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Abstract

Aim: Among cardiovascular diseases, pulmonary embolism (PE) is a serious emergency with high mortality. Right ventricular dysfunction due
to an excessive increase in pulmonary artery pressure is considered a major cause of death in vigorous PE. We aimed to assess the predictive
value of computed tomographic pulmonary angiography (CTPA)-based morphometric measurements of right heart function in the diagnosis
of PE.

Materials and Methods: This is a retrospective, case-controlled study. A total of 198 cases were included in the study during the study phase.
CTPA results of 102 patients with PE were recorded, and the patients were grouped according to clot localisation. The diameters of the inferior
vena cava (IVCA), aorta, pulmonary artery and right and left ventricles were assessed.

Results: IVCA area/aortic area significantly predicted embolism in the main pulmonary artery [area under the curve (AUC)=0.957, p<0.001].
The optimal cut-off value was 1.22 with 88% sensitivity and 90% specificity. IVCA diameter/aortic diameter significantly predicted embolism
in the main pulmonary artery (AUC=0.955, p<0.001). The optimal cut-off value was 1.1 with 89% sensitivity and 88% specificity.

Conclusion: Our study illustrated a remarkable association between the existence and dispersion of PE and morphometric changes in IVCA
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and aortic ratio parameters measured using CTPA.
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Introduction

Pulmonary embolism (PE) is a comparatively widespread
emergency among cardiovascular diseases (1). Although PE is
a difficult disease to diagnose, rapid diagnosis and appropriate
treatment can reduce PE-associated morbidity and mortality (2).
Computed tomographic (CT) pulmonary angiography (CTPA) is a
diagnostic procedure for suspected cases of PE. CTPA is a method
that is non-invasive and has very high sensitivity and specificity
(3). Furthermore the presentation of intraluminal clot, CTPA also
allows estimation of right ventricular (RV) function in acute PE

(4,5).The main cause of death in PE patients is right ventricular
dysfunction (RVD) due to excessive increases in pulmonary
artery pressure. The sudden rise in lung vascular resistance
leads to RV dilation which changes the contractile properties
of the RV myocardium via the Frank-Starling mechanism. RV
pressures increase and the patient may present with syncope
or hemodynamic deterioration which may result in shock and
circulatory arrest due to acute RV insufficiency. Right atrial
pressure is a simple and objective index of ventricular function.
Inferior vena cava (IVC) diameter is one of the methods used to
predict the right atrium pressure (6,7). Therefore, the IVC may
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also expand due to increased RV and RA pressures in PE patients.
Ordinarily, IVCand descending aortic diameters are similar at the
same levels (8). The decrease in left ventricular stroke volume is
one of the hemodynamic consequences of PE. The decrease in
left ventricular stroke volume will have effects on aortic pressure
and size (9,10).

The objectives of this study were to appraise the IVC and aortic
dimensions in clinically suspected PE patients, to determine if
there is correlation between morphometric measurements of
other right ventricular function parameters that can be detected
with thoracic CT and to identify the predictive value of these
measurements according to clot distribution in PE patients.

Materials and Methods

This retrospective study was conducted in the departments of
emergency medicine between 1/1/2016 and 1/9/2017. This study
complied with the declaration of Helsinki and was approved
by the local ethics committee (inonii University) (approval no:
2018/2-21, date: 16.01.2018). CTPA studies and patient files of
129 patients diagnosed with PE radiologically in the emergency
department within 21 months were reviewed. Previous clinical
features and diagnostic imaging data for each patient were
abstracted from electronic patient records. A total of 27 out
of 129 patients diagnosed with PE were excluded from the
study according to exclusion criteria. CTPA examination was
not technically sufficient in 10 of these 27 patients. Five had
chronic heart failure, six had cor pulmonale, two had chronic
pulmonary thromboembolism, one had malignancy and three
had ascending aorta dilatation. Thus, a total of 102 patients
formed the PE group. A total of 96 patients with age and gender
matching who had no PE or additional pathology in CTPA also
formed the control group (Figure 1). The patients included in
the study were hemodynamically stable and did not require any
vasopressor agent to maintain blood pressures above 100 mmHg.
The patients included in the study were hemodynamically stable
and did not require any vasopressor agent to maintain blood
pressure above 100 mmHg.

(T scans were evaluated by two radiologists with at least 10
years of experience in thoracic and vascular imaging. PE in the
main, right and left pulmonary arteries was defined as group 1.
(n=54). PE in the lobar and interlobar arteries was defined as
group 2 (n=18). PE in the segmental and subsegmental branches
was defined as group 3 (n=30). A 128-slice CT scanner (Philips
Healthcare, Best, the Netherlands) was used and all patient data
were examined on a PACS (picture archiving and communication

system) in this study. The cross-sectional areas of the IVC and
descending aorta were defined at the plane of the esophageal
hiatus. The maximum IVC and aortic diameters were measured
on the same slice (Figure 2). The widest wall-to-wall diameters of
the right ventricle (RV) and left ventricle (LV) obtained from axial
images were also measured. The main pulmonary artery (MPA)
wall-to-wall diameter was acquired on axial images at the level
of its bifurcation. The right pulmonary artery (RPA) and the left
pulmonary artery (LPA) diameters were measured at the largest
section after the MPA bifurcation.

Inclusion Criteria: patients older than 18 years with acute PE
proven by CTPA.

Exclusion Criteria: definitive diagnosis of cor pulmonale,
pulmonary hypertension, pregnancy, malignancy, chronic PE,
chronic heart failure, acute coronary syndrome, tricuspid or
pulmonary valve pathology, aortopathy or aortic dilation.

Statistical Analysis

Statistical analysis performed using the SPSS program, version
22.0. The distribution of the variables were evaluated by
Kolmogorov-Smirnov and Shapiro-Wilk tests. We used chi-square
and t-tests as appropriate to test for baseline characteristics

CTPA

NON-PE FE

(n=96) (n=129) technicallyinsufficient
(n=10)

_ chronicheart failure
(n=5)

_cor pulmonale
(n=6)

_ chronicpulmonary
thromboembolism
(n=2)

> malignancy
(n=1)

_aorticdilatation
(n=3)

excluded patients
(n=27)

NON-PE FE
(n=96) (7=102)

Figure 1. Flowchart shows patient selection

CTPA: Computed tomography pulmonary angiography, PE:
Pulmonary Embolism, n: Number
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between the control and study groups. One-way ANOVA test
was used to compare multiple groups with normally distributed
data. The homogeneity of the variances was evaluated by the
Levene test and then post hoc Tukey test was applied. Variables
not distributed normally were compared using the Kruskal-Wallis
test. ROC analysis was applied to determine the extent to which
the tests predicted main pulmonary artery embolization.

Results

Of the 198 patients included in the study, 96 were in the control
group and did not have a PE. The remaining 102 patients were
diagnosed with PE. The mean age was 61.3£16.1 years in the
control group and 62.6+17.5 years in the study group (p>0.05).
Demographic data of the patients are shown in Table 1. In the

Table 1. Baseline characteristics and CTPA findings of control and study population

Control Pulmonary embolism ‘ p
Gender”
Male 42 (43.8) 48 (47.1) 0.640
Female 54 (56.3) 54 (53)
Age’ 61.31+16.1 62.6+17.5 0.594
Diabetes Mellitus’ 15 (15.6) 20 (19.6) 0.463
Hypertension® 3(44.8) 49 (48) 0.647
Dyslipidemia” 21(21.9) 27 (26.5) 0.451
Ischemic heart disease” 21(21.9) 26 (25.5) 0.550
IVCD (mm) 3 (15-29) 24 (17-32) <0.001
AD (mm) 23 (16-28) 21(15-29) <0.001
IVCD/AD 0.96 (0.8-1.15) 1.14 (0.83-1.61) <0.001
IVCA/AA 0.92 (0.64-1.32) 1.3 (0.68-2.59) <0.001
MPAD (mm) 26 (16-40) 29.5 (22-53) <0.001
RPAD (mm) 19 (13-29) 22 (14-36) <0.001
LPAD (mm) 18 (13-28) 21 (15-36) <0.001
RVD (mm) 37 (26-52) 43 (26-67) <0.001
LVD (mm) 45.5 (27-60) 38 (23-58) <0.001
RVD/LVD 0.85 (0.52-1.41) 1.13 (0.71-2.20) <0.001

*Data are given as percentages in parentheses with the number of patients

IVCD: Inferior vena cava diameter, AD: Aorta diameter, IVCA: Inferior vena cava area, AA: Aortic area, MPAD: Mean pulmonary artery diameter, RPAD: Right pulmonary artery
diameter, LPAD: Left pulmonary artery diameter, RVD: Right ventricle diameter, LVD: Left ventricle diameter, CTPA: Computed tomography pulmonary angiogram ekleyelim

Unless otherwise indicated, data are medians, with interquartile ranges in parentheses

Table 2. CTPA findings according to clot distribution of pulmonary embolism

Control Group 1 Group 2 Group 3 p
IVCD (mm) 22.5+3.2 253+2.9* 23.3%2.6 22.9£3.2%* <0.001
AD (mm) 23 (16-28) 20 (15-25)* 22.5 (17-25) 23 (19-29)** <0.001
IVCD/AD 0.96 (0.8-1.15) 1.22(1.04-1.61)* 1.09 (0.92-1.29)* ** 1.04 (0.83-1.14)** <0.001
IVCA/AA 0.92 (0.64-1.32) 1.48 (1.09-2.59)* 1.18 (0.84-1.67)* ** 1.08 (0.68-1.31)** <0.001
MPAD (mm) 26 (16-40) 31 (22-53)* 30 (23-36) 29 (22-43) <0.001
RPAD (mm) 19 (13-29) 23 (14-32)* 21.5 (15-33) 21.5 (14-36) <0.001
LPAD (mm) 18 (13-28) 22 (16-27)* 21 (16-26) 20 (15-36)** <0.001
RVD (mm) 37 (26-52) 455 (34-58)* 41 (32-56) 40.5 (26-67)** <0.001
LVD (mm) 44.7+6.7 36.4£6.4% 39.84+6.7* 41.1£8.4%* <0.001
RVD/LVD 0.85 (0.52-1.41) 1.26 (0.78-2.20)* 1.05 (0.73-1.83)* 0.99 (0.71-1.80)* ** <0.001

*p<0.05 for groups compared with the control group, ** p<0.05 for groups compared with the group 1

IVCD: Inferior vena cava diameter, AD: Aorta diameter, IVCA: Inferior vena cava area, AA:Aortic area, MPAD: Main pulmonary artery diameter, RPAD: Right pulmonary artery
diameter, LPAD: Left pulmonary artery diameter, RVD: Right ventricle diameter, LVD: Left ventricle diameter, CTPA: Computed tomography pulmonary angiogram
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study group, 54 patients had embolism in the main pulmonary
artery, 18 patients had lobar and interlobar PE and 30 patients
had segmental or subsegmental emboli.

The IVC diameter (IVCD)/Aortic diameter (AD) ratio was 1.14
(0.83-1.61) and 0.96 (0.8-1.15) in the study and control groups,
respectively. The IVC area (IVCA)/Aortic Area (AA) ratio was 1.3
(0.68-2.59) and 0.92 (0.64-1.32) in the study and control groups,
respectively (Table 1). When the IVCD/AD ratio and IVCA/AA
ratio were examined according to clot distribution, the highest
rates were observed in group 1 [1.04 (0.83-1.14), 1.08 (0.68-1.31)
respectively]. IVCD/AD and IVCA/ AA ratios were significantly
higher in patients with central PE (p<0.001) (Table 2). IVCD was
measured as 24 (17-32) mm and 23 (15-29) mm in the study and
control groups, respectively. AD was 21 (15-29) mm and 23 (16-
28) mm in the study and control groups, respectively (Table 1).

MPA diameter (MPAD) was 29.5 (22-53) mm and 26 (16-40) mm
in the study and control groups, respectively. RPA diameter
(RPAD) was found to be 22 (14-36) mm and 19 (13-29) mm in
the study and control groups, respectively. LPA diameter (LPAD)
was found to be 21 (15-36) mm and 18 (13-28) mm in the study
and control groups, respectively (Table 1). When MPAD, RPAD and
LPAD were examined according to clot distribution, the highest
values were observed in group 1[31 (22-53), 23 (14-32), 22 (16-27)
respectively]. MPAD, RPAD and LPAD were significantly higher in
patients with central PE (p<0.001) (Table 2).

RV diameter was found to be 29.5 (22-53) mm and 26 (16-40)
mm in the study and control groups, respectively. LV diameter
was found to be 38 (23-58) mm and 45.5 (27-60) mm in the
study and control groups, respectively (Table 1). When RV
diameter measurement values were examined according to
clot distribution, the highest values were observed in group 1
[45.5 (34-58)]. When LV diameter measurement values were
examined according to clot distribution, the lowest values were

Figure 2. (A): The cross-sectional areas of the suprahepatic IVC
and descending aorta were measured on a uniaxial image at the
level of the esophageal hiatus. (B): The maximum IVC and aortic
diameters were measured on the same slice.

IVC: Inferior vena cava

observed in group 1 [36.4+6.4]. While RV diameter was found to
be significantly higher in patients with central PE, LV diameter
was significantly lower (p<0.001, p<0.001 respectively) (Table
2). RV diameter/LV diameter (RV/LV ratio) was found to be 1.14
(0.83-1.61) and 0.96 (0.8-1.15) in the study and control groups,
respectively [1.13 (0.71-2.20), 0.85 (0.52-1.41) respectively] (Table
1). RV/LV ratio was significantly higher in patients with central PE
(p<0.001) (Table 2).

Roc Analysis

IVCA/AA significantly predicted embolism in the main pulmonary
artery (AUC=0.957, p< 0.001). The optimal cut-off value was
calculated to be 1.22 with 88% sensitivity and 90% specificity
(Figure 3).

IVCD/AD significantly predicted embolism in the main pulmonary
artery (AUC=0.955, p< 0.001). The optimal cut-off value was
calculated as 1.1 with 89% sensitivity and 88% specificity (Figure
3).

RVD/LVD significantly predicted embolism in the main
pulmonary artery (AUC=0.874, p<0.001). The optimal cut-off
value was calculated to be 1.1 with 79% sensitivity and 79%
specificity (Figure 3).

ROC Curve

Source of the
Curve
~—IVCD/AD
—IVCA/AA
RVDLVD
——MPAD
Reference Line

L
Y
1

Sensitivity

00 T T T T
00 02 04 06 08 10

1 - Specificity

Diaaonal seaments are nroduced bv ties

Figure 3. ROC analysis: The predicted value of IVCD/AD, IVCD/
AA, RVD/LVD and MPAD in specifying the main pulmonary artery
embolism. (IVCD/AD: AUC=0.955, p<0.001, IVCA/AA: AUC=0.957,
p<0.001, RVD/LVD: AUC=0.874, p<0.001, MPAD: AUC=0.705,
p<0.001)

ROC: Receiver operating characteristic, IVCD/AD: Inferior vena cava
diameter/aortic diameter, IVCA/AA: Inferior vena cava diameter/
aortic diameter, RVD/LVD: Right ventricle diameter/left ventricle
diameter, MPAD: Main pulmonary artery diameter, AUC: Area
under curve
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MPAD significantly predicted embolism in the main pulmonary
artery (AUC=0.705, p<0.001). The optimal cut-off value was
calculated as 28.5 with 67% sensitivity and 64% specificity (Figure
3).

Discussion

Acute PE is an important emergency with high morbidity
and mortality among cardiovascular diseases despite many
medical developments. The clinician should always be alert to
the clinically suspected PE because early diagnosis and urgent
treatment can reduce PE related morbidity and mortality (11).

Inthisstudy, we investigated the relationship between pulmonary
artery clot distribution and IVC/aortic ratio parameters in patients
with PE. These include the IVC/AD ratio and the ratio of IVC to
aortic cross-sectional area (IVCA/AA). In our study, the highest
values of these parameters were seen in the main pulmonary
artery group. The lobar group was in the second rank and the
segmental or subsegmental group was observed to be in the
third rank. A statistically significant difference was found when
groups 1 and 2 were compared with the control group in terms of
IVCA/AA and IVCD/AD ratios. In addition, there was a statistically
remarkable discrepancy among groups 2 and 3 and group 1 in
terms of IVCA/AA and IVC/AD ratios. These results emphasize that
the values of these parameters will increase if the PE is localized
more centrally. Among the evaluated parameters, there was a
higher sensitivity and specificity in IVCA/AA and IVCD/AD. IVCA/
AA ratio cut-off of 1.22 (AUC=0.957) and an IVCD/AD ratio cut-
off of 1.1 (AUC=0.955) were calculated for detection of main
pulmonary artery embolism. These findings suggest that these
parameters have a high correlation with the pulmonary artery
occlusion grade.

The main consequences of pulmonary thromboembolism are
hemodynamic (10). Left ventricular stroke volume is reduced as
a result of the shift of the interventricular septum to the left,
impaired left ventricular filling pressures and the diastolic left
ventricular dysfunction. Sympathetic activation and systemic
vasoconstriction develop as a compensatory mechanism (10,12).
Possibly all these events may lead to a modest decrease in aortic
size. In fact, a decrease in the aortic diameter was observed in
the first group. Once the clot flows to the pulmonary artery, RV
and RA pressures increase; this is transmitted to the IVC and
results in IVC dilatation (9,13). In this research, a statistically
prominent change was detected in the first group compared to
the control group in terms of aorta diameter (AD) and inferior
vena cava diameter (IVCD). Breathing maneuvers are important
in IVC measurements. Normally, in the inspiratory phase of the
respiratory cycle, venous return increases towards the right heart
due to negative intrapleural pressure. This leads to an increase in

86

IVC diameter. An expanded IVC with a lack of collapse by >50% in
the inspiratory phase suggests elevated RA pressure. The thoracic
(T is performed at the end of the inspiratory phase and therefore
better represents the measurements (6,14).

PE increases pulmonary vascular resistance and may lead
to RVD. International ECHO multicenter studies have shown
that in PE patients, RVD is a major determinant of short-term
mortality (15,16). Follow-up of right ventricular functions plays
an important role in the treatment of PE. ESC recommends
transthoracic echocardiogram (TTE) in  hemodynamically
unstable patients for the diagnosis of PE (17). In addition, TTE can
be used in risk classification for evaluation of right ventricular
functions in the differentiation of submassive and low-risk PE in
hemodynamically stable patients (17,18). Previous studies have
also demonstrated the ability of PCTA findings to identify RVD
in PE (19,20). The RVD/LVD ratio is one of the markers of RVD
measured by CTPA (21,22). In our study, we found the sensitivity
and specificity of the IVC/aortic ratio parameters in detecting
the main PE were higher than the sensitivity and specificity of
the RVD/LVD ratio. Additionally, we demonstrated that the IVCD/
AD and IVCA/AA ratio increased when PE was located more
centrally. The central localization of the clot in the pulmonary
artery is directly proportional to the load on the right ventricle
(10,21). Therefore, an increase in IVCD/AD and IVCA/AA ratio
may be indicative of RVD. In this context, we believe that these
parameters are useful and easily accessible markers that can be
detected by CTPA in determining RVD in patients with PE.

Earlier studies have suggested that an RVD/LVD ratio >1.0 was
an independent risk factor for RVD (22,23). It can be considered
as a reliable indicator in the evaluation of 30-day mortality in
patients with acute PE (24). In our study, an RVD/LVD ratio cut-off
of 1.1 was calculated for the diagnosis of main pulmonary artery
embolism. We found the highest values of RVD/LVD ratio in group
1. There was no remarkable statistical difference among groups
1 and 2 from the standpoint of RVD/LVD ratio, but there was
a statistically remarkable difference among group 1 and group
3. Furthermore, there was a statistically remarkable difference
in both group 1 and group 2 compared to the control group in
terms of RVD/LVD ratios. This obtained data propose that an
increase in RVD/LVD ratio can be expected in more centrally
located PE cases.

MPAD was higher in group 1 patients. When MPAD, RPAD and
LPAD were analysed according to clot distribution in PE patients,
significant statistical change was detected between group 1 and
the control group. In a previous study, the MPAD threshold value
for patients with cardiopulmonary disease was calculated to be
28.6 mm with a mean pulmonary artery pressure of >18 mm Hg
(25). In another study, the MPAD threshold value for patients with
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parenchymal lung disease was calculated to be >29.0 mm with
a sensitivity of 84% and a specificity of 89% in predicting a mean
pulmonary artery pressure of >20 mm Hg (26). In our study,
the MPAD cut-off of 28.5 mm was calculated for the diagnosis
of main pulmonary artery embolism. The MPAD significantly
predicted embolism in the main pulmonary artery.

Study Limitations

Our study had some limitations. First of all, our study was
retrospectively reviewed. Data on follow-up and outcome of
patients could not be included in the study. In our study, a
consistent gold standard method of RVD was not determined.
Thus, similar to previous studies, we assumed that patients with
central embolism had a higher incidence of RVD than patients
with peripheral embolism and those without PE (2). In the
literature, there are many studies indicating the importance of
echocardiography in the evaluation of right ventricular functions
and mortality risk classification in PE patients (27,28). In our
study, echocardiographic data could not be used to evaluate right
ventricular functions. However, future studies should compare
echocardiographic data with IVC/aortic ratio parameters in PE
patients.

Conclusion

The results of the study imply that the IVC/aortic ratio parameters
predict more centrally located PEs that will cause right heart
tension. We believe that IVC/aortic ratio parameters reflecting
hemodynamic changes in response to the severity of pulmonary
artery occlusion in PE patients may contribute to a more
comprehensive risk classification in these patients. Prognostic
values of these parameters should be determined prospectively
in future studies. Furthermore, the measurement of the MPAD
and RVD/LVD ratio using CTPA is a valuable adjunct for the
prediction of RVD and the evaluation of the severity of acute PE.
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