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Summary
This study was carried out to examine the
diagnostic approach to patients with sus-
pected pulmonary embolism (PE) in a uni-
versity hospital. A retrospective case
record review of 251 patients with sus-
pected pulmonary embolism was carried
out according to a standard protocol, which
looked at the utilisation of imaging tech-
niques and compared clinical diagnoses
with a standardised diagnosis established
according to current recommendations.
Isotopic lung scan was the most commonly
used technique (73%), followed by leg vein
sonography (36%) and contrast venography
(31%). Lung arteriography was done in
only 7% of patients. Among the 205 patients
with a clinical diagnosis of PE, 115 (56%)
would be diagnosed as having PE accord-
ing to the standard criteria, 84 (41%) would
be unclassified, and six (3%) would not be
regarded as having PE. Among patients
who were diagnosed as having PE and
received anticoagulant therapy, 32% did
not have the diagnosis confirmed by an
imaging technique. Most of these had a
non-diagnostic lung scan which, despite
evidence to the contrary, seemed to be
interpreted as confirmation of PE. We con-
clude that clinicians do not seem to follow
current recommendations when approach-
ing patients with suspected PE. In particu-
lar, there is an over-reliance on lung scans,
and the significance of non-diagnostic
scans was often misinterpreted. Arteriog-
raphy was underused. These results em-
phasise the need to take measures to
implement practice guidelines and to ex-
plore the usefulness of newer non-invasive
techniques.

Keywords: pulmonary embolism; diagnosis; lung scan;
imaging techniques; audit

The approach to patients with suspected
pulmonary embolism (PE) is a challenging
clinical task. The mortality of untreated PE is
high, but anticoagulation may also have serious
adverse eVects. Several non-invasive imaging
techniques are available, but their diagnostic
performance is less than ideal. Pulmonary
arteriography, the gold-standard test at the
present time, is not free of potentially serious
complications. Thus, the clinician needs to
consider carefully the results of ancillary stud-
ies, as well as the risks and benefits of

anticoagulation, in order to make a therapeutic
decision.

In the last decade, many studies have
analysed the performance of imaging tech-
niques, and a number of algorithms have been
proposed to help clinicians in their decision
analysis. However, it is unclear to what extent
these new developments have been incorpo-
rated into clinical practice. This study was set
up to determine how patients with suspected
PE are managed in a routine clinical setting.

Materials and methods

We retrospectively reviewed the charts of 251
patients suspected of having PE who were
admitted to our hospital between 1 January
1994 and 31 December 1995. They included
two overlapping groups: those admitted from
the Emergency service because of suspicion of
PE, and those who had a diagnosis of PE in the
discharge clinical report. The study was
performed in the Hospital Universitario Mar-
qués de Valdecilla, a third-level 1000-bed facil-
ity serving a population of 500 000. The hospi-
tal had facilities to perform ultrasound leg scan
and venography at any time, and lung arteriog-
raphy and isotopic lung scans during regular
working hours. Spiral computed tomography
(CT) was not available. Most patients were
admitted to the services of general internal
medicine (39%), respiratory medicine (29%),
or cardiology (8%). The remaining 24% were
patients in the wards of other medical or surgi-
cal services.

The charts were reviewed, according to a
standardised protocol, to establish the ancillary
tests performed, diagnosis, and therapeutic
measures taken. We compared the ‘clinical
diagnosis’ (ie, the diagnosis established by
clinicians caring for the patients), with a
‘standardised diagnosis’ based on explicit
criteria as explained below. Following com-
monly accepted criteria, a normal lung scan
was considered as evidence against PE, and a
high-probability V/Q scan was regarded as
diagnostic of PE.1 2 Imaging studies of the veins
of lower extremities have high specificity; the
frequency of PE in patients with deep vein
thrombosis (DVT) and clinical suspicion of PE
is considered to be virtually 100%. Hence, for
the purposes of this study, we considered that
all patients with a clinical suspicion of PE who
had a positive vein sonogram or contrast study
actually had PE. Therefore, we retrospectively
classified patients into the following three
groups according to a ‘standardised diagnosis’:
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+ patients were considered to have PE if they
had (a) an autopsy diagnosis; or (b) positive
pulmonary arteriography; or (c) a high-
probability ventilation/perfusion (V/Q) lung
scintigraphy; or (d) a duplex ultrasound scan
or contrast venography showing DVT

+ patients were considered not to be suVering
from PE if they had (a) an autopsy excluding
PE; or (b) a negative pulmonary arteriogra-
phy; or (c) a normal or low-probability lung
scan (V/Q or perfusion-only) and no new
manifestations of venous thrombo-
embolism during the following 6 months in
the absence of anticoagulation

+ patients were considered unclassifiable if
they were not included in either of the above
groups.

Results

IMAGING TECHNIQUES IN THE WHOLE GROUP

In the study group as a whole, lung scintigraphy,
the most commonly used imaging technique,
was performed in 185 patients (73%). In 103,
V/Q scans were obtained, whereas in 82 only a
perfusion scan was obtained. The frequencies of
utilisation of other techniques are shown in fig-
ure 1. It is notable that lung arteriography was
done in only 18 patients (7%). Figure 2 shows
the frequencies of positive results. Forty-six
(45%) of the 103 V/Q scans were considered as
‘high probability’, four were reported as nor-
mal, and 53 (51%) were non-diagnostic (re-
ported as intermediate or low-probability, or in
less accepted terms such as ‘non-suggestive’).
Among the 82 perfusion-only scans, 14 (17%)
were considered as high probability (they had a
normal X-ray); two (3%) were normal, and the
remainder (80%) were non-diagnostic. Overall,
119 (64%) lung scans were non-diagnostic; 84
(71%) of these patients were subjected to other
imaging techniques, while 35 cases (29%) did
not undergo any other procedures. Among the
latter group, 23 patients were given anticoagu-
lants.

The clinical diagnosis and the imaging tests
performed in these patients are shown in table
1. The patients are divided into the three diag-
nostic subgroups according to the standardised
criteria described above. Among patients with
DVT diagnosed by ultrasound or venography,

only 52% had clinical signs suspicious of DVT.
Among patients with clinical signs of DVT, leg
ultrasound scans were positive in 64%, whereas
the scan was positive only in 18% of those
without signs. Contrast venography was posi-
tive in 64% of patients with signs of DVT and
in 52% of those without signs.

CONCORDANCE BETWEEN DIFFERENT IMAGING

TECHNIQUES

A leg ultrasound scan and a contrast venogra-
phy were obtained in 19 patients. Both
techniques were negative in nine patients and
positive in two. One patient had a positive
ultrasound scan, but a negative venography,
whereas seven patients had negative ultrasound
but positive contrast venography (in six cases
with thrombi in the region above the knee). In
these 19 patients the concordance coeYcient
kappa was 0.13 (not significant).

Seventeen patients with a lung scan (12 non-
diagnostic and five reported as high probability
(two V/Q and three Q scans)) also had an
arteriography. In two of these five patients (one
V/Q and one Q scan) the arteriography was
positive.

PATIENTS WITH A CLINICAL DIAGNOSIS OF PE

We then focused on the subgroup of patients
with a clinical diagnosis of PE to find out how
it was established and the concordance with the
standardised diagnostic criteria. In 94 (46%) of
the 205 patients with a diagnosis of PE in their
final clinical report, the diagnosis was based on
clinical data and basic ancillary tests (chest
X-ray, blood gases, electrocardiogram). In the
remaining cases the diagnosis was supported
by at least one imaging study with a positive
result (table 2).

Figure 1 Number of imaging studies performed in
the group as a whole, expressed as a percentage of the
total number of patients (n=251)
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Figure 2 Distribution of the results of imaging
studies in the group as a whole. The lighter areas
represent the percentage of positive studies. For lung
scans, the percentages of high probability (lightest
area), normal (darkest area), and non-diagnostic
(intermediate) studies are given
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Among the 205 patients with a clinical diag-
nosis of PE, 84 (41%) were considered unclas-
sifiable according to the standard criteria
(figure 3). Thirty-three of them did not receive
anticoagulant therapy. The vast majority repre-
sented cases of sudden deterioration or very ill

patients in whom PE was suspected as a possi-
ble cause of death. Among the remaining 51
patients who were given anticoagulants, six had
a perfusion-only high-probability lung scan,
and 35 had a non-diagnostic scan. Ten patients
were diagnosed and treated on the basis of
clinical suspicion and basic ancillary tests or
echocardiography only (figure 3).

Five patients with a clinical diagnosis of PE
who were treated with anticoagulants were
classified as non-PE according to the standard
criteria (figure 3). Three had a normal
arteriography, but a high clinical suspicion of
PE; two were suspected of having PE, but it was
excluded at autopsy.

Discussion

The diagnosis of PE remains a challenging
clinical task. It is a serious disease that may be
fatal if untreated. Pulmonary angiography, the
gold standard for diagnosis, is not always avail-
able, nor is it free of complications. Other less
invasive techniques, including lung scintigra-
phy and imaging studies of leg veins, have a less
than optimal diagnostic performance. In the
past 10 years there have been notable advances
in this field, and a number of studies have
determined the diagnostic accuracy of the dif-
ferent imaging techniques. In particular, the
PIOPED study was a seminal work in estab-
lishing the actual value of V/Q scans.2 Other
studies have analysed the performance of con-
trast venography,3 leg vein sonography,4–7 and
plethysmography.8 Nevertheless, given the sub-
optimal performance of these techniques,
when approaching patients with suspected PE,
clinicians need to consider carefully both clini-
cal data and data from basic ancillary studies
(such as blood gases and electrocardiogram),
along with results from imaging studies. A
number of algorithms have been proposed to
help clinicians to use this information in a sys-
tematic way.9–13 However, it is unclear to what
extent this information has been incorporated
into current clinical practice.

The results of our study confirm that lung
scanning is the most commonly used technique

Table 1 Clinical diagnosis, therapy and imaging tests performed in the three
subgroups of patients classified according to the standarised criteria (see Methods)

PE (n=124) No-PE (n=29) Unclassified (n=98)

Clinical diagnosis PE 115 6 84
DVT 5 1 0
Other 4 22 14

Patients treated
with anticoagulants 109 9 51

Test Result
Arteriography Positive 9 0

Negative 1 8
Total 10 8 0

Venography Positive 44 0 0
Negative 15 7 13
Total 59 7 13

Leg US scan Positive 35 0 0
Negative 22 14 20
Total 57 14 20

Lung scan Q High-probability 6 2 6
Normal 0 2 0
Non-diagnostic 26 6 34
Total 32 10 40

Lung scan V/Q High-probability 46 0 0
Normal 0 4 0
Non-diagnostic 23 15 15
Total 69 19 15

Table 2 Positive imaging studies in patients with a
clinical diagnosis of PE. The lung scans include all
ventilation-perfusion and perfusion scans reported as
‘high probability’

n (%)

None 94 (45.8)
One 84 (41.0)

Lung scan 33
Arteriography 5
Leg venography 28
Leg US scan 19

Two 26 (12.7)
Lung scan + leg venography 12
Lung scan + leg US scan 10
Lung scan + arteriography 1
Leg venography + US scan 2
Leg venography + arteriography 1

Three 1 (0.5)
Lung scan + arteriography + leg US

Figure 3 Distribution of patients with a clinical diagnosis of PE according to the standardised criteria used.
The numbers of patients receiving anticoagulants and the imaging studies supporting the clinical diagnosis in
those unclassified according to these criteria are also shown
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in patients with suspected PE. Certainly, it
directly explores the organ in which the
suspected abnormality resides and is free of
serious complications. Hence it is not surpris-
ing that it has become such a widely used tech-
nique. However, the diagnostic performance of
lung scintigraphy is far from ideal. It is
commonly accepted that a normal scan makes
PE very unlikely, and allows anticoagulant
therapy to be withheld in cases without a very
high clinical suspicion of PE. On the other
hand, a high-probability V/Q scan is highly
suggestive of PE. Unfortunately, a minority of
our patients had any of these ‘diagnostic scans’.
In most cases (64% in the present study, and
similar figures in other reports2) scans are non-
diagnostic or indeterminate. Thus, most au-
thorities recommend pursuing the diagnosis
with other techniques, including leg vein ultra-
sound or contrast radiography, lung arteriogra-
phy, and spiral CT scan.12–14 However, in every-
day clinical practice, clinicians often appear to
establish the diagnosis of PE (or to rule it out)
on the basis of an indeterminate scan.15–18 In
fact, in almost one third of the patients with
such a non-diagnostic scan in our study, no
other imaging techniques were performed. In
most of these patients a diagnosis of PE was
established and they were prescribed anti-
coagulants.

Eighty-four (41%) of 205 patients with a
clinical diagnosis of PE should be considered
as unclassified according to the standard crite-
ria defined in this study. This merits some
comments. Thirty-three of these patients were
not treated with anticoagulants, suggesting that
clinicians suspected the diagnosis but they may
not have critically appraised or seriously
considered it. However, 51 out of 160 patients
who were diagnosed and treated for PE (32%)
did not have confirmation of the diagnosis by
an imaging technique (figure 3). Most of them

(61%) had indeterminate lung scans. The
prevalence of PE in patients with indetermi-
nate scans may fluctuate between 16 and 66%
depending on their clinical features.2 On the
other hand, the accuracy of clinicians in
estimating pre-test probability of PE is not
higher than 70%, with only moderate inter-
clinician agreement, as represented by a kappa
coeYcient of 0.44.19 A typical 6-month course
of anticoagulant therapy for PE carries a 7%
risk of serious bleeding.13 Thus it clearly seems
worthwhile to define further the probability of
PE by objective means in patients with indeter-
minate scans and not to rely only on basic
ancillary data and clinical suspicion.

This is a retrospective study of routine clini-
cal practice and the diagnostic procedures were
selected by clinicians in a non-systematic way.
Thus, it is not feasible to make a meaningful
comparison of the diagnostic performance of
diVerent techniques. However, some data
about the concordance between leg sonogra-
phy and contrast venography, and between
lung scans and arteriography, are disturbing
because they suggest that the diagnostic
accuracy of those techniques in the routine
clinical setting may be considerably lower than
in controlled published studies.

In summary, clinicians do not appear to fol-
low the published guidelines when approach-
ing patients with PE. It is unclear whether this
reflects diYculties in applying the guidelines in
the usual clinical setting, an informed disagree-
ment with them, or insuYcient knowledge
about the diagnostic performance of the
techniques available. Whatever the reason,
there seems to be an urgent need to establish
and implement consensus hospital protocols,
so as to encourage optimal, standardised, treat-
ment of these patients. This would allow the
actual diagnostic accuracy of each technique to
be established at a local level.
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