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Introduction
Colorectal cancer is one of the most common cancers in
Western Europe and the United States with more than
300 000 cases a year. Most tumours evolve from normal
mucosa to adenomatous polyp to invasive cancer, and
survival is directly related to the extent of the disease at
operation (fig 1). This strong relation between tumour
stage and survival provides a rationale for intervention
at an early pathological or premalignant stage.

Methods
Our research interests in gastrointestinal carcinogen-
esis, cost-benefit analyses of screening, and gastrointes-
tinal endoscopy were helpful in researching and
writing this review. The literature on screening for
colorectal cancer is extensive, and we were therefore
selective in the papers that we reviewed for this article.
Our computerised literature search on a medical data-
base (Ovid-Medline, Ovid Technologies, New York,
USA)—which used the keywords “colonic neoplasms or

rectal neoplasms or colorectal neoplasms” and “mass
screening or screening (textword)”—yielded over 1800
matches since 1966. We selected randomised control-
led trials when possible, but there are relatively few
such studies published on faecal occult blood testing
and none on flexible sigmoidoscopy. We also selected
well conducted case-control studies, though many of
the data are necessarily observational. In addition, we
continuously reviewed general medical and gastroen-
terology journals for the most recent and important
articles about screening.

Screening high risk subjects
Inherited colorectal cancer syndromes
The risk of developing colorectal cancer is closely
related to a positive family history (table 1). At the
upper end of the risk spectrum lies the dominantly
inherited familial adenomatous polyposis syndrome,
comprising less than 0.5% of all colorectal cancers.
Mutations in the adenomatous polyposis coli (APC)
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Fig 1 Survival of 777 consecutive patients with colorectal cancer
stratified by tumour stage.1 (Data from St Vincent’s Hospital
colorectal cancer database)

Summary points
+ The strong relation between the stage of
colorectal cancer and survival provides a
rationale for screening, but present
recommendations are controversial
+ Regular endoscopic screening is
recommended for members of families with
adenomatous polyposis and of families with
hereditary non-polyposis colorectal cancer
+ Subjects with one or two relatives with
colorectal cancer should be assessed
individually before a decision about
colonoscopic screening is made
+ Screening populations at average risk of
colorectal cancer by faecal occult blood testing
and sigmoidoscopy can reduce related
mortality, but there are insufficient available
data on costs and compliance to advocate a
population screening programme at present
+ Future population studies should evaluate
the acceptability, financial costs, and physical
and emotional side effects of screening for
colorectal cancer in addition to its effects on
related mortality
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gene are responsible for the familial adenomatous
polyposis syndrome (table 2) and result in hundreds or
thousands of colorectal adenomas developing during
adolescence and adulthood, with an almost certain risk
of adenocarcinoma by middle age.

Hereditary non-polyposis colorectal cancer
accounts for 5-10% of all colorectal cancers. Whereas
familial adenomatous polyposis results from mutation
within a single gene, hereditary non-polyposis colorec-
tal cancer results from a dominantly inherited
alteration within one of four DNA mismatch repair
genes that have been identified to date (table 2), which
in turn leads to widespread genomic instability. The
clinical hereditary non-polyposis colorectal cancer
syndrome is defined by the “Amsterdam criteria,”
which require the presence of colorectal cancer in at
least three family members spanning two generations,
with one or more cases diagnosed before the age of 50
years.3 Tumours tend to occur in the right colon, and
subjects with the hereditary non-polyposis colorectal
cancer (Lynch type II) syndrome also have an
increased incidence of gastrointestinal, urinary tract,
and gynaecological malignancies.4

Criteria for screening high risk populations
Screening subjects at very high risk (1 in 2 risk) of cancer
is the least controversial aspect in the ongoing debate
about screening for colorectal cancer. Endoscopic

screening is time consuming, expensive, and potentially
hazardous but is justified in such subjects because of its
sensitivity and specificity for neoplasia. Regular sig-
moidoscopy starting in adolescence is indicated for peo-
ple in families with adenomatous polyposis. Intermittent
gastroduodenoscopy with a side or oblique viewing
endoscope is also justified in these cases5 because of the
high incidence of upper gastrointestinal malignancy in
familial adenomatous polyposis.6

The predominance of right sided colorectal cancer
in subjects with hereditary non-polyposis colorectal
cancer syndrome makes total colonoscopy the
endoscopic investigation of choice for such patients,
and regular colonoscopy reduces the incidence of can-
cer in affected families.7 The average age of such
patients when cancer is diagnosed is about 44 years,4 7

and screening should begin at 25 years or at least five
years earlier than the earliest onset of colorectal cancer
in the family.4 8 The optimum screening interval is
more contentious: colonoscopy every one to three
years is advocated, depending on the presence of neo-
plasia at initial endoscopy.4 7-9 However, Vasen et al
report a high percentage of cancers presenting
between screening procedures (interval cancers) and
propose biennial or annual screening for known gene
carriers.10 As with subjects with familial adenomatous
polyposis syndrome, subjects with the hereditary non-
polyposis colorectal cancer syndrome have an
increased incidence of extracolonic cancer, and Lynch
et al are investigating the feasibility of screening for
gynaecological malignancies in affected families.4 Gas-
troscopy, urinary cytology, and mammography have
also been advocated for this group,7 11 and table 3
shows the recommendations adopted at the 1996
international collaborative group meeting on heredi-
tary non-polyposis colorectal cancer.12

A carefully constructed family history is crucial to
determine a person’s risk of developing colorectal can-
cer (table 1).13 However, identifying the point at which
the benefits of endoscopic or radiological screening are
outweighed by their disadvantages is perhaps the most
difficult task for those with an interest in screening high
risk populations. Most experts would offer such screen-
ing to subjects who have two or more first degree rela-
tives with colorectal cancer,11 13-15 but what about
subjects with only one first degree relative affected?
Screening recommendations in these subjects have
been based on estimates of risk rather than a
documented decrease in mortality from colorectal can-
cer after intervention. Fuchs et al calculated that subjects
with an affected family member had a relative risk 1.7
times greater than those with a negative family history16

and supported recommendations that patients with a
positive family history should undergo colonoscopic
screening from the age of 40,14 especially if the affected
family member was under 55 years old at diagnosis.17

Few studies have actually examined the feasibility
of screening subjects with a positive family history.
Houlston et al and Carpenter et al provided genetic
counselling for relatives of patients with colorectal can-
cer and offered colonoscopic screening to those with a
lifetime risk of 1 in 10 or greater.11 15 Although neither
detected any cancer in subjects whose risk was less than
1 in 2, both reported compliance rates of about 90%
and acknowledged the beneficial psychological effect
gained from counselling and, no doubt, from a normal

Table 1 Lifetime risk of developing colorectal cancer (from
Lovett2)

Risk

More than two first degree relatives affected
(suggests dominant pedigree)

1 in 3

Two first degree relatives affected 1 in 6

One first degree relative aged <45 years affected 1 in 10

One first degree and one second degree relative affected 1 in 12

One first degree relative aged >45 years affected 1 in 17

General population 1 in 50

Table 2 Genetic alterations in hereditary and sporadic colorectal cancer

Condition Gene (location)
Percentage of cases

showing mutation

Familial adenomatous polyposis APC (5q21) 100

Hereditary non-polyposis colorectal cancer hMLH1 (3p21)
hMSH2 (2p21-22)
hPMS1 (2q31-33)
hPMS2 (7p22)

30-70
30-50
<10
<10

Sporadic colorectal cancer p53 (17p53)
DCC (18q21)
APC (5q21)
K-ras (12p12)
Nm23 (17q21)
Microsatellite instability

70
65
60
50
25
15

Table 3 Recommended guidelines for screening subjects with hereditary non-polyposis
colorectal cancer syndrome12

Cancer site Screening procedure

Age at
initial screen

(years)

Interval between
screenings

(years)

Colorectal Colonoscopy 20-25 2

Endometrial or ovarian Gynaecological exam
Transvaginal sonography
Measurement of serum marker CA-125

30-35 1-2

Stomach* Gastroscopy 30-35 1-2

Urinary tract* Sonography
Urinary cytology

30-35 1-2

*Only in families at high risk of these cancers.
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colonoscopy. If detection of early cancers and polyps
was the only positive screening end point, data from
small family studies11 15 18 would tentatively support a
policy of regular colonoscopic screening only in
subjects with a lifetime risk of 1 in 2. However, the psy-
chological benefits of counselling and screening that
accrue to those with an affected first degree relative
may be important. Until firm data on efficacy become
available, it therefore seems reasonable to select a
screening policy for each high risk individual after an
analysis of the proband’s age, possible side effects of
screening, and the needs and anxieties of the subject.

Future of screening high risk subjects
Molecular biologists are rapidly unravelling the
mysteries of colorectal carcinogenesis, allowing clini-
cians a more scientific approach to identifying
individual subjects in families with a history of colo-
rectal cancer who are at risk. The discovery that famil-
ial adenomatous polyposis and hereditary non-
polyposis colorectal cancer syndromes are associated
with germ line mutations enables the carrier status of
relations to be determined via genetic screening. This
will provide reassurance for those without mutations
and allow finite endoscopy resources to be focused on
family members carrying mutant genes.

Genetic testing may also be valuable before surgery
for some familial adenomatous polyposis patients.
Vasen et al found that the risk of recurrent disease after
ileorectal anastomosis was particularly great in patients
with mutations after codon 1250 of the APC gene, and
they recommended a more radical restorative procto-
colectomy for these cases.19

Screening populations at average risk
Sporadic disease accounts for over 90% of all cases of
colorectal cancer. Age is the most important risk factor
for the development of sporadic disease in previously
healthy patients, with an approximate doubling in inci-
dence with each decade from the age of 40 to 80.
Mutations within oncogenes and tumour suppressor
genes play a major, though complex, role in sporadic
colorectal carcinogenesis (table 2). About 15% of cases
also demonstrate multiple replication errors (microsat-
ellite instability) within the genome.

Population screening for colorectal cancer initially
seems an attractive proposition. One person in 50 of
the general population will develop colorectal cancer,
and effective treatment is available for early tumours.
However, single phase screening with colonoscopy is
simply too expensive to merit serious consideration for

populations at average risk, although some advocate its
widespread use.20 Many questions also remain about
the efficacy, acceptability, and cost effectiveness of mul-
tiphasic screening starting with faecal occult blood
testing or flexible sigmoidoscopy—the cornerstones of
contemporary population screening.

Faecal occult blood testing
Traditional faecal occult blood tests detect the
peroxidase-like activity of haemoglobin in the stools and
rely on the tendency of colorectal cancers to bleed. Sen-
sitivity is limited because many cancers and polyps bleed
intermittently, so that blood is unevenly distributed in
faeces. Occult blood tests fail to detect 20-50% of
cancers and up to 80% of polyps. Specificity is also low
and depends on whether patients avoid dietary sources
of haemoglobin and myoglobin.21 Red and white meats,
fish, some raw vegetables, and fruits containing
peroxidase may yield false positive tests. Sensitivity is
increased by rehydrating the slide with a drop of water
before testing, but this is at the expense of decreased
specificity. A positive test requires further evaluation by
colonoscopy or sigmoidoscopy and barium enema.

Four randomised controlled trials are currently
examining faecal occult blood testing within average
risk populations (table 4).22-25 Mandel et al of the
Minnesota group were the first to publish mortality
figures and found a 33% reduction in colorectal cancer
related mortality (from 0.9% to 0.6%) in patients
randomised to annual screening.24 In an accompany-
ing editorial Winawer stated, “We now have an effective
screening method, and I believe we should use it,”26 yet
the Minnesota study raised as many questions about
the value of occult blood testing as it answered. The
incidence of colorectal cancer was unchanged in the
screened population over the 13 year study, and the
results were criticised because a high proportion
(9.8%) of rehydrated slides were positive. This lack of
specificity resulted in almost 40% of annually screened
patients undergoing colonoscopy during the study,
and it seems reasonable to suggest that the reduction
in cancer related mortality arose as much from the
large number of colonoscopies performed as it did
from occult blood testing per se.27 Further follow up
from the Minnesota study will determine whether
mortality decreases after biennial testing.

More recently, Hardcastle et al reported the results
of the largest occult blood screening programme—over
150 000 subjects followed up for a median of 7.8
years.25 Various methodological differences are appar-
ent between Hardcastle et al’s and Mandel et al’s studies.
In contrast with the Minnesota trial, subjects in the

Table 4 Randomised controlled trials of faecal occult blood testing in populations at average risk

Study Place of study
No of

patients
% Of slides

positive

% Of stage A cancers % Decrease in cancer related
mortality in screened groupTest* Control

Kewenter et al22 Goteborg, Sweden 68 308 4.7† 26 9 NA

Kronborg et al23 Funen, Denmark 61 933 1.0 22 11 18‡

Mandel et al24 Minnesota, USA 46 551 9.8† 30§ 22 33§

Hardcastle et al25 Nottingham 150 251 2.1¶ 20 11 15‡

*Includes interval cancers and cancers in non-participants as well as screen detected cancers.
†Most slides rehydrated before testing.
‡Biennial screening.
§Annual screening.
¶Percentage positive at initial screen (1.2% of subjects positive during later screening) rounds.
NA=Not available to date.
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Nottingham study underwent biennial rather than
annual occult blood testing, slides were not rehydrated
before testing, and some patients with weakly positive
tests underwent immediate retesting to reduce the
number of false positive results. This resulted in a test
positivity of only 2.1% for initial screening and 1.2% for
subsequent rescreening, while only 4% of subjects
required colonoscopic or radiological investigation.
Overall, there were 60 fewer deaths related to colorec-
tal cancer in the test group compared with the controls,
a 15% reduction in colorectal cancer related mortality.
Interestingly, the percentage of stage D cancers was
almost identical in test and control groups (22% v
21%), and the reduction in mortality seems to have
been due to a shift from regional (stage C) to local
(stage A) disease. A negative aspect in this study was the
high rate of interval cancers (28%) compared with
screen detected cancers (26%) in the test group. This
arose partially because of the relatively low sensitivity
of occult blood tests for cancer but also because the
authors considered that any cancer arising after a
negative test was a potentially “missed” cancer, even if
diagnosed more than two years after a negative screen.

Mortality figures from Kronborg et al’s Danish trial23

are remarkably similar to those of Hardcastle et al (see
table 4). Kronborg et al found that 22% of cancers in the
screened group were stage A and that the proportion of
incurable tumours was similar in test and control
groups. Mortality from colorectal cancer was reduced by
18% in the screened group, again because of a shift from
locoregional to local disease. Further follow up of the
Minnesota, Nottingham, and Danish study populations
will determine whether the incidence of cancer
eventually decreases in screened populations secondary
to detection and removal of adenomas.

Mortality results from the Swedish study will soon
be available and may help clarify the value of
population screening with occult blood tests.22 Interim
results showed that 36% of screen detected cancers
were confined to the bowel wall compared with 9% of
those in controls, and 9% were incurable at diagnosis
(25% in controls). This provides further evidence that
occult blood testing can detect early colorectal cancers,
although the shift to early disease was again diluted by
a high proportion of incurable cancers (28%) in
non-compliant test subjects and in those presenting
with interval cancers.

Flexible sigmoidoscopy
Flexible sigmoidoscopy is both sensitive and specific
for distal cancers and polyps while allowing polypec-
tomy (fig 2) and pinch biopsy at the time of initial

examination. However, it is also a mildly uncomfort-
able procedure, entailing a hospital visit and prepara-
tory enema. In addition, 30 to 40% of cancers are
beyond reach of a 60 cm sigmoidoscope. Case-control
studies show that screening sigmoidoscopy and
polypectomy reduces colorectal cancer incidence and
mortality due to distal disease in average risk
populations.28-30 Selby et al reported that the risk of
death from distal colorectal cancer was 60% lower in
subjects who had undergone rigid sigmoidoscopy
compared with controls,28 and was 80% lower in
subjects over a 10 year period following flexible
sigmoidoscopy.29 These results appear impressive;
however, case-control studies have many inherent
methodological inadequacies,31 and well constructed
randomised controlled trials are necessary to confirm
the efficacy of this form of screening.

The American Cancer Society recommend sig-
moidoscopy every three to five years for people with
average risk and a negative initial examination.17 How-
ever, Rex et al found no cancers or large ( > 1 cm) or
dysplastic polyps in any patient examined a mean of
3.4 years after a normal flexible sigmoidoscopy,32

suggesting that a longer screening interval is more
appropriate. This is supported by data from Aitken et al
showing that subsequent cancer formation is a rare
early event, even in patients who have had polyps
removed at initial examination.30

Aitken et al have extrapolated the data on
endoscopic screening and have proposed a single flex-
ible sigmoidoscopy between the ages of 55 and 60 as a
potentially effective screening strategy.33 Their ration-
ale is that the sequence of changes from polyp to can-
cer is a slow and orderly process taking perhaps 10-25
years to complete. Since colorectal cancer is often
diagnosed in the seventh decade, sigmoidoscopy of
people in their late 50s would be expected to identify
pathologically early distal tumours and precancerous
lesions in a proportion of cases. In addition, sigmoido-
scopic screening might also indirectly identify a
substantial number of proximal neoplasms because
large or villiform polyps in the distal large bowel serve
as markers of susceptibility for proximal disease.30 Sub-
sequent colonoscopic screening of this relatively small
group of patients (estimated at 3-5%) with important
distal adenomas might be expected to identify up to a
third of proximal adenomas or cancers.33

Aitken et al assume a 70% compliance rate within the
population for a single sigmoidoscopic screen, and sug-
gest that sigmoidoscopy and polypectomy (with
subsequent colonoscopy in a proportion of patients)
might prevent 5500 colorectal cancers a year in the
United Kingdom. Although it would take almost
200 000 subjects (65 000 of whom would undergo
sigmoidoscopy) and 10-15 years to show whether a sur-
vival benefit for this form of screening exists,33 a control-
led trial of single flexible sigmoidoscopy might answer
important questions relating to endoscopic screening.
Indeed, such a multicentre study has started recently,
and preliminary data suggest that single sigmoidoscopy
is both logistically feasible and acceptable to patients.34

Screening costs
The cost of initial occult blood testing and subsequent
colonic assessment is largely unknown. The Notting-
ham group estimate that about 20% of costs might be

Fig 2 Endoscopic polypectomy: tubulovillous adenoma viewed through colonoscope (left);
snare inserted through colonoscope and manoeuvred into position, encircling the stalk
(centre); after electrocautery, transection margin is seen in foreground with polyp in
background (right)
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recouped by removing polyps that would otherwise
progress to symptomatic cancers requiring surgery.35

Mathematical models have also been constructed to
determine screening costs,13 36 37 and it is estimated that
faecal occult blood testing and subsequent colonic
evaluation of those with positive results would cost the
United States at least $1.2 billion a year at 1991 costs,36

rising to $2.5bn by the year 2000.38 Regular sigmoidos-
copy starting at 50 years of age is even more expensive
than faecal occult blood testing and would increase
American screening costs by over $5bn a year.13

Although the above figures suggest that population
screening would be expensive, they tell us little about
the costs in relation to the benefits that might ensue
from screening. Preliminary estimates from Britain
suggest that a single flexible sigmoidoscopy between
55 and 60 years might be a relatively cost effective
screening approach, with an anticipated annual
expenditure of £30m or £8500 per cancer death
prevented (at 1993 costs).33

More recently, Lieberman constructed a compre-
hensive cost-benefit algorithm which incorporated not
only initial screening expenses but also the subsequent
cost of treatment, complications, and additional endo-
scopic follow up of patients who had polyps removed
at first endoscopy.37 With 100% compliance at all
stages, different screening regimens were estimated to
cost between $225 000 and $280 000 per death
prevented, rising to about $350 000 as compliance fell
to a more realistic 50%. Compliance and the cost of
colonoscopic evaluation were the keys to cost effective
screening in Lieberman’s study, but all cost-benefit
analyses will remain provisional without reliable data
about sensitivity, specificity, compliance, and mortality
for different forms of screening.

Screening compliance
Lieberman and Hardcastle et al have noted that
compliance is an important aspect of screening popu-
lations at average risk.37 39 Acceptable initial uptake
rates (53-67%) were achieved in all three European
trials of faecal occult blood testing, in which subjects
were randomly recruited with mailed invitations and
reminder letters.22 23 25 Compliance was somewhat
higher (75%) in the Minnesota study,24 probably
because participants were recruited from members of
the American Cancer Society and other highly
motivated groups. However, uptake rates of under 25%
are often observed in uncontrolled trials.40 Further-
more, in Germany faecal occult blood testing has been
offered nationally since 1977, but only 21% of women
and 10% of men take advantage of such screening.41

Satisfactory compliance levels have occasionally been
observed for flexible sigmoidoscopic screening pro-
grammes, with acceptance rates as high as 70%.42 In
uncontrolled studies of screening sigmoidoscopy, how-
ever, levels rarely rise above 30%.43

Compliance in average risk populations depends
on demographic, behavioural, and educational
factors.44 Many people in the general population are
ignorant of the sequence of adenoma to carcinoma,
the concept of asymptomatic disease, and the potential
benefits of screening. Some non-responders also
suppose that they are less susceptible to cancer than
others,45 which is clearly erroneous since the incidence
of colorectal cancer in non-responders from the initial

Nottingham trial was 0.92 per 1000 person years com-
pared with 0.72 per 1000 in the controls.39 These issues
might be addressed by public health education
focusing on the concept of asymptomatic and
premalignant disease and the benefits of early
detection.45 Education could also highlight the high
incidence and hereditary aspects of colorectal cancer
in Western society and the aetiological role of a high
fat, low fibre diet in carcinogenesis.

Although compliance is relevant to the success of
population screening, it remains questionable as to how
far healthcare agencies should go to promote screening
to potentially unreceptive populations.46 Statements
such as “Mammography helps your doctor see breast
cancer before there is a lump when the cure rates are
near 100%”47 and “Given the overwhelming evidence
that (colorectal cancer) screening is effective in detecting
and curing this second deadliest cancer”48 may increase
compliance, but they give an inaccurate perception of
the efficacy of screening. Public health education might
also reasonably include information about the emo-
tional costs of false positive tests, the inappropriate reas-
surance caused by false negative results, and the
possibility of detecting incurable disease. This would
allow people to make informed decisions about partici-
pating in screening programmes.

Compliance might also be improved by tackling
concerns about the specific type of screening offered
and its mode of delivery. A proportion of non-
responders find the concept of faecal occult blood
testing aesthetically unacceptable,49 while dietary restric-
tions before screening also adversely affect uptake
rates.50 Strategies to overcome people’s distaste for
screening could include developing more acceptable,
and possibly self administered, tests.49 Participation rates
would also be increased by involving well motivated pri-
mary healthcare staff in the delivery process.51

Criteria for screening average risk populations
There is much debate about the desirability or need for
a colorectal cancer screening programme for the gen-
eral population. The American Cancer Society recom-
mend an annual digital rectal examination from the
age of 40, annual faecal occult blood testing from age
50, and sigmoidoscopy every three to five years from
age 50.17 Faecal occult blood testing is offered in
Germany as part of an annual cancer checkup.52 In
contrast, the King’s Fund and the Canadian Task Force
on the Periodic Health Examination do not currently
advocate screening in average risk subjects.53 54

What should doctors make of these conflicting
messages? It is clear that intensive screening by
competent researchers can reduce mortality from
colorectal cancer, but it is questionable whether this in
itself justifies establishing a national screening pro-
gramme. Overall, we believe it is premature to
implement such a programme until there are reliable
data on the acceptability, financial costs, logistics, and
the potential physical and emotional side effects of
screening. In this context it is useful to review the
results of long established breast and cervical cancer
screening programmes that have recently been
criticised as hugely expensive and largely
ineffective.46 55-57 In one of the largest studies of its kind,
Raffle et al concluded that “The real lesson from 30
years’ cervical screening is that no matter how obvious
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the predicted benefit may seem from any screening
test, introduction should never take place without
adequate prior evaluation of both positive and negative
effects in controlled trials.”57

When applied to colorectal cancer, the overall ben-
efits of conventional screening do not seem particu-
larly obvious. Screening by a single sigmoidoscopy is
no more than an attractive concept, while regular
sigmoidoscopy or faecal occult blood testing seems
excessively expensive at present. In addition, the high
rate of false positive faecal occult blood tests would
cause substantial distress to many healthy subjects
where none would have existed but for screening.

Future of population screening
Current results are encouraging enough to warrant
further research into more effective screening regi-
mens for average risk subjects. Increased cost effective-
ness and more refined screening strategies may
eventually tip the balance in favour of population
screening. The cost effectiveness of sigmoidoscopic
screening would increase considerably if gastroenter-
ologists were replaced by nurse endoscopists for diag-
nostic examinations. Large studies have concluded that
nurse practitioners can perform flexible sigmoidos-
copy as accurately and safely as trained gastroenterolo-
gists or colorectal surgeons,58 59 and patients’ pain,
bloating, or embarrassment is no greater when exami-
nations are performed by nurses rather than
gastroenterologists.58

The cost effectiveness of faecal occult blood testing
may also improve with the introduction of new tests.
Haemoccult II Sensa (SmithKline Diagnostics) is a
modification of the Haemoccult II test, while Haemse-
lect (SmithKline Diagnostics) is an immunoassay for
human haemoglobin. Both have higher sensitivity than
Haemoccult for blood loss in symptomatic60 and asymp-
tomatic patients,61 62 and, when used in combination,
their specificity is close to that of unrehydrated Haemoc-
cult II.62 Increased sensitivity without a corresponding
loss of specificity might substantially improve the
performance of faecal occult blood testing63 and eventu-
ally result in relatively cost effective screening.

Molecular biology may also be used in the future.
Genetic mutations are found with relative ease in DNA
extracted from tumour tissue, but they can also be
detected in DNA recovered from the sputum, urine,
pancreatic juice, and faeces of patients with various dif-
ferent malignancies. Sidransky et al and Smith Raven et
al recently isolated K-ras mutations in faeces and sug-
gested that genetic analyses might eventually evolve
into screening tests for colorectal cancer.64 65 There are
certain advantages in screening for gene alterations
rather than occult blood in stool. DNA is extremely
stable, whereas blood, especially from the right colon,
may be degraded by bacteria and subsequently result
in false negative faecal occult blood tests. Mutations are
also highly specific for neoplasia, virtually eliminating
the problem of false positive results.

The range of somatic mutations that can be
detected in faecal DNA64-66 is too limited to allow prac-
tical genetic screening studies at present, and many
molecular biological assays are unsuitable for routine
clinical use. However, if developments in molecular
biology continue to unfold at their current pace the
concept of a non-invasive, sensitive, and specific

genetic screening test for colorectal cancer may not be
as far fetched as it seems.
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Lesson of the Week
Carotid dissection causing stroke in a child with migraine
V Ganesan, F J Kirkham

The aetiology of stroke in childhood and adolescence
often remains obscure. Up to 50% of published cases
are said to be idiopathic, but often the search for an
underlying cause is not exhaustive. Arterial dissection,
usually of the internal carotid artery, is an important
cause of stroke in this age group, accounting for 6% of
cases in our series of 115 patients (unpublished data).
Migrainous infarction, on the other hand, is rare in
all ages and should be a diagnosis of exclusion. Unfor-
tunately, in a patient with a history of headache it is
often tempting to make this diagnosis. This case shows
that other, potentially treatable, disease may be missed
as a consequence.

Case report
A 15 year old left handed boy fell off his skateboard,
sustaining a blow to the right occiput without loss of
consciousness. The next day he developed right occipi-
tal headache, blurred vision, nausea, and left hemipare-
sis, which extended to his face. The limb weakness and
headache resolved over 24 hours but the facial
weakness persisted. He had blurred vision and felt

nauseated but did not vomit. Despite bedrest and sim-
ple analgesics, his symptoms did not resolve and he
was admitted to hospital on the third day with a
presumptive diagnosis of hemiplegic migraine. That
night, he fell out of bed, hitting his head again. It
became clear the following morning that his condition
had deteriorated, and he became disorientated, with a
recurrence of the left hemiparesis. Power in the hand
was Medical Research Council grade 0/5 and in the leg
grade 2/5. There were no other clinically relevant find-
ings. He had a history of migraine without aura which
had been controlled by pizotifen. Two years earlier he
had had one previous episode of headache with a focal
deficit (left facial weakness) lasting 16 hours. Magnetic
resonance imaging of the brain had shown normal
results.

T2 weighted magnetic resonance imaging five days
after the onset of symptoms showed extensive high sig-
nal and swelling in the region of the right middle cer-
ebral artery, suggestive of infarction. He was unable to
tolerate magnetic resonance angiography and was
managed conservatively with a working diagnosis of
migrainous cerebral infarction. Seventy two hours
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later, despite complete resolution of his headache, his
hemiparesis had not improved. There was evidence of
reduced flow in the right middle cerebral artery on
transcranial Doppler ultrasonography. Magnetic reso-
nance angiography at this time showed reduced flow in
the right internal carotid artery and absent flow in the
distal right middle cerebral artery. Magnetic resonance
imaging showed that the previously noted area of high
signal on T2 weighted imaging had spread. Intra-
arterial digital subtraction angiography showed irregu-
lar narrowing of the right internal carotid artery with
reduced flow, which, in the absence of any proximal
internal carotid artery disease, suggested right internal
carotid artery dissection (fig 1).

He was extensively investigated for other risk
factors for juvenile stroke. Detailed cardiac, metabolic,
and haematological investigations yielded normal
results. He was given anticoagulant treatment and
improved slowly, requiring prolonged rehabilitation.
At the time of writing, he had a residual dense
hemiparesis and had not regained any useful function
of his hand, although he was able to walk
independently. He has had to forgo an apprenticeship
in the building trade. Anticoagulant treatment was dis-
continued after six months.

Discussion
Cervicocephalic arterial dissection is an important
cause of stroke in childhood and adolescence.1 It may
occur spontaneously (although there is often a history
of trauma, which may be minor)2 and affect many ves-
sels. In children the anterior circulation is more usually
affected.1 Pain in the ipsilateral head, neck, or eye is
typical and there may be Horner’s syndrome if the cer-
vical sympathetic chain is affected. There is evidence to
suggest that migraine increases the risk of arterial
dissection.3

A focal neurological deficit may form part of the
migrainous aura, but a recent study estimated that the
risk of stroke was doubled in those with migraine4; this

seems to be greatest in young women, especially those
taking the contraceptive pill.5 The International Head-
ache Society emphasises that other causes of stroke
should be excluded before migrainous cerebral infarc-
tion is firmly diagnosed6; a history of migraine in a
patient with acute stroke is not sufficient. Unfortu-
nately, this stipulation is often ignored both in
published findings and in clinical practice.

Non-atheromatous cerebrovascular disease, includ-
ing arterial dissection, is common in childhood stroke;
imaging the cerebral circulation is important in estab-
lishing aetiology. Magnetic resonance imaging and
magnetic resonance angiography permit non-invasive
imaging of cervicocephalic vessels and are useful in the
diagnosis of carotid dissection.2 An abnormal but non-
diagnostic study, as in this case, may prompt the
clinician to consider contrast angiography, which
remains the gold standard.

Prompt anticoagulant treatment is of confirmed
therapeutic benefit in carotid dissection,2 although its
efficacy in the presence of an established infarction is
less clear.

From the available published findings, which
emphasise the importance of early diagnosis and treat-
ment of carotid dissection, the outcome in this case
might well have been improved by earlier anticoagu-
lant treatment. A history of migraine must not
preclude prompt and thorough investigation of
juvenile stroke.

1 Schievnik WI, Mokri B, Piepgras DG. Spontaneous dissection of the
cervicocephalic arteries in childhood and adolescence. Neurology
1994;44:1607-12.

2 Sturzenegger M. Spontaneous internal carotid artery dissection: early
diagnosis and management in 44 patients. J Neurol 1995;242:231-8.

3 D’Anglejan-Chatillon J, Ribeiro V, Youl BD, Bousser MG. Migraine—a risk
factor for dissection of cervical arteries. Headache 1989;29:560-1.

4 Buring JE, Herbert P, Romero J, Kittross A, Cook N, Manson J, et al.
Migraine and the subsequent risk of stroke in the physicians’ health study.
Arch Neurol 1995;52:129-34.

5 Tzourio C, Tehindrazanarivelo A, Iglesias S, Alperovitch A, Chedru F,
D’Anglejan-Chatillon J, et al. Case-control study of migraine and risk of
ischaemic stroke in young women. BMJ 1995;310:830-3.

6 Welch KMA. Relationship of stroke and migraine. Neurology
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Systemic lupus erythematosus
Complicated by lupus nephritis and antiphospholipid antibody syndrome

Systemic lupus erythematosus is an idiopathic auto-
immune disease. Studies based on hospital outpatient
populations suggest a prevalence of 20-30/100 000,
but recent community based pilot studies suggest that
this figure may be as high as 200/100 000.1 The peak
age of presentation in Britain is 30-40 years, with a
female:male ratio of 9:1. The clinical course in most
patients is one of relapses and remissions. Renal
involvement occurs in up to 75% of cases, and its treat-
ment presents a major therapeutic challenge. In
addition, a substantial proportion of cases are
associated with an antiphospholipid antibody syn-

drome with recurrent thromboses and fetal loss. We
present a case of systemic lupus erythematosus with
coexisting glomerulonephritis and an antiphospho-
lipid antibody syndrome.

Case history
In 1991 a previously healthy 21 year old woman
presented to her local hospital with a swollen right leg.
She smoked 20 cigarettes a day and took the
contraceptive pill. Doppler ultrasonography confirmed
a deep vein thrombosis in the right leg, and she

Fig 1 Contrast
study (intra-arterial
digital subtraction
angiogram)
showing tapered
irregular narrowing
of the right internal
carotid artery,
suggestive of
dissection

Clinical review

Queen Elizabeth
Medical Centre,
Birmingham
B15 2TH

BMJ 1997;314:292–5

continued over

292 BMJ VOLUME 314 25 JANUARY 1997



received anticoagulation with warfarin for three
months. She stopped taking the contraceptive pill but
continued to smoke. In May 1995 she developed a
deep vein thrombosis in the left leg and again received
anticoagulants for three months. Shortly after this
admission she developed a facial rash and arthralgia of
the small joints of the hands. There were no other sys-
temic symptoms. On clinical examination the only
notable findings were a classic malar facial rash and
tenderness and swelling of the small joints of the hand.

Investigation results included an erythrocyte sedi-
mentation rate of 38 mm in the first hour, antinuclear
antibody titre of 1:1600, anti-double stranded DNA lev-
els of 202 kU/l (normal range 0-75), and hypocomple-
mentaemia (C3, 0.65 g/l (0.75-1.75 g/l), C4, 0.05 g/l
(0.14-0.54 g/l)). IgM anticardiolipin antibodies, a subset
of antiphospholipid antibodies, were strongly positive at
54 U/l (0-6), and IgG anticardiolipin antibodies were
negative. Full blood count, prothrombin time, and
partial thromboplastin time were normal. Urine analysis
showed blood ( + ) and protein ( + + + ), with the proteinu-
ria quantified as 3.4 g/24 h. Serum concentrations of
urea, creatinine, and electrolytes were normal, as were
creatinine clearance and an ultrasound scan of the
kidneys. These clinical and laboratory features sup-
ported a diagnosis of systemic lupus erythematosus with
a secondary antiphospholipid antibody syndrome. The
initial management was symptomatic with non-steroidal
anti-inflammatory drugs.

In December 1995 she was referred to this hospital
for further management and underwent a percutane-
ous renal biopsy. This showed a severe lupus nephritis
with focal segmental, necrotising glomerular lesions
associated with extracapillary proliferation typical of a
vasculitic glomerulonephritis (fig 1). There were also
features of a patchy membranous nephropathy and
mesangial hypercellularity (fig 2). Oral cyclophospha-
mide (2 mg/kg/day) and oral prednisolone (60
mg/day) were started, and she was discharged home
with weekly outpatient monitoring of disease activity
and drug complications. Treatment with warfarin was
withheld for one week after the biopsy owing to the
risk of bleeding. Six days after the renal biopsy,
however, she was re-admitted with a left ileofemoral
venous thrombosis (fig 3) and was anticoagulated.
There were no further complications, and three
months after her renal biopsy she is well, her disease is
clinically inactive, and serological markers of disease
activity are improving. Treatment with cyclophospha-
mide has been changed to azathioprine (100 mg/day),
and her current dose of prednisolone is 20 mg/day.
She will remain on lifelong warfarin.

Comment
Systemic lupus erythematosus and lupus nephritis
The typical malar rash (as seen in this patient), together
with a photosensitive, erythematous rash, is the
commonest skin manifestation of systemic lupus
erythematosus (seen in 60% of cases). She also
developed an inflammatory arthritis affecting the small
joints of the hands in the same distribution as rheuma-
toid arthritis. This feature is present in up to 95% of
patients. The synovitis of systemic lupus erythemato-
sus, however, does not progress to joint erosions and

Fig 1 Glomerulus in renal biopsy, showing erratic mesangial
expansion and segmental lesion with thrombosis, disruption of
capillary loops, and adhesion to Bowman’s capsule (haematoxylin
and eosin ×300)

Fig 2 Glomerulus in renal biopsy, stained for complement
component C9. There is heavy deposition in mesangium and on
the outside of a few capillary loops (×350)

Fig 3 Doppler ultrasonography of left femoral vein showing
echogenic thrombus in vessel lumen
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rarely causes deformities, although joint subluxation
due to ligamentous laxity can occur. Antinuclear
antibodies are almost always present. Complement lev-
els and anti-double stranded DNA antibody titres are
useful serological markers of disease activity in some
patients. This patient’s clinical and serological features
were consistent with a diagnosis of systemic lupus ery-
thematosus as defined by the classification criteria of
the American Rheumatological Association.2

Clinically important renal disease occurs in
40-75% of cases of systemic lupus erythematosus, and
in up to 25% of all cases this is the presenting feature.3

Markers of renal involvement include haematuria,
cellular casts, and proteinuria, which are interpreted in
combination with the glomerular filtration rate. It is
notable, however, that despite a normal creatinine
clearance this patient had severe glomerulonephritis,
indicating that renal histology is the gold standard in
guiding the treatment of the renal lesion.

A range of glomerular lesions can be found in
lupus nephritis, and typically more than one type of
lesion is present.4 This patient exhibited both segmen-
tal lesions of the vasculitic type (fig 1) and generalised
glomerular disease with mesangial expansion and evi-
dence of a patchy membranous nephropathy (fig 2).
The treatment of patients with lupus nephritis depends
on the severity of the renal lesion. Patients with a
mesangial proliferative glomerulonephritis or mem-
branous nephropathy usually respond to oral pred-
nisolone, occasionally with the addition of azathio-
prine as a steroid sparing agent. Patients with a severe
proliferative or necrotising glomerulonephritis or with
extracapillary proliferation benefit from the addition
of cyclophosphamide. A controlled study from the
National Institutes of Health in the United States
showed that oral prednisolone together with monthly
intravenous pulses of cyclophosphamide (0.5-1 g/m2)
for six months, followed by quarterly pulses for a
further two years, seemed more effective in reducing
exacerbations than monthly pulses of methylpred-
nisolone for six months.5 This extended cyclophospha-
mide regimen was also more effective in reducing
exacerbations than a six month course of cyclophos-
phamide. Debate continues about whether this pulse
regimen is more effective and less toxic than oral pred-
nisolone and cyclophosphamide with conversion at
three to six months from cyclophosphamide to
azathioprine. A controlled trial is needed to address
this issue, particularly as, in contrast with cyclo-
phosphamide, azathioprine is not gonadotoxic and is
considered safe in a pregnant woman with lupus. The
incidence of sustained amenorrhoea is as high as 60%
in patients older than 25 years treated with cyclophos-
phamide for two years.6

Antiphospholipid antibody syndrome
The box shows the major clinical and laboratory
features of the antiphospholipid antibody syndrome.
The syndrome is characterised by the association of a
range of clinical features with a heterogeneous group
of antibodies that are targeted against phospholipids
and phospholipid linked antigens and may cause a
prothrombotic tendency.7 Some patients manifest the
phenomenon of lupus anticoagulant, which is an
abnormality of coagulation, particularly of the intrinsic
pathway, which does not correct on the addition of
normal serum. The presence of lupus anticoagulant is
highly correlated with antiphospholipid antibodies,
although, as in this patient, these features can occur
separately. The antiphospholipid antibody syndrome is
frequently associated with systemic lupus erythemato-
sus and other connective tissue diseases but is also rec-
ognised as a primary clinical syndrome.8 In addition,
antiphospholipid antibodies can occur without pro-
ducing a prothrombotic tendency in various diseases,
such as viral infections, malignancies, and end stage
renal failure. No consensus definition exists for
diagnosing the syndrome, but criteria have been
proposed,9 and our patient with strongly positive IgM
anticardiolipin antibodies (more than five times the
normal) and recurrent thromboses probably has this
syndrome.

The antiphospholipid antibody syndrome is a non-
inflammatory disorder, and specific immunotherapy
does not seem effective in decreasing the prothrom-
botic tendency. There are no controlled studies to
guide anticoagulant regimens, and retrospective
studies suggest only a small decrease in the risk of
thrombosis with low dose anticoagulation with
warfarin (international normalised ratio < 3). When the
international normalised ratio is maintained at > 3,
however, these studies suggest that the relative risk of
thrombosis is negligible.10 If treatment is stopped
rebound thrombosis tends to occur in the following six
months (relative risk 4.55). Our patient developed her
last thrombosis five months after warfarin was stopped.
In pregnancy aspirin is currently recommended only if
the patient has a history of one fetal loss. For two or
more fetal losses or recurrent thromboses a regimen of
low dose aspirin and subcutaneous heparin is advised.

Discussion
COSS: What do the renal biopsy findings predict about
the long term renal prognosis?

AJH: The best predictor of long term renal
prognosis is tubular and interstitial damage. In this
patient there are lots of tubules and little chronic dam-
age. Assuming, therefore, that the systemic lupus
erythematosus remains in remission, her long term
renal prognosis should be excellent.

DA: Other adverse prognostic factors in terms of
renal survival include black race and impaired renal
function at presentation. So one would predict a good
long term outcome for this patient.

COSS: Why was the patient not given anticoagu-
lants when she was referred to this hospital?

DA: A renal biopsy was thought to be necessary,
and anticoagulation is a contraindication to renal
biopsy. We decided, therefore, to start lifelong
anticoagulation at the earliest one week after an urgent

Antiphospholipid antibody syndrome
Clinical features
Recurrent thromboembolism

(venous or arterial, or both)
Recurrent fetal loss
Livedo reticularis
Thrombocytopenia
Neurological events
Valvar heart disease

Laboratory features
High titre IgG anticardiolipin

antibodies
High titre IgM anticardiolipin

antibodies
Lupus anticoagulant

Clinical review

294 BMJ VOLUME 314 25 JANUARY 1997



biopsy, when the risk of haemorrhage from the biopsy
was small. Unfortunately she developed a thrombosis
before anticoagulation was started.

MCS: What do we know about the genetics of lupus
and whether there are loci that predispose to the
development of the disease?

CG: There are associations with several of the
major histocompatibility antigens, particularly DR3
and in some communities DR2. Also the concordance
of systemic lupus erythematosus in identical twins is
24%. You cannot account for that concordance from
major histocompatibility complex associations alone,
and inherited complement deficiencies and some
complement alleles also predispose; studies of other
candidate genes are in progress.

PMS: What are the mechanisms for early fetal loss,
and is there any evidence that you can prevent it with
aspirin, as obviously warfarin is contraindicated in this
situation?

CG: It is suggested that thrombosis of placental
vessels leads to retardation of intrauterine growth and
poor development of the fetus. Aspirin prevents
thrombosis, as does heparin, in patients with recurrent
fetal loss, particularly if they have a history of
thrombosis and have been taking warfarin before
pregnancy. It is a complex situation, but it is clear that
anticoagulation does decrease thrombosis and fetal
loss during pregnancy in these patients.

WAL: Why are women so susceptible to systemic
lupus erythematosus, and does this sex preference tell
us anything about the pathogenesis?

RAT: Undoubtedly the female sex hormones have
an influence on lymphocyte activity. For example, it is
well known that in the mouse model of spontaneous
lupus, onset of the disease is earlier in the female
mouse, and you can retard it by giving male sex
hormones. I am not sure, however, of the precise
mechanisms by which sex hormones affect these
aspects of lymphocyte function.

MJSL: A simple method might be to use record
linkage to examine outcome in women who take oral
contraceptives or hormone replacement therapy.

CG: Those studies are being done, and there is a lot
of circumstantial evidence that in women who are at
risk of lupus or who have lupus who start to take the
contraceptive pill the disease flares up. This is particu-
larly so if the pills contain high oestrogen levels.

JH: Is there a role for stem cell rescue in this
disease?

DA: It is possible that high dose chemotherapy and
autologous stem cell rescue might be a future
therapeutic option, but there are real anxieties about
the toxicity associated with such an approach. In lupus
nephritis the main challenge is not so much achieving
remission, which occurs in the large majority of
patients, but the long term toxicity of our current
treatments.11 There are increasing problems with the
potential for malignancy secondary to immunosup-
pressant drugs and osteoporosis due to steroids and
vascular disease, although it is unclear whether this is
due to the lupus, lipid abnormalities, or steroids.

COSS: Have recent advances in immunology con-
tributed to our understanding of the disease?

JJTO: Certainly, gene-knockout mice in particular
are providing valuable insights into the mechanisms
driving the development of autoimmune diseases. One
example is the development of lymphoproliferative
disorders in the CTLA-4 knockout animal identifying
this molecule as a critical negative regulator of T cell
costimulation.

The BMJ welcomes grand rounds from other hospitals.
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ONE HUNDRED YEARS AGO
The condition of the miner today

Comparing the calling of the coal miner today with what it
was sixty years ago, it must be acknowledged that it is safer
and freer from risk to life and limb, that the conditions of
labour are altogether better, and that coal mining, hard
and trying as the work undoubtedly is, is not an unhealthy
occupation. Running parallel with this improvement in his
industrial conditions house accommodation is better, his
children receive superior education, and his wages have
risen. In the Thirties a miner’s wage stood at 11s. a week, in
1872 they had risen to 23s. 4d., whilst in 1892 he received
33s. 3d. Taking the Northumberland miner, his wages per

diem in the Thirties was 2s. 10d.; in 1872, 8s.; 1873, 9s.;
and in 1892, 6s. 8d., and on an average he would work five
days a week. Along with the rise in wages his hours of toil
have been shortened from 12 hours a shift to 7 or 8. With
more leisure at his command, and the benefits of a larger
education, increased wages, and their greater purchasing
power, we may say that in the improved social, moral, and
financial condition of the coal miner of today we find a
fairly accurate reflection of the general industrial
prosperity characteristic of the Queen’s reign.
(BMJ 1897;i:1666.)
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