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Abstract
Objectives

To evaluate the interobserver agreement (IOA) between the initial radiology resident and

the final staff radiologist reports of combined computed tomographic pulmonary angiograms

(CTPA) and computed tomographic venograms (CTV) performed during on-call hours.

Materials and Methods

Approval by the institutional review board was obtained. Six-hundred and ninety-six conse-

cutive studies (CTPA or CTPA with CTV) performed during on-call hours and interpreted by

30 residents were identified. Radiology residents’ reports were compared to the final staff

reports. Three tests outcomes were considered (positive, P; negative, N; indeterminate, I).

Discordant cases were reviews by a chest radiologist.

Results

CTPAs were reported by staff radiologists as positive for pulmonary embolism (PE) in 18%

(126/694), with a kappa of 0.81 (95% CI 0.77-0.86) with 3 outcomes (P, N, I), and a kappa of

0.89 (95% CI 0.85-0.94) with 2 outcomes (P, N). Regarding PE location, good concordance

was observed for positive studies, with a kappa of 0.86 (95% CI 0.78 – 0.95). CTVs were re-

ported as positive by staff radiologists in 8.5% (33/388), with a kappa of 0.66 (95% CI 0.55-

0.77) with 3 outcomes (P, N, I), and a kappa of 0.89 (95% CI 0.8-1.0) with 2 outcomes (P,

N). The IOA between residents and staff radiologists increased with increasing residency

year level for CTPAs, but did not for CTVs.

Conclusions

Very good and good IOA were observed between resident and staff radiologist interpreta-

tions for CTPA and CTV, respectively, with tendency towards improved IOA as residency

level of training increased for CTPA, but not for CTV.
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Introduction
Acute pulmonary embolism (PE) has long been recognized as a life-threatening emergency,
and although the statistics vary widely depending on the clinical setting [1], associated mortali-
ty rates have been estimated at 100 000 deaths per year in the United States, including 15% of
in-hospital deaths [2]. Consequently, the ability to obtain rapid and accurate diagnosis of PE
becomes critical for clinical management, namely, early initiation of anticoagulant therapy.

Current clinical practice algorithms advocate use of computed tomographic pulmonary an-
giogram (CTPA) to reliably diagnose or exclude PE [1]. Most commonly, PE results from deep
venous thrombosis (DVT). Therefore, in addition to the diagnosis of PE, the evaluation of the
lower limbs in order to detect the presence of DVT is important for appropriate patient man-
agement. Although DVT can be diagnosed or excluded via sonographic evaluation of the lower
limbs with Doppler technique, the use of combined CTPA and computed tomographic veno-
gram (CTV) for one-time imaging allows diagnosing both PE and DVT [3]. PIOPED II study,
combining CTPA and CTV showed increased sensitivity for PE from 83 to 90% and similar
specificity (95%) [4, 5].

In situations where prompt diagnosis of PE is required, imaging studies are often performed
during on-call hours, when radiology residents are the initial interpreters. Several studies have
examined the agreement of resident reporting of on-call CTPA with morning staff radiologist
reports, however these have either excluded CTV from their assessment or involved small
numbers of patients, and none made use of interpretations by chest radiologist blinded to the
preliminary and final reports as an additional reference [2, 3, 6–8].

We conducted a large retrospective study in order to (a) assess the interobserver agreement
(IOA) between initial on-call resident reports and final staff radiologist reports of combined
CTPA and CTV performed for diagnosis of thromboembolic disease during on-call hours, par-
ticularly according to residency level and (b) to evaluate IOA between staff and residents re-
garding PE location in cases of positive PE studies.

Materials and Methods
This retrospective study was approved by “The Research Institute of the McGill University
Health Centre”, which waived the need for informed consent.

Patient Selection and Review of Radiology Reports
Patient population selection was performed by identifying through the picture archiving and
communication system (IntelePACS, version 3.7.1; Intelerad Medical Systems, QC, Canada) all
consecutive CTPA studies performed alone or together with CTV study during on call hours
(during the week fromMonday through Friday, residents give preliminary interpretations be-
tween the hours of 5 pm and 8 am, and on the weekends all day long) at a tertiary care hospital
from January 1, 2008 to August 31, 2009. A total of 696 CTPA were identified, including 393
studies combining CTPA and CTV.

All 696 CTPA studies had a resident interpretation and 694 had a staff interpretation. Among
the 393 CTV studies, 388 had a staff interpretation and 367 a resident interpretation with a total
of 342 CTV interpreted by both a staff radiologist and a resident. Thus, the study population
consisted of 694 CTPA and 342 CTV studies read by both residents and staff radiologists.

Scan Technique and Interpretation
All studies were performed on GE Lightspeed 16-detector or 64-detector CT scanners (Light-
Speed Pro, LightSpeed VCT, LightSpeed Discovery CT750 HD; GE Healthcare, Milwaukee, WI,
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USA). When CTPA was performed without CTV, patients received a bolus varying between 50–
80 mL of non-ionic contrast (Iohexol [Omnipaque 300 mg/mL]; GE Healthcare Canada, Missis-
sauga, ON, Canada) followed by a 35 mL saline flush through the antecubital veins at an average
rate of 4.5 mL/s. The exact volume of contrast medium used was calculated by summing the time
to peak and the scan time and multiplying the resulting time by the injection rate. When the
studies were performed as combined PCTA and CTV, a bolus of 100 mL of non-ionic contrast
(Iohexol [Omnipaque 300 mg/mL], followed by a 35 mL saline flush, were administered.

The scan delay was predetermined by a test bolus (20 mL) using the pulmonary trunk as the
region of interest. CTPA scans were obtained using 1.25 mm collimation at 0.9 mm intervals,
in a caudocranial direction from the diaphragm to the lung apices, during suspended full inspi-
ration. Sagittal and coronal MIPs at 10x7 mm were automatically obtained in soft tissue (WW
400WL 40) and lung (WW 1600 WL—600) windows. CTV was performed 180 seconds after
administration of the IV contrast, from diaphragm to mid-calf in a craniocaudal direction,
with the following scan parameters: 120 kVp; 180 mAs; detector width, 2.5 mm; rotation time,
1 second; table speed, 27.5 mm per rotation. Images were reconstructed at 5-mm section thick-
ness without intersection gap.

According to our protocol, CTPA studies only were performed for patients under the age of
50 years. CTPA with a CTV were routinely performed for patients 50 years or older.

Readers
A total of 30 different residents interpreted the studies: 7 residents in their second year of train-
ing (Postgraduate year PGY 2), 9 in their third year (PGY 3), 10 in their fourth year (PGY 4)
and 4 in their fifth year (PGY 5). A total of 13 attending fellowship-trained staff radiologists, 5
from the thoracic section and 8 from the body imaging section, were involved in the study.

A fellowship-trained thoracic radiologist with 2 years’ experience as staff, who was blinded
to the results, independently verified all discrepant CTPA and CTV studies, reported positive
by the resident and negative by staff, and all discrepant CTPA and CTV studies reported nega-
tive by the resident and positive by staff. Indeterminate cases and the characteristics of the PE
or DVT were not reviewed. He evaluated possible causative factors of the discrepancies, includ-
ing patients factors (breathing and cardiac pulsations), technical factors (motion artifacts), and
secondary pathologies (mass, consolidation, atelectasis and pleural effusion in the region of
suspected PE). His impressions were recorded and analyzed for agreement with the initial resi-
dent and staff interpretations.

Interpretation of Studies
For both CTPA and CTV the presence of a partial or complete endoluminal filling defects in
the pulmonary arteries and deep venous structures of the abdomen, pelvis and legs, were con-
sidered diagnostic of pulmonary embolism or deep venous thrombosis, respectively [9, 10].

Review of Radiology Reports
Interpretations of CTPA and CTV were classified as “positive”, “negative” or “indeterminate”,
based on the preliminary residents’ reports and final radiologist staff reports in concurrent
cases. The location of PE was recorded.

Statistical Analysis
Patient records and information were anonymized and de-identified prior to analysis. The pre-
liminary interpretation by the radiology resident on call was compared to the final report from
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the radiology staff the next day. In the first instance, three possible outcomes were considered:
positive, negative, and indeterminate, and in the second, indeterminate cases were excluded
from the residents’ reports section. In both instances, we evaluated inter-rater agreement via an
unweighted Kappa coefficient, with 95% confidence interval (CI) [11]. As recommended by
other researchers [12–14], along with kappa we also report observed proportions of agreement
by category (positive, negative, indeterminate) and test for marginal homogeneity between the
ratings from residents and staff radiologists with the Maxwell-Stuart Chi-square (χ2) test [15,
16]. This is done because the kappa coefficient alone is appropriate, if the marginal totals are
relatively balanced (marginal homogeneity), but if the prevalence of a given response is very
high or low, the value of kappa may paradoxically be low even when the observed proportion
of agreement is quite high. The same procedure was employed to investigate the agreement of
the results of the CTV examinations, used when the study was inconclusive. Additionally, a
sensitivity analysis was done by stratifying the results by the year of residency of the first asses-
sor. Kappa values were computed using SAS 9.2 (SAS Institute, Cary NC). The Maxwell-Stuart
tests were done using the R software [17]. Statistical tests of hypothesis were two-sided and per-
formed at the 0.05 level of significance.

Results
Of the 696 patients, 275 (39.5%) were male and 412 (60.5%) were female. The mean age of the
patients was 57.85 (standard deviation 0.7) years.

CTPA studies
Of the 696 CTPA evaluated by residents 128 (18.4%) were positive, 486 (70%) negative and 82
(12%) indeterminate. On the other hand, staff radiologists reported on 694 CTPA, of which
126 (18%) were positive, 493 (71%) negative and 75 (11%) indeterminate. Table 1 shows the
cross-classification of CTPA evaluation results for those patients with interpretations available
from both residents and staff radiologists. Among the 694 CTPA read by both residents and
staff radiologists, the overall agreement rate was 91.4% (634 of 694), whereas there were a total
of 60 discrepant interpretations between residents and staff radiologists, corresponding to a
discrepancy rate of 8.6%. The proportions of agreement on the positive, negative and indeter-
minate readings were 0.89, 0.95 and 0.75, respectively. The Maxwell-Stuart test showed evi-
dence of marginal homogeneity between the raters (χ2 (2 df) = 1.47, p = 0.48). A good
agreement between residents and staff radiologists was noted with a kappa of 0.81 (95% CI
0.77–0.86). When excluding indeterminate cases and considering only the 596 readings either
positive or negative, 21 (3.5%) discrepancies ("frank" discrepancy) were identified. The rate of
agreement was 96.5%. The proportions of positive and negative agreement were 91.4% and
97.8%, respectively. There was evidence of marginal homogeneity (χ2 (2 df) = 0.49, p = 0.51),
with a kappa of 0.89 (95% CI 0.85–0.94).

Table 1. Staff radiologists and residents interpretations of CT Pulmonary Angiograms regarding the pretsence of a pulmonary embolism.

Staff radiologist interpretations

Positive Negative Indeterminate

Resident interpretations Positive 112 12 3 127

Negative 9 463 13 485

Indeterminate 5 18 59 82

Total 126 493 75 694

doi:10.1371/journal.pone.0126116.t001
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Table 2 shows the cross-classification of locations (right, left or both sides) for the 112 PE
readings that were interpreted as positive by both residents and staff radiologists. The overall
agreement rate was 92.0%. The agreements for “right”, “left” and “bilateral” were 88.0%, 93.0%
and 92.0%, respectively. There was evidence of marginal homogeneity (χ2 (2 df) = 1.0, p = 0.61),
with a kappa of 0.86 (95% CI 0.78–0.95).

Out of 21 “frankly” discrepant CTPA interpretations, the thoracic radiologist blinded to the
reported results agreed with the staff interpretation in 13 out of 21 (62%) cases and with the
resident interpretation in 8 out of 21 (38%) cases. Seven out of 21 (33%) discrepant interpreta-
tions were associated with motion artifacts.

CTV studies
Residents reported on 367 CTV studies, of which 27 (7%) were positive, 299 (82%) negative
and 41 (11%) indeterminate. Staff radiologists reported on 388 CTV studies, of which 33 (8%)
were positive, 336 (87%) negative and 19 (5%) indeterminate. None of the patients who under-
went a CTV study showed any thrombus in the inferior vena cava.

Table 3 shows the results of the 342 CTV read by both residents and staff radiologists.
The overall agreement rate was 90% (308/342), whereas there were a total of 34 discrepant

interpretations between staff radiologists and residents, corresponding to a discrepancy rate of
10%. The kappa value was 0.66 (95% CI 0.55–0.77). We noted that observed rates of agreement
for positive, negative and indeterminate readings were 83.6%, 94.7% and 50.8%, respectively,
and that the Maxwell-Stuart test showed evidence of marginal heterogeneity (χ2 (2 df) = 15.21,
p< 0.001).

When excluding indeterminate cases and considering only readings interpreted as positive
or negative by both residents and staff radiologists, there were 298 cases with 5 (1.7%) “frank”
discrepancies. The overall rate of agreement was 98.3%, with rates of agreement for positive
and negative readings of 90.2% and 99.1%, respectively. There was evidence of marginal homo-
geneity (χ2 (1 df) = 0.2, p = 0.65), with a kappa of 0.89 (95% CI 0.80–0.99).

For the 5 discrepant CTV cases the thoracic radiologist blinded to the reported results
agreed with the staff interpretation in 3 cases and with the resident interpretation in 2 cases.

No patient showed a thrombus in the inferior vena cava.

Table 2. PE location according to Staff Radiologists and Residents interpretations.

Staff radiologist

Left Right Bilateral

Resident Left 11 0 1 12

Right 0 40 4 44

Bilateral 2 2 52 56

Total 13 42 57 112

doi:10.1371/journal.pone.0126116.t002

Table 3. Staff radiologists and residents interpretations of CTV regarding the presence of a deep venous thrombosis.

Staff radiologist interpretations

Positive Negative Indeterminate

Resident interpretations Positive 23 3 0 26

Negative 2 270 4 276

Indeterminate 4 21 15 40

Total 29 294 19 342

doi:10.1371/journal.pone.0126116.t003
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Residency level
Results are presented in Table 4. The rate of agreement between residents and staff radiologists
increased with increasing residency year level for CTPA interpretations, with a higher kappa
for PGY-4&5 residents (0.90; 95% CI 0.82–0.98) compared with PGY-2 residents (0.72; 95% CI
0.63–0.80). For CTV interpretations, the agreement between residents and staff radiologists
was less consistent, with a lower kappa for PGY-4&5 residents (0.64; 95% CI 0.38–0.90) com-
pared with PGY-3 residents (0.71; 95% CI 0.56–0.86).

Discussion
The rate of positive PE results of CTPA in our study was higher than that reported in the litera-
ture—18% compared to 10% as, for example, reported by Raja et al [18]. We hypothesize that
the higher rate of positive PE results observed might be due to inclusion of only on-call exami-
nations in our study, as these cases probably have a higher positive pre-test probability. This is
likely secondary to a perceived belief in limited imaging resources at our institution after regu-
lar office hours, which results in only the patients with a very high level of clinical suspicion of
PE to undergo a CTPA study during on call hours. The rate of indeterminate CTPA studies of
10.8% at our institution is similar to 10.8% rate reported by Courtney et al [19] and 6% re-
ported by the PIOPED II study [5].

The rates of CTV studies positive for DVT were 7.36% when interpreted by the resident and
8.51% when interpreted by the staff radiology in our study, compared to a lower positive rate
of 5.5% reported by the PIOPED II study [4, 20]. Again, we hypothesize that the higher positive
CTV rate in our study might be due to the fact that only on-call studies have been included and
therefore the selected patients had a higher pre-test probability for DVT. The rates of indeter-
minate CTV in our study were 11.17% when interpreted by the residents, and 4.9% when inter-
preted by the staff radiologists, compared with 20.4% reported in the literature [20]. The
significant difference in the rates of indeterminate CTV studies between residents and staff ra-
diologists is interesting. Indeed, the rate of indeterminate CTV studies interpreted by the resi-
dents (11.17%) at our institution is closer to what is quoted in the literature (20.4%) than the
rate of indeterminate CTV studies interpreted by the staff radiologists (4.9%). Our hypothesis
is that staff radiologists at our institution might more readily dismiss indeterminate cases as
negative due to the lack of long-term experience in the interpretation of CTV studies. Indeter-
minate interpretations have been associated with suboptimal contrast opacification of the deep
veins, since with an adequate technique of opacification, the difference in attenuation between
the clot and the blood should be obvious enough for a confident diagnosis [21, 22]. Arakawa

Table 4. Agreement between resident and staff radiologists according to the year of residency for PE and DVT diagnosis for the 3 outcomes (Posi-
tive, Negative, Indeterminate).

Kappa for CTPA by year of residency training

Year of residency Kappa 95% CI Numbers of CTPA interpretations

PGY-2 0.72 0.63–0.80 264

PGY-3 0.86 0.80–0.92 293

PGY-4&5 0.90 0.82–0.98 132

Kappa for CTV by year of residency training

Year of residency Kappa 95% CI Numbers of CTV interpretations

PGY-2 0.61 0.45–0.77 111

PGY-3 0.71 0.56–0.86 157

PGY-4&5 0.64 0.38–0.90 72

doi:10.1371/journal.pone.0126116.t004
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et al. have shown that the amount of contrast, body weight and scanning delay were the 3 fac-
tors associated with adequate contrast opacification of the deep veins [22]. However, we did
not investigate these parameters in our study. Finally, according to Cham, 17% and 6% of their
CTVs were of fair or poor quality, respectively [21]. Although, we did not evaluate the quality
of the CTVs in our study, we presume that the rate of indeterminate examinations is probably
closely linked to the rate of technically fair or poor examinations.

We examined the concordance between the initial interpretations given by the radiology
residents and the final interpretation made by the staff radiologist the next day, in patients sus-
pected of having pulmonary embolism. We hypothesized that interobserver reliability would
be higher for PE detection than for DVT detection, and that interobserver reliability will im-
prove for both PE and DVT detection with increasing experience of the resident on call.

There have been several previous studies addressing the degree of agreement between expe-
rienced radiologists and radiology residents’ interpretations of CTPA in an emergency context
[23–25]. Our study shows a good IOA between the on-call radiology residents’ and the staff ra-
diologists’ interpretation for PE with an overall agreement of 91.4% (kappa of 0.81). This is
concordant with study of Shaham et al. that found residents' preliminary interpretations of
CTPA performed on call reasonably accurate (kappa statistics 0.7 and 0.8), indicating that pre-
liminary interpretations by residents of PE studies are reasonably accurate [26]. Similarly, Gim-
berg et al. reported an overall agreement of 93% (kappa 0.8) between radiology fellows and
radiology faculty in interpretations of CTPA [27]. Yavas et al., although reporting a good, but
slightly lower correlation (kappa statistic of 0.7) between residents and experienced radiolo-
gists, suggests not basing the final long-term treatment only on the resident's reading [28]. Our
results are also valid regarding PE locations since, if the study was interpreted as positive, there
was good concordance with respect to the location of the pulmonary embolism between the
staff and the resident on call.

Discrepancy rate in our study, which relied on imaging performed on 64-slice CT and
16-slice CT scanners, was 8.6% for CTPA interpretations, which is slightly lower than the
11.6% rate recently reported by Joshi et al, based on imaging performed on 64 slice-CT scanner
[25]. Rufener noted less discordance using a 16-slice CT (6%) compared with a 4 slice-CT
(20%) [29]. Yavas noted that discrepant cases were mostly due to motion artifacts [28]. Court-
ney noted that discrepancies occur for distal or minimally occlusive clots [19], similarly to
Patel who identified a stepwise reduction in kappa values from segmental to subsegmental PE
interpretations [30]. According to our review of discrepant cases (21 cases), 1/3 were related to
respiratory motion artifacts, whereas 2/3 were not related to an identifiable cause. Although
not investigated in our study, other technical causes, such as poor contrast enhancement and
image noise could be also responsible for these discrepant cases [31].

With respect to residents’ experience, as the residency level increased, there was improved
interobserver agreement between the resident’s and the staff radiologist’s interpretation of
CTPA—senior residents showing better agreement with staff radiologists than junior residents
(0.90 versus 0.72). As indicated by Joshi et al, improvement in resident’s performance might be
related to a better anatomy understanding, assessment of quality of studies and improved inter-
pretation skills in subtle or complex cases [25]. In addition, on call work is important for radi-
ology residents in order to gain experience and confidence in image interpretation [32–34].
Recent implementation in our department of a double reading system for junior residents on
call, supervised by a more senior fellow could potentially balance the relative lack of experience
of junior residents (this system was not implemented during the time period of our study).

Regarding CTV interpretations, our study showed excellent IOA with a low discrepancy rate of
1.7% between the on-call radiology residents’ and the staff radiologists’ interpretations for DVT, if
indeterminate studies were excluded. With inclusion of indeterminate studies (11% indeterminate
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studies), IOA decreased to 0.66 and discrepancy rate increased to 10%. Staff radiologists interpret-
ing the CTV were body imaging and thoracic radiologists. These results are close to the 12% dis-
crepancy rate (k:0.59) reported by Garg between 2 experienced thoracic and body imaging
radiologists in the interpretation of CTV part of combined CTPA and CTV examinations, as was
done in our study [35]. In the same vein, the IOA between residents and staff, broken down by
year of training, does not reflect an improvement in agreement for the CTV results. This may re-
flect the added difficulty in CTV interpretation and raise the question of the proper imaging sub-
specialty assignment for CTV interpretation. Indeed, Branstetter has shown that subspecialist
interpretations in emergency departments were the more accurate, but that subspecialists interpret-
ing examinations outside their area of expertise had error rates similar to radiology residents [36].

Of 21 discrepant CTPA cases reviewed by the thoracic radiologist blinded to the preliminary
and final reports, in 62% of cases the thoracic radiologist agreed with the staff and in 38% of
cases the chest radiologist agreed with the resident. Of 5 discrepant CTV cases: in 3/5 (60%),
the thoracic radiologist agreed with the staff and in 2/5 (40%), the thoracic radiologist agreed
with the resident. Given the very low numbers of discrepant cases, the power is limited to gar-
ner additional statistically significant information.

In our studies that contained a CTV in addition to CTPA, we did not identify any single patient
with a thrombus in the inferior vena cava. Therefore the validity of scanning the entire abdomen
for a CTV at our institution should be re-evaluated. This is in keeping with Reichert el al. study
suggesting that the additional value of CTV of the pelvis performed after CTPA is negligible [37].

There were limitations to our study. One such limitation is that our data did not quantify
the technical quality of the CT examinations, as this certainly would affect study interpretation
and has been previously identified as a reason for discrepant cases between residents and at-
tending radiologists [25, 38]. Another limitation is that the analysis of the data did not include
separate assessments based on the subspecialty of the staff radiologists which could be useful,
since studies have shown than subspecialized radiologists interpreting emergency examinations
outside their area of expertise have similar error rates than radiology residents [36]. The dis-
crepancies of the reported locations of PE were not analyzed and although this would not have
altered the treatment of pulmonary embolism, as the patient would have been treated regard-
less, it would help to define any discrepancies in knowledge of pulmonary anatomy [25]. We
did not report deep venous thrombosis (DVT) locations and did not analyze their potential
role in false negative or positive CTV studies. Indeed, anatomic variants (e.g. veins duplica-
tions) or specific locations (e.g. gluteal veins) are known causes of false negative CTV studies
[39]. We did not review the isolated cases of positive CTV (without associated positive CTPA)
and did not analyze the influence of a positive result of a CTPA on the interpretation of a CTV
(and vice versa) [40]. We did not compare the IOA between 64-slice and 16-slice CT scanners.
Indeed the difficulties in the interpretation of the CTVmight be due to technical limitations of
the 16-slice CTs. We did not analyze the possibility of a CTV result being influenced by the
result of the corresponding CTPA study. Finally, we did not cross-reference the results of
our CTVs with Doppler Ultrasound results performed for some index patients after CTPA with
CTV studies, in order to verify false-positive and false-negative rates of DVT diagnosed on
CTV. However, according to the PIOPED II study Doppler US and CTV are considered equiva-
lent for the diagnosis of deep vein thrombosis and other factors such as radiation dose, cost and
urgency of the need for a result are factors of consideration for which modality to use [4].

Conclusion
Our study shows very good and good interobserver agreement between the on-call radiology
residents’ interpretation and that of the staff radiologists for both PE and DVT, respectively. In
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addition, as the residency level increases, there is tendency towards improvement of the inter-
observer agreement between the resident and the staff for PE. However, the interobserver
agreement between residents and staff broken down by year of training does not reflect an im-
provement in agreement for the CTV results, which may reflect the added difficulty in CTV
interpretation.
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and 4.
(XLSX)

Author Contributions
Conceived and designed the experiments: BM JC BT. Performed the experiments: BT AS BM.
Analyzed the data: BT JC BM. Contributed reagents/materials/analysis tools: AS BT JC. Wrote
the paper: BM BT AS JC.

References
1. Calder KK, Herbert M, Henderson SO (2005) The mortality of untreated pulmonary embolism in emer-

gency department patients. Ann Emerg Med 45(3):302–310. PMID: 15726055

2. Konstantinides S. Acute Pulmonary Embolism. (2008) N Engl J Med, 359(26): 2804–13. doi: 10.1056/
NEJMcp0804570 PMID: 19109575

3. Thomas SM, Goodacre SW, Sampson FC, van Beek EJ (2008) Diagnostic value of CT for deep vein
thrombosis: results of a systematic review and meta-analysis. Clinical Radiology 63(3):299–304. doi:
10.1016/j.crad.2007.09.010 PMID: 18275870

4. Goodman LR, Stein PD, Matta F, Sostman HD, Wakefield TW, Woodard PK et al. (2007) CT venogra-
phy and compression sonography are diagnostically equivalent: data from PIOPED II. AJR Am J Roent-
genol 189(5): 1071–1076. PMID: 17954642

5. Stein PD, Fowler SE, Goodman LR, Gottschalk A, Hales CA, Hull RD et al. (2006) Multidetector com-
puted tomography for acute pulmonary embolism. N Engl J Med 354(22): 2317–2327. PMID:
16738268

6. Johnson JC, BrownMD, McCullough N, Smith S (2006) CT lower extremity venography in suspected
pulmonary embolism in the ED. Emerg Radiol 12(4): 160–163. PMID: 16528492

7. Garcia-Bolado A, Del Cura JL (2007) CT venography vs ultrasound in the diagnosis of thromboembolic
disease in patients with clinical suspicion of pulmonary embolism. Emerg Radiol 14(6):403–409.
PMID: 17653779

8. Tapson VF (2008) Acute Pulmonary Embolism. N Engl J Med 358(10):1037–1052. doi: 10.1056/
NEJMra072753 PMID: 18322285

9. Loud PA, Katz DS, Bruce DA, Klippenstein DL, Grossman ZD (2001) Deep venous thrombosis with
suspected pulmonary embolism: detection with combined CT venography and pulmonary angiography.
Radiology 219(2):498–502. PMID: 11323478

10. Qanadli SD, HajjamME, Mesurolle B, Barré O, Bruckert F, Joseph T et al. (2000) Pulmonary embolism
detection: prospective evaluation of dual-section helical CT versus selective pulmonary arteriography
in 157 patients. Radiology 217(2):447–455. PMID: 11058644

11. Cohen J (1960) A coefficient of agreement for nominal scales. Educational and Psychological Measure-
ment 20(1):37–46.

12. Cicchetti DV, Feinstein AR. (1990) High agreement but low kappa: II. Resolving the paradoxes. Journal
of Clinical Epidemiology 43(6):551–558. PMID: 2189948

13. Lantz CA, Nebenzahl E (1996) Behavior and interpretation of the kappa statistic: resolution of the two
paradoxes. Journal of Clinical Epidemiology 49(4):431–434. PMID: 8621993

14. Viera AJ, Garrett JM (2005) Understanding interobserver agreement: the kappa statistic. Family Medi-
cine 37(5):360–363. PMID: 15883903

15. Stuart A (1955) A test for homogeneity of the marginal distributions in a two-way classification. Biome-
trika 42(3/4):412–416.

Pulmonary Embolism: Interobserver Agreement of CT Interpretations

PLOS ONE | DOI:10.1371/journal.pone.0126116 May 4, 2015 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126116.s001
http://www.ncbi.nlm.nih.gov/pubmed/15726055
http://dx.doi.org/10.1056/NEJMcp0804570
http://dx.doi.org/10.1056/NEJMcp0804570
http://www.ncbi.nlm.nih.gov/pubmed/19109575
http://dx.doi.org/10.1016/j.crad.2007.09.010
http://www.ncbi.nlm.nih.gov/pubmed/18275870
http://www.ncbi.nlm.nih.gov/pubmed/17954642
http://www.ncbi.nlm.nih.gov/pubmed/16738268
http://www.ncbi.nlm.nih.gov/pubmed/16528492
http://www.ncbi.nlm.nih.gov/pubmed/17653779
http://dx.doi.org/10.1056/NEJMra072753
http://dx.doi.org/10.1056/NEJMra072753
http://www.ncbi.nlm.nih.gov/pubmed/18322285
http://www.ncbi.nlm.nih.gov/pubmed/11323478
http://www.ncbi.nlm.nih.gov/pubmed/11058644
http://www.ncbi.nlm.nih.gov/pubmed/2189948
http://www.ncbi.nlm.nih.gov/pubmed/8621993
http://www.ncbi.nlm.nih.gov/pubmed/15883903


16. Agresti Alan (2002) Inference for Contingency Tables. In Categorical Data Analysis, 2nd edition, Ho-
boken, New Jersey: JohnWiley & Sons; 70–114.

17. R Core Team (2014). R: A language and environment for statistical computing. R Foundation for Statis-
tical Computing, Vienna, Austria. Available: http://www.R-project.org/. Accessed February 15, 2014.

18. Raja AS, Ip IK, Prevedello LM, Sodickson AD, Farkas C, Zane RD et al. (2012) Effect of computerized
clinical decision support on the use and yield of CT pulmonary angiography in the emergency depart-
ment. Radiology 262(2):468–474. doi: 10.1148/radiol.11110951 PMID: 22187633

19. Courtney DM, Miller C, Smithline H, Klekowski N, Hogg M, Kline JA (2010) Prospective multicenter as-
sessment of interobserver agreement for radiologist interpretation of multidetector computerized tomo-
graphic angiography for pulmonary embolism. J Thromb Haemost 8(3):533–539. doi: 10.1111/j.1538-
7836.2009.03724.x PMID: 20015156

20. Stein PD, Matta F, Yaekoub AY, Kazerooni EA, Cahill JE, Goodman LR et al. (2010) CT venous phase
venography with 64-detector CT angiography in the diagnosis of acute pulmonary embolism. Clin Appl
Thromb Hemost. 16(4):422–429. doi: 10.1177/1076029609335502 PMID: 19520677

21. ChamMD, Yankelevitz DF, ShahamD, Shah AA, Sherman L, Lewis A et al. (2000) Deep venous
thrombosis: detection by using indirect CT venography. The Pulmonary Angiography-Indirect CT Ve-
nography Cooperative Group. Radiology 216(3):744–751. PMID: 10966705

22. Arakawa H, Kohno T, Hiki T, Kaji Y (2007) CT pulmonary angiography and CT venography: factors as-
sociated with vessel enhancement. AJR Am J Roentgenol 189(1):156–161. PMID: 17579166

23. Wysoki MG, Nassar CJ, Koenigsberg RA, Novelline RA, Faro SH, Faerber EN (1998) Head trauma: CT
scan interpretation by radiology residents versus staff radiologists. Radiology 208(1):125–128. PMID:
9646802

24. Erly WK, Berger WG, Krupinski E, Seeger JF, Guisto JA (2002) Radiology resident evaluation of head
CT scan orders in the emergency department. AJNR Am J Neuroradiol 23(1):103–107. PMID:
11827881

25. Joshi R, Wu K, Kaicker J, Choudur H (2013) Reliability of on-call radiology residents' interpretation
of 64-slice CT pulmonary angiography for the detection of pulmonary embolism. Acta Radiol 55-
(6):682–690. doi: 10.1177/0284185113506135 PMID: 24092761

26. ShahamD, Heffez R, Bogot NR, Libson E, Brezis M (2006) CT pulmonary angiography for the detection
of pulmonary embolism: interobserver agreement between on-call radiology residents and specialists
(CTPA interobserver agreement). Clinical Imaging 30(4):266–270. PMID: 16814143

27. Ginsberg MS, King V, Panicek DM (2004). Comparison of interpretations of CT angiograms in the eval-
uation of suspected pulmonary embolism by on-call radiology fellows and subsequently by radiology
faculty. AJR Am J Roentgenol.; 182(1):61–66. PMID: 14684513

28. Yavas US, Calisir C, Ozkan IR (2008) The Interobserver Agreement between Residents and Experi-
enced Radiologists for Detecting Pulmonary Embolism and DVT with Using CT Pulmonary Angiogra-
phy and Indirect CT Venography. Korean J Radiol 9(6):498–502. doi: 10.3348/kjr.2008.9.6.498 PMID:
19039265

29. Rufener SL, Patel S, Kazerooni EA, Schipper M, Kelly AM (2008) Comparison of On-Call Radiology
Resident and Faculty Interpretation of 4- and 16-row Multidetector CT Pulmonary Angiography with In-
direct CT Venography. Acad Radiol 15(1):71–76. PMID: 18078909

30. Patel S, Kazerooni EA, Cascade PN (2003) Pulmonary embolism: optimization of small pulmonary ar-
tery visualization at multi-detector row CT. Radiology 227(2):455–460. PMID: 12732699

31. WittramC, Maher MM, Yoo AJ, Kalra MK, Shepard JA, McLoud TC (2004) CT angiography of pulmonary
embolism: diagnostic criteria and causes of misdiagnosis. Radiographics. 2004; 24(5):1219–1238.
PMID: 15371604

32. Filippi CG, Schneider B, Burbank HN, Alsofrom GF, Linnell G, Ratkovits B (2008) Discrepancy rates
of radiology resident interpretations of on-call neuroradiology MR imaging studies. Radiology 249-
(3):972–979. doi: 10.1148/radiol.2493071543 PMID: 19011191

33. Seltzer SE, Hessel SJ, Herman PG, Swenson RG, Sheriff CR (1981) Resident film interpretation and
staff review. AJR Am J Roentgenol 137(1):129–133. PMID: 6787863

34. Strub WM, Leach JL, Ying J, Vagal A (2007) First year radiology residents not taking call: will there be a
difference? Emerg Radiol 13(5):231–235. PMID: 17252247

35. Garg K, Kemp JL, Russ PD, Barón AE (2001) Thromboembolic disease: variability of interobserver
agreement in the interpretation of CT venography with CT pulmonary angiography. AJR Am J Roent-
genol 176(4):1043–1047. PMID: 11264107

36. Branstetter BF 4th, Morgan MB, Nesbit CE, Phillips JA, Lionetti DM, Chang PJ et al. (2007) Preliminary
reports in the emergency department: is a subspecialist radiologist more accurate than a radiology resi-
dent? Acad Radiol 14(2):201–206. PMID: 17236993

Pulmonary Embolism: Interobserver Agreement of CT Interpretations

PLOS ONE | DOI:10.1371/journal.pone.0126116 May 4, 2015 10 / 11

http://www.R-project.org/
http://dx.doi.org/10.1148/radiol.11110951
http://www.ncbi.nlm.nih.gov/pubmed/22187633
http://dx.doi.org/10.1111/j.1538-7836.2009.03724.x
http://dx.doi.org/10.1111/j.1538-7836.2009.03724.x
http://www.ncbi.nlm.nih.gov/pubmed/20015156
http://dx.doi.org/10.1177/1076029609335502
http://www.ncbi.nlm.nih.gov/pubmed/19520677
http://www.ncbi.nlm.nih.gov/pubmed/10966705
http://www.ncbi.nlm.nih.gov/pubmed/17579166
http://www.ncbi.nlm.nih.gov/pubmed/9646802
http://www.ncbi.nlm.nih.gov/pubmed/11827881
http://dx.doi.org/10.1177/0284185113506135
http://www.ncbi.nlm.nih.gov/pubmed/24092761
http://www.ncbi.nlm.nih.gov/pubmed/16814143
http://www.ncbi.nlm.nih.gov/pubmed/14684513
http://dx.doi.org/10.3348/kjr.2008.9.6.498
http://www.ncbi.nlm.nih.gov/pubmed/19039265
http://www.ncbi.nlm.nih.gov/pubmed/18078909
http://www.ncbi.nlm.nih.gov/pubmed/12732699
http://www.ncbi.nlm.nih.gov/pubmed/15371604
http://dx.doi.org/10.1148/radiol.2493071543
http://www.ncbi.nlm.nih.gov/pubmed/19011191
http://www.ncbi.nlm.nih.gov/pubmed/6787863
http://www.ncbi.nlm.nih.gov/pubmed/17252247
http://www.ncbi.nlm.nih.gov/pubmed/11264107
http://www.ncbi.nlm.nih.gov/pubmed/17236993


37. Reichert M, Henzler T, Krissak R, Apfaltrer P, Huck K, Buesing K et al. (2011) Venous thromboembo-
lism: additional diagnostic value and radiation dose of pelvic CT venography in patients with suspected
pulmonary embolism. Eur J Radiol. 80(1):50–53. doi: 10.1016/j.ejrad.2010.12.101 PMID: 21497470

38. Remy-Jardin M, Remy J, Artaud D, Deschildre F, Fribourg M, Beregi JP (1997) Spiral CT of pulmonary
embolism: technical considerations and interpretive pitfalls. J Thorac Imaging 12(2):103–117. PMID:
9179824

39. Ghaye B, Szapiro D,Willems V, Dondelinger RF (2002) Pitfalls in CT venography of the lower limbs and
abdominal veins. Am J Roentgenol 178(6):1465–1471. PMID: 12034620

40. Slater S, Oswal D, Bhartia B (2012). A retrospective study of the value of indirect CT venography: a Brit-
ish perspective. Br J Radiol. 85(1015):917–920. doi: 10.1259/bjr/28355108 PMID: 21896661

Pulmonary Embolism: Interobserver Agreement of CT Interpretations

PLOS ONE | DOI:10.1371/journal.pone.0126116 May 4, 2015 11 / 11

http://dx.doi.org/10.1016/j.ejrad.2010.12.101
http://www.ncbi.nlm.nih.gov/pubmed/21497470
http://www.ncbi.nlm.nih.gov/pubmed/9179824
http://www.ncbi.nlm.nih.gov/pubmed/12034620
http://dx.doi.org/10.1259/bjr/28355108
http://www.ncbi.nlm.nih.gov/pubmed/21896661

