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The diagnosis and management of gastrointestinal tract polyps in pediatric patients
relies on clinical recognition of characteristic syndromic traits through thorough
evaluation including detailed pedigree analysis, physical examination, endoscopy and
histologic evaluation. This allows a critical distinction to be made between sporadic,
typically solitary polyps and rare, syndromic polyps that may be sparse, numerous,
diffuse or localized and harbor a risk of recurrence, malignant transformation and
extraintestinal manifestations. The onus lies with the primary physician, the gas-
troenterologist and the surgeon involved to recognize syndromic patients and to coor-
dinate a team approach in support of the affected family. In these patients, genetic
counseling is pivotal in assessing the cancer risk, directing gene mutation testing, and
coordinating the appropriate surveillance strategy tailored to the particular clinical
scenario. Gene mutation analysis is highly predictive of the likelihood of disease if,
within the same pedigree, the mutation was detected in an affected individual and
found to segregate among other affected individuals, using the same testing method. 
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I N T R O D U C T I O N

M anagement of gastrointestinal tract polyps in
adult patients is primarily focused on the recog-
nized premalignant potential of various

histopathologic subtypes, most notably colorectal adeno-
mas. Gastrointestinal polyps in pediatric patients are best
understood in reference to their pattern of occurrence:
sporadic and syndromic, and localization: upper and
lower gastrointestinal tract. 

The mode of presentation of gastrointestinal polyps
in the pediatric patient, if symptomatic, is largely depen-
dant on the location and number of polyps (Table 1).
Increasingly however, pediatric gastroenterologists are

involved in the care of asymptomatic children who may
be syndromic, or have a family history of gastrointestinal
polyps. The care of these patients is of broader concern
and usually involves a multidisciplinary approach. Early
referral for genetic counseling may allow specific gene
mutation testing and accurate cancer risk assessment.
Specifically of relevance to patient management deci-
sions, genetic testing may preclude a polyposis syndrome
if the specific mutation within the family is known. In this
context, costly and potentially harmful procedures may
be avoided. Similarly, accurate cancer risk analysis may
rationalize surveillance strategies averting overzealous

Table 1
Location, Associated Symptoms, and Histologic Subclassification of Gastrointestinal Tract Polyps in Pediatric Patients

Presenting symptoms Histologic Subtypes

E s o p h a g u s Chest Pain I n f l a m m a t o r y Lower esophageal or esophago-gastric
D y s p h a g i a May resolve with anitireflux measures
(Δ Δ Foreign body) Fibrovascular polyp Typically upper esophageal
G I H — h e m a t e m e s i s May present with respiratory symptoms

Squamous papilloma May be associated with papillomavirus infection
H a m a r t o m a

Stomach     Hyperplastic-inflammatory 
Abdominal pain Fundic Gland May harbor dysplasia (Fig. 1)
GIH—hematemesis, Mainly syndromic—FAP

melena, anemia Adenomatous  Rare, may occur in FAP, 
E m e s i s Hamartomatous        Syndromic; as a subtype of Juvenile Polyposis

Syndrome or Peutz-Jeghers 
H e t e r o t o p i c

Small intestine  Brunner’s Gland Hyperplastic 
Abdominal Pain A d e n o m a t o u s Duodenal: Periammpullary adenomata in FAP 
SB Obstruction may progress to adenocarcinoma
P a n c r e a t i t i s Heterotopic    Gastric heterotopic may be congenital or
G I H inflammatory metaplastic etiology

I n f l a m m a t o r y
Hamartomatous (Fig. 2) Peutz-Jeghers polyps primarily involve the jejunum.

Colon          H a m a r t o m a t o u s
GIH—painless rectal bleeding Juvenile Retention
Polyp prolapse P e u t z - J e g h e r s
Abdominal Pain Hyperplastic Inflammatory Infectious or idioparhic colitides (including IBD),
O b s t r u c t i o n - i n t u s s u s c e p t i o n usually sporadic
Protein losing Adenomatous (Fig. 3) Usually part of FAP 
E n t e r o p a t h y Rarely sporadic in children
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B

Figure 1. (A) Resection specimen showing extensive gastric
Fundic gland polyps (B) harboring high grade dysplasia in an
11 year-old child with Attenuated FAP 

A

Figure 2. Duodenal hamartomatous polyp in a patient with
Peutz-Jeghers Syndrome.

C

Figure 3. Multiple sessile adenomatous sigmoid colon
polyps in a patient with Familal Adenomatous Polyposis eas-
ier identified through indigo carmine (0.2%) spray applica-
tion (B, C; detail).

B

A
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intervention. The focus of this review includes the
broader issues of management including psychosocial
implications, chemoprevention, screening and surveil-
lance for extraintestinal manifestations associated with
the various polyposis syndromes. 

Sporadic Colorectal Polyps: Juvenile Polyps 
Sporadic juvenile polyps (JP) are the most common form
of gastrointestinal polyps and are present in up to 2% of
children. The typical presenting symptoms include pain-
less bright red rectal bleeding, and less frequently, col-
icky abdominal pain, and polyp prolapse. The mean age
at diagnosis is 5–6 years. Polyps are usually solitary but
as many as 58% of patients harbor 2 or more polyps (1).
Sporadic Juvenile polyps average in size from 0.1–3
cms, most are left sided, but in one-third of patients JP
are located proximal to the splenic flexure.

In some patients, sporadic juvenile polyps may har-
bor reactive foci that may be mistaken for dysplasia; true
dysplasia is rare within sporadic juvenile polyps and
should raise the question of syndromic Juvenile Polypo-
sis (2). There are however, no absolute histologic char-
acteristics that can distinguish between sporadic and syn-
dromic Juvenile Polyps. Whenever elicited, a family his-
tory of juvenile polyposis indicates Syndromic, or
Familial Juvenile Polyposis Syndrome.

There is general consensus that pan-colonoscopy
with polypectomy is safe and indicated in patients with
suspected sporadic juvenile polyps to limit symptoms,
confirm the histologic subtype and rule out multiple
polyps. Complications of the procedure include perfora-
tion (1%–5%) and bleeding requiring transfusion. The
rate of symptomatic recurrence after polypectomy is
thought to be between 9%–17%. In contrast to syndromic
J P, sporadic juvenile polyps are not shown to entail an
increased risk of colorectal cancer later in life (3). 

GASTROINTESTINAL POLYPOSIS SYNDROMES 

Familial Adenomatous Polyposis
Familial Adenomatous Polyposis (FAP), in the past also
known as Gardner Syndrome and Turcot Syndrome
Type 2 (Brain Tumor Polyposis Type 2) is an autosomal

dominant predisposition to profuse adenomatous poly-
posis of the colon, early colon cancer, upper gastroin-
testinal polyps, extraintestinal tumors and pathogno-
monic ophthalmologic findings (Table 2). 

Luschka (1861) and Sklifasowski (1881) described
the first patients with multiple colonic polyposis, Cripps
described two siblings with FAP in 1882. The occur-
rence of colorectal cancer in patients with FAP and the
histologic progression from adenoma to adenocarcinoma
were described by Smith (1887) and Handford (1890)
r e s p e c t i v e l y. FAP was, for a long time defined pheno-
typically; the first insight on the genetic basis of FA P
was by Herrera and his colleagues who described multi-
ple congenital anomalies and multiple colonic adenomas
in a patient with a chromosome translocation at 5q; sub-
sequently the Adenomatous Polyposis Coli (APC) gene
was mapped to chromosome 5q21 by Bodmer, Leppert
and their colleagues in 1987 (4). 

The vast majority of FAP patients harbor APC gene
mutations on chromosome 5q21. Up to 20% of pheno-
typically diagnosed FAP patients have no detectable
APC gene mutation; of these, some harbor a defect in the
mismatch repair gene MUTYH on chromosome 1p34-
32. A delay in diagnosis may be caused by an inconsis-
tent family history; either because the patient has de
novo mutation (in 20% of patients) or because of attenu-
ated FAP (in 10% of patients) wherein colon polyp bur-
den is much less than, and colon cancer develops on
average 10yrs later, than in classic FA P.  

Testing for APC gene mutations is available com-
mercially (Table 3); however, this should only be off e r e d
by experienced practitioners in liaison with genetic coun-
seling. Testing for APC gene mutation is virtually 100%
sensitive if an affected relative has been tested positive; in
this scenario a negative test would preclude FAP in the
tested subject. If mutation testing is not available from an
a ffected member of the family the sensitivity of the test is
close to 80%, or less, in pedigrees with attenuated FA P.
Therefore, in this scenario, a negative test cannot be con-
strued as justification not to perform, or to delay screen-
ing. Increasingly, APC mutation analysis has been corre-
lated with the severity and the clinical characteristics of
patients with FAP as summarized in Table 4. (5)

Testing should ideally be offered to patients who
have the psychological maturity to understand the impli-

A SPECIAL ARTICLE

Diagnosis and Management Issues in Pediatric Patients with Gastrointestinal Polyps

(continued on page 66)



PRACTICAL GASTROENTEROLOGY • APRIL 200366

cations of a positive or negative result. For this reason,
and because endoscopy is usually reserved to patients
older than 10 years, testing is generally offered after the
patient is 10 yrs old. Prior to testing open discussion on

possible latent psychosocial issues may warrant referral
to a child psychologist. Gene testing ideally should be
done with broad consensus from all affected individuals:
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Table 2
Extraintestinal Manifestations of Hereditable Polyposis Syndromes

Familial Adenomatous P e u t z - J e g h e r s PTEN-Hamartoma 
P o l y p o s i s S y n d r o m e J u v e n i l e P o l y p o s i s Tumor Syndrome

Head and neck Congenital hypertrophy of the Nasal Polyps P r o g r e s s i v e
retinal pigment epithelium Hyperpigmented M a c r o c e p h a l y

Supernumerary teeth macules of the lips High Arched Palate
Unerupted teeth and buccal mucosa Hypoplastic mandible, 
O d o n t o m a s maxilla, microstomia
Skull osteomas (mandibular Multiple Facial Papules

a n g l e ) F a c i a l
T r i c h i l e m m o m a s

C h e s t Mammary Fibrosis Bronchial polyps Pulmonary Pectus Excavatum, 
G y n e c o m a s t i a Arterio-Venous Supernumerary nipples

M a l f o r m a t i o n

G e n i t o u r i n a r y Ovarian Cysts Penile pigmented 
Ureteral Polyps m a c u l e s
Bladder Polyps
Sertoli cell tumors

E x t r e m i t i e s Epidermoid inclusion cysts Clubbing of the fingers Digital Clubbing Acral keratoses
F i b r o m a s Hyperpimented lesions Palmoplantar keratoses
L i p o m a s on palm, arms, Subcutaneous lipomas
K e l o i d s feet (plantar), legs

G r o w t h Precocious Puberty with Failure to Thrive M a c r o s o m i a
Sertoli Cell Tumors Postnatal growth 

d e c e l e r a t i o n

N e o p l a s i a Adrenal carcinoma G a s t r o i n t e s t i n a l Colon cancer Breast Cancer
Periampullary carcinoma C a r c i n o m a Ovarian Cancer
F i b r o s a r c o m a Ductal Breast Cancer Cervical Cancer
Colon carcinoma Thyroid Cancer Uterine Adenocarcinoma
Gastric adenocarcinoma Lung Cancer Thyroid Cancer 
H e p a t o b l a s t o m a Pancreatic Cancer (follicular cell)
Small-intenstine carcinoid Uterine Cancer Transitional cell
Desmoid tumor Sertoli cell testicular carcinoma of the 
M e d u l l o b l a s t o m a t u m o r s b l a d d e r
A s t r o c y t o m a Ovarian sex cord tumors Colon Adenocarcinoma 

m e n i n g i o m a
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the physician ordering the testing needs to be sensitive to
the implications of positive test results on other family
members who may share or have transmitted the gene
but may not have been consulted, nor gave consent for
testing. The practical implications of testing on insurance
issues also should be discussed beforehand. The testing
physician has an obligation to discuss the need for
screening of potentially affected individuals even
beyond the immediate family being treated.

In patients with unknown/untested APC mutation or
positive APC mutation, screening colonoscopy is usually
performed between 10–12 years of age, and annually
thereafter until the diagnosis of adenomatous polyposis is
established. Current recommendations include upper
endoscopy for patients who are older than 20 years of age
or are symptomatic. The lifetime prevalence of duodenal
adenomata and adenocarcinoma in FAP is up to 100%
and 4% respectively. Surveillance upper endoscopy with
polypectomy or ampullectomy of moderately or highly
dysplastic lesions is best performed by experienced endo-
scopists. In practice, upper endoscopy with biopsy of sus-
pect peri-ampullary lesions is frequently performed as
part of screening and surveillance in pediatric patients
although the impact of upper GI surveillance on the nat-
ural course of the disease remains unproven (Table 5).

The risk of hepatoblastoma, quoted at 1%, is greater
in children with FAP than in the general population (1 in
100,000), so that annual liver ultrasound and a fetopro-
tein estimation is indicated up to 10 years of age. In addi-
tion, children with FAP are at a heightened risk (4–20×)
of thyroid cancer: formal thyroid screening recommen-
dations are not published to date but it appears reason-
able to include careful palpation and ultrasound of suspi-
cious neck masses during annual health-care mainte-
nance visits. Congenital hypertrophy of the retinal pig-
ment epithelium (CHRPE) is detectable early in life in
about 70% of patients with FAP but is benign and will
not interfere with vision. Unilateral CHRPE is relatively
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Table 3
Genetic Testing for Polyposis Syndromes

Cost of Commercially 
Gene Test S e n s i t i v i t y Available Test R e s o u r c e

Familial Adenomatous A P C 8 0 % ~ $ 1 , 5 0 0 Mayo Medical Laboratories 
P o l p o s i s L a b c o r p

P e u t z - J e g h e r s S T K 1 1 5 0 % – 8 0 % $ 1 , 4 0 0 GeneDx (www.genedx.com)

Juvenile Polyposis B M P 1 A 4 0 % - 6 0 % ~ $ 1 , 2 0 0 Ohio State University
S M A D

PTEN-Hamartoma Syndrome P T E N N / A $ 1 , 3 0 0 GeneDx (www.genedx.com)

Table 4 
Phenotype—Genotype Correlations for Germline 
APC Gene Mutations

P h e n o t y p e C o n d o n s

Severe FAP M C R1

Classic FAP 1 2 5 0 – 1 4 6 4

Attenuated FAP 0 – 1 6 3
1 8 6 0 – 1 9 7 8

C H R P E2 4 6 3 – 1 3 8 7

Desmoid Disease 1 4 4 5 – 1 5 7 8

H e p a t o b l a s t o m a 4 5 7 – 1 3 0 9

Duodenal Adenoma 1 0 5 1 – u p s t r e a m

1Mutation Cluster Region
2Congenital Hypertrophy of the Retinal Pigment Epithelium
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common in the general population, thus although useful,
CHRPE is a relatively insensitive and nonspecific
marker for FA P. Children with FAP may have significant
dental abnormalities including malocclusion warranting
early referral for dental evaluation. Brain cancer, notably
glioblastoma multiforme has been recognized in children
with FAP as young as 5 years; this phenotype, known as
Tu r c o t ’s syndrome overlaps with the coexistence of
colon cancer and brain cancer in some cases of Heredi-
tary Non-Polyposis Colon Cancer (6). 

Once the diagnosis of adenomatosis coli is estab-
lished, colectomy should be planned at an age that mini-
mizes the risk of malignant transformation within the
colon, when it is less likely to entail morbidity from com-
plications associated with young age, and from comor-
bibity such as anemia and protein losing enteropathy, and
is more psychologically acceptable to the patient. Patients
are generally referred to surgery if the colonic polyp bur-
den is considered too extensive to be amenable to endo-
scopic polypectomy or earlier if the patient meets the
above provisions. Patients with FAP harboring APC
mutations localized beyond codon 1444, as in patients
with a strong family history of desmoid disease, have an
increased risk of desmoids complicating the surgical scar
resulting in increased morbidity and mortality so that a

more conservative approach, or laparoscopic surgery may
be advisable (7). Generally total colectomy with
ileostomy followed by ileoanal anastomosis is the proce-
dure of choice. Post-operatively, diarrhea and urgency are
common but tend to improve in most patients; significant
long-term complications include pouchitis, fecal inconti-
nence and impotence in males. 

Post-colectomy care in the pediatric FAP patient
should focus on the need for surveillance of any retained
rectal mucosa, upper endoscopic surveillance for duode-
nal adenomas and the heightened risk of incisional and
post-operative desmoid disease. 

Increasing attention is being directed towards the
use of chempreventive agents in FA P. Studies in adults
on NSAIDs have indicated an endoscopic improvement
in upper gastrointestinal polyp burden (8), polyps within
the retained colonic mucosa, post colectomy and the
polyp burden pre-colectomy. Celecoxib, a selective cox-
2 inhibitor, has been approved for use in adult patients
with FA P. There are no published pediatric series or tri-
als of use of celecoxib at the relatively higher equivalent
dose. Limited evidence suggests that it is likely well tol-
erated at least at the lower dose range and duration more
commonly used in children with arthritis.  

Peutz-Jeghers Syndrome
Peutz-Jeghers Syndrome (PJS) is inherited as an autoso-
mal dominant trait, and in nearly 50% of patients it is
caused by germ line mutations in the tumor suppressor
serine/threonine kinase (STK11/LKB1) gene on chro-
mosome 19p13. Hamartomatous polyps uniformly
involve the jejunum and other parts of the gastrointesti-
nal tract. In addition, affected individuals have mucocu-
taneous: buccal, labial and digital melanin spots. Pedi-
atric patients with PJS may present with small bowel
obstruction or hemorrhage and are at risk of feminizing
Sertoli cell testicular tumors and granulosa cell ovarian
tumors giving rise to isosexual precocity. Older individ-
uals with PJS are at increased risk of colorectal, pancre-
atic and extraintestinal malignancy. Polyps in other hol-
low viscera, including airway, biliary and urinary tract
are infrequently reported (Table 2) (9). 

Screening recommendations are summarized in
Table 6: upper endoscopy, including esophagogastro-
duodenoscopy and enteroscopy with polypectomy is
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Table 5
Screening and Surveillance Recommendations 
in Pediatric Patients with FAP

C o l o n o s c o p y
• Annual, starting at age 10–12 yrs (20/25 with Attenuated

FAP), colonoscopy with polypectomy until colectomy

Upper Endoscopy (preferably side-viewing endoscope)
• Annually as soon as colonic polyps appear, from 

10–15 years in Attenuated FAP  

α-Fetoprotein and Liver ultrasound
• Annually from birth to age 10 years

Clinical examination, ultrasound of the neck if  
suspicious masses
• No current recommendations: should be part of 

routine Health-Care-Maintenance visits, annual 
thyroid ultrasound



indicated from age 10, colonoscopy from age 20, or ear-
lier if symptomatic. Surveillance annual pelvic ultasound
or testicular ultrasound is indicated from age 10 (10, 11). 

Testing for STK 11 gene mutation is commercially
available; its quoted sensitivity is between 50%–100%.
Colectomy is rarely indicated in PJS. Polypectomy,
including intraoperative enteroscopy with polypectomy
may be required for symptomatic small intestinal polyps. 

Juvenile Polyposis Syndrome 
(Familial Juvenile Syndrome)
Syndromic juvenile polyposis is characterized by typical
hamartomatous polyps that are more numerous, may
involve the proximal gastrointestinal tract and present in
older individuals than sporadic juvenile polyps. Extrain-
testinal manifestations are common to JPS (Table 2),
there is a lifelong increased risk of gastrointestinal tract
c a n c e r, most notably colon but also stomach, small
intestinal and pancreatic cancer. 

The diagnosis of JPS rests on the identification of
(1) multiple (>3–10) colorectal polyps, (2) any number
of colorectal juvenile polyps in an individual with a
family history of juvenile polyposis, or (3) extracolonic
juvenile polyps. Screening is mandated by the increased
risk of colon cancer; its incidence is 17%–22% by age
33–35 years and 68% by 60 years. Gastric adenocarci-
noma has been reported in up to 21% of affected indi-
viduals in pedigrees demonstrating juvenile polyposis
of the stomach. Colectomy, and occasionally gastrec-
tomy is indicated in JPS when the polyp burden is too

l a rge to be managed by endoscopy and polypectomy, or
to obviate the need for continued colonoscopic surveil-
lance (12,13).

A rare variant of JPS includes pulmonary arteriove-
nous malformations; it is unclear whether this represents
a true association or whether it represents the coincident
occurrence of Juvenile Polyposis and Osler- We b e r-
Rendu Disease (14).   

In most cases JPS is clearly hereditary, an autosomal
dominant pattern of inheritance is most frequently
described. JPS appears to be a heterogenous disease
probably including distinct genetic syndromes with the
common motif of hamartomatous polyposis coli. In
about half of the patients tested a mutation is present in
the BMPR1A gene on chromosome 10q22, the
SMAD4/DPC4 gene on 18q21, or the PTEN gene on
chromosome 10q23. This latter subset of patients are
best managed bearing in mind the risk of thyroid, breast
and uterine cancer present in the PTEN-hamartoma Syn-
drome (Table 2). Testing for mutations in these genes is
available, but predictably is limited by low sensitivity.
Testing is useful in a manner analogous to testing in FA P
in that an identified mutation in an unequivocally
a ffected individual is useful in excluding other members
of the family if they test negative. 
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Table 6
Screening and Surveillance Recommendations 
in Pediatric Patients with Peutz-Jeghers Syndrome

EGD/EGD and enteroscopy 
Small-Bowel Contrast Study
• From age 10 years, every 2–3 years 

C o l o n o s c o p y
ª From age 25, earlier if symptomatic, every 2–3 years

Pelvic ultrasound (females), testicular ultrasound 
• Annually in females, annually in males with gynecomastia

Table 7
Screening and Surveillance Recommendations in 
Pediatric Patients with Juvenile Polyposis Syndrome

Colonoscopy with polypectomy
• Every 1–3 years from age 15 onwards, earlier if sympto-

matic; if polyps are present; annually with polypectomy
until the patient is polyp free or goes to colectomy

Upper endoscopy, Small-Bowel Contrast Study
• Every 3–5 years from age 15 onwards, annually until the

patient is polyp free

Thyroid ultrasound—palpation
• Baseline thyroid ultrasound at adolescence followed by

annual palpation 

Breast examination (both sexes)
• Monthly breast self-exam, clinical exam every 

6–12 months starting from age 21 yrs



PRACTICAL GASTROENTEROLOGY • APRIL 200372

The PTEN Hamartoma Syndrome
Autosomal dominant inheritance is also characteristic of the
rare familial hamartomatous polyposis syndromes; Cow-
d e n ’s and Bannayan-Riley-Ruvalcaba Syndromes.
Although historically thought to represent diverse pheno-
typic characteristics, these syndromes share some important
clinical features which have recently been shown to corre-
late with mutations in the PTEN gene on 10q23 (15). A
heightened risk of colon cancer is recognized in both syn-
dromes but not in the pediatric age group. As yet there is no
consensus on gastrointestinal screening and surveillance of
these patients. In practice, the management of these patients
is strongly influenced by multiple pedigree characteristics
including disease distribution and aggressiveness. 

It is apparent from the heterogeneity of gastrointesti-
nal polyps and their diverse presentation, that the pedia-
trician or pediatric gastroenterologist needs to have a
conceptual framework wherein there is a heightened
index of suspicion of polyposis syndromes; such as the
n u m b e r, distribution and histologic subtypes of polyps.
This, allied with genetic counseling may impact cancer
surveillance, which has been shown, on different levels,
to improve patient survival and limit the impact of oth-
erwise potentially devastating diseases.  

SUMMARY
The management of gastrointestinal tract polyps within
the gastrointestinal tract in pediatric patients hinges on
the following key observations: 
• Pancolonoscopy with polypectomy and histologic

confirmation is necessary to confirm the diagnosis
of likely sporadic, juvenile polyps, presenting with
hematochezia. 

•  Continued surveillance is indicated in patients with
juvenile polyps and a positive family history of Juve-
nile Polyposis, juvenile polyps in the stomach or small
intestine, or more than 3 juvenile polyps in the colon.

•  Inflammatory—hyperplastic polyps are usually spo-
radic and are associated with nonspecific inflamma-
tory disease, heterotopic polyps are similarly sporadic
and symptoms and the need for polypectomy are
dependent on the site of involvement.

•  Adenomatous polyps and (gastric) Fundic Gland
Polyps are usually associated with FAP in pediatric
patients. FAP needs to be considered even with an
atypical, or negative family history

•  A multidisciplinary approach is needed in the man-
agement of hereditable polyposis syndromes, includ-
ing genetic counseling, psychology referral and vigi-
lance towards extraintestinal manifestations of the
disease. ■
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