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Abstract:

Objective: Acute pulmonary embolism (APE) is frequently associated with high morbidity and mortality rates.
Numerous studies have investigated the prognostic significance of cardiovascular computed tomography (CT)
parameters. This study aimed to investigate potential CT scan predictors of 24-hour mortality in APE and to
evaluate the value of the inferior vena cava (IVC) reflux score calculated on CT scan in predicting mortality.
Methods: This study was a single-center, retrospective study. Approval from the local ethics committee (deci-
sion no. 2023/76) was obtained before patients’ data scanning. Patients who were admitted to the emergency
department (ED) of a tertiary education and research hospital in Turkey between January 1, 2019, and December
31, 2021, who were diagnosed with APE at CT scan in the ED and whose treatment was started, and who did not
meet the exclusion criteria were included in the study. The relationship between CT scan findings and early and
late mortality was evaluated.

Results: The study population comprised 226 patients, meeting the inclusion and exclusion criteria. Of the 226
patients, a total of 39 (17.3%) patients died, 16 (7.1%) within the first 24 hours. In evaluating CT scan param-
eters, the inferior vena cava (IVC) reflux score showed a statistically significant difference between the groups
with and without mortality (24-hour P=0.001; 30-day P=0.001). Patients who died within the first 24-hour and
30-day after admission showed a reflux grade 3 into IVC more often than survivors (24-hour odds ratio (OR):
14.57, 95% confidence interval (CI): 3.64,58.1; P=0.001); 30-day (OR: 6.54, 95% CI: 2.51,16.98; P=0.001). However,
other CT parameters were evaluated, and no statistical relationship was found between the groups with and
without mortality.

Conclusion: The cardiovascular CT scan findings may not be suitable for use as predictors of mortality. However,

the IVC reflux score may be a good indicator of both early and late mortality.
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1. Introduction

Acute pulmonary embolism (APE) is a frequently seen entity
associated with high morbidity and mortality rates (1-3). A
mortality rate as high as 18% has been reported for APE, al-
though the figure in one large meta-analysis was 10.7% (4,5).
The diagnosis and treatment of APE are, therefore, critical.
However, APE is difficult to diagnose for clinicians due to the
absence of a characteristic physical examination finding or
symptom (6). Computed tomography pulmonary angiogra-
phy (CTPA) is the gold standard radiological technique most
frequently used to diagnose the disease in clinical practice (7-
9). Magnetic resonance imaging (MRI) of the chest, echocar-
diography, extremity ultrasonography, and nuclear medicine
imaging techniques are also employed for diagnosis (10,11).

Due to the high mortality rate in APE, performing an emer-
gency risk classification at the time of presentation is very
important. Various scoring systems are available for predict-
ing mortality in patients with the condition (12,13). The ma-

jority of these are based on clinical diagnostic and labora-
tory parameters. Several studies have also evaluated CTPA
as an indicator of potential mortality and morbidity in pa-
tients with APE. The main right-left pulmonary artery, right-
left ventricle, and inferior vena cava (IVC) diameters can be
measured in patients with emboli detected at computed to-
mography (CT) in the pulmonary arteries. Right/left ventri-
cle and IVC anteroposterior/transverse diameter ratios and
IVC reflux scores can also be calculated. Some studies have
also shown that cardiovascular CT measurements can predict
mortality in APE (14-16).

However, another study has reported that these cannot be
used as mortality indicators in the APE (17).

Numerous studies have investigated the prognostic signifi-
cance and association of cardiovascular CT scan parameters
with patient outcomes, although inconsistent results have
been obtained. However, many studies have evaluated mor-
tality indicators in terms of late (30-day) mortality, and pa-
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rameters that can assess early mortality status in APE pa-
tients diagnosed in the emergency department (ED) have
generally not been adequately examined. Moreover, consid-
ering the importance of early treatment intensity, if CTPA can
determine mortality risk in APE, CT parameters should de-
termine mortality in the first 24 hours when more intensive
treatment is required. Based on this hypothesis, we aimed to
investigate potential CTPA predictors of 24-hour mortality in
APE and to evaluate the value of the IVC reflux score calcu-
lated on CTPA in predicting mortality.

2. Methods
2.1. Study population and design

This single-center, retrospective study examined patients
presenting to the ED with differing symptoms and diagnosed
with APE. Ethical committee approval was granted prior to
data analysis (decision no. 2023/76).

Patients who were admitted to the ED of a tertiary education
and research hospital in Turkey between January 1, 2019, and
December 31, 2021, who were diagnosed with APE at CTPA
in the ED and whose treatment was started, and who did not
meet the exclusion criteria were included in the study. Pa-
tients under 18 years of age, pregnant women, patients trans-
ferred to another institution, patients with a previous his-
tory of pulmonary embolism (PE), patients who refused di-
agnosis and treatment, patients with incomplete CTPA im-
ages, patients with a prior history of pulmonary hyperten-
sion, patients with a history of severe tricuspid regurgita-
tion by echocardiography, and patients admitted to the ED
with arrest were excluded. In addition, artifacts in CTPA im-
ages and images that may cause bias in the evaluation due to
contrast differences were excluded. Study population (n:226)
was formed in the light of the inclusion and exclusion crite-
ria. The patient flow chart is shown in figure 1.

2.2. Study protocol

The study population was formed after the inclusion and ex-
clusion criteria were applied. All data of the patients were ob-
tained from the hospital’s digital archive. It was planned to
examine the demographic data, comorbidities, clinical out-
comes, and CTPA findings included in the study.

The demographic data, comorbidities, and clinical outcomes
of the patients included in the study were evaluated by an
emergency specialist.

Mortality within the first 24 hours was defined as early mor-
tality, and mortality after 24 hours was defined as late mor-
tality, as CTPA was intended to be used for early mortality.
Given the importance of early treatment intensity, if CTPA
can determine mortality risk in APE, CT parameters should
determine mortality in the first 24 hours when more inten-
sive treatment is required. Therefore, 24-hour was chosen for
early mortality. We also chose 30-day for late mortality.

The images of the CTPA were recorded at the time of initial
presentation, and a radiologist assessed the imaging modal-

UE1DERE The patients’ demographic data and baseline characteris-
tics

Characteristics, n=226 Value
Gender, n (%)

Male 83 (36.7)
Female 143 (63.3)

Age (year), median (IQR)

74.5 (64.0-83.0)

Comorbidities, n (%)

Hypertension 141 (62.4)
Diabetes 35 (15.5)
Coronary artery disease 44 (19.5)
Atrial fibrillation 18 (8.0)
Stroke 33 (14.6)
Dementia 10 (4.4)
Neoplasia 6(2.7)
Pulmonary embolism level, n (%)

Pulmonary artery embolism+ 152 (34.6)
Segmental pulmonary embolism 186 (42.3)
Sub-segmental pulmonary embolism 102 (23.1)
CT scan measurements

PT (mm), mean (min-max) 28.9 (17-43)
RPA (mm), median (IQR) 21.0 (19.0-24.0)
LPA (mm), mean (min-max) 21.8 (12-35)

RV (mm), median (IQR)

47.0 (42.3-52.0)

LV (mm), median (IQR)

43.0 (38.0-47.8)

RV/LV ratio (%), median (IQR) 1.1 (1.0-1.3)
IVC AP (mm), mean (min-max) 21.0 (10-33)
IVC T (mm), mean (min-max) 27.5 (11-42)
IVC AP/T ratio (%), mean (min-max) 0.8 (0.5-1.7)
IVC reflux score, n (%)

None 107 (47.3)
Grade 1 65 (28.8)
Grade 2 24 (10.6)
Grade 3 30 (13.3)
Mortality, n (%)

Early period* 16 (7.1)
Late period® 23 (10.2)

IQR: Interquartile range (25p, 75p); CT: Computed tomography;
PT: Pulmonary trunk; RPA: Right pulmonary artery;

LPA: Left pulmonary artery; RV: Right ventricle;

LV: Left ventricle; IVC: Inferior vena cava; AP: Anteroposterior;
T: Transverse; +: Main pulmonary and lobar artery level;

*: First 24 hours; &: After the first 24 hours

ities. The radiologist evaluating the images had five years of
experience in cardiothoracic CT scan imaging.

2.3. Measurements

All the cases’ CTPA scans were obtained with a 16-slice mul-
tidetector CT scanner (Toshiba Alexion™; Toshiba medical
systems corporation, Nashua, Japanese) with 1 millimeter
(mm) thick slices and 120 kVp. In all cases, intravenous
administration of an iodine-based contrast medium was
achieved through a peripheral venous line at a rate of 2-4
mL/s. Automatic bolus tracking was performed in the pul-
monary trunk (PT) with a 100 Hounsfield units (HU) trigger.
The radiologist independently evaluated the CTPA scans us-
ing the hospital’s digital archive picture archiving and com-
munication system (PACS). Images with artifacts that could
impact the measurement values were eliminated from the
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Patients Admitted to the Emergency Department,
Diagnosed with Pulmonary Embolism in the
Emergency Department, and Started Treatment
(N=283)

Exclusion (N=34)
Patients under 18 years of age
Pregnant women
Patients transferred to another institution
Patients with a previous history of PE
Patients who refused diagnosis and treatment
Patients with incomplete computed tomography pulmonary
angiography images
Patients with a prior history of Pulmonary Hypertension
e Patients with a history of severe tricuspid regurgitation by
echocardiography
e Patients admitted to the emergency department with arrest

(N=249)

Exclusion (N=23)
The presence of artifact in CTPA images

Images that will introduce bias due to contrast differences in
CTPA images

Study Population
(N=226)

Study flowchart

UE1D PR CT scan measurements according to mortality

30-day evaluation 24-hour evaluation

CT scan measurements Surviving Non-surviving P-value Surviving Non-surviving P-value

(n=187) (n=39) (n=210) (n=16)
PT (mm), mean (min-max) 28.8 (17-43) 29.1 (19-39) 0.745 29.0 (17-43) 27.3 (19-36) 0.148
RPA (mm), median (IQR) 21.0 (19.0-24.0)  23.0 (20.0-26.0) 0.055 21.0 (19.0-24.0)  20.5(18.0-26.3) 0.960
LPA (mm), mean (min-max) 21.7 (12-35) 22.6 (16-29) 0.192 21.8 (12-35) 22.1 (16-28) 0.818
RV (mm), median (IQR) 47.0 (42.0-52.0)  47.0 (43.0-52.0) 0.973 47.0 (42.0-52.0)  48.0 (44.0-49.8) 0.675
LV (mm), median (IQR) 43.0 (38.0-48.0)  42.0 (37.0-45.5) 0.471 43.0 (38.0-48.0)  40.5 (36.0-44.5) 0.200
RV/LV ratio (%), median (IQR) 1.1 (1.0-1.3) 1.1 (1.0-1.2) 0.950 1.1 (1.0-1.3) 1.1 (1.0-1.5) 0.219
IVC AP (mm), mean (min-max) 21.1 (13-33) 20.8 (10-29) 0.744 21.1 (12-33) 20.7 (10-29) 0.719
IVC T (mm), mean (min-max) 27.7 (11-42) 26.7 (16-42) 0.270 27.5(11-42) 27.7 (21-42) 0.905
IVC AP/T ratio (%), mean (min-max) 0.8 (0.5-1.7) 0.8 (0.5-1.4) 0.659 0.8 (0.5-1.0) 0.8 (0.5-1.0) 0.428
IVC reflux score, n
None 96 11 104 S
Grade 1 55 10 0.001 63 2 0.001
Grade 2 19 5 22 2
Grade 3 17 13 21 9
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EETT Measurements of CTPA scans
1A) thrombosis in pulmonary arteries; 1B) measurement of pulmonary trunk; right pulmonary artery and left pulmonary artery diameters; 1C)
measurement of right ventricle and left ventricle diameters; 1D) measurement of inferior vena cava diameters; CTPA: Computed tomography
pulmonary angiography

assessment. Acute embolism was defined as a clot in the
pulmonary arteries on CTPA. For this definition, this refers
to areas without contrast transmission. Three primary lev-
els were used to express acute embolism: pulmonary (main
pulmonary and lobar artery level), segmental, and sub-
segmental artery levels.

For the present study, the following radiological parameters
were measured: diameter of the PT (mm), diameter of the
right main pulmonary artery (RPA) (mm), diameter of the
left main pulmonary artery (LPA) (mm), diameter of the right
ventricle (RV) (mm), diameter of the left ventricle (LV) (mm),
diameter of the anteroposterior (AP) and transverse (T) IVC
(mm). Each vessel diameter was measured as axial sections’
most significant wall-to-wall distance. RV and LV diameters
were estimated at the most prominent points between the in-
ner margins of the interventricular septum and the ventricle
wall. The PT diameter was measured at its origin, proximal to
the branching point. LPA and RPA diameters were measured
just after the PT branching. IVC measurements were per-
formed at the intrahepatic level. The purpose of taking mea-
surements at this level is that these points are easy to define

anatomically, which makes them highly reproducible. Fur-
thermore, RV/LV ratio (%) and IVC AP/T diameter ratio (%)
were calculated. The CTPA scan measurements are shown in
figure 2.

IVC reflux score were evaluated on axial and coronal images
in a four-point scale: 0; no reflux, 1; subcardial reflux, 2; in-
trahepatic reflux, and 3; subhepatic reflux (18). The IVC re-
flux score evaluation procedure is summarized in figure 3.

2.4. Endpoints

The primary endpoint of this study was to assess the statisti-
cal accuracy of IVC reflux score as an indicator of early mor-
tality. The secondary endpoint is to evaluate the statistical
accuracy of CTPA measurements as an early and late mortal-
ity indicator.

2.5. Statistical analysis

All statistical analyses were performed on Jamovi v. 1.6 soft-
ware (Jamovi Project Computer Software, versiyon 1.6. Syd-
ney, Australia). Type 1 errors were regarded as 5% for all
comparisons. The Shapiro-Wilk test was applied to evalu-
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2A) grade 0: no reflux; 2B) grade 1: reflux into the suprahepatic; 2C) grade 2: reflux into the intrahepatic; 2D) grade 3: reflux into the subhepatic;

IVC: Inferior vena cava

ate normality of data distribution. Non-normally distributed
data for continuous variables were expressed as median and
interquartile range (IQR) and normally distributed data as
mean and minimum-maximum values. Categorical data
were expressed as frequency (n) and percentage (%) values.
Comparisons of continuous variables were performed us-
ing the t-test for normally distributed groups and the Mann-
Whitney U test for non-normally distributed groups. Cate-
gorical variables were compared using the chi-squared test.
Logistic regression analysis was applied for univariate analy-
sis, and odd ratio (OR) and P values were calculated for early-
and late-period mortality.

3. Results

The study population consisted of 226 patients meeting the
inclusion and exclusion criteria. Eighty-three (36.7%) pa-
tients were men and 143 (63.3%) women. The patients’ me-
dian age was 74.5 years (IQR: 64-83). The most frequent co-
morbid diseases were hypertension in 141 (62.4%) patients
and coronary artery disease in 44 (19.5%). The total num-
ber of embolisms detected on the CTPA scans was 440, of

which 152 (34.6%) were in the pulmonary arteries (main pul-
monary and lobar artery level), 186 (42.3%) in the segmental
branches, and 102 (23.1%) in the sub-segmental branches.
The total number of deaths in the study population was 39
(17.3%), of which 16 (7.1%) occurred within the first 24 hours
and 23 (10.2%) after the first 24 hours. The mean diameter of
the PT was 28.9 mm, with a value of 17-43 mm. The median
diameter of the RV and LV were 47 mm (IQR: 42.3-52.0) and
43 mm (IQR: 38.0-47.8), respectively. The mean AP diameter
of IVC was 21 mm, with a 10-33 mm. The mean T diameter
of IVC was 27.5 mm, with a 11-42 mm. Additionally, an IVC
reflux score of 0 was detected in 107 (47.3%) patients, and de-
grees of 1 in 65 (28.8%), 2 in 24 (10.6%), and 3 in 30 (13.3%).
The patients’ demographic data, pulmonary embolism lev-
els, mortality rates, and CT scan measurement evaluations
are summarized in table 1.

In evaluating CT parameters, the IVC reflux score showed a
statistically significant difference between the groups with
and without mortality (24-hour (P=0.001); 30-day (P=0.001)).
However, other CT parameters were evaluated, and no sta-
tistical relationship was found between the groups with and
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UE1DERE Logistic regression analysis of the acquired parameters for predicting mortality in patients with acute pulmonary embolism

Univariate analysis Non-surviving (n=39)

CT scan measurements OR 95 % CI P-value
Pulmonary trunk 1.01 0.94,1.09 0.743
Right pulmonary artery 1.10 1.00,1.20 0.058
Left pulmonary artery 1.06 0.97,1.16 0.192
Right ventricle 1.02 0.97,1.06 0.478
Left ventricle 0.99 0.94,1.04 0.622
Right/left ventricle ratio 2.48 0.55,11.08 0.235
IVC AP diameter 0.99 0.91,1.07 0.742
IVC T diameter 0.96 0.90,1.03 0.270
IVC AP/T diameter ratio 1.66 0.18,15.40 0.658
IVC reflux score

Grade 1 1.55 0.62,3.89 0.347
Grade 2 2.25 0.70,7.22 0.173
Grade 3 6.54 2.51,16.98 0.001
Univariate analysis Early period* (n=16)

CT scan measurements OR 95 % CI P-value
Pulmonary trunk 0.92 0.82,1.03 0.149
Right pulmonary artery 1.02 0.90,1.15 0.807
Left pulmonary artery 1.02 0.90,1.16 0.817
Right ventricle 1.02 0.96,1.09 0.523
Left ventricle 0.97 0.90,1.04 0.408
Right/left ventricle ratio 7.43 0.98,56.68 0.053
IVC AP diameter 0.98 0.86,1.11 0.718
IVC T diameter 1.01 0.91,1.11 0.904
IVC AP/T diameter ratio 0.21 0.01,9.37 0.422
IVC reflux score

Grade 1 1.08 0.18,6.64 0.934
Grade 2 3.09 0.49,19.61 0.231
Grade 3 14.57 3.64,58.41 0.001

IVC: Inferior vena cava; AP: Anteroposterior; T: Transverse; *: First 24 hours; OR: Odds ratio; CI: Confidence interval;
CT: Computed tomography

cardiovascular CT measurements as an indicator of mortal-
ity. In addition, several studies have focused on long-term

without mortality. A statistical summary of the parameters
between the groups is shown in table 2.

Of 226 patients, 16 (7.1 %) died in the first 24 hours, total-
ing 39 (17.3 %) patients. Patients who died within the first
24-hour and 30-day after admission showed a reflux grade 3
into IVC more often than survivor (24-hour OR: 14.57, 95%
CI: 3.64,58.41; P=0.001; 30-day OR: 6.54: 95% CI: 2.51,16.98;
P=0.001). In addition, the other CTPA parameters had no sig-
nificant effects in terms of determining either early or total
mortality. A logistic regression analysis summary is shown in
table 3.

4, Discussion

APE is generally diagnosed in the ED. The most frequently
employed radiological imaging method in diagnosing APE in
clinical practice is CTPA (7-9). A mortality rate of approxi-
mately 18 % has been reported for APE (4), although a large
meta-analysis reported a figure of 10.7 % (5). Therefore, an
emergency risk classification at the time of presentation is
particularly important due to this high mortality. Various
scoring systems and cardiovascular CT measurements esti-
mate mortality in patients with APE (12-16). However, there
are differences among studies concerning the usefulness of

mortality. For these reasons, examining the feasibility of car-
diovascular CT measurements as an indicator of early mor-
tality has become particularly important.

Bach et al. investigated CTPA findings predicting 30-day
mortality in patients with APE. They concluded that IVC con-
trast reflux measurement was a novel and reliable method for
predicting 30-day mortality in APE (15). The present study
investigated whether the IVC contrast reflux score indicates
24-hour and 30-day mortality. Significant differences were
determined in IVC reflux score regarding 24-hour and 30-day
mortality between the survivors and non-survivors. Given
these data, the IVC reflux score may indicate mortality.

In their previous study, Bailis et al. evaluated the predictive
ability of the IVC reflux score for both 24-hour and 30-day
mortality in 224 cases of APE. Grade 3 IVC reflux was ob-
served more frequently in the exitus cases compared to pa-
tients who survived after the first 24-hour (OR: 7.6, 95% CI:
3.3,17.7; P<0.001). In addition, 30-day analysis revealed that
Grade 3 IVC reflux was also more frequent in the exitus pa-
tients compared to the survivors (OR: 3.4, 95% CI: 1.7,7.0;
P<0.001). Those authors concluded that subhepatic contrast
reflux (grade 3) is a powerful predictor of 24-hour and 30-day
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mortality in patients with APE (19). The present study inves-
tigated the use of the IVC contrast reflux score cardiovascular
CT finding to indicate 24-hour and 30-day mortality. Grade
3 IVC reflux was more common in both 24-hour and 30-day
mortality compared to the surviving patients (OR: 14.57, 95%
CI: 3.64,58.41; P=0.001 for 24-hour mortality and OR: 6.54,
95% CI: 2.51,16.98; P=0.001 for 30-day mortality). No signif-
icant difference was observed in terms of grade 1 or 2 IVC
reflux between either the groups’ 24-hour or 30-day mortal-
ity and the surviving group (grade 1 IVC reflux OR: 1.08, 95%
CI: 0.18,6.64; P=0.934 for 24-hour mortality and OR: 1.55, 95%
CI: 0.62,3.89; P=0.347 for 30-day mortality; grade 2 IVC reflux
OR: 3.09, 95% CI: 0.49,19.61; P=0.231 for 24-hour mortality,
and OR: 2.25, 95% CI: 0.70,7.22; P=0.173 for 30-day mortal-
ity). In light of the present study and previous research in
the literature, the IVC reflux score may be a good indicator of
both early and general mortality. Our study findings support
this view.

No statistically significant differences were observed in this
study between cases of 24-hour or 30-day mortality and the
surviving patients in terms of the cardiovascular CT findings
of pulmonary artery diameters, right and left ventricle diam-
eters, right/left ventricle diameter ratio, or IVC anteropos-
terior and transverse diameters. Morris et al. investigated
the relationship between CT findings and long-term mortal-
ity. Who examined the CT scan findings of 1105 patients and
concluded that CT scan findings could not be used as a pre-
dictor of long-term mortality in PE (20). Similarly, Atasoy
et al. examined CT scan findings in non-severe PE and re-
ported no significant difference in cardiovascular CT param-
eters between survivors and non-survivors (21). Comparing
our study findings with data from the previous literature, we
also conclude that except for IVC contrast reflux score, CT
scan findings cannot be used to predict 24-hour or 30-day
mortality.

5. Limitations

This study has some limitations. In particular, the study was
small in size, conducted in a single center, and was retrospec-
tive. Patient data cannot be adequately assessed because of
the retrospective design. This raises concerns about the pos-
sibility of selection bias, similar to other retrospective stud-
ies. However, to address this concern, the study population
was constructed by excluding diseases and measurements
that could cause bias. Another limitation is that, in line with
the aim and methodology of the study, only the effect of CT
scan parameters on mortality was evaluated. This made it
impossible to assess the confounding effect of many factors
on mortality. As a result, in our study, the evaluation of CT
scan parameters on mortality was based on univariate anal-
yses. Also, despite the small sample size, IVC reflux score
groups were not compared. This limited the evaluation of the
relationship between subgroups. Finally, the fact that a single
radiologist performed the measurements and used a 16-slice
multi-detector CT scanner is also a limitation. Overall, fur-

ther studies with a significant number of patients and more
centers are needed to confirm our findings.

6. Conclusion

The cardiovascular CT findings of pulmonary artery diame-
ters, right and left ventricle diameters, IVC anteroposterior
and transverse diameters, right/left ventricle diameter ratio
may not be suitable for use as predictors of mortality. How-
ever, the IVC reflux score may be a good parameter as an in-
dicator of both early and late mortality.

7. Declarations

7.1. Acknowledgement

We would like to express a special thank to Emergency and
Radiology Department of Recep Tayyip Erdogan University
Training and Research Hospital.

7.2. Authors’ contribution

Initials of the contributing authors were listed in brackets af-
ter the relevant parts of the research: Literature search (GA,
MMY), Study design (GA, MMY), Legislative applications
(GA, MMY, HG), Data collection (MMY, HG), Supervision and
quality control (GA), Statistical data analysis (MMY), Data
interpretation (HG, MMY), Drafting the manuscript (MMY,
GA). All authors were involved in the writing and critical revi-
sion of the manuscript and approved the final version. MMY
and GA take the whole responsibility for the paper.

7.3. Conflict of interest

None declared.

7.4. Funding

None declared.

References

1. Ng AC, Chung T, Yong AS, Wong HS, Chow V, Celerma-
jer DS, et al. Long-term cardiovascular and noncardio-
vascular mortality of 1023 patients with confirmed acute
pulmonary embolism. Circ Cardiovasc Qual Outcomes.
2011;4(1):122-8.

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

3. Cozzi D, Moroni C, Cavigli E, Bindi A, Caviglioli C, Naz-
erian B et al. Prognostic value of CT pulmonary angiog-
raphy parameters in acute pulmonary embolism. Radiol
Med. 2021;126(8):1030-6.

4. Surov A, Akritidou M, Bach AG, Bailis N, Lerche M, Meyer
HJ, et al. A new index for the prediction of 30-Day mor-
tality in patients with pulmonary embolism: the pul-
monary embolism mortality score (PEMS). Angiology.
2021;72(8):787-93.

Copyright © 2024 Tehran University of Medical Sciences

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org /licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited. 7



FRONTIERS IN EMERGENCY MEDICINE. 2024;8(2):el2

10.

11.

12.

13.

14.

. Gong XW, Yuan YD. Meta-analysis of risk factors for

all-cause mortality of pulmonary thromboembolism.
Zhonghua Yi Xue Za Zhi. 2013;93:2534-40.

. Aslaner MA, Karbek Akarca FK, Aksu SH, Yazla M, Can

O, Kus G, et al. Diagnostic accuracy of early systolic
notching in pulmonary embolism. J Ultrasound Med.
2022;41(3):637-44.

. Schoepf UJ, Costello P CT angiography for diagnosis

of pulmonary embolism: state of the art. Radiology.
2004;230(2):329-37.

. Stein PD, Fowler SE, Goodman LR, Gottschalk A, Hales

CA, Hull RD, et al. Multidetector computed tomogra-
phy for acute pulmonary embolism. N Engl J Med.
2006;354(22):2317-27.

. 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 angiogra-
phy: a statement from the Fleischner society. Radiology.
2007;245(2):315-29.

Palm V, Rengier E Rajiah P, Heussel CP, Partovi S. Acute
pulmonary embolism: imaging techniques, findings, en-
dovascular treatment and differential diagnoses. Rofo.
2020;192(1):38-49.

Righini M, Robert-Ebadi H, Le Gal G. Diagnosis of
acute pulmonary embolism. J Thromb Haemost.
2017;15(7):1251-61.

Donzé ], Le Gal G, Fine MJ, Roy PM, Sanchez O, Ver-
schuren E et al. Prospective validation of the pul-
monary embolism severity index. a clinical prognos-
tic model for pulmonary embolism. Thromb Haemost.
2008;100(5):943-8.

Ozsu S, Erbay M, Durmus ZG, Ozlu T. Classification of
high-risk with cardiac troponin and shock index in nor-
motensive patients with pulmonary embolism. ] Thromb
Thrombolysis. 2017;43(2):179-83.

Furlan A, Aghayev A, Chang CC, Patil A, Jeon KN,

15.

16.

17.

18.

19.

20.

21.

Park B, et al. Short-term mortality in acute pul-
monary embolism: clot burden and signs of right heart
dysfunction at CT pulmonary angiography. Radiology.
2012;265(1):283-93.

Bach AG, Nansalmaa B, Kranz J, Taute BM, Wienke A,
Schramm D, et al. CT pulmonary angiography findings
that predict 30-day mortality in patients with acute pul-
monary embolism. Eur ] Radiol. 2015;84(2):332-7.

Seon HJ, Kim KH, Lee WS, Choi S, Yoon H]J, Ahn Y, et
al. Usefulness of computed tomographic pulmonary an-
giography in the risk stratification of acute pulmonary
thromboembolism. Comparison with cardiac biomark-
ers. CircJ. 2011;75(2):428-36.

Araoz PA, Gotway MB, Harrington JR, Harmsen WS, Man-
drekar JN. Pulmonary embolism: prognostic CT findings.
Radiology. 2007;242(3):889-97.

Ghaye B, Ghuysen A, Bruyere PJ, D’Orio V, Dondelinger
RE Can CT pulmonary angiography allow assessment of
severity and prognosis in patients presenting with pul-
monary embolism? What the radiologist needs to know.
Radiographics. 2006;26(1):23-40.

Bailis N, Lerche M, Meyer HJ, Wienke A, Surov A. Con-
trast reflux into the inferior vena cava on computer to-
mographic pulmonary angiography is a predictor of 24-
hour and 30-day mortality in patients with acute pul-
monary embolism. Acta Radiol. 2021;62(1):34-41.

Morris ME Gardner BA, Gotway MB, Thomsen KM,
Harmsen WS, Araoz PA. CT findings and long-term
mortality after pulmonary embolism. Am J Roentgenol.
2012;198(6):1346-52.

Atasoy MM, Sariman N, Levent E, Cubuk R, Celik 0, Saygi
A, et al. Non severe acute pulmonary embolism: prog-
nostic CT pulmonary angiography findings. ] Comput
Assist Tomogr. 2015;39(2):166-70.

Copyright © 2024 Tehran University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org /licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited. 8



	Introduction
	Methods
	Results
	Discussion 
	Limitations
	Conclusion
	Declarations
	References

