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mortality.[3] Different prediction scales and radiologic 
modalities have been proposed in this regard.[4]

Recent studies have indicated that, currently, computed 
tomography pulmonary angiography (CTPA) is the 
modality of choice for diagnosis of PTE. CTPA is a fast, 
noninvasive, and widely available imaging technique 
in this field. The findings of a meta‑analysis indicated 
that CTPA has a high sensitivity and specificity for 
diagnosing of PTE as well as other pulmonary and 
chest pathologies which could assist clinicians in 
differential diagnosis also. The proportion of diagnosed 
PTE to those with suspected PTE underwent CTPA is 

INTRODUCTION

Pulmonary thromboembolism (PTE) is considered as a 
common, devastating clinical condition with high rate of 
substantial morbidity and mortality.[1] Epidemiological 
evidence indicated that PTE is the third most common 
cardiovascular disease after coronary artery disease 
and stroke.[2]

Early diagnosis and proper management of the 
condition have resulted in reduced rate of its related 
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reported to range from 15.4% to 37.4% so that CTPA is used 
as a screening imaging method for diagnosing and risk 
prediction of PTE.[5‑7]

CTPA has also some limitations including lower sensitivity 
in visualization of subsegmental occlusions, interobserver 
variability in the interpretation of results, exposure to 
radiation, higher cost, and potentially nephrotoxic risk of 
contrast drugs.[8,9]

In addition, some recent studies have indicated that CTPA is 
likely to be overused which could have significant medical 
and economic consequences.[10,11]

Some studies have recommended using CTPA with other 
prediction models or other diagnostic tests for classification 
of highly clinically suspected patients with PTE. Although 
the results of mentioned studies vary according to the 
prediction models and methods of study, overall they 
support the effectiveness of using such models. Some of 
these studies also predict the risk of mortality in this group 
of patients.[12‑14]

Given the reports related to overuse of CTPA and its 
related side effects, it is suggested that combination use 
of imaging and clinical findings as well as evaluation of 
patients’ risk factors would be more helpful for proper 
risk stratification for early diagnosis and treatment of 
PTE. Hence, the aim of this study was to determine the 
correlation between CTPA findings with risk factors and 
clinical and echocardiography findings of patients referred 
from different wards of our hospital with suspected acute 
PTE. However, our findings could provide us baseline 
information for rapid risk stratification in patients with 
suspected PTE.

MATERIALS AND METHODS

In this cross‑sectional study, 310 hospitalized patients aged 
18 years or older with high clinical suspicion of PTE referred 
to the imaging center of Al Zahra Hospital from different 
wards for CTPA were enrolled.

The study was conducted from September 2014 to 
July 2015.

The Institutional Review Board of the School of Medicine, 
Isfahan University of Medical Sciences, and Regional Ethics 
Committee approved the protocol of this study. Patients 
with low‑quality images of CTPA were excluded from the 
study.

Written informed consent was obtained from all selected 
patients.

Using a questionnaire, the demographic characteristics 
(age, sex), the ward from which the patients were referred 
for PTE evaluation, clinical presentations (including 
dyspnea, tachypnea, angina, pleuritic chest pain, edema 
of lower extremities, cardiogenic shock, tachycardia, and 
syncope), results of physical examination, Wells’ score, 
risk factors (major surgery, trauma, cord injury, respiratory 
distress, heart failure, renal failure, chemotherapy, oral 
contraceptive use), and history of cancer of the selected 
patients were recorded by a trained personnel according 
to the medical file of the patients.

Echocardiography of all participants was done by a 
cardiologist and findings were recorded.

Wells’ score of each patient was determined based on 
registered information of each patient by a physician, and 
the patients were categorized to those high (likely) clinical 
probability (score >6), intermediate (2–6), low (unlikely) 
clinical probability (score <2) of PTE.

After data collection, the results of CTPA were verified by 
an expert radiologist in this field; based on CTPA results, 
patients with and without PTE were determined.

The frequency of different clinical presentations, risk factors, 
items of Wells’ criteria, and echocardiographic findings 
was compared in patients with and without PTE which 
diagnosed according to the CTPA results.

Imaging method and evaluation
CTPA in selected patients was performed in supine position 
and craniocaudal direction during suspended inspiration. 
The images were performed from the lung apices to the 
level of the diaphragm.

For contrast enhancement, first intravenous (IV) injection of 
10 ml iodinated contrast medium (SCANLUX; iopamidol, 
370 mg/50 ml) at a rate of 4 ml/s was down via an IV 
cannula (18‑gauge) into the antecubital vein (as test bolus) 
while density of main pulmonary artery was reached to 
200 HU and residue of contrast (40 ml) was injected at the 
same rate. Immediately after that, 20 ml normal saline was 
also injected with a similar rate.[15]

The scans were performed using a 64‑MDCT scanner 
(LightSpeed, VCT 2007, GE Healthcare, USA).

The images were reconstructed in the axial plane in 1‑mm 
intervals.

For a 64‑slice imaging, the following protocol was used; 
100–120 kVP, pitch 1.4, rotation time 0.4 s, detector width 
of 32 mm × 0.6 mm.
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Statistical analysis
Data of participants (including demographic state, risk 
factors, findings of CTPA, and echocardiography) in 
two groups of patients (with and without PTE), based 
on CTPA results, were analyzed using SPSS version 20 
(SPSS Inc., Chicago, IL, USA). Quantitative (mean [standard 
deviation (SD)]) and qualitative (n [%]) compared in the two 
groups using t‑test and Chi‑square or Fisher’s exact tests, 
respectively. P < 0.05 was considered statistically significant.

RESULTS

In this study, 310 (166 [53%] male and 144 [46%] female) 
patients with suspected PTE from different wards of the 
hospital were studied. Mean (SD) age of studied population 
was 56.78 (18.20) years. According to the CTPA results, PTE 
was diagnosed in 53 (17.1%) of patients.

From patients with diagnosed PTE, 23 (43.4%) had right 
main pulmonary artery PTE (with extension to lobar 
branches), 19 (35.8%) had left main pulmonary artery 
PTE (with involvement of lobar branches), and 11 (20.8%) 
had thromboemboli of segmental/lobar pulmonary 
branches.

Quality of images was considered excellent if circular region 
of interest within the pulmonary trunk was at a threshold 
of 200 HU, and quality of images was considered good if 
subjectively well opacification of pulmonary arteries was 
seen; hence, quality of images was excellent and good in 
118 (38.1%) and 192 (61.9%) of patients, respectively.

Poor‑quality images (including images with motion artifacts 
and poor‑opacified pulmonary arteries) were excluded 
from the study.

According to the Wells’ criteria, 211 (68.1%) and 99 (31.9%) 
were moderate and high risk for PTE.

Demographic and clinical findings of studied population 
with and without PTE are presented in Table 1. Mean 
age of patients with PTE was higher than those 
without (P = 0.03). From clinical manifestations, tachypnea 
(odds ratio [OR] =2.7, confidence interval [CI] =1.48–4.96), 
pleuritic chest pain (OR = 2.02, CI = 1.06–3.8), and edema 
of lower extremities (OR = 2.00, CI = 1.10–3.6) were 
significantly more frequent among patients with PTE than 
those without (P < 0.05).

Frequency of risk factors and items of Wells’ criteria in 
studied groups is presented in Table 2. Major surgery was 
the risk factor which was significantly more prevalent 
among patients with PTE (OR = 2.3, CI = 1.25–4.2). Frequency 
of all items of Wells’ criteria, except hemoptysis, was 
significantly higher in patients with PTE than those without 
(P < 0.05).

The findings of CTPA and echocardiographic variables in 
patients with and without PTE are presented in Table 3. 
The frequency of all studied echocardiographic variables 
was significantly higher in patients with PTE than those 
without (P < 0.05). Among the CTPA findings, wedge‑shaped 
density was significantly higher in patients with PTE than 
those without (OR = 8.8, CI = 3.7–20.6).

Proportion of patients with PTE, based on CTPA results, 
from those who referred with suspected PTE from different 
wards of the hospital is presented in Figure 1.

The highest number of referrals was from emergency unit, 
pulmonary unit, surgery unit, Intensive Care Unit (ICU), and 

Table 1: Demographic and clinical findings and risk factors of studied population with and without pulmonary 
thromboembolism
Variables Patients with PTE, n=53 Patients without PTE, n=257 Total patients with suspected PTE P
Demographic

Age (years) 61.7 (17.6) 55.9 (18.2) 56.78 (18.20) 0.03
Sex (%)
Male 30 (56.6) 136 (47.1) 166 (53.54) 0.74
Female 23 (43.4) 121 (52.9) 144 (46.46)

Clinical presentations (%)
Dyspnea 42 (79.24) 203 (78.68) 245 (79.3) 0.97
Tachypnea 28 (52.83) 75 (29.18) 103 (33.22) 0.001
Angina 7 (13.2) 30 (11.67) 37 (11.93) 0.75
Pleuritic chest pain 18 (33.96) 52 (20.23) 70 (22.58) 0.03
Edema of lower 
extremities

28 (52.83) 92 (35.7) 120 (38.70) 0.02

Cardiogenic shock 1 (1.9) 5 (1.9) 6 (1.93) 0.98
Tachycardia 11 (20.75) 49 (19.1) 60 (19.35) 0.07
Syncope 0 2 (0.77) 2 (0.63) 0.99

PTE=Pulmonary thromboembolism
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obstetrics departments, in order. The proportion of positive 
PTE was higher in surgery (51.9%) and orthopedics (40%) 
wards. The rate of negative CTPA results was higher in 
ENT (100%) and obstetrics (96.2%) wards.

DISCUSSION

In this study, we have investigated the relation between 
CTPA findings and echocardiographic and clinical findings 

as well as risk factors of patients with suspected PTE 
referred to our radiologic center. Our findings indicated that 
all echocardiographic variables, all items of Wells’ criteria, 
clinical presentations such as tachypnea, pleuritic chest 
pain, and edema of lower extremities, risk factors such as 
major surgery and wedge‑shaped density in CTPA are the 
most frequent variables which are related to the occurrence 
of PTE. The proportion of normal CTPA from those who 
referred from different wards of the hospital with clinical 

Table 2: Frequency of pulmonary thromboembolism risk factors and items of Wells’ criteria in patients with and 
without pulmonary thromboembolism
Variables Patients with PTE, 

n=53 (%)
Patients without PTE, 

n=257 (%)
Total patients with suspected PTE, 

n=330 (%)
P

Risk factors
Major surgery 34 (64.15) 112 (43.6) 146 (47.1) 0.006
Trauma 12 (22.64) 59 (22.95) 71 (22.90) 0.96
Cord injury 1 (1.9) 6 (2.33) 7 (2.25) 0.84
Respiratory distress 19 (35.84) 61 (23.73) 80 (25.80) 0.08
Heart failure 9 (16.98) 35 (13.6) 44 (14.19) 0.52
Renal failure 0 15 (5.83) 15 (4.83) 0.05
Chemotherapy 1 (1.9) 4 (1.55) 5 (1.61) 0.86
Oral contraceptive use 3 (5.66) 15 (5.83) 18 (5.80) 0.96
History of cancer 7 (13.2) 27 (10.50) 34 (10.96) 0.57

Wells’ criteria
Clinical signs of PE 42 (79.3) 146 (56.80) 188 (60.64) 0.002
Heart rate>100 beats/min 4 (7.54) 5 (1.94) 9 (2.90) 0.03
History of surgery or 
immobilization within 
4 weeks

46 (86.79) 166 (64.6) 212 (68.38) 0.002

History of previous DVT 
or PE

16 (30.18) 22 (8.56) 38 (12.25) <0.001

Active malignancy 10 (18.86) 25 (9.7) 35 (11.29) 0.03
Hemoptysis 0 3 (1.2) 3 (0.96) 0.56
Alternative diagnosis less 
likely than PE

40 (75.47) 54 (21.01) 94 (30.32) <0.001

PTE=Pulmonary thromboembolism; DVT=Deep vein thrombosis, PE=Pulmonary embolism

Table 3: Echocardiographic and pulmonary computed tomography angiography findings in patients with and without 
pulmonary emboli
Variables Patients with PTE, n=53 (%) Patients without PTE, n=257 (%) P OR (CI 95%)
Echocardiographic findings

Right ventricle hypokinesia 27 (50.94) 32 (82.45) <0.001 7.30 (3.79-14)
Right ventricle dilatation 24 (45.28) 40 (15.56) <0.001 4.49 (2.3-8.4)
Pardoxical movement of 
ventricular septum

15 (28.30) 15 (5.83) <0.001 6.3 (2.8-14)

Pulmonary hypertension 33 (62.26) 77 (29.96) <0.001 3.85 (2.08-7.1)
McConnell sign 3 (5.76) 0 0.05 6.14 (4.7-7.9)
End diastolic diameter of right 
ventricle/left ventricle>0.6

18 (33.96) 22 (8.56) <0.001 5.49 (2.68-11.2)

CTPA findings
Pleural effusion 17 (32.1) 89 (34.63) 0.72 0.89 (0.47-1.6)
Atelectasia 17 (32.1) 106 (41.28) 0.21 0.67 (0.35-1.2)
Wedge-shaped density 15 (28.3) 11 (4.28) <0.001 8.8 (3.7-20.6)
Ground glass opacity 14 (26.41) 67 (26.7) 0.96 1.01 (0.52-1.9)
Linear opacity 1 (1.9) 12 (4.66) 0.31 0.39 (0.5-3.08)
Consolidation 10 (18.9) 51 (19.84) 0.87 0.93 (0.44-1.9)

PTE=Pulmonary thromboembolism; CTPA=Computed tomography pulmonary angiography; OR=Odds ratio; CI=Confidence interval
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suspicion of PTE was higher in patients referred from ENT 
and obstetrics wards.

As mentioned, in spite of higher advantages of CTPA in the 
diagnosis of acute PTE, its overuse and some limitations 
regarding its side effects, high costs, and low sensitivity in 
diagnosing subsegmental clots limit its use.[8‑10]

Results of epidemiological studies indicated that though 
using CTPA results in increased incidence of PTE, most of 
the reported cases of PTE are less fetal form of PTE which 
has less clinical importance. These cases had not significant 
change in PTE‑related mortality rate. Schissler et al. in the 
USA have indicated that CTPA utilization increased the rate 
of PTE with less severe disease form.[16]

Some studies recommended combination use of both 
imaging and clinical assessment tools such as Wells’ criteria 
for better diagnosis and management of PTE so that some 
recent studies developed pretest prediction models for 
identifying patients with low predictive risk of PTE and 
avoiding invasive imaging methods.[12,13]

In the current study, we aimed to determine the association 
between clinical and imaging findings and related risk 
factors in occurrence of PTE diagnosed by CTPA. In 
addition, we determined the proportion of diagnosed PTE 
from those with suspected sign and symptoms of PTE 
referred for CTPA evaluation from different wards of our 
hospital.

In this study, the proportion rate of diagnosed PTE in 
patients with suspected PTE who referred for CTPA 
evaluation was 17.1%. The rate was similar to that reported 

in previous researches. Moores et al. have reported that 
15%–37% of patients with suspected PTE have PTE after 
evaluating by CTPA.[6]

Sodhi et al. in India studied 50 patients with suspected 
PTE by CTPA, other imaging methods, and clinical and 
laboratory findings. They showed that 30 (60%) patients had 
PTE and CTPA was positive in the 29 cases of PTE. They 
concluded that CTPA has high sensitivity and specificity 
for diagnosis of PTE. In addition, it could be helpful in 
diagnosing other alternative clinical conditions.[17]

In a recent study in Tehran, Iran, Molaee et al. evaluated 
patients with high clinical suspicion of PTE by CTPA, Wells’ 
criteria, and D‑dimer level. They showed that 62.2% of the 
patients had PTE.[18] It seems that differences in patients’ 
selection and diagnostic tools could explain the differences.

In this study, the higher number of referrals was from 
emergency unit, pulmonary unit, surgery unit, ICU, and 
obstetrics departments, in order. The highest rate for 
positive CTPA was recorded for surgery and orthopedics, 
and the lowest was recorded for ENT and obstetrics wards.

In a study in Turkey, Salanci et al. have shown that most 
of the inpatients referrals for CTPA were from the Internal 
Medicine and Surgery Departments.[19]

In another study in New Zealand, the higher rate of CTPA 
referral for evaluating PTE was from emergency, general 
medicine, general surgery, and orthopedics, respectively. In 
their evaluation, 14% had positive CTPA findings for PTE.[20]

The most important findings of our study were that 
although the number of referral from obstetrics and 
emergency departments was high, the proportion of positive 
CTPA was low (3.8% in obstetrics and 10.8% for emergency 
departments). These findings indicated that the diagnostic 
approach of PTE should be rereviewed in our center, 
especially for the mentioned two departments.

The results of a recent study in Ireland have indicated 
that 5% of referred pregnant women with suspicious 
PTE had positive CTPA findings for it.[21] Recent studies 
demonstrated that using of CTPA for diagnosis of PTE in 
pregnant women has low yield in accordance with higher 
dose of radiation which could be harmful for the mothers’ 
health, especially for breast cancer.[22]

From demographic factors, patients with PTE were 
significantly older than those without. Advanced age 
is considered as one of the risk factors of pulmonary 
embolism (PE) and our results were similar to other 
reports.[23,24] Results of different studies regarding sex 
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Figure 1: The number of referral and proportion of patients with positive computed 
tomography pulmonary angiography findings for pulmonary thromboembolism 
from those who referred from different wards of the hospital with high clinical 
suspicion of pulmonary thromboembolism
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differences in this field were not similar.[23,24] In this study, 
there was not any significant difference in sex distribution 
of PTE occurrence.

The most frequent clinical presentation in patients with 
PTE than those without was tachypnea, pleuritic chest 
pain, and edema of lower extremities in our study. Several 
studies have investigated the most frequent symptoms of 
PTE, which could have predictive role in its diagnosis and 
prognosis. The results have great variability in different 
studies.[25,26] Zhang et al. in China have demonstrated that 
the clinical features of PTE are not similar in different age 
groups.[27] Most of the studies in this field have reported that 
dyspnea, tachypnea, and chest pain are the most common 
clinical presentations.[25‑27]

Surgery was the most important risk factor in patients 
with PTE in this study, and other risk factors were similar 
in patients with and without PE. Similar to clinical 
presentations, available data regarding the most frequent 
risk factors of PTE have reported different results in different 
age groups. The most common reported risk factors were 
malignancy, deep vein thrombosis, and surgery.[25‑27]

In the current study, we demonstrated that patients with 
PTE had differences in some demographic, clinical and PE 
related risk factors. Akram et al. in the UK have compared 
the clinical features and radiological findings of patients 
with and without PTE who evaluated for suspected acute 
PTE. They did not find any significant difference between 
the studied groups.[28]

Wells’ Scoring System is considered as a clinical predictive 
scale for classification of PTE risk in suspicious patients 
and evidence indicated its reasonable accuracy.[29] Although 
its utility has been demonstrated in related studies, 
interpretation of the Wells’ criteria has interobserver 
variability.[30] Some studies have also evaluated the utility 
of the criteria in predicting PTE in association with 
CTPA. There are some reports which did not support the 
effectiveness of the score for predicting PTE.[31,32] Albrizio 
and Mizzi in Italy have studied the utility of the score in 
predicting of PE in terms of rate of positive CTPA. After 
using Wells’ score, the rate of positive CTPA was reached to 
27%. The rate of positive CTPA before using the score was 
24%. They concluded that Wells’ score had not significant 
effect in this regard.[32] In our experience, we compare the 
frequency of different items of the score in patients with and 
without PTE. Our findings indicated that the frequency of 
all of the items, except hemoptysis, was significantly higher 
in patients with PTE than those without.

In our study, the presence of wedge‑shaped density was 
significantly higher in patients with diagnosed PTE. There 

was not similar study which investigated the correlation, 
but there evidences that wedge‑shaped density has good 
association with the clinical outcome of PTE.[33]

It is well established that the prognosis of patients with 
acute PTE and right ventricular dysfunction (RVD) is poor. 
Echocardiography is the recommended imaging method 
for evaluation of RVD and outcome of PTE, especially 
in hemodynamically unstable patients.[34,35] George et al. 
have demonstrated that right ventricular (RV) strain 
in echocardiography could predict PE‑related 30‑day 
mortality.[36] In addition, other studies have indicated the 
association between CTPA and echocardiographic findings 
in this group of patients. There is evidence which showed 
that considering the hemodynamic and clinical condition 
of the patients with PTE, CTPA, and echocardiography 
could be used instead of each other. Echocardiography 
is recommended as noninvasive method for evaluation 
of hemodynamically stable patients.[37,38] In this study, 
the rate of all studied variables of echocardiography was 
significantly higher in patients with PTE than those without. 
Most of the related studies in this field mainly evaluated RV 
dysfunction and end diastolic diameter of right ventricle/
left ventricle; whereas in this study, all echocardiography 
parameters were studied. Our results supported the 
usefulness of echocardiographic findings in diagnosis of 
PTE among patients with suspected clinical presentation 
of PTE.

The limitations of our study were lack of follow‑up period 
for evaluation the association of the studied findings with 
the outcome of PTE and its related mortality rate. It is due 
to that our patients selected from different wards of hospital 
and follow‑up of the patients were not favorable enough and 
we would have large missing data. In addition, it seems that 
evaluation the level of biochemical factors such as D‑dimer, 
troponin T, N‑terminal pro‑B‑type natriuretic peptide as 
well as blood gas analysis would be more helpful.[39]

Our results could be used for better management of patients 
with suspected PTE and reducing the costs related to the 
proper diagnosis of PTE.

CONCLUSION

Our findings indicated that the proportion rate of positive 
CTPA results to those referred with suspicious findings of 
PTE was low in some of the departments of the hospital, 
which emphasize on revising our diagnosing protocol for 
PTE. On the other hand, considering the association of some 
risk factors and clinical, imaging, and echocardiographic 
findings with the results of CTPA, it is suggested that 
we could use the results of this study for utilizing the 
diagnostic process of PTE in patients with highly clinical 
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suspicion of PTE and providing more validated decision. 
Using the results of this study, we could identify high‑risk 
patients and made appropriate risk assessment for better 
management of patients with suspected PTE as well as 
reduce the rate of unnecessary CTPA and its related adverse 
consequences.

Acknowledgments
This study was supported by the Isfahan University of 
Medical Sciences (Research project number: 393492).

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

AUTHORS’ CONTRIBUTION

All author contributed to concept, design, and all stages of 
the work. All of them participate in preparing draft of the 
manuscript and approve its contents.

REFERENCES

1. Mabrouk B, Anis C, Hassen D, Leila A, Daoud S, Hichem K, 
et al. Pulmonary thromboembolism: Incidence, physiopathology, 
diagnosis and treatment. Tunis Med 2014;92:435‑47.

2. Giuntini C, Di Ricco G, Marini C, Melillo E, Palla A. Pulmonary 
embolism: Epidemiology. Chest 1995;107 1 Suppl: 3S‑9S.

3. Agnelli G, Becattini C. Acute pulmonary embolism. N Engl J Med 
2010;363:266‑74.

4. Bounameaux H, Perrier A, Righini M. Diagnosis of venous 
thromboembolism: An update. Vasc Med 2010;15:399‑406.

5. Remy‑Jardin M, Pistolesi M, Goodman LR, Gefter WB, 
Gottschalk A, Mayo JR, et al. Management of suspected acute 
pulmonary embolism in the era of CT angiography: A statement 
from the Fleischner Society. Radiology 2007;245:315‑29.

6. Moradi M, Monfared LJ. Qualitative evaluation of pulmonary 
CT angiography findings in pregnant and postpartum women 
with suspected pulmonary thromboembolism. J Res Med Sci 
2015;20:1088‑93.

7. Moores LK, Jackson WL Jr., Shorr AF, Jackson JL. Meta‑analysis: 
Outcomes in patients with suspected pulmonary embolism 
managed with computed tomographic pulmonary angiography. 
Ann Intern Med 2004;141:866‑74.

8. Crichlow A, Cuker A, Mills AM. Overuse of computed tomography 
pulmonary angiography in the evaluation of patients with 
suspected pulmonary embolism in the emergency department. 
Acad Emerg Med 2012;19:1219‑26.

9. United States Government Accountability Office. Medicare 
Part B Imaging Services: Rapid Spending Growth and Shift 
to Physician Offices Indicate Need for CMS to Consider 
Additional Management Practices. GAO‑08‑452. Washington, DC: 
Government Accountability Office; 2008. p. 1‑55.

10. Stein PD, Fowler SE, Goodman LR, Gottschalk A, Hales CA, 
Hull RD, et al. Multidetector computed tomography for acute 
pulmonary embolism. N Engl J Med 2006;354:2317‑27.

11. Prologo JD, Gilkeson RC, Diaz M, Asaad J. CT pulmonary 
angiography: A comparative analysis of the utilization patterns 

in emergency department and hospitalized patients between 1998 
and 2003. AJR Am J Roentgenol 2004;183:1093‑6.

12. Attinà D, Valentino M, Galiè N, Modolon C, Buia F, de Luca F, 
et al. Application of a new pulmonary artery obstruction score 
in the prognostic evaluation of acute pulmonary embolism: 
Comparison with clinical and haemodynamic parameters. Radiol 
Med 2011;116:230‑45.

13. Ceylan N, Tasbakan S, Bayraktaroglu S, Cok G, Simsek T, 
Duman S, et al. Predictors of clinical outcome in acute pulmonary 
embolism: Correlation of CT pulmonary angiography with 
clinical, echocardiography and laboratory findings. Acad Radiol 
2011;18:47‑53.

14. Al Otair HA, Al‑Boukai AA, Ibrahim GF, Al Shaikh MK, 
Mayet AY, Al‑Hajjaj MS. Outcome of pulmonary embolism and 
clinico‑radiological predictors of mortality: Experience from a 
university hospital in Saudi Arabia. Ann Thorac Med 2014;9:18‑22.

15. Kerl JM, Lehnert T, Schell B, Bodelle B, Beeres M, Jacobi V, et al. 
Intravenous contrast material administration at high‑pitch 
dual‑source CT pulmonary angiography: Test bolus versus 
bolus‑tracking technique. Eur J Radiol 2012;81:2887‑91.

16. Schissler AJ, Rozenshtein A, Kulon ME, Pearson GD, Green RA, 
Stetson PD, et al. CT pulmonary angiography: Increasingly 
diagnosing less severe pulmonary emboli. PLoS One 2013;8:e65669.

17. Sodhi KS, Gulati M, Aggarwal R, Kalra N, Mittal BR, Jindal SK, 
et al. Computed tomographic pulmonary angiography: Utility in 
acute pulmonary embolism in providing additional information 
and making alternative clinical diagnosis. Indian J Med Sci 
2010;64:26‑32.

18. Molaee S, Ghanaati H, Safavi E, Foroumandi M, Peiman S. 
Computed tomography pulmonary angiography for evaluation 
of patients with suspected pulmonary embolism: Use or overuse. 
Iran J Radiol 2015;12:e22383.

19. Salanci BV, Kiratli PO, Demir A, Selcuk T. Risk factors of pulmonary 
thromboembolism in patients from a university hospital. Saudi 
Med J 2007;28:574‑8.

20. Kim B, Hills M, Beckert L. The use of computed tomography 
of pulmonary angiogram in a district hospital. ISRN Vasc Med 
2013;2013:582413.

21. Moriarty JM, Bolster F, O’Connor C, Fitzpatrick P, Lawler LP, 
Kavanagh EC, et al. Frequency of nonthromboembolic imaging 
abnormalities in pregnant women referred for computed tomography 
pulmonary arteriography. Can Assoc Radiol J 2015;66:24‑9.

22. Jordan EJ, Godelman A, Levsky JM, Zalta B, Haramati LB. CT 
pulmonary angiography in pregnant and postpartum women: 
Low yield, high dose. Clin Imaging 2015;39:251‑3.

23. Liu H, Ma QY, Sun F, Wang ZY, Xiaimuxikamaier A, Dai YM, et al. 
Clinical analysis of 252 patients with pulmonary thromboembolism. 
Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2012;24:398‑401.

24. Duru S, Ergün R, Dilli A, Kaplan T, Kaplan B, Ardiç S. Clinical, 
laboratory and computed tomography pulmonary angiography 
results in pulmonary embolism: Retrospective evaluation of 
205 patients. Anadolu Kardiyol Derg 2012;12:142‑9.

25. Bajaj N, Bozarth AL, Guillot J, Kojokittah J, Appalaneni SR, 
Cestero C, et al. Clinical features in patients with pulmonary 
embolism at a community hospital: Analysis of 4 years of data. 
J Thromb Thrombolysis 2014;37:287‑92.

26. Du JF, Lei YH, Yang G, Meng QY, Shen H. Analysis of the 
occurrence of pulmonary embolism in 20 years in single medical 
center. Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2011;23:309‑12.

27. Zhang NF, Zhou YM, Yang XY, Tang CL, Wu H, Zhong NS. 
Clinical characteristics and prognostic factors of pulmonary 
embolism in different age groups. Zhonghua Jie He He Hu Xi Za 
Zhi 2010;33:436‑40.

28. Akram AR, Cowell GW, Logan LJ, Macdougall M, Reid JH, 



Adibi, et al.: Clinical and echocardiographic findings of patients with PTE

Journal of Research in Medical Sciences| 2016 | 8

Murchison JT, et al. Clinically suspected acute pulmonary 
embolism: A comparison of presentation, radiological features and 
outcome in patients with and without PE. QJM 2009;102:407‑14.

29. Penaloza A, Mélot C, Dochy E, Blocklet D, Gevenois PA, 
Wautrecht JC, et al. Assessment of pretest probability of pulmonary 
embolism in the emergency department by physicians in training 
using the Wells model. Thromb Res 2007;120:173‑9.

30. Wolf SJ, McCubbin TR, Feldhaus KM, Faragher JP, Adcock DM. 
Prospective validation of Wells Criteria in the evaluation of 
patients with suspected pulmonary embolism. Ann Emerg Med 
2004;44:503‑10.

31. Wang JH, Christino MA, Thakur NA, Palumbo MA, Daniels AH. 
Evaluation of the utility of the Wells score in predicting pulmonary 
embolism in patients admitted to a spine surgery service. Hosp 
Pract 2013;41:122‑8.

32. Albrizio M, Mizzi A. Rate of computed tomography pulmonary 
angiographies (CTPA) positive for pulmonary embolism and 
predictive scores. Radiol Med 2007;112:982‑7.

33. Thieme SF, Ashoori N, Bamberg F, Sommer WH, Johnson TR, 
Leuchte H, et al. Severity assessment of pulmonary embolism using 
dual energy CT‑correlation of a pulmonary perfusion defect score 
with clinical and morphological parameters of blood oxygenation 
and right ventricular failure. Eur Radiol 2012;22:269‑78.

34. In E, Aydin AM, Özdemir C, Sökücü SN, Dagli MN. The efficacy 
of CT for detection of right ventricular dysfunction in acute 
pulmonary embolism, and comparison with cardiac biomarkers. 
Jpn J Radiol 2015;33:471‑8.

35. Kang DK, Thilo C, Schoepf UJ, Barraza JM Jr., Nance JW Jr., 
Bastarrika G, et al. CT signs of right ventricular dysfunction: 
Prognostic role in acute pulmonary embolism. JACC Cardiovasc 
Imaging 2011;4:841‑9.

36. George E, Kumamaru KK, Ghosh N, Gonzalez Quesada C, Wake N, 
Bedayat A, et al. Computed tomography and echocardiography in 
patients with acute pulmonary embolism: Part 2: Prognostic value. 
J Thorac Imaging 2014;29:W7‑12.

37. Jiménez D, Aujesky D, Yusen RD. Risk stratification of 
normotensive patients with acute symptomatic pulmonary 
embolism. Br J Haematol 2010;151:415‑24.

38. Pruszczyk P, Torbicki A, Pacho R, Chlebus M, Kuch‑Wocial A, 
Pruszynski B, et al. Noninvasive diagnosis of suspected severe 
pulmonary embolism: Transesophageal echocardiography vs 
spiral CT. Chest 1997;112:722‑8.

39. Masotti L, Righini M, Vuilleumier N, Antonelli F, Landini G, 
Cappelli R, et al. Prognostic stratification of acute pulmonary 
embolism: Focus on clinical aspects, imaging, and biomarkers. 
Vasc Health Risk Manag 2009;5:567‑75.


