
increasing shift from these and similar topics to the direct
evaluation of physician performance, often a more de
manding task (3). The most common methods employed
to evaluate physicians' work are double reading and ran
dom review of imaging studies (4). To date, relatively
little attention has been paid to the variability in scan
interpretative patterns among physicians using a standard
diagnostic algorithm such as the PIOPED (5) criteria for
ventilation-perfusion (V/Q) scan interpretation. Such
data are of interest to quality assurance efforts both in
terms of physician training and the process of continuous
quality improvement.

Within the field of nuclear medicine, the diagnostic
accuracy of many physiologically-based observations
may be especially difficult to confirm. Although V/Q im
ages show physiologic data, they are used to infer mor
phologic information about the presence or absence of
emboli. Pulmonary arteriography provides a definitive
â€œproofâ€•of this and is widely employed as a â€œgoldstan
dard.â€•Although imperfect, carefully performed pulmo
nary arteriography provides a reliable standard against
which V/Q scans can be judged.

We hypothesized that, despite attempted conformity to
uniform interpretive criteria, there were significant mdi
vidual variations in their clinical application. Here, V/Q
imaging provides a convenient model since a limited num
ber of diagnostic categories exist together with a gold
standard which has a binary result (angiography). Thus,
we examined the interpretive patterns among a group of
six readers over a 4-yr interval during which a uniform
diagnostic algorithm was applied by all readers.

MATERIALSAND METHODS

The V/Q scan data were acquired for the nuclear medicine
division of a tertiary care hospital during a 4-yr period from
February 1988 through April 1992. Included in this database
were the reader interpreting the study, the interpretation, the
presence or absence of angiographic follow-up and the results of
such follow-up. Each reader classified V/Q scans into one of
four categories; normal, low probability, intermediate or mdc
terminate probability and high probability of pulmonary em
holism. Technically limited examinations were excluded from
consideration, as were studies not performed for the clinical

Severalalgorithmshavebeendevisedto assist in the inter
pretation of ventilation-perfusion (V/Q) scans performed to
diagnose pulmonary embolism. The degree to which adher
ence to a single algorithm facilitates diagnostic homogeneity
amongdifferentreaders,however,has been littleinvesti
gated. We evaluated the individual variability in V/Q lung
scan interpretationin a large, academicnuclear medicine
divisiontodeterminethedegreeofinterpretiveheterogeneity
among a group of physicians all using the same image inter
pretation algorithm. Ventilation-pertusion scan interpretive
patterns and the diagnostic accuracy of individual physicians
were evaluated using quantitative parameters to establish
groupnormsandto detectvariationsfromthesenorms.The
performance of each reader was tracked over a 4 yr period.
There was a significant variation in V/Q interpretive patterns
and diagnostic accuracy between readers despite the at
tempteduseof a uniformdiagnosticalgorithm.Subgroupsof
interpretive styles could be defined based on the percentage
of intermediate (including both indeterminate and intermedi
ate categories)scans read. Althoughthere was significant
variationin diagnosticaccuracyamong readers,there was
no obvious correlation between accuracy and reading style
exceptthat the most nonstandarddiagnosticpatternswere
associated with the most variable diagnostic accuracy.
Thesedata showa measurablevariationin interpretivepat
terns and accuracyamong multiple readersof V/Q scans
despiteattemptedgroupadherenceto an establisheddiag
nosticalgorithm.

J NucI Med 1993; 34:661-665

uality assurance (QA) issues have become an in
creasingly important component of medical practice (1).
The initial organized QA efforts were motivated by the
Joint Commission on Accreditation of Healthcare Orga
nizations (JCAHO) regulations. Early topics of QA in
diagnostic imaging included technical quality, appropri
ateness of examinations and the delivery of timely service
(2). As QA methods have matured, there has been an
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123456Accuracy86%81

%85%82%83%67%*NI/Low
(+)1 5%26%18%25%20%25%Int

(+)49%44%29%38%39%19%High
(+)88%1 00%92%100%88%62%Totalscans625613586370273211Total

angiograms728789574133%Angiograms1
2%1 4%1 5%1 5%15%16%*p

< 0.05

TABLE 1
Interpretive Accuracy

Reader

indication of suspected pulmonary embolism. A chart listing the
PIOPED interpretive criteria was present on the wall adjacent to
the reading viewboxes for reference.

There were six individuals who regularly interpreted studies
during this period. Two of these readers were involved, on a
rotating basis, each day in the clinical interpretation of V/Q
scans, among other studies. The staffing assignment was made
according to a fixed schedule during the first 2.5 yr of the study,
after which the schedule became more variable owing to factors
unrelated to this study. While the two daily readers do not
normally interpret clinical studiesjointly, they may consult with
one another on difficult or unusual cases.

Each reader's accuracy was defined as the number of normal
and low probability scans showing no embolus at angiography
plus the number of high probability scans showing embolism at
angiography divided by the total number of normal, low and
high probability studies. Intermediate and indeterminate proba
bility scans were not included in this calculation since the ac
curacy of this interpretation is not readily definable. Thus, we
defined accuracy from a perspective of leading the clinician
towards or away from the correct diagnostic direction.

Cluster analysis is a multivariate process for detecting group
ings in data. It permits the grouping of observations from a multi
variate distribution into clusters of similar points. The number of
clusters is specified a priori and the obtained groupings are then
tested for statistically significant differences. For instance, three
groups (clusters) may be specified that differ significantly in terms
of the values of one or more variables. No significant differences
may be found, however, when the data set is subjected to a four
group analysis. This would indicate that the data set may be only
meaningful when divided into three groups. Statistical analysis was
performed using the F test followed by the t-test corrected for
multiple comparisons (Bonferroni) for comparison between
means, the chi-square test for comparison between rates and the
K-means method for analysis of clustering (6).

Cluster analysis was performed as follows: Each reader's
interpretations were sorted into the above four categories of
pulmonary embolism probability. The percentage of total inter
pretations in each category was established and compared be
tween readers. The numerical differences between percentages
for each interpretive category were then summed over all cate
gories to produce the reading similarity (RS) value, reflecting the
cumulative absolute value of the percent difference in reading
patterns between two interpretive styles. These differences

might be between two readers (e.g., RS12 between Readers 1
and 2) or between a reader and a published algorithm (e.g., RS1@
between Reader 1 and the PIOPED distribution). Thus, if
Reader 1 interpreted 5% normal, 50% low, 25% intermediate
and 20% high, while Reader 2 interpreted 10% normal, 50% low,
30% intermediate and 10% high, the RS12value would be (10â€”5)
+ (50â€”50) + (30â€”25) + (20â€”10) = 20. Additional parameters

were established as follows:

N = number of normal scans read.
L = number of low probability scans read.
I = number of intermediate or indeterminate probability

scans read.
H = number of high probability scans read.
1 and 2 subscripts = Reader 1 and Reader 2.

P subscript = PIOPED published data.
Reading Similarity (R512) between Readers 1 and 2: K%N1 â€”
%N2)@ + (%L1 â€”%L@)I + I(%I@ â€”%12)I -@-I (%H1 â€”%H2)J.

The RS value was also used to compare each reader's distri
bution of interpretations to that obtained during the PIOPED
study. Here it was assumed that the PIOPED investigators,
working from and faithful to a consensus interpretive scheme,
would act as an individual reader (Re). The distribution of in
terpretations in the PIOPED study as determined by the per
centage scans falling into normal, low, intermediate or indeter
minate and high probabilities was compared to that of each
reader. The RS value between Reader 1 and PIOPED (R1@)was
thus calculated as above for two individual readers except that
the PIOPED interpretive distribution was used instead of that of
the second reader. Over a sufficiently large number of cases, the
degree of adherence to the PIOPED interpretive criteria should
be reflected in these outcome values. Although this presumes
similarity of the patient population to that in the PIOPED study,
there are at least two reasons to infer that this is the case. First,
this institution participated in the PIOPED study. Second, the

average probability of pulmonary embolism per scan (estimated
as the sum of the percent readings in each diagnostic category
multiplied by the probability of embolism in that category as
verified at angiography) was similar for this group of patients
and the PIOPED study (31%). These figures are, however, sub
ject to selection bias, particularly in our own data where no
attempt was made to insure uniform angiographic follow-up.
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ReaderNormalLowInter/IndetHighRNRPI5.6%57.9%30.6%5.9%48.825.3%55.9%31

.4%7.3%44.9310.6%52.7%25.9%10.8%38.447.9%50.6%28.8%12.7%34.259.2%60.0%20.3%1

1.1%52.463.9%58.9%22.7%14.5%53.2PIOPED14.1%33.5%39.1%13.3%

TABLE 2
Distributionof Interpretationsat ConclusionofStudy

RESULTS

Table 1 shows the accuracy of the various readers with
subcategorization as to the incidence of pulmonary em
bolism in each diagnostic category. The number of scans
interpreted during the study, the number of cases in
which angiographic follow-up was obtained and the per
centage of interpreted studies on which angiographic fol
low-up was pursued is shown for each reader. Although
the number of readers (six) was too small to permit sta
tistical validation of small differences, the Pearson cor

relation coefficients describing the relationship between
accuracy and individual similarity to the PIOPED inter
pretive scheme (RS1@,RS2@,RS3@,RS4@,RS5@and RS6@)
was 0.524; 0.674 between accuracy and the total number

of scans interpreted; and 0.397 between accuracy and the
percentage of total scans interpreted as intermediate. Of
the two readers with interpretive patterns most dissimilar
to PIOPED, one performed with an interpretive accuracy
significantly less than the group mean (Reader 6, p <
0.05). The accuracy of the other (Reader 5) was similar to
the group mean.

The range of positive angiograms performed in patients
with intermediate scan interpretations varied between
19%â€”49%(Reader 6 and Reader 1, respectively). Across
the group as a whole, 39% of intermediate readings
showed embolism at angiography.

Table 2 shows the interpretive distribution for each
reader at the conclusion of the study in April 1992. Here,
the PIOPED classifications normal and near normal have
been grouped together under normal probability. The RS
values between each reader and PIOPED (RS1@.â€”RS6@)
provide a measure of the similarity of the individual read
er's interpretive style to that obtained in the PIOPED
study. The smaller the RSNP value, the more closely that

reader's interpretations were in accord with the distribu
tion obtained in the PIOPED study.

Partitioned cluster analysis was performed to deter
mine whether certain reading â€œstylesâ€•could be identified
within the group. This analysis was based upon the RS
between each reader and the other five. The results of this
analysis are shown in Table 3. This analysis was per
formed at yearly intervals from April 1989 to April 1992 to
determine the stability of such clustering. The interpre
tive category which most effectively classified the readers

into the given group is indicated as the classifier. The
most effective classifier was the percentage of intermedi
ate diagnoses. In other words, the six staff members were
sorted into different diagnostic reading styles based upon
the number of nondefinitive readings produced as a
percentage of the total scans interpreted. The actual
interpretive percentages by group are shown at the bot
tom for April 1991 and April 1992 and are separated into
either two or three groups. For the two group cluster
analysis, Group A2 consists of Readers 1, 2, 3 and 4;
Group B2 consists of Readers 5 and 6. Note that Group B2
read fewer intermediate scans than did Group A2. This
grouping of reading patterns evolved and stabilized with

time as shown in the data reflecting changes from April
1991 to April 1992. In an effort to further characterize
this heterogeneity in reading style, the patterns were
grouped into three different groupings as shown at the
right of Table 3. The statistical success of this three
group cluster analysis indicated that interpretive styles
among the group could be further refined past the classi
fication produced by the two-group analysis. These
three group sortings also evolved into a relatively stable
configuration during the final 2 yr of the study. The
three group cluster analysis produced Group C3 (Readers
1 and 2), Group D3 (Readers 3 and 4) and Group E3
(Readers 5 and 6). The normalized Euclidian distance
metric, an index of the degree of similarity within
the groups, was 0.65 for Group C@; 1.22 for Group D3;
and 1.71 for Group E3. Thus, Readers 5 and 6, although
classified into a single group, showed the least similarity
in theirinterpretivepatterns.Thisisa consequenceof the
cluster analysis' limitations: it is asked only to obtain the
most effective separation of the data into a given number
of groups. It does not guarantee a high degree of homo
geneity within each group. Note that the three-way
grouping partitioned Group A2 into two subgroups with
different interpretive styles (Groups C3 and D3), based
upon the percentage of low and nondefinitive interpreta
tions. Notably, Reader 1 and Reader 2 (comprising Group
C3)had the most similar interpretive patterns acrossthe
group as a whole (p < 0.05 by cluster analysis of RS
values) and were the only two readers who consistently
worked together in the clinic during the study. Cluster
analysis using four or more groups failed to produce a
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DateTwo A2group B2ClassifierThree

groupClassifierC3D3E3April

19891 ,2
3,4
56Low

p = 0.0271 .2,43,56lnt p =0.006June

19903,4
5,61

,2Int p = 0.004
Highp = 0.0211

,23,4,56Int p =0.007April

19911,2
3,45,6Int

p = 0.0241,23,45,6Low p = 0.017
lnt p =0.001April

19921,2
3,45.6lnt

p = 0.0181,23,45,6Low p = 0.019
Int p =0.020Group

percentagesNiLowInt

HighNiLowIntHighApril

1991Group
A27%53%30% 10%Group C36%55%33%7%Group
B27%58%22% 14%Group D3

GroupE39% 7%52% 58%27%
12%

22%14%April
1992Group

A27%54%29% 9%Group C35%57%31 %7%Group
827%59%22% 13%Group D3

GroupE39% 7%52% 59%27%
12%

22% 13%

TABLE 3
InterpretiveStyleGroupingsAmongReaders

significant categorization, indicating that the data were
incapable of further refinement.

DISCUSSION

Our purpose in this study was to determine the extent
to which the application of a uniform set of diagnostic
image criteria would lead to homogeneous interpretive
patterns and diagnostic accuracies. Our results suggest
that neither was the case not only because there was
significant variability in interpretive accuracy among the
readers but also three different interpretive patterns de
veloped despite attempted adherence to a single diagnos
tic algorithm on the part of all readers.

We employed one of several algorithms that have been
presented for the interpretation of radionuclide V/Q
scans, most commonly including the Biello (7), McNeil
(8) and PIOPED (5) systems. Each staff member included
in thisstudysubscribedto the interpretivealgorithmde
fined by the PIOPED investigators. There is no specific
test by which a physician can be certified as correctly
adhering to a single interpretive style. No panels of un
biased reading style classification experts exist and even
if they did, it is difficult to envision how a reliable test
could be devised to distinguish interpretive styles. For
this reason, we used the RS values over a large number of
interpretations to attempt to define interpretive styles
among the physicians studied. Needless to say, a physi
cian's low RS value as compared to PIOPED alone does

not guarantee that the physician uniformly implements
the PIOPED criteria. Over a large number of scans, how
ever, close adherence to a particular diagnostic algorithm
should produce a distribution of scan classifications sim
ilar to those produced in large published studies using the
same algorithm and amenable to statistical analysis. Sim

ilarly, when applied to a group of physicians ostensibly
adhering to the PIOPED diagnostic criteria, it is likely
that those with the smallest RS values with respect to the
PIOPED study adhere closest to the PIOPED diagnostic
criteria. A significant difference in nondefinitive interpre
tations between two readers suggests that the readers use
different interpretive styles since there is no reason to
believe that V/Q scan patients assort somehow differently
between the various readers.

As a group, the distribution of interpretations was
somewhat dissimilar to the findings of the PIOPED study
in that a higher percentage of studies were interpreted as

â€œlowprobabilityâ€• (52%â€”59%)than in the PIOPED data
(39%). This difference, however, becomes less striking if
normal, near-normal and low probability scans are
grouped together. Although generally consistent with
other published reports, our data are not in accord with
all studies of V/Q scans, such as the more controversial
results of Hull et al. (9).

In our data, there was a significant variation between
staff members both in the categorical distribution of in
terpretations and the accuracy of these interpretations.
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There was a broad range of apparent interpretive patterns
among the staff. The percentage of nondefinitive scans
read ranged from 20% (Reader 5) to 31% (Reader 2) by
the end of the study and the percentage of angiographi
cally-proven pulmonary embolism in nondefinitive scans
varied from 19% (Reader 6) to 49% (Reader 1). Despite
these differences, the only significant variation in accu
racy occurred in the reader whose interpretive style var
ied most from the PIOPED interpretive distribution.
Clearly, it would be possible for a reader to increase
accuracy by placing any study with the slightest diagnos
tic uncertainty into the intermediate category. This pro
cess, taken to extremes, would render the scan valueless.

That this did not happen in our study is suggested by the
poor correlation between accuracy and the percentage of
studies interpreted as intermediate and by our finding that
most readers classified fewer studies as intermediate than
did PIOPED. In particular, the reader with the fewest
intermediate classifications (Reader 5) maintained an ac
ceptable accuracy figure of 83%. Nonsignificant associa
tions were obtained between interpretive accuracy and
both reading similarity to PIOPED (RSNP) and the num
ber of scans interpreted. These trends lend some support
to the reasonable hypotheses that accurate scan interpre
tation increases with clinical activity and conformity to
an established interpretive scheme. Our results suggest
that the readers whose interpretive styles (based on RS
values) were most similar also had homogenous accura
cies.

The percentage of nondefinitive readings was best able
to identify the different interpretive groups as shown in
Table 3. At least two different interpretive patterns were
readily apparent by the end of the study. It is possible
that the variety of existing interpretive schemes may have
contributed to the observed variability in interpretive pat
terns even in this presumably homogenous group. Thus,
although a particular reader may consciously subscribe to
the PIOPED criteria, awareness of other interpretive
schemes may â€œcontaminateâ€• the application of this algo

rithm.
This type of quantitative analysis of image interpreta

tion is only possible if a sufficient database permits reli
able statistical analysis by virtue of an accessible â€œgold
standard.â€•Ventilation-perfusionimaginglendsitself to
this type of study because a binary gold standard exists
(pulmonary angiography) together with a limited number
of well-defined scan categories (facilitating statistical
analysis), and a sufficiently large database exists to per
mit statistical analysis of the results. The relatively large

number of physicians (six) regularly involved in the per
formance of these studies allowed us to characterize a
spectrum of interpretive patterns.

Our data are subject to some of the limitations encoun
tered by many previous studies of V/Q scanning. The
frequency of pulmonary emboli in each diagnostic cate
gory is difficult to establish from our data because only
selected patients underwent pulmonary angiography. In
general, these patients include those in whom the V/Q
scan findings are discordant with the clinical assessment,
those in whom an indeterminate or intermediate scan
requires further pursuit and those requiring inferior vena
cava (IVC) filter placement because of a contraindication
to heparinization. Accuracy in the high probability cate
gory exceeds that for low probability scans because the
former group of patients often undergo arteriography at
the time of IVC filter placement rather than because of
significant discord between scan and clinical findings.
This should not influence the comparative accuracies be
tween the different readers, however, since there is no
reason to assume that, for example, the scans of patients
requiring IVC filter placement do not assort normally
among the various readers.

CONCLUSIONS

In conclusion, our study has determined the following
two points: (1) there is a spectrum of interpretive patterns
for V/Q scanning among practicing nuclear physicians
despite self-perceived adherence to uniform diagnostic

criteria and (2) deviations from standard interpretive pat
terns may be more likely to be associated with diminished
diagnostic accuracy.
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