microbiome, intestinal 
homeostasis, and tight junction barrier integrity

1. Introduction

Chronic inflammatory disease, ulcerative colitis (UC) is recognized by the 
luminal abnormalities by the flourishing of cytokines at the large intestine that can 
cause irritable mucosal lining cells and disruption of tight junction protein [1]. UC 
is one form of inflammatory bowel disease (IBD) and the severity was first coined 
in the 18th century [2]. Another form of this (IBD) disease is known as Crohn dis-
ease (CD). Worldwide, both diseases are commonly termed IBD and the frequency 
of this disease is observed commonly not only in the first world countries but also 
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increasing this scenario in Asian countries due to their dietary habits. Surprisingly, 
the severity of this disease was found more common in Caucasians than other racial 
and colors people based on their lifestyle and food habits and as well as remarkably 
increased in Jewish [3]. The disease severity was found to be age dependent and 
the onset of the disease is 30–40 years old among the men and women equally [4]. 
The complexity of this disease makes a debilitating disorder by the discontinuous 
lacerations in the gut mucosal cell [5]. But the mechanism of inflammation in UC 
is typically confined in the mucosal cell lining that is the main cause of damage of 
the bowel wall and ultimately loss of mucosal tight barrier in the intestinal tract 
[6]. This mechanism has occurred recurrently in the mucosal cell lining leading to 
bloody diarrhea, which is the most common symptom of UC, although diagnosis is 
made from a combination of symptoms, endoscopy and histology [6]. The common 
symptom of UC is not only diarrhea with the blood but also some other symptoms 
sometimes less found with abdominal pain, body temperature, and weight loss 
[7]. The different types of UC can be recognized by the extent of the disease such 
as proctitis, this type of UC is limited to the end of the colon. Proctosigmoiditis 
is found in the rectum and sigmoid colon. The left-sided and extensive colitis is 
confined to and beyond splenic flexure [6, 8, 9]. The disease severity of UC is 
categorized as mild, moderate, severe, and fulminant with stool output category. If 
the stool output frequency is four per day with or without bloody is called mild, and 
more than four bloody stools per day is called moderate, more than six bloody stools 
per day is called severe and more than 10 bloody bowel movements with abdominal 
distention is called serious or fulminant colitis. UC disrupts not only the intestinal 
integrity but also predominantly affects the immunologic skin, joining part of the 
body, vision of eyes, and the most important organ liver [1, 6, 8, 9]. Similarly, dif-
ferent arthritis such as peripheral or axial and narrowing bile duct disease are also 
accompanying UC [1, 9]. The consequence of pathologic outcome for UC depends 
on dietary habits and environmental factors that can affect the host immunologic 
response, and ultimately change the microbiota symbiotic action in hereditarily 
vulnerable characters [10]. Dietary habits with lower fiber-based processed food 
and fewer intake of plant-based meals in lifestyle could be attributed to the aug-
mented incidence of UC in the Asian population. A recent review article showed 
that the risk of UC is inversely associated with the herbal intake, they also found 
that the risk of UC is directly associated with total fat intake including Omega-6 
fatty acids and meat [11].

In that connection food supplements are the important modulators of UC. The dietary 
habit with high fiber, multivitamins, free amino acids, bioactive compounds for antioxi-
dants may be considered as the effective potential to encourage digestive health [12].

2. Etiology of ulcerative colitis

Even while its specific cause is still unknown, various contributing variables have 
been implicated such as an immunological response that is out of control, altered gut 
microbiota, genetic susceptibility, and environmental factors. The etiology of UC is 
primarily initiated by the invasion of inflammatory molecules to the intestinal tract 
changing the microbiota and ultimately loss of intestinal integrity causing bloody diar-
rhea [13]. The actual pathophysiologic pathway of UC remains elusive, but the number 
of studies postulated that overstimulation of immunologic function and insufficient 
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control of mucosal barrier integrity leads to cell infiltration and inflammation in the 
intestinal tract [3]. The gastrointestinal tract is the main part of the body for digestion, 
absorption metabolism, and control of immunity for normal health. Disruption of 
this pathway may affect the deregulation of microbiota and mucosal immunological 
function is the main cause of propagation of UC [14, 15]. Deregulation of normal 
microbiota may change the pro-inflammatory molecules such as tumor necrosis factor 
α (TNF-α), interleukin 1β (IL-1β), and IL-6, which are responsible for colonic tis-
sue damage and gut bleeding leading to ulceration of the colon. The intestinal tract 
contains a lot of microorganisms called microbiota, primarily bacteria; some other 
organisms including viruses, archaea, and fungi are responsible for inhibiting the gas-
trointestinal tract [16]. For example, the proteobacteria phylum, among other bacterial 
species, have been demonstrated as microbial initials in inflammatory bowel disease 
(IBD) for gut microbiota in IBD patients [17]. The non-eligible function of proteobac-
teria has been found for the development of IBD. The proteobacteria such as E. coli, was 
found to be disproportionately proliferated leading to the development of IBD [18]. 
This bacterial proliferation may influence the infiltration of severe and continuing 
provocative cells in the intestinal lumen. This provocative infiltration predominantly 
increases the mucosal immunoglobulin G production, subsequently chemoattractant 
complement activation leading to aggregation, and ultimately enhancement of mac-
rophages and T cells. This cascade of immunological activity is connected with the 
discharge of inflammatory cytokines, kinins, leukotrienes, platelet-activating factor 
(PAF), and reactive oxygen metabolites in the gastrointestinal tract for initiation of 
IBD. The mechanism of these mediators that amplify the immune and inflammatory 
response not only the main cause but also have deviating effects on epithelial cell func-
tion which may increase the permeability, this is the cause of ischemia The mediators 
may influence on repair mechanisms in the colon, thus increasing the biosynthesis of 
collagen leading to the fibrosis process in the intestine, one of the causes of the intesti-
nal bleeding. In addition, the acute phase striking forces such as IL-1, IL-6, and TNF-α 
will activate a chronic response in the intestinal lumen and ultimately. The resulting 
storm can cause fever in the body with an increased level of serum acute-phase pro-
teins [19–22]. The detailed mechanism of intestinal increased permeability due to the 
cytokines storm is not completely stated, but an association with increased permeabil-
ity due to the bacterial translocation into the lamina propria that could exacerbate the 
loss of tight junction protein and loss of barrier function [20].

3. Summary of possible mechanisms of UC treatment pathway

As the detailed mechanism of UC disease is unclear, so that there are no known 
single preventive or curative interventions or safe colectomy therapy was found 
in most of the IBD patients for lifelong [21]. Up to date most of the therapeutic 
treatments are able to inhibit the beginning of immunological and inflammatory 
effectors, loss of integrity protein, regulation of inflammatory cytokines, and 
loss of intestinal barrier mechanisms. These therapeutic strategies may lead to an 
improvement in the patient’s symptoms and decrease inflammatory activity [1]. 
Several functional compounds and their metabolites may inhibit the UC progres-
sion. Table 1 and Figure 1 describe the possible mechanisms of UC treatment path-
ways that are commonly observed in the dextran sulfate sodium (DSS)-induced UC 
animal model.
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Sl. no Target of the pathways Functional compounds Reference

1 By restoration of tight junction protein 
and maintenance of barrier function.

Omega-3 fatty acid [20]

2 The activation of transcription factors 
(PPARγ), possibly inhibiting Nfκ-b 
transcriptional activity and iĸ-b 
phosphorylation and ERK1/2 pathway.

Omega-3 fatty acid, naringin, fiber 
and polyphenols, evodiamine, 
magnolol, eupatilin, terpinen-4-ol 
and allyl isothiocynate.

[21–29]

3 Inhibition of AMP-activated protein 
kinase (AMPK)

Fiber and polyphenols of red 
raspberry
Eupatilin (flavonoid) found in the 
leaves of Artemisia argyi

[24, 26]

4 Restoration of crypts losses Magnolol from Magnolia officinalis
Terpinen-4-ol from Zanthoxylum 
bungeanum.

[27, 28]

5 Suppression of oxidative stress enzyme 
such as NOs and COX-2.

Porcine β-defensine-2. [30]

6 Inhibition of inflammatory cytokines 
IL-1,IL-1β, IL-6,TNF-α.

short-chain fatty acid such as 
propionate and antimicrobial 
peptide like Porcine βdefensine-2

[30–32]

7 Reduced the infiltration of neutrophil. short-chain fatty acid such as 
propionate and antimicrobial 
peptide like Porcine βdefensine-2

[30–32]

8 Inhibition of paracellular migration. short-chain fatty acid [32]

9 Reduce epithelial hyper permeability 
by regulating occluding, ZO-1 ZO-2, 
claudin1 and E-cadherin junctional 
adhesion molecule-A (JAM-A), 
claudin-3, claudin-4, claudin-7, mucin.

short peptide such as 
Chromofungin, naringin, fiber and 
polyphenols.

[10, 23, 24, 
30, 33–40]

10 Inhibited oxidative stress Phloretin (a flavonoid available in 
apples and strawberries)

[34]

11 Ameliorate colitis by regulation of IL-8 
and STAT3

Chromofungin [35]

12 Reduce colon tissue damage Neuropeptides. [38]

13 Down regulation of IL-8 and STAT3 Catestin [39, 40]

14 Inhibited the loss of goblet cells Phloretin (a flavonoid available in 
apples and strawberries)
Phellinus igniarius (medicinal 
mushroom)
Terpinen-4-ol from zanthoxylum 
bungeanum
Allyl isothiocynate from wasabia 
japonica

[27, 29, 
34, 41]

15 Stabilized intercellular junctions by 
regulating IL-10

Oleanolic acid [29, 32, 35]

16 Inhibition of the NLRP3 
inflammasome

Phloretin (a flavonoid available in 
apples and strawberries)
Formononetin is a natural isoflavone
Evodiamine (an alkaloid obtained 
from Evodia rutaecarpa)
Terpinen-4-ol from Zanthoxylum 
bungeanum

[25, 27, 
34, 36]
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4.  Dietary fermented rice bran (DFRB) as an alternative modulator for 
ulcerative colitis treatment

The by-product of the rice grain is called rice bran (RB) a valuable and low costing 
source of biologically active components that is currently available in most regions of 
the world. It has been possible to improve the quality or make RB edible for humans 
by using RB procedures such as bacterial fermentation. In contrast to typical raw 
bran, treated RB or nutritionally enriched dietary fermented rice bran (DFRB) 
include more basic nutrients such as proximate composition and bioactive compounds 
[49]. Rice bran is one of the most plentiful agricultural products in Asian countries 
and is a superb source of nutritional fiber, protein, and fat [50]. RB has been recently 
claimed for its nutraceutical properties; specific components of the lipid fraction of 
RB such as tocotrienols, a group of compounds with vitamin E [51]. The difficulty of 
its use is because of its excessive fiber content material, low protein, and antinutri-
tional elements along with phytic acid [52]. Most of the dietary fiber content in RB 
belongs to the class of insoluble dietary fiber which may be beneficial for increasing 
fecal bulk and laxation [53].

Sl. no Target of the pathways Functional compounds Reference

17 Inhibit histological damage Salvianolic acid a (phenolic 
compound) found in salvia 
miltiorrhiza bunge (danshen)

[37]

18 Inhibit leukocyte infiltration Salvianolic acid a (phenolic 
compound) found in salvia 
miltiorrhiza bunge (danshen)
Magnolol from magnolia officinalis

[28, 37]

19 Protected against weight loss and colon 
shortening

Antrum mucosa peptide (amp-18) [42]

20 Regulation of microbiota in UC 
patients.

Escherichia coli strain Nissle 1917. [43]

21 Controlling inflammation by 
regulating innate and adaptive 
immune responses

Vitamin d and its receptor [44]

22 Direct scavenging of reactive oxygen 
species

Curcumin, a polyphenolic 
antioxidant

[45]

23 Ameliorate colonic inflammatory 
responses by modulates mucosal 
permeability.

Aloe anthraquinones and chromone [20, 46]

24 Regulation of phase-II-detoxifying 
enzymes.

Moringa isothiocyanates [41]

25 Inhibition of bacterial translocation Isoflavonoids from soybeans and 
barley

[47]

26 Inhibit edema in the mouse colon Salvianolic acid a (phenolic 
compound) found in salvia 
miltiorrhiza bunge

[37, 48]

Table 1. 
Prospective pathways and modulators for minimizing UC (revised from the experiment on dextran sulfate sodium 
(DSS) induced UC animal).
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4.1 Nutritionally enriched dietary fermented rice bran

Recent studies have suggested that fermentation can improve their biological 
activities. Fermenting is the process of naturally gathering wild cultures and yeasts 
from the air and combining them with an organic substance. During the fermenta-
tion process, sugars and starches contained in the feed ingredients are broken down 
into lactic acid bacteria (LAB). The lactic acid formed by the action of LAB from 
substrate sugars through pyruvate (a glycolysis end product) plays an important 
role in food fermentation. Fermentation technology produces not only lactic acid, 
but also other end products such as ethanol, acetic acid, and formic acid depending 
on bacterial species and conditions [54]. The lactic acid bacteria produced during 
fermentation promote the growth of beneficial microbes called probiotics. These 
improve the digestive system health and boost the immune system. Feed fermenta-
tion is a complex process that depends on the nutritional requirements and digestive 
physiology of animals, the nutritive value of feedstuffs, fermentation characteristics 
of the microorganisms added to the starter culture, and actual situations on indi-
vidual farms [55]. Systematic use of bacteria may improve desired food ingredients 
in the diet.

Previous studies reported that Bacillus amyloliquefaciens may successfully produce 
various enzymes such as αamylase, α-acetolactate, decarboxylase, β-endoglucanase, 
hemicellulase, phytase, maltogenic amylase, and xylanase, which possess the 

Figure 1. 
Anti ulcerative effects observed in experimental animal.
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potential to degrade fiber [56]. Some lactic acid bacterial strains can produce 
Exopolysaccharides (EPS), which exert health-promoting effects as a function of 
prebiotics. The EPS may be responsible for the immunomodulator action [53]. Due 
to the significant increment of protein content in the fermented rice bran, the qual-
ity of this produced compound is the target of interest. Dietary fermented rice bran 
(DFRB) has been interested in particular for the treatment of unfavorable duodenal 
inflammation. DFRB supplementation would be able to alter intestinal inflamma-
tion caused by DSS-induced colitis. The evidence of DFRB was found to raise the 
amounts of striking modulators such as short-chain fatty acids and other microbial 
metabolites in the gastrointestinal tract. Tryptamine is one of them which comes from 
tryptophan metabolism in the intestine by beneficial microorganisms. The striking 
modulator metabolites may regulate the intestinal loss of tight junction barrier and 
ultimately intestinal microbiota homeostasis. The preventive action of DFRB may be 
partially due to the availability of bioactive compounds during fermentation of rice 
bran, such as polysaccharides, carbohydrate conjugated proteins, γ-oryzanol, plant 
sterols, and antioxidant vitamin E. DFRB is very important for the regulation of 
IBD patients because of fermentation technique make its bioactive compounds more 
accessible and easier to metabolize. Several studies have pointed out that fermenta-
tion technologies enhance the amount of the total phenolic content, short-chain fatty 
acids, amino acids, and other metabolites that can ameliorate intestinal inflammation. 
Consequently, it is prospective that DFRB can be used not only as a protective mea-
sure but also as a beneficial mediator against an ongoing intestinal inflammation like 
UC [49, 57–60].

4.2 DFRB as ulcerative colitis modulator

One of the enriched ingredients of DFRB is tryptamine, 5-hydroxytryptamine 
comes out as bacterial metabolites. These metabolites are considered an effective 
modulators for the candidate against UC [7, 14]. Tryptophan, one of the boosted con-
stituents in DFRB, is recognized as an effective modulator for UC [7, 14]. Tryptamine 
and 5-hydroxytryptamine derived from tryptophan, can act as a ligand for the 
receptor of the aryl hydrocarbon, which modulates immunologic cytokines IL-22 
gene production, controls autoimmune, and facilitates fast recovery from colitis in the 
large intestine. Some insoluble DFRB may also stimulate the microbial proliferation 
and production of short-chain fatty acids (SCFAs), particularly, acetic acid (AA), 
propionic acid (PA), butyric acid (BA), and lactic acid (LA), which are strappingly 
linked with the colonic health in DSS induced UC [15, 49].

A single modulator for the treatment of IBD seems difficult to pinpoint due to the 
intricate interplay of various variables. For individuals with IBD, the use of biologi-
cally effective significant functional compounds such as anti-tumor necrosis factor 
(TNF) drugs have lowered early surgery. Nevertheless, there are still many difficulties 
with current treatment intervention and new therapies are highly required. In various 
experimental murine colitis models, many single substances or combinations made 
from natural commodities based on traditional usage knowledge have shown promis-
ing anti-inflammatory qualities with minimal negative effects and have the potential 
to be next-generation therapeutics. Even now, clinical studies are being conducted on 
several plants’ small components, including berberine, curcumin, epigallocatechin-
3-gallate (EGCG), and triptolide. There is a new IBD treatment in the works, a 
recovered anti-mycobacterium drug (Oral capsule RHB-104, here, RHB-104 = Red 
hill biopharma, an investigational drug), now in phase III clinical trials. The current 
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therapy challenges associated with numerous side effects might be greatly improved 
by using a suitable and non-invasive IBD medication that targets specific receptors in 
the colon. Ethnopharmacology-guided drug discovery, with a particular emphasis on 
tiny molecules and peptides of medicinal plants, has the potential to generate safe and 
new therapies for IBD. Clinical and histological damage to the colon is both reduced 
by a cardiotrophin (CT)-1 injection before DSS induction. This effect seems to be 
done by inhibiting inflammation and apoptosis directly and activating the Stat-3 and 
nuclear factor kappa B (NF-kB) signaling pathways. Stat-3 and NF-kB CT-1 might 
potentially be expected to be a feasible, innovative method to prevent UC relapse. 
A fermented diet was included in the regular diet as a supplement. When given a 
Fermented diet (FD) with DSS for 7 days, mice did not lose weight or suffer from 
atrophy of the intestinal length. IL-6 and TNF-_ levels in the mice did not rise after 
FD treatment, indicating that inflammation was kept under control. People who ate 
an FPE-enriched diet for 3 months had an increased clostridiales order in their feces, 
which generates short-chain fatty acids to reduce inflammation. FPE supplementation 
has been shown to increase the proliferation of Clostridiales in the gut, as well as to 
reduce inflammation in colitis [61–63].

Another research found that the relative abundance of bacteroidetes species was 
adversely associated with UC activity and might serve as important microbiological 
biomarkers to monitor UC disease activity and exacerbation. A reliable and non-
invasive method for monitoring UC and establishing personalized therapy might 
be made possible by identifying components of the microbiome that are associated 
with disease activity. In mice with inflamed intestines, FRB supplementation helped 
to heal the damage caused by DSS. DAI scores and the generation of intestinal pro-
inflammatory cytokines were reduced by FRB administration. The anti-inflammatory 
cytokine Il-10, the tight junction component Clad4, and antimicrobial proteins were 
all considerably increased by FRB supplementation in the gut. This capacity to inhibit 
both canonical and non-canonical pathways of Tgf-b profibrogenic activity was also 
able to reduce the development of fibrosis in mice intestines after inflammation. 
Using FRB supplements to reduce inflammation is not the only way to repair the 
intestines in people with chronic colitis, according to the findings of this study. It has 
been postulated that FRB acts as a prebiotic in the gut, but even if intestinal dysbiosis 
has developed as a result of inflammation, it may still treat colitis. As a result, the role 
of FRB supplementation on gut microbiota populations and composition has to be 
studied further [63–65].

In Figure 2, three different conditions of intestinal luminal microbial flora. The 
movement of luminal microbiota and smoothie mucosal protection has been seen in 
stage 1, generally is regulated by pro-inflammatory cytokines such as IL-10,IL-1β, 
IL-4,IL-6,TNF-α, and membrane tight junction protein occludin, ZO-1 and E-cadherin 
etc. indicate normal expression of cell. In stage 2, the changed luminal microbial diver-
sity (dysbiosis), impaired epithelial, and mucus layer barrier via disruption of tight 
junctions expressed the intestinal inflammation mediated by Dextran sodium sulfate 
(DSS). Usually, DSS induced inflammation prompts to disruption of the mucosal layer, 
with an increased loss of crypts, inflammatory cell infiltration, increased MPO activ-
ity, and pro-inflammatory cytokine transcript (Tnf- α, Il-1 β, Il-6, and Il-17) associated 
with excessive intestinal epithelial permeability via the tight junction of epithelial 
and by increasing luminal antigen uptaking. That’s how Toll-like receptors recognize 
non-pathogenic bacteria (commensal microbiota) and activate antigen-presenting 
cell (e.g. TLRs) APC activated T-cells become Th-2 effector cells (which produce 
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pro-inflammatory cytokines like TNF-, IL-5, IL-6, and IL-13). TNF and IL-1 activate 
the NF-B pathway, promoting pro-inflammatory and cell survival genes.

The mucin generation and epithelium integrity appeared in the 3rd stage of this 
fictional image of intestinal lumen after treating with DFRB and it has been proved 
by Islam (2017) that, this incidence is facilitated by increased SCFA levels in the 
colon via inducing colonic regulatory T cells and reducing UC. Also, apoptosis can be 
induced in mutated epithelial cells through innate immune cell-driven inflammation. 
To maintain colonic homeostasis and intestinal barrier integrity, these activities are 
essential. Thus, the integrity of the intestinal barrier helps not only to maintain a 
healthy relationship between the intestinal microbes and the host but in addition to 
being a physical barrier, it also serves as a barrier to the entry of invading microor-
ganisms pathogenic microorganisms or their toxins can be detected by an organism’s 
immune system. Tight junctions (TJs) are made up of occludin and a variety of other 
proteins (OCLN) and claudin (CLDN), which are primarily responsible for determin-
ing the integrity of the intestinal barrier. TJs can be found here. At the ends of the 
epithelial cell’s lateral membrane, the loss of TJ barrier integrity is linked to the onset 
and progression of UC.

The study has shown that transcription factor named by aryl hydrocarbon recep-
tor (Ahr) regulates the expression of IL-22 genes, controls autoimmunity processes, 
and promotes rapid recovery from colitis by binding to tryptophan-metabolites in the 
microbiota. DFRB might boost up the microbial power generation of short-chain fatty 
acids (SCFAs), such as AA, PA, BA, LA, which are intimately connected to colonic 
health of us, might even be a result of DFRB [61, 66].

Figure 2. 
A simple fictional image of enterocytes associated with normal behavior, inflammatory condition and after 
treatment with DFRB (review from [62, 67]).
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5. Future perspective

A number of fermentation studies on rice bran indicated that the process is 
capable of producing short-chain fatty acids such as acetic acid, propionic acid, 
butyric acid, lactic acid, enzymes such as protease amylase, phenolic compound, 
and antioxidant compound like vitamin E as well as secondary metabolites such as 
griseofulvin, etc. for treatment of UC [67–74]. Previous studies also indicated that 
it is possible to change the lipid and phospholipid composition and phenolic acid 
content and antioxidant activities of rice bran would be the effect modulators for 
the treatment of UC [75, 76]. In the future, the possibility of DFRB would be the 
natural source of modulators for the potential regulators of the disease burden. The 
single-component of DFRB such as short-chain fatty (like Propionate), omega-3 
fatty acid (like eicosapentaenoic and docosahexaenoic acid), fibers (both soluble and 
insoluble), polyphenols (oleanolic acid and salvianolic acids), and even vitamins 
(C, D, E) may be responsible for specific modulators in the maintenance of gastro-
intestinal tract health. The detailed experimental data is still needed worldwide. 
These vibrant modulators could be produced by using suitable variants of bacteria 
and fungi for fermentation as well as by using recombinant technology to modify 
the bacteria and fungi for a specific purpose. However, variations in the conforma-
tion of duodenal microorganisms are generally responsible for the establishment of 
gut health in patients with UC. Furthermore, DFRB influences not only the atten-
dance of gastric microbiota but also modulates their metabolites. The interchange 
of microbes and metabolites by the DFRB would be a good modulator to alter the 
intestinal defense mechanism against mucosal inflammation for the treatment of UC 
[23]. The DFRB also modulates impaired DNA integrity that occurs during oxidation 
after the intestinal inflammation [24]. Hence, the DFRB would be a good candidate 
for therapeutic treatment of UC rather than a preventive measure, but this scenario 
still requires many animal experiments. This is a significant peculiarity of DFRB to 
make a potential modulator, especially in the case of IBD. Whereas the treatments 
of IBD are generally aimed to prevent a flare-up of enduring inflammation and to 
hinder its development into an irreversible state such as stricture and altered colonic 
motility and permeability [66].

6. Conclusions

The availability of bioactive components in DFRB, such as dietary fiber, vitamins, 
free amino acids, and antioxidants, ensures the potential of DFRB to improve the 
health of the gastrointestinal tract (gastrointestinal health). By utilizing fermentation 
technology, it is possible to incorporate many more nutrients into rice bran, particu-
larly potential UC modulators, than are currently available. The nutritional content 
of rice bran is typically determined by the fermented organism, the length of time the 
bran has been fermented, and the source or types of rice bran used. A high level of 
concentration is required to isolate the specific bacteria, fungi, or yeast that is capable 
of producing the desired fatty acids, fibers, vitamins, amino acids, anti-inflammatory, 
antioxidants, and other compounds in fermented rice bran. Using recombinant 
technology, it may be possible to produce the desired microorganisms for use in the 
fermentation process, which would then be used to introduce desired nutrition into 
the DFRB. This will also be beneficial in the treatment of other metabolic conditions 
in addition to UC colitis.
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Appendices and nomenclature

UC Ulcerative colitis
IBD Inflammatory bowel disease
DFRB Dietary fermented rice bran
CD Crohn disease
TNF-α Tumor necrosis factor α
L-1β Interleukin 1beta
IL-6 Interleukin 6
PAF Platelet-activating factor
DSS Dextran sulfate sodium
NF-kB Nuclear factor kappa B
AMPK AMP-activated protein kinase
FITC dextran Fluorescein isothiocyanates–dextran
Zo tight junction protein
JAM-A E-cadherin junctional adhesion molecule-A
STAT3 Signal transducer and activator of transcription 3, transcription 

factor
LAB Lactic acid bacteria
EPS Exopolysaccharides
Ahr Aryl hydrocarbon receptor
Profibrogenic cytokine e.g. TGF-β1.
SMDs Small-molecule medicines (such as tofacitinib and 5-ASA derivatives 

mesalamine)
Tj Tight junction
AA Acetic acid
PA Propanoic acid
BA Butyl acid
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Chapter 9

Role of Interventional IBD in 
Management of Ulcerative 
Colitis(UC)-Associated Neoplasia 
and Post-Operative Pouch 
Complications in UC: A Systematic 
Review
Partha Pal, Rupa Banerjee, Mohan Ramchandani, Zaheer Nabi, 
Duvvuru Nageshwar Reddy and Manu Tandan

Abstract

Interventional inflammatory bowel disease (IIBD) is going to play a major 
role in complex IBD including ulcerative-colitis associated neoplasia (UCAN) 
and postoperative complications after ileal pouch-anal anastomosis (IPAA) in 
ulcerative colitis (UC). We performed a literature search in PubMed using key-
words such as “UCAN” and “endoscopic management of pouch complications,” 
After screening 1221 citations, finally, 91 relevant citations were identified for 
the systematic review. Endoscopic recognition of dysplasia should be done by 
high-definition white light endoscopy (HD-WLE) or dye-based/virtual chromo-
endoscopy (CE) especially in known dysplasia or primary sclerosing cholangitis 
(PSC). Endoscopically visible lesions without deep submucosal invasion can be 
resected endoscopically with endoscopic mucosal resection (EMR), endoscopic 
submucosal dissection (ESD), or using full-thickness resection device (FTRD). 
Image-enhanced endoscopy (IEE) and IIBD have an emerging role in screening, 
diagnosis, and management of colitis-associated neoplasia in UC and can avoid 
colectomy. IIBD can manage a significant proportion of post-IPAA complications. 
Pouch strictures can be treated with endoscopic balloon dilation (EBD) or stric-
turotomy, whereas acute and chronic anastomotic leak or sinuses can be man-
aged with through the scope (TTS)/over the scope clips (OTSC) and endoscopic 
fistulotomy/sinusotomy.

Keywords: ulcerative colitis-associated neoplasia, Ileal pouch-anal anastomosis, 
interventional inflammatory bowel disease, ulcerative colitis, pouch complications
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1. Introduction

With growing multidisciplinary care model of inflammatory bowel disease 
(IBD), IIBD is going to play a major role in management of complex IBD. Apart from 
its major role in management of Crohn’s disease-related strictures and fistulas, IIBD 
has an important role to play in management of colitis-associated neoplasia in ulcer-
ative colitis (UC) and postoperative pouch complications [1, 2]. Ulcerative-colitis 
associated neoplasia (UCAN) can range from indefinite dysplasia (IND), low-grade 
dysplasia (LGD), high-grade dysplasia (HGD), invisible dysplasia, and colorectal 
cancer (CRC). Apart from conventional dysplastic lesions, non-conventional dyspla-
sia (e.g., serrated epithelial change: SEC) can occur in one third. Non-conventional 
dysplasia increases risk of advanced colorectal neoplasia (aCRN) according to recent 
meta-analysis and may warrant frequent surveillance [3].

Endoscopic screening should begin at 8−10 years from symptom onset for UCAN 
in the absence of PSC with subsequent surveillance based on risk stratification. 
HD-WLE, narrow band imaging (NBI), and CE have similar efficacy in detect-
ing UCAN [4]. The incremental benefit of newer modalities of IEE such as Fuji 
Intelligent Color Enhancement (FICE), I-SCAN, linked color imaging (LCI), and 
autofluorescence imaging (AFI) for diagnosis of UCAN compared to conventional 
screening needs further evaluation. Endocytoscopy and probe-based confocal laser 
endomicroscopy (pCLE) can be helpful in “in vivo” diagnosis of UCAN [5]. Visible, 
uni-focal, polypoidal dysplasia of any grade can be resected en bloc using EMR or ESD 
[6]. For invisible dysplasia, management is dependent on patient-related (e.g., PSC) 
and histologic factors and includes colectomy. Concurrent inlet strictures in pre-pouch 
ileitis and anastomotic strictures can be treated with endoscopic balloon dilation or 
stricturotomy. Stricturing/fistulizing complications of Crohn’s disease of the pouch 
can also be treated endoscopically. Endoscopic sinusotomy and fistulotomy are helpful 
in treating pouch sinus and fistulas respectively. Endoscopic placement of clips is 
useful in controlling leaks from pouch. Endoscopic resection can be done for large 
symptomatic inflammatory polyps in the pouch or polyps in the rectal cuff [2, 7]. We 
aimed to systematically review all the relevant literature pertaining to endoscopic 
management of UCAN and pouch complications post IPAA.

2. Search strategy

For the purpose of the review, we searched the PubMed using keywords 
“ulcerative-colitis associated neoplasia (UCAN)” and “endoscopic management of 
pouch complications” We found 965 citations. We also screened relevant articles with 
specific searches and selected cross references. Finally, after screening, total of 1238 
citations, 91 were identified for the systematic review (Figure 1).

3. Detection of UCAN

Among various modalities for detection of dysplasia in IBD (Table 1), high-
definition white light endoscopy (HD-WLE), narrow-band imaging (NBI), and 
chromoendoscopy (CE) were similar in efficacy in detecting UCAN with minor 
differences among them according to network meta-analysis [4]. Standard definition 
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white light endoscopy (SD- WLE) was shown to be inferior to all these modalities [4]. 
Shorter withdrawal time and easy applicability are the advantages of NBI compared 
to CE whereas dysplasia detection rates are similar [8]. Magnifying endoscopy (ME) 
has incremental benefits over CE for detecting tumor margins to guide endoscopic 
resection (ER). ME guided ER has R0 resection rate of 95% (compared to 91% with 
distinct borders with only CE) [9].

The Japanese NBI expert team (JNET) classification and pit pattern on magnifying 
virtual/chromoendoscopy can predict histological diagnosis and invasion depth accu-
rately as shown in a retrospective study of UCAN who underwent endoscopic resec-
tion or colectomy. JNET 2A, 2B, and 3 lesions imply low grade dysplasia (LGD), LGD/
high grade dysplasia (HGD), and submucosal invasive carcinoma (SMIC). Pit pattern 
III/IV, VI low irregularity, VI high irregularity/VN can predict LGD, LGD/HGD, 
SMIC respectively [10]. Among image-enhanced endoscopy, (IEE), Fuji Intelligent 
Color Enhancement (FICE) can help predict histology of raised lesions in IBD apart 
from NBI [11]. I-SCAN is another modality of IEE which has a similar diagnostic yield 
with a shorter examination time than conventional CE [12]. Linked color imaging 
(LCI) with indigo carmine dye spraying can help facilitate UCAN diagnosis [13]. 
Endocytoscopy may help in “in vivo” diagnosis of intra-mucosal carcinoma (IMC) 
by observing enlarged nuclei after methylene blue staining [14]. Endocytoscopy 
irregularly-formed nuclei with pit (EC-IN-PIT) guided diagnosis of UCAN were 
shown to have better specificity and diagnostic accuracy than pit pattern alone in a 
pilot study [15]. Probe-based confocal laser endomicroscopy (pCLE, Cellvizio, Mauna 
Kea Technologies, Paris, France) can differentiate UCAN (carcinoma or dysplasia) 
with accuracy, sensitivity, and specificity of 92%, 100%, and 83%, respectively [16]. 
Autofluorescence imaging (AFI) can assess the lesion based on fluorescent intensity 
rather than analysis of surface pattern [17]. AFI with oral 5-aminolevulinic acid 
sensitization has incremental diagnostic yield compared to WLE [18]. Prospective 
randomized controlled trial (RCT) did not show any advantage of high definition 

Figure 1. 
Consort diagram of systematic review on ulcerative colitis associated neoplasia and post ileal pouch complications.
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chromoendoscopy (HDCE) guided targeted biopsy over HD-WLE guided random 
biopsies [19]. However, targeted biopsy may be cost-effective and time-saving [20]. 
An inter-observer agreement study has shown poor agreement on intention to biopsy 
among endoscopists in non-pedunculated potentially dysplastic lesions in UC [21]. 
Apart from IEE, EUS-guided assessment of depth of invasion can help in treatment 
selection [22].

4.  Dysplasia in ulcerative colitis and risk of advanced colorectal  
neoplasia (aCRN)

4.1 Low grade dysplasia

Recurrent low-grade dysplasia (LGD) at first follow-up colonoscopy is a risk 
factor for aCRN as shown in a population-based registry from Netherlands with a 
hazard ratio of 1.66. A recurrence-free interval of three years predicts lower prob-
ability of subsequent occurrence of aCRN [23]. The risk of progression to aCRN is 

Imaging modalities Potential application in detecting Ulcerative colitis associated neoplasia 
(UCAN)

High-definition white light 
endoscopy (HD-WLE)

2-fold better than standard definition white light endoscopy (WLE) in 
detection of neoplasia on targeted biospy

Dye Chromoendoscopy (DCE) 3.2-fold increase in number of detected intraepithelial neoplasia 
compared to WLE guided random biopsies, 57.4% incremental yield 
compared to WLE

Virtual chromoendoscopy

Narrow band imaging (NBI) The diagnostic yield is not increased compared to DCE, but shorter 
withdrawal time and easy applicability are the advantages

Linked color imaging (LCI) Study in IBD is scanty and limited to case reports

Blue laser imaging

Dyeless chromoendoscopy

Fuji Intelligent Color Enhancement FICE can predict histology of polypoid and non-polypoidal raised 
lesions based on Kudo’s classification and presence of fibrin cap

Autofluorescence imaging AFI can have incremental diagnostic benefit over WLE based on 
fluorescent intensity

i-SCAN-OE (Pentax) Similar diagnostic yield with shorter examination time than 
conventional CE, combined digital and optical enhancement (OE)

Newer techniques

Endocytoscopy It can help “in vivo” diagnosis of intra-mucosal carcinoma (IMC) by 
observing enlarged nuclei after methylene blue staining. Endocytoscopy 
irregularly-formed nuclei with pit (EC-IN-PIT) guided diagnosis of 
neoplasia can have better diagnostic accuracy than pit pattern alone

Probe based confocal laser 
endomicroscopy

Highly accurate but inflammation and hyperplasia can reduce 
sensitivity, use of molecular imaging with confocal probes can help in 
early diagnosis of neoplasia part from predicting response to biologics

Table 1. 
Potential applications of various endoscopic imaging modalities in detection of ulcerative colitis associated 
neoplasia.
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0.8% per year. Multifocal LGD, PSC, location in distal colon, and invisible uni-focal 
low-grade dysplasia are associated with disease progression and hence require 
colectomy [24]. However, this is not commonly practiced by clinicians with limited 
experience in surveillance colonoscopy and from non-academic centers [25]. A web-
based prediction tool for progression of LGD to aCRN has been recently developed 
and validated based on these four parameters: endoscopically visible LGD >1 cm, 
unresectable/incomplete endoscopic resection, moderate/severe histologic inflam-
mation within 5 years of LGD and multifocal LGD [26]. LGD in a case of primary 
sclerosing cholangitis (PSC) warrants colectomy as the risk of aCRN is considerably 
high after diagnosis of LGD in PSC (8.4 per patient-years) as compared to LGD in 
non-PSC patients (3.1 per patient-years). PSC is an independent risk factor for aCRN 
warranting annual colonoscopic surveillance [27]. Biopsy sampling of surrounding 
mucosa has limited yield in predicting risk of aCRN whereas the grade of dysplasia 
predicts aCRN [28].

4.2 Indefinite dysplasia

Indefinite dysplasia (IND) found in nearly 4% of patients can increase the risk of 
aCRN (3.1% per patient-years) by 6.9-fold after adjusting for other confounding factors 
[29]. On the other hand, post inflammatory polyps (PIP)/pseudo-polyps were predic-
tive of higher severity of colonic inflammation and colectomy but not aCRN [30].

4.3 Colonic strictures in UC

Colonic stricture in ulcerative colitis was thought to be associated with neoplasia 
unless proven otherwise. However, strictures may represent inflammatory sequelae 
as well. Colonic strictures in long-standing colitis do not independently predict 
advanced colorectal neoplasia as shown in a retrospective cohort study mainly involv-
ing Crohn’s colitis [31]. Prospective studies in ulcerative colitis-associated strictures 
are needed to confirm the finding. Non-passable strictures <4/5 cm on computed 
tomography (CT)-colonography without any evidence of dysplasia on endoscopic 
biopsy are candidates for endoscopic dilation [32].

4.4 Non-conventional and invisible dysplasia

A study retrospectively evaluating colonoscopic images recorded within last two 
years prior to diagnosis of UCAN has shown that the mean diagnostic delay for UCAN 
was nearly 15 months. Visible lesions were present in 25.9%, 18.2%, and 31.3% of 
UCAN, early- and late-stage cancers, respectively. Invisible lesions were more com-
mon in left colon and rectum and was associated with inflammation. UCAN with 
indistinct margins were more likely to be associated with inflammation than those 
with distance margins [33]. Two third of the non-conventional dysplasia in IBD 
(hypermucinous, goblet cell deficient and crypt cell dysplasia) can present with flat/
invisible dysplasia (crypt cell:96%, goblet cell deficient-65%, hypermucinous-42%) 
with equally high risk of subsequent aCRN (HGD or adenocarcinoma: 37% and 23% 
respectively in those with follow up colonoscopy; goblet cell>hypermucinous>crypt 
cell) [34]. These findings highlight the need for random biopsies in addition to 
targeted biopsies as non-conventional dysplasia often co-exist with the conventional 
dysplasia and can be the only form of dysplasia present. One-fifth of the dysplasias in 
IBD patients are found on random biopsies [35].
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A recent study has highlighted that demarcated red-colored areas histologically 
characterized by increased vessel density and size (CD 34 positive) can be useful in 
identifying flat type dysplasia. These areas are common in base of LGD and through-
out entire surface of HGD. Targeted biopsy from these areas should be considered 
[36]. In addition to Kudo’s neoplastic pit patterns (III-V), pine-cone/villi pattern on 
surface morphology are highly specific for neoplasia and hence should be subjected 
to targeted biopsy [37]. Red in blue sign, pale-whitish mucosa, velvety appearance, 
ulceration, wall deformity, spontaneous friability and interruption of innominate 
grooves are signs of non-polypoidal UCAN [38].

4.5 CRN in rectal stump post colectomy in UC

Risk of CRN in rectal stump after ileorectal anastomosis (IRA) post-colectomy 
in UC is 7.1% and 14% after 10 and 20 years respectively. PSC, age at the time 
of IRA, UC disease duration and history of colorectal cancer are risk factors of 
CRN and rectal carcinoma after IRA. Hence ileal pouch anal anastomosis (IPAA) 
should be considered instead of IRA in high-risk patients such as PSC [39]. Acute 
severe UC decreases risk of IRA failure whereas Pre-colectomy thiopurine use 
within 12 months does not increase risk of CRN after IPAA in UC or indeterminate 
colitis [40].

5. Endoscopic resection of UCAN

(Figure 2)

Figure 2. 
Algorithm for surveillance and management of ulcerative colitis associated neoplasia. HD-WLE- high-definition 
white light endoscopy, DCE- dye chromoendoscopy, VCE- virtual chromoendoscopy, CRC- colorectal cancer, 
FDR- first degree relative, H/o - history of, HGD- high grade dysplasia, LGD- low grade dysplasia, LST- laterally 
spreading tumor.
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5.1 Endoscopic mucosal resection

Earlier colectomy was indicated for any grade of dysplasia until it was recognized 
that endoscopy resection for polypoidal HGD or endoscopically visible dysplasia (ear-
lier known as dysplasia-associated lesion or mass: DALM) with surveillance can avoid 
colectomy [41–44]. For polypoidal lesions, there was no difference between outcomes 
with polypectomy versus proctocolectomy. However, continued close surveillance is 
mandatory to identify metachronous lesions [45] Similarly it was realized that flat 
dysplasias can be managed safely with endoscopic mucosal resection (EMR) (Figure 
3 A-D)) [46]. Underwater EMR can be particularly beneficial in resecting UCAN 
compared to conventional EMR in areas of scarring and severe submucosal fibrosis 
(SMF) hindering lifting of the lesion [47]. UEMR is safe, effective and time-saving 
which have shown to remove large polyps in UC with submucosal fibrosis by “heat-
sink” and “floating” effects (Figure 3 E-F) [48].

5.2 Endoscopic submucosal dissection (ESD)

For CAN, the en-bloc and Ro resection rates with ESD are 83% and 67%, 
 respectively. However, a study reported that upto 70% can develop metachronous 
UCAN on long term follow up which may require colectomy or re-ESD according to a 
small study [49]. The advantage of ESD is total excision biopsy to evaluate the lesion. 
Compared to non-UC patients, ESD in UC is associated with lower rate of Ro resec-
tion (71% vs. 93%) with lower probability of negative horizontal margin [50]. Hence 
the demarcation line should be ascertained. Technical difficulties can occur due to 
scarring and excessive submucosal fibrosis (SMF) which can occur in nearly 40% of 
cases undergoing ESD [51]. Submucosal fatty infiltration is another limiting factor 

Figure 3. 
Endoscopic mucosal resection (EMR) for ulcerative colitis associated neoplasia. A, B- flat visible dysplasias in 
a case of long-standing ulcerative colitis, C, D- EMR site post resection- biopsy showed high grade dysplasia, D, 
E- underwater EMR done for residual neoplasia post initial session of EMR.
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for ESD in UCAN [52]. Analysis of colectomy specimens have shown that 21% of the 
lesions can be invisible endoscopically highlighting the importance of intensive sur-
veillance colonoscopy [51]. To overcome the effect of SMF, multi-traction technique 
using three intertwined loops with clips have been used to treat recurrence of HGD 
in UC [53]. Another study in 133 colorectal neoplasms (28 with UC) with submucosal 
fibrosis (28 had UC) water pressure assisted ESD (WP-ESD) had significantly shorter 
procedure time related to conventional ESD [54].

In a meta-analysis of 203 dysplastic lesions (mean size 2.7 cm, 83% left colon, 90% 
non-polypoid,) in 192 UC patients, the en bloc resection, complete resection, and R0 
resection rates were 94%, 84%, and 81% respectively. SMF was seen in 71%. Mean 
procedure time was 83 minutes. The rates of local recurrence, metachronous tumor 
and additional surgery were 5%, 6%, and 10% respectively. Adverse events like bleed-
ing and perforation were seen in 8% and 6%, respectively [55]. Another systematic 
review showed comparable en bloc and R0 resection rates (88.4% and 78.2% respec-
tively) [56]. Results of ESD in UCAN is best for those with non-invasive pit/vascular 
pattern, no surface ulceration, distinct borders and appropriate lifting on submucosal 
injection [57]. Results of ESD for non-polypoidal UCAN is inferior to those for polyp-
oidal lesions due to SMF in 90−100% patients: en-bloc and curative resection rates are 
60−100% and 70−79% respectively. Adverse events and recurrence occurred in <10% 
and 4−20% respectively [58–60].

Prior to widespread use of ESD, endoscopic piecemeal resection followed by argon 
plasma coagulation had been described in the past for large, poorly lifting adenomas [61].

5.3 Choice of an endoscopic resection technique in UCAN

The choice between ESD and EMR for UCAN can be decided based on a recent 
study which showed that ESD has higher R0 resection rates than EMR for ≥11 mm 
lesions (94% vs. 55%) and non-polypoidal lesions (100% vs. 55%). Hence it was 
concluded that EMR can be preferred for lesions ≤10 mm. 10% patients had 
intra-procedure perforation during ESD and metachronous HGD noted in 3% [62]. 
Another study concluded that EMR is indicated for small lesions without fibrosis 
and ESD for large lesions with fibrosis [63]. Overall, it is important to note that 
endoscopic resection techniques can help in preventing colectomy by removal of 
large CRNs [64].

5.4 Modalities other than EMR or ESD

Hybrid resection with ESD and FTRD can be useful in lesions with severe 
submucosal fibrosis. Hybrid ESD can be useful in large laterally spreading tumor 
[65]. ESD assisted EMR had been described as early as in 2008 in a series of 67 
patients, which reported en-bloc resection rate of 78% with R0 resection rate of 
94% in those undergoing en-bloc resection [66]. A recent report first described 
use of FTRD in a case of long-standing UC for a non-lifting, fibrotic adenoma in 
descending colon [67].

5.5 Risk of recurrence

The chance of recurrence of cancer and any dysplasia after endoscopic resection of 
polypoid dysplasia in UC are 5.3 cases/1000 patient-years and 65 cases/1000 patient-
years, respectively [68].
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6. Role of IIBD in postoperative pouch complications in UC

Among pouch related complications, pouch strictures, floppy pouch complex, 
acute and chronic anastomotic leak or sinuses can be amenable to endoscopic therapy 
(Figure 4) [69].

6.1 Pouch strictures

Pouch outlet stricture related to sealed ileal pouch have been treated with wire 
guided stricturotomy using insulated tip (IT) knife [70]. Pouch strictures (inlet and 
outlet) can be successfully dilated with controlled radial expansion (CRE) balloon 
relieving symptoms, restoring pouch patency and improved quality of life in a study 
by Shen et al. of 19 patients with pouch strictures (11 had Crohn’s disease of the 
pouch) [71]. The clinical success of endoscopic balloon dilation (EBD) is 66.7% as 
reported in a study by Kirat et al. with rest requiring excision of pouch. Nearly half 
require repeat EBD. Pouch inlet/afferent limb strictures can be treated effectively 
with both EBD and endoscopic stricturotomy (ES) with comparable surgery free 
survival as shown by Lan et al. (160 EBD, 40 EST) [72]. The risk of bleeding is 
higher with ES (4.7% vs. 0% with EBD) whereas the risk of perforation is higher 
with EBD (0.8% vs. 0% with ES). Length of stricture (>5 cm) and pouchitis are 
predictors of subsequent surgery [72]. Another study reporting 88 dilations in 20 
patients (majority 87% had ileo-anal anastomotic strictures, 95% had UC) showed a 
technical and clinical success of EBD as 98% and 95% respectively without any major 
adverse events. The study hence concluded that EBD should be the first line for pouch 
strictures [73]. In the largest study of 150 patients undergoing 646 EBD procedures, 
perforations and bleeding occurred in less than 1% cases. At a median follow up of 
nearly 10 years, 87.3% retained their pouches. Multiple strictures and Crohn’s disease 
of the pouch were independent predictors of pouch failure [74].

Figure 4. 
Management algorithm for endoscopic management of complications after ileal pouch anal anastomosis. HGD- 
high grade dysplasia, LGD- low grade dysplasia.
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Based on results of various studies, a systematic review has concluded that for 
pouch anal strictures, bougie dilation followed by balloon dilation (Figure 5 A-D) are 
the modalities prior to surgical dilation. Endocarp guided needle knife stricturotomy 
is another alternative approach [75]. Pouch inlet strictures need to be treated with 
both medical (for inflammatory stricture) and endoscopic therapy (EBD) (for 
fibrotic stricture) (Figure E-F) [75]. Mid pouch stricture has been treated with surgi-
cal stricturoplasty rather than excision of pouch [75].

6.2 Pouch leaks

Successful management of leak from the “tip of the J” have been described with 
two over the scope clips (OTSCs) [76]. OTSCs have been shown to be successful in 
nearly two thirds of the patients with one or two sessions in closing such leaks while 
remaining require revision surgery. 50% patients required re-procedure (OTSC clip or 
endoscopic suturing) and finally one third required surgery [77]. Apart from direct 
closure of defects, a short period of endoscopic vacuum therapy (EVT) with periodic 
sponge changes can help in early surgical closure for treating anastomotic leakage 
post IPAA. 100% secondary anastomotic healing (median healing time 48 days) 
was achieved in early closure group (n = 15) compared to 52% (median healing 
time 70 days) in conventional treatment group (n = 29) [78]. In another series of 8 
patients, complete healing of leak was documented in median 2 months-time [79]. 
Hence EVT can be used for anastomotic leak post IPAA whereas OTSC is to be used if 
there is leak without any abscess [7].

6.3 Pouch fistula

Endoscopic fistulotomy can be used in short (< 3 cm), superficial (<2 cm thick), 
simple fistulas like pouch-to-pouch body fistula, perianal fistula and ileo-cecal fistula 

Figure 5. 
Endoscopic management of pouch strictures. A. Ileal pouch anastomotic stricture, B. endoscopic balloon dilation 
(EBD) being performed, C. stricture post EBD, D. Pouchitis noted in ileal pouch post anastomotic dilation, E. 
pouch inlet stricture, F. EBD for pouch inlet stricture.
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[7]. In a study of 29 patients (26 IPAA, 21 having UC) with IBD related fistulas, 
 endoscopic fistulotomy (EFT) with needle knife was successful in healing fistula in 
nearly 90% patients whereas 10% require surgical intervention [80]. Preliminary 
results of another study comparing EFT with redo-surgery showed complete healing 
in all cases of redo surgery with complete and partial fistula healing in 78.4% and 
21.6% wire EFT respectively. Rate of subsequent surgery and adverse events were 
lower in EFT arm (n = 40) compared to redo surgery (n = 19) [81]. Combined use of 
multiple sessions of endoscopic clipping and EFT have been used to completely heal 
pouch-to-pouch fistula from tip of the “J” to the anastomosis [82].

6.4 Pouch sinus

Endoscopic sinusotomy can be successfully used to manage chronic pouch 
 anastomotic sinus after IPAA in UC with fair healing rate (53.2% complete, 15.3% 
partial) as compared to 94% initial complete healing rate with redo surgery as shown 
in a historical cohort study (endoscopic sinusotomy 141, surgery 85). However, redo 
surgery was associated with higher morbidity (43.5%) vs. compared to endoscopic 
sinusotomy (2.5%). Subsequent recurrence and need for surgery were not signifi-
cantly higher in endoscopic arm as compared to surgical closure [83]. Like pouch 
fistulas, EVT can be helpful in treating anastomotic leak post IPAA preventing devel-
opment of chronic pre-sacral sinus [84]. Multiple sessions of endoscopic sinusotomy 
under doppler ultrasound guidance have been used along with topical doxycycline 
(100 mg IV with 10 ml saline) (a matrix metalloproteinase inhibitor which promote 
fibrosis) injection for refractory sinus post IPAA [85]. However, endoscopic therapy 
is reserved for small sinus tracts whereas surgery may be required for large, deep 
symptomatic sinuses [86].

Few studies have evaluated factors influencing sinus healing and pouch survival 
with endoscopic sinusotomy. Crohn’s disease of the pouch is a negative predictor of 
pouch healing whereas higher BMI and longer intervals between sinusotomy were 
positive predictors [87]. Conversely, another study by the same group have shown 
that excess BMI gain (≥ 10%) post sinusotomy was associated with recurrent sinus 
[88]. With regard to surgery free survival, acute anastomotic leak, toxic megacolon, 
longer sinus and delayed sinusotomy were risk factors; whereas longer interval 
between sinusotomies, concurrent 50% dextrose and doxycycline use were protective 
factors [87]. Endoscopic hemostasis for severe bleeding in diverted ileal pouch have 
been described with spray of hypertonic saline (50% dextrose) [89]. Incremental 
number of endoscopic sinusotomy increase the chances of sinus healing whereas 
delay in sinus diagnosis and complex sinuses are negative predictors of success as 
shown in another study of 65 patients [90].

6.5 Floppy pouch complex

Floppy pouch complex is managed initially with lifestyle modifications like 
avoidance of excessive straining failing which endoscopic ligation/plication can be 
considered [69].

6.6 Pouch neoplasia

Low grade dysplasia, high grade dysplasia, adenocarcinomas and squamous 
cell carcinomas are reported to occur in pouch after IPAA. Presence of established 



Ulcerative Colitis - Etiology, Diagnosis, Diet, Special Populations, and the Role of Interventional…

188

(pre-colectomy cancer or dysplasia) and proposed risk factors (PSC, family history of 
colon cancer, chronic pouch inflammation, long standing UC, type “C” mucosa- atro-
phic mucosa with chronic inflammation) predict risk of pouch neoplasia and direct 
pouch surveillance [91]. Presence of established risk factors warrant annual surveil-
lance pouchoscopy with at least 3 biopsies from cuff/anal transition zone, pouch inlet 
and body or any endoscopically visible lesion [2]. Presence of proposed risk factors 
warrant pouchoscopy with biopsy every 1−3 years. Surveillance pouchoscopy is rec-
ommended every 3 years in patients without risk factors [2]. Surveillance is important 
given the fact that pouch neoplasia has poor prognosis and early detection can salvage 
pouch. After endoscopic resection of uni-focal polypoidal/raised LGD by polypec-
tomy/EMR/ESD, surveillance should be done every 3 months for 2 years. Irrespective 
of the modality of endoscopic resection (EMR/ESD), the resection should be en-bloc 
with extensive biopsy of adjacent mucosa. Multifocal/flat/persistent LGD, HGD or 
pouch cancer should be treated with surgical intervention (excision, mucosectomy 
or pouch advancement). People with established risk factors of pouch neoplasia may 
require complete proctectomy [91] .

7. Conclusion

The role of interventional endoscopy in diagnosis and management of ulcerative 
colitis associated neoplasia and pouch complications post colectomy in UC are 
expanding. While HD-WLE and CE are established methods of screening for UCAN, 
other modalities of virtual CE are emerging. Endocytoscopy and pCLE have the 
potential for “in vivo” diagnosis of dysplasia. EMR, ESD and recently FTRD have 
been employed for endoscopic resection of UCAN. Underwater EMR and traction or 
water pressure assisted ESD can help in resecting UCAN in the presence of submu-
cosal fibrosis. Among pouch related complications, pouch strictures, leaks, fistula, 
sinus, pouch neoplasia and floppy pouch can be managed endoscopically. Future 
prospective and comparative studies are required to further define the role of IIBD in 
the current management algorithm of UCAN and pouch complications.
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