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Purpose: We retrospectively estimated the frequency and clinical significance of
pulmonary embolism (PE) that would have been missed on chest CT scans if the
American College of Radiology (ACR) appropriateness criteria were applied and con-
trast enhanced CT scans were not performed.

Materials and Methods: From 2007 to 2014, a total of 696 patients with acute PE
were reviewed. The ACR appropriateness criteria relevant to performing a chest CT
scan were reorganized into 37 clinical topics (reasons for performing CT). Further-
more, based on the strength of recommendation for CT contrast usage, topics were
divided into Group A (appropriate), Group B (not appropriate), Group C (may be ap-
propriate), and Group D (no CT). The patients were assigned into groups and com-
pared for the clinical characteristics and prognostic CT findings.

Results: Four hundred ninety-one patients were assigned into Group A (70.5%), 104
patients were assigned into Group B (14.9%), 101 patients were assigned into Group
C (14.5%), and none of the patients were assigned into Group D. Patients in Group
C (69.3 + 14.6 years) were significantly older (p < 0.001) than those in the other
groups. The most common reason for performing CT in Group B was screening of
pulmonary metastasis (72%).

Conclusion: Under circumstances of many pulmonary emboli without clinical sus-
picion, PE could be overlooked under the application of contrast usage criteria, es-
pecially in patients in old age and with underlying malignancy. Such a recommen-
dation can be useful to determine the usage of CT contrast in patients with a
complex medical background.
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INTRODUCTION

Acute pulmonary embolism (PE) is found in many clinical
settings, and sometimes it can be fatal, with the mortality rate
reaching up to 30% if left untreated (1-4). Therefore, timely de-
tection of PE is crucial to successful management.

PE is diagnosed clinically based on the modified Well’s crite-

Copyrights © 2016 The Korean Society of Radiology

ria. The revised version of the American College of Radiology
(ACR) appropriateness criteria (2013) recommends that the
Well’s criteria should be used to calculate the clinical probability
of unsuspected PE; however, some of the clinical criteria such
as “alternative diagnosis less likely than PE” are considered to
be highly subjective and dependent on the physicians’ level of

experience (5).
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At the same time, previously under-recognized cases of un-
suspected PE have only recently started to receive much academ-
ic attention. In a meta-analysis by Dentali et al,, (6) the overall
prevalence of unsuspected PE was 1.2% in outpatients and 4.0%
in inpatients (6). The negative consequence of unsuspected PE
in these patients is as severe as that in symptomatic PE patients
(7). Currently, several studies are being conducted to identify the
clinical characteristics, outcome, radiologic finding, and proper
management of this particular subgroup of patients with PE,
which is easily missed in various clinical settings, such as un-
derlying malignancy and hospitalization (5-8).

A fatal clinical outcome can be avoided in patients with unsus-
pected PE when the presence of embolism is incidentally de-
tected through radiologic evaluation while evaluating other le-
sions using the ACR appropriateness criteria.

When the decision to use the contrast is based on the current
ACR appropriateness criteria, a certain proportion of unsuspect-
ed PE cases may be further underdiagnosed and “overlooked”.
The goal of this study is to retrospectively estimate the frequency
and clinical characteristics of such overlooked PE, and further-
more, to provide evidence-based recommendations for identi-

fying such overlooked PE cases.

MATERIALS AND METHODS

Patient Selection

The Institutional Review Boards approved this study, and they
did not require patient informed consent for retrospective study
of case records and CT studies. Through retrospective chart re-
view of patients who were admitted to Seoul St. Mary’s Hospital
and St. Paul Hospital from January 2007 to July 2014, a total of
939 patients with a final diagnosis of PE were enrolled. These pa-
tients included not only the clinically diagnosed PE cases based
on the modified Wells criteria and backed up by evidence on
chest CT scan, but also unsuspected PE cases that were diag-
nosed incidentally through a chest CT scan. Patients who did not
undergo a chest CT scan, had no emboli on the CT scan, were
diagnosed through other imaging modalities such as abdomen
CT or cardiac CT, or had a history of chronic PE were excluded.
A total of 696 patients were available for further clinical data and
image analysis. In patients with multiple episodes of acute PE, the

clinical records and images obtained during the initial hospital-
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ization were assessed.

CT Acquisition

CT scanners used during this study period were 16 and 128
multidetector CT systems (Light Speed 16 and Optima 660,
GE, Waukesha, WI, USA) at St. Paul Hospital and 16, 64, and
128 multidetector CT systems (Somatom Sensation 16 and 64,
Somatom Definition AS, Siemens, Erlangen, Germany) at Seoul
St. Mary Hospital. The protocol required contrast material in-
jections at a rate of at least 2-4 mL/sec, at least 100 mL of iodin-
ated contrast material, a section thickness of 5.0 mm or less, 120—
140 mA, auto mAs (100-330) depending on the type of scanner,
and the use of either bolus timing or bolus tracking software for
optimal opacification of pulmonary arteries on pulmonary angi-
ography CT and for ascending aorta on chest CT with contrast.

CT Interpretation

CT scans were retrospectively reviewed by two experienced ra-
diologists working in consensus. The CT prognostic factors-the
presence of ventricular septal bowing, the right ventricle (RV)/
left ventricle (LV) diameter ratio, and embolic burden score—
were evaluated. Ventricular septal bowing was determined if any
image showed ventricular septal bowing leftward toward the LV.
The diameters of the ventricular cavities were measured on a sin-
gle axial image obtained at the plane of maximal visualization of
the ventricular cavities, and this was usually done at the plane of
the mitral valve. The embolic burden was graded by using the
previously reported embolic burden scoring system (9-11). The
score was rated as the number of segmental pulmonary arteries
involved, and it was multiplied by two when the thrombus in a

vessel was occlusive.

Clinical Data Analysis

Charts were reviewed for demographic data (i.e., age, gender),
medical history, and reason for performing chest CT. Laboratory
results such as D-dimer level, hemoglobin (Hb) level, and hema-
tocrit (Hct) level, and performance and consciousness status on a
scale of 1 to 4 were also obtained. The higher the value, the worse
the status of the patient.

In the relevant subgroup of patients, intensive care unit (ICU)
admission record, duration of ICU care, death within 3 months

of PE diagnosis, and the exact cause of death were recorded.
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Simplified ACR Appropriateness Criteria
A total of 37 topics, which are the clinical reasons for perform-
ing a chest CT scan, were compiled from the ACR appropriate-

ness criteria. The ACR appropriateness criteria include a rating
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scale from 1 to 9, indicating the level of recommendation for a
particular radiological modality from the weakest to strongest.
The scale is further divided into 3 sub-groups: the usually not

appropriate group (1-3), the may be appropriate group (4-6), and

Table 1. The Simplified ACR Appropriateness Criteria Regarding Performing Chest CT

Criteria Clinical Condition Topic Group
1 Acute chest pain A
2 Acute respiratory illness in immunocompetent > 40 years old C
3 Acute respiratory illness in immunocompetent, dementia, any age C
4 Acute respiratory illness in immunocompetent < 40 years old, negative PEx, Sx, sign D
5 Acute respiratory illness in immunocompetent < 40 years old and positive PEx C
6  Complicated pneumonia B
7 Suspected SARS, chest normal B
8  Suspected anthrax, chest normal B
9  Suspected HIN1 B

10 Acute asthma, uncomplicated D
11 Acute asthma and suspected pneumonia or pneumothorax D
12 Acute exacerbation of COPD, "uncomplicated” (no history of coronary artery disease or congestive heart failure, no leukocytosis, D
fever, or chest pain)
13 Acute exacerbation of COPD, with one or more of the followings: leukocytosis, pain, history of CAD, or CHF C
14 Acute respiratory illness in immunocompromised patients: negative, equivocal, or nonspecific chest radiograph B
15 Acute respiratory illness in immunocompromised patients: positive chest radiograph, multiple, diffuse or confluent opacities B
16 Acute respiratory illness in immunocompromised patients: positive chest radiograph, noninfectious disease suspected B
17 Chronic dyspnea (duration > 1 month) B
18 Hemoptysis A
19 Persistent recurrent hemoptysis A
20 Massive hemoptysis without cardiopulmonary compromise A
21 Non-small-cell lung carcinoma, small-cell lung carcinoma A
22 Pulmonary hypertension A
23 Solid nodule > 1 cm, low clinical suspicion for cancer B
24 Solid nodule > 1 cm, moderate to high clinical suspicion for cancer B
25 Solid nodule < 1 cm, low clinical suspicion for cancer B
26 Solid nodule < 1 cm, moderate to high clinical suspicion for cancer B
27 Rib fracture, adult: minor blunt trauma, suspected stress fracture D
28  Rib fracture, adult: suspected pathologic fracture B
29 Rib fracture, adult: after CPR C
30  Screening for pulmonary metastases, primary malignancy: bone and soft-tissue sarcoma, melanoma, testicular cancer, head and B
neck cancer and others
31 Screening for pulmonary metastases, primary malignancy: renal cell carcinoma A
32 Bluntchest trauma A
33 Thoracic outlet syndrome A
34 Dyspnea-suspected cardiac origin C
35  Suspected pulmonary embolism-acute chest pain, dyspnea, tachycardia A
36 Suspected lower extremity DVT A
37 Suspected upper extremity DVT A

All the topics related to performing chest CT for carefully reviewed, and summarized into 37 topics. All the topics were then classified into 4 groups. There
are 12 topics in Group A, 14 topics in Group B, 6 topics in Group C, and 5 topics in Group D.

ACR = American College of Radiology, CAD = coronary artery disease, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, CPR =
cardiopulmonary resuscitation, DVT = deep vein thrombosis, PEx = physical exam, SARS = severe acute respiratory syndrome, Sx = symptom
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Table 2. Topics in the Group A-D

Group Criteria Number
A 1 Acute chest pain 14
(n=491) 18 Hemoptysis 7
19 Persistent recurrent hemoptysis 1
20 Massive hemoptysis without cardiopulmonary compromise 0
21 Lung carcinoma 52
22 Pulmonary hypertension 1
31 Screening for pulmonary metastases, primary malignancy: renal cell carcinoma 2
32 Blunt chest trauma 1
33 Thoracic outlet syndrome 0
35 Suspected pulmonary embolism 342
36 Suspected lower extremity DVT 69
37 Suspected upper extremity DVT 2
B 6 Complicated pneumonia 4
(n=104) 7 Suspected SARS. Chest plain normal 0
8 Suspected anthrax. Chest plain normal 0
9 Suspected H1N1. Chest plain normal 0
14 Acute respiratory illness in immunocompromised patients: negative, equivocal, or nonspecific chest radiograph 0
15 Acute respiratory illness in immunocompromised patients: positive chest radiograph, multiple, diffuse or confluent 7

opacities
16 Acute respiratory illness in immunocompromised patients: positive chest radiograph, noninfectious disease suspected
17 Chronic dyspnea (duration > 1 mo)
23 Solid nodule > 1 ¢m, low clinical suspicion for cancer
24 Solid nodule > 1 ¢cm, moderate to high clinical suspicion for cancer
25 Solid nodule < 1 ¢m, low clinical suspicion for cancer
26 Solid nodule < 1 ¢cm, moderate to high clinical suspicion for cancer

- O = & N N

28 Rib fx. Adult: suspected pathologic fracture
30 Screening for pulmonary metastases, primary malignancy: bone and soft-tissue sarcoma, melanoma, testicular cancer, 75
head and neck cancer and others
C 2 Acute respiratory illness in immunocompetent > 40 years old 90
(n=101) 3 Acute respiratory illness in immunocompetent, dementia, any age
5 Acute respiratory illness, < 40 years old and positive PEx

13 Acute exacerbation of COPD, with one or more of the followings: leukocytosis, pain, history of CAD, or CHF

29 Rib fx. Adult: after CPR

34 Dyspnea-suspected cardiac origin

D 4 Acute respiratory illness in immunocompetent < 40 years old, negative PE, Sx, sign
(n=0) 10 Acute asthma, uncomplicated
11 Acute asthma and suspected pneumonia or pneumothorax.
12 Acute exacerbation of COPD, “uncomplicated” (no history of coronary artery disease or congestive heart failure,
no leukocytosis, fever, or chest pain)

27 Rib fx. Adult: minor blunt trauma, suspected stress fracture 0
There are 12 topics of simplified ACR appropriateness criteria in the Group A with 491 patients. Among the topics, 69.6% of patients performed for suspect-
ed PE, and 149% were for the evaluation of suspected lower extremity DVT. 10.5% of patients in Group A had lung carcinoma, and performed chest CT for the
evaluation of lung cancer. Group B contained 14 topics with 104 patients, that strongly recommend to perform chest CT without contrast. 72.1% of patients
in Group B had extrathoracic malignancies and performed chest CT for the screening of pulmonary metastasis. About 14% of Group B patients were immu-
nocompromised patients with acute respiratory illness, and presented positive findings on plain chest radiograph. There were 6 topics and 101 patients in
Group C. 90 patients (86.5%) of Group C were immunocompetent and older than 40, and performed chest CT for acute respiratory illness. 5 topics in Group
D were respiratory illness not necessary to perform chest CT. There wasn't any patient our study group who performed chest CT for these topics.
ACR = American College of Radiology, CAD = coronary artery disease, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, CPR =
cardiopulmonary resuscitation, DVT = deep vein thrombosis, PE = pulmonary embolism, PEx = physical exam, SARS = severe acute respiratory syndrome,
Sx = symptom
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the usually appropriate group (7-9). Specifically with respect to
the usage of CT contrast, we systemically re-organized these 37
topics into 4 groups. First, topics with the strongest recommen-
dation were considered. Topics that received at least one 7-9 rat-
ing scale for either chest CT with contrast, chest CT with and
without contrast, CT angiography, or CT venography chest
with contrast were classified into Group A; in contrast, topics
with a 7-9 rating scale for chest CT without contrast were clas-
sified into Group B. Second, when CT was not recommended
at all, if the topics received a 1-3 rating scale for chest CT with
contrast, chest CT without contrast, and chest CT with and with-
out contrast, they were classified into Group D. The remaining
topics were classified into Group C, uncertainity of contrast us-
age (Tables 1, 2, Fig. 1).

The ACR recommendations for screening of pulmonary me-

37 topics related to
performing chest CT
from ACR appropriateness criteria

v

Maximal 7-9 rating scale at

chest CT with contrast (+)
or chest CT without and with contrast —»
or CTA

or CT venogragraphy chest with contrast

Y
Maximal 7-9 rating scale at (+)

chest CT without contrast 4’
s

Griup n 7237 1-3 rating scale at
chest CT without contrast (+)
B 14 and chest CT with contrast 4>
I 6 and chest without and with
D 5 contrast

It

Fig. 1. Schematic illustration of application of the simplified ACR ap-
propriateness criteria. All the ACR appropriateness criteria related to
performing chest CT were selected and summarized into 37 topics.
Based on the 1-9 rating scale of the ACR appropriateness criteria, all
37 topics were classified into 4 groups. If the topic had a 7-9 rating
scale for chest CT with contrast, or chest CT without and with contrast,
or CTA or CT venography chest with contrast, it fell into Group A.
Group B had topics with a maximal 7-9 rating scale for chest CT with-
out contrast and it was strongly recommended to perform chest CT
without contrast. Among the remaining topics, if a topic had a 1-3
rating scale for all three; chest CT without contrast, chest CT with con-
trast, and chest CT without/with contrast, it was classified into Group
D. The remaining topics, uncertainity of contrast usage for performing
chest CT, belonged to Group C.

ACR = American College of Radiology, CTA = CT angiography
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tastasis are currently under development. Only in case of prima-
ry renal cell carcinoma, the usage of chest CT with contrast is
strongly recommended (Group A). In contrast, for primary bone
and soft tissue sarcoma, melanoma, testicular cancer, and head
and neck cancer, the recommendation advises against the usage
of contrast (Group B). For suspected pulmonary metastasis
from all other malignancies, patients were classified into Group
B (Fig. 2).

Statistical Analysis

We performed statistical analysis using SPSS software (SPPS
Inc., Chicago, IL, USA). Continuous variables in each group,
such as age and duration of ICU admission, were compared us-
ing the one-way ANOVA, and presented as means and standard
deviations. Discrete variables, such as gender, ICU admission,
death within 3 months, embolic burden score, RV septal bowing,
performance score, and consciousness scores were analyzed with
the Kruskal-Wallis analysis. Pair-wise comparison was conducted
using the Post Hoc tests including Fisher's least significant differ-
ence (LSD) and multiple comparison correction and Mann Whit-

ney U test.

RESULTS

Assignment into the Simplified ACR Appropriateness
Criteria

Out of the 696 patients, 491 patients were assigned into Group
A (70.5%), 104 patients were assigned into Group B (14.9%),
101 patients were assigned in Group C (14.5%), and none of the
patients were assigned into Group D. Group A included topics
such as evaluation of suspected PE (70%), known primary lung
cancer (10%), and deep vein thrombosis (14%). The most fre-
quently found topic in Group B was screening of pulmonary
metastasis from primary malignancy such as bone and soft-tis-
sue sarcoma, melanoma, testicular cancer, head and neck can-
cers, and other cancers (72%). Group B also included topics such
as acute respiratory illness in immuno-compromised patients
with a positive chest radiograph (15%). Most of the patients in
Group C were immuno-competent patients over 40 years of age

with acute respiratory illness (90%) (Table 2).
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Patient Demographics

Group to group comparison showed that patients in Group C
(69.3 + 14.6 years) were significantly older than those in either
Group A (63.3 £ 15.9 years) or Group B (65.8 = 13.7 years) (p <

0.001). Gender ratio was not statistically different among groups

A

(p=0.205).

Laboratory Results
The average D-dimer level in Group A patients (8.7 + 7.7 ug/
mL) was higher than that in Group C patients (6.7 + 6.2 ug/mL)

Fig. 2. A representative case of group B (strongly recommended to perform chest CT without contrast) with pulmonary thromboembolism.

A. A 69-year-old female was admitted for chemotherapy. The patient had a history of rectal cancer with pulmonary metastasis. She did not pres-
ent with acute respiratory symptoms. There are nodular opacities in the left upper lung field on chest plain radiograph.

B. She underwent chest CT for screening of pulmonary metastasis, which is the simplified ACR appropriateness criteria topic number 30 and be-
longs to Group B. There is a small pulmonary embolus in the right lower lobar pulmonary artery with an embolic burden score of 5 on contrast-en-
hanced chest CT (Group B, C). PE might have been missed if she had undergone chest CT without contrast according to the simplified ACR appro-

priateness criteria.
ACR = American College of Radiology

Table 3. Clinical Features of Group A-C

Group A (n = 491) Group B (n = 104) Group C (7 = 101) p-Value
Sex (male/female) 232/259 51/53 38/63 0.205
Age (years) 633+ 159 658 + 13.7 69.3 + 14.6 0.001
D-dimer (ug/mL) 87+77 76+68 6.7 +62 0.046
Hb (g/dL) 120+ 23 11.0+20 1.8 +2.1 < 0.001
Het (o) 356+6.2 325+57 352+59 < 0.001
ICU admission, n (%) 189 (38.5) 17 (16.3) 37(36.6) < 0.001
ICU days 8.1+ 154 8.8+ 10.1 8.1+83 0.980
Death within 3 months, n (9%0) 79 (16.1) 18(17.3) 18(17.8) 0.751
Physical score 1.8+09 16+£09 20+£10 0.034
Consciousness score 1.5+08 16+08 1.8+09 0.004

The age, D-dimer, Hb, Hct, percentage of ICU admission, physical and consciousness status were significantly different among groups. All of the groups
presented D-dimer levels above the normal range. Hb and Het revealed significantly lower values in the Group B and C, possibly due to chronic illness such

as malignancy of patients in the other groups.
Hb = hemoglobin, Het = hematocrit, ICU = intensive care unit
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(p < 0.020). The average D-dimer levels in Groups B and C, and
Groups A and B were not statistically different. The Hb and Hct
levels in Group B patients (11.0 + 2.0 g/dL, 32.5 + 5.7%) were sta-
tistically lower than those in Group A patients (12.0 + 2.3 g/dL,
35.6 £ 6.2%) (p < 0.001). The Hb and Hct levels in Group A and
Group C (11.8 2.1 g/dL, 35.2 + 5.9%), and Group B and Group
C were not statistically different (Table 3).

Disease Severity and Clinical Outcome

The rate of ICU admission was lowest in Group B (16.3%),
compared to either Group A (38.5%) or Group C (36.6%) (p <
0.001). The physical and consciousness status on admission in
Groups A and B was not statistically different. However, Group
C patients (1.8 + 0.9) had a higher consciousness status score
than Group A patients (1.5 + 0.8) (p = 0.001); Group C patients
(2.0 £ 1.0) also had a higher physical status than Group B pa-
tients (1.6 £ 0.9) (p = 0.011) (Table 3). The rate of death within
the 3-month follow-up was not significantly different among

groups (p = 0.751).

CT Prognostic Factors

The embolic burden score in Group B was the lowest (8.0 +
5.8), and it was significantly different from that in either Group A
(10.7 £ 6.5) or Group C (10.9 £ 6.1) (p < 0.001). Ventricular sep-
tal bowing was the least frequently seen in Group B (6.7%), com-
pared to Group A (16.9%) or Group C (21.8%) (p = 0.009). RV
dilation was significantly less frequently observed in Group B
(8.7%) than in either Group A (22.0%) or Group C (26.7%) (p =
0.003). For all the three factors, the average value in Group A was
not significantly different from that in Group C. In composite,
evaluation of the three CT prognostic factors showed that Group
B had a significantly milder type of PE (Table 4).

Table 4. CT Prognostic Factors of Group A-C

Junghwa Choi, et al

DISCUSSION

Retrospective analysis of patients with a final diagnosis of PE
showed that a substantial number of our patients may have been
overlooked if the ACR appropriateness criteria were applied.
Patients with symptomatic PE were more likely to be classified
into Group A than into any other group. All patients in Group B
and a proportion of patients in Group C are the potential bene-
ficiaries of early radiological diagnosis, which may be more use-
ful when the clinical PE signs are not clearly manifested. In our
study, out of the 696 patients, 104 patients (14.9%) were classi-
fied into Group B and 101 patients (14.5%) were classified into
Group C, respectively.

Especially, a crucial subset of patients in Group B (75 out of
104 patients, 72%) included patients with underlying malig-
nancy, and those who would have not undergone chest CT with
the use of ACR appropriateness criteria. They underwent chest
CT for screening of pulmonary metastasis, aside from the pri-
mary lung and renal cell carcinoma that would have been clas-
sified into Group A. The potential relationship between malig-
nancies and venous thromboembolism (VTE), including PE,
has been studied quite extensively. Some of the proposed rea-
sons for increased risk of VTE include therapeutic procedure
(i.e., surgical procedures, the use of indwelling catheters, local
irradiation, and chemotherapy), tumor cell activating factors,
and pro-angiogenic cytokines that may directly interact with host
vascular and blood cells (12). Such abnormalities were found in as
many as 50% of all oncologic patients in that particular study (8).

Further complicating the issue, in oncologic patients, the clin-
ical signs of PE may be less evident and the radiological signs
may be different from those in patients with classical PE without
malignancy. Bach et al. (12) retrospectively reviewed 3270 pa-
tients with PE and reported a rate of 3.9% for unsuspected PE.
VTE, PE, as well as unsuspected PE was more commonly detect-

ed in oncologic patients (6, 13). Recently, according to Shinagare

Group A (n = 491) Group B (n = 104) Group C (n = 101) p-Value
Embolic burden score 10.7 +6.5 80+58 109 + 6.1 < 0.001
Ventricularseptal bowing, n (%) 83 (16.9) 7(6.7) 22 (21.8) 0.009
RV dilatation, n (%) 108 (22.0) 9(8.7) 27 (26.7) 0.003
Group B showed significantly benign prognostic factors.
RV = right ventricle
jksronline.org J Korean Soc Radiol 2016;75(6):455-465 461



Pulmonary Embolism Overlooked on Chest CT Under the Application of the ACR Appropriateness Criteria

et al. (14), the rate of symptomatic PE in oncologic patients was
48.9%. Park and Lee (5) also reported a rate of 32.3% for symp-
tomatic PE in the malignancy group and a rate of 64.5% in the
control group. This was radiologically explained by the periph-
eral involvement of PE and lower embolic burden in oncologic
patients. According to Park and Lee (5), a retrospective study of
490 patients with PE showed that the subgroup of 155 patients
with malignancy presented with preferential involvement of lo-
bar and segmental pulmonary arteries as well as a lower PE in-
dex compared to patients without malignancy. This observation
is consistent with our finding in Group B patients, mostly can-
cer patients, who had a lower quantified PE burden and a less
chance of ventricular septal bowing and RV dilation.

Oncologic patients have high incidence of unsuspected PE;
hence, the clinical significance must not be ignored. Despite the
clinically low suspicion for PE, unsuspected PE in oncologic pa-
tients was found to be associated with the risk of recurrent VTE,
complications and mortality, which were at par with those of
symptomatic PE in non-oncologic patients (7). Indeed, as in the
case of most of our patients in Group B, these patients with un-
suspected PE and underlying malignancies tend to be overlooked
under the application of the ACR appropriateness criteria. How-
ever, our study showed no significant difference in mortality
within the 3-month follow-up among groups; our groups com-
prised various sets of subgroups and their clinical outcome may
have confounded the mortality outcome. This represents a po-
tential area for further revision of the current ACR appropriate-
ness criteria.

In the 2013 revised version of the ACR appropriateness crite-
ria, CT recommendations were summarized for a few common
tumors with respect to detecting pulmonary metastases. Patients
with bone and soft tissue sarcoma, melanoma, testicular cancer,
head and neck cancer were recommended to undergo non-en-
hanced chest CT, while lung cancer and renal cell carcinoma pa-
tients were recommended to undergo enhanced chest CT. The
recommendation for usage of CT scan to detect pulmonary me-
tastasis may be difficult to implement in each extra-thoracic ma-
lignancy in an everyday clinical setting. However, in a prospec-
tive study of 407 oncology patients, the prevalence of unsusp-
ected PE was 6.4% among inpatients, in contrast to a prevalence
of 3.4% among outpatients. According to Bach et al. (12), in the

study group, PE was found more frequently in patients with
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primary malignancies of lung, kidney, and breast. Furthermore,
previous reports of autopsy series, registry surveys, and epide-
miological studies based on hospital discharge data showed that
malignancies which are often associated with the development
of VTE and symptomatic PE include tumors of the ovary, brain,
and pancreas, followed by tumors of the lung, kidney, colon,
stomach, prostate, and myeloma (8, 15-19). The revision of the
ACR appropriateness criteria may be accomplished in reference
to these preceding study results.

Our study also included Group C, which accounted for 14.5%
of patients with PE, who had uncertain clinical evidence for us-
age of contrast while performing chest CT. The reason for per-
forming chest CT in 84% of Group C patients was acute respi-
ratory illness. Group C patients were older and they displayed
worse performance status than Group B patients, and worse
consciousness status than Group A patients. Also, evaluation of
the rate of ICU admission as well as CT prognostic factors in-
cluding embolic burden scores, ventricular septal bowing and
RV dilatation showed that the patients in Group C had worse
clinical presentation and outcome than those in Group A and
Group B. As these features of patients with PE were not com-
pared with those in the non-PE control group, it is difficult to
state that old age and compromised physical and consciousness
status were the risk factors for PE in Group C. Nevertheless, our
result suggests that when usage of contrast is uncertain accord-
ing to the ACR appropriateness criteria and all other factors are
equal, patients in old age and with poor performance and con-
sciousness status are more likely to benefit if unsuspected PE
was detected radiologically.

There were no patients in Group D. The topics included in
Group D were obvious clinical circumstances and a chest plain
radiograph was adequate enough to arrive at a clinical diagnosis.
Our study revealed that these criteria have been well-understood
by physicians and unnecessary chest CT scans were performed.

The present study has the following limitations: first, this study
is retrospective in its design, and the CT protocols were slightly
varied. There were concerns about variable CT protocols pro-
viding different resolutions in evaluation of the embolic burden.
However, variable CT protocols are not assumed to affect the
evaluation of other prognostic factors, RV dilatation and ven-
tricular septal deviation. Second, the ACR appropriateness cri-

teria itself provides an imprecise rationale for ratings and lack
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of recommendations for pulmonary screening in most extratho-
racic malignancies other than the five tumor classes, mainly sar-
coma, melanoma, testicular cancer, head and neck cancer, and
renal cell cancer. Clinically important clues such as suspected
pleural disease, lymphadenopathy, and vascular invasion are not
mentioned. The reason for classifying other malignancies with
suspected thoracic metastasis into Group B was based on the es-
tablished ratings for four extrathoracic malignancies with ACR
recommendation to perform non-contrast chest CT scans for
evaluating suspected pulmonary metastasis. Third, since the case
records were created by various physicians, a certain level of sub-
jectivity was inevitable during the application of our PE-specific
simplified version of the ACR criteria. However, the precision
of this process was maximized with a careful review of the pa-
tients’ chief complaint upon admission, progress notes around
the date of performing CT, and physicians’ notes on the reason
for ordering a CT scan. Also, all cases in Groups B and C were
not analyzed; therefore, selection bias could not be avoided. Fur-
ther prospective study of contrast usage in chest CT scans is re-
quired based on our study results to evaluate the exact benefi-
ciaries of enhanced chest CT scan. Lastly, the underlying com-
orbid conditions in individual patients may have confounded
the evaluation of clinical severity of PE such as mortality and
morbidity. Deaths only due to life-threatening PE were rare, par-
ticularly in old patients with significant underlying conditions.
It was difficult to delineate the directly PE-induced burden of
morbidity and mortality.

Opverall, clinical application of our study results requires pru-
dent interpretation. For instance, in cancer subgroups of Group
B, the recommendations for non-contrast versus contrast chest
scans for the four tumors are 9 vs. 5 for sarcoma, 8 vs. 5 for mel-
anoma, 7 vs. 3 for testicular cancer, 9 vs. 6 for head and neck
cancer, where the score range from 4 to 6 indicates “may be ap-
propriate” contrast usage rather than the score range from 7 to
9 which indicates “usually appropriate” contrast usage. While
these subgroups of Group B have a stronger recommendation
to undergo chest CT without contrast rather than with contrast,
such a recommendation is given only in relative terms within one
subgroup. In other words, the level of recommendation for con-
trast usage in some subgroups of Group B does not necessarily
indicate low objectivity. Moreover, our study did not analyze more

specific clinical outcomes such as mortality and morbidity in
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these subgroups. However, with the recent increase in reported
cases of clinically non-suspected yet fatal PE in oncology pa-
tients, a revised and stronger recommendation for contrast us-
age in certain subgroups is necessary.

Also, in Group C, where the recommendation to perform
chest CT scans is uncertain, factors such as old age and physical
status may provide useful clinical information for deciding
whether or not to use the contrast. Nonetheless, since the usage
of contrast has been shown to magnify the amount of DNA
damage due to radiation (20), further study should be conduct-
ed to clarify a set of specific factors that increase the risk of PE in
Group C. Accumulation of such evidence will be helpful in the
next revision of the ACR appropriateness criteria.

In conclusion, among cases of PE without clinical suspicion, a
substantial number of cases may be overlooked under the appli-
cation of the ACR criteria related to CT contrast usage. Our ret-
rospective analysis identified a set of patient characteristics and
clinical parameters which would help both the clinicians and ra-

diologists in clinical practice.

REFERENCES

1. Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary em-
bolism: clinical outcomes in the International Cooperative
Pulmonary Embolism Registry (ICOPER) Lancet 1999;353:
1386-1389

2. Carson JL, Kelley MA, Duff A, Weg JG, Fulkerson WJ, Pa-
levsky HI, et al. The clinical course of pulmonary embolism.
N Engl J Med 1992;326:1240-1245

3. Moser KM. Venous thromboembolism. Am Rev Respir Dis
1990;141:235-249

4. Moon SM, Seon HJ, Baek JM, Lee SJ, Yoon YH, Kim YH. Di-
agnostic usefulness of dual-energy computed tomography
in evaluation of the severity of acute pulmonary throm-
boembolism. J Korean Soc Radiol 2015;72:38-45

5. Park GC, Lee JK. Pulmonary thromboembolism in patients
with malignancy. J Korean Soc Radiol 2014;71:14-19

6. Dentali F, Ageno W, Becattini C, Galli L, Gianni M, Riva N,
et al. Prevalence and clinical history of incidental, asymp-
tomatic pulmonary embolism: a meta-analysis. Thromb
Res 2010;125:518-522

7. Shteinberg M, Segal-Trabelsy M, Adir Y, Laor A, Vardi M,

463



Pulmonary Embolism Overlooked on Chest CT Under the Application of the ACR Appropriateness Criteria

10.

1.

12.

13.

Bitterman H. Clinical characteristics and outcomes of pa-
tients with clinically unsuspected pulmonary embolism ver-
sus patients with clinically suspected pulmonary embolism.
Respiration 2012;84:492-500

. Falanga A, Russo L. Epidemiology, risk and outcomes of

venous thromboembolism in cancer. Homostaseologie
2012;32:115-125

. Qanadli SD, El Hajjam M, Vieillard-Baron A, Joseph T,

Mesurolle B, Oliva VL, et al. New CT index to quantify ar-
terial obstruction in pulmonary embolism: comparison
with angiographic index and echocardiography. AJR Am J
Roentgenol 2001;176:1415-1420

Bankier AA, Janata K, Fleischmann D, Kreuzer S, Mallek R,
Frossard M, et al. Severity assessment of acute pulmonary
embolism with spiral CT: evaluation of two modified angi-
ographic scores and comparison with clinical data. J Tho-
rac Imaging 1997;12:150-158

Araoz PA, Gotway MB, Harrington JR, Harmsen WS, Man-
drekar JN. Pulmonary embolism: prognostic CT findings.
Radiology 2007;242:889-897

Bach AG, Schmoll HJ, Beckel C, Behrmann C, Spielmann
RP, Wienke A, et al. Pulmonary embolism in oncologic pa-
tients: frequency and embolus burden of symptomatic
and unsuspected events. Acta Radiol 2014;55:45-53
Sandhu R, Pan CX, Wun T, Harvey D, Zhou H, White RH, et
al. The incidence of venous thromboembolism and its effect
on survival among patients with primary bladder cancer.

464

14.

15.

16.

17.

18.

19.

20.

Cancer 2010;116:2596-2603

Shinagare AB, Guo M, Hatabu H, Krajewski KM, Andriole K,
Van den Abbeele AD, et al. Incidence of pulmonary embo-
lism in oncologic outpatients at a tertiary cancer center.
Cancer 2011;117:3860-3866

Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman
GH. Frequency, risk factors, and trends for venous throm-
boembolism among hospitalized cancer patients. Cancer
2007;110:2339-2346

Chew HK, Wun T, Harvey D, Zhou H, White RH. Incidence
of venous thromboembolism and its effect on survival
among patients with common cancers. Arch Intern Med
2006;166:458-464

Lee AY, Levine MN. Venous thromboembolism and cancer:
risks and outcomes. Circulation 2003;107(23 Suppl 1):117-
121

Thodiyil PA, Kakkar AK. Variation in relative risk of venous
thromboembolism in different cancers. Thromb Haemost
2002;87:1076-1077

Levitan N, Dowlati A, Remick SC, Tahsildar HI, Sivinski LD,
Beyth R, et al. Rates of initial and recurrent thromboem-
bolic disease among patients with malignancy versus those
without malignancy. Risk analysis using Medicare claims
data. Medicine (Baltimore) 1999;78:285-291

Piechowiak El, Peter JF, Kleb B, Klose KJ, Heverhagen JT.
Intravenous iodinated contrast agents amplify DNA radia-
tion damage at CT. Radiology 2015;275:692-697

J Korean Soc Radiol 2016;75(6):455-465  jksronline.org



Junghwa Choi, et al

o
$5 CTO| REAI} ZHIE 4 Qs NS

23t - ofujoge - shha) - Y

ORI B 1 20073 1956 201418 79717 573 HAHT S ATk 69632 TS td o= 9] 243,
ACR appropriateness criteria % g5 CTQ} % 377FA12] F=(CT Al =2
A (A AR&Ol 2o, 5 B (RAEE, 25 C (=2%), L& D (Chest CT Al F44) 2 Weal 715 7He] o
A2 EXTL CT AEQIRFE EA519Tt

A % 6962 FAPL IE A (491, 70.5%), 75 B (104, 14.9%), 7 C (101, 14.5%), 75 D (0, 0%)2 28
ok 15 C= oo thE 258 e YorF BF1(69.3 + 14.641), 5 B CT A3 ol & Hlxo] Hrlol 71
Qe 7F=UTHT72%).

AE: {MASS Yo R OJploHR] ok FAIOIA F5 CT Al Al 2GA| AR HAE ACR 2PgdaIRke] A
ot A8S o Y, 2FA DIAREC = WSS Xt ZoAU X AR ZEs/do] QloH, o] iy, AT Y &

Ao B CT Al Alof HAHS-S = o FF0l Fal 2GA| AR o155 J12isfioF gt

g eifek ofuhtst AR GAFOIS, /NETyek o hhet Aute 2wl Gabolst}

o

jksronline.org  JKorean Soc Radiol 2016;75(6):455-465 465



