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ABSTRACT

Background After patients have undergone colon-
oscopic polypectomy, it is uncertain whether colon-
oscopic examination or a barium enema is the better
method of surveillance.

Methods As part of the National Polyp Study, we
offered colonoscopic examination and double-con-
trast barium enema for surveillance to patients with
newly diagnosed adenomatous polyps. Although bar-
ium enema was performed first, the endoscopist did
not know the results.

Results A total of 973 patients underwent one or
more colonoscopic examinations for surveillance. In
the case of 580 of these patients, we performed 862
paired colonoscopic examinations and barium-ene-
ma examinations that met the requirements of the
protocol. The findings on barium enema were posi-
tive in 222 (26 percent) of the paired examinations,
including 94 of the 242 colonoscopic examinations
in which one or more adenomas were detected (rate
of detection of adenomas, 39 percent; 95 percent
confidence interval, 33 to 45 percent). The propor-
tion of examinations in which adenomatous polyps
were detected by barium enema was significantly re-
lated to the size of the adenomas (P=0.009); the rate
was 32 percent for colonoscopic examinations in
which the largest adenomas detected were 0.5 cm or
less, 53 percent for those in which the largest adeno-
mas detected were 0.6 to 1.0 cm, and 48 percent for
those in which the largest adenomas detected ex-
ceeded 1.0 cm. Among the 139 paired examinations
with positive results on barium enema and negative
results on colonoscopic examination in the same lo-
cation, 19 additional polyps, 12 of which were adeno-
mas, were detected on colonoscopic reexamination.

Conclusions In patients who have undergone co-
lonoscopic polypectomy, colonoscopic examination
is a more effective method of surveillance than dou-
ble-contrast barium enema. (N Engl J Med 2000;342:
1766-72.)
©2000, Massachusetts Medical Society.
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T is accepted medical practice to remove ade-

nomatous polyps when they are detected in the

colon, to search for additional polyps, and to

arrange for long-term follow-up of the patient.
This approach is based on evidence that adenoma-
tous polyps are precursors of colorectal cancer and
that removing them will prevent colorectal cancer.!
Periodic examinations have been recommended after
polypectomy because of the high frequency of de-
tection of adenomatous polyps at follow-up.2+ In
previous analyses of data from the National Polyp
Study, we assessed surveillance intervals after colon-
oscopic removal of adenomatous polyps.5¢ In the
current study, we compared colonoscopic examina-
tion and double-contrast barium enema to determine
whether both methods are needed for surveillance
or whether barium enema could replace colonoscop-
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ic examination.” Our study differs from prior assess-
ments of surveillance after polypectomy because it
was blinded and prospective.812

METHODS
Patients

The National Polyp Study was a randomized, controlled trial
designed to assess surveillance strategies in patients after colono-
scopic removal of newly diagnosed adenomas. All patients re-
ferred for initial colonoscopy or polypectomy from November
1980 to February 1990 at one of seven participating clinical cen-
ters were identified. Those with newly diagnosed adenomas who
met the eligibility criteria and consented to participate were ran-
domly assigned to undergo a colonoscopic examination three
years after the initial colonoscopic examination or at both one and
three years. Patients in both groups were offered a surveillance
examination at six years. At each follow-up examination, the pa-
tients were offered both double-contrast barium enema and co-
lonoscopic examination. The design of the study and follow-up
results based on colonoscopic findings have been described pre-
viously.>¢ All patients provided written informed consent for their
participation in the study, and the study design was approved by
the institutional review board at each participating center.

Design of the Study

The study design included a prospective, blinded comparison
of colonoscopy and double-contrast barium enema in detecting
polyps at follow-up.57 Only study endoscopists and radiologists
performed the examinations and interpreted the results. Each
center designated colon-cleansing regimens that were acceptable
to the endoscopic and radiologic investigators. The regimens con-
sisted of cathartic agents and hydration and, beginning in 1985,
polyethylene glycol for colonoscopy. The use of enemas as part
of the cleansing regimen was avoided before the barium enema be-
cause the products used interfered with the mucosal coating. Bar-
ium preparations were either HD-85 (Lafayette, Lafayette, Ind.)
or Liquid Polibar (EZ-EM, Westbury, N.Y.). The standard barium-
enema technique involved the acquisition of multiple (120 kVp)
films, including horizontal-beam films. Radiologists had access to
all prior films. The colonoscopic examination was performed ap-
proximately two weeks after the barium enema.

Findings on barium enema and colonoscopic examination were
reported according to the location: rectum, sigmoid colon, de-
scending colon, splenic flexure, transverse colon, hepatic flexure,
ascending colon, or cecum. The size, location, and shape of each
polyp were recorded. For each anatomical segment, findings of
spasm, redundancy, stool, poor mucosal coating, or diverticulo-
sis, and the level of confidence in each such finding, were report-
ed. For barium enema, a high level of confidence indicated that
the radiologist was unlikely to miss lesions that were larger than
1.0 cm, and a low level indicated that the radiologist could easily
overlook a lesion that was larger than 1.0 cm. For colonoscopic
examination, a high level of confidence indicated that the endos-
copist had reached the cecum and could visualize the entire co-
lon. The adequacy of the colonoscopic preparation and the com-
pleteness of the colonoscopic examination were also recorded.

The endoscopist inserted the colonoscope to the cecum and
then withdrew the colonoscope to the next most distal segment
of the colon. Polyps detected by colonoscopic examination were
recorded for each anatomical segment by endoscopists who had
no knowledge of the findings on barium enema (blinded colon-
oscopic examination). After the endoscopist reported observa-
tions for a given segment, the study coordinator informed the en-
doscopist of the results of barium enema for that segment. If
there was a finding on barium enema that was not seen on co-
lonoscopic examination, the endoscopist reexamined the segment
several times with the patient in different positions until satistied
that the area was clear or a lesion had been found (unblinded co-
lonoscopic examination). With the use of this approach, the co-

lonoscope did not need to be reinserted after the completion of
the examination and the rate of polyps missed by colonoscopic
examination could be determined.

All polyps detected by colonoscopic examination were removed,
measured, and then classified histologically by the pathology re-
view team according to National Polyp Study criteria as tubular
adenomas or villous adenomas class A (proportion of villous com-
ponent, 1 to 25 percent), B (26 to 75 percent), C (76 to 99 per-
cent), or D (100 percent) or as nonadenomas (hyperplastic or
other types, mainly normal mucosal tags).!3 After the histologic
evaluation, the findings of the colonoscopic examination were clas-
sified on the basis of the presence or absence of adenomas and
the size of the largest adenoma as showing no polyps, nonade-
nomatous polyps alone, adenomas that were no larger than 0.5
cm, adenomas that were 0.6 to 1.0 cm, or adenomas that were
larger than 1.0 cm. The size of an adenoma was estimated by the
endoscopist with use of open forceps during colonoscopic exam-
ination.

Statistical Analysis

The primary comparison of colonoscopic examination and dou-
ble-contrast barium enema was based on the classification of the
findings on barium enema as positive (any polyps) or negative (no
polyps) and the classification of the colonoscopic findings accord-
ing to the presence and type (size and histologic characteristics)
of polyps. The colonoscopic findings reported by endoscopists
before the barium-enema findings were revealed were used as the
reference measure for the barium-enema findings.

A secondary analysis assessed whether the same polyps detect-
ed by colonoscopic examination were also detected by barium en-
ema. Polyps detected by both techniques within the same or an
adjoining segment and whose sizes matched within 5 mm were
considered a match. The matched polyps were true positives for
barium enema relative to colonoscopic examination; polyps de-
tected by colonoscopic examination but not by barium enema
were considered to have been missed by barium enema or to rep-
resent a false negative result.

SAS statistical software (version 6.12, SAS Institute, Cary, N.C.)
was used for all calculations. The chi-square statistic was used to
compare differences in percentages; the Mantel-Haenszel chi-
square test was used to compare differences in percentages with
adjustment for covariates. The regression coefficient in a logistic
model was used to assess whether there was a linear trend in the
rate of detection with barium enema according to the size of the
adenoma. All tests were two-sided, and a P value of 0.05 or less
was considered to indicate statistical significance.!*

RESULTS
Patients

Among the 1418 patients who underwent random-
ization,® 973 underwent one or more surveillance
colonoscopic examinations, representing 80 percent
of those alive and eligible for surveillance colono-
scopic examination. These patients underwent 1762
surveillance colonoscopic examinations and 949 bar-
ium-enema examinations, of which 881 were paired
with colonoscopic examinations. Nineteen paired ex-
aminations were excluded: the cecum was not reached
in 12, the time between examinations exceeded six
months in 6, and both were true in 1 case. The re-
maining 862 paired examinations meeting the pro-
tocol requirements were performed in 580 patients.
The characteristics of these 580 patients at enroll-
ment were similar to those of the 393 patients who
did not have paired examinations (Table 1).
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TABLE 1. CHARACTERISTICS OF THE PATIENTS AT ENROLLMENT
ACCORDING TO WHETHER THEY HAD PAIRED COLONOSCOPIC
EXAMINATIONS AND BARIUM-ENEMA EXAMINATIONS.*

PATIENTS WITH
COLONOSCOPIC
ExamiNATION BUT NoT
BARIUM-ENEMA

PATIENTS WITH PAIRED
COLONOSCOPIC AND
BARIUM-ENEMA
EXAMINATIONS

CHARACTERISTIC (N=580) ExaminATION (N=393)
number (percent)
Sex
Male 431 (74) 264 (67)
Female 149 (26) 129 (33)
Age
<60 yr 227 (39) 170 (43)
=60 yr 353 (61) 223 (57)
No. of adenomast
1 311 (56) 230 (60)
2 137 (25) 64 (17)
=3 111 (20) 87 (23)
Size of largest adenomat
<0.5 cm 129 (23) 99 (26)
0.6-1.0 cm 211 (38) 143 (38)
>1.0 cm 218 (39) 138 (36)
Histologic type of worst
adenomat
Tubular 298 (53) 239 (63)
Villous class A 134 (24) 85 (22)
Villous class B 89 (16) 35 (9)
Villous class C or D 38 (7) 22 (6)
Most advanced type of
dysplasiat
Low grade 506 (91) 342 (90)
High grade 53 (9) 39 (10)

*Because of rounding, percentages may not total 100.

tData on 33 patients were excluded because polyps were classified as ad-
enomas by the local pathologists but as nonadenomas by the pathology re-
view team (21 in the paired-examination group and 12 in the other group).
In addition, data on the size of the adenoma at base line were missing for
one patient in each group.

Characteristics of the Paired Colonoscopic
and Barium-Enema Examinations

The average interval between the paired examina-
tions was 16 days (median, 10; range, 2 to 164; in-
terquartile range, 2 to 20). There were 125 pairs (15
percent) in which the interval between examinations
exceeded 30 days. Among the 862 paired examina-
tions, 337 were performed as part of the one-year
surveillance (39 percent), 361 as part of the three-
year surveillance (42 percent), and 119 as part of the
six-year surveillance (14 percent); 45 were performed
at other times (5 percent). All were performed be-
tween November 1981 and November 1990. There
were no major complications after any of the paired
examinations. Findings that were reported with a
high level of confidence were more frequent for co-
lonoscopic examination than for barium enema. The
confidence level for barium enema was lowest with
respect to findings in the sigmoid colon because of
the presence of redundancy and diverticulosis and in
the ascending colon and cecum because of the pres-
ence of fecal residue and poor mucosal coating (Ta-
ble 2).

Findings on Examination

Polyps were detected in 392 of the 862 colono-
scopic examinations (45 percent); adenomas were de-
tected in 242 colonoscopic examinations (28 percent),
and adenomas that were more than 1.0 cm were iden-
tified in 23 colonoscopic examinations (3 percent)
(Table 3). Findings on barium enema were positive
in 222 of the 862 paired examinations (26 percent)
and in 139 of the 392 colonoscopic examinations in

TABLE 2. CHARACTERISTICS OF 862 PAIRED COLONOSCOPIC EXAMINATIONS AND DOUBLE-CONTRAST BARIUM-ENEMA EXAMINATIONS.

DiverTic-  Poor MucosAL
uLOSIS COATING ON

HiGH LeVEL oF CONFIDENCE ON BAriUM BARIUM
SEGMENT IN OVERALL FINDINGS FecAL RESIDUE REDUNDANCY SPASM ENEMA ENEMA

COLONOSCOPIC ~ BARIUM ~ COLONOSCOPIC ~BARIUM  COLONOSCOPIC ~BARIUM ~ COLONOSCOPIC ~ BARIUM

EXAMINATION ~ ENEMA EXAMINATION ~ ENEMA EXAMINATION ~ ENEMA EXAMINATION ~ ENEMA

number of examinations (percent)

Rectum 821 (95) 599 (69) 26 (3) 99 (11) 7 (1) 19 (2) 8 (1) 9 (1) 8 (1) 47 (5)
Sigmoid colon 804 (93) 300 (35) 38 (4) 147 (17) 57 (7) 440 (51) 34 (4) 135 (16) 258 (30) 41 (5)
Descending colon 800 (93) 510 (59) 52 (6) 107 (12) 37 (4) 76 (9) 26 (3) 91 (11) 179 (21) 43 (5)
Splenic flexure 809 (94) 564 (65) 44 (5) 110 (13) 36 (4) 121 (14) 20 (2) 0 74 (9) 40 (5)
Transverse colon 811 (94) 555 (64) 44 (5) 159 (18) 46 (5) 36 (4) 13 (2) 41 (5) 61 (7) 56 (6)
Hepatic flexure 802 (93) 457 (53) 57 (7) 182 (21) 31 (4) 163 (19) 11 (1) 30 (3) 60 (7) 93 (11)
Ascending colon 805 (93) 395 (46) 59 (7) 264 (31) 19 (2) 67 (8) 10 (1) 38 (4) 66 (8) 133 (15)
Cecum 787 (91) 399 (46) 91 (11) 235 (27) 14 (2) 32 (4) 7 (1) 22 (3) 24 (3) 123 (14)
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TABLE 3. FINDINGS OF 862 PAIRED COLONOSCOPIC
EXAMINATIONS AND DOUBLE-CONTRAST BARIUM-ENEMA
EXAMINATIONS.

PosiTive FINDINGS

ON BARIUM ENEMA NEGATIVE
No. oF PAIRED (=1 PoLyp FINDINGS ON
CoLonoscoric FINDINGS*  EXAMINATIONS DETECTED) BARIUM ENEMA

no. of examinations (%)

Any polyp 3921 139 (35) 253 (65)
Any adenoma 2421 94 (39) 148 (61)
Size of largest adenoma§
<0.5 cm 155 49 (32) 106 (68)
0.6-1.0 cm 64 34 (53) 30 (47)
>1.0 cm{ 23 11 (48) 12 (52)
Only nonadenomas 150 45 (30) 105 (70)
Hyperplastic 38 16 (42) 22 (58)
Other types 112 29 (26) 83 (74)
No polyps 470 83 (18) 387 (82)
Total 862 222 640

*Examinations were classified according to the presence or absence of
adenomas and the size of the largest adenoma, then according to the pres-
ence or absence of hyperplastic polyps.

1One polyp was detected in 213 of the 862 colonoscopic examinations
(25 percent), two polyps in 98 examinations (11 percent), and three or
more polyps in 81 examinations (9 percent).

1One adenoma was detected in 164 of the 862 colonoscopic examina-
tions (19 percent), two adenomas in 50 examinations (6 percent), and
three or more adenomas in 28 examinations (3 percent).

§The proportion of colonoscopic examinations that were confirmed by
barium enema differed significantly according to the size of the largest ad-
enoma (P=0.009).

{This category includes two malignant polyps that were larger than 1.0 cm.

[|One polyp was detected in 153 of the 862 barium-enema examinations
(18 percent), two polyps in 41 examinations (5 percent), and three or more
polyps in 28 examinations (3 percent).

which one or more polyps were detected (rate of de-
tection of polyps, 35 percent; 95 percent confidence
interval, 31 to 40 percent). In the 470 pairs of ex-
aminations in which colonoscopic examination did
not detect polyps, the findings on barium enema were
negative in 387 cases (rate of agreement for negative
findings, 82 percent; 95 percent confidence interval,
79 to 86 percent). The results of barium enema and
colonoscopic examination were concordant in 526
(61 percent) of the examinations: 139 were concord-
ant for polyps, and 387 were concordant for the ab-
sence of polyps.

Opverall, one or more adenomas were detected in
242 colonoscopic examinations (28 percent); of these
242, the corresponding findings on barium enema
were positive in 94 examinations (rate of detection,
39 percent; 95 percent confidence interval, 33 to 45
percent) (Table 3). Of the 155 colonoscopic exami-
nations in which only small adenomas (<0.5 cm)
were detected, the findings on paired barium enema
were positive in 49 examinations (rate of detection,
32 percent; 95 percent confidence interval, 25 to 39

percent). Of the 64 colonoscopic examinations in
which the largest adenoma was 0.6 to 1.0 ¢cm, the
findings on paired barium enema were positive in 34
examinations (rate of detection, 53 percent; 95 per-
cent confidence interval, 40 to 66 percent). Adeno-
mas that were greater than 1.0 cm were detected in
23 colonoscopic examinations (3 percent), and the re-
sults of the corresponding barium enema were posi-
tive in 11 examinations (rate of detection, 48 percent;
95 percent confidence interval, 24 to 67 percent).
The rate of detection for barium enema was signifi-
cantly related to the size of the largest adenoma de-
tected by colonoscopic examination (P=0.009).

In the paired examinations, two malignant polyps
were detected by surveillance colonoscopic examina-
tion and were included in the group of adenomas
that were larger than 1.0 cm.! One of these cancers
was detected by barium enema, and one was not.
Both these cancers were 1.5-cm cecal cancers. Three
additional malignant polyps were detected by sur-
veillance colonoscopic examination, but in these cas-
es paired examinations were not performed.!

Characteristics of the Polyps Identified

The polyps detected by colonoscopic examination
were matched according to size and location with
polyps detected by barium enema and were the basis
for the secondary analysis of the rate of detection
associated with barium enema (Table 4). The 862
blinded colonoscopic examinations that were matched
with barium-enema examinations detected 791 pol-
yps, of which 375 were adenomas (47 percent) and
416 were nonadenomas (53 percent). Barium enema
detected 160 of the 791 polyps detected by colono-
scopic examination (20 percent). The rate of detec-
tion of adenomas by barium enema was significantly
related to the size of the adenomas (P<<0.001) and
was lower for the 270 adenomas that were 0.5 cm
or less (21 percent; 95 percent confidence interval,
17 to 26 percent) than for those that were 0.6 to 1.0
cm (42 percent; 95 percent confidence interval, 31 to
54 percent) and those that were more than 1.0 cm
(46 percent; 95 percent confidence interval, 26 to
67 percent). The location of the adenomas also sig-
nificantly affected the rate of detection by barium
enema: the rate was higher for polyps on the left side
of the colon, even after adjustment for differences in
the size of the adenomas between the right and left
sides of the colon (P=0.01). The rate of detection
of any hyperplastic polyps by barium enema was sim-
ilar to the rate of detection of adenomas that were
0.5 cm or smaller (P=0.25).

Results of Unblinded Colonoscopic Examination
for Patients with Negative Colonoscopic Findings
and Positive Barium-Enema Findings

An unblinded colonoscopic examination was done
during 139 examinations in which the results of blind-
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