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Abstract

Background: The pulmonary artery obstruction index (PAOI), which is evaluated by the CT pulmonary angiography, offers an objective method to
measure the severity of pulmonary arteries obstruction.
Objectives: We decided to investigate the correlation between the PAOI determined by CT pulmonary angiography, as an index to determine the
severity of pulmonary embolism (PE), with two clinical models used for predicting the probability of acute PE, namely the Wells criteria and the
simplified revised Geneva score.
Patients andMethods: Sixty-four consecutive patients with definite diagnosis of acute PE based on CT pulmonary angiography were enrolled. The
Wells score as well as simplified revised Geneva score were calculated retrospectively using the medical records. Then, the PAOI was determined by
CT pulmonary angiography. By applying the Pearson’s correlation coefficient, the relationships were investigated.
Results: The Wells score had a weak correlation with the PAOI (r = 0.29; P = 0.01). The simplified revised Geneva score did not have significant
correlation with the PAOI (r = 0.1; P = 0.2). Furthermore, patients with active cancer had significantly higher CT indexes than the other patients with
PE (P = 0.046).
Conclusion: Although the Wells and simplified revised Geneva scores are used widely for assessing clinical probability of PE, these scores may not
necessarily correlate with the severity of PE. The Wells score had a weak correlation and may somehow predict the severity of PE. Malignancy is a
significant risk factor found to be correlated with more severe PE.

Keywords: Pulmonary Embolism, Wells Score, Simplified Revised Geneva Score, CT Index, Pulmonary Artery Obstruction Index
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1. Background

Pulmonary embolism (PE) is a life-threatening disease.
Because the clinical signs and symptoms are non-specific
or mimic other pathologies, the early diagnosis of acute PE
may be difficult (1).

Usually, the clinical diagnosis of PE in suspected pa-
tients is not made accurately. According to autopsy results,
the prevalence of PE in hospitalized individuals is 15% - 26%.
Although one-third of PEs have contributed to the death of
patients, more than 70% of this number has not been clin-
ically suspected before (2, 3). Moreover, about 10% of pa-
tients with PE do not survive after the first embolic occa-
sion. If PE remains neglected, it leads to death in up to 30%
of patients, but this high level can be lowered down to 2% -
10% if PE is diagnosed and managed timely with anticoagu-
lants (4). This therapy, nevertheless, is not without risk and
is accompanied with a complication rate of 10-30%. There-
fore, PE needs specific and sensitive diagnostic methods.

Up to the 1990s, chest X-ray, ventilation/perfusion (V/Q)
lung scan, and pulmonary angiography were applied clas-
sically to diagnose PE. In general, it should be mentioned
that every modality has different advantages and disad-
vantages with different sensitivity and specificity rates

(5). In the previous decade, several improvements have
been made in the diagnosis of PE with minimally invasive
modalities such as helical CT and MR imaging. Numerous
studies have discussed about the effectiveness of helical CT
angiography (CTA) in the diagnosis of acute PE (1-3, 6, 7).

At the present time, pulmonary CTA is used in sus-
pected patients of PE as the first-line diagnostic approach
(8). The pulmonary artery obstruction index (PAOI), which
is evaluated by CTA, offers an objective and also repro-
ducible method to measure the severity of pulmonary
artery obstruction (8, 9). It has remained controversial
whether the CT obstruction index indicates mortality in
patients with acute PE or not (10).

Assortment of patients suspected to have PE into
pretest probability groups helps to select individuals in
whom more diagnostic tests are necessary. The original
Wells score, which incorporates patients into low, moder-
ate, and high probability groups, is the most widely ac-
cepted clinical predictive model. This model is not com-
pletely without fault and has been criticized due to the ex-
istence of a subjective criterion (i.e., the physician’s judg-
ment regarding presence or absence of an alternative di-
agnosis instead of PE). However, in order to eliminate this
restriction, the Geneva group created and verified a com-
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pletely standardized objective rule called the Geneva score
revised later. It has been recently simplified into the sim-
plified revised Geneva score (11, 12).

2.Objectives

The aim of this study was to evaluate the correlation be-
tween the Wells and simplified revised Geneva scores with
the PAOI calculated by CT pulmonary angiography in PE pa-
tients. In other words, we intended to determine whether
clinical decision rules for PE are related to the extent of
pulmonary emboli (i.e., severity of emboli) seen on CT pul-
monary angiography or not.

3. Patients andMethods

3.1. Study Population

This cross-sectional study was done in our tertiary re-
ferral university hospital between January 2014 and June
2015. During this period, 300 patients were clinically sus-
pected to have PE. For all patients, CT pulmonary angiog-
raphy was performed. Of these, 64 patients with definite
diagnosis of PE defined as observing clot on CT pulmonary
angiography were included consecutively.

3.2. Clinical Variables

A checklist was designed to gather the clinical data re-
quired and was filled out by a single physician. Clinical
variables included age, gender, clinical symptoms, heart
rate, malignancy, deep venous thrombosis (DVT), immobi-
lization history, and recent surgery or fracture. Then, the
Wells and simplified revised Geneva scores were measured
for each patient. Patients were managed according to a se-
quential diagnostic strategy including pretest probability
of PE assessed by using the original Wells and simplified
revised Geneva scores (13). In Wells criteria, seven factors
are pointed as presented in Table 1. PE is likely if the cal-
culated score for the patient is > 4 and unlikely if ≤ 4. Ta-
ble 2 presents factors addressed in the simplified revised
Geneva score. Scores of 0 to 2 are considered “unlikely” and
scores ≥ 2 are considered as “likely”.

3.3. CT Pulmonary Angiography Protocol

All the patients underwent pulmonary contrast-
enhanced CT scans using a multi-detector 64-row scanner
(Philips, Netherland). The images were acquired in the
caudocranial direction from the costophrenic angle to 3
cm above the aortic arch in one breath hold. A total of 130
mL of low-osmolar contrast agent was injected at a rate of
4 mL/sec. A scan delay of 16 seconds was used. The images
were evaluated by a board-certified radiologist using

standard mediastinal windows with real-time ability to
change the window and level setting for optimal vessel vi-
sualization. The PAOI was determined for each patient, by
a single radiologist, from the amount and location of the
thrombus on CT images according to the method reported
previously (8, 14). The pulmonary arteries in the lungs
were divided into 10 segmental branches. Three branches
were in the upper lobe, two branches in the middle lobe,
two branches in the lingula, and five branches in the
lower lobe. When thrombi were detected in the proximal
pulmonary arteries (i.e., common or lobar arteries), each
segment distal to the thrombus was calculated as one
point. The total number of segmental arteries yielded
the total score. The observation of an isolated thrombus
within the segmental artery without any thrombi within
the proximal artery was rated as one point. The total score
range is between 0 and 40. Zero means no evidence of
thrombus and 40 means thrombosis in both pulmonary
arteries.

3.4. Statistical Analyses

The data were analyzed by the SPSS software (SPSS Inc.
Released 2007. SPSS for Windows, Version 16.0. Chicago, Il).
In order to compare the quantitative variables including
CT PAOI score, Wells score, and simplified revised Geneva
score between the two groups, the independent t test was
used. Pearson correlation coefficient was used to report
correlation between PAOI score and the clinical decision
rules scores. A P value of less than 0.05 was considered sta-
tistically significant.

3.5. Ethics

The study protocol was approved by the university
ethics committee.

4. Results

4.1. Demographics and Clinical Features

Mean age of the sample was 43.7 years (range, 25 to 73
years). There were 32 males (50%). Sixteen patients (25%)
had active malignancies. The clinical features of the study
population are presented in Table 3. Mean (± SD) Wells and
simplified revised Geneva scores were 5.14 (± 2.14) and 2.97
(± 1.41), respectively.

4.2. CT Angiography Results

The mean (± SD) CT PAOI was 8.28 (±5.74). The CT PAOI,
Wells score, and simplified revised Geneva score did not
show significant difference between males and females (P
= 0.2). There was a statistically significant correlation be-
tween CT PAOI and the presence of malignancy (P = 0.046).
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Table 1. Original Wells Criteria

Varibales Point

Clinical symptoms of DVT (leg swelling, painwith palpation) 3.0

Other diagnosis less likely than pulmonary embolism 3.0

Heart rate > 100 1.5

Immobilization (≥ 3 days) or surgery in the previous fourweeks 1.5

Previous DVT/PE 1.5

Hemoptysis 1.0

Malignancy 1.0

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary emboli.

Table 2. The Simplified Revised Geneva Score

Variable Score

Age 65 years or over 1

Previous DVT or PE 3

Surgery or fracturewithin 1month 2

Activemalignant condition 2

Unilateral lower limb pain 3

Hemoptysis 2

Heart rate 75 to 94 beats perminute 3

Heart rate 95 ormore beats perminute 5

Pain on deep palpation of lower limb and unilateral edema 4

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary emboli.

Patients with malignancy had higher PAOI scores than pa-
tients without cancer. However, CT PAOI did not differ sig-
nificantly between two groups of patients based on the
presence of recent history of immobility/surgery (P = 0.3)
or DVT symptoms (P = 0.25).

The PAOI had statistically significant linear correlation
with the Wells score (r = 0.29; P = 0.01) but was not related
to the simplified revised Geneva score (r = 0.1; P = 0.2); Fig-
ures 1 and 2.

5. Discussion

Pulmonary angiography is still the reference standard
for PE diagnosis; however, it is invasive, expensive, and oc-
casionally challenging to assess (15). Non-invasive diag-
nostic modalities have been accepted and different com-
bination of clinical assessment, lower extremity color ul-
trasonography, D-dimer measurement, V/Q lung scintigra-
phy and, recently, CT have been considered to eliminate
the need for pulmonary angiography. These modalities are

used in suspected PE patients in emergency setting or dur-
ing hospitalization (16, 17).

Diagnostic evaluation of suspected PE patients has im-
proved by development of standardized clinical decision
rules (CDRs), which show the clinical chance of PE. A combi-
nation of normal D-dimer with CDR result of “PE unlikely”,
can rule out the probability of PE in a great percentage of
suspected PE patients (20% to 40%), without requiring ad-
ditional imaging with CT pulmonary angiography or V/Q
scintigraphy. These two radiologic studies include radia-
tion exposure and intravenous contrast or radioisotopes
use. Anticoagulants safely are not administered in such
patients (17-19). Numerous CDRs, including the data from
clinical background and also, physical examination, have
been established and confirmed. The Wells criteria consist
of six objective variables and one subjective variable which
requires physician assessment regarding the chance of a
diagnosis, other than PE, for the patient’s condition (Table
1) (17). Conversely, the more recently revised Geneva score
incorporates eight objective clinical variables (12).

In a recent meta-analysis, the reliability of the scores
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Table 3. Clinical Characteristics Used for Clinical Decision Rules in Pulmonary Embolism Among 64 Patients with Embolus Observed on CT Pulmonary Angiography

Characteristics No. (%)

Age≥ 65 years 20 (31.3)

Previous DVT/pulmonary embolismhistory 4 (6.3)

Surgery/fracture historywithin 1month 36 (56.3)

Activemalignancy 16 (25)

Unilateral lower limb pain 16 (25)

Hemoptysis 0

Heart rate, beats permin

≥ 95 12 (18.8)

75 to 94 42 (65.6)

≤ 74 10 (15.6)

Pain on lower limb deep palpation and unilateral edema 14 (21.9)

Clinical symptoms of DVT 22 (34.4)

Recent immobilization/surgery 38 (59.4)

Other diagnosis less likely than PE 52 (81.3)

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary emboli.

Figure 1. A, Coronal and B, Axial CT angiography images in a 40-year-old female show filling defects (arrows). The pulmonary artery obstruction index (PAOI) was 23.

of Wells score and the revised Geneva score was examined
and compared by evaluating the prevalence of the PE in any
group of the clinical probability and was demonstrated to
be similar (20). In the present study, the simplified Geneva
score had a strong correlation with the Well’s score results.
This in agreement with a former study (20).

Douma et al. (13) evaluated the accuracy of four clin-
ical probability scores (revised Geneva score, Wells rule,
simplified revised Geneva score, and simplified Wells rule)
in combination with D-dimer testing, in order to rule out
acute PE in 807 suspected patients. They claimed that

four scores indicated similar efficiency for the exclusion
of acute PE when associated with a normal D-dimer level.
Comparing of the predictive precision and concordance of
the Wells and Geneva rules showed similar predictive accu-
racies for PE. It should be mentioned that the Wells criteria
is more rapid, simple, and economical, and can also offer
outcomes, comparable to those of the Geneva criteria.

The results of the current investigation are consistent
with those of the study conducted by Attia et al., which re-
ported that the PAOI is correlated with dyspnea and tachy-
cardia; however, they did not show any relationship with
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Figure 2. A, Coronal and B, Axial CT angiography images in a 50-year-old female show filling defects (arrows). The pulmonary artery obstruction index (PAOI) was 11.

hemoptysis and chest pain, which are common in periph-
eral pulmonary embolisms (21). According to our results,
Wells score can be used to evaluate the severity of PE simi-
lar to CT index.

Right ventricular (RV) malfunction and circulatory col-
lapse are the main causes of death in patients with severe
PE that often happen within the first hours after admission
(22). Patients with RV failure have a poorer prognosis com-
pared to individuals with normal RV function. Accordingly,
identifying RV malfunctions following PE is beneficial for
risk stratification and also, the better selection of thera-
peutic approach (23).

The CT obstruction index is an objective and repro-
ducible method that measures the severity and extent of
thrombosis within the pulmonary arteries from PE (8). Sev-
eral reports have exhibited that the PAOI correlates with
the RV malfunction. Some studies have demonstrated that
CT can not only certainly and perfectly diagnose acute PE,
but can also quantify the severity of PE (24, 25).

In this study, patients with malignancy had signifi-
cantly higher CT indexes that confirm more severe forms
of PE in such patients. Therefore, when the signs and symp-
toms of PE appear in patients with active cancer, we should
expect a more severe and even a lethal PE compared to
other high-risk patients and should be aware about the im-
minent RV failure or circulatory collapse. Such association
was not found for other predisposing factors including re-
cent surgery or immobilization.

Due to incomplete data and resources, we were not
able to follow the patients to find correlation between the
burden of PE and prognosis of the patients.

Given that PE does not have any distinctive and spe-
cific diagnostic signs, and since the earlier diagnosis of
PE decreases mortality rate, the pulmonary CTA can be a

helpful diagnostic method with high sensitivity for diag-
nosis. In the current study, we indicated the correlation of
CT index and Wells Scores, and this association can be ap-
plied in early evaluation of the PE severity with Wells score.
On the other hand, patients with active malignancy had
higher CT indexes that confirm the more severity of PE in
these patients and emphasis on the more consideration
of lethal complications in such patients. These findings
help physicians to better and timely selection of early treat-
ment approach so that reduce costs and mortality rate.
However, further more evaluations are needed to estab-
lish communication between Wells and simplified revised
Geneva Scores and CT obstruction index.
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