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Background and Purpose: To investigate the clinical manifestations of a pulmonary embolism (PE) in 
patients visiting the emergency department (ED) and to identify possible prognostic factors among the 
patients.
Methods: Patients who suspected as PE and presented to the ED with chest tightness, chest pain, or 
syncope were enrolled. Wells score, revised Geneva score, and PE Severity Index (PESI) were all 
recorded for analysis. Twelve patients who were diagnosed with a PE after a serial work-up were further 
analyzed for possible prognostic factors. The demographic characteristics, serum lab data, clinical 
presentations, management strategies, computed tomography (CT) angiography findings, and final 
outcomes were analyzed retrospectively. Chi-squared tests with Fisher’s exact tests, and t-test analyses 
were applied to evaluate the prognostic factors.
Results: Among the 763 patients enrolled, poor prediction effectiveness of Geneva score and Wells 
score were noticed, and PESI was also found with no signifi cant predictive value in our study group. The 
initial vital signs, syncope, chest pain, leg edematous changes, dyspnea, D-dimer levels, CT angiography-
measured thrombus diameter, the presence of a right atrium (RA) or right ventricular (RV) thrombus, 
and presence of lung consolidations all revealed no predictive values in this study (p > 0.05). Notably, 
the presence of a cardiac disease history showed possible prognostic factors for satisfactorily predicting 
patient outcomes (p = 0.02). The presence of left atrium (LA) thrombus showed a border significant 
differences in comparison (p = 0.05).
Conclusions: Although the number of patients analyzed was relatively low, our findings suggest that 
a history of cardiac disease is predictive of a relatively lethal or severe condition in patients with a PE. 
The diagnosis and prediction of outcomes for patients with a PE remains a challenge and further study is 
necessary in the future.
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Introduction

Untreated pulmonary embolism (PE) is a poten-
tially lethal condition and the emergent administration 

of anticoagulant treatment within an appropriate time 
frame is crucial. However, accurate diagnosis is a pre-
requisite for standard life-saving treatment protocol 
application, which remains a challenge in the emergen-
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cy department (ED). In the past few decades, several 
predictive clinical measurement tools (including 
Wells rule and revised Geneva score),1,2 laboratory 
tests (D-dimer testing),3 and imaging tools (including 
computed tomographic pulmonary angiography and 
lung scintigraphy)4,5 have been developed and applied 
to clinical practice for years. Another challenging 
problem is the lack of efficient tools for the prediction 
of treatment outcomes in patients diagnosed with a 
PE. Various imaging modalities have been suggested 
to have predictive value including echocardiography 
for right ventricular (RV) dysfunction evaluation and 
computed tomography (CT) angiography for the mea-
surement of the ratio of the size of the RV compared 
to the left ventricular (LV);6 several laboratory serum 
markers for predicting possible progressive heart 
failure (including B-type natriuretic peptide [BNP], 
N-terminal pro B-type natriuretic peptide [NT-proB-
NP], troponin T, heart-type fatty acid-binding protein 
[H-FABP], and others) were also proposed.7,8 The 
above studies were mainly based on reports from the 
western hemisphere. Due to the nature of differences 
of thrombogenicity between races, PE may present 
with different clinical manifestations with different 
outcomes under the current protocol for recommend-
ed therapy. The lack of studies using diagnostic tools 
and predictive tools conducted in Asia or Taiwan, may 
further contribute to the issue of PE management in 
Taiwan. In this study, we focused on patients visiting 
the ED with a possible PE and aim to evaluate possi-
ble predicting factors in patients with a PE in Taiwan.

Methods
Participants

This study was approved by the Institutional 
Review Board and Ethics Committee of Cardinal 
Tien Hospital. From January 2016 through October 
2017, patients who presented to the outpatient ED 
of the participating hospital were eligible if there 
was a clinical suspicion of PE, defined as the acute 
onset or worsening shortness of breath or chest pain 
without another obvious etiology. The study hospi-
tal is regional hospital in northern Taiwan with the 
annual ED patients around 45,000 to 46,000 (there 
were 45,837 ED patients visited the study hospital 
in 2016). A total 763 cases involving patients with 
a suspected PE presenting with chest pain, dyspnea, 
or syncope were retrospectively enrolled for further 

analysis. Information on clinical presentations (in-
cluding symptoms, signs, and physical examinations) 
and underlying disease history; laboratory serum data 
(including D-dimer testing, cardiac enzyme levels, 
and arterial blood gas levels); and chest radiography 
and 12-lead electrocardiography (ECG) results were 
collected. We defined history of cardiac disease as 
those patients with coronary arterial disease, atrial 
fibrillation, atrial flutter, congestive heart failure, or 
all other cardiogenic diseases; we further defined pri-
or thromboembolism history as those patients with a 
prior history of acute myocardial infarction, ischemic 
type cerebrovascular incidents, deep vein thrombosis, 
other inherited thrombotic disorders, or other throm-
bophilic disorders. We also included autoimmune dis-
ease history, defined as patients with systemic lupus 
erythematosus, antiphospholipid syndrome, multiple 
sclerosis, or other related autoimmune diseases. The 
Wells score system and revised Geneva score were 
applied for the patients with a possible PE. The PE 
Severity Index (PESI) was used in diagnosed PE 
cases to evaluate the possible prognostic predictive 
value. For Wells score system, revised Geneva score, 
and PESI, we re-calculated the scores after reviewing 
all the patients’ medical records. D-dimer levels were 
assessed in all patients and an age-adjusted threshold 
(age × 10 ng/mL, rather than a blanket 500 ng/mL, 
as proposed by Righini et al.) was used to obtain the 
positive D-dimer test result.3 Echocardiography and/
or CT angiography were performed for further confir-
mation in patients with a positive D-dimer test. Echo-
cardiography was performed by licensed cardiologist 
by consultation at our ED. CT angiography films were 
reviewed by radiologist for final report to confirm the 
presence of PE.

Patients with a final diagnosis of PE underwent 
follow-up evaluations for three months. Patients were 
instructed to return to the clinic or to the ED in case 
of recurrent respiratory symptoms or swelling of the 
legs. The overall condition of the patients was evalu-
ated at the end of the follow-up period. We analyzed 
the above factors to determine 30-day mortality rates 
to evaluate the prognostic value of these factors.

Statistical Analysis
Statistical analyses were performed using the 

Statistical Package for the Social Sciences for Win-
dows (SPSS version 22.0, IBM, Armonk, NY, USA) 
software. The chi-square test with Fisher’s exact test 
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was used to compare categorical data. A t-test was 
applied for continuous values between the groups. A p 
value < 0.05 was considered statistically significant.

Results
Our study consisted of 763 cases of patients 

with a suspected PE. Baseline characteristics are 
shown in Table 1. The calculated probability of a PE 
is determined through Wells scores and revised Ge-
neva scores for patients presenting with chest pain, 
dyspnea and syncope. As shown in Table 1, 61% of 
patients with suspicious presentations had high Wells 
scores (> 6), and 74% of patients with a suspected 
PE had high revised Geneva scores (> 11). However, 
only 12 patients (1.6%) were diagnosed with a PE 
after serial work-up. Based on the threshold for a high 
score using these systems (for Wells score: > 6, for 
revised Geneva score: > 11), the sensitivity of the test 
for the applied Well scores and revised Geneva scores 
is 83.3% and 75.0% (shown in Table 2), respectively, 
and the specificity of Well scores and revised Geneva 
scores is 39.3% and 26.1%, respectively. Therefore, 
we consider these tools to have poor positive pre-

dictive values (for Wells score: 2.14%, for revised 
Geneva score: 1.6%). These results indicated the 
unreliability of both Wells scores and revised Geneva 
scores in our study group.

Among patients with a suspected PE, the most 
frequent symptoms are chest pain (75.0%), dyspnea 
(50.0%), and unilateral limb pain (58.3%), which 
were also commonly found in those diagnosed with 
PE. Syncope (16.7%) was relatively infrequent as 
shown in Table 2. All of the patients with a diagnosed 
PE had elevated D-dimers (100.0%) and only 33.3% 
of the diagnosed patients presented with an elevated 
troponin I level. Most of the diagnosed PE patients 
were found to have normal chest radiographs (91.7%) 
and sinus tachycardia on ECG (91.7%). The echocar-
diography revealed that 83.3% of the patients with a 
PE presented with RV dysfunction. Most of the pa-
tients with a PE (91.7%) presented with a thrombus 
within the main and lobar artery as observed with 
CT angiography. Evidence of deep vein thrombosis 
was found on venous Doppler sonography over lower 
limbs in 91.7% of the patients with a diagnosed PE.

The overall survival rate was 75%. The hospital-

Table 1. Patient’s baseline characteristics (n = 763)

Variables Mean ± SD (range)/n (%)
Age (years) 64 ± 15 (21–97)
Gender

Male 358 (46)
Female 405 (54)

Heart rate (beats/min) 99 ± 7 (87–121)
Oxygen saturation (%) 91 ± 2 (86–96)
Systolic blood pressure (mmHg) 129 ± 12 (102–145)
Diastolic blood pressure (mmHg) 79 ± 9 (67–94)
Symptoms

Chest pain 452 (59)
Dyspnea 523 (68)
Syncope 82 (10)

Probability of PE (by Wells score)
≤ 4 (low) 59 (8)
> 6 (high) 466 (61)

Probability of PE (by revised Geneva score)
≤ 3 (low) 61 (8)
> 11 (high) 564 (74)

PE: pulmonary embolism; SD: standard deviation.
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ization duration was 10.1 ± 8.2 d without a significant 
difference between survivors and non-survivors (p = 
0.32). With regards to the evaluation of prognostic 
factors (Table 3), a history of cardiac disease showed 
the most significant correlation with mortality (p = 
0.02). There were no significant differences between 
the survivors and non-survivors with regard to age, 
prior thromboembolism history, malignancy history, 
and autoimmune disease history. Although elevated 
D-dimer levels were found in all patients diagnosed 
with a PE, the level was not found to correlate with 
mortality (p = 0.11). We also applied the PESI to eval-
uate the possible prognostic value of the predicting 
tools but there appeared to be no difference between 
the groups (p = 0.13). Imaging studies conducted for 
the patients with a PE revealed that the presence of a 

left atrium (LA) thrombus showed possible correla-
tion with death but not reach significance (p = 0.05). 
The thrombus diameter measured using CT, presence 
of a RV thrombus, occurrence of dilated right atrium 
(RA) and RV, and related lung consolidation found 
on chest CT all revealed no correlation with mortality 
(p > 0.05). The comparison results for the prognostic 
factors considered in this study are shown in Table 3.

Discussion
PE is a serious and potentially lethal disease. It 

is more common in men than in women owing to its 
relationship with smoking and comorbid diseases.9 
For patients younger than 55 years of age, the inci-
dence rate of PE is higher in women owing to the use 

Table 2. Clinical features and diagnostic methods in patients with pulmonary embolism

Clinical features and diagnostic methods n (%)
Dyspnea 6 (50.0)
Chest pain 9 (75.0)
Syncope 2 (16.7)
Unilateral limb pain 4 (58.3)
Wells score > 6 (high probability of disease) 10 (83.3)
Revised Geneva score > 11 (high probability of disease) 9 (75.0)
Chest radiograph

Normal 11 (91.7)
Wedge shaped opacity 1 (8.3)

ECG
Sinus tachycardia 11 (91.7)
RV strain pattern 3 (25.0)
S1Q3T3 pattern 2 (16.7)

Cardiac echocardiography
RV dysfunction 10 (83.3)
Thrombus in pulmonary arteries or RV 2 (16.7)
Pulmonary hypertension 4 (33.3)

Chest CT with and without contrast
Thrombus in main and lobar artery 11 (91.7)
Thrombus in distal pulmonary artery 1 (8.3)

Venous Doppler lower limbs
Evidence of DVT 11 (91.7)

D-dimer (positive, > 500 μg/L) 12 (100.0)
Troponin I (positive, ≥ 1 ng/mL) 4 (33.3)

CT: computed tomography; DVT: deep vein thrombosis; ECG: electrocardiography; RV: right ventricle; S1Q3T3 pattern: a large S wave in lead I, 
a Q wave in lead III and an inverted T wave in lead III together.
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of oral contraceptives and pregnancy. Further, a high-
er mortality rate due to PE has been reported in the 
female population.10,11 The higher mortality rate was 
described in older female patients diagnosed with a 
PE and may be associated with a higher percentage of 
comorbid congestive heart failure and the immobili-
zation status of the patients. However, gender seemed 
have no impact on mortality in our study as male and 
female mortality rates were both 25% in our study. 
The different results noted in our study may be due to 
the relative younger age of the patients in our study 
group.

The incidence of patients diagnosed for the first-
time with a PE varies in previous studies depending 
on whether they included patients diagnosed with a 
PE by autopsy and if they included different races. 
The annual incidence of cases of diagnosed PE has 
increased gradually over recent years. Anderson et 
al. reported, for the first time, an incidence of 23 per 
100,000 in patients diagnosed with PE;12 however 
another study conducted by Hanson et al., which in-
cluded men over the age of 50 with venous thrombo-
embolism (VTE) diagnosed by autopsy, reported that 
the yearly incidence of PE was 182 per 100,000.13 It 
is probable that autopsy data overestimate the inci-
dence of PE owing to the detection of asymptomatic 

cases, where reliance on clinical diagnosis probably 
underestimates the incidence. The autopsied patients 
may present false positive results due to no blood 
flow in dead patients or declined blood flow in nearly 
death patients, emboli may be easily generated in ma-
jor vessels. As previously shown in a reported study, 
about 28–41% of the PE cases resulted from VTE. 
A lower adjusted risk of VTE was observed among 
Hispanics (risk ratio [RR] = 0.7, 95% confidence in-
terval [CI] = 0.3–1.5) and Asians (RR = 0.2, 95% CI 
= 0.1–0.5) than in Caucasians in a large cohort who 
were followed prospectively in the Kaiser Health 
System in Northern California.11 The incidence of 
symptomatic first-time idiopathic and secondary VTE 
in Asians was approximately 3- to 5-fold lower than 
that in Caucasians.14 The relatively low incidence of 
VTE in Asians has not been explained but may be 
associated with a lower prevalence of genetic factors 
predisposing them to VTE, such as factor V Leiden in 
Asian populations (0–0.5%) compared with Cauca-
sians (5%).15-17 In our study, the prevalence of patients 
visiting the ED with symptoms suspicious for PE was 
1.57%.

We applied both Wells scores and revised Ge-
neva scores for the cases with a clinical suspicion for 
PE when the patient first presented to the ED. None 

Table 3. Prognostic factors of pulmonary embolism patients

Variables All (n = 12) Survivor (n = 9) Non-survivor (n = 3) p

Age (year) 57.6 ± 19.0 54.9 ± 20.9 65.7 ± 10.8 0.29
Gender

Male 4 3 1 1.00
Female 8 6 2

Prior thromboembolism history 7 5 2 1.00
Cardiac disease history 4 2 3 0.02
Malignancy history 4 4 0 0.49
Immune disease history 2 0 2 0.46
PESI 91.4 ± 21.6 86.7 ± 22.3 105.7 ± 13.7 0.13
D-dimer testing (μg/L) 6,038 ± 2,705 5,356 ± 2,656 8,083 ± 1,910 0.11
CT measured thrombus diameter (cm) 1.27 ± 0.82 0.90 ± 0.52 2.37 ± 0.47 0.17
Dilated RA and RV 8 5 3 0.49
RV thrombus 2 2 0 0.37
LA thrombus 3 1 2 0.05
Related lung consolidation under chest CT 4 3 1 1.00
Hospitalization duration (d) 10.1 ± 8.2 8.7 ± 4.7 14.3 ± 15.7 0.32

CT: computed tomography; LA: left atrium; PESI: Pulmonary Embolism Severity Index; RA: right atrium; RV: right ventricle.
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of the previously published studies have mentioned 
the utility of these scoring systems in Taiwan. Our 
study found a low positive predictive value for these 
scoring systems (Wells score: 2.14% and revised Ge-
neva score: 1.6%) and low specificity (Wells score: 
39.3% and revised Geneva score: 26.1%). This may 
be associated with the relatively higher efficiency of 
fibrinolytic activity among Asians, which may also be 
related to genetic differences among the races.17 An-
other reason for this difference may be the misuse of 
medical resources in Taiwan, which may increase the 
difficulty of diagnosing a PE based on clinical presen-
tations.18 A revised scoring system for Asian patients 
may be necessary to develop in future.

In our study, the overall survival rate of patients 
with diagnosed PE after presenting to the ED was 
75%. For prognostic values, cardiac disease histo-
ry and presence of a LA thrombus are the only two 
factors that showed significant difference between 
the survivors and non-survivors in our study. In the 
literature review, acute RV dysfunction is a critical 
determinant of outcome in acute PE. In the Interna-
tional Cooperative Pulmonary Embolism Registry 
(ICOPER), age > 70 years, systolic blood pressure < 
90 mmHg, respiratory rate > 20 breaths/min, cancer, 
chronic heart failure, and chronic obstructive pulmo-
nary disease were all identified as prognostic factors.19 
In the Registro Informatizado de la Enfermedad 
ThomboEmbolica venosa study, immobilization for 
neurological disease, age > 75 years, and cancer were 
independently associated with an increased risk of 
death within the first three months after acute VTE.20 
Various prediction rules based on clinical parame-
ters have been shown to be helpful in the prognos-
tic assessment of patients with acute PE. Of those, 
the PESI is the most extensively validated score to 
date.21,22 However, we did not find a significant dif-
ference among our study groups. This may due to 
racial differences within the study groups and patients 
displaying different clinical presentations among the 
races. Chung et al. reported that systemic lupus ery-
thematosus and diabetes increases the risk of PE in 
patients from Taiwan.23,24 Troponin I is a laboratory 
serum marker used for predicting the prognosis of PE 
owing to its association with RV dysfunction.7 Our 
study did not find a significant correlation between 
troponin I and mortality.

Echocardiography results indicating RV dys-
function have been reported in ≥ 25% of patients with 
PE.25 These findings have been identified as indepen-

dent prognostic factors that are associated with poor 
outcomes,26 but are heterogeneous and have been 
proved difficult to standardize.27 In our study, RA and 
RV dilatation did not correlate with a poor prognosis. 
Meta-analyses have shown that RV dysfunction iden-
tified by echocardiography is associated with an ele-
vated risk of short-term mortality in patients without 
hemodynamic instability, but its overall positive pre-
dictive value is low.28 We also further analyzed the CT 
angiography-measured emboli diameter but there was 
no correlation with mortality. The presence of an LA 
thrombus was noted to have a borderline significant 
difference (p = 0.05) between survivors and non-sur-
vivors. None of the previous recent studies have men-
tioned this finding as a potential prognostic factor. We 
assume that this finding indicates a chain reaction of 
declined RV contractility with decreased LV pre-load 
and may be an early sign of left heart failure. Howev-
er, due to the fact that only three patients in our study 
presented with positive findings of a LA thrombus, 
further CT angiography or echocardiography studies 
are crucial for confirmation of this prognostic factor.

There are some limitations to our study. First, 
it was a retrospective and single-institute study. The 
small sample size may result in insignificance after 
statistical analysis and declined power for mathemati-
cal analysis, which possibly leads the results unable to 
explain causal relationship. Second, the study is lim-
ited to emergency medicine and does not incorporate 
other outpatient departments including pediatric med-
icine. This results in the loss of any diagnosed PE cas-
es in patients under the age of 18, which may cause 
the lack of identification of exposure risks in younger 
populations. Lastly, the small patient sampling num-
ber may account for the lack of statistical significance 
seen in a variety of factors. A larger prospective co-
hort study is required to support our findings.

In conclusion, the clinical presentation of pa-
tients from Taiwan in this study may differ from that 
of Caucasians or other races. This difference may 
result in the unreliability of utilizing Wells scores and 
revised Geneva scores to predict PE. The PESI did 
not have a significant predictive prognostic value in 
our study. However, cardiac disease history and the 
presence of LA thrombus effectively predicted prog-
nosis. Based on these results, it is essential to devel-
op a modified clinical scoring system for predicting 
disease and prognostic assessment for patients from 
Taiwan in the future.
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