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ABSTRACT

The diagnostic pathway of pulmonary embolism, both in the Emergency Department and in the Medical Unit, is not a stan-
dardized one. Pulmonary embolism, often but not always complicating surgery, malignancies, different medical diseases, some-
times but not often associated with a deep vein thrombosis, is not infrequently a sudden onset life-threatening and rapidly fatal
clinical condition. Most of the deaths due to pulmonary embolism occur at presentation or during the first days after admission;
it is therefore of vital importance that pulmonary embolism should promptly be diagnosed and treated in order to avoid unex-
pected deaths; a correct risk stratification should also be made for choosing the most appropriate therapeutic options. We review
the tools we dispose of for a correct clinical assessment, the existing risk scores, the advantages and limits of available diagnostic
instruments. As for clinical presentation we remind the great variability of pulmonary embolism signs and symptoms and un-
derline the importance of obtaining clinical probability scores before making requests for further diagnostic tests, in particular
for pulmonary computer tomography; the Wells score is the only in-hospital validated one, but unfortunately is still largely un-
derused. We describe our experience in two different periods of time and clinical settings in the initial evaluation of a suspected
pulmonary embolism; in the first one we availed ourselves of a computerized support based on Wells score, in the second one
we did not. Analysing the results we obtained in terms of diagnostic yield in these two periods, we observed that the computerized
support system significantly improved our pulmonary embolism diagnostic accuracy.

Introduction

Symptomatic venous thromboembolism occurs in
1-2 per 1000 adults each year; a third of these patients
present with pulmonary embolism,! which is the most
common cause of vascular death after myocardial in-
farction and stroke. Symptomatic pulmonary em-
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bolism is thought to be rapidly fatal in 10% of cases,
plus 5% after starting treatment. About 2% of pul-
monary embolism patients develop thromboembolic
pulmonary hypertension.'-?

This is why the diagnostic pathway, both in the
emergency unit and in the medical department, should
be guided by two principles: i) a fast and accurate iden-
tification of patients affected, as a diagnostic delay
might be fatal and a diagnostic mistake might increase
the bleeding risk; and ii) a correct risk stratification, in
order to choose the most appropriate treatment.>*

Diagnostic scores (Wells and Geneva) and princi-
pal markers for pulmonary embolism risk stratification
(hypotension-shock, markers of right ventricular dys-
function or myocardial injury), together with the op-
timal radiological and laboratory testing [scintigraphy
and computed tomography (CT) scan, D-dimer], can
lead to a prompt diagnosis and address the patient to
the most appropriate in-hospital pathway (discharge,
admission or intensive care unit). We describe the di-
agnostic pathway, based on the evidence from litera-
ture, which we adopted in our hospital.

Discussion

The clinical presentation of acute pulmonary em-
bolism varies widely among patients, depending on
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the extension itself and on the possible underlying car-
diopulmonary impairment.*> As pulmonary embolism
symptoms are totally non-specific and heterogeneous,
a correct initial assessment is essential in order to rule
in and rule out pulmonary embolism as well as to
identify the patients who would benefit from an early
aggressive treatment.® We suggest that a clinical pre-
test-probability of 85% or more could be the threshold
that rules in pulmonary embolism and justifies anti-
coagulant therapy; this correlates to a moderate or
high clinical suspicion. Conversely, the threshold that
rules out pulmonary embolism, advising against anti-
coagulant therapy, is a probability pre-test <2%.% Two
validated scores are widely used: the Wells score® and

Table 1. Clinical prediction rule: Wells score.

the revised Geneva one'® (Tables 1 and 2). We refer
mainly to the Wells score, validated in inpatients;
Geneva score is reserved to outpatients. The Wells
score, which we consider the first step to address the
choice of subsequent tests, consists of seven variables
(Table 1) that allows to classify patients in pulmonary
embolism likely (>4 points) or unlikely (<4 points)
(Figure 1).346.1

The next step, after evaluating the pre-test-proba-
bility, is the D-dimer assay. The D-dimer, a specific
fragment of the fibrin clot, reflects the hemostatic bal-
ance steady state and has strong intra-individual vari-
ability.!> It is a highly sensitive test (>95% for
quantitative ELISA or automated turbidimetric assays)

Variables Points
Clinical signs of deep venous thrombosis 3
Alternative diagnosis less likely than pulmonary embolism 3
Heart rate >100 beats/min 1.5
Immobilization or surgery in previous 4 weeks 1.5
History of venous thromboembolism 1.5
Hemoptysis 1
Malignancy or treatment for it in previous 6 months 1
Score interpretation Points Prevalence
Pulmonary embolism /likely:*
High probability >6.5 60%
Moderate probability 4.5-6 25%
Pulmonary embolism unlikely:
Low probability <4 5%

*A score >4.5 (moderate + high probability) has termed Pulmonary embolism likely.> This group makes up about 40% of patients and has a prevalence of pulmonary embolism of

about 33%.

Table 2. Clinical prediction rule: revised Geneva score for pulmonary embolism.

Variables

Points

Previous deep venous thrombosis or pulmonary embolism

Heart rate 75-94 beats/min

Heart rate >95 beats/min

Pain on deep vein palpation in leg and unilateral edema

A | W

Unilateral leg pain 3

Surgery (under general anesthesia) or fracture (of the lower limbs) within 1 month

Hemoptysis

Active malignancy

NN

Age >65 years

A score <2 are at low risk
2-6 are at intermediate risk
>6 are at high risk
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with a strong negative predictive value. D-dimer test-
ing should be evaluated together with pre-test proba-
bility calculation (Figure 1). The combination of a
normal, high-sensitive, quantitative D-dimer test result
and an unlikely clinical probability has a negative pre-
dictive value; alone it can rule out acute pulmonary
embolism without further imaging. On the contrary all
patients with an elevated D-dimer or a clinical evalu-
ation of likely probability should be referred to radio-
logical evaluation.®'* Thanks to these two simple tests
we could be able to diagnose acute pulmonary em-
bolism, thus postponing CT-scan or scintigraphic eval-
uation. Despite the simple feasibility of the
above-mentioned tests, Wells score is little known and
surely underused, while D-dimer assay is misused. D-
dimer is frequently part of the so-called coagulation
test list, which is often requested without a reasonable
motive, stirring up further expensive and sometimes
useless diagnostic tests. D-dimer has little specificity
as several medical conditions, pathological or not, can
give rise to elevated levels (Table 3);'* it should be
used with caution in in-hospital patients, since numer-
ous diseases and invasive procedures can rise its levels
in the absence of thrombosis. Furthermore, D-dimer
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assays should not be used in anticoagulated (heparin
or warfarin) patients: clinical studies have demon-
strated that anticoagulants decrease circulating D-
dimer levels, thus causing a false negative value. It is
suggested that D-dimer testing should not be used as
a screening test for pulmonary embolism. >0

The radiological diagnostic instruments are
scintigraphy and pulmonary CT scan. Today the first
one is seldom used as CT-scan is the gold standard
exam: scintigraphy should be performed only in pa-
tients with renal insufficiency, contrast hypersensitiv-
ity, in younger patients in whom scintigraphy has a
greater specificity, and in any case if chest -ray is neg-
ative.>!7!8 In the last years computed tomography pul-
monary angiography has become the gold standard
diagnostic tool for suspected pulmonary embolism.
Lung CT-scan is readily available in many hospitals
and has been shown to have a high sensitivity and
specificity.!*? Its easy accessibility and great sensi-
tivity have led to a remarkable increase in its use, even
though this approach is not always correct. The per-
centage of positive CT-scan examinations ranges from
20% in controlled multicenter trials to less than 10%
in observational ones.> Its overutilization not only

Suspected acute
pulmonary embolism

/

Likely probability

v

Unlikely probability

v

v

Pulmonary embolism
confirmed

Pre-te.s.t < [ =500 ng/mL <+— High sep51b111ty
probability D-dimer
Positive Negative #
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i

Pulmonary embolism
rouled out

Figure 1. Diagnostic algorithm for clinically suspected pulmonary embolism.
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exposes the patient to radiation and contrast kidney
disease risk,>'?? but it is weighed as well by exceeding
costs; costs that are enhanced by overtreatment of in-
cidental pulmonary embolism, that should not be
treated at all.»?' Despite the undoubted advantage of
this tool in the diagnostic pathway of thrombosis, its
use should be targeted and limited to patients with a
high pre-test clinical probability or an elevated D-
dimer test.>°

Lastly, if lower limbs compression ultrasound,
which should precede imaging tests in pregnant
women and in patients with a contraindication to
CT,**2 is performed as a first step, CT or scintigra-
phy could be avoided in about 10% of patients. A di-
agnosis of proximal venous thrombosis in a
symptomatic and hemodynamically stable patient, or
in an asymptomatic patient who has contraindications
to CT, is considered a sufficient criterion for pul-
monary embolism diagnosis.?

Integrated approach

To improve CT-scan diagnostic performance, and
at the same time to safely rule out pulmonary em-
bolism, diagnostic algorithms and predictive scores
have been elaborated; in spite of their appropriateness
and easy applicability, they are unfortunately seldom
used in clinical practice.?’

We have compared the number of CT and of perfu-
sional lung scan performed in the Emergency Depart-
ment during two consecutive periods, each one of 15
months: 1) T1 from 1% January 2010 to 31% March 2011;
and ii) T2 from 1** April 2011 to 30" June 2012. During
the first period a computerized system?3° to support the
decisional pathway was adopted in the Emergency De-
partment. The computerized system was an integrated
approach to the radiological request which consisted in
the mandatory filling of every Wells score field by the
emergency physician (Table 4). Only in case of high
pre-test probability the CT-scan request was accepted
by the radiological department. It was possible to by-

During the first 15 months (T1) a total of 48 pul-
monary embolism diagnoses were made (data extrapo-
lated from diagnosis-related groups), similarly to what
happened in T2 (49 pulmonary embolism diagnoses).
However in T1, thanks to the computerized support, a
relevant decrease in the number of CT requests was ob-
served in contrast to what happened in T2 (55 versus
95). The outcome was an improved diagnostic manage-
ment and a related better diagnostic yield.

Moreover both during the first (T1) and the second
(T2) period the number of lung scans to diagnose pul-
monary embolism was considerably reduced in com-

Table 3. Conditions of increased plasma D-dimer.

Advanced age and newborn period

Pregnancy, physiological and pathological (including puerperium)

Hospitalization

Functional disabilities

Infection (especially Gram-negative)

Cancer

Surgery

Trauma and burns

Disseminated intravascular coagulation

Venous thromboembolism

Ischemic heart disease and congestive heart failure

Stroke

Arterial occlusive and aneurysmatic disease

Sickle cell anemia with hemolytic crisis

Cerebral hemorrhages

Other bleedings

Acute respiratory distress syndrome

Liver and kidney disease

Inflammatory bowel disease

Chronic inflammatory diseases (e.g., lupus, rheumatoid arthritis)

pass this procedure only by a written request or by a Thrombolytic therapy
direct telephone call to the radiologist (Figure 2).2
Table 4. Integrated approach.
T1 T2

from 1* January 2010 to from 1* April 2011 to

31% March 2011 30™ June 2012
Number of patients studied for pulmonary embolism 314 307
Number of pulmonary embolism diagnoses 48 49
Number of perfusion scan 7 1
Number of computed tomography-scan 55 95
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Figure 2. The computerized decision support system used in Emergency Department in T1-T2.

parison with the previous years (only 7 in T1 and T2),
thus showing the little role of this diagnostic tool.

Unfortunately the relevant turnover in the Emer-
gency Department medical staff and especially the in-
formation systems rearrangement have led to the
abandonment of this method.

Conclusions

The data emerging from this simple survey are
very interesting and we propose to resume the T1
method applying it to the new diagnostic requests sys-
tem (named Aurora) and extending the computerized
request system to D-dimer test as well.

We hope that our positive experience with comput-
erized support during the T1 period may be exported
to suburban hospitals, where it could represent a guide
to Emergency medical staff improving the diagnostic
yield and avoiding useless expensive examinations.
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