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Abstract
Background: Pulmonary embolism (PE) is a critical medical condition that requires prompt diagnosis and treatment
to avoid serious morbidity and mortality risk. Multidetector CT pulmonary angiography (CTPA) is considered the
first-line imaging modality for suspected acute PE. The presence of right heart strain, which supports the diagnosis,
requires special attention. The aim of our retrospective study is to assess the reliability of CTPA hemodynamic indices
in predicting patients’ outcome in cases of PE.
Results: Sixty patients were included in our study. CTPA parameters including main pulmonary artery (MPA) diam‑
eter, left ventricle (LV) diameter, right ventricle (RV)/LV ratio, and septal deviation had a clinical prognostic value for
short-term 30-day mortality and ICU admission. Statistically significant relationship between MPA diameter > 29 mm,
LV diameter, RV/LV ratio > 1, left-sided septal deviation and contrast reflux into the IVC/distal hepatic veins with
ICU admission was observed with p values 0.031, 0.000, 0.000, 0.005 and 0.028 respectively. There was a statistically
significant correlation between MPA diameter > 29 mm, LV diameter, RV/LV > 1 ratio and septal deviation with 30-day
mortality with p values of < 0.001, 0.001, < 0.001 and 0.015 respectively. No significant correlation was found between
30-day mortality and contrast reflux to IVC with p value of 0.070.
Conclusions: CTPA measurements including MPA diameter, RV/LV ratio and septal deviation were found to be signifi‑
cantly correlated to ICU admission and 30-day mortality as predictors for PE severity. CT contrast reflux was found to
be correlated to ICU admission; however, it was not significantly correlated to 30-day mortality.
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Background
Pulmonary embolism (PE) is a serious life-threatening illness that necessitates immediate diagnosis and treatment
to avoid its associated high mortality and morbidity risk
[1].
The death from acute pulmonary embolism usually
occurs within the first four hours of hospital admission.
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Therefore, Prompt diagnosis of such patients is crucial [2]. Pulmonary embolism can present in a variety
of ways, with varying degrees of severity. Some patients
present with shock and require immediate thrombolysis,
whereas other patients can be handled well with anticoagulation alone in an outpatient setting [3].
PE management should be tailored based on the risk
of adverse outcome according to guidelines. Echocardiography findings, electrocardiography (ECG) alterations,
haemodynamic measures, cardiac biomarkers and blood
gas analysis are all useful clinical parameters in assessing
the risk of PE [4].

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

Ibrahim and El‑Maadawy Egypt J Radiol Nucl Med

(2021) 52:208

Multidetector-row CT pulmonary angiography (CTPA)
is now considered the first-line imaging tool for cases
suspected of having acute PE. Aside from being a quick
and accurate diagnostic tool with a high negative predictive value, CTPA offers a number of imaging findings that
are relevant for assessing individual risk assessment when
PE diagnosis is established [5].
The degree of pulmonary pressure and pulmonary
arterial obstruction have a nonlinear relationship in previously healthy patients. The increase in pulmonary pressure is insignificant until obstruction affects more than
30 to 50% of the artery bed, then it quickly rises beyond
that [3].
PE has traditionally been classified into three
categories:
1. Massive PE, hemo-dynamically unstable (hypotension with arterial blood pressure < 90 mmHg, shock, or
cardiac arrest), 2. Sub-massive PE (normotensive PE
associated with features of right ventricular dysfunction
[RVD]) and 3. Non-massive PE (normotensive PE without RVD). Both sub-massive and non-massive are hemodynamically stable [6].
Massive PE accounts for 5% of PE cases. About half of
normotensive patients have pattern of RVD, and around
one in 10 patients will die [7].
PE should be classified into classes of risk for adverse
prognosis as recommended by the European Society of
Cardiology (ESC). As a result, PE is classified into either
high risk (equivalent to massive PE with short term death
rate greater than 15%) or non-high risk. Non-high-risk
patients have normal blood pressure [6, 8].
The aim of our study is to assess the reliability of CTPA
hemodynamic indices in the prediction of patients’ outcome in cases of PE.

Methods
Patient’s population

Sixty patients were included in our retrospective study
during the period from May 2019 to March 2021, they
had PE by clinical signs, laboratory results and CTPA.
Institutional ethical committee approval was obtained
before data collection.
The study included all male and female patients of any
age who were clinically suspected to have PE. CT Exclusion criteria were pregnant women and patients with
renal impairment.
Echocardiography was done by the cardiologist to all
patients on the same day of CTPA examination.
CTPA technique

The procedure was explained to the patients with all the
potential risks. An informed written consent was signed
by the patient. Renal function tests were done, and a
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normal creatinine levels was a perquisite to proceed with
the CT procedure. A cannula was placed in the patient’s
arm.
CTPA was performed as prospective gated study
using a Multislice CT Scan 128 SLICE (Revolution, GE
healthcare Co.,Ltd. United States). ECG gating. Tube
voltage100-120-KVp. Tube current: from 10 to 40 mA/
kg. 0.4-s rotation gantry speed, 0.625 mm helical thickness and detector coverage of 40 mm. Section thickness:
0.625 mm. Pitch: 1. Wide cardiac and lungs field of view.
Contrast injection: Automatic power injector for proper
injection dose and rate. Iodinated contrast medium was
used, 1.5 ml/kg body weight, 5 ml/sec injection rate. followed by 10 ml saline Injection speed of 5 mL/s.
Image interpretation

1. The right-ventricular diameter is measured at the
level showing atrio-ventricular (AV) valves in axial
images, the ratio between of the right ventricle and
left ventricle diameter (RV/LV ratio) is considered
abnormal if the ratio was > 1.
2. Pulmonary trunk diameter is measured.
3. Reflux of contrast medium in the inferior vena cava
(IVC)/distal hepatic veins is evaluated to indirectly
assess reflux through the tricuspid valve with high
pressure at the right atrium.
4. Interventricular septal deviation to left is recorded to
reflect increased RV pressure.
5. We assessed embolic score using Qanadli scoring
system dividing the pulmonary arterial tree into 10
segments on each side [9].
Statistical analysis

Data collection and entry to the Statistical Package for
Social Science (IBM SPSS) version 23. The quantitative
data was presented as mean, standard deviations and
ranges when their distribution found parametric while
nonparametric data were presented as median with interquartile range (IQR). Qualitative variables were presented as number and percentages.
1. Student’s t-Test was used to evaluate the statistical significance of the difference between two study
group means.
2. Fisher’s exact test was used to assess the relationship
between two qualitative variables when the expected
count is less than 5 in more than 20% of cells
3. Paired t-test was used to examine the statistical significance of the difference between two means measured twice for the same study group. The confidence
interval was set to 95%, the margin of accepted error
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was 5%. Regarding the p-value, it was considered
nonsignificant if P > 0.05, significant if P < 0.05 and
highly significant if P < 0.01.
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Table 2 Comparison between CT findings in patients who
require and do not require ICU admission
CTPA parameter

ICU admission
Yes (n = 36)
mm, Mean ± SD
n (%)

Results
Our study included 60 patients who were diagnosed with
PE by clinical, laboratory and radiological criteria.
The male to female ratio was 1.8:1 with 39 males (65%)
and 21 females (35%). The age ranged from 27–81 years
with a mean of 45.1 ± 18.3 years.
Thirty six out of 60 patients (60%) were admitted into
our institution intensive care unit (ICU) and 24 of those
36 patients died during a 30-day follow up period.
CTPA was used to assess the cardiac complications of
PE through evaluation of RVD and hemodynamic stability based on measurements of main pulmonary artery
(MPA) diameter, RV/LV ratio, septal deviation, and contrast reflux into IVC/distal hepatic veins. Table 1 summarises the CPTA findings in our study population.
Evaluation of all 36 patients requiring ICU admission
following PE diagnosis was done as shown in Table 2
ICU admission was required for half of the patients
with MPA diameter > 29 mm and 33 out of the 42 patients
(55%) with RV/LV ratio > 1. There was a statistically significant relationship between MPA diameter > 29 mm, LV
diameter and RV/LV ratio > 1 and ICU admission with
p values 0.031, 0.000 and 0.000 respectively. Statistical
significance between ICU admission and both left-sided
septal deviation and contrast reflux into the IVC/distal

Table 1 Summary of CTPA findings
CTPA imaging findings

No. (%)
Mean ± SD

MPA diameter
> 29 mm

42 (70)

< 29 mm

18 (30)

RV/LV ratio

LV diameter
RV/LV ratio > 1
IVC diameter

37.1 ± 5.6

53.1 ± 7.0

29.3 ± 2.8

1.8 ± 0.18

38.0 ± 3.3

No (n = 24)
mm, Mean ± SD
n (%)
30.8 ± 6.0

45.6 ± 9.6

40.8 ± 7.4

1.1 ± 0.26

33.1 ± 7.3

42(70)

<1

18 (30)

42 (70)

No

18 (30)
36 (60)

No

24 (40)

CTPA CT pulmonary angiography, SD standard deviation, No. number, PA
pulmonary artery, RV right ventricle, LV left ventricle, IVC inferior vena cava

0.095

6 (25)
18 (75)

0.005

Contrast reflux into IVC
Yes
No

30 (83.3)
6 (16.7)

6 (25)
18 (75)

0.028

CTPA CT pulmonary angiography, ICU intensive care unit, n number, SD standard
deviation, PA pulmonary artery, RV right ventricle, LV left ventricle, IVC inferior
vena cava

hepatic veins was found with p values of 0.005 and 0.028
respectively.
In our study, we had 24 fatalities that occurred during
the 30 days follow up period after PE diagnosis. We correlated the CT measurements in our study population
with 30-day death rate (Fig. 1). There was a statistically
significant correlation between MPA diameter > 29 mm,
LV diameter and RV/LV > 1 ratio and 30-day mortality
with p values of < 0.001, 0.001 and < 0.001 respectively.
The 30-day mortality was also correlated with left sided
septal deviation and contrast reflux into IVC/distal
hepatic veins (Fig. 2). Septal deviation was found to be
statistically correlated to 30-day mortality with p value
0.015 while no significant correlation was found between
30-day mortality and contrast reflux to IVC/distal hepatic
veins was found with a p value of 0.070 (Fig. 3).
The embolic burden was assessed using the Qanadli
scoring system with a value ranging from 6–40 and

Contrast reflux into IVC
Yes

0.000
0.000

36 (100)
0 (0.0)

1.4 ± 0.40

Yes

0.031
0.074

Left-sided septal devia‑
tion
Yes
No

33.4 ± 6.4

>1

Left sided septal deviation

MPA diameter
RV diameter

P

Fig. 1 CT measurements in patients with 30-day mortality versus
patients who survived
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Fig. 2 a Axial CT cuts showing a large irregular filling defect (large thrombus) at the distal main pulmonary artery overriding the major pulmonary
branches (Saddle thrombus). It extends to completely occlude the right main pulmonary artery (RPA), and partially occluding the LPA ostium
(arrow). There is dilatation in the pulmonary artery (45 mm). b axial CT cuts showing dilated right ventricle with RV/LV ratio > 1. c axial Ct image
shows contrast reflux in the hepatic veins

a mean of 20.7 ± 8.93. We found strong association
between embolic burden score and both ICU admission
as well as 30-day mortality with a p value < 0.001 (Fig. 4).
We compared the embolic burden scores against different CTPA measurements. We found that the embolic
burden showed statistically significant correlation to
MPA diameter > 29 mm, RV diameter, LV diameter and
RV/LV ratio > 1 with p values 0.040, 0.014, 0.008 and
0.001 respectively. On the other hand, embolic burden
was not found to be correlated to IVC diameter with a p
value of 0.068.
Echocardiogram was performed for all patients. RV
dysfunction was reported in 36 (60%) patients compared
to 42 (70%) patients who had RV/LV ratio > 1 by CTPA.
Left-sided septal deviation was reported by echocardiogram in 30 (50%) patients, whereas CTPA revealed septal
deviation in 42 (70%) of the patients.
Our study showed that CTPA parameters including MPA diameter, RV/LV ratio > 1, and septal deviation
have a clinical prognostic value for short-term 30-days

mortality as well as ICU admission. The exception was
contrast reflux into IVC/distal hepatic veins, which
did not show significant correlation to both short-term
30-day mortality or ICU Admission.

Discussion
After myocardial infarction (MI) and cerebrovascular accidents (CVA), PE and Venous thromboembolism
(VTE) are the third most common causes of cardiovascular death. PE is still a leading cause of avoidable in-hospital death. Due to its influence of the right side of the
heart, it also has a high mortality rate. As a result, determining prognostic indicators is crucial in predicting the
outcome and the mortality rate [10].
The diagnosis of massive PE is dependent on the presence of systemic arterial hypotension (systolic blood
pressure less than 90 mm Hg). As a result, structurally
large PE seen on CTPA in a patient who is hemodynamically stable is not considered massive PE and does not
carry the same risk or mortality [11, 12].
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Fig. 3 a Axial cuts showing Extensive pulmonary emboli within the main pulmonary arteries bilaterally extending into the upper lobe, middle
lobe and lower lobe divisions bilaterally. b Axial cuts showing dilated PA measuring about 33 mm in diameter, RV/LV ratio > 1 with associated septal
deviation. c Coronal cuts showing Extensive pulmonary emboli extending to lower lobe divisions bilaterally. d Axial cuts showing no contrast
opacification of the IVC or hepatic veins

We used ECG—gating throughout the cardiac cycle for
RV cine evaluation to enable us to assess the wall motion,
RV volume and RV function. MPA > 29 mm has been traditionally used as a threshold measurement above which
PA hypertension is suggested [13–16].
In our study, patients with MPA diameter > 29 mm
were considered abnormal. We calculated the RV/LV
ratio by dividing the right and left ventricular diameters
in the axial images at the level showing AV valves. We
considered the ratio to be abnormal if > 1 as suggested by
previous investigators [17].
In our study, 36 (60%) PE patients were admitted to the
ICU, with 24 (40%) of them dying within a 30-day follow up period. In the study by Osman and Abdeldayem,
26.7% of PE patients needed ICU admission and 13.3%
died [17].

MPA was considered dilated when diameter > 29 mm.
We found a significant correlation between ICU admission and MPA diameter detected by CT with a p value
of < 0.031. Significant correlation was also observed
between ICU admission and RV/LV ratio > 1 detected
by CTPA with a p value of 0.000. A study by Kaminetzky
and colleagues reported no significant difference in clinical outcome in presence or absence of right heart strain
with a p value > 0.05 [18].
Statistical significance between ICU admission and
both left-sided septal deviation and contrast reflux into
the IVC/distal hepatic veins was found with p values of
0.005 and 0.028 respectively which was in agreement
with previous investigators [19]. Our findings were
contrasted by the previously published results which
showed that septal deviation and contrast reflux into
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Fig. 4 a Axial CT images showing a non-dilated PA (26 mm) and b RV/LV ratio < 1. c Axial CT images shows a large irregular filling defect (large
thrombus,) totally occluding the right main pulmonary artery (arrows) d axial Ct image showing no contrast reflux in the hepatic veins

IVC/distal hepatic vessels did not correlate with the
severity of PE [17, 20, 21].
In our study, we correlated the 30-days mortality to
different measurements obtained by CTPA. There was a
statistically significant correlation between MPA diameter > 29 mm detected by CTPA and 30-day mortality
with p value of < 0.001. Our findings were in contrast to
those by Ghaye et al. who reported no significant correlation between PA dilatation detected by CTPA and
mortality with a p value of 0.195 [22].
In our series, RV/LV ratio > 1 showed a significant
correlation to 30-day mortality with a p value of < 0.001
which was similarly reported by two studies with p
values of 0.01 and 0.04 respectively [22, 23]. Significant correlation was also found between 30-day mortality and left sided septal deviation with a p value of
0.015. This was contrasted to the data published by
Collomb et al. and Araoz et al. who did not find correlation between PE severity and septal deviation [20,
21]. Another study reported that septal deviation was
the least sensitive cardiac sign in PE severity assessment [17]. No significant correlation between reflux
into IVC/distal hepatic veins and 30-day mortality was

found in our series with a p value of 0.070 which was in
agreement with previous investigators [17, 20].
Qanadli score gained attention as a prominent scoring system for embolic burden in PE patients. However, the relationship between this burden score and
outcome in patients are still controversial [9, 24]. We
found Qanadli score was highly correlated to both ICU
admission and 30-day mortality in our population with
a p value < 0.001.
Mean value for embolic burden in our study was 20.7
compared to 10 in the study by Wu et al. and 32 in Van
der Meer et al. [23, 25]. We also studied the correlation
between different radiological measurements obtained
by CTPA and Qanadli score. Significant correlation was
observed between embolic burden using Qanadli score
and RV diameter, LV diameter and RV/LV ratio > 1 with
p values of 0.014, 0.008 and 0.001 respectively which was
similarly reported by Ghaye et al. [22].
Our results have shown that incorporating CTPA
measurements in patients’ reports can guide the treating physician in the management process, predicting
the patients with high mortality risk or who would need
ICU admission for close monitoring or thrombolysis
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sparing the from the patients from delay in management or additional investigations such as ECHO [26].
The strength of our study is that data were gathered based on our inclusion and exclusion criteria, all
patients underwent ECG gated CTPA and ECHO, and
all clinical outcomes and imaging data were blindly
assessed for treatment and outcome.
The limitation of our study is that we only investigated the most commonly utilized radiological parameters and cut off values because they were the easiest to
implement. Another limitation is the small sample size.
More studies with larger sample size are needed in the
future to confirm and further documents our results.

Conclusions
PE remains an important cause of death. Prompt diagnosis as well as risk stratification is needed to try to
prevent poor outcome for those patients. MPA diameter, RV/LV ratio > 1, septal deviation, contrast reflux
into IVC/distal hepatic veins and embolic burden were
all correlated to ICU admission and 30-days mortality
demonstrating the ability of CTPA in diagnosing PE
and assessing its severity.
We conclude that measurements acquired from
CTPA along with RV/LV ratio > 1 and septal deviation were predictive of PE severity and were found to
be significantly correlated to ICU admission as well as
30-day mortality. CT contrast reflux was found to be
correlated to ICU admission; however, it was not significantly correlated to 30-day mortality. Calculating
Qanadli embolic burden score is an important predictor of PE severity.
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