Correspondence

Interobserver agreement in the diagnosis of acute
pulmonary embolism from computed tomography
pulmonary angiography and on the effectiveness of
computer-aided diagnosis
To the Editor,
We read with great interest the article by Costantino et al
[1] and their response [2] to the correspondence by ChartrandLefebvre [3] regarding interobserver agreement in the
interpretation of computed tomography (CT) pulmonary
angiography (CTPA) for the diagnosis of acute pulmonary
embolism (PE). The interobserver agreement among radiol-
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ogists is high for the diagnosis of massive (ie, large central) PE
but is diminished for the diagnosis of segmental and
subsegmental PEs. A similar hierarchy of agreement has
been demonstrated for conventional pulmonary angiography
[4,5]. The observations of Costantino et al are convincing and
reflect the reality of interpreting CTPA examinations.
CTPA is an outstanding diagnostic tool for patients
suspected of PE, but the accuracy of the interpretation of
CTPA depends on the radiologist's training and expertise; it
has been shown that a lack of dedicated experience in CTPA
interpretation results in poorer interpretative performance
relative to expert CT interpreters [6,7]. Outside academic
practice, general radiologists are frequently called upon to
interpret CTPA studies on an emergency basis. It is therefore
likely that false-positive and false-negative CTPA interpretations are not infrequent in clinical practice, as illustrated
in Fig. 1. The potential for overlooked patients with PE or
unnecessary anticoagulation in patients caused by falsepositive interpretation of CTPA is increased with the rapid
proliferation of this technology [8,9]. These data are difficult
to quantify because CTPA has been accepted as the gold
standard for the diagnosis of PE, and catheter pulmonary
angiograms are rarely performed for the diagnostic confirmation or exclusion of PE. Accordingly, incorrectly interpreted CTPA examinations are discovered only when CTPA
studies are presented to an expert thoracic radiologist for
review. As noted by Costantino et al [1,2] and ChartrandLefebvre [3], CTPA interpretation by a “second expert”
would be useful in the case of nonmassive PE. However, the
number of patients undergoing CTPA examinations has
increased by an order of magnitude over the past decade, and
the rate of positive CTPA studies is only 5% to 10% [10,11]
in clinical practice; therefore, it may not be feasible to have
expert CT radiologists review all negative or nonmassive PE
CTPA diagnoses in clinical practice.
Computer-aided diagnosis (CAD) is a nascent field [12,13],
but it promises to improve the efficiency and accuracy of the

Fig. 1 Examples of false-positive (A-C) and false-negative (D) interpretations for PE on CTPA by general radiologists. The examination
was ordered from the emergency department (patient A) and the inpatient units (patients B, C, and D). Examinations A, B, and C were initially
interpreted as positive (arrows), and patient D was interpreted as negative for PE by general radiologists. Anticoagulation was begun for
patients A, B, and C, and withheld for patient D. An experienced pulmonologist was consulted who then found patients A, B, and C were at
low risk but patient D was at high risk for PE. Review of these examinations by an experienced thoracic radiologist found no evidence of PE for
patients A, B, and C but confirmed PE for patient D in the left pulmonary artery (arrows). The finding mistaken for PE by general radiologists
was a lymph node (patient A) and motion artifact for patients B and C.
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CTPA diagnosis of PE. We have been developing a CAD
system [14-16] for the diagnosis of PE, which has undergone
preliminary evaluation in several clinical studies:
(1) Clinical study 1 [17] evaluated our system with
43 patients suspected of PE. The mean overall
sensitivity for our system alone was 83% at a
specificity of 80%. All CTPA studies were also read
by 3 radiologists (R1, R2, R3), and their sensitivities
were 87%, 82%, and 77%, respectively. With the aid
of our system, reader sensitivities increased to 98%,
93%, and 92%, respectively (P b .0001), indicating
that the detection performance of radiologists can be
improved through the use of our CAD system.
(2) Clinical study 2 [18] tested our system with 40 patients,
each read by 6 general radiologists and simultaneously
and automatically processed by our CAD system. The
readers detected 157 (74%) of 212 emboli, with a
sensitivity of 97% (63/65) for central and 70% (103/147)
for peripheral emboli with 9 false-positive findings. Our
PE CAD algorithm detected 168 (79%) of 212 emboli,
reaching a sensitivity of 74% (48/65) for central and
82% (120/147) for peripheral emboli. A total of 154
CAD PE candidates were considered false positives,
yielding an average of 3.85 false positives per case. This
was an earlier version of our system that was tuned to
detect peripheral emboli. These results indicate that our
system offers benefits for CTPA interpretation when
used as a second reader, especially for peripheral emboli.
(3) Clinical study 3 [19] examined the influence of our PE
CAD system on interpretations performed by radiology residents in 25 patients with a total of 107
confirmed emboli as the reference standard. Four
radiology residents first independently analyzed all
CTPA studies and then reanalyzed all studies with the
aid of our system. PE-level (on a per-embolus basis)
and patient-level1 (on a per-patient basis) analyses
were performed. At the PE level, the improvement in
radiology resident sensitivity was from 46.7% to
52.3% (reader 1), from 57.9% to 59.8% (reader 2),
from 55.1% to 60.7% (reader 3), and from 54.2% to
62.6% (reader 4). The mean PE-level sensitivity
increased from 53.5% to 58.9 (P b .028). The mean
false-positive rate of CAD was 2.4 per case with
respect to the reference standard. At the patient level,
the improvement was from 70.8% to 83.3% (reader 1),
from 79.2% to 87.5% (reader 2), and from 91.7% to
100% (reader 4), whereas reader 3 maintained 100%
performance without and with CAD. Our CAD system
enabled correct PE diagnosis for an additional 4
patients overall.
1
Existing CAD algorithms [12-16,20-22] are designed for PE-level
detection (localizing individual emboli). This study simply used the
capability offered by our system in PE-level detection [14-16] to assist the
residents in achieving their patient-level diagnoses (excluding non–PE
patients and dispatching PE patients to treatment).
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(4) Clinical study 4 [23]2 used the PE detection capability
of our CAD system to prospectively investigate its
potential value in PE severity assessment through the
characterization of embolic burden. This study used
58 patients with PE whose CTPA studies were
analyzed by 4 observers to assess the embolic burden
using the Mastora index [25] and by our CAD system.
Interobserver agreement for PE severity was enhanced
by consensus with CAD data, and the perceptual
scoring errors were significantly decreased after CAD
consensus (P ≤ .005). Misclassifications of PE risk
groups occurred in 27.6%, 24.1%, 5.2%, and 5.2% of
patients for readers 1 to 4, respectively, and were
corrected by CAD consensus in 56.3%, 36%, 33.3%,
and 33.3% of misclassified patients, respectively (P b
.05). These results indicate that CAD provides an
incremental improvement in the accuracy of embolic
load assessment compared with the radiologist's
interpretation and that it may therefore be a valuable
adjunct for risk stratification for patients with PE.
Our CAD system is not designed to replace radiologists
but rather to enhance and extend the radiologist's capabilities through a synergy between the computer and the
radiologist [26]. The 4 clinical studies collectively demonstrate that this CAD system offers capabilities that
complement those of radiologists, leading to overall
increased sensitivity and reduced variability associated
with the CTPA diagnosis of PE, as well as enhanced
consistency in the Mastora index for risk stratification in
patients with PE. We expect that the improved diagnostic
capability will result in fewer complications related to PE
overdiagnosis as well as a reduction in complications
resulting from PE underdiagnosis, and that the enhanced
capability in risk stratification will ultimately lead to the
improved management of patients afflicted with lifethreatening PE, one of the most difficult diagnostic
conditions and a major health problem in the United States
according to the Surgeon General [27].
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Note that the segmental vessel-based sensitivity, which is used in
Engelke et al [23,24], is not a suitable measure for evaluating CAD
performance. An embolus may extend into multiple vessel segments, but
there is no need to detect the same embolus multiple times. By design, our
CAD algorithm aims to provide a single CAD finding per embolus [14-16].
The embolus-based sensitivity reported by the same investigators in a
recent study [23] is more meaningful both clinically and algorithmically.
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