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Diagnostic yield of CT pulmonary
angiography in the diagnosis of
pulmonary embolism: A single
center experience
The purpose of this study was to investigate the clinical application of computed tomography
pulmonary angiography (CTPA) in patients with suspected pulmonary embolism (PE) based on a
single-center experience. Medical records and radiological reports of 450 patients (272 men and
178 women; mean age 58.9 years; range 14-95 years) with suspected PE who underwent CTPA and
triple rule-out CT scans over a period of 6 months were retrospectively reviewed. Prevalence of
PE was analysed to determine the diagnostic yield of CT in these two scanning protocols. Of 450
patient records, the positive rate of PE was 30.7%. Triple rule-out CT protocol was performed in
75 out of 450 patients with the diagnostic yield of PE being only 8% (6 out of 75 patients had PE),
which is significantly lower than the 35.2% as shown in the CTPA group (132 out of 375 had PE).
Mean effective dose was 2.8±2.6 mSv and 13.5±7.8 mSv for CTPA and triple rule-out protocols,
respectively. This study shows that CTPA has high diagnostic yield in the diagnosis of pulmonary
embolism, hence justifying its appropriateness as a routine imaging modality. However, triple
rule-out CT is not recommended due to the low diagnostic yield. Further reduction in radiation
and contrast medium doses is necessary.
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Introduction
Computed
tomography
pulmonary
angiography (CTPA) is currently the first
line imaging technique as recommended by
guidelines in the diagnosis of patients with
suspected pulmonary embolism (PE) [1,2].
Estrada-Martin and Oldham developed
surveys to determine different opinions
among radiologists towards the use of CTPA
for the diagnosis of PE, and their results
showed that most radiologists chose CTPA
as the gold standard to diagnose PE [3]. The
agreement with this statement is now based
on the evidence available in many studies
showing that high diagnostic accuracy has
been achieved with CTPA in detecting
thrombus in both main and side pulmonary
artery branches due to rapid technological
developments in CT scanning techniques
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[4-11]. Another important advantage of CT
angiography lies in its ability of examining
other structures in the thoracic CT scans
in addition to the detection of PE, such as
assessment of aortic disease and coronary
artery disease which is referred to as triple
rule–out protocol due to similar symptoms of
chest pain presented by these diseases to the
emergency department [12,13]. Despite the
benefit, a systematic review and meta-analysis
has shown that there is insufficient evidence
to recommend the use of triple rule-out in the
diagnosis of PE due to low prevalence of PE
(<1%) [14].
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Increased use of CTPA in the diagnosis
of PE has raised concerns in the literature
due to radiation exposure associated with
CT and potential risk of contrast-induced
nephropathy [15,16]. Further, no guidelines
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are available about the minimum acceptable diagnostic
yield of CTPA, thus leading to overuse of CTPA as a
routine diagnostic tool [17,18]. Sharma and Lucas
reported the direct correlation between CTPA and
positive rates of PE detection with results justifying the
increased use of CTPA [19]. However, Mountain et al
in their multi-center study showed significant variations
in the diagnostic yield of CTPA with some clinical sites
producing lower diagnostic yield of less than 15.3%
[20]. Due to these controversial reports and potential
risks of radiation dose and use of contrast medium, it is
necessary to further determine whether CTPA should
be used as a routine diagnostic tool in the detection of
PE.
The primary aim of this study was to analyse the
diagnostic performance of CTPA in patients with
suspected PE, based on a single center experience. In
addition to the routine use of CTPA, triple rule-out
protocol was also analysed since patients presented
with symptoms of chest pain may suffer from acute
coronary syndrome, aortic dissection and PE. Thus,
our secondary aim of the study was to determine
the usefulness of triple rule-out CT protocol in the
diagnostic assessment of PE.
Materials and Methods
Patient data collection

This retrospective study consisted of 450 patients
(272 men and 178 women; mean age 58.9 years; range
14-95 years) with suspected symptoms of chest pain and
difficulty in breathing who underwent CTPA or triple
rule-out CT examinations within a 6-month period in
a tertiary hospital. Patients were referred by physicians
for CT scans with the aim of detecting and diagnosing
pulmonary embolism. Patients were excluded if CT
scans could not complete due to allergic reactions to
contrast medium and renal insufficiency, or suboptimal
diagnostic image quality. Ethical approval was waived
due to the retrospective nature of this study and the use
of CT scans as part of routine clinical diagnosis.
CT pulmonary angiography and triple rule-out
scanning protocols

All patients were scanned on a second generation
of dual-source CT scanner (Siemens Definition Flash,
Siemens Healthcare, Forchheim, Germany). The
scanning protocol for CTPA was as follows: detector
collimation 128 × 0.6 mm, gantry rotation 0.28 s,
tube voltage of 100 kVp with automatic tube current
modulation and pitch 1.45. Slice thickness was 8
mm with reconstruction thickness and reconstruction
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interval of 1 mm and 0.7 mm, respectively. The scanning
protocol for triple rule-out CT was as follows: same
detector collimation and gantry rotation as shown in
the CTPA protocol, 80 to 120 kVp with automatic tube
current modulation and pitch 0.3. Slice thickness was 8
mm with reconstruction thickness and reconstruction
interval of 0.75 mm and 0.5 mm for coronary artery
imaging, 1 mm and 0.7 mm for pulmonary artery and
aorta imaging, respectively.
Non-ionic contrast medium Iopromide at 370 mg/
ml (Iopromide 370, Bayer Schering Pharma) was
administered using a dual-head power injector. The
scan was initiated using a bolus tracking technique with
a CT attenuation of 150 HU as the triggering threshold
in the main pulmonary artery. Fifty to seventy ml of
contrast medium was injected intravenously at a flow
rate of 4-5.5 ml/s, depending on the kVp used in the
scanning protocols, followed by a saline chaser of 30
ml.
Data extraction and analysis

Radiology reports and medical records were reviewed
to identify the prevalence of PE (positive rates) among
all of the CT scans, as well as the diagnostic yield in
the two different groups of patients who underwent
CTPA and triple rule-out CT scans separately. Further,
radiation dose values in terms of volume CT dose index
(CTDIvol), dose length product (DLP) which was
available on the CT console were compared for each
scan. Effective dose was calculated using a conversion
factor of 0.014 [21].
Statistical analysis

All data were entered into SPSS 24.0 (SPSS Inc,
Chicago., IL, USA) for statistical analysis. Continuous
variables were expressed as mean ± standard deviation,
while categorical variables were presented as percentages
or frequencies. Chi-square or Fisher’s Exact test was used
for analysis of categorical variables. A Student T test
was used to determine the differences between radiation
dose between CTPA and triple rule-out protocols. A p
value of less than 0.05 indicated statistically significant.
Results
Patient demographic characteristics are shown in
Table 1. Of 450 patients, the presence of thrombus was
found in at least one of the pulmonary arterial branches
in 138 patients with positive rate of PE being 30.7%.
Of the positive cases, bilateral multiple pulmonary
emboli were diagnosed in 59 cases (42.8%). Chest pain
is the most common symptom (74%) in patients with
positive PE, with other symptoms presented in the
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Parameters
Age (yrs)
Gender (M/F)
CTDIvol (mGy)
DLP (mGy.cm)
Effective dose (mSv)
Prevalence of PE

Table 1: Patient characteristics.
All patients (n=450)
CTPA group (n=375)
58.9±15.9
59.5±16.5
272/178
226/149
8.5±9.4
5.4±4.0
327.5±402.2
198.7±185.9
4.5±5.6
2.8±2.6
138 (30.7%)
132 (35.2%)
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Triple rule-out group (n=75)
56.2±12.6
44/31
24±12.8
967.4±555.7
13.5±7.8
6 (8%)

Table 2: Clinical presentations in patients with diagnosed pulmonary embolism.
Symptoms in patients with positive PE (138)

Number of cases

Chest pain
PE follow-up
Lower extremity abnormalities
Edema
Left lower limb venous thrombosis
Right lower limb venous thrombosis
Malignant tumours
Right lung cancer with brain metastasis
Ovarian cancer with abdominal pain and ascites
Right lower limb tumour
Postoperative procedures
Right hemicolectomy with lower lung atelectasis
Hysterectomy
Thyroidectomy
Post-operation of endometrial cancer
Coronary artery bypass grafting with lung infection
Other symptoms
Abnormal ECG
Headache
Epilepsy
Coma
Right lower limb pain
Left lower limb pain
Upper abdominal discomfort

remaining 36 patients. Table 2 shows details of clinical
presentations in patients with positive PE.
Seventy-five out of 450 patients were scanned with
the triple rule-out CT protocol, with no significant
difference in age (p=0.099) or gender distribution
(p=0.933) between the triple rule-out and CTPA
groups. However, the diagnostic yield of PE in the
triple rule-out group was only 8% (6 out of 75 patients
had PE), which is significantly lower than the 35.2% as
seen in the CTPA group (132 out of 375 had PE). Of 6
patients diagnosed with positive PE, 5 had the symptom
of chest pain, and the remaining one developed lung
infection following coronary artery bypass grafting.
Table 1 shows the mean value and standard deviation
of CTDIvol, DLP and effective dose in all patients and
the two groups scanned with CTPA and triple rule-out
CT. The dose values from the triple rule-out CT group
were significantly higher than those from the CTPA
group (p< 0.0001), indicating high radiation dose
associated with the use of triple rule-out protocol.
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5
5
4
1
1
1
1
1
1
1
1
1
1
1
1
2
4
3
1

Figure 1 is an example of a patient with bilateral
pulmonary emboli detected on CTPA, while Figure
2 is an example of a patient with bilateral pulmonary
emboli detected on triple rule-out CT scan. Figure 3
shows a normal CT scan without any sign of thrombus
in the pulmonary arteries and normal aorta or coronary
artery in a patient who underwent triple rule-out CT.
Discussion
This study analyses the diagnostic performance of
CTPA in patients with suspected PE based on a single
center experience and has two findings which are
considered important from a clinical perspective: first,
the diagnostic yield of CTPA is more than 30%, which is
above the acceptance level of 15% [17,18]. This indicates
the appropriate use of CTPA for routine diagnosis of
PE. Second, triple rule-out CT protocol is associated
with significantly higher radiation dose when compared
to the CTPA protocol, but with low diagnostic yield of
less than 10%. Thus, it is not recommended to be used
in the diagnosis of patients with PE.
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Figure 1: CT pulmonary angiography shows multiple pulmonary emboli in a 63-year-old male with chest pain for 7 days. 2D axial
images show presence of thrombus in the main pulmonary arteries with extension to the segmental and subsegmental pulmonary
arterial braches on both sides resulting in filling defects (A-C). Coronal reformatted image demonstrates multiple emboli on
pulmonary arteries (D). Arrows indicate the thrombi in pulmonary arteries.

Figure 2: Triple rule-out CT scan shows multiple pulmonary emboli in a 65-yeare-old man with symptoms of coughing for 1 month. 2D
axial images demonstrate thrombus present in the segmental and subsegmental pulmonary arteries on both sides (arrows in A-C). Coronal
reformatted image reveals multiple emboli on pulmonary arterial branches (arrows in D). The left coronary artery is visualized as normal
appearance (A). Long arrows indicate the thrombi in pulmonary arteries. Short arrow refers to the left coronary artery, which is normal.
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Figure 3: Triple rule-out CT shows normal findings in a 69-year-old man with chest discomfort. 2D axial images show normal
pulmonary arteries without any sign of thrombus, or any abnormal changes to the thoracic aorta or coronary artery (A-C). Arrow
points to the normal left coronary artery.

CTPA is currently the preferred imaging modality in
the diagnosis of PE because of high diagnostic accuracy,
less invasive nature and wide availability. Segmental
and subsegmental PE can be reliably detected with
latest CT scanners having superior spatial and temporal
resolution [22,23]. Low-dose CTPA protocol has been
increasingly used with significant reduction of radiation
and contrast medium doses while still achieving
acceptable diagnostic images [24-35]. This has led to the
increasing use of CTPA in patients with suspected PE
which raises the concern of inappropriately increased
use of this examination in patients with low probability
of PE. Hall et al reported that the prevalence of a new
incidental finding during CTPA is high with the most
common findings being pulmonary nodules (13%)
and adenopathy (9%) [36]. These findings support an
alternative diagnosis than to detect a PE because CTPA
examinations obtained in the emergency department
for diagnosis of PE were associated with more than
twice as likely to find new incidental findings as to find
PE (24% incidental findings vs. 9% PE). These new
findings justify the clinical or radiological (such as CT)
follow-up, thus, development of systematic approaches

to determine clinical value and high diagnostic yield is
necessary.
Chest pain is one of the most common reasons for
patients to present to the emergency departments,
as shown in this group of patients, however, the
presenting signs and symptoms of PE are nonspecific
and highly variable. Due to this reason, triple rule-out
CT is increasingly used as a non-invasive technique in
patients with chest pain to evaluate the coronary arteries,
pulmonary arteries and thoracic aorta simultaneously
for diagnosis of acute coronary syndrome, pulmonary
embolism and aortic dissection [37-39]. However, there
are some concerns about using the triple rule-out CT
for diagnosis of PE due to high radiation dose but with
low diagnostic yield. Rogg et al in their cross-sectional
study showed that the diagnostic yield of triple ruleout CT for detection of PE and aortic dissection was
8.4% and 5.6%, respectively [40]. Authors also found
that of 626 visits to the emergency department, only
0.6% of patients were evaluated for these three diseases
through triple rule-out CT. Ayaram et al. conducted
a systematic review and meta-analysis of diagnostic
accuracy of triple rule-out by analysing 11 studies [14].
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Their analysis confirmed the high diagnostic accuracy
of triple rule-out CT for detecting coronary artery
disease with sensitivity and specificity more than 94%.
However, the prevalence of PE and aortic dissection
was low (<1%), thus the use of triple rule-out CT is
not recommended in the diagnosis of these conditions.
Our findings are consistent with these reports as the
diagnostic yield of triple rule-out CT in PE is 8%, but
at a much higher radiation dose than the CTPA group.
This further supports the statement of inappropriate
use of triple rule-out protocol in patients with chest
pain suspecting of PE.
Our positive PE rate of 31% on all CT scans and 35%
on CTPA scans are higher than the rates reported in
other studies including the PIOPED II [20,36,41,42].
The multi-center PIOPED II trail reported the CTPA
diagnostic yield of 23%, and their CT scans were
performed on older generations of 4-, 8- and 16-slice
scanners [41]. Mountain et al. also conducted a multicenter study with inclusion of 14 clinical sites with 94%
of CTPA performed on 64-slice CT, indicating the use
of recent CT scanners [20]. The overall diagnostic yield
of CTPA at all sites was 14.5% (range: 9.3 to 25.3%)
with four sites having significantly lower yield which
is less than the acceptable rate of 15.3%. The high
diagnostic yield in our study may be due to the use of
second generation of dual-source CT scanner which
shows improved detection rates, although this needs to
be confirmed by further studies with inclusion of more
patients and more clinical centers.
Some limitations exist in this study. First, this is
a single-center experience, thus results may not be
generalized to other clinical centers, in particular the
high positive rates of PE detected in this cohort. Data
in this study may suggest the improved diagnostic yield
of CTPA in this region. Second, this study only focuses

on the diagnostic yield of CTPA in the detection of
PE without looking at other incidental findings such as
new lung nodules or other thoracic changes that may
have clinical importance or require further imaging
follow-up. Further, in the subgroup analysis of patients
undergoing triple rule-out CT, only detection of
positive or negative PE was analysed while the diagnosis
of other underlying diseases such as coronary artery
disease or aortic dissection was not performed. Due to
small sample size of patients undergoing triple rule-out
CT (17%) and very low prevalence of positive PE cases
(8%), conclusion about the lower diagnostic yield in
the triple rule-out CT scan needs to be interpreted with
caution. This limitation should be addressed in future
studies. Third, although radiation dose in the CTPA
group is similar to other studies, mean effective dose of
2.8 mSv in this study is still much higher than the 0.9
mSv as reported in a recently published double low-dose
CTPA protocol [28]. Thus, further dose reductions in
both radiation exposure and contrast medium should
be considered when CTPA is used as a routine imaging
tool for diagnosis of PE.
In conclusion, this single-center experience shows
that the diagnostic yield of CTPA is more than 30%,
which is above the acceptable rate as suggested by
the guidelines and other studies. This indicates that
routine use of CTPA in the diagnosis of patients with
pulmonary embolism is acceptable and appropriate in
this group of patients. However, due to low diagnostic
yield in the detection of pulmonary embolism, triple
rule-out CT protocol is not recommended. Further
studies are necessary to determine the diagnostic
performance of CTPA in both thrombus detection
and new incidental findings of lung disease. Further
radiation dose and contrast medium dose reduction
should also be considered with implementation of
dose-reduction strategies.

Executive summary
This study was conducted to determine the diagnostic yield of CT pulmonary angiography (CTPA) in the diagnosis
of pulmonary embolism based on a single center experience. Prevalence of pulmonary embolism was more than
30% in patients undergoing CTPA which is above the acceptable diagnostic yield, while prevalence of pulmonary
embolism was only 8% in patients undergoing triple rule-out CT.
This study further confirms the high diagnostic yield of CTPA in the diagnosis of pulmonary embolism, thus justifies
its clinical value as a routine diagnostic tool. Triple rule-out CT is not recommended due to low diagnostic yield.
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