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ABSTRACT
Objective: Since the introduction of computed tomography pulmonary angiography, radiological investigation
of pulmonary embolism has been revolutionised. Escalating numbers of computed tomography pulmonary
angiography have been performed in the past 5 years in our institution. The purpose of this study was to audit
the use of radiologic investigations in the assessment of patients with suspected pulmonary embolism.
Patients and Methods: A retrospective study was performed during a 3-month period in 2002. All patients
who underwent computed tomography pulmonary angiography or ventilation-perfusion lung scan or both for
suspected pulmonary embolism were approached for inclusion in the study.
Results: Of the 145 patients consented to the study, 92 (63%) had computed tomography pulmonary angiogra-
phy with 12 (13%) being positive for pulmonary embolism. Fifty nine (41%) had ventilation-perfusion lung
scan, of which 6 (10%) had a high probability scan. Only 6 patients underwent both investigations. There was a
very low rate of intermediate probability ventilation-perfusion lung scans, occurring in only 6 cases (10%).
Duplex ultrasound scan of the lower limbs was performed in 27 patients (19%), with deep vein thrombosis being
detected in 8 patients. The only statistically significant risk factor for pulmonary embolism was underlying
malignancy (p < 0.01). Patients referred for computed tomography pulmonary angiography were significantly
older, more likely to have an abnormal chest X-ray and more likely to have underlying respiratory disease than
those referred for ventilation-perfusion lung scan (p < 0.005 for all 3 parameters). Ancillary findings on com-
puted tomography pulmonary angiography were reported in 74 (80%) patients.
Conclusions: Although patients were appropriately streamed to computed tomography pulmonary angiogra-
phy versus ventilation-perfusion lung scan, the relatively low prevalence of pulmonary embolism in our audit
indicates poor patient selection, and consequently an over-utilisation of these investigations.
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INTRODUCTION
Pulmonary embolism (PE) is a major cause of cardio-
vascular mortality. Overall mortality has been reported
to be as high as 30% in untreated cases,1 while this
reduces to 2.5% with anticoagulation.2 A prompt and
accurate diagnosis is therefore crucial in the manage-
ment of PE. The diagnosis of PE is acknowledged to be
difficult. Clinical presentations are often non-specific
and thus various diagnostic algorithms, combining the
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clinical pre-test probability with diagnostic tests, have
emerged.3,4 Since the early reports demonstrating the
ability of computed tomography (CT) scan to detect clots
in the pulmonary arteries,5-7 there has been increasing
interest in this test. Clinicians are attracted to the ‘cer-
tainty’ of a CT pulmonary angiography (CTPA) result
(a yes/no answer), as opposed to the uncertainty of a
‘probability’ provided by ventilation-perfusion (V/Q)
scanning. An added attraction of CTPA is the ability to
provide or confirm alternate diagnoses

The number of CTPA performed in our institution has
shown a rapid rise over the past 5 years. The purpose
of this study was to audit the use of radiologic investi-
gations, in particular CTPA, in the assessment of
patients with suspected PE.
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PATIENTS AND METHODS
A retrospective study was performed during a 3-month
period (July to September) in 2002. The study was
approved by the hospital’s research and ethics com-
mittee. All patients with radiological investigations
(CTPA or V/Q scan) performed for suspected PE were
approached and consent obtained for inclusion into the
study. The case notes of the consenting patients were
then reviewed and data extracted regarding the patients’
demographics, clinical presentation, risk factors and
investigations. Statistical comparison of proportions
was performed using the Chi squared test for inde-
pendent variables. The difference between comparator
groups in terms of continuous variables was by non-
parametric means (Mann-Whitney test). In all cases a
p value of less than 0.05 was considered statistically
significant.

CTPA examinations were performed on a single
detector helical CT scanner (CT/i; General Electric
Medical System, Milwaukee, USA). Iopromide 150 mL
(Ultravist 240; Scherring AG, Berlin, Germany) was
administered intravenously at a rate of 4.5 mL/s. Scans
were obtained at 3 mm collimation at pitch of 2 from
diaphragm to aortic arch after a standard 20 s delay
from start of contrast injection. Scans were read on CT
monitor and films printed for record.

V/Q lung scan was performed on gamma camera
(Siemens Orbiter, Illinois, USA or Adac Forte, California,
USA). Technegas (Vita Medical, New South Wales,
Australia) was used for ventilation scan and technetium
99m macro aggregated albumin (99mTc-MAA) for per-
fusion scans. Scans were reported according to revised
Prospective Investigation of Pulmonary Embolism
Diagnosis (PIOPED) criteria.8

RESULTS
A total of 156 patients had either CTPA, V/Q scan or
both performed for suspected PE during the study period.
145 patients (93%) consented to inclusion in the study.
There were 59 male patients (41%) and 86 female pa-
tients (59%), ranging in age from 21 to 92 years, with a
mean age of 61.3 years.

Ninety two (63% of the study group) patients underwent
CTPA, of which 12 (13%) were positive for PE. 59 pa-
tients underwent a V/Q scan, of which 6 (10%) were
high probability for PE. Both investigations were done
in 6 patients. Duplex ultrasound scan (DUS) of the lower
limbs was performed in 27 patients, with 8 positive

for deep vein thrombosis (DVT). Of these 8 patients, 4
were negative for PE on either CTPA or V/Q. Thus, the
total number of patients with venous thromboembolic
disease (VTE) was 22 (15% of the study population).

Risk factors for PE were analysed from the data recorded
in the case notes (Table 1). Malignancy was found to be
the only risk factor significantly associated with PE
(p < 0.01); of the 18 patients who had PE, 9 had an under-
lying malignancy. The incidence of many well-recognised
risk factors for PE was too low in the study population for
meaningful statistical analysis. The mean number of risk
factors per patient was 2.3; there was no association of
total number of risk factors with a proven diagnosis of
PE. Only 17 patients had no identifiable risk factor for
VTE; 1 had PE diagnosed on CTPA. An underlying
thrombophilic disorder was sought in only 3 patients.

Clinical symptoms, examination finding and basic test
results were analysed; however, none of these showed
a statistically significant association with a diagnosis
of PE (Table 2).

Radiological investigation for suspected PE was per-
formed on the day of presentation in 78 patients (54%)

Table 2. Clinical and laboratory findings in all patients.

Clinical features and laboratory findings* No. of patients

Shortness of breath 97
Cough 35
Haemoptysis 8
Pleurisy 68
Syncope 13
Leg pain or swelling 32
Chest pain 25
Tachycardia 27
Tachypnoea 54
Abnormal auscultatory finding (loud P

2
) 9

Oxygen saturation (SaO
2
)
 
<90% 20

White cell count >11 x 109/L 35

* No statistically significant association with a positive finding of pulmonary
embolism for all parameters.

Table 1. Underlying risk factors for pulmonary embolism.

Risk factors for pulmonary embolism No. of patients

Recent surgery 25
Pregnancy/puerperium 5
Malignancy* 29
Lower limb fracture 4
Varicose veins 2
Advanced age (>75 years) 44
Prior VTE 25
Long distance travel 7
Known thrombophilia 3
Family history of VTE 2

* p < 0.01 for association with positive scan for pulmonary embolism.
Abbreviation: VTE = venous thromboembolism.
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and within 1 day in 29 (20%) patients. In 11 patients,
radiological investigations were initiated more than
4 days after presentation with suspicious symptoms;
1 of these had PE.

Patients undergoing CTPA were older, more likely to
have respiratory disease and more likely to have an
abnormal chest X-ray than those referred for V/Q scan.
In the group undergoing CTPA, the mean age was
66.4 years, compared to a mean age of 51.7 years for
the V/Q scan group (p < 0.05). Underlying respiratory
diseases were noted in 31 patients undergoing CTPA,
versus only 5 patients undergoing V/Q scan (p < 0.005).
An abnormal chest X-ray was noted in 59 patients (74%)
undergoing CTPA, compared with only 22 patients
(44%) undergoing V/Q scan (p < 0.005).

Of the group of patients undergoing CTPA, 12 were posi-
tive for PE. Thrombus was reported to be within either

the left or right pulmonary artery in 5 cases, involving
the interlobar artery in 3 cases (Figure 1), and was
limited to the segmental branches in 3 cases (Figure 2).
One case had PE seen only in a sub-segmental artery.
Various ancillary findings were reported in 74 patients
(80%); in 13 patients these findings were unexpected prior
to CTPA and led to a change of clinical management.
These included pneumomediastinum, pulmonary
oedema, pericardial effusion, lymphangitis carcino-
matosis, recurrent malignancy and pulmonary meta-
stasis. The remaining findings were either irrelevant
to the patients’ clinical presentation (such as solitary
pulmonary nodules, pleural plaques), or were already
expected on the basis of the chest X-ray findings (such
as consolidation).

There were only 6 (10%) high probability V/Q scans
in our study population. A further 6 patients (10%) had
intermediate probability V/Q scans. Of these 6 patients
only 1 had a CTPA (which was positive for PE) and 3
patients had a DUS of lower limb veins (all were nega-
tive for DVT). The remaining 2 patients with intermedi-
ate V/Q scans did not have any further investigation
for VTE.

DUS of the lower limbs was performed in only 27
patients, with 8 (29%) found to have DVT. Of these
8 patients, 3 did not have clinical symptoms or signs
of DVT.

DISCUSSION
Our results indicate that, in our institution, CTPA is be-
ing utilised more often than V/Q scan as the first-line
investigation for suspected PE. The overall prevalence
of PE was 13%, which is low when compared to most
diagnostic study series, which report prevalence for PE
in the range of 28-33%.9,10 This prevalence is also lower
than reported in a small-scale study in our institution
performed in 1998 where we have found a prevalence
of PE of 24%.11 However, in more recent studies using
CTPA the prevalence of PE, as indicated by a positive
scan, is in the range 18% to 20%.12-14 Factors contribut-
ing to the use of this test by clinicians include the easy
availability of CTPA and non-invasive nature of the test,
the fact that a definitive answer is thought to be provided,
and the potential for alternate diagnoses to be made or
confirmed.

The sensitivity and specificity of CTPA for PE has been
studied in a large number of studies. A meta-analysis
study by Safriel and Zinn quoted the sensitivity and

Figure 2. Computed tomography pulmonary angiography in a
60-year-old woman with carcinoma of colon demonstrates filling
defects in the segmental pulmonary arteries of both lower lobes
consistent with multiple pulmonary emboli

Figure 1. Computed tomography pulmonary angiography in a 63-
year-old woman demonstrates filling defects in the right interlobar
pulmonary artery and also the superior segmental pulmonary
artery to the right lower lobe consistent with pulmonary embolism.
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specificity of CTPA as 74% and 90%, respectively.15

Clinical outcome studies have reported good outcomes
when CTPA is used as the initial imaging modality
for suspected PE. Subsequent PE following a negative
CTPA was found to be low, at 1.1%16 and 0.9%,14 levels
consistent with the rate of PE following a normal V/Q
scan or negative pulmonary angiogram. The negative
predictive value of CTPA is 96% to 99%.17-19 A more
recent meta-analysis on 3500 patients from 15 studies
reveals the overall negative predictive value of CTPA
to be 99.1%, which is similar to that reported with con-
ventional pulmonary angiography.20 Indeed, the British
Thoracic Society guidelines for the management of
suspected acute PE now recommend that patients with
a good quality negative CTPA do not require further
investigation or treatment for PE.21

The number of intermediate probability V/Q scans in
our study group was surprisingly low at 10%, whereas
over 30% of scans in the PIOPED study were reported
as in the intermediate probability category.10 The likely
explanation is the referral bias for CTPA and V/Q scans.
At our institution, V/Q scans were performed on younger
patients, who were more likely to have a normal chest
X-ray and no underlying respiratory disease. These fac-
tors decrease the likelihood of an intermediate probabil-
ity scan, and indicate appropriate referral of patients to
V/Q scan versus CTPA.

Risk factors for PE have been well described in the
literature.21,22 The only risk factor with a statistically
significant association with PE in our study was
malignancy. However, there were only small numbers
of patients with some of the other established risk
factors, making it impossible to comment on their
strength of association with PE. Additionally, as these
data were collected from the patients’ case notes, it is
likely that risk factors were present which were not
documented, or even sought, by the attending medical
officers. Thus, while the PIOPED study showed that
the presence of risk factors was more common in pa-
tients with PE, we have not found a statistically signifi-
cant difference in the total number of risk factors
between patients with or without PE.

The clinical presentation of PE was non-specific in our
patients. There was no individual symptom or sign that
was predictive of PE. A recent review noted that vari-
ous symptoms and signs (sudden dyspnoea, pleuritic
chest pain, haemoptysis, tachycardia and tachypnoea)
have been shown in individual studies to be predictive

of PE, allthough none has been universally found to
be predictive.23 While a pre-test probability based on
clinical parameters has been assessed in many diagnos-
tic studies,3,4 it was not possible to apply the rules these
studies used to our patients, due to the lack of docu-
mentation in the case notes of many key variables. Thus,
while we suspect that many patients would have been
assigned a low pre-test probability, we cannot confirm
this. A pre-test probability was documented in case notes
or radiology request in only 2 patients.

The majority of PE detected by CTPA was in the proxi-
mal pulmonary arteries, with only 4 scans demonstrat-
ing clots limited to segmental or sub-segmental arteries
alone. Our study has been performed on a single-
detector row helical CT scanner, which has limited
sensitivity in the detection of sub-segmental PE. With
the use of multi-detector CT, there is improved visuali-
sation of segmental and sub-segmental pulmonary
arteries and the detection rate of sub-segmental PE
is comparable to conventional pulmonary angiogram.
Also, there is improved inter-observer agreement for
the detection of PE by use of thin-collimation (1 mm
or 1.25 mm section) on multi-detector row helical CT
scans.24,25

The ability of CTPA to provide an alternative diagnosis
other than PE has been well recognised.18 This is also
illustrated in our study group where 14% of patients
having CTPA had unexpected findings detected that led
to a change in management. CTPA can also indicate
prognosis for patients with PE with the presence of
right ventricular enlargement being a predictor of early
death.26 Unfortunately, this was not frequently included
in the CTPA reports of our study.

Our study suffers the usual limitations of a retrospec-
tive review. Although patients were prospectively
recruited, the study is essentially retrospective in nature,
as required for an audit. It is likely that not all of the
information we intended to collect was recorded in
the medical records. Also, we targeted patients referred
for CTPA or V/Q scan for suspected PE. We have not
included patients referred for DUS of lower limbs
alone as work-up for VTE. As the purpose of this study
was to audit how radiological investigation was being
utilised, we did not re-read the CT scans or assess the
scan quality. The reports of all scans were included in
the study. There is no standardisation of investigat-
ion of suspected PE at our institution, a fact that was
evident by the failure to document a clinical pre-test
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probability, plus the limited use of DUS of lower limbs
and investigations for underlying thrombophilic
disorders. The adoption of a standard protocol for the
investigation of suspected PE is recommended; these
are already available from respected bodies (British
and American Thoracic Societies), and can be readily
adapted to suit local conditions.

In summary, our study found a low percentage of PE
in patients undergoing investigation for this disorder,
suggesting an over-utilisation of these tests, most likely
in cases with a low pre-test probability. Limited sensi-
tivity for sub-segmental PE detection with the single
detector row CT scanner may also contribute to the
low prevalence. CTPA is increasingly utilised for sus-
pected PE, with V/Q scan being appropriately reserved
for young, ambulatory patients without underlying
respiratory disease.

As CTPA is not always feasible (in patients with con-
trast allergies or renal impairment), does not always
yield technically satisfactory scans, and is not gener-
ally used to follow resolution of PE, a definite role for
V/Q scan will remain. However, with supportive clini-
cal outcome studies, the added advantage of providing
alternate diagnosis, prognostic information and improve-
ments in CTPA technology in the era of multi-detector
row CT scanning leading to increased sensitivity for
PE detection, CTPA is likely to remain the imaging
modality of choice for suspected PE.
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