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Time Interval Effect on Repeat Cervical Smear
Results

John W. Bishop, M.D., F1.A.C., James S. Hartinger, B.A., C.T.(ASCP), and e
Pawlick, M.D., F.C.A.P.

OBJECTIVE: Second cervical smears obtained at short Keywords: cervigéb s ow-up studies, pre-
time intervals often exhibit a lesser degree of abnormali- dictive value ti ctors.
ty than the first smear. We studied the effect of time in-
terval between smears on diagnoses in two large, distinc- A qualit uranc dy by our group suggested
tive cohorts. that when smears were
STUDY DESIGN: Patients obtained at intervals
with two or more satisfactory A cervical smear ma ated too .s%mr than three months,
smears with at least one second smear tended
smear or a cervical biopsy  So00n due to anxi rt of th @to show a lesser degree of
showing atypical squamous clinici ient. abnormality. Our study
cells of undetermined signifi- @ examined the cervical
cance or greater were select- cytology-histology corre-
ed. Patients were divided lation by inclusion of the
into four subsets by test intervals (days) {&45, 46— cent cervical smears. We also observed
91-120, >120) and compared statistic \%& ffect was less evident as the interval be-
RESULTS: The distribution of diffefenc een re- mears increased.
sults for the short-interval subsgk ) signifi- |s phenomenon was previously described by
cantly different (P <.01) from ¢ subset > 120 oss 57 In his standard text on diagnostic cytology
days. At short intervals the res aled loss of sens he stressed that cervical “cytology was not always re-
tivity in the second sme ed to the i@l liable [italics his] during the follow-up period. . . .
smear and concurren Negative smears were observed repeatedly even
CONCLUSION: Rapi cervical smears show though there was excellent biopsy evidence that the
y and may be misleading. lesion was present in the cervix epithelium at the
pronounced when the interval is <45 time when the smear was obtained.”>
ould consider whether concurrent In studies by Koss and associates” and by Richart
an abnormal smear are worth per- and associates!%11 in the 1960s, a “close interval”
e loss of sensitivity. (Acta Cytol was four months and not shorter than three. Koss,

in 1989, stated, “It is singularly misleading to obtain
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a second smear within a few days or weeks after the
first one, either to confirm the previous results or to
clarify the diagnosis in “atypical” cases. For reasons
unknown, the second sample may be completely
negative in about 60% of patients with significant
neoplastic lesions.”®

Comparisons of different techniques
should not be attempted by means of
rapidly repeated smears.

A similar finding was described by Vooijs,16 who
recommends that smears not be repeated within
four weeks. While our own preliminary observa-
tions supported Koss® and Voojis,® we did not find
a detailed statistical study cited in their textbooks.
Koss’s 1963 study, which was a presentation of the
natural history of carcinoma in situ, did not provide
a detailed statistical picture of this phenomenon.”

Recent studies of cervical smear performance
have utilized, or have proposed the utilization of,
repeat smears at close intervals as “controls.’
We have also observed that in at least four i
tions, it is standard practice for colposcopists t8
tain a repeat smear, usually within a timéinterval'@
less than three months. These trend mpted our
reexamination of the rapidly repedted r.

Materials and Methods

Cytology and surgical
two institutions were
Pathology records
Medical Center (CU
riod from January 1, 1

terials fro

r this s@.
reighton University

eviewed for the pe-
hrough October 1, 1994.

Patients we ected for analysis if they had had
two or mgre Sfactory cervical smears and at least
one of theiSmearsshowed an abnormality of atypi-

L s of undetermined significance
greater. Patients were also included if
ad an abnormal cervical biopsy at or

normal smears at annual intervals and patients
with normal or inflammatory/reactive smears but
no biopsy abnormalities were excluded. A second
data set from northern California was obtained by
reviewing the department records at the Perma-
nente Medical Group Regional Laboratory (TPMG)
using the above criteria for inclusion and coding
but also specifically looking for a test interval of
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<120 days. Cervical biopsy and curettage results
were included when available, but repeat smears
were included without regard to any association
with colposcopy. In each instance of an apparent
discrepancy between the biopsy result and
vical smear result, the slides were review,
fy that the discordance was due to s
siderations and not to interpretive
the two institutions were examin
sets.

Once the cases were verifi
ciated, the patient’s identi
purged from the stu
each cervical smear a

arate*data

correctly asso-
ation was
ate and result of
ere entered into a
rland International,
1a, U.S.A.) running on
an Intel (Santa Ba California, U.S.A.) 486-
based c ter. Thg”diagnoses were coded and
grou : 1=within normal limits, 5=
inf ry /or reactive changes, 10=ASCUS
r glandular cells(é.mdetermined signifi-
e,20=low grade s Uamous intraepithelial le-
SIL) (LSIL), igh grade SIL (HSIL),
0 =malignancy @tlmeinterval between cervical
ars and t%&fference between diagnoses for
each smear pair were calculated. The smear pairs
were diyi according to test interval groups: (1)
<45 dq(\ Oth percentile), (2) 46-90 days (43rd per-
cen% (3) 91-120 days (54th percentile), and (4)
> ys. These data were then exported to a sta-
ics program (SPSS/PC+, SPSS, Chicago, lllinois,
.S.A.)? for examination by means of frequency dis-
tributions, cross tabulations, correlation statistics of
the two smear results and biopsies and the Mann-
Whitney test. The data were also exported to a
spreadsheet program (Quatro Pro, Borland) for the
calculation of k statistics, both weighted and un-
weighted, according to the methods described by
Kramer and Feinstein.8

Results

The CUMC data yielded 278 cervical smear pairs.
The interval between smears ranged from 4 to 539
days, with a median of 112 (Figure 1). The differ-
ence between diagnosis codes formed a parameter
that ran the full range of possible values with a me-
dian and mode of zero. The Wilcoxon test, two-
tailed, P=.16, indicated that the second result of
each pair was not biased when compared to the first
smear when the longer test interval pairs were in-
cluded in the analysis of the entire data set. Visual
inspection of the cross-tabulation or confusion ma-
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Figure 1 Interval between cervical smears. Frequency distributio

line is CUMC data. Noteworthy is the fact that half the pairs from C

dotted line is TPMG data. The TPMG cases were selected fo

trix for the entire data set (Table I)
symmetry around the diagonal g
These observations show that t
sufficiently large, with enoug

the same bias (lo
smear) seen in the s
Tables I and I11).

ere divided according to test in-
<45 days (20th percentile), (2)

: ) >120 days—the distribution of
e difference between diagnosis codes in
hort-interval groups was different from

Whitney test (P<.01). Among the three short-
interval groups there was no statistically significant
difference in the distribution of differences between
cervical smear results. They are treated as one
group for the remainder of the analysis, with the ex-
ception of one observation: in the group <45 days,
the biopsies of dysplastic lesions showed a better
correlation with the original smear than they did

with t@epeat smear (r=.493 and .057, respective-
ly)s discrepant cases included one HSIL and

0 inoma where the second cervical smear was
ithin normal limits.”

In the last subset (> 120 days, Table II), the confu-
sion matrix is fairly symmetrical and similar to the
entire data set. The correlation between the first and
second cervical smear results for the first three
groups was .30-.34 (P<.05), while for the fourth
group it was .0071 (P =.936), and for the full data set
it was .1592 (P <.01). The « statistics, both weighted
and unweighted, show agreement between the cer-
vical smears that is better than chance but only
“slightly” unweighted and “slightly to fairly”
weighted, according to the classification scheme of
Kramer and Feinstein.8 The degree of agreement
between the biopsy and either cervical smear
(weighted or not) was “poor” to “slight” for all
groups except the group >120 days, where agree-
ment was “fair” (weighted). For comparison, cervi-
cal smear/cervical biopsy agreement at CUMC, as
measured by K and weighted K statistics, was rated
as “substantial.”

Table Il provides a cross-tabulation of the cervi-
cal smears with an interval of <120 days. The in-
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Table I All Smear Pairs from CUMC

Smear2 (n=278)

Inflammatory ASCUS/
Smearl WNL and reactive AGCUS LSIL HSIL Carcinoma
WNL 20 4 12 35 6
Inflammatory and reactive 6 3 3 14
ASCUS/AGCUS 16 6 5 16 4
LSIL 25 9 7 47 10
HSIL 2 2 3 8
Carcinoma 1

abulations is read simi-
diagonal of con-
and to the left of this

) the right of this diagonal
e cases that showed LSIL

Cross-tabulation comparing the second cervical smear result (Smear2) with the first cervical smear result (Smearl). Each of thé
larly. The instances where the two cervical smears agree form a diagonal from the upper left corner of the table to the lower rig
cordance (in boldface). Values along this diagonal represent the number of case pairs in agreement for a given diagnosi
diagonal show the number of instances where the second cervical smear showed a lesser degree of abnormality. Val
show the number of instances where the second cervical smear showed a greater degree of abnormality. The num
or higher on the first smear but less than LSIL on the repeat smear.

Total positive bias, 104.

Total negative bias, 85.

Agreement, 89.

e first cerV|caI smear in the face
ear obtainged prior to the biopsy.
uded are four of HSIL and one of
.) This reveals@s mpling error in the sec-
rvical smear, K is confirmed by review of
des.

stances where the two cervical smears agree form a
diagonal from the upper left corner of the table to
the lower right corner: the diagonal of concordance
(boldface numbers). Values along this diagonal rep-
resent the number of case pairs in agreement for a
given diagnosis. Values below and to the left of this
diagonal show the number of instances Wher e TPMG et consisted of 232 smear pairs
second cervical smear showed a lesser degree selected WI e interval range 5-120 days; the
normality than did the first. The numbers in i ; medlan . The difference between diagnosis
are the 34 cases (23% of the pairs) that codes@( e full range of possible values with a
or higher on the first smear but les medi@ayn*and mode of zero. By visual inspection
repeat smear within 120 days. Tweénty- of these ( !‘Q ), the cross-tab for the TPMG data set was
cases had biopsies performed ter the mmetric around the diagonal of concordance,

arison. There Qvith the second cervical smear diagnoses tending
were 11 (46%) that showed d On the biops() to lesser values. The K statistic (weighted or not) for

©

Table Il Interval >120 Day:!

Smear2 (n=129)

Inflammatory ASCUS/
Smearl WNL and reactive AGCUS LSIL HSIL Carcinoma
7 2 9 27 6
nd reactive 2 3 1 8
5 6 3 7 3
7 4 1 17 4
HSIL 2 1 1 3

Carcinoma

Cross-tabulation comparing the second cervical smear result (Smear2) with the first cervical smear result (Smearl). Each of these cross-tabulations is read simi-
larly. The instances where the two cervical smears agree form a diagonal from the upper left corner of the table to the lower right corner, the diagonal of con-
cordance (in boldface). Values along this diagonal represent the number of case pairs in agreement for a given diagnosis. Values below and to the left of this
diagonal show the number of instances where the second cervical smear showed a lesser degree of abnormality. Values above and to the right of this diagonal
show the number of instances where the second cervical smear showed a greater degree of abnormality. The numbers in italics are the cases that showed LSIL
or higher on the first smear but less than LSIL on the repeat smear.

Total positive bias, 65.

Total negative bias, 29.

Agreement, 33.
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Table Il Interval <120 Days from CUMC

Smear2 (n=149)

Inflammatory ASCUS/
Smearl WNL and reactive AGCUS LSIL HSIL Carcinoma
WNL 13 2 3 8
Inflammatory and reactive 4 2 6
ASCUS/AGCUS 11 2 9 1
LSIL 18 5 6 30 6
HSIL 2 2 7
Carcinoma 1

abulations is read simi-
diagonal of con-
and to the left of this

) the right of this diagonal
e cases that showed LSIL

Cross-tabulation comparing the second cervical smear result (Smear2) with the first cervical smear result (Smearl). Each of thé
larly. The instances where the two cervical smears agree form a diagonal from the upper left corner of the table to the lower rig
cordance (in boldface). Values along this diagonal represent the number of case pairs in agreement for a given diagnosi lue:
diagonal show the number of instances where the second cervical smear showed a lesser degree of abnormality. Val
show the number of instances where the second cervical smear showed a greater degree of abnormality. The num
or higher on the first smear but less than LSIL on the repeat smear.

Total positive bias, 37.

Total negative bias, 53.

Agreement, 56.

agreement between the two smears would be rated tice setii ces between institutions, the
as “fair.” The Wilcoxon test, one-tailed, was da ear§repeated at intervals of <120 days
P <.001. The data were stratified by interval into ) kably similar. ir cross-tabulations
groups of <45, 46-90 and 91-120 days, but the ponderance* ues below the diagonal
groups were not significantly different from one an- cordance, thefk@ statistics show only fair
other by the Mann-Whitney test (P >.03). ent, and include a sizable number of
In the TPMG data set there were 56 cases (243 s where a fij@psy confirmed the abnormality of
the pairs; see numbers in italics, Table | 1@ the first cerv&l mear when the repeat smear (usu-
showed LSIL or higher on the first cervical s ally cong@ t with the biopsy) was negative.
Sy resu

I
\W
0
I

and had less than LSIL on the second. . -
were available for correlation in 1 hese cases, D'S.C@
but in all except 1, the biopsy agr the first \s dy demonstrated that smears repeated at
smear and not the second. Table ow the e intervals, <120 days, lack sensitivity and may
combined data for the two i at <120 days O e quite misleading. This loss of diagnostic sensi-
and <45 days, respectiv tivity occurs in two substantially different practice
Despite the geograph me and @ settings: a university medical center based on a fee-

Table IV Interval <120 Da!

Smear2 (n=232)

Inflammatory ASCUS/
WNL and reactive AGCUS LSIL HSIL Carcinoma
2 1 2
nd reactive 2 3 1
16 8 32 15 10
12 3 26 41 8
HSIL 1 1 13 8 26 1

Carcinoma

Cross-tabulation comparing the second cervical smear result (Smear2) with the first cervical smear result (Smearl). Each of these cross-tabulations is read simi-
larly. The instances where the two cervical smears agree form a diagonal from the upper left corner of the table to the lower right corner, the diagonal of con-
cordance (in boldface). Values along this diagonal represent the number of case pairs in agreement for a given diagnosis. Values below and to the left of this
diagonal show the number of instances where the second cervical smear showed a lesser degree of abnormality. Values above and to the right of this diagonal
show the number of instances where the second cervical smear showed a greater degree of abnormality. The numbers in italics are the cases that showed LSIL
or higher on the first smear but less than LSIL on the repeat smear.

Total positive bias, 40.

Total negative bias, 90.

Agreement, 102.
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Table V Interval <120 Days, CUMC and TPMG Combined
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Smear2 (n=381)

Inflammatory ASCUS/
Smearl WNL and reactive AGCUS LSIL HSIL Carcinoma
WNL 13 4 4 10
Inflammatory and reactive 6 3 3 6
ASCUS/AGCUS 27 8 34 24 11
LSIL 30 8 32 71 14
HSIL 3 1 15 15
Carcinoma 1

Cross-tabulation comparing the second cervical smear result (Smear2) with the first cervical smear result (Smearl). Each of thé
larly. The instances where the two cervical smears agree form a diagonal from the upper left corner of the table to the lower rig
cordance (in boldface). Values along this diagonal represent the number of case pairs in agreement for a given diagnosi
diagonal show the number of instances where the second cervical smear showed a lesser degree of abnormality. Val
show the number of instances where the second cervical smear showed a greater degree of abnormality. The num

or higher on the first smear but less than LSIL on the repeat smear.
Total positive bias, 77.

Total negative bias, 143.

Agreement, 158.

for-service referral practice and a large, primary
care health maintenance organization. Our findings
confirm the observations of Koss®>7 and Voojis,6
who predicted that too short an interval between
smears would result in errors.

These findings will seem to be contrary tgQ
view of those who expect the second smear t
better agreement with the biopsy, especially

This expectation is especially erro
poscopy is performed within 45d
abnormal smear. Based on ou

those cases. This is
ince it is known that the

is repeated and the result of the
is normal, the first test must have been
r findings indicate that cervical smears,

dent observations but rather that the findings of the
second are influenced by the performance of the
previous test.

The primacy of colposcopy in the workup of cer-
vical abnormalities appears to explain, or at least
coincide with, the prevalence of rapidly repeated
cytology. Reasons given for repeating the cervical
smear at colposcopy include confirmation of the

abulations is read simi-
diagonal of con-
and to the left of this

) the right of this diagonal
e cases that showed LSIL

Side institytion, facilitation of a di-
rison with cqlpéopy and biopsy find-
etection of fections or changes in
of dyspla
oscoplc C t ic correlation is itself imper-

that fmd@as recently and concisely illus-
trated by Ttz et al.’> The correlation is imperfect
i ecial situation where colposcopy is
rrently with cervical smears in the
mode—i.e., not in the follow-up of ab-
ties.I Most studies have examined repeat
logy as compared with colposcopic biopsy
nd/or loop excisions) in the clinical context of a
referral for an abnormal cervical smear.34.14.17.18
Young and colleagues recently studied 414 pa-
tients with smears taken at the time of colposcopic
biopsy, 165 of whom had previous smears in the
same laboratory available for review.18 The mean
interval between smears was 3.6 months (range, 1
week to 22 months). In 67 cases (41%) the initial and
repeat cervical smears did not agree. In 46 of the 67,
the repeat (colposcopy) smear was of lower grade
(statistically significant by x2 test). The authors em-
phasized that the colposcopic smear was clinically
helpful in only five cases (1.2%). Similarly, Whee-
lock and Kaminskil” found that smears taken at the
time of colposcopy failed to disclose existing pre-
cancerous lesions in at least 69 patients in a series of
273 referrals for SIL. For false negative colposcopy
smears the interval between smears is not stated
specifically in either paper. These results support
our findings.
In 1987, Jones et al* reported on a study of 236 pa-
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Table VI Interval <45 Days, CUMC and TPMG Combined
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Smear2 (n=145)

Inflammatory ASCUS/
Smearl WNL and reactive AGCUS LSIL HSIL Carcinoma
WNL 3 2 1 2
Inflammatory and reactive 1 1 2 1
ASCUS/AGCUS 9 2 12 11 4
LSIL 8 4 10 32 5
HSIL 1 5 7
Carcinoma 1

Cross- tabulation comparing the second cervical smear result (SmearZ) with the first cervical smear result (Smearl). Each of th

show the number of instances where the second cervical smear showed a greater degree of abnormality. The num

or higher on the first smear but less than LSIL on the repeat smear.
Total positive bias, 27.

Total negative bias, 45.

Agreement, 68.

tients referred with “class Il atypia.” The mean in-
terval between repeats was 4.7 months (range, 3
weeks to 1 year). Fifty-eight patients (25%) had
biopsy-proven SIL. Only 10 (17%) of these were ev-
ident on repeat cytologic smears. Most of the repeat
smears were “benign,” and their data Wer
stratified by test interval. A short testing i«
could account for at least some of the negati
peat smears.

Higgins et al® examined multipl
cluding repeat cervical smears,
LSIL and HSIL on initial sm
three patients had repeat cer
these also had colposco

alities, in-
valuate

TwO ndred
rs, and 188 of
excision. Th
(35%).
smears may
repeat smears were
nth interval.
orkers!® examined the limiting
when two smears were taken

Neither smear found all the lesions, but the second
smear was less sensitive than the first.

Tabbara and colleagues compared the adequacy
of one-slide smears with two-slide smears in the de-
tection of SILs.14 The study group (87 patients) had
a one-slide repeat smear taken at the time of col-
poscopy, while the control group (85 patients) had
a two-slide repeat smear. The authors concluded

abulations is read simi-
diagonal of con-
and to the left of this

) the right of this diagonal
e cases that showed LSIL

better than one-slide
dgment that many of
ide smears N technically poor. Even
e mterval een smears given for the
roups ap omparable we are not told

ther the n@gnostlc repeat smears in either
group weregqdistributed normally over the range
of the t rval or if they were preponderantly
on theéort side of the median in one or both

ata and the studies cited point to a sam-

li ears ar
spite their ackn

Qe g problem in the second smear that is somehow

lated either to the fact that a prior smear was per-
formed or to the concurrent colposcopy. The mech-
anisms underlying this loss of sensitivity in the sec-
ond smear are not clear. Possible mechanisms that
should be considered for further investigation in-
clude: (1) scraping by the first sampling may alter
the neoplastic lesion (decreased size) for a time, ren-
dering it less likely to be included in the second
sample on a statistical basis; (2) after the first scrap-
ing, the abnormal cells may not exfoliate easily for a
time; and (3) the repeat smear technique might be
perfunctory due to a desire to avoid obscuring the
colposcopic field with blood or to the belief that the
colposcopic examination and biopsy are the main
purpose of the procedure.

Recently, performance of the cervical smear has
become an issue for investigation. Some investiga-
tors designing studies to compare one technique
against another for efficacy in detecting cervical ab-
normalities have chosen to use repeat cervical
smears with different techniques at close intervals
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and to compare the results obtained.’2.14 We have
consistently found that the first and second cervical
smears in such close interval pairs show a correla-
tion, but a correlation is not enough. There is a dis-
tinct negative bias in the second smear result.
Kappa statistics, which are a better test of agree-
ment between cervical smear results, reveal this
bias in the rapidly repeated second smear, even
when the technique is the same. Cross-tabulations,
such as those in Tables I1I-VI, also make this bias
plainly visible. One must conclude that compar-
isons of different techniques should not be attempt-
ed by means of rapidly repeated smears.

Beyond its effect on study design, the presence of
this bias towards decreased sensitivity suggests
that a cervical smear may be repeated too soon due
to anxiety on the part of the clinician or the patient.
This second result may provide a false assurance
that the first cervical result was in error, just as Koss
warned®6 and our study confirmed.

Although our study analyzed the performance of
repeat cervical smears without regard for col-
poscopy, we recognize that many of these short-
interval repeat smears are taken at the time of col-

practice. Our findings, together with the st
cited above, should lead practitioner

cervical smear at colposcopy.
When comparing cervical big

vical smear results and re

crepancies, it isimportant to

pparent dis-
he biopsy r

Stear an e
need review y
al smears are dis-
This is especially true

immediately prior
those cases where

to express their gratitude to the
aff of the TPMG for their painstaking re-
case files and to Dr. Kenneth L. Sims for
gh review of the manuscript.
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