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Prospective comparison of double contrast barium
enema plus flexible sigmoidoscopy v colonoscopy in
rectal bleeding: barium enema v colonoscopy in rectal
bleeding
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SUMMARY Rectal bleeding often heralds serious colonic disease. The literature suggests that
colonoscopy is superior to barium enema plus sigmoidoscopy, although no good comparative studies
exist. Seventy one patients with overt rectal bleeding had prospectively flexible sigmoidoscopy,
double contrast barium enema and colonoscopy completed independently. Against the gold
standard, the sensitivity and specificity of colonoscopy were 0-69 and 078 respectively for a
spectrum of colonic lesions, while for combined flexible sigmoidoscopy and double contrast barium
enema these values were 0-80 and 056, respectively. When assessing adenoma or carcinoma,
colonoscopy was more sensitive at 0O82 v 0O73, while flexible sigmoidoscopy plus double contrast
barium enema was superior for detecting diverticular disease. The positive predictive value for
colonoscopy was 0O87 against 0O81 for flexible sigmoidoscopy and double contrast barium enema.
This study confirms that colonoscopy should be a first line investigation in subjects likely to require
biopsy or therapeutic intervention.

Rectal bleeding is frequently associated with serious
colonic pathology.1-3 Patients referred to the gastro-
enterologist with this symptom are diagnosed to have
anal disease alone in approximately 20%, 25% have
clinically important lesions such as adenoma, adeno-
carcinoma, diverticular disease, inflammatory bowel
disease or angiodysplasia, and another 25% have
combined anal and important disease. Thirty per cent
will have no cause of bleeding identified.2'

Traditionally, the investigation of rectal bleeding
has been by sigmoidoscopy and barium enema
followed by colonoscopy if symptoms persisted
despite a negative examination or if the barium
enema was technically inadequate.10 Specific indica-
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tions for colonoscopy were biopsy of a particular
lesion or polypectomy.
More recently, physicians are promoting colono-

scopy as the initial investigation for patients with
rectal bleeding. Evidence supporting this recom-
mendation, however, comes from retrospective
studies' 1014 comparing high quality endoscopy with
average radiology`'91' in selected patient popula-
tions.5 16 18.21

Prospective studies comparing flexible sigmoido-
scopy or double contrast barium enema v colono-
scopy have also been biased by inequality of expertise
of radiology and endoscopy. For example, four
prospective comparative studies used colonoscopy as
the gold standard of diagnosis.651622 Such a design
would dictate that colonoscopic false positives be
interpreted as radiologic false negatives and colono-
scopic false negatives be interpreted as barium study
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false positives. These errors reduce the sensitivity
and specificity of the barium enema.
These intrinsic biases in the test evaluations justi-

fied this prospective trial in order to compare the
diagnostic properties of combined flexible sigmoido-
scopy plus double contrast barium enema versus
colonoscopy in a cohort of patients with overt rectal
bleeding.

Methods

PATIENTS
Between August 1985, and December 1986, all
patients referred to McMaster University Medical
Centre for investigation of rectal bleeding by double
contrast barium enema or colonoscopy were
approached. Subjects were considered eligible if they
had passed red blood per rectum within the previous
three months and in a subset who were hospitalised,
had no postural hypotension .20 mm or transfusion
requirement of more than 2 units of packed red blood
cells. Those who had a history of melaena stools
alone, occult bleeding or a contraindication to either
procedure were excluded. The cohort which con-
sented underwent flexible sigmoidoscopy immedi-
ately before double contrast barium enema, followed
within two weeks by colonoscopy. Each procedure
was carried out by a different consultant endoscopist
or radiologist after rapid colonic lavage preparation
(Golytely, Braintree Laboratories). Procedures were
completed in a standard fashion without sedation for
the flexible sigmoidoscopy and double contrast
barium enema but colonoscopy was preceded by
intravenous administration of a meperedine/
diazemuls combination.2324 Each examining
physician was blinded to all other colonic imaging
procedure results. At colonoscopy, however, an
unblinded observer was present and a 'staged with-
drawal' was undertaken. This required the endo-
scopist to insert the colonoscope maximally, then
withdraw by 10 cm increments (roughly one segment
of colon - for example, descending to sigmoid).
Missed pathology was defined only after a lesion had
been passed by at least one full colonic segment. The
endoscopist was then informed and the instrument
reinserted to circumvent the need for subsequent
repeat examination. Only the blinded examination
results were recorded and a research assistant was
present to prevent breech of conduct or 'hinting' at
results. In cases where there was discordance of
diagnosis between the colonoscopy and other test
results, subjects were asked to undergo immediate
repeat barium enema which focussed on the contro-
versial segment of bowel. Biopsy was not permitted
at flexible sigmoidoscopy because double contrast
enema followed immediately, and biopsy or poly-

Table 1 Diagnostic frequencies in 71 study participants

Descriptor DXI DX2 DX3 DX4

Cancer 5 - - -
Polyp-5 mm 12 3

<5mm 7 4
Ischaemia 1 -

AVM 2 - 1 -
Endometriosis - 1 -

IBD 4 2 -. -
DD 18 11 4 -
Anal 12 17 6 3
Volvulus 1 - - -
Normal 9 - - -

Total 71 38 11 3

AVM=angiodysplasia; IBD=inflammatory bowel disease;
DD=diverticular disease.

pectomy was done at colonoscopy if clinically indi-
cated. The extent and quality of examination, any
side effects and complications were recorded for each
procedure. Furthermore, barium enemas were
reread in batches, in a blinded fashion by two
observers, three months after the initial procedure.
At this time, a third interpretation was made by at
least two observers in the light of results of the two
endoscopic procedures to highlight any sources of
error in x-ray interpretation.
An economic assessment of costs and effects as

well as assessment of patient preference for pro-
cedures was also undertaken and is reported else-
where.25

ANALYSIS OF DATA
Final diagnoses for each subject were given priority
by the lesion's potential gravity, with neoplasms
ranking most and anal lesions least serious, as
illustrated by diagnosis 1 in Table 1. Up to three
additional diagnoses were made, applying identical
ranking rules such as - for example, an individual
with a cancer, diverticulosis and haemorrhoids would
be classed thus for diagnoses one, two, and three
respectively.
For those who completed the study protocol, all

had flexible sigmoidoscopy, double contrast enema,
colonoscopy plus a repeat interpretation of barium x-
ray examination at a time remote from the initial
reading.
The gold standard consisted of the maximum

diagnostic data available for each patient and any
lesion (with the exception of haemorrhoids and anal
fissures) was required to be reported on at least three
test results or be upheld by histology. Each diagnostic
test was compared with the gold standard and two-
by-two contingency tables were constructed, as
shown in the Figure, to permit calculation of the
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diagnostic properties, sensitivity, specificity, positive
and negative predictive values and likelihood ratios
for positive and negative tests.

This study was approved by the local human
research review committee in June 1985.

Results

PATIENT CHARACTERISTICS
Of 315 eligible subjects, 89 gave informed consent
and 71 completed the study. One patient had a
myocardial infarction immediately before the flexible
sigmoidoscopy, double contrast barium enema com-
bination, possibly as a result of the bowel preparation
and two subjects dropped out before flexible sig-
moidoscopy. An additional 15 patients refused to
undertake colonoscopy because of pain at barium
enema (11 patients), reluctance to undertake any
additional tests (three patients), or had left the
country (one patient). Characteristics of partici-
pants, non-participants, and dropouts were similar
with respect to age, gender, and final diagnosis. The
mean participant's age was 53.5 (16.7) (SD) and 54%
were women. Of eligible candidates, one third were
referred by family physicians and two thirds by
gastroenterologists or gastrointestinal surgeons. In
32 subjects who had lesions identified and biopsied at
colonoscopy, histology was available. Three subjects
underwent repeat barium enema because of polyps
missed at colonoscopy despite the presence of an
unblinded observer. Two patients were required to
undergo repeat colonoscopy because of incomplete
examinations or equivocal findings.

DIAGNOSES

Multiple diagnoses were common, occurring in 38 of
the 71 participants (54%) and reflecting the high
prevalence of diverticular disease (46%) and anal
lesions (54%) concurrent with other pathology
(Table 1). Non-participants and dropouts had fewer
secondary and tertiary diagnoses as only 25 of 244
subjects had two procedures and the remainder had
solely colonoscopy or barium enema. Moreover, a

higher proportion of non-participants was catego-
rised as 'normal' suggesting that further investigation
was not pursued subsequent to a normal examination
or that bleeding had stopped.

TEST PROPERTIES

The computational formulae for the test properties
are illustrated in the Figure. The sensitivity to detect
all colonic lesions, excluding diminutive polyps (<5
mm in size, was highest at 0.80 for combined flexible
sigmoidoscopy and barium enema. Colonoscopy had
a sensitivity of 0.69, while flexible sigmoidoscopy and
double contrast barium enema alone were low at 0-58

Positive

Test

Negative

Gold Standard

Positive

a + c

Negative

a + b

c t d

b + d

Sensitivity = a / a + c
Specificity = d / b + d
ppV = a / a + b

Likelihood ratio (positive) = sensitivity / 1-specificity
Likelihood ratio (negative) = 1 -sensitivity / specificity
Gold Standard = maximum diagnostic data
Test = FS, DCBE, CS

Fig. 1 Contingency tables and calculation of test properties.

and 0-50 respectively (Table 2). The values for each
test property fell minimally when diminutive polyps
were included in the analysis and are represented in
brackets in Table 3. Colonoscopy yielded the highest
specificity 0-78, positive predictive value 0.87, and
likelihood ratio for a positive test 3.14 (Table 2).

Disease specific sensitivities for each of the diag-
nostic tests is depicted in Table 4. Colonoscopy was
more sensitive for the diagnosis of neoplasia - that is,
polyp or cancer, and angiodysplasia in contrast with
combined sigmoidoscopy and barium enema which
bettered colonoscopy for the evaluation of diverticu-
lar disease. Both diagnostic approaches were com-
parable in the remaining disease categories.

EXAMINATION COMPLETENESS AND
COMPLICATIONS
The caecum or terminal ileum was reached in 70
(99%) at barium enema and in 59 (83%) at colono-
scopy. The hepatic flexure or ascending colon was
reached in an additional nine (total 96%) at colono-
scopy. Three subjects were examined endoscopically
to the sigmoid colon because of a stenosing car-
cinoma in two (barium enema also failed in one) and

Table 2 Test properties: all diagnoses

Test Sens Spec PPV NPV LR(+) LR(-)

FS 0-58 0.67 0-82 0.35 1-76 0-63
DCBE 0.50 0 67 0 87 0-35 1-52 0-75
FS/BE 0.80 0-56 0-81 0-56 1 82 0.36
CS 069 0-78 087 0-54 3 14 040

Sens=sensitivity; Spec=speciflicity; PPV=positive predictive
value; NPV=negative predictive value; LR(+) =likelihood ratio
(positive result); LR(-)=likelihood ratio (negative result).

a b

c d
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Table 3 Test properties: all diagnoses

Test Sensitivity Positive predictive value

FS 0-58 (0-57) 0-82 (0-81)
DCBE 0-50 (0.43) 0-87 (0.84)
FS/DCBE 0-80 (0.77) 0-81 (0.79)
CS 0.69 (0.67) 0.87 (0.86)

FS=flexible sigmoidoscopy; DCBE=double contrast barium
enema; CS=colonoscopy; ()=includes diminutive polyps <5 mm.

equipment failure in one. The mean insertion for
flexible sigmoidoscopy was 54 cm while 70% of
subjects had insertion to 60 cm.

Suboptimal examinations, defined as at least one
segment of bowel poorly seen occurred in 30% of
patients at colonoscopy and 18% at sigmoidoscopy
plus barium enema. Inadequate bowel cleansing was
the most common cause of poor examination for all
three tests.
One major complication was encountered for each

method of investigation. One patient had a myco-
cardial infarction after bowel preparation for the
sigmoidoscopy barium enema combination. A
second patient who had a 4 cm villous adenoma in the
transverse colon experienced haemorrhage requiring
a blood transfusion and hospitalisation overnight
after piecemeal polypectomy. Minor complications -
that is, vasovagal, overdistension, tachycardia, and
phlebitis occurred in six patients for both investiga-
tions.

Discussion

Rectal bleeding, a symptom present in about 15% of
the general population'2 predicts left sided colonic
neoplasia in 8% to 25% of individuals when mixed in
the stool or present in the toilet water.'26 Gastro-
enterologists are no better at predicting neoplasia
than general practitioners in these subjects based

Table 4 Sensitivity by disease category

Test CS DCBE+FS DCBE FS

Neoplasm 0-93 (0.82) 0-79 (0.73) 0-77 (0.47) 0.64 (0.49)
Cancer 1-0 0-83 0-83 0-67
Adenoma 0-96 (0-77) 0-71 (0 60) 0-58 (0.32) 0-33 (0.32)
DD 0-50 0-94 0.84 0.53
Anal 0-75 0-81 0-11 0-78
AVM 1-0 0-33 0 0-33
IBD 0-83 0-83 0-33 0-67
Misc 0-29 0-29 0-29 0-14
Overall 0-67 0-77 0-43 0-56

DD=diverticular disease; AVM=angiodysplasia; IBD=
inflammatory bowel disease; Misc=miscellaneous; (l)=including
diminutive polyps <5 mm.

upon history and proctoscopy.27 Thus, colonic
investigation is mandatory in most patients.

In our study population, a final diagnosis of
adenoma or carcinoma occurred in 34% of patients,
yielding a pretest probability or disease prevalence of
neoplasia of 0-34. This figure is likely an overestimate
because only 25% of all eligible subjects had neo-
plasia. Some polyps or cancers could have been
missed in non-participants, however, who had only
one diagnostic test placing the true prevalence figure
somewhere between 25% and 34%.

Previous reports suggest that of subjects with rectal
bleeding, 20% have anal lesions alone, 25% have
clinically important lesions, 25% clinically important
plus anal lesions and 30% have no cause identified.2"9
In our study only 13% of patients were considered
'normal', with no source of bleeding identified; 37%
had concommitant anal and clinically important
disease and; 33% had at least one clinically important
bleeding lesion. Anal lesions (haemorrhoids,
fissures, tears) and diverticular disease were preva-
lent in 54% and 46% of patients respectively. These
were the most clinically important diagnoses in only
17%, however, (12/71) and 25% (18/71) respectively,
and most patients had other sources of bleeding. This
emphasises the danger of assuming that haemmorr-
hoids or diverticulosis is responsible for bleeding
without undertaking full colonic investigation.
Furthermore, the diagnostic return greater than
anticipated implies delivery of high quality diagnostic
colonic imaging, radiologic and endoscopy, at our
institution. Poor quality radiology cannot be com-
pared with high quality endoscopy or vice versa as has
been the practice in the previous literature. Thus,
generalisation of our results is appropriate only after
consideration of local resources, expertise, and
population characteristics.
The value of the diagnostic test properties sensi-

tivity, specificity and predictive values, illustrated in
the Figure, is becoming increasingly familiar to
clinicians. Less familiar, perhaps, is the likelihood
ratio which gives the 'odds' that a particular result
would have come from a patient with as opposed to a
patient without the disease. Likelihood ratios, useful
for application in individual patients, are not disease
prevalence dependent as are predictive values.28
Colonoscopy had the highest likelihood ratio of 3.14
reflecting its high sensitivity and specificity.
The sensitivity of combined flexible sigmoidoscopy

plus double contrast barium enema for all lesions was
greatest at 0.78. This is largely because of the better
sensitivity of the barium enema for diverticular
disease, and the high prevalence in our population.
Second, as flexible sigmoidoscopy and barium enema
were performed first, mild inflammation or anal
fissures could have healed before colonoscopy.
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Third, most individuals who undergo colonoscopy
have had previous proctosigmoidoscopy and exam-
iners may be less precise in reporting perianal
disease, an important proportion of the diagnoses.
This is supported by the higher sensitivity of flexible
sigmoidoscopy for anal lesions of 078 in Table 4.
Finally, the sensitivity of flexible sigmoidoscopy or
barium enema individually is low. These results re-
establish, that double contrast barium enema cannot
stand alone against colonoscopy because of changes
in image perception in the presence of diverticular
disease and the effects of redundant sigmoid loops
and residual stool.29 When we examined our barium
enema errors, most occurred in the rectum and
sigmoid colon.
For diagnosis of adenoma, carcinoma, and angio-

dysplasia, colonoscopy is clearly more sensitive than
sigmoidoscopy and barium x-ray. This is supported
by Williams et al who compared a faecal occult blood
test, rigid sigmoidoscopy, flexible sigmoidoscopy,
double contrast barium enema and colonoscopy in
330 patients with a previous history of adenomas.3'
Their results showed a sensitivity of 092 for colono-
scopy, 071 for double contrast barium enema and
054 for flexible sigmoidoscopy for cancer or polyp
detection. Only lesions .7 mm were assessed, how-
ever, and data for combined sigmoidoscopy and
enema could not be extracted from their results.
When we adjusted our own data for cancer or
adenoma detection and excluded polyps (<5 mm, the
sensitivity of colonoscopy increased from 0-82 to 0-93
and for flexible sigmoidoscopy and barium enema
from 0-73 to 0-79.

Richter et al and Howard et al have previously
established that angiodysplasia is best diagnosed at
colonoscopy.32 33 Although there were only three
cases in our study, as expected with this flat mucosal
lesion, none were detected by barium enema. In
contrast, barium enema alone or with flexible
sigmoidoscopy is superior for detecting diverticular
disease with a sensitivity of 091, a finding previously
reported qualitatively in at least three studies.81622
Thus, in the older patient, only when neoplasm or
angiodysplasia has been ruled out or active bleeding
is directly observed at flexible sigmoidoscopy should
the clinician be confident of the diagnosis of
diverticulosis or anal disease as the source of blood
loss. Other lesions such as inflammatory bowel
disease appear equally well demonstrated by either
diagnostic approach in this study although our
numbers were small.

Complications and side effects of endoscopy and
radiology were comparable in both incidence and
severity. The haemorrhage after colonoscopy was
secondary to a therapeutic intervention, an addi-
tional benefit of colonoscopy. While complications

have been well recognised for diagnostic and thera-
peutic colonoscopy,33 they appear to have been
under-reported for double contrast barium
enema.35 36 Thus, further scrutiny is justified for
complications and side effects of the barium enema.

Finally, we have shown that examination of the
bowel is more frequently optimal and complete with
the signmoidoscopy, barium enema combination.
Elderly or debilitated subjects are less capable of
manoevering on the x-ray table to give high quality
barium studies.3"38 This group was excluded by design
from our study to permit unbiased evaluation of all
tests. Initial colonoscopy is the investigation of
choice in such individuals supplemented by double
contrast barium enema if the examination is incom-
plete or suboptimal.

Applying the results of this study and a review of
the literature, we have derived a logical approach to
the investigation of the patient with rectal bleeding.
Indications for colonoscopy to be the primary investi-
gation would be the presence of any high risk factor
for colonic neoplasia; age .70 years, as the quality of
barium enema falls; sick or debilitated patients in
whom high quality double contrast enema is difficult
to obtain; lack of locally available high quality
radiology; or persistent symptoms despite a negative
double contrast barium enema and flexible sigmoido-
scopy.
Combined flexible sigmoidoscopy and double con-

trast barium eilema is the appropriate choice in
individuals who have no risk factors for neoplasia;
under age 70 and physically fit; access to good quality
radiology; and finally individuals with persistent
symptoms despite negative colonoscopy.
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