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Background: The low specificity of ventilation-perfusion
lung scanning complicates the management of patients
w i t h suspected pulmonary embolism.
Objective: To determine the safety of a clinical model for
patients w i t h suspected pulmonary embolism.
Design: Prospective cohort study.
Setting: Five tertiary care hospitals.
Patients: 1239 inpatients and outpatients w i t h suspected
pulmonary embolism.
I n t e r v e n t i o n s : A clinical model categorized pretest
probability of pulmonary embolism as low, moderate, or
high, and ventilation-perfusion scanning and bilateral
deep venous ultrasonography were done. Testing by serial
ultrasonography, venography, or angiography depended
on pretest probability and lung scans.
Measurements: Patients were considered positive for
pulmonary embolism if they had an abnormal pulmonary
angiogram, abnormal ultrasonogram or venogram, highprobability ventilation-perfusion scan plus moderate or
high pretest probability, or venous thromboembolic event
during the 3-month follow-up. All other patients were considered negative for pulmonary embolism. Rates of pulmonary embolism during follow-up in patients who had a normal lung scan and those with a non-high-probability scan
and normal serial ultrasonogram were compared.
Results: Pretest probability was low in 734 patients (3.4%
w i t h pulmonary embolism), moderate in 403 (27.8% w i t h
pulmonary embolism), and high in 102 (78.4% w i t h pulmonary embolism). Three of the 665 patients (0.5% [95%
CI, 0.1 % t o 1.3%]) w i t h low or moderate pretest probability and a non-high-probability scan w h o were considered
negative for pulmonary embolism had pulmonary embolism or deep venous thrombosis during 90-day follow-up;
this rate did not differ from that in patients w i t h a normal
scan (0.6% [CI, 0 . 1 % t o 1.8%]; P > 0.2).
Conclusion: Management of patients w i t h suspected
pulmonary embolism on the basis of pretest probability
and results of ventilation-perfusion scanning is safe.

This paper is also available at http://www.acponline.org.
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ecause the signs and symptoms of pulmonary
embolism are nonspecific, objective diagnostic
tests are warranted when this event is suspected (1,
2). Many algorithms have been suggested for the
diagnosis of pulmonary embolism, but there is no
standardized approach. Pulmonary angiography is
the gold standard diagnostic test, but this technique
is invasive, expensive, not readily available, and labor intensive. Moreover, its results can be difficult
to interpret. In addition, 1.6% of patients with a
normal pulmonary angiogram develop pulmonary
embolism during 1-year follow-up, usually in the
first month (3, 4). Consequently, noninvasive ventilation-perfusion lung scanning is usually performed
first in patients with suspected pulmonary embolism.
A normal scan essentially rules out the diagnosis of
pulmonary embolism (5), and a high-probability
scan has a high positive predictive value (except in
patients with a low pretest probability) (6, 7). However, more than 50% of patients with suspected
pulmonary embolism have so-called non-high-probability ventilation-perfusion scans; angiography
would demonstrate pulmonary embolism in less
than 25% of these patients. Given the limitations of
angiography and the fact that most pulmonary emboli originate from thrombi in the deep veins of the
leg (7), investigation for deep venous thrombosis by
using ultrasonography is an alternative. It is relatively safe to withhold anticoagulation in patients
with suspected pulmonary embolism who have no
evidence of deep venous thrombosis on serial impedance plethysmography (8); however, impedance
plethysmography is not widely used, and we recently
demonstrated that it is significantly less sensitive
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Figure 1. Algorithm for the clinical model to determine the pretest probability of pulmonary embolism (PE). Respiratory points consist of
dyspnea or worsening of chronic dyspnea, pleuritic chest pain, chest pain that is nonretrosternal and nonpruritic, an arterial oxygen saturation less than 92%
while breathing room air that corrects with oxygen supplementation less than 40%, hemoptysis, and pleural rub. Risk factors are surgery within 12 weeks,
immobilization (complete bedrest) for 3 or more days in the 4 weeks before presentation, previous deep venous thrombosis or objectively diagnosed
pulmonary embolism, fracture of a lower extremity and immobilization of the fracture within 12 weeks, strong family history of deep venous thrombosis or
pulmonary embolism (two or more family members with objectively proven events or a first-degree relative with hereditary thrombophilia), cancer (treatment
ongoing, within the past 6 months, or in the palliative stages), the postpartum period, and lower-extremity paralysis. JVP = jugular venous pressure; RBBB =
right bundle-branch block.

than ultrasonography (9, 10). Two studies (6, 11)
have demonstrated that clinical assessment of the
pretest probability of pulmonary embolism may be a
useful adjunct to lung scanning, but neither study
used explicit criteria.
The optimal strategy for investigating patients
with suspected pulmonary embolism should combine clinical assessment, ventilation-perfusion scanning, and venous ultrasonography of the lower
extremities. We reasoned that patients with nonhigh-probability ventilation-perfusion scans and a
low or moderate pretest clinical probability of pulmonary embolism (as determined by a clinical prediction rule) could be safely managed with serial
ultrasonography. Further testing would be required
in patients with a high clinical probability and a
non-high-probability scan and in patients with a low
clinical probability and a high-probability scan.
Methods
Development of the Clinical Model

Our group (consisting of physicians trained in
respiratory medicine, hematology, thrombotic diseases, epidemiology, and radiology) previously developed a useful clinical model for patients with
suspected deep venous thrombosis by reviewing the
literature and coming to a consensus on a scoring
998

system. The system combined well-established risk
factors for venous thrombosis, clinical signs and
symptoms, and determination of whether an alternative diagnosis was likely (12). We applied the
same strategy in patients with suspected pulmonary
embolism. We used criteria from the published literature (13, 14) to establish a pilot model by consensus. This preliminary model was tested in a pilot
study of 91 patients with suspected pulmonary embolism and was subsequently refined. The final clinical model is shown in Figure 1.
First, a history was taken and a physical examination was performed; the latter included chest radiography, oxygen saturation tests, and electrocardiography (if indicated). A checklist of signs and
symptoms was completed to determine whether the
patient met our definition of a severe, typical, or
atypical clinical presentation. The presence of an
alternative diagnosis that was as likely as or more
likely than pulmonary embolism to account for the
patient's signs and symptoms was determined. This
determination was based on signs and symptoms
and results of routine tests (blood gas, chest X
radiography, or electrocardiography). We defined an
alternative diagnosis as any other illness that could
fit the patient's symptom complex if it was supported by the history or by physical, laboratory, and
radiologic findings. The alternative diagnosis did not
have to be related to previous disorders: For exam-
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pie, it was possible to enroll a patient with an
alternative diagnosis of pneumonia if the physician
still thought that pulmonary embolism could not be
ruled out. Finally, established risk factors for venous
thromboembolism were totalled. Patients could then
be classified as having a low, moderate, or high
probability of pulmonary embolism.
Management Study
Patient Sample
Five Canadian centers (McMaster University
Medical Centre and the Hamilton Civics Hospitals,
Hamilton; Ottawa Civic Hospital, Ottawa; and
Queen Elizabeth II Health Sciences Centre, Halifax) participated in the study from September 1993
to May 1996. Consecutive inpatients and outpatients
with suspected pulmonary embolism whose symptoms had lasted less than 30 days were potentially
eligible. Exclusion criteria were 1) suspected upperextremity deep venous thrombosis as the source of
the pulmonary embolism, 2) no symptoms of pulmonary embolism for more than 3 days before presentation, 3) use of anticoagulation for more than
72 hours, 4) expected survival of less than 3 months
(a criterion introduced halfway through the study
because the death rate, albeit not due to pulmonary
embolism, was higher than expected), 5) contraindication to contrast media, 6) pregnancy, 7) geo-

Figure 2.

graphic inaccessibility precluding follow-up, 8) age
younger than 18 years, and 9) inability to obtain
permission from the patient or the patient's attending physician.
Investigations on the Day of Presentation
After informed consent was obtained, all patients
were evaluated by a physician to determine the
pretest clinical probability of pulmonary embolism
by using the clinical model. Ventilation-perfusion
scanning was performed, and the results were interpreted by the hospitals' nuclear medicine physicians.
These physicians had no knowledge of other results
or the patients' signs, symptoms, or risk factors.
Their scan interpretations were used to manage patients. Ventilation-perfusion scans were interpreted
as 1) normal (no perfusion defects), 2) high probability ( > 1 segmental or greater perfusion defects
with normal ventilation or >2 large subsegmental
perfusion defects [>75% of a segment]) with normal ventilation, or 3) non-high probability (ventilation-perfusion defects that did not qualify as high
probability or normal) (7). A lung segment reference chart was used to interpret the scans (15). In a
random sample of 570 patients, the scans were interpreted by using the revised Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) criteria (16) and were compared with the

Diagnostic strategy used in patients with suspected pulmonary embolism.
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results derived by using the criteria described above.
After ventilation-perfusion scanning was completed,
bilateral compression ultrasonography from the
common femoral vein to the trifurcation of the calf
veins (but not below) was performed. Lack of vein
compressibility was considered diagnostic of deep
venous thrombosis.

trasonography, or venography; a high-probability
ventilation-perfusion scan plus moderate or high
pretest probability; or a venous thromboembolic
event within the 3-month follow-up period. All
other patients were classified as negative for pulmonary embolism.
Treatment and Follow-up

Subsequent Management Strategy

Patient management was based on the results of
clinical pretest probability, ventilation-perfusion
scanning, and ultrasonography (Figure 2). In our
management strategy, patients underwent contrast
venography and pulmonary angiography if the clinical pretest probability and ventilation-perfusion
scan were discordant (high clinical probability with
a non-high-probability ventilation-perfusion scan or
low clinical probability with a high-probability ventilation-perfusion scan). Contrast venography was
performed as described elsewhere (17). If the
venogram was normal, patients received intravenous
heparin and pulmonary angiography was performed
within 24 hours. Pulmonary angiography was performed by using standard techniques (11). Pulmonary embolism was diagnosed if there was a constant intraluminal filling defect or an abrupt cut-off
in vessels larger than 2.5 mm in diameter. Low- and
moderate-probability patients with non-high-probability ventilation-perfusion scans are statistically the
most likely group to have false-positive results on
ultrasonography. Therefore, we attempted to perform confirmatory venography in these patients. If
the venogram was inadequate or could not be obtained, the final diagnosis was made on the basis of
the result of ultrasonography or angiography was
performed.
Patients were classified as positive for pulmonary
embolism if one or more of the following occurred:
an abnormal result on pulmonary angiography, ul-

Figure 3.
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Anticoagulant therapy was withheld in patients
who were negative for pulmonary embolism. Patients were followed for 3 months and were instructed to return at once if they developed symptoms or signs suggestive of pulmonary embolism or
deep venous thrombosis. If at any time venous
thromboembolism was suspected, patients were investigated by using a standardized approach (Figure
3). After 3 months, all patients returned for a followup appointment or were contacted by telephone.
Statistical Analysis

The primary analysis was a comparison of the
rate of venous thromboembolism during the 3-month
follow-up in patients who had a low or moderate
pretest probability, non-high-probability ventilationperfusion scans, and normal serial compression ultrasonograms with the rate in patients who had
normal perfusion scans and normal initial ultrasonograms. This comparison was performed because a
normal ventilation-perfusion scan is usually considered to exclude pulmonary embolism and we hypothesized a priori that the rates of venous thromboembolism in these two groups would be the same.
Sample size was determined by adapting the equivalence test procedure described by Dunnett and
Gent (18). We believed that an acceptable rate of
deep venous thrombosis or pulmonary embolism in
the follow-up period after normal serial testing in
patients with non-high-probability ventilation-perfusion scans and low or moderate pretest clinical

Algorithm for investigation of patients with suspected deep venous thrombosis or pulmonary embolism during 3-month follow-up.
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Table 1 .

Rates of Pulmonary Embolism According to Pretest Probability of Pulmonary Embolism and Results of
Ventilation-Perfusion Lung Scanning

Pretest Probability of
Pulmonary Embolism

Normal
Perfusion
(95% CI)

Lung Scanning Result (95% CI)

Low
Moderate
High
Total

High Probability

Non-High
Probability

<

Total (95% CI)

%

1.2(0.2-3.4)
0 (0-4.9)
13(3.2-52.7)
1.2(0.3-3.0)

2.9(1.5-4.9)
12.1 (8.0-16.2)
47 (37.9-72)
8.4(6.5-10.7)

>
33(17-54)
100*
100*
89.3 (83.7-93.6)

3.4 (2.2-5.0)
27.8(23.4-32.2)
78.4 (69.2-86.0)
17.5(15.4-19.6)

* By definition, the probability of pulmonary embolism was 100% in these groups.

probability would be 4%; this was the rate of pulmonary embolism in the normal/near-normal category used in PIOPED. Most physicians seem to
consider such scan results acceptable to exclude pulmonary embolism. We accepted that the rate of
events on follow-up in the patients with normal
perfusion scans would be 1%. In this case, with the
null hypothesis (probability of pulmonary embolism
during follow-up in patients with non-high-probability lung scans minus the probability of pulmonary
embolism during follow-up in patients with a normal lung scan = 3%) and the alternative hypothesis
(probability = 1%), 550 patients with non-highprobability lung scans would provide a power of
84% to demonstrate that the difference between the
two groups is unlikely to be more than 3%. We
judged that a 3% difference would be clinically acceptable.
Results were assessed by using a chi-square test.
Confidence intervals were calculated from the binomial distribution. To determine the interobserver
reliability of the clinical model, two independent
observers obtained same-day assessments in 58 patients. Agreement was determined by using a
weighted K test. The rates of abnormal ultrasonography results in the three pretest probability categories were compared by using a 3 x 2 chi-square
test. This analysis was performed for all patients
regardless of lung scanning results and in patients
with high-probability lung scans.

(n = 7), and age younger than 18 years (n = 5). Of
the 1401 eligible patients, 147 declined to participate, 2 had inadequate ventilation-perfusion scans,
and 13 moved from the study region and were lost
to follow-up. Thus, 1239 patients were evaluated.
Pretest Probability and Rates of Pulmonary
Embolism

Of the 1239 evaluable patients, 734 were determined to have a low pretest probability (of whom
25 [3.4%] had pulmonary embolism), 403 had a
moderate pretest probability (of whom 112 [27.8%]
had pulmonary embolism), and 102 had a high pretest probability (of whom 80 [78.4%] had pulmonary
embolism). Table 1 shows the breakdown of patients with pulmonary embolism according to pretest probability and result of ventilation-perfusion
scanning. The difference in the prevalence of pulmonary embolism in the three categories was statistically significant (P < 0.001).
The proportion of patients with pulmonary embolism in the three pretest probability categories
was compared among centers. The clinical model
performed similarly in allfivecenters (P > 0.2). Sixteen physicians were involved in the study. The
weighted K value for interobserver reliability for the
clinical model was determined in a subset of 58
patients to be 0.86; this value represents an excellent level of agreement.
Ventilation-Perfusion Lung Scanning

Results
Patients

A total of 1885 consecutive, symptomatic patients
were evaluated, of whom 484 were ineligible because of prolonged anticoagulant therapy (n = 158),
expected survival less than 3 months (n = 89), geographic inaccessibility (n = 68), contraindication to
contrast media (n = 60), inability to contact the attending physician (n = 57), pregnancy (n = 23), suspected upper-extremity deep venous thrombosis
(n = 17), symptoms resolved for more than 72 hours

Of the 1239 patients analyzed, 334 (27%) had
normal ventilation-perfusion scans, 736 (59%) had
non-high-probability scans, and 169 (14%) had
high-probability scans. When events in the 3-month
follow-up period were included, 4 patients (1.2%) in
the normal ventilation-perfusion scan group, 62 patients in the non-high-probability scan group
(8.4%), and 151 patients (89%) in the high-probability scan group were positive for pulmonary embolism. Results obtained by using the PIOPED criteria are shown in Table 2.
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Table 2!.

Rates of Pulmonary Embolism According t o Pretest Probability of Pulmonary Embolism and Results of
Ventilation-Perfusion Lung Scanning (by PIOPED Criteria)*

Pretest Pre)bability
of Pulmon ary
Embolism

Normal Perfusion

Totalt

Lung Scan Result
Low Probability

Intermediate
Probability

High Probability

.
Low
Moderate
High
Total*

2/162
0/40
0/3
2/205(1 [0.1-3.5])

0/113
5/54
2/8
7/175 (4 [1.6-8.1])

n/n (%)

1/69
8/41
5/8
14/118 (12 [6.6-19.1])

4/13
32/33
21/24
57/70 (81.4 [70.3-89.7])

7/357 (2 [0.8-4.0])
45/168 (27 [20.3-34.2])
28/43 (65 [49.1-79.0])

* PIOPED = Prospective Investigation of Pulmonary Embolism Diagnosis,
t Values in square brackets are 95% CIs.
* Values in parentheses and square brackets are (percentage of patients [95% CI]).

Management Strategy
Primary Analysis
Rates of venous thromboembolic events during
the 3-month follow-up did not differ between patients with normal perfusion scans and normal initial ultrasonograms (2 of 332 [0.6%; 95% CI, 0.3%
to 3.0%]) and those with non-high-probability ventilation-perfusion scans, low or moderate pretest
probability, and normal serial ultrasonograms (3 of
665 [0.5%; CI, 0.1% to 1.3%]; P > 0.2). Normal
serial ultrasonography had a negative predictive
value of 99.5%. The results of ultrasonography are
shown in Figure 4. Serial conversion occurred in 14
of 679 patients (2.0%): 7 on day 3, 4 on day 7, and
3 on day 14. Thus, if the day 7 and 14 ultrasonograms had not been obtained, the follow-up event
rate could have been as high as 1.3%. Three-month
follow-up information was obtained by telephone
for 58% of patients. All other patients were interviewed for their follow-up visit and underwent ultrasonography at 3 months. Asymptomatic deep venous thrombosis was not detected in any of these
patients.
Secondary Analyses
Twenty-seven of the 169 patients (16%) with
high-probability ventilation-perfusion scans had a
low pretest probability. Eight patients were initially
confirmed to have pulmonary embolism (by ultrasonography in 5 patients, venography in 1, and angiography in 2). One patient had pulmonary embolism during follow-up, but this patient did not
comply with the protocol by declining to undergo
venography and angiography. A comparison of ultrasonographic results in patients with high-probability ventilation-perfusion scans showed that the
ultrasonogram was abnormal in 5 of 27 patients
(19%) with low pretest clinical probability, 31 of 75
patients (40%) with moderate pretest probability,
and 35 of 60 patients (58%) with high pretest probability. These differences are statistically significant
(P < 0.001). When all ventilation-perfusion scan
groups are combined, ultrasonograms were abnor1002

mal in 17 of 734 patients (2.3%) with low pretest
probability, 56 of 396 patients (14.1%) with moderate pretest probability, and 46 of 102 patients (45%)
with high pretest probability (P < 0.001) (Table 3).
Seventy-two patients died during the study. Sixteen of these patients had an initial diagnosis of
pulmonary embolism, and 56 were considered negative for pulmonary embolism. All deaths were adjudicated by an independent panel, and none was
judged to have been caused by pulmonary embolism
(Table 4).

Discussion
We developed a clinical model for use in patients
with suspected pulmonary embolism. The model accurately classified patients as having low, moderate,
or high probability of pulmonary embolism. Reproducibility of the model is suggested by the similar
accuracy in the five centers, and the interobserver
reliability of the model was validated. The validity
of the clinical model is further suggested by the
significantly different rates of deep venous thrombosis detected by ultrasonography in patients with low,
moderate, and high pretest probability of pulmonary
embolism. We recognize that our model may overestimate the overall rate of pulmonary embolism in
patients whom we considered to have a moderate
pretest probability, because these patients were considered positive for pulmonary embolism if the ventilation-perfusion scan indicated high probability.
However, almost 90% of these patients have angiographic evidence of pulmonary embolism (6), and
treatment is generally recommended in these patients. By incorporating the pretest probability into
the diagnostic approach for patients with suspected
pulmonary embolism, we tested a management
strategy that reliably diagnosed pulmonary embolism in more than 96% of patients by using only
ventilation-perfusion scanning and bilateral leg vein
ultrasonography. The strategy outlined in Figure 2
resulted in only 46 of 1239 patients (3.7%) requiring
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venography or angiography, and only 6 of 1022
(0.6%) patients considered negative for pulmonary
embolism had events on follow-up. None of these
events was massive pulmonary emboli or iliofemoral
deep venous thrombosis.
It is difficult to estimate the number of tests that
our strategy avoids. In the PIOPED study, 54% of
patients with suspected pulmonary embolism had
moderate or high pretest probabilities and nondiagnostic scans. It would not be unreasonable to perform angiography in all of these patients. Another
study demonstrated that only 15% of patients with
non-high-probability scans go on to angiography,
but a remarkable proportion (28%) were treated
with anticoagulants without receiving a final diagnosis (19). In our study, only 3.7% of patients required
angiography or venography; thus, our strategy provides a marked reduction in the need for invasive
tests. It is evident that our approach is a safe, noninvasive strategy for the management of patients with
non-high-probability ventilation-perfusion scans. We
validated the use of serial ultrasonography in patients with non-high-probability ventilation-perfusion
scans and a low or moderate pretest probability, a
group that represented more than 95% of our patients with non-high-probability ventilation-perfusion scans. Because pulmonary embolism and deep
venous thrombosis are manifestations of the same
disease and because this approach is safe in patients
with suspected deep venous thrombosis, it seemed
reasonable to hypothesize that serial ultrasonogra-

Figure 4. Results of ultrasonography in patients with non-highprobability ventilation-perfusion scans and low or moderate pretest
probability of pulmonary embolism.

Table 3.

Rates of Abnormal Results on Initial
Ultrasonography According to
Ventilation-Perfusion Scanning Resuits and
Pretest Probability

Pretest
Probability
of Pulmonary
Embolism

Normal
Perfusion

Non-High
Probability
y

Low
Moderate
High
Total

Lung Scan Result

Total

High
Probability
n

/

n

fO/ )

1/253(1.2) 11/454(2.4)*
5/27(19)
17/734(2.3)
56/396(14.1)*
0/73 (0) 26/248 (10.5)t 30/75 (40)*
46/102(45)
1/8(13)
10/34(29)
35/60(58)
2/334(0.6) 47/736(6.3)
70/162(43) 119/1232(9.7)

* Seven of 11 piatients had an abnormal result on serial testing.
t Seven of 26 piatients had an abnormal result on serial testing.
* Three patients; had inadequate ultrasonography results and four• did not undergo ultrasonography

phy would be safe (20-22). In addition, we identified two small but clinically important subgroups in
which further invasive diagnostic tests are justified:
1) patients with a low pretest clinical probability of
pulmonary embolism, a high-probability ventilationperfusion scan, and a normal ultrasonogram and 2)
patients with high pretest clinical probability of pulmonary embolism, a non-high-probability scan, and
a normal ultrasonogram.
Because physicians are willing to rule out pulmonary embolism in patients with normal ventilationperfusion scans (5), we believed that the rate of
venous thromboembolism during 3-month follow-up
in patients with normal perfusion scans should be
equivalent to that found with any strategy in which
angiography is limited. We chose to use Hull diagnostic criteria for scan interpretation instead of the
PIOPED criteria because a previous noninvasive
management strategy had used these criteria; a high
degree of observer agreement has been demonstrated with these criteria; and Hull criteria, which
make no distinction between low- and intermediateprobability scans, are easier to remember. Nonetheless, because we expected that some physicians
would be more familiar with the PIOPED criteria,
we also scored the ventilation-perfusion scans of
570 randomly selected patients according to the
PIOPED system. We found no advantage to using
the PIOPED criteria. None of the 113 patients (CI,
0% to 3.2%) with a low pretest probability and a
low probability scan according to the PIOPED criteria had pulmonary embolism; this does not statistically significantly differ from the 3.4% rate of pulmonary embolism (CI, 2.2% to 5.0%) in patients
with low pretest probability and non-high-probability scans according to Hull criteria. Thus, either the
PIOPED or Hull criteria can be used in our strategy, with the same results.
The role of ultrasonography in patients with suspected pulmonary embolism is somewhat controversial. Although Bradley and Alexander (23) reported
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Our study has some limitations. Because the clinical model was used predominantly by physicians
who have expertise in thromboembolic diseases, it
Cause of Death
Deaths
may not be suited for use by all physicians. Patients
Patients with
Patients with No
Total
were
entered consecutively, and we included both
Pulmonary
Pulmonary
Embolism Initially
Embolism Initially
hospitalized and ambulatory patients; nonetheless,
^
the demographic characteristics of our patients may
differ from those of patients presenting in other
Metastatic cancer
8
34
42
centers.
Although the eligibility criterion was simply
0
Congestive heart failure
11
11
Renal failure
2
2
4
"suspected pulmonary embolism," it was informally
Pneumonia
0
5
5
agreed that patients should have dyspnea or chest
Liver failure
1
2
1
Sepsis
1
0
1
pain not clearly due to another condition. This lack
3
Myocardial infarction
3
6
of a definable symptom complex as an eligibility
0
Stroke
1
1
criterion may limit the generalizability of our findings. Another potential limitation is the critical role
of determining whether an alternative diagnosis that
was
as likely as or more likely than pulmonary
high rates of deep venous thrombosis detected by
embolism
accounted for the patient's signs and
ultrasonography in patients with non-high-probabilsymptoms.
This
depends on the physician judgment,
ity scans, their study was limited by small numbers
which
will
vary
according to physician experience.
(20 patients) and selected enrollment. In another
Overall,
60%
of
patients had an alternative diagnostudy, Turkstra and colleagues (24) indicated that
sis
(such
as
pneumonia,
musculoskeletal pain, viral
ultrasonography may be of low usefulness in papleuritis,
postoperative
atelectasis,
pulmonary neotients apparently similar to those in our study. Howplasm,
or
anxiety).
An
alternative
diagnosis was
ever, we believe that Turkstra and colleagues' study
made
in
65%
of
the
patients
without
pulmonary
was limited because ultrasonography was done only
embolism
and
29%
of
those
with
pulmonary
emboon the day of presentation and only in the common
lism.
Our
strategy
is
designed
to
reduce
invasive
femoral vein and popliteal vein regions. We pertests and, as such, it may be best to assume that an
formed serial testing and more extensive imaging of
alternative diagnosis does not exist in cases of
leg veins in our study. This may account for the fact
doubt.
that 43% of our patients with high-probability venDespite these potential limitations, the model
tilation-perfusion scans had an abnormal ultrasonoseems to be reproducible and most of the necessary
gram compared with only 30% in the study by Turkinformation easily elicited. The high frequency of
stra and colleagues. In addition, the latter study
telephone follow-up did not allow us to determine
may have overestimated the rate of pulmonary emthe frequency of asymptomatic events during followbolism by considering all high-probability scans posup, but no events were detected in patients who
itive. The PIOPED study showed that the rate of
reported for ultrasonography at 3 months. Therepulmonary embolism with high-probability scans was
fore, we cannot accurately comment on asymptom96% if clinical probability was high, 88% if clinical
atic events during the 3-month follow-up, but it is
probability was moderate, and 50% if clinical probunlikely that a significant number of events ocability was low. It is unlikely that all patients in
curred. Moreover, we were more concerned with
Turkstra and colleagues' study had high clinical
symptomatic events during follow-up, and it is unprobability. In addition, false-positive ultrasonolikely that telephone follow-up would miss sympgraphic results are more likely with the two-region
compression used by Turkstra and colleagues, but tomatic events.
no attempt was made to adjust for this in the study
Depending on local costs of ultrasonography and
design or interpretation (10). These limitations all
angiography, the serial ultrasonography approach,
bias toward a lower usefulness for ultrasonography.
although very safe, may not save money. On the
We used venography to confirm cases in which the
other hand, it is important to note that only 3.4% of
ultrasonographic result was statistically most likely
all patients with a low clinical probability had pulto be false-positive (low or moderate pretest probmonary embolism. Because this rate is not dissimilar
ability with non-high-probability ventilation-perfuto the rate of pulmonary embolism in patients with
sion scans). Thus, false-positive results are not likely normal and near-normal ventilation-perfusion
to be common with our approach. However, in our scans, it may not be worthwhile to perform lung
study, only 10% of all patients with suspected pulscans or ultrasonography in such patients. However,
monary embolism had an abnormal ultrasonogram,
we believe that the optimal strategy may include the
and serial conversions occurred in only 2% of pa- high negative predictive value of certain D-dimer
tients in whom ultrasonography was performed.
tests (25), much as we have proposed in patients
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with suspected deep venous thrombosis (26). Decreasing the number of serial tests performed (that
is, eliminating the test on day 7 or 14) would also
increase efficiency and decrease the cost of our approach with almost no loss in safety.
We have shown that our clinical model can be
used to select patients with non-high-probability
ventilation-perfusion scans in whom serial ultrasonography is appropriate. When the pretest probability is discordant with the result of ventilationperfusion scanning (high pretest probability but
non-high-probability ventilation-perfusion scan or
low pretest probability but high-probability ventilation-perfusion scan) and the ultrasonogram is normal, pulmonary angiography is indicated. In our
study, venography was performed in the hope that it
would eliminate the need for angiography, but this
was not the case. Therefore, patients in whom more
invasive testing is indicated can proceed directly to
angiography. Application of the model and its use
in the strategy that we described represent a safe,
effective, and largely noninvasive means of managing patients with suspected pulmonary embolism.
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