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Purpose

To perform a meta-analysis of the literatures on helical computed tomography (hCT) and ventilat
ion-perfusion (V/Q) scan for the detection of acute pulmonary embolism (PE) using the methodol
ogical tool of summary receiver operating characteristic (SROC) curve analysis. ’ .
Materials and Methods ,

Studies in MEDLINE and EMBASE database published from January 1985 for V/Q scan and Jan
uary 1990 for hCT to March 2003 were included if (a) these tests were performed for the evalua
tion of acute PE (b) conventional angiography was the reference standards, and (c) absolute numb
ers of true positive, false-negative, truc-negative, false-positive. results were available. Two investig
ators independently abstracted data sets. Sensitivity analysis was conducted by excluding articles p
ublished before 1995.- ' ‘

Resuilts

Data from 12 articles were included. With a random effects model, pooled sensitivity for hCT wa
s 86.0% [95% CL 80.2%, 92.1%] with specificity of 93.7% [95% CIL. 91.1%, 96.3%]. V/Q scan
yielded low sensitivity of 39.0% [95% CI: 37.3%, 40.8%)] but high specificity of 97.1% [95% CI:
96.0%, 98.3%] with high probability threshold, while it yielded the high of 98.3% [95% CI: 97.
2%, 99.5%] and low specificity of 4.8% [95% CI. 4.7%, 4.9%)] with normal/near-normal threshol
d. Regression coefficient for hCT versus V/Q scan with high probability threshold was 0.588 [9
5%CIL: -1.55, 2.74], and 4.14 [95%CI: -0.002 to 8.28] with normal/near-normal threshold.
Conclusion _

To exclude PE with low pretest probability, hCT was superior to. V/Q scan using high probability
threshold; we can use hCT and V/Q scan using normal/near-normal threshold comparably to con| -

firm PE with moderate-to-high pretest probability.

A BHEEER

The diagnosis of pulmonary embolism (PE) remains
elusive and difficult, because the symptoms are
* non-specific and all available tests have substantial
limitations in clinical settings (1, 2). -Selective
pulmonary angiography remains the gold-standard
~diagnostic test, but this procedure is invasive, causing
morbidity and mortality rates of 4% and 0.2%,
respectii/ely @3, ). Moreovef, it is also costly and
time-consuming. Several minimally invasive modalities
have been used to detect PE. The ventilation-perfusion
(V/Q) scan is one of the most frequently used
procedures for confirming or excluding diagnosis of PE
because of its genefal availability. The Prospective
Investigation of Pulmonary Embolism Diagnosis

(PIOPED) study assessed the usefulness of V/Q lung
scans in acute pulmonary embolism (5). Despite
accuracy as high as 96% in some instances, the V/Q
scan alone is inadequate because up to 75% of patients

“fall in the inconclusive category, therefore other

modalities, such as serial compression ultrasonography
and D-dimer testing, are useful adjuncts (6, 7).

In recent years, contrast agent-enhanced helical
computed fomography (hCT) of the pulmonary arteries
has been proposed, and data are accumulating (8-17).
The choice between V/Q scan and hCT should be
determined by comparing *their diagnostic accuracy
using the available data. Interpretation of these data as a
whole is difficult because of the wide variation in the
background of the patients. In prior review articles
comparing the test performance of hCT and V/Q (18,
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19), the difference in test performance has not been
statistical method
frequently used in meta-analysis on diagnostic tests.

systematically compared by

Summary receiver operating characteristic (SROC)
analysis is a method that enables quantitative
combination of the multiple studies with heterogeneous
results; each point on the summary ROC curve
represents a combination of sensitivity and specificity
that could result from each study (20-22). Reasons for
heterogeneity among different studies is due to

differences between the way how clinicians define a '

"positive" test or wide variation in terms of the patients'
background, and summary ROC curve analysis could
resolve those problems by stringent inclusion criteria
and meta—regression analysis. It is suitable to compare
different diagnostic tests' pexformahce, and reports using
this analysis has recently been accumulating (23, 24).
Thus, the purpose of our study was to perform a
meta-analysis of the literatures on hCT and V/Q scan for
the detection of acute PE using the methodological tool
of SROC analysis. '

B. B HIE

Identification of trials ,
A computerized search was performed to identify
relevant English language articles published in
MEDLINE. In searching for articles on hCT, we
combined “computed tomography" in text words,

“image interpretation, computer-assisted" in medical 4

subject headings, and "pulmonary embolism" in medical
subject headings or text words. Similarly, we searched
for articles on perfusion scan using "radionuclide
imaging" in medical subject headings, and "perfusion
scan" or "'venﬁlation-peﬁhsi()n lung scan" as text words.
The hCT'search was limited to papers between January
1, 1990 and May 30, 2003, since earlier CT equipment

was substantially different in technology. We included

papers on perfusion scan from January 1st, 1985 since
this téchnique began to be used for the diagndsis of
pulmonary embolism from the mid 1980s. We also
scanned the references in refrieved articles and

contacted knowledgeable individuals in radiology to see
if they knew of any other relevant reports. A database
search using a similar strategy was conducted in the
EMBASE database from 1985 to 2003. We did not
search for unpublished reports.

Inclusion criteria _

We included a study provided that 1) it used hCT or
perfusion scan as a diagnostic tool for acute pulmonary
embolism; 2) it-gave absolute numbers of true-positive

(TP), false positive (FP), truc-negative (TN), and false

negative (FN) cases or their equivalent; 3) it used
pulmonary angiography as the reference standard for
diagnosing pulmonary embolism; and 4) the time
interval between the findings obtained from the test and
reference standard was 48 hours or less taking into
account that pulmonary emboli might disappear during
the interval of two tests. We determined this time
interval by discussing with radiologists and reviewing
literatures of diagnostic tests on pulmonary embolism
@. . ‘

A study was excluded if 1) it used pulmonary
angiography, in combination with any other reference
staidard, as the reference standard; 2) hCT was not
performed for acute 'pulmonary embolism (e.g., chronic
pulmonary embolism  or septic - embolism); 3)
nbn—comparable CT methods (e.g., electron-beam CT)
were used; 4) 'hCT was performed after anticoagulant
therapy or surgery for pulmonary embolism; or 5)
the published information was incomplete. We
tried to examine if different studies from the
same institutions used the same group of
patients, because more than one studies could

be publi'shed by o‘ne author,

Data collection

Two investigators (YH, MG) independently
abstracted the data- from all articles included in our
abstracted - included
descriptive data (authors, title, journal citation, year of

analysis. The information

publication), study group characteristics (sample size,
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mean age, proportion of women, prevalence of
pulmonary embolism), study design characteristics
(involving the criteria used to define a positive result
and protocol information), extent of blinding between
readers of hCT, perfusion scan and reference standard,
the information about the extent of the disease, and any
evidence of verification bias and test interpretation bias.
For each study the results were classified as TP, FP, TN,
and FN. For the V/Q scan, PIOPED criteria were
generally used according to the probability of PE: high
probability, intermediate probability, low probability,
near-normal/normal (3). We specified three thresholds
for calculating sensitivity and specificity (Table 1): high
probability ’pelfusion scan as a positive and others
(intermediate probability, low probability,
near-normal/normal) negative | (threshold 1, . high
probability threshold); high and intermediate perfusion
scan probability as a positive and low probability and
near-normal/normal scan as a negative (threshold 2,
high/intermediate threshold); near-normal/normal scan
as a negative and others (high probability, intermediate
probability, low probability) positive (threshold 3,
normal/near-normal threshold). One study developed
and employed original criteria consisting of five
categories, which were reduced to four categoﬁés to
match PIOPED criteria (4). As for hCT, the presence or
“absence of pulmonary emboli during the test defined as
an intraluminal filling defect or complete nonfilling of a

“pulmonaly artery was used as a positive or negative
criterion, :

From the articles in which investigators tabulated the

results for different observers, we extracted the data of
~ the first observer, unless one of them was emphasized in
the literature. When authors emphasized one result of
different observers, e.g. level of expeﬁence, we
extracted  the results, - Any
inconsistencies or controversies encountered in
abstracted data were resolved through discussion and
consensus.

most emphasized

Analysis and statistics

The overall suitability of the pooled and summary ROC
curve analysis was evaluated using the Spearman
coefficient (5). We then checked
heterogeneity separately for sensitivity and specificity.

correlation

Since sensitivities for hCT and specificities for V/Q scan
threshold 3 were not homogeneous (p=0.006 and
p<0.0001, respectively), .pooled sensitivity (TP/TP+FN)
and specificity (TN/FP+TN) estimates were calculated -
using a random-effects model that weighted each report
by its sample size (6). '

To estimate the summiary ROC curve for hCT and
perfusion scan, we used a previously described method
of variance-weighted least square regression (20, 22, 23,
28). Based on the 2x2 table constructed from each
report, we made a logit transformation of the TP rate
(sensitivity) and FP rate (1-specificity). Differences in
the logit transformations (measures of the observed
discriminatory power of hCT and perfusion scan) were
then regressed on the sums of the logit transformations
(measure of the. positivity threshold used for the
determination of a positive hCT and perfusion scan
result). Summary ROC curves for hCT and perfusion
scan were constructed by back transformation of the
fitted line from the regression model. We weighted each
study i the regression model by its variance
(IATPH.5y+ 1AFPHO5y 1(ENH0.5)0+ 1ATN+0.5))
(7), and restricted the final summary ROC curves to the
range of observed TP and FP rates. .
Adjustment for clinical variables was accomp]j'shéd by

‘ including them in the regression model. Inclusion of a

dummy variable in the regression ahalysis for the type
of diagnostic examination performed (1 for hCT, 0 for -
perﬁasion'scan) then allows comparison of tests. The
regression coefficient of this dummy variable is a .
measure of the difference in discriminatory power

between the examinations.” A positive regression

coefficient implies increased discriminatory power for
hCT compared to perfusion scan, and a negative
regression coefficient implies reduced discriminatory
power. To avoid undefined values for positivity criteria
and their variance that arise from zeroes of the TP, FN, -
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TN, or FP values, 0.5 was added to that value (7).

We assessed the effect of publication year, mean age
(55 years or younger vs. older than 55 years), prevalence
of pulmonary embolism, duration of tests (<24 vs. <48
hours), study design (prospective vs. retrospective),
presence -of interpretation bias, and presence of
verification bias (presence of verification bias vs. no
available information) in combined model of hCT and
V/Q scan. We could not consider the effect of the extent
of the disease in the model comparing hCT and V/Q
scan, since the information about the extent of the
disease was not available in the literatures mainly
dealing with V/Q scan (3, 4, 8). We dichotomized some
variables (age, ‘%women, and duration between tests) at
median. Due to availability of data (e.g. data on
collimation were only available for hCT) or missing
:data, the following variables were analyzed separately in
each separate model; % of woman (=<25% vs. >25%)),
collimation (3mm or thinner vs. thicker than 3mm), size
of pulmonary emboli (segmental vs. sub-segmental) for
hCT model; type of ventilation scan radionuclide
(99mTc-DTPA vs. other) for V/Q-scan model. In the
combined model, univariate analyses were performed to
assess the effect of each clinical covariate. We
incorporated the factors that had p<20 m univariate

analysis into a multivariate regression model, and then”

used backward elimination to remove variables with
p-value equal to or greater than 0.05. For the main aim
* of this study, the dummy variable for type of diagnostic
test (hCT=1) were always kept in this process. In both
separate model and combined model; data on V/Q scan
were treated separately in different thresholds (e.g., hCT
vs. V/Q thresholdl, hCT vs. V/Q threshold2, hCT vs.
V/Q threshold3). Finally, we re-analyzed the final
model with a random effects regression analysis
(STATA technical bulletin n0.42, College Station, Tex:
Stata Statistical Software), - which took inter-study
variability as well as intra-study variability into account.

After sensitivities and specificities were pooled, we
-assessed the post-test probability of PE with different

pre-test . probabilities (low=0.03, moderate=0.27, -

high=0.78). The arbitrary pretest probability of 0,03,
0.27, and 0.78 were based on the Well's report in which
pretest probability was determined using clinical signs
and symptoms (9). First, pretest odds were converted
into post-test odds, by means of the following formula:
post-test odds = pretest odds * likelihood ratio.
Likelihood ratio is defined as the probability of the test
result in people with the disease divided by the
probability of the result in people without discase.
Post-test odds were converted back to posttest
probabilities (10). .

Since hCT methodology for detecting PE has undergone
a remark_ably rapid advance over the past decade, the
test performance might be different between early
1990's and 2003. Therefore, we performed a sensitivity
analysis by excluding articles published before 1995 on
hCT, and compared the results with those in base-case
analysis. All analyses were done using commercially
available software (Intercooled STATA 7.0; STATA

vCorporativon, TX, USA).

C. WroeRER

Summary of the literature review and data exfraction
Our initial data search yielded a total of 1385 titles for
studies using hCT or V/Q scan. We then excluded 1306
articles by reviewing titles and abstracts selected
possible 79 articles for our analysis; the reasons for
exclusion were summarized in Fig. 1. Of these, we
identified 12 articles which met all the inclusion criteria
(5, 8-11, 13-17, 27, 29). Two of these articles also
reported test performance of both hCT and V/Q scan
(10, 14), thus we had 9 studies for hCT and 5 studies for
V/Q scan. Two articles were reported by the same lead
author (8, 11), but these two studies were judged not to
be overlapped because of the different study periods and
different amount of contrast medium used. Overall,
there were discrepancies in 19 out of 140 (13.6%)

~ extracted data between the two authors, ranging from

0% to 35.7% depending on the sort of items extracted,

' All discrepancies were resolved by consensus.
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hCT and ventilation-perfusion scan
The technique of helical CT was used to diagnose
pulmonary embolism for the first time in 1992 (11). Of
12 articles we identiﬁed, 9 studies collectively reported
on 520 subjects (range 10-151 per study) on hCT
(12-19), while 5 studies reported on 1269 patients (range
20-731) on V/Q scan (3, 4, 8, 13, 16) .
Variations in study protocols included the thickness of
scan section, from 2.5mm to 5mm, and the amount of
contrast medium varied from 70ml to 150ml. As for
detector system, single-detector hCT was used in 8
reports and dual-detector hCT was used in only one
report (19). The reported sensitivity of hCT ranged from
53% (15) to 100% (12), and the specificity from 75%
(19)t0 100% (12). -

Ventilation studies used as nuclear iéotope “either
Xenon-133 gas, Tc-99m-PYP or Tc-99m-DTPA and
perfusion scanning used TC-99m-MAA. The PIOPED
criteria was used in 4 studies, and original criteria were
formulated in one study (4). The reported specificity of
V/Q scan using threshold 1 ranged from 96.0% B3)to
100% (13, 16), with sensitivity were 54.5% (13) to
100% (16) or 98% (3) to 100% (4, 8) based on
thresholds 2 and 3, respectively. Details of the articles
included are summarized in Table 2,

“Weighted Pooled Results
Weighted pooled data are presented in Table 3. Pooled

sensitivity for hCT was 86.0% [95% CI: 80.2%, 92.1%]

with specificity of 93.7% [95% CI: 91.1%, 96.3%].
V/Q scan yielded low sensitivity, 39.0% [95%CT:
37.3%, 40.8%] with threshold 1, while it yielded high
sensitivities, 86.0 % [95%CL: 83.3%, 88.8%] and 98.4%
[95%CL: 97.2%, 99.5%), respectively, with thresholds 2
and 3. V/Q scan yielded high specificity, 97.1%

[95%CL: 96.0%, 98.3%] with threshold 1; sensitivities

were 39.0% [95%CIL: 37.3%, 40.8%] and 4.8% [95%CIL:
4.7%, 4.9%], respectively, with thresholds 2 and 3.

SROC Analysis
No significant predictors were found in the separate

univariate analysis for hCT (% of women, collimation,
size of pulmonary emboli) or V/Q scan (type of
radionuclide for ventilation scan). The univariate
analysis for the comparison of two tests revealed that
only the following variables of those stated in the
method section had a p-value smaller than 20; age
(p=0.032) in the model including V/Q scan threshold 1;

‘duration between two tests (0.027) and presence of

verification bias (0.067) in the model including V/Q
scan using threshold 2; duration between two tests
(p=0.111) and presence of verification bias (p=0.146) in
the model including V/Q scan threshold 3. Therefore,

‘we included these variables in each multivariate model;

however, as a result of backward elimination, no
signiﬁcant predictors were kept in the final model. na
model comparing performance of hCT to V/Q scan
using thresholds 3, the estimate was large énough to
suggest the superiority of hCT over V/Q scan thought it
was not statistically significant (B-coefficient 4.14 [95%
CL: -0.002, 8.28]). In the comparison between hCT and
V/Q scan using thresholds 1, no significant difference
was observed in terms of discriminatory power
(B-coefficient 0.588 [95% CI: -1.55, 2.74]). In a model

‘comparing hCT and perfusion scan threshold 2, hCT

displayed sdperior discriminatory power (B-coefficient
3.73 [95% CI: 2.56, 4.9]). IThese results are shown in
Table 4 and Fig. 2.

Post-test probability of PE
Post-test probabilities of PE according to positive or

_negative results of each test were summarized in Table

5. When pretest probabilities were moderate (0.27) or -
high (0.78), post-test probabilities on positive results of
V/Q scan using threshold 1 and hCT were same and
84.1%and 98%, respectively. When pretest probability
was low (0.03), post-test probabilities of negative hCT
was 0.05, and that of negative V/Q scan using threshold
3 was 0.01; when pretest probabilities were moderate
and high, post-test probabilities of negative hCT or V/Q
scan with any threshold were not low enough to exclude
PE.
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Sensitivity Analysis

Results of sensitivity analysis were shown in Table 3
and Table 4. By excluding the articles before 1995,
sensitivity (true positive ratio) decreased from 86.0% to
84.6% (95%Cl, 78.3%-91.6%), while specificity did not
change substantially (93.7% (95%CL 91.1%-96.4%) in
weighted pooled. SROC analysis yielded smaller
B-coefficient of 3.61 with slightly increased p=value
(0.118) in the comparison between hCT and V/Q scan
using threshold 3.

D. BZ _

The present study provides a meéta-analysis of the
literatures on hCT and perfusion scanning. Based on
SROC analysis, hCT and perfusion scan had similar
discriminatory power using high probability threshold
(threshold 1). The data also suggest that hCT has a
greater discriminatory power than the V/Q scan with
high/intermediate probability threshold (threshold 2).
The results of the model comparing hCT and V/Q scan
using normal/near-normal threshold (threshold 3) was
confusing, because the B-coefficient was large but it was
borderline statistical significant (p=0.05). As discussed
later, the small number of articles; included in this
“meta-analysis - because of stringent inclusion criteria
might, could have decreased the power to detect true
difference of two diagnostic tests. To evaluate these
issues, it is crucial to take a quantitative view of the data
and their interpretation - that is; it is essential to think in
terms of estimation rather than testing (p-value) (20).
Therefore, we would rather state that B-coefficient of
4.14 is high enough to suggest that hCT has higher
discriminatory power than V/Q scan using
normal/near-normal threshold,

Statistical Methods/Results

The SROC analysis-allows us to compare different tests.

by summarizing the sensitivity and specificity results.

from several studies into a single ROC curve (21). In the
past decade, many manuscripts have suggested that hCT
might be more effective than V/Q scan in diagnosing

and screening of PE (22), but formal comparison of the
two diagnostic tests is yet to be done. Although former
studies discuss about superiority of hCT because of its
higher sensitivity or specificity, one cannot state that'a
test is more useful only for that reason. In general, a
negative result essentially rules out pulmonary
embolism in a test with very high sensitivity, and a
positive result, effeéﬁvely confirms the diagnosis in
when a test with very high specificity (10). In the real
clinical setting, for example, high probability threshold
of V/Q scan with high specificity has been used to

. confirm and normal/near-normal threshold with high

sensitivity to exclude pulmonary embolism. It is
therefore necessary to compare the sensitivity of hCT -

- with that of V/Q scan using normal/near-normal

threshold in order to exclude the possibility of
pulmonary embolism, and compare specificity to
diagnose pulmonary embolism by SROC analysis.

There has been criticism of the claimed very high
sensitivities and specificities of earlier hCT studiés (23).

" This sounds very curious because CT methodology for

diagnosing PE has had a remarkably rapid advance in
this last decade. Therefore, we performed sensitivity
analysis, which revealed that regression coefficient in
favor for CATP including literatures published in-
1990-1994 was slightly higher than that excluding those
literatures in the model comparing with V/Q scan using
threshold 3. This suggested that the diagnostic test
performance was slightly better or almost equivalenf in
1990-1994 to those in later years. New diagnostic tests
are generally often described in glowing terms when
first introduced, only to be found wanting when more.
experience has been gained (24); An example is use of
carcinoembryonic antigen (CEA), which was originally
considered a very promising tool for diagnosing colon
cancer, but subse(juently was found to be increased in a
wide variety of other conditions (c.g., smokers) (10).
This arises not from any dishonesty on the part of early

. investigators, or unfair medical skepticism by the

medical community later. Rather, it is related to
limitations in the methods used to evaluate test
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characteristics in the first place, e.g. severity of patients
included or other biases.

Another criticism of high accuracy as pointed out in
recently published review articles 1s that methodological
problems are common among the studies evaluating
hCT in the diagnosis of PE, e.g. several studies were
missing key data on the methods used to select patients.
However, It is unclear how these methodological
problems have actually influenced the results in our
analysis (25). The Second Prospective Investigation of
Pulmonary Embolism Diagnosis (PIOPED 2), funded
by the US National Institutes of Health, is currently
evaluating the accuracy of helical CT in the diagnosis of
pulmonary embolism in more than 1000 patients, and
~ should bring us closer to real answer to the problem
(26). _

Clinical Implications/Results

Our work shows that hCT and the V/Q scan using
high-probability threshold probability threshold have
comparable discriminatory power, while hCT had
greater - discriminatory power than V?Q scan using
normal/near-normal threshold. More, now, is the
importance of considering other aspects of the tests.
First, the main problem with the V/Q scan is that
definitive diagnosis can be obtained in less than 30% of
patients tested, and that the remaining patients need to
undergo further testing (3). The use of hCT would
therefore reduce the number of patients subject to
further diagnostic tests than for the V/Q scan (22).'In
. contrast, one should consider the presence of
contraindications before conducting hCT. In one report,
about 24% of patients suspected of being pulmonary

embolism were excluded from hCT because of

contraindications such as.impaired renal function, or
allergy to contrast agent (23). This is a substantial
“proportion, similar to that suffering inconclusive results
of the V/Q scan. _ ‘

Second, as for the V/Q scan, large differences
(25-30%) of interpretation among expert readers have
been reported, especially in the classification of low or
_ intermediate-probability scan. In confrast, hCT has

better -inter-observer agreement than the V/Q scan
(1=0.85 vs. 0.61) (27). Third, there are inconsistent
resulis concerning relative cost-effectiveness, with the
controversy continuing (28). These advantages or
disadvantages of either test are crucial in ‘application to
the patients when PE is suspected. What is really
important is to judge the advantages and disadvantages
of each test, and select the most appropriate procedure
for favorable outcome. Based on the results of our
analyses and considering above, we recommend the
following strategies; 1) to confirm PE with
moderate-to-high pretest probability, use either hCT or
V/Q scan with high-probability threshold; 2) to exclude

'PE with low pretest probability, hCT is a better test than

V/Q scan. If hCT is not available, V/Q scan using
normal/near-normal  threshold could be a next
alternative;  3)  if
moderate-to-high, PE can not be excluded even when

pre-test  probability  is

~ hCT or V/Q scan with any threshold shows negative

result.
Limitations
Our review has several limitations. First, by the nature

of meta-analysis, the result is subject to publication bias.

Only published studies were examined, and studies with
poor results are less likely to be written, submitted, and
accepted. Our results may therefore be biased towards
the favorable direction. This tendency should affect hCT
and V/Q scan equally. and not alter our qualitative
conclusion. Second, as in all meta-analyses of diagnostic
testing, verification bias could be present since about
half the studies included in our meta-analysis did not
control or mention this. Verification bias occurs when

the result of the test influences the decision as to which

patients receive the verification test. This can have -
dramatic results on the sensitivity and specificity of a
test (29). We are unable to correct for this bias because
the original studies do not provide the necessary
information on the entire population tested. However, in

our stﬁdy, covariate analysis did not show a significant

difference between studies that did and did not control
for verification bias. Third, the large degree of variation
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between observers in reading V/Q scans could Limit the
interpretation of our results when combining studies.
Numerous studies were excluded from analysis and
smaller number of studies were finally included in
meta-analysis compared with previous meta-analysis on
hCT '(30),_ One reason is that some studies used

* combination reference standards for comparing hCT

and V/Q scan (e.g. normal results on V/Q lung scan
were accepted as an alternative reference standard for
the absence of pulmonary embolism) (22).- The small
number of studies included in our current analysis might
have decreased the power to detect the true difference;
however, this could not have been avoided, because it is
usually supposed that the test is being compared to a
sole reference standard when conducting meta-analysis
of diagnostic tests. We therefore chose the .optimal
strategy that pulmonary angiography should be the sole
reference standard. For the same reason above, only one
literature on multi-detector hCT was included in our
~ analysis. This might have underestimated the test
‘ perfdrmance of hCT, because the recent introduction of
multi-detector row spiral CT is expected to offer further

increase in performance, in particular the ability to scan .

larger anatomic volumes with high spatial resolution

(31). The stringent inclusion criteria used in the current
study, however, should have assured the quality of our
results.

- Independently pooled estimates of sensitivity and
specificity could easily calculated; however, these
frequently used methods have come under strong
cn'ﬁcism, because they do not take into account the fact
that different studies may have used test thresholds (32).
In spite of that, the reason why we pooled estimates of
sensitivity and specificity separately is that the results of
B-coefficients are not always easy for readers to
intuitively understand, and in the real sefting, articles of
- SROC analysis including those cited below present the
~ resulis of pooled sensitivities” and specificities are
presented even lately in the articles using summary
ROC ahalySiS (33). Other reason is that authorities in the
field of decision sciences recommend to pool

sensitivities and specificities of diagnostic tests and use
these data for cost-effectiveness analysis (34). These
pooled estimates, however, should carefully be
interpreted when utilized to compare these two
diagnostic tests directly. '

“In conclusion, hCT has the greater discriminatory power

to exclude PE than V/Q scan using normal/near-normal
threshold, while hCT and V/Q scan wusing high
probability threshold had similar discriminatory power
to diagnose PE.
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Table 1 Comparison between PIOPED criteria and our thresholds defined in the current study.
PIOPED criteria Thresholds in our study

Threshold 1 Threshold 2 Threshold 3

positive ' positive

High probability

Intermediate probability " negative positive
Low probability ‘ negétive negative
‘Near-normal/normal- probability negative negative negative

Positive indicates the test result of V/Q scan is positive in each threshc}ld; negative indicates the test r
esult of V/Q scan is negative in each threshold. For example, a patient, classified as intermediate prob
ability in.PIOPED criteria in original study, is classified into negative using our threshold 1 and inte po

sitive using thresholds 2 and 3.
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Table 3. [v. H.1]Pooled sensitivity and specificity of hCT and ventilation-perfusion scan using

different thresholds®

(-9.22 to 8.14)

Year Sear Sensitivit 95%Cl Specificity 95%Cl
ched y |
V/Q Scan  1985-2003 Threshold 1 39.0% 373% - 40.8% 97.1% | 86.0% - 98.3%
Threshold 2 86.0% 83.3% - 88.8% 45.5% 43.9% - 471%
Threshold 3 98.4% 97.2% - 99.5% 4.8% 47% - 4.9%
hCT 1990-2003 86.0% 80.2% - 92.1% 93.7% 91.1% - 96.2%
1995-2003 84.6% 783% - 91.6% 93.7% 9‘1.1% - 96.4%
*Cl indicates confidence interval; hCT, helical computed tomégraphy
,:Table 4[y. H.2]. Comparison of SROC Analyses between hCT and VIQ Scan®
\ Comparison B-Coefficient (95% Cl) P
hCT (1990-2003) vs. |
V/Q scan (Threshold 1) 0.588 (-1.55 to 2.74) 0.457
V/Q scan (Threshold 2) . 373 (2.56 to 4.9) <0.001
V/Q scan (Threshold 3) 4.14 (-0.002 to 8.28) 0.05
hCT ‘('1995-2003) vs.
V/Q scan (Threshold 1) 072 (-2.45 to 2.9) 0.515
VV/Q scan (Threshold 2} : 3.63  (2.4 to 4.86) <0.001
V/iQ écan (T hreshold 3) 3.61 l 0.118

* SROC indicates summary receiver operating characteristics: Cl, -confidence intervai
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Table 5 [v. H.3]Post-test probabilities of PE on different pretest probabilities and test results

Tests Test Re Pretest Probability=0.03 Pretest Probability=0.27 Pretest Probability=0.78
sults Post-test Post-test 7 Post-test p
probability | (95%Cl) probability (95%Cl) robability (95%Cl)

hCT | Positive 0.296 (0:243-0.399) 0.841 ° (0.802-0.893) 0.980 (0.974-0.98
. )

Negative 0.005 (0.003-0.006) 0.055 (0.032-0.074) - 0347  (0.235-0.42
2)

V/Q scan »

Threshold 1 Positive 0.296 (0.225—0.420) 0.841 (0.785-0.901) - 0.980 (0.971-0.98
8)

’Negvative 0.019  (0.018-0.020) 0.196 . (0.190-0.203) 0.522  (0.457-0.57

. : 3 ,

Threshold 2 Positive - 0.047  (0.044-0.049) 0.380  ({0.366-0.394) '0.848 (0.841-0.85
6)

Negative 0.009  (0.007-0.011) 0.1 07 (0.085-6.1 29) 0522 . (0.457-0.57
: Y

Threshold 3  Positive 0.031  (0.0306-0.031 0.287  (0.284-0.289) 0.786 | (0.783-0.78
3) ' 8)

Negative 0.010  (0.003-0.017) 0.116  (0.036-0.185) 0.546 (0;2'57-0.67
v , 5

hCT, helical computed tomography; PE, pulmonary embolism; V/Q scan, ventilation-perfusion scan
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Fig. 1. Results of Literature Search*
*PA indicates pulmonary angiography; hCT, helical computed tomography; PE, pulmonary embolism

Studies first screened on databases

(0=1385)
' B! Studies excluded by reading abstracts @®=1306)
, A 4
Studies re(n'eved for more evaluati
on .
 @=79) ' ) Studies excluded for following reasons;

No original data in report (n=11)
The data comparing with PA was not available (n=13)
B Non-compaxablé CT technique was used (n=3)
No-comparison with PA (n=26)
Analysis on the data of already published article (n=2)
Include chironic PE or septic PE (n=7)

A 4
Potentially appropriate for the curr

ent meta-analysis

(@=17)
Studies excluded because time interval between hCT or V/Q scan and
’ o PA was not <48
\ 4 ' (1=5; one article without data on time interval, 3 using <72 hours thres
Studies included in this analysis . hold, and one with >72 hours threshold)
n=12) .
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Fig.2 Panel A shows summary receiver operati
ng characteristics (SROC) curves for helical co
mputed tomography (hCT) based on a model ¢
omparing ventilation-perfusion (V/Q) scan using
scan threshold 1. Panel B shows SROC curves
for hCT based on a model comparing ventilati

on-perfusion (V/Q) scan using scan threshold 2.

Panel C shows SROC curves for hCT based
on a model comparing ventilation-perfusion (V/
Q) scan using scan threshold 3. In all panels, t
he horizontal axis represents the false-positive r
atio (1-specificity) and the vertical axis the frue-
- positive ratio (sensitivity). The size of plotting sy
mbol is inversely proportional to the variance of

an observation. hCT has a similar discriminator
y power to that V/Q scan with thresholds 1, wh
ile overall discriminatory power of hCT is better

than that of V/Q scan with threshold 2 and thr
eshold 3.[Y. H.4]
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