
Page 1 of 12

© Journal of Emergency and Critical Care Medicine. All rights reserved. J Emerg Crit Care Med 2021;5:4 | http://dx.doi.org/10.21037/jeccm-20-96

Introduction

Acute pulmonary embolism (PE) is a potentially life-
threatening condition that carries a high risk of morbidity 
and mortality (1). A recent observational study in Canada 
has estimated the 30-day and 1-year mortality rates from 
this disease to be 3.9% and 12.9% respectively (2). A 
systematic review of the global disease burden of thrombosis 
has also found venous thromboembolism, a closely-

linked precursor to PE, to be one of the leading sources of 
disability-adjusted life years lost globally (1). 

While early diagnosis and management have been 
shown to improve survival rates, diagnosis of the disease 
is notoriously difficult, particularly in the emergency 
department (ED) (3). The early signs and symptoms 
of PE are nonspecific and often overlap with those of 
other cardiopulmonary conditions (2). Clinical screening 
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modalities such as the Well’s Score have also been shown to 
be limited in sensitivity (4). In addition, research has found 
differences in PE risk and mortality amongst different 
ethnic groups, raising concerns that current risk assessment 
tools, which were developed from studies done in mainly 
Caucasian populations, may affect risk stratification and 
treatment efficacy in non-Caucasian populations (5-7). 

Despite its relatively low incidence in Asia, representative 
literature about PE among its population remains important 
for improving survival rates from the disease (5,6). A paper 
published in 2017 evaluated the clinical characteristics, 
risk factors and clinical outcomes of hospitalised patients 

diagnosed with acute PE in Singapore (8). Another 
local paper proposed a new model of risk stratification 
in comparison to other clinical prediction tools such as 
Pulmonary Embolism Severity Index (PESI) (9). 

The aim of our study was to (I) describe the profile of 
patients diagnosed with acute PE in the ED of a tertiary 
hospital and (II) examine patient and management factors 
associated with 30-day mortality among these patients.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jeccm-20-96).

Methods

Setting

This was a retrospective observational study of patients 
conducted at the ED of Changi General Hospital, a tertiary 
healthcare institution in Singapore. Patients 21 years of age 
and older who presented to the ED between 1st January 
2016 and 31st December 2017 with an ED diagnosis of 
acute PE were included in the study. Patients with known 
diagnosis of PE on active treatment and patients who 
arrived at the ED in a state of cardiopulmonary arrest 
with no subsequent return of spontaneous circulation 
were excluded from the study. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by institutional ethics 
review committee (CIRB 2018/2260) and individual consent 
for this retrospective analysis was waived.

Study design

The electronic medical records were reviewed and 
relevant information pertaining to demographics, clinical 
presentation, investigations, management, disposition 
and outcomes were extracted. The extracted clinical and 
management factors were summarized in Table 1. 

Clinical presentation
The list of variables was obtained based on literature review 
and included variables required in computation of PESI 
(8,10). The presence or absence of a recording of Well’s 
score in the medical records was looked for and PESI was 
computed retrospectively for all patients. 

Investigations
Investigations and interventions done in the ED visit 

Table 1 List of factors and outcomes examined

Patient factors

Patient characteristics

Age, sex, ethnicity

Comorbidities including presence of malignancy, 
cardiopulmonary disease and chronic lung disease

Clinical presentation

Presenting symptoms

Well’s score 

PESI score

GCS score and vitals at triage 

Investigations

Chest X-ray

CT Thorax or CTPA

Echocardiogram 

Full blood count

Renal panel

Capillary blood glucose

Management factors

Timing to diagnosis 

Timing to treatment

Outcomes

30-day mortality

Outcomes of ED visit

Length of stay

PESI, Pulmonary Embolism Severity Index; GCS, Glasgow Coma 
Scale; CT, computed tomography; CTPA, computed tomography 
pulmonary angiography; ED, Emergency Department.
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were populated. Both CT (computed tomography) thorax 
without contrast and CT pulmonary angiography (CTPA) 
were recorded. The clinical note was also reviewed for 
documentation of bedside echocardiography findings. 
Biochemical investigations were documented in standard 
units. Platelet lymphocyte ratio (PLR) and neutrophil 
lymphocyte ratio (NLR) was computed by platelet count 
or absolute neutrophil count respectively over absolute 
lymphocyte count.

Management
The time of presentation was taken as time patient was 
triaged. The time to diagnosis was the duration computed 
from the time of presentation to the time CT imaging was 
performed. The duration from time of presentation to time 
at which thrombolytics or anticoagulation was delivered is 
defined as the time to treatment. 

Outcomes
The primary outcome of interest was 30-day mortality, 
defined as event of demise either in the ED or during 
inpatient stay within 30 days of ED presentation. Other 
variables collected were outcome of the ED visit and length 
of inpatient stay. Outcome of ED visit was categorized into: 
demise in ED, admission to Intensive Care Unit (ICU), 

admission to High Dependency (HD) unit, admission 
to general ward (GW), transfer to other hospitals and 
discharge against medical advice. 

Statistical analysis 

The data was subsequently analysed using SPSS Statistics 
Version 26 to correlate patient and management factors 
with 30-day mortality. Bivariate analysis was performed with 
subsequent logistic regression to determine odds ratio for 
all suitable variables. For categorical variables with null or 
complete events, comparison was done via Pearson’s chi-
square instead. Statistical significance was determined by P 
value less than 0.05.

Results

Overall

The study included a total of 70 patients (as illustrated 
in Figure 1) with a mean age of 61.8 (SD 16) years. Fifty-
seven percent of the study population was male, 44% was 
of Chinese ethnicity and 77% had at least one comorbidity 
(Table 2). None of these patient demographics correlated 
significantly to 30-day mortality (Table 3). 

Patients with ED diagnosis 
of PE (n=83)

Demise in ED
(n=3)

Admitted to ICU

Demise within 30 days
(n=3)

Survival beyond 30 days
(n=22)

Demise within 30 days
(n=0)

Survival beyond 30 days 
(n=25)

Demise within 30 days 
(n=1)

Survival beyond 30 days
(n=4)

Admitted to HD Admitted to GW
Others: 

•  Transferred to other hospital
•  Discharged against advice

Excluded
•  Known PE on active treatment (n=6)
•  Pulseless on arrival with no ROSC (n=4)
•  Missing data on patient outcome (n=3) 

Demise within 30 days
(n=2)

Survival beyond 30 days
(n=10)

Figure 1 Population flow chart. PE, pulmonary embolism; ED, emergency department; ROSC, return of spontaneous circulation; ICU, 
intensive care unit; HD, high dependency; GW, general ward.
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Table 2 Summary of all collected variables in study population

Variable Value

Patient characteristics 

Age (mean ± SD) 61.8±16 years old

Sex

Male 40 (57%)

Female 30 (43%)

Race

Chinese 31 (44%)

Malay 18 (26%)

Indian 11 (16%)

Others 10 (14%)

Comorbidities present 54 (77%)

Presence of malignancy 7 (10%)

Presence of heart failure 1 (1%)

Presence of ischemic heart disease 5 (7%)

Presence of chronic lung disease 4 (6%)

Clinical presentation—symptoms, vital 
signs, PESI and sPESI scores

HOPC—dyspnoea 53 (76%)

HOPC—chest pain 14 (20%)

HOPC—haemoptysis 2 (3%)

HOPC—calf swelling/pain/erythema 22 (31%)

Total number of symptoms

0 8 (12%)

1 26 (37%)

2 24 (34%)

3 10 (14%)

4 2 (3%)

Temperature, median (IQR) 36.6 (36.3–37) degree 
Celsius

Missing (n) 4

Heart rate, median (IQR) 103 (83–122) beats 
per min

Respiratory rate, median (IQR) 21 (19–26) breaths 
per min

Missing (n) 2

Table 2 (continued)

Table 2 (continued)

Variable Value

Oxygen saturation, median (IQR) 93% (88–98%) on 
room air

Missing (n) 1

Systolic blood pressure, median (IQR) 122 (104–136) mmHg

Diastolic blood pressure, median 
(IQR) 

75 (63–83) mmHg

Mean blood pressure, median (IQR) 91 (78–100) mmHg

GCS score

3 2 (3%)

14 5 (7%)

15 63 (90%)

PESI score, median (IQR) 93 (78–114)

Missing (n) 5

PESI class

1, 2 and 3 44 (67%)

4 and 5 22 (33%)

Missing (n) 4

Simplified PESI

Low risk 16 (23%)

High risk 54 (77%)

Clinical presentation—investigations 
and management

Chest X-ray

Abnormal 27 (47%)

Normal 33 (39%)

Not performed 10 (14%)

CT imaging

Abnormal 64 (91%)

Normal 0

Not performed 6 (9%)

Echocardiogram

Abnormal 19 (27%)

Normal 9 (13%)

Not performed 42 (60%)

Table 2 (continued)
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Clinical presentation

Most patients presented with at least 1–2 symptoms (71%) 
related to PE and/or deep vein thrombosis, with the 
commonest presenting symptom being dyspnoea (76%) as 
seen in Table 2. Out of the 14 patients presenting with loss 
of consciousness, 10 of them required HD or ICU care. 
There were only two patients (3%) who presented with 
hemoptysis but both had poor outcomes. They were both 
admitted to HD and one later demised during inpatient 
stay. The total number of presenting symptoms did not 
correlate significantly with 30-day mortality (P=0.554). 

In terms of objective parameters taken at triage, the 
patients were mildly tachycardic (median heart rate 103 
beats per minute, IQR 83–122) and tachypneic (median 
respiratory rate 21 breaths per minute, IQR 19–26). 
The median oxygen saturation reading without oxygen 
supplementation was 93% (IQR, 88–98%). Temperature 
and blood pressure readings were within normal ranges 
(Table 2). Majority of the patients (90%) had a GCS score 
of 15 at presentation. Higher respiratory rates and lower 
oxygen saturation levels were both significantly associated 
with 30-day mortality (P=0.043, P=0.027 respectively) while 
GCS score and blood pressure measurements at presentation  
did not demonstrate any correlation with 30-day mortality 
(Table 3). 

The median PESI score was 93 (IQR, 78–114) with 
majority in PESI Class One, Two and Three compared 
to Class Four and Five (67% and 33% respectively). 
When applying the simplified PESI index, 54 patients 
(77%) were classified as high risk and the remaining 16 
(23%) as low risk. None of these classifications correlated  

Table 2 (continued)

Variable Value

Capillary blood glucose, median (IQR) 8.5 (6.2–13.1) mmol/L

Missing (n) 15

Troponin, median (IQR) 57 (39–141) ng/L

Missing (n) 16

Full blood count (missing n=2)

Hemoglobin, median (IQR) 13.8 (12.3–15.3) g/dL

Leukocytes, median (IQR) 11.2 (8.7–15.7)×109 

cells per liter

Neutrophil percentage (%), median 
(IQR)

72 (58–80)

Lymphocyte percentage (%), 
median (IQR)

18 (11–29)

Platelet , median (IQR) 202 (166–252)×109 

cells per liter

Neutrophil-to-lymphocyte ratio 
(NLR), median (IQR)

4.0 (1.9–7.2)

Platelet-to-lymphocyte ratio (PLR), 
median (IQR)

95 (65–133)

Renal panel (missing n=1)

Sodium, median (IQR) 139 (137–141) mmol/L

Potassium, median (IQR) 4.4 (4.1–4.7) mmol/L

Hemolysed (n) 2

Bicarbonate, median (IQR) 20 (17–23) mmol/L

Anion gap, median (IQR) 18 (16–22) mmol/L

Creatinine, median (IQR) 102 (85–150) mmol/L

Timing to CT imaging, median (IQR) 104 (60–150) minutes

Missing (n) 7

Timing to treatment, median (IQR) 152 (96–208) minutes

Missing (n) 10

30-day mortality, outcome of ED visit 
and length of stay

30-day mortality 9 (12.9%)

Outcome of ED visit

Demise in ED 3 (4%)

Admit GW 25 (36%)

Table 2 (continued)

Table 2 (continued)

Variable Value

Admit HD 25 (36%)

Admit ICU 12 (17%)

Transferred 4 (6%)

Discharged against advice 1 (1%)

Length of stay, median (IQR) 7 (4.5–11.5) days

HOPC, history of presenting complaint; SD, standard deviation; 
PESI, pulmonary embolism severity index; GCS, Glasgow Coma 
Scale; CT, computed tomography; CTPA, computed tomography 
pulmonary angiography; ED, emergency department; GW, 
general ward; HD, high dependency; ICU, intensive care unit.
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Table 3 Table comparing data variables with 30-day mortality 

Variable Demised Survived Odds ratio (95% CI) P value

Patient characteristics

Age, mean ± SD 60.7±14.7 62.0±16.7 0.99 (0.95, 1.04) 0.818

Sex

Male 3 (33%) 37 (61%) Reference

Female 6 (67%) 24 (39%) 3.08 (0.70, 13.5) 0.135

Ethnicity

Chinese 6 (67%) 25 (41%) Reference

Malay 2 (22%) 16 (26%) 0.52 (0.09, 2.91) 0.457

Indian and others 1 (11%) 20 (33%) 0.21 (0.02, 1.88) 0.162

Comorbidities present 6 (67%) 48 (79%) 0.54 (0.12, 2.47) 0.428

Clinical presentation

Presence of malignancy 1 (11%) 6 (10%) 1.15 (0.12, 10.8) 0.905

Presence of heart failure 1 (11%) 0 0.129

Presence of ischemic heart disease 0 5 (8%) 0.492

Presence of chronic lung disease 1 (11%) 3 (5%) 2.42 (0.22, 26.1) 0.468

HOPC—dyspnoea 9 (100%) 44 (72%) 0.068

HOPC—chest pain 2 (22%) 12 (20%) 1.17 (0.22, 6.35) 0.858

HOPC—hemoptysis 1 (11%) 1 (2%) 7.50 (0.43, 132) 0.169

HOPC—loss of consciousness 2 (22%) 12 (20%) 1.17 (0.22, 6.35) 0.858

HOPC—calf swelling/pain/erythema 2 (22%) 20 (33%) 0.59 (0.11, 3.08) 0.528

Total number of symptoms 2 (1, 2.5) 2 (1, 2) 1.24 (0.61, 2.55) 0.554

Well’s score, median (IQR) 5.5 (3, 6.5) 4.5 (1.5, 6) 1.14 (0.87, 1.50) 0.337

PESI score, median (IQR) 117 (77, 155) 93 (78, 113) 1.02 (0.99, 1.04) 0.121

PESI class

1, 2 and 3 3 (50%) 40 (68%) Reference

4 and 5 3 (50%) 19 (32%) 2.11 (0.39, 11.4) 0.388

Simplified PESI 

Low risk 1 (11%) 15 (25%) Reference

High risk 8 (89%) 46 (75%) 2.61 (0.30, 22.6) 0.384

Temperature, median (IQR) 36.5 (36, 37.1) 36.6 (36.3, 37) 0.91 (0.24, 3.50) 0.895

Heart rate, median (IQR) 103 (91, 125) 102 (82, 122) 1.01 (0.98, 1.04) 0.607

Respiratory rate, median (IQR) 21 (18, 55) 21 (19, 26) 1.08 (1.00, 1.16) 0.043

Saturation, median (IQR) 83 (75, 94) 94 (88, 98) 0.92 (0.86, 0.99) 0.027

Systolic blood pressure, median (IQR) 121 (98, 127) 122 (106, 139) 0.98 (0.95, 1.01) 0.982

Diastolic blood pressure, median (IQR) 64 (60, 93) 76 (65, 83) 0.99 (0.95, 1.04) 0.882

Table 3 (continued)
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significantly with 30-day mortality (refer to Table 3). The 
mortality rate of PESI class 1, 2 and 3 was lower than PESI 
class 4 and 5 (6.9% and 13.6% respectively).

Investigations

Sixty-four patients (91%) received CT imaging which 
were all diagnostic of PE. Six patients (8%) had CT thorax 
without contrast while 58 patients (83%) had CTPA  
(Table 2). Chest X-rays were performed for 60 patients (86%) 

of which 27 (39%) showed abnormalities (such as lung 
opacities and pleural effusions). The presence of abnormal 
chest X-ray findings (found in 86% of those who demised 
versus 60% in survivors) were significantly associated with 
30-day mortality (P=0.047, Table 3).

Amongst  the 28 pat ients  (40%) whom bedside 
echocardiography was performed, 19 (27%) revealed 
abnormal findings (Table 2). These documented abnormal 
findings consisted of right ventricular strain or dilatation 
(23%), impaired ventricular function (6%), pericardial 

Table 3 (continued)

Variable Demised Survived Odds ratio (95% CI) P value

Mean blood pressure, median (IQR) 77 (74, 106) 91 (81, 100) 0.98 (0.94, 1.03) 0.443

GCS score, median (IQR) 15 (8.5, 15) 15 (15, 15) 0.42 (0.05, 3.87) 0.442

Investigations

Abnormal chest X-ray 6 (86%) 21 (60%) 9.14 (1.03, 81.5) 0.047

Abnormal echocardiogram 4 (80%) 15 (65%) 2.13 (0.20, 22.4) 0.528

Capillary blood glucose, median (IQR) 9.2 (5.9, 11.5) 8.5 (6.1, 13.1) 0.96 (0.79, 1.16) 0.668

Troponin, median (IQR) 106 (46, 360) 56 (37, 124) 1.01 (1.00, 1.01) 0.046

Full blood count

Hemoglobin, median (IQR) 13.5 (8.5, 16.8) 13.8 (12.4, 15.1) 0.87 (0.66, 1.16) 0.341

Leukocytes, median (IQR) 17.8 (13.4, 19.4) 10.9 (8.6, 15.2) 1.14 (1.02, 1.28) 0.025

Platelet, median (IQR) 212 (152, 291) 201 (166, 251) 1.00 (0.95, 1.06) 0.882

Neutrophil (%), median (IQR) 79 (54, 82) 72 (58, 80) 1.00 (0.96, 1.05) 0.924

Lymphocyte (%), median (IQR) 11 (11, 35) 18 (12, 28) 1.00 (0.95, 1.06) 0.882

Neutrophil-to-lymphocyte ratio (NLR), median (IQR) 7.1 (1.6, 7.7) 3.9 (2.1, 6.5) 0.98 (0.86, 1.12) 0.788

Platelet-to-lymphocyte ratio (PLR), median (IQR) 103 (36, 112) 94 (67, 135) 0.99 (0.98, 1.01) 0.247

Renal panel

Sodium, median (IQR) 139 (135, 144) 139 (137, 141) 1.03 (0.86, 1.22) 0.754

Potassium, median (IQR) 4.95 (4.3, 6.2) 4.4 (4.1, 4.7) 3.69 (1.31, 10.39) 0.014

Bicarbonate, median (IQR) 15 (10, 16.5) 20.1 (18.3, 23) 0.74 (0.61, 0.89) 0.001

Anion gap, median (IQR) 21 (18.5, 29) 17 (15, 20) 1.13 (1.02, 1.26) 0.025

Creatinine, median (IQR) 107 (84.5, 241) 102 (84.5, 140) 1.01 (0.99, 1.02) 0.187

Management factors 

Timing to CT imaging, median (IQR) 112 (59, 163) 104 (61, 148) 1.00 (0.99, 1.01) 0.739

Timing to treatment, median (IQR) 177 (85, 213) 151 (99, 203) 1.00 (0.99, 1.01) 0.933

HOPC, history of presenting complaint; SD, standard deviation; IQR, interquartile range; CI, confidence interval at 95%; PESI, Pulmonary 
Embolism Severity Index; GCS, Glasgow Coma Scale; CT, computed tomography; CTPA, computed tomography pulmonary angiography; 
ED, emergency department; GW, general ward; HD, high dependency; ICU, intensive care unit.
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effusion (1%) and impaired inferior vena cava collapsibility 
(1%). 

Amongst biochemical investigations performed, five 
variables were found to be associated with 30-day mortality. 
High troponin levels (median 106 versus 56 ng/mL in 
survivors), high potassium levels (median 4.95 versus  
4.4 mmol/L in survivors), low bicarbonate levels (median 15 
versus 20.1 mmol/L in survivors), high anion gap (median 
21 versus 17 in survivors) and high leucocyte counts (median 
17.8×109/L versus 10.9×109/L in survivors) showed significant 
correlation with 30-day mortality (P=0.046, P=0.014, 
P=0.001, P=0.025 and P=0.025 respectively). There were no 
significant associations between mortality and platelet-to-
lymphocyte or neutrophil-to-lymphocyte ratios (Table 3). 

Management factors

The median time taken from presentation to CT imaging 
in our study population was 104 (IQR, 60–150) minutes 
whereas the median time taken from presentation to 
administration of therapeutics (anticoagulation or 
thrombolytics) was 152 (IQR, 96–208) minutes (Table 2). 
Shorter timing to CT imaging significantly correlated with 
shorter timing to therapeutics (P<0.001) as illustrated in 
Figure 2.

Sixty patients (86%) of the study population had 
treatment administered in ED (Table 2). Thrombolytics 
were administered to 11 patients (16%), enoxaparin was 

administered to 47 patients (67%) and anticoagulation was 
administered to 6 patients (9%). The median time from 
presentation to administration of the above respective 
treatment was 95 (IQR, 75–211), 162 (IQR, 105–205) and 
216 (IQR, 137–313) minutes. Of the remaining 10 patients 
whom treatment was not administered in ED, one required 
admission to a critical care ward while the rest were 
admitted to GW.

The time to diagnosis and time to treatment were similar 
between patients who demised and survived. Patients who 
demised had a slightly longer median time to diagnosis and 
treatment (112 and 177 minutes respectively) than those 
who survived (104 and 151 minutes respectively). Neither 
correlated significantly to 30-day mortality rates (P=0.739 
and P=0.933 respectively; Table 3). Further comparisons 
between these management factors and 30-day mortality 
are illustrated in the boxplots in Figure 3. Two patients who 
demised had no CT imaging performed but both received 
thrombolytics. 

Outcomes

For outcome of ED visit, 3 (4%) patients died in the ED, 
25 (36%) were admitted to a general ward, 25 (36%) were 
admitted to a HD unit and 12 (17%) were admitted to the 
ICU. The remaining 5 patients (7%) were either transferred 
to another hospital (6%) or discharged against medical 
advice (1%). The median length of stay was 7 days (IQR, 

Figure 2 Scatterplot of timing to CT imaging by timing to treatment. CT, computed tomography.
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1–24 days). The overall 30-day mortality was 12.9% (Table 2).

Discussion

As mentioned above, the overall 30-day mortality rate 
reported in our study population was 12.9%. This is 
comparable with 30-day mortality rates from other local 
studies, which ranged from 5% to 13.8% (8,9). The 30-day  
mortality rates reported in our study stratified by PESI 
Classes are also consistent with published literature for the 
various PESI Classes (11,12). 

With regards to using the PESI score and simplified 
PESI score (10,11,13) to predict clinical outcomes for 
our patient population, we found that overall, they do not 
demonstrate significant correlation with 30-day mortality 
in our study. Of note, when PESI score is utilised, the 
majority of our study population (67%) falls into PESI 
Class 1 to 3, which corresponds to the group with low to 
moderate risk of mortality. However, when simplified PESI 
score is used, the majority of our study population (77%) 
actually falls into the high-risk category instead. This 
highlights our hypothesis that existing scores may have 

Figure 3 Boxplot of timing to (A) diagnosis/(B) treatment and 30-day mortality. CT, computed tomography.
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limited applicability in local and by extrapolation, Asian 
populations, possibly because the prevalence of cancer, heart 
failure and chronic lung disease in local/Asian populations 
are quite different from that in traditionally Caucasian study 
populations. In fact, the prevalence of malignancy in our 
study population was found to be 10% and 6.1% in another 
Singapore population (8) compared to 20% in overseas 
study populations (14). 

Looking at the various markers that make up PESI 
and simplified PESI score, only two variables—raised 
respiratory rate and low oxygen saturation levels—correlated 
significantly with 30-day mortality in our study. The 
other variables—history of cancer, history of heart failure, 
history of chronic lung disease, tachycardia, altered mental 
state, hypotension and hypothermia—had no significant 
correlation with 30-day mortality. Nevertheless, it is 
important to note that although GCS score was not found 
have significant correlation to 30-day mortality, all patients 
with a GCS less than 15 did not survive beyond 30 days. 

On the other hand, there were other variables not part 
of the PESI or simplified PESI score (e.g., raised troponin 
levels) which correlated significantly with 30-day mortality 
in our study—some of which were also found to be 
consistent with findings in other studies. As a marker of right 
ventricular dysfunction, the utility of raised troponin levels as 
a prognosis indicator in PE has been proven to be meaningful 
in both mortality and disposition outcomes (15-17).  
It may also be a good discriminator for outcomes in 
normotensive PE (18). In our study, low serum bicarbonate 
levels and high anion gap were significantly associated with 
30-day mortality. This correlation between low bicarbonate 
levels and high anion gap with poorer outcomes may be 
attributed to the presence of lactate acidosis—one of the 
independent prognostic markers proposed by the SHiELD 
model for normotensive PE (19).

Thus, the construction of another tool to further 
distinguish prognosis in PE especially for the low to 
moderate risk groups, would be beneficial to instituting 
earlier treatment strategies. Our study findings may help to 
guide further research in developing this tool. For example, 
of all the various markers that make up PESI and simplified 
PESI score, raised respiratory rate and low oxygen 
saturations were the only ones found to have significant 
correlation to 30-day mortality, as such, they may be more 
meaningful to distinguish poorer outcomes. Hence, using 
the novel respiratory index (oxygen saturation in air to 

respiratory rate ratio) as part of a prognostic tool for PE 
severity and mortality may be prove to be more relevant (20). 

In our study, early PE diagnosis is significantly associated 
with earlier delivery of treatment. Our overall population 
had earlier diagnosis (104 minutes) and therapeutics given at 
ED (152 minutes) compared to other published literature. 
Other studies reported median timing to diagnosis of 
288 minutes (21) and timing to therapeutics of 756 to  
978 minutes (22). Another study defined prompt timing to 
diagnosis as less than 2 hours (23). Forty-six (66%) patients 
in our study population were diagnosed within two hours. 

Our study also suggests that shorter time to diagnosis 
and definitive therapeutics may improve mortality. While 
there are no statistically significant correlations, we note 
that the subset of our study population that survived had 
a shorter time to diagnosis and definitive therapeutics. 
This supports current research findings which suggest 
that initial right ventricular dysfunction may be reversible 
with thrombolytics (24-26). Our study encourages future 
prospective research to establish causative relationships 
and better understanding of contrast-related or bleeding 
complications possibly associated with earlier CT imaging 
and therapeutics. These serve to improve guidelines and 
standardize recommended timeframe to deliver therapeutics 
which currently varies from 11 to 411 minutes (27). 

There are several limitations to our study. In view of 
the small study population and retrospective nature of 
our study, a causative relationship between the treatment 
factors and outcome could not be definitively determined. 
Being a retrospective study, our results are also limited by 
recall bias and accuracy of available records. In addition, 
the exclusion of patients with cardiopulmonary arrest may 
have resulted in under-representation of high-risk PE in 
our study population. This study ultimately serves best 
as a preliminary analysis to support direction of future 
prospective research with larger populations. 

Conclusions

The study identified several factors that are significantly 
associated with 30-day mortality in patients presenting with 
acute PE to the ED. These factors are somewhat consistent 
with prognostic factors present in validated tools. Further 
research into various distinctive features of acute PE in the 
low to moderate risk population is required to improve 
future management strategies for these patients.
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