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Background: Acute pulmonary embolism (PE) is associated with a variety of non-specific clinical manifestations. Using
diagnostic algorithms that are based on internationally recognized guidelines, pulmonary computed tomography angiography
(CTA) serves as the gold standard diagnostic imaging tool in PE. However, inappropriate use of pulmonary CTA may lead
to unnecessary radiation exposure, contrast exposure, and cost. Based on our review of the literature, there is no existing
data regarding prevalence and appropriate use of pulmonary CTA in suspected acute PE in Thailand.

Objective: To assess the prevalence of positive pulmonary CTA and evaluate appropriateness of use of pulmonary CTA,
according to clinical prediction rules and recent guidelines.

Material and Method: Three hundred consecutive patients admitted to the general medical ward at a large university-based
tertiary referral center who were sent for pulmonary CTA due to suspected acute PE were included. Prevalence of positive
pulmonary CTA for PE and other abnormalities were analyzed. Baseline clinical characteristics (including thromboembolic
risk factors) and basic investigations (including chest X-ray, ECG, pulse oximetry, and D-dimer) were compared between
patients with and without acute PE.

Results: Acute PE was diagnosed by pulmonary CTA in 110 (36.7%) patients. According to Wells score and revised Geneva
score, patients were categorized into low, moderate, and high probability, as follows: 63, 178, and 59 patients, respectively,
and 44, 246, and 10 patients, respectively. Patients with high probability according to Wells score and revised Geneva score
had higher rate of positive pulmonary CTA results, as compared to low and moderate probability (59.3%, 7.9%, and 39.3%,
respectively, and 60%, 19.5%, and 38.2%, respectively). Predictors of positive CTA were sign of deep vein thrombosis (DVT)
(OR: 2.6, 95% CI: 1.497-4.514; p<0.001), SIQ3T3 (OR: 4.211, 95% CI: 2.242-7.908; p<0.001), and enlarged right
pulmonary artery (OR: 2.439, 95% CI: 1.475-4.035; p<0.001). Using multivariate analysis, all three parameters remained
independent factors. In the Wells score low probability group, 31 of 63 patients were not tested for D-dimer prior to pulmonary
CTA, with only one patient in that group being diagnosed with acute PE.

Conclusion: This was the first study to investigate prevalence of positive pulmonary CTA for acute PE in a large
university-based tertiary referral hospital in Thailand. Prevalence of positive test for PE by pulmonary CTA in patients with
suspected acute PE was approximately 33%. Sign of DVT, S1Q3T3 pattern, and enlarged right pulmonary artery were
significant clinical predictors of positive pulmonary CTA. Positive pulmonary CTA result was much less likely in patients
with low probability, especially in the absence of thromboembolic risk factors and positive D-dimer. This study emphasized
the importance and value of accurate and effective triage in reducing both patient care costs and patient radiation exposure.
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Acute pulmonary embolism (PE) is an
emergent and life-threatening condition. The mortality
rate is as high as 30% in untreated patients?. Its
nonspecific symptoms and signs make diagnosis
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difficult and may contribute to delayed diagnosis or
misdiagnose.

According to Prospective Investigation of
Pulmonary Embolism Diagnosis II (PIOPED II)®,
several clinical prediction rules (e.g., Wells score,
revised Geneva score, and modified Geneva score)
are preferred in the stepwise diagnosis of acute PE.
Accuracy of these clinical prediction rules was
validated by pulmonary computed tomography
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angiography (CTA), the gold standard for diagnosis
of PE®. Sensitivity and specificity of pulmonary
CTA were reported to be 83 to 100% and 89 to 97%,
respectively®¢19, Having acknowledged the strengths
of pulmonary CTA in PE diagnosis, it should be noted
that the procedure is expensive and not risk-free.
Unnecessary pulmonary CTA may lead to unnecessary
contrast exposure (e.g., contrast-induced nephropathy),
unnecessary radiation exposure, and avoidable cost®®.
Clinical probability assessment prior to pulmonary
CTA not only increases diagnostic yield, but also
decreases the potential for adverse outcomes and
unnecessary treatment costs.

One study from Thailand reported prevalence
of acute PE 0f 0.28% in patients admitted in the hospital
for more than three days!'). Prevalence in Thai patients
was different from rates reported in the United States
and Europe, which were 0.4% and 18.3%, respectively!?.
This disparity may be explained by race-related
differences in thromboembolic likelihood and
accessibility to pulmonary CTA.

From the literature review, prevalence of
positive pulmonary CTA for PE was low, varying from
9.84 to 16%">19, This low rate of positive test result
may be explained by inadequate clinical probability
assessment, potentially leading to inappropriate use of
pulmonary CTA. There are no reports in the literature
regarding positive pulmonary CTA in PE in inpatients
with suspected acute PE in Thailand. Prevalence in
Thailand may be different from rates reported in
previous studies due to differences in predisposing
genetic factors and physician tendency or preference
in requesting pulmonary CTA.

The aim of this study was to evaluate the
prevalence of positive pulmonary CTA for acute PE in
patients admitted to the medical ward of Siriraj Hospital.
The secondary outcomes that we investigated were
clinical predictors and appropriateness of the physician’s
order and/or indications for pulmonary CTA.

Material and Method

Patients were included who were admitted to
the medical ward of Siriraj Hospital for pulmonary
CTA with indications of suspected acute PE. Exclusion
criteria included patients who could not complete the
physical examination, patients with suboptimal image
quality, and patients with repeated pulmonary CTA.

Thromboembolic risk factors

Baseline characteristics (e.g., age, gender, and
underlying diseases) were recorded. Risk factors for
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PE were identified, including fractured hip or leg,
hip or knee replacement, major general surgery,
major trauma, spinal cord injury, central venous
catheterization, chronic cardiac or pulmonary disease,
hormone therapy, malignancy, oral contraceptive pill
use, cerebrovascular disease, postpartum, previous
venous thromboembolism, thrombophilia, bed rest
more than three days, immobility condition, age more
than 65 years, obesity, antepartum, and varicose vein.

Clinical symptoms and signs compatible with
PE and deep vein thrombosis (DVT) were assessed.
Sign of DVT was defined using the Wells’ criteria of
a calf diameter more than 3 cm compared to another
calf. Basic investigations, such as electrocardiogram
(ECQG), chest X-ray, pulse oxymetry, arterial blood gas,
and D-dimer were also analyzed.

Pretest probability for PE

Two clinical prediction scoring systems
(Wells score and revised Geneva score) were used to
assess pretest probability for each patient. Patients were
categorized as low, moderate, and high probability
for PE.

Definition of positive pulmonary CTA

Pulmonary CTA results were obtained from
the radiology report. The definition used for PE in this
study was direct visualization of a low attenuation
filling defect that partly or completely occludes a
contrast-filled pulmonary artery on pulmonary CTA".

Statistical analysis

All statistical analysis was performed using
SPSS Statistics version 15.0 (SPSS, Inc., Chicago, IL,
USA). Continuous data were expressed as mean and
standard deviation, with dichotomous data being
presented as numbers and percentages. Univariate
analysis was performed to evaluate individual risk
factors for determining probability of positive
pulmonary CTA for PE. The factors with p-value <0.10
were further analyzed using multivariate analysis
(enter method). A 95% confident interval was used to
estimate the precision of the odds ratio. A p-value <0.05
was considered statistically significant.

Results

Three hundred consecutive patients were
included. Mean age was 60 years and 63.3% of subjects
were female. The most common symptom was dyspnea
(87.3%). The most common signs were tachypnea
(69.3%), followed by tachycardia (60.3%). Signs of
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deep vein thrombosis were found in 22.7% of patients
(Table 1). All patients with DVT underwent duplex
ultrasound and the results revealed positive DVT in
65 patients.

Among ECG findings, sinus tachycardia was
most commonly found (52%), followed by abnormal
S1Q3T3 pattern (18.3%). The enlargement of right
pulmonary artery by chest X-ray (defined by diameter
>16 mm in male and >14 mm in female) was found in
38.7% of patients. One hundred fifty-two patients had
D-dimer >500 ng/ml (Table 1).

Thromboembolic risk factors

Almost all patients (93.66%) had at least
one thromboembolic factor. Among 19 patients with
no identifiable risk factors, six were diagnosed as
acute PE by pulmonary CTA. Risk factors for PE
for each individual were categorized into strong
(odds ratio: >10), moderate (odds ratio: 2-9), and weak

Table 1. Clinical manifestations and basic investigation in
300 patients suspected of having acute pulmonary

embolism (PE)

Clinical manifestations
Dyspnea 262
Chest pain 29
Palpitation 5
Cough 35
Hemoptysis 13
Syncope 7
Signs of DVT 68
Tachycardia (>100/minute) 181
Tachypnea (>20/minute) 208
Fever (temperature >38.5°C) 56
Hypotension (SBP <90 mmHg) 40
Cyanosis 5
Cardiac arrest 4

ECG
Sinus tachycardia rate >100/minute 156
Sinus bradycardia rate <50/minute 3
Atrial fibrillation rate >100/minute 8
Right axis deviation 35
Right bundle branch block 20
Right ventricular hypertrophy 13
S1Q3T3 pattern 55

CXR

PA enlargement (right PA: male >16 mm, female >14mm) 116

ABG/pulse oxymetry

Hypoxemia (PaO, <60 mmHg, O, saturation <90%) 256
D-dimer

D-dimer >500 152

DVT = deep vein thrombosis; SBP = systolic blood pressure;
ECG = electrocardiogram; CXR = chest X-ray; PA = pulmonary
artery; ABG = arterial blood gas

All results presented as frequency
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(odds ratio: <2) thromboembolic factors (Table 2)19.
Common risk factors were age >65 years (45.3%),
malignancy (42%), chronic cardiac or respiratory
disease (17.7%), and thrombophilia (15.5%). Regarding
malignancy, lung cancer, non-Hodgkin lymphoma, and
breast cancer were found in 9.4%, 5.4%, and 5.1% of
patients, respectively. Among thrombophilias, systemic
lupus erythematosus (SLE), antiphospholipid syndrome,
and myeloproliferative neoplasm were diagnosed in
5%, 3.7%, and 2% of patients, respectively.

Table 2. Thromboembolic risk factors in 300 patients
suspected of having acute PE

n %
Strong thromboembolic factors
Fracture (hip/leg) 6 2.00
Hip/knee replacement 4 130
Major general surgery 8 270
Spinal cord injury 2 070
Moderate thromboembolic factors
Central venous lines 1 030
Chemotherapy 24 8.00
Chronic heart or respiratory failure 53 17.70
Hormone therapy 2 0.70
Malignancy 126 42.00
Lung 28
Breast 15
Cervix 6
Ovary 5
Colorectal 3
Stomach/esophagus 7
Hepatocellular carcinoma 9
Cholangiocarcinoma 3
Prostate 7
Non-Hodgkin lymphoma 16
Leukemia 7
Multiple myeloma 4
Sarcoma 2
Others (e.g., thymoma, unknown primary) 14
Oral contraceptive pill 2 0.70
Paralytic stroke 16 5.30
Previous VTE 26  8.70
Thrombophilia 45 15.00
SLE 15
Antiphospholipid syndrome 11
Protein C/Protein S deficiency 2
Myeloproliferative disorder 6
Other (e.g., nephrotic syndrome) 11

Weak thromboembolic factors

Bed rest >3 days 38 12.70
Immobility due to sitting (e.g., prolonged car 9 3.00
or air travel)

Age >65 years 136 45.30
Obesity 6 2.00
Varicose veins 6 2.00

VTE = venous thromboembolism; SLE = systemic lupus
erythematosus
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Results of pulmonary CTA

Pulmonary CTA was positive for PE in
110 patients (36.7%). Other results from pulmonary
CTA testing are presented in Table 3.

Clinical manifestations that might be
predictive signs of positive pulmonary CTA for
acute PE were DVT (OR: 2.6, 95% CI: 1.497-4.514;
»=0.001), S1Q3T3 ECG pattern (OR: 4.211,95% CI:
2.242-7.908; p<0.001), and enlargement of right
pulmonary artery by chest X-ray (OR: 2.439, 95% CI:
1.475-4.035; p<0.001) (Table 4). Using multivariate
analysis, all three parameters remained independent
factors (OR: 2.138, 95% CI: 1.121-4.079; p = 0.021
for DVT, OR: 3.487, 95% CI: 1.782-6.823; p<0.0001
for S1Q3T3, and OR: 2.353, 95% CI: 1.346-4.116;
p = 0.003 for radiographic right pulmonary artery
enlargement).

Clinical prediction rules

Using Wells scoring criteria, patients were
categorized into low, moderate, and high probability
groups at 63, 178, and 59 patients, respectively. By
revised Geneva score, patients were grouped into low,
moderate, and high probability classifications at 44,
246, and 10 patients, respectively. Patients with high

Table 3. Results of pulmonary CTA in 300 patients suspected

of having PE

Pulmonary CTA findings n %

Pulmonary embolism 110 36.7
Pulmonary infection 55 18.3
Lung cancer 25 8.3
Pulmonary metastasis 30 10.0
Interstitial lung disease 11 3.7
Atelectasis 37 12.3
Pleural effusion 94 313
Pneumothorax 4 1.3
COPD/asthma 16 53
Bronchiectasis 13 43
CTEPH 12 4.0
Pulmonary hypertension 72 24.0
Heart failure 39 13.0
Pericardial effusion 24 8.0
SVC syndrome 6 2.0
Miscellaneous 6 2.0

CTA = computed tomography angiography; COPD = chronic
obstructive pulmonary disease; CTEPH, chronic thromboembolic
pulmonary hypertension; SVC = superior vena cava
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probability classification according to Wells score or
revised Geneva score had a higher rate of positive
pulmonary CTA results for acute PE, as compared to
patients in the low and moderate probability groups
(Table 5).

D-dimer assays

Regarding Wells score, D-dimer was tested
in 32 of 63 patients (51.79%) in the low probability
group. D-dimer was positive in 28 patients and negative
in four patients in this population. Using D-dimer in
combination with low probability status, none of the
patients with negative D-dimer was found to have acute
PE. In patients with moderate probability, D-dimer
testing was performed in 94 patients (38.2%), from
which two of six patients with negative D-dimer had
positive pulmonary CTA for acute PE.

Treatment and outcomes

Almost all patients (107 of 110 patients) with
positive pulmonary CTA had specific treatment,
including anticoagulant in 104 patients, fibrinolysis in
two patients, and thromboembolectomy in six patients.
Three patients (2.7%) had no specific treatment
due to contraindications. Eighty-three of 86 patients
(78.2%) were discharged with improved status.
Twenty-four patients (21.8%) died.

Discussion

Our study revealed positive pulmonary CTA
in 110 patients (36.7%) who underwent CTA for
suspected acute PE. Significant clinical predictors for
positive CTA were sign of DVT, S1Q3T3 pattern, and
enlarged right pulmonary artery.

Patients categorized as being low probability
by the two prediction rule systems had lower incidence
of positive pulmonary CTA, particularly by Wells
scoring. Positive pulmonary CTA for acute PE in
patients with low clinical prediction rule in addition to
negative D-dimer was very rare in our study. Negative
D-dimer strengthens the unlikelihood of acute PE.
Therefore, it can be reasonably concluded that use of
clinical prediction rules is an effective clinical strategy
for determining appropriate use of pulmonary CTA.

Acute PE is a life-threatening disease;
however, this bad prognosis can be attenuated if this
condition is correctly diagnosed and managed in a
timely fashion"!®, Pulmonary CTA is the investigation
of choice in diagnosis of acute PE, given its high
sensitivity and specificity©!*2%, However, unnecessary
use of this test leads to radiation exposure, contrast
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Table 4. Comparisons among clinical manifestations between patients with and without positive CTA for acute PE

PE No PE OR 95% CI p-value
n % n %
Clinical manifestations
Dyspnea 91 347 171 653 0.532 0.268-1.056 0.068
Chest pain (pleuritic/substernal) 14 483 15 517 1.701 0.788-3.674 0.172
Palpitation 2 400 3 60.0 1.154 0.190-7.017 1.000
Cough 13 371 22 629 1.023 0.493-2.123 0.950
Hemoptysis 7 538 6 462 2.084 0.682-6.367 0.241
Syncope 3 429 4 571 1.304 0.286-5.936 0.710
Signs of DVT (leg swelling) 37 544 31 456 2.600 1.497-4.514 0.001
Tachycardia (>100/minute) 71 392 110 60.8 1.324 0.815-2.151 0.256
Tachypnea (>20/minute) 78 375 130 625 1.125 0.674-1.879 0.652
Fever (temperature >38.5°C) 15 268 41 732 0.574 0.301-1.094 0.089
Hypotension (SBP <90 mmHg) 17 425 23 575 1.327 0.675-2.610 0.411
Cyanosis 0 0 5 100.0 0 0 0.162
Cardiac arrest 3 750 1 250 5.299 0.544-51.578 0.141
ECG
Sinus tachycardia rate >100 60 385 96 615 1.058 0.635-1.762 0.830
Sinus bradycardia rate <50 2 66.7 1 333 3.423 0.306-38.241 0.558
Atrial fibrillation rate >100 1 125 7 875 0.229 0.028-1.889 0.265
Right axis deviation 16 457 19 543 1.420 0.693-2.913 0.337
Right bundle branch block 11 55.0 9 450 2.083 0.831-5.225 0.111
Right ventricular hypertrophy 7 538 6 46.2 1.940 0.633-5.950 0.255
S1Q3T3 pattern 36 655 19 345 4.211 2.242-7.908 <0.001
CXR
RPA enlargement (male >16 mm, female >14 mm) 56 483 60 51.7 2.439 1.475-4.035 <0.001
ABG/pulse oxymetry
Hypoxemia (PaO, <60 mmHg or O, saturation <90%) 93 363 163 63.7 0.897 0.438-1.836 0.765
D-Dimer
D-dimer >500 ng/ml 65 428 87 572 3.736 0.791-17.632 0.125

p-value <0.05 indicates statistical significance

Table 5. Clinical prediction according to the Wells score
and the revised Geneva score in 300 patients

suspected of having acute PE

Total No PE PE
n % n %

Wells score

Low probability 63 58 92.10 5 79

Moderate probability 178 108 60.70 70 393

High probability 59 24 40.70 35 593

Total 300 190 63.30 110 36.7
Revised Geneva score

Low probability 44 36 80.49 8 19.5

Moderate probability 246 150 61.79 96 38.2

High probability 10 4 40.00 6 60.0

Total 300 190 63.30 110 36.7

media exposure, and added cost. The trend of increased
pulmonary CTA reported outside Thailand is similar
in Thailand and at Siriraj Hospital. Our patients on the
medical ward had a higher chance of having symptoms
that needed to be differentiated from acute PE, such as
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unexplained dyspnea, hypotension, hypoxia, and
other predisposing diseases due to complex medical
illness. The number of annual pulmonary CTA at
Siriraj Hospital has increased exponentially, with a
cost of approximately 300 USD per examination.

Our study had a different primary objective
than the other two papers that studied acute PE in
Thailand®'V. Those studies focused on incidence,
clinical characteristics, and outcomes in patients with
acute PE. We focused mainly on the appropriateness
of pulmonary CTA in patients on medical wards with
suspected acute PE and the predictors of positive
results.

Among the 300 patients with suspected acute
PE that we evaluated, 110 (36.7%) had a positive
pulmonary CTA for acute PE. This rate emphasizes the
need for risk factor evaluation and D-dimer results.
PIOPED II investigators advised that objective
clinical assessment is essential prior to imaging®.
Positive pulmonary CTA for acute PE in our study was
approximately 33%, which is relatively high compared
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to the previous three papers. The first study included
575 patients from various clinical settings, as follows,
267 inpatients, 258 patients from emergency
department, and 50 outpatients. Positive CTA for acute
PE was 9.57%, with results differing by clinical setting
(12% inpatients, 8.5% patients from emergency
department, and 2% outpatients)®". The second study,
which was conducted in 2003, studied patients in the
general medical ward and emergency department!?.
They found positive CTA in 9.84% of patients, with
6.36% of patients from the emergency department
testing positive'®. That study concluded that pulmonary
CTA had been overused in the diagnosis of acute PE.
The third study, which included 227 pediatric patients,
found positive CTA for acute PE in 16%%. The
difference in percentage of positive CTA between our
findings and findings from previous studies may be
explained by differences in the patient population and/
or how decisions for pulmonary CTA requests are
made. Our study population was composed of adult
patients admitted to the general medical ward in a
university-based tertiary referral hospital; patients
that often have multiple comorbidities, as well as
thromboembolic risk factors. This patient population
may be at higher risk for acute PE. At our university
hospital, decision-making regarding pulmonary CTA
request in patients with suspected acute PE is based
strictly on clinical prediction rule and thromboembolic
risk factors under the supervision of a specialist.
Attending physicians, including internal medicine
residents, sub-specialty fellowships, and attending
staff, were likely to perform a thorough clinical
assessment prior to requesting pulmonary CTA.

With regard to thromboembolic risk factors,
the most common were age >65 years (45.3%),
malignancy (42%), chronic cardiac or respiratory
disease (17.7%), and thrombophilias (15.5%). Our data
indicated that it is unlikely (5.46% chance) to have
a positive pulmonary CTA result in patients with no
thromboembolic risk factors. Therefore, thromboembolic
risk factor assessment is an effective clinical method
for determining the appropriateness of requesting
pulmonary CTA in patients suspected of having acute
PE. Risk factors were mainly categorized at the low
or moderate levels.

Dyspnea, tachypnea, and tachycardia were
common, but nonspecific manifestations. Signs of deep
vein thrombosis had high association with positive
pulmonary CTA (OR: 2.6, 95% CI: 1.497-4.514;
p = 0.001). For ECG results, sinus tachycardia was
the most common ECG finding. The second most
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common ECG finding, S1Q3T3 pattern, had significant
association with positive pulmonary CTA (OR: 4.211,
95% CI: 2.242-7.908; p<0.001). Our study had lower
prevalence of S1Q3T3, as compared to previous
study®. Generally, SIQ3T3 is observed in any condition
that results in rapidly increased right ventricular
volume and is not specific to acute PE. The sensitivity,
specificity, PPV, and PPV of S1Q3T3 were 65.46%,
69.796%, 32.727%, and 90%, respectively. Therefore,
S1Q3T3 may be beneficial in helping physicians
recognize acute PE. Right pulmonary artery
enlargement from chest X-ray was found in about
half of patients with positive CTA, with significant
association (OR: 2.439, 95% CI: 1.475-4.035;
<0.001).

Our study had some limitations. Right
pulmonary artery measurement on chest X-ray was
measured at the level of the bronchus intermedius in
the postero-anterior upright position. Chest X-ray,
however, was performed in positions other than upright
postero-anterior view, including supine antero-
posterior view in some patients, which has the
potential for false-positive finding of pulmonary artery
enlargement. While the pulmonary CTA was read by
several radiologists, all were staffs in university
hospital.

The combination of D-dimer test and
thromboembolic risk factor assessment provided an
even higher sensitivity and negative predictive value,
with further triaging when CT angiography for PE
is indicated. The effective combination of clinical
assessment and D-dimer test has been reported in
several studies®*132229 Our study revealed that
D-dimer test is underused, as it was requested in only
50.79% and 52.81% of patients in the low and
moderate probability classifications, respectively.
Moreover, in the low probability group among
31 patients in whom D-dimer was not tested, only
one patient had positive pulmonary CTA for PE. Our
study also showed that among patients with negative
D-dimer, none of the patients in the low probability
group had acute PE. Accordingly, we recommend
that D-dimer be systematically tested in patients with
low to intermediate probability prior to pulmonary
CTA, given that it is widely available, non-invasive
and relatively inexpensive. Standard international
guidelines recommend that D-dimer levels be tested
in patients with low or intermediate risk for PEG:41222.23),
The results of D-dimer testing might enhance the
physician’s ability to more accurately request pulmonary
CTA in patients with suspected acute PE.
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Conclusion

Prevalence of positive pulmonary CTA in
patients suspected of having acute PE on the medical
ward at our large university-based tertiary referral
center was higher than rates reported in previous
studies. This study was the first to address positive
pulmonary CTA results in a large university hospital
setting in Thailand. In the absence of thromboembolic
risk factors and positive D-dimer, there is a low
probability of testing positive for pulmonary CTA. Our
results emphasize the need for and relevance of clinical
prediction rules and thromboembolic risk factors,
combined with D-dimer results. This selectivity and
triage step has the potential of lowering costs and
reducing radiation exposure to patients.

What is already known on this topic?

Most prior studies, including two papers
from Thailand, focused on addressing incidence,
clinical characteristics, and outcomes in patients
with acute PE®!D. Few studies have focused on the
appropriateness of pulmonary CTA examination in
acute PE, with no studies on this subject having been
conducted in Thailand.

What this study adds?

This was the first study in Thailand to address
prevalence of positive pulmonary CTA in patients
admitted on the medical ward that were suspected of
having acute PE and the first to investigate predictors
of positive pulmonary CTA results. We also evaluated
the appropriateness of pulmonary CTA examination
in a large university hospital.
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