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SUMMARY. In a randomized controlled trial three methods
of feedback of increasing intensity, directed at 183 doctors
taking cervical smears, were compared with respect to their
effects on the sampling quality of smears. Overall, feedback
was found to have no influence on quality criteria in the
crude data analysis. However, a significantly larger
decrease in the percentage of smears lacking endocervical
cells was found in the groups receiving monthly overviews
of their results with peer comparison, when compared with
the groups not receiving this type of feedback (odds ratio
0.75). Moreover, feedback appeared to have a clear effect
on the presence of endocervical cells among doctors sub-
mitting a substantial number of smears in the intervention
period, as opposed to those who submitted fewer smears.
A positive correlation was also observed between the
increase in the group mean of the proportions of smears
containing pathological cells and the intensity of the feed-
back. However, this increase did not reach statistical signifi-
cance.

This study suggests that monthly feedback with peer
comparison may have a positive relationship with some
aspects of quality improvement in cervical screening.

Keywords: cervical samplers; screening accuracy; cervical
screening; diagnostic techniques; feedback.

Introduction
A RELATIONSHIP between indicators of the sampling quali-

ty of cervical smears and the probability of detecting pathol-
ogy, both cytological and histological, has been reported by
many authors.16 Different opinions exist about the clinical sig-
nificance of the presence of endocervical cells in the smear. It
has been shown that absence of endocervical cells does not nec-
essarily result in an excess of abnormal smears in the following
years.' However, because of the demonstrated relationship
between the presence of endocervical cells and the detection of
pathology1-6 the presence of endocervical cells is an important
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criterion for a good quality cervical smear.7
Improvement in the quality of cervical smears demands that

those taking the samples should change their behaviour.
Behavioural change presupposes that information is available,
but information alone is not sufficient. In the field of cervical
cytology, the provision of feedback to those taking samples
could be expected to affect the quality of the smears submitted.
Boon and colleagues have described an increase in the percent-
age of smears containing endocervical cells from 70% to 84% in
the course of one year, following registration of the results of
every sampler, and instruction by telephone of all those perform-
ing poorly.8 Baker advised that reporting individual results
should be supplemented with regular overviews allowing doctors
to compare their results with those of colleagues.9
With the exception of these two reports, we have found no

evaluation of the effect of feedback in this field. Therefore, three
methods of feedback of increasing intensity have been compared
in a randomized controlled trial to determine their effect on the
quality of cervical smears obtained during routine consultations.
This study was approved by the medical ethics committee of the
Flemish Institute of General Practice.

Method
The study covered all smears obtained during routine consulta-
tions by doctors who had submitted at least 20 smears for cyto-
logical assessment during the year prior to the study (1988) to
the department of pathology of the Central Laboratory of
Antwerp, one of the larger cytological services in Flanders,
Belgium (183 doctors out of a total of 238 submitting smears).
Only those doctors submitting at least 20 smears were included
in order to allow the observation of change in the quality of the
smears subsequently submitted. The doctors included were not
aware of the study during the study period.

For each doctor the following data were collected from various
sources: sex, discipline (general practitioner or gynaecologist),
province in which employed, and the number of smears submit-
ted during 1988. At the start of the study all the doctors were
telephoned and asked which device they used for obtaining a
smear. The devices were classified into five groups: Cytobrush®
(Medscand) only; Cytobrush® with a spatula; spatula only (one
or two samples obtained with an Ayre-type spatula or with an
extended tip spatula); two spatula samples obtained with the two
ends of a combined spatula; and a miscellaneous group.
From 1 June 1989 until 30 April 1990 (the study period), all

smears submitted to the department were subjected to a detailed
quality assessment by one of four experienced cytotechnologists;
smears were randomly allocated to the technologists. The
cytotechnologists were aware of the study but did not know
which form of feedback doctors had been assigned to receive.
Each smear was judged on a three-point scale (excellent, mod-

erate or unsatisfactory) according to five criteria. A smear was
considered 'adequate' if: endocervical cells, or squamous meta-
plasia, or both were present; the cells were so fixed that the con-
tours of cellular structures were clear, subsequent staining was
good and the slide was neat; sufficient epithelial cells were pre-
sent; no, or only scattered, poorly interpretable clumps of cells
were found; and there were no signs of inflammation, sufficient
to hinder assessment. A smear was considered pathological when
at least mild dysplasia was found (pap .IIIa).
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Determination ofbaseline
During the first three months of assessment the quality of each
smear was registered but the doctors continued to receive the
usual laboratory report with a description of the cells and the
pap-classification for each smear submitted. The data from this
period were used to determine a baseline, with which the results
of the intervention period could be compared.

Qualification period
The next two months were considered to be a qualification peri-
od.10 During this period all 183 study doctors were provided with
a copy of an article with photographs on the correct technique for
obtaining cervical smears with different instruments.

Intervention
A six month intervention period followed the qualification peri-
od. At the beginning of the intervention period the 183 doctors
were randomly assigned to one of four intervention groups.

Group A. No change took place, and this group served as a con-
trol group.

Group B. A comment based on the results of the quality assess-
ment was added to every laboratory report: 'The technical quali-
ty of this smear was excellent/moderate/unsatisfactory.' The rea-
son why smears were assessed as 'unsatisfactory' was also given.

Group C. Identical to group B, but in addition, doctors were pro-
vided with an overview each month of the quality assessments of
the smears submitted by them in the previous month (percentage
of smears rated as excellent, moderate and unsatisfactory), com-
pared with the mean for the entire group (peer comparison).

Group D. Identical to group C, but these doctors also received,
when required, specific advice concerning deficiencies in their
technique together with information about relevant methods of
postgraduate education.

The randomization was stratified by discipline (general practi-
tioner or gynaecologist), by the number of smears submitted in
1988 and by the usual sampling technique, and was based on
computer generated random numbers.

Sample size
In order to be able to determine a reduction of at least 5% in the
mean percentage of unsatisfactory smears for each doctor rela-
tive to the control group, 20 doctors would be required in each
group, assuming an alpha error of 0.05, a beta error of 0.05 and a
standard deviation of 4%. This number was achieved for all of
the intervention .groups, and for some of the subgroups.

Analysis
The quality assessments for each smear and for each doctor were
collected for each intervention group and period.

Crude data analysis. For each intervention group, the mean of
the percentage of inadequate smears for each doctor in the base-
line and intervention periods was calculated. These means were
the basis for further analyses, together with the mean percentages
of pathological smears.

For each doctor the difference between the percentage of inad-
equately sampled smears during the intervention period and dur-
ing the baseline period (intervention difference), was calculated,
together with a quotient for these two percentages (intervention
quotient). An intervention quotient of less than one or an inter-
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vention difference of less than zero indicate a decrease in the
number of smears of unsatisfactory quality for a particular crite-
rion.

For each group the means of these parameters were calculated
together with a 95% confidence interval (non-parametrically cal-
culated). The mean intervention differences and the intervention
quotients of the intervention groups and control group were com-
pared. Since it could not be assumed that the results would have
a normal distribution, non-parametric tests for significance were
used (Mann Whitney and Kruskall Wallis). In order to determine
whether there was a linear relationship between the intervention
difference or intervention quotient and intensity of the interven-
tion a Spearman rank correlation coefficient was calculated." A
two-sided significance level of 5% was chosen in statistical test-
ing. Computations were carried out with the BMDP pro-
gramme.'2

During the baseline period, a number of doctors in every group
achieved an adequate result for a particular quality indicator for
all smears submitted. For these doctors, an improvement was not
possible, and the provision of feedback less relevant. In addition,
it was not possible to compute an intervention quotient for these
doctors since the denominator should be zero.

Subgroup analysis. The analysis was repeated for each discipline
and sex of the doctors, for each category of sampling method
used (this was relevant for the absence of endocervical cells
only) and for three categories of the number of smears submitted
during the intervention period.

Regression analysis. For the presence of endocervical cells
the most relevant characteristic of quality - the effect of the
interventions was analysed, adjusted for a number of covariables
by forward stepwise multiple regression. For the other quality
indicators such an analysis was not feasible owing to the paucity
of data remaining after the required logarithmic transformation
(the logarithm of zero cannot be calculated).

Analysing the influence of each newly introduced intervention
technique, the effect of the additional statement on the laboratory
report (groups B, C and D versus group A), of the monthly
overviews with peer review (groups C and D versus groups A
and B) and of the specific advice (group D versus groups A, B
and C) were computed.
The dependent variable was the natural logarithm of the inter-

vention quotient. The independent variables were the interven-
tion group, the percentage of smears lacking endocervical cells
during the baseline period, the sampling technique employed
(using four dummy variables), the sex and discipline of the doc-
tor, and the total number of smears submitted during the inter-
vention period. The dummy variables for the sampling method
were introduced or removed as a set from the regression equa-
tion. Starting from an empty model the required P value for
introduction or removal of a variable was 0.05.

Results
Four of the 183 doctors were excluded from the study after ran-
domization; two from the control group, and one each from
groups C and D. One of the four doctors was found to be aware
of the study, another received feedback although he was assigned
to the control group, and two did not submit any smears during
the intervention period. For a further two doctors the professional
data were incomplete. Thus, the majority of the analyses reported
here concern 177 doctors.
The 179 doctors participating in the trial were distributed

throughout the five Flemish provinces of Belgium. The mean age
of the doctors was 39 years (standard deviation 13 years) and
77.7% were men. No statistically significant differences between
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the four intervention groups with respect to these variables were
observed. The distribution among the four cytotechnologists of
the 17 664 smears submitted by the 179 doctors over the 11
month period was as follows: 29.2%, 28.4%, 19.9% and 22.5%,
again with no significant differences between the four interven-
tion groups. In addition, the intervention groups were compara-
ble with respect to discipline and sampling technique employed
(Table 1).

Table 1. Sampling technique employed and number of smears
taken by the participating doctors.

Intervention group

A B C D

Number of doctors
Total 46 46 43 44
GPs 42 40 41 41
Gynaecologists 4 6 2 3

Sampling technique
(number of doctors)a

Cytobrush*, with or
without spatula 26 25 23 22

Spatula (single or
combined) 13 15 18 17

Miscellaneous 6 5 2 4

Number of smearsb
Total 4805 5863 3725 3273
Mean for all doctors 104.5 127.5 86.6 74.4
Mean for GPs 59 71 65 57

aData missing for one doctor. bOver the 11 month study period.
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Crude data analysis
During the baseline period less than 1% of the smears in each
intervention group scored unsatisfactorily for the criteria: pres-
ence of sufficient epithelial cells, poorly interpretable clumps of
cells and signs of inflammation. Therefore, no clear improve-
ment would be possible, and the influence of the interventions on
these indicators was not investigated any further.
The interventions were found to have no systematic influence

on the presence of endocervical cells or on the quality of fixation
(Table 2). An increase in the percentage of smears containing
pathological cells with the intensity of the intervention was
noted. However, zero lies within the 95% confidence interval for
the intervention difference for every group and the Mann
Whitney test comparing the different intervention groups with
the control group also gave non-significant results. In addition,
the correlation coefficients are all close to zero and non-signifi-
cant, thus failing to demonstrate a clear correlation between the
intensity of the intervention and the increase in improvement in
all three respects.

Subgroup analysis and regression analysis
A systematic decrease in the number of smears lacking endocer-
vical cells was associated with more intensive feedback among
gynaecologists and those doctors who submitted more than 50
smears during the intervention period (Table 3). The correlation
between intervention quotient and increasing intervention was
significant for these two groups. The Kruskall Wallis test for the
intervention quotients was significant for the doctors who sub-
mitted more than 50 smears (P<0.05). A similar pattern was
found for intervention differences. Using multiple regression
analysis with adjustment for the covariables mentioned above, no
significant result was found when groups B, C and D combined

Table 2. Percentage of poor quality smears and those containing pathological cells, by intervention group.

Intervention group
Spearman rank

A B C D correlation
Smears with: (n = 45) (n = 46) (n = 43) (n = 43) coefficient

Absence of endocervical cells
Mean % of smears during

Baseline period 20 17 15 19
Intervention period 15 12 8 11

Mean intervention
difference (%) (95% Cl) -9 (-13 to -5) -10 (-16 to -5) -13 (-19 to -8) -12 (-16 to -7) -0.11
Mean intervention
quotient (95% Cl) 0.69 (0.53 to 0.85) 0.69 (0.47 to 0.91) 0.46** (0.26 to 0.67) 0.62 (0.44 to 0.79) -0.15
[no. of doctorsa] [331 [341 [291 [341

Inadequate fixation
Mean % of smears during

Baseline period 7 3 2 3
Intervention period 0.5 2 1 1

Mean intervention
difference (%) (95% Cl) -24 (-45 to -3) -4 (-10 to -2) -9 (-15 to -2) -10 (-13 to -6) -0.07

Mean intervention
quotient (95% Cl) 0.16 (-0.46 to 0.33) 0.63* (0.12 to 1.15) 0.09 (0.00 to 0.20) 0.09 (0.00 to 0.20) -0.12
[no. of doctorsa] [131 [15] [8] [11l

Pathological cellsb
Mean % of smears during

Baseline period 0.54 0.35 0.49 0.61
Intervention period 0.59 0.61 0.81 1.06

Mean intervention
difference(%)(95%Cl) 0.06(-0.79toO.90) 0.25 (-0.31 to 0.81) 0.31 (-0.32 to 0.95) 0.44 (-0.53 to 1.40) 0.01

Mean intervention quotient c c c c

n = number of doctors in group. Cl = confidence interval. 8Eligible for the calculation of the intervention quotient. bn = 45, 46 42, 42, respectively.
CToo few doctors to allow calculation. *P<0.05; **P<0.01 (Mann Whitney test for the difference between intervention group and control group A).

British Journal of General Practice, May 1993

%-, JL a

196



F Buntinx, J A Knottnerus, H F J M Crebolder, et al.

were compared with group A or when group D was compared
with groups A, B and C combined. However, the odds ratio for
groups C and D combined versus groups A and B combined (the
effect of the monthly overviews and peer comparison) is 0.75
(95% confidence interval 0.58 to 0.96). The Cook distance here
is maximally 0.05, which indicates the absence of extremes.
No systematic improvement in the quality of fixation was

found in any subgroup. However, most doctors submitted only
well-fixed smears during the baseline period (Table 2).

For the analysis of percentage of smears containing pathologi-
cal cells only the intervention differences were examined, owing
to the small number of doctors who could be included in the
analysis for intervention quotients. It appears that the non-signif-
icant but systematic increase in the percentage of abnormal
smears is attributable to the general practitioners; it is not found
in any of the other subgroups (Table 4).

Discussion
This was a double blind randomized trial: the cytotechnologists
assessing quality were not aware of which intervention group the
doctors had been allocated to and the doctors were not aware of
being studied. Thus it was possible to exclude any observation
bias or Hawthorne effect.

In the crude data analysis the intervention was found to have
no systematic influence on the mean intervention quotients or
differences for the quality characteristics examined. There was,
however, a noticeable increase in the percentage of smears with
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pathological cells with increasing intensity of intervention. This
increase was not statistically significant but this may be attribut-
able to the low prevalence of pathology. To demonstrate a statis-
tically significant increase in the intervention effect of 0.5% (or
1%) with an alpha error of 10% and a beta error of 10%, would
require 2373 (or 739) doctors in each intervention group.

In the subgroup analysis, it appeared that the increase in the
number of abnormal smears with intensity of intervention could
be virtually entirely assigned to the subgroup of general practi-
tioners. It would be interesting to test this observation with a
larger group but this would appear possible only by means of a
multicentre study in which a large number of laboratories intro-
duced comparable feedback methods simultaneously.

Although the crude data analysis did not reveal any effect of
feedback on the presence of endocervical cells in cervical
smears, a stepwise multiple regression analysis yielded a relative
decrease in the groups which received monthly overviews and
peer comparison, which was one third bigger than in the other
groups (odds ratio 0.75). This suggests a limited but demonstra-
ble effect of this type of feedback on this quality indicator.
The analysis of the pattem of improvement for the absence of

endocervical cells in the various subgroups yields a rather com-
plex picture. On closer examination, however, it can be seen that
an improvement as a result of feedback is noticeable in those
subgroups in which the doctors produce most smears over a peri-
od of time - gynaecologists, and doctors submitting more than
50 smears during the intervention period. These doctors receive

Table 3. Influence of the intervention on the percentage of smears with no endocervical cells.

Mean intervention quotient (no. of doctors')
for intervention group Spearman rank

Absence of correlation
endocervical cells A B C D coefficient

GPs 0.67 (30) 0.67 (28) 0.48 (27) 0.63 (31) -0.11
Gynaecologists 0.87 (3) 0.79 (6) 0.29 (2) 0.42 (3) -0.59*

Mean number of smears submitted
during intervention period

- 25 0.63 (13) 0.68 (13) 0.37* (7) 0.73 (16) -0.05
26-50 0.68 (9) 0.59 (7) 0.51 (12) 0.66 (10) 0.02
>50 0.77 (11) 0.75 (14) 0.47 (10) 0.35** (8) 0.44**

a Eligible for the calculation of the intervention quotient. *P<0.05; **P<0.01 (Mann Whitney test for the difference between intervention group and
control group A; and the correlation coefficient).

Table 4. Influence of the intervention on the percentage of smears showing at least mild dysplasia.

Mean intervention difference (%) [no. of doctors]
(95% Cl) for intervention group Spearman rank

Smears containing correlation
pathological cells A B C D coefficient

GPs -0.05[421 0.34 [401 0.25 [401 0.43 [391 -0.01
(-0.93to 0.83) (-0.28to 0.97) (-0.41to 0.92) (-0.61 to 1.48)

Gynaecologists 1.62131 -0.35 [6J 1.57 [21 0.49(31 -0.05
(-4.21to 7.44) (-1.68to O.99) (-3.87to 7.01) (-1.62to2.60)

Number of smears submitted
during intervention period

25 0[221 -0.24 [191 -0.03 [151 0.99[211 0.13
(-0.74to 0.26) (-1.30to 1.25) (-0.41 to 2.38)

26-50 -0.98[121 0.26 [111 0.45 [141 0.13 [131 0.05
(-4.OOto2.00) (-0.83to 1.36) (-0.52to 1.41) (-1.43to 1.69)

>50 1.31[111 0.83 [161 0.56(131 -0.51181 -0.14
(-0.23 to 2.85) (-0.57 to 2.23) (-0.78 to 1.90) (-3.87 to 2.86)

Cl = confidence interval.
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feedback most often as they submit smears virtually daily. Thus
whatever they learn from the feedback may be applied immedi-
ately. Doctors who produce few smears receive feedback rarely
and may ascribe poor results in the monthly overviews to chance,
thus learning little from the feedback. In addition, they may not
perform another smear for several days when good intentions
may have been forgotten. It is possible that those doctors who
submit few smears are less interested in cervical screening and
have less motivation to achieve good results.
The results of this study suggest that feedback, in the form of

written quality assessments plus monthly overviews and peer
comparison, has a positive influence on the presence of endocer-
vical cells in the smears submitted. This is especially true when
the number of smears is sufficient to allow the feedback to have
an effect - the lower limit might be 100 smears per year. This
study has been carried out among a group of practitioners whose
baseline performance was 15-20% of smears lacking endocervi-
cal cells. These figures are lower than has been found by other
authors in Belgium, the United Kingdom and elsewhere.'3 It is
possible that the effect of this type of feedback on doctors with
poorer initial results would be even more obvious.
The intervention had no effect on the quality of fixation.

However, many doctors submitted only well-fixed smears during
the baseline period, leaving no room for improvement and there-
by rendering these subjects ineligible for analysis. Consequently,
the power of this part of the analysis is greatly reduced.

This intervention is inexpensive and not labour intensive. In
any system it is important that the effect of the intervention is not
primarily based on the personal efforts of a programme
manager.'4 The system described here could be adopted by any
laboratory or screening agency and was welcomed by the doctors
that participated.'5 Feedback is increasingly used as a means of
improving the performance of medical practitioners. However,
since there have been few carefully performed studies comparing
various methods,'168 there remains a need for controlled trials on
the effects of different types of feedback.
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