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ABSTRACT

Using RV/LV ratio and cardiac biomarkers to define the risk of mortality
from pulmonary embolism

Introduction: Acute pulmonary thromboembolism (PTE) is a common cause
of cardiovascular mortality. Right ventricular (RV) dysfunction is the most
important cause of mortality. Computed Tomography Pulmonary Angiography
(CTPA) can detect right ventricular enlargement which is an indicator of RV
dysfunction at the time of diagnosis. This study aimed to determine the para-
meters indicating RV dysfunction in CTPA and correlation of early mortality
findings.

Materials and Methods: In this retrospective study, electronic files of patients
diagnosed PTE with CTPA between January 2012 and December 2017 were
evaluated. Measurements of heart chambers, IVC reflux, and IVS morphology
were calculated. In-hospital mortality of the patients after acute PTE diagnosis
was evaluated.

Results: There were 206 eligible patients. Among the evaluated radiological
parameters, right atrium (RA) size (p= 0.002), PA size (p=0.003), Ao size (p=
0.006), and the presence of IVC reflux (p= 0.001) were associated with mor-
tality. No significant relationship was found between RV/LV >1 and mortality
(p=0.908). All patients with PTE-related mortality had RV/LV ratio =1 in CTPA
and had IVC reflux. Patients with an RV/LV ratio of =1 had statistically signifi-
cantly higher troponin levels (p= 0.004) and IVC reflux (p= 0.025) compared
to patients with an RV/LV ratio of <1.

Conclusion: /n conclusion, RV/LV ratio should be evaluated together with
cardiac biomarkers to define mortality risk.

Key words: Mortality;pulmonary embolism; risk classification; right ventricle;
ventricular dysfunction
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Prognostic utility of computed tomography pulmonary angiography findings

(074
RV/LV orani ve kardiyak biyobelirteclerin pulmoner emboliye bagh mortalite riskini tanimlamada kullanimi

Giris: Akut pulmoner tromboembolizm (PTE), kardiyovaskiiler mortalitenin yaygin bir nedenidir. Sag ventrikiler (RV) disfonksiyon en
6nemli 6lim nedenidir. Bilgisayarli Tomografi Pulmoner Anjiyografi (BTPA), tani aninda RV islev bozuklugunun bir gostergesi olan sag
ventrikiil genislemesini tespit edebilir. Bu ¢calisma, BTPAda RV islev bozuklugunu gosteren parametreleri ve erken 6liim bulgularinin
korelasyonunu belirlemeyi amaglamaktadr.

Materyal ve Metod: Bu retrospektif calismada Ocak 2012-Aralik 2017 tarihleri arasinda CTPA ile PTE tanisi alan hastalarin elektronik
dosyalari degerlendirildi. Kalp odalari, IVC reflii ve IVS morfolojisi él¢timleri hesaplandi. Akut PTE tanisi sonrasi hastalarin hastane ici
mortalitesi degerlendirildi.

Bulgular: 206 uygun hasta vardi. Degerlendirilen radyolojik parametreler arasinda sag atriyum (RA) boyutu (p= 0,002), PA boyutu
(p=0,003), Ao boyutu (p= 0,006) ve IVC refli varligi (p= 0,001) mortalite ile iliskilendirildi. RV/LV =1 ile mortalite arasinda anlamli
bir iliski bulunmadi (p= 0,908). PTE ile iliskili mortaliteye sahip tiim hastalarda BTPAda RV/LV orani =1 ve IVC reflii vardi. RV/LV orani
1 olan hastalar, RV/LV orani <1 olan hastalara kiyasla istatistiksel olarak anlamli sekilde daha ytiksek troponin diizeylerine (p= 0,004)

ve IVC reflistine (p= 0,025) sahipti.

Sonug: Oliim riskini tanimlamak icin RV/LV orani kardiyak biyobelirteclerle birlikte degerlendirilmelidlir.

Anahtar kelimeler: Mortalite; pulmoner emboli; risk siniflandirmasi; sag ventrikiil; ventrikiiler disfonksiyon

INTRODUCTION

Acute pulmonary thromboembolism (PTE) is a com-
mon cause of cardiovascular mortality (1). Especially
right ventricular (RV) dysfunction or injury is the most
important cause of increased mortality (2,3). Current
guidelines recommend the classification of patients
with PTE according to the risk of early mortality in
clinical follow-up and treatment management. Clinical
risk assessment scores, biomarkers, and imaging meth-
ods are used in risk classification. However, in normo-
tensive PTE patients; none of the findings such as high
risk in clinical scoring, presence of RV dysfunction, or
high cardiac markers alone is sufficient to determine
the risk of early poor prognosis (4-6). A meta-analysis
showed that the presence of RV dysfunction on admis-
sion was associated with an increased risk of prema-
ture death in patients classified as low-risk, based
solely on clinical scoring (7). So that the 2014
European Society of Cardiology (ESC) Pulmonary
Embolism Guideline states that RV dysfunction assess-
ment is not necessary for low-risk patients, however, in
2019 update, assessment of RV dysfunction with imag-
ing or laboratory biomarkers, even in the presence of
low clinical scoring is recommended (6,8).

RV dysfunction in PE patients can be evaluated by
echocardiography (echo) or Computed Tomography
Pulmonary Angiography (CTPA). However, CTPA,
which is widely used in the diagnosis of PTE, can
detect RV enlargement which is an indicator of RV
dysfunction at the time of diagnosis. Studies have
shown that an increased RV/LV (left ventricular) ratio
is an independent predictor of PTE-related mortality
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and is also used in risk classification (2,3,6,9). Also,
thrombus burden and distribution can be evaluated
with pulmonary artery (PA) diameter, aortic (Ao)
diameter, interventricular septum (IVS) morphology,
and inferior vena cava (IVC) reflux.

Risk stratification for PTE patients is important to
ensure appropriate treatment, patient management
and determine prognosis. Thus, patients with high
mortality risk associated with PTE; it can be detected
while still in the emergency room and evaluated in
terms of thrombolytic therapy, intensive care fol-
low-up, long-term hospital stay or close follow-up.
also, low-risk patients can be discharged earlier and
treated with anticoagulants. This study aims to deter-
mine the parameters indicating RV dysfunction in
CTPA and correlation of CT findings with early mor-
tality by using CTPA findings, clinical and laboratory
findings in patients diagnosed with PTE.

MATERIALS and METHODS

In this retrospective study, electronic files of patients
diagnosed with PTE with CTPA between January 2012
and December 2017 in the emergency department or
outpatient clinic were evaluated. This study was
approved by the Ethics Committee of our institutional
board (Decision No: 08-431-17, Date: 24.04.2017).

Patients diagnosed with thorax CT and those with
CTPA attraction phase incompatibility and movement
artifact were excluded because measurements of heart
chambers, IVC reflux, and IVS morphology could not
be evaluated (Figure 1). The in-hospital mortality of
patients after acute PTE diagnosis was evaluated.
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2012 January - 2017 December
416 Patients

* Pulmonary CT angiography of 57

patients could not be reached because
they were diagnosed at an external center.

* 56 patients were diagnosed as PTE
by V / Q scintigraphy.

* 29 patients were diagnosed as PTE

274 patients diagnosed with pulmonary CT angiography

by CT.

* 49 patients were not evaluated for
movement artifact.
* Pulmonary CT angiography phase of

o

11 patients was not appropriate.
* Images of 7 patients could not be
reached.

206 Patients

* ] patient had diffuse pericardial fluid
due to malignancy.

Figure 1. Study population criteria.

Clinical Data

Patients’ age, sex, arterial blood gas, Troponin,
D-dimer, brain natriuretic peptide (BNP) values, the
duration of hospital stay, the presence of in-hospital
mortality, treatment, and comorbidities such as cancer,
heart failure, chronic lung disease, and diabetes,
hypertension, cerebrovascular diseases, were record-
ed. Troponin value> 0.05 ng/ml was considered as
high troponin, BNP> 150 pg/ml was considered as
high BNP. Patients were grouped into low, moderate,
and high-risk groups according to the “2019 ESC
Guidelines on the Diagnosis and Management of
Acute Pulmonary Embolism” risk classification (6).

Computed Tomography (CT) Imaging Analysis

All examinations were performed on 64-detector row
(Toshiba Aquilion, Otawara, Japan) and 16-detector
row (General Electrics Healthcare Bright Speed
Delight, Milwaukee, USA; Siemens Somatom
Sensation, Forchheim, Germany) CT scanners. CTPA
evaluation of patients was performed by two radiolo-
gists, each with more than four years of experience.
RV and LV measurements were done by evaluating the
ventricle diameters in the standard axial view, measur-
ing the maximal distance between the ventricular
endocardium and the interventricular septum, perpen-

dicular to the long axis of the heart, and using the
maximum dimensions for both ventricles which may
be found at different levels. Measuring RV/LV ratio> 1
was considered as RV dysfunction (Figure 2A and 2B).
The right atrium and left atrium dimensions were cal-
culated by measuring the widest distance between the
interatrial septum and lateral atrial wall at the aortic
root level (Figure 3). PA and ascending Ao diameter
were calculated on the axial image at the level where
the main pulmonary trunk was consistent with the
right pulmonary artery. PA/Ao ratio was calculated.
IVS morphology was defined as normal (convex to the
right ventricle), flattened, or bent (convex to the left
ventricle). When contrast material was detected in the
intrahepatic part of the IVC, contrast media reflux was
recorded (Figure 4A and 4B). If a peripheral wedge-
shaped consolidation showing internal lucencies was
present, pulmonary infarct was noted.

Statistical Analysis

Data analysis was performed using SPSS for Windows
18 package program. Descriptive statistics are shown
as mean = standard deviation for variables with nor-
mal distribution, median (min-max) for variables with
abnormal distribution, number of cases, and (%) for
nominal variables.
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Figure 2. A. Right ventricular (RV) and B. left ventricular (LV) measurements were measured from axial CT images by determining
maximal length between ventricular endocardium and interventricular septum.

Figure 3. Right atrium and left atrium dimensions were calcu-
lated by measuring the widest distance between the interatrial
septum and lateral atrial wall at the aortic root level.

The significance of the difference between the groups
in terms of means was investigated by “t-Test” and the
significance of the difference in terms of median val-
ues was investigated by the “Mann-Whitney U Test”.
Nominal variables were evaluated by the “Pearson
Chi-Square Test” or “Fisher Exact Test”.

While the relationship between continuous variables
was investigated, the “Pearson Correlation Test” was
used for normal distribution, and the “Spearman
Correlation Test” was used to assess the absence of

normal distribution. “p” values less than 0.05 were
considered statistically significant.

RESULTS

There were 206 eligible patients. A summary of their
characteristics is shown in Table 1. All-cause mortality

Figure 4. A. Axial and B. coronal CT images show that contrast material was detected in the intrahepatic part of the inferior vena
cava (IVC).
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Table 1. Baseline characteristics of the study population

n= 206 (%)
Sex
Female 108 (52.4)
Male 98 (47.6)
Age (mean + SD) 63.3 +16.27
Cancer history 58 (28.2)
Heart failure 15(7.3)
Choric lung diseases 27 (13.7)
Other additional diseases* 123 (57.7)
ccrt (median, min-max) 2 (0-13)
Elevated troponin | (>0.05 pg/ml) 58 (34.9)
Elevated BNP* (>150 pg/ml) 27 (47.4)
Echo-RVDS (144 patients) 121 (69.4)
RVILVY Ratio >1 121 (58.7)
2019 ESC** Classification of early mortality risk
Low Risk 30 (14.9)
Intermediate-low risk 118 (58.7)
Intermediate-high risk 44 (21.9)
High risk 9 (4.5)
All cause mortality 26 (12.6)
PE-related mortality 5(19.2)
Other causes mortality 21 (80.8)
*Other additional diseases: Diabetes mellitus, Hypertension, Cerebrovascular diseases, etc.
**ESC: European Society of Cardiology.
*CClI: Charlson comorbidity index, *BNP: Brain natriuretic peptid, SRVD: Right ventricle dysfunction, [IRV: Right ventricle, YLV: Left ventricle.

was 12.6% (26/206). Five patients (19.2%) died due to
PTE or complications. One of the patients who died
due to PTE was an intermediate-low risk, three were
intermediate-high risk and one was high-risk. Catheter-
directed thrombolysis (CDT) was performed in one of
the patients who died due to PTE and died due to the
procedure complication. Four of them died due to
right heart failure and hemodynamic collapse.

Compared to survivors, age, comorbidities, D-dimer,
and troponin levels were statistically significantly
higher in the mortality group. There wasn’t any cor-
relation between BNP levels and mortality. Mortality
rates in patients with and without echocardiographic
signs of RV dysfunction were 12.4% and 4.3%
respectively (p= 0.260). However, median systolic
pulmonary artery pressure (sPAP) was significantly
higher in the mortality group (52.5 mmHg vs. 45
mmHg) (p= 0.001). Also, mortality was significantly
higher in patients with right ventricular dilatation
using echo (p= 0.027). There was a significant cor-

relation between ESC risk classification and all-cause
mortality (p= 0.001).

In CTPA measurements, RV/LV> 1 was in 121 patients
(58.7%) and PA/Ao was 21 in 51 patients (26.8%).
The IVS was bent to the left in 26 patients (12.6%)
and flattened in 92 patients (44.7%). Rate of pulmo-
nary infarction and IVC reflux were 42.7% (n= 88)
and 59.7% (n= 123) respectively. CTPA signs of
patients with and without all-caused mortality are
shown in Table 2. No significant relationship was
found between RV/LV= 1 and mortality (p= 0.908).
All patients with PTE-related mortality had RV/LV
ratio 21 in CTPA and had IVC reflux (Table 2).

Patients with an RV/LV ratio of 21 had statistically
significantly higher troponin levels (p= 0.004) and
IVC reflux ( p= 0.025) compared to patients with an
RV/LV ratio of <1 (Table 3).

There was a moderate but significant positive correla-
tion between RA size and sPAP (r= 0.465) (p< 0.001)
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Table 2. CTPA* signs of patients with and without all-caused mortality

All-Caused Mortality
Number of Survivors Number of Deceased Patients P

RAT Diamater, mm (median, min-max) 33.5 (25-41) 32 (20-41) 0.002
LA* Diamater, mm (median, min-max) 38 (23-44) 30 (17-58) 0.125
RVS Diamater, mm (median, min-max) 41 (28-47) 46 (25-58) 0.083
LV!! Diamater, mm (median, min-max) 42 (30-47) 34 (21-50) 0.187
PAY Diamater, mm (median, min-max) 30.5 (22-42) 27 (19-55) 0.003
Ao** Diamater, mm (median, min-max) 35 (26-44) 33 (20-52) 0.006
RV/LV ratio (n,%)

>1 4) 106 (87.6)

0.908

<1 11(12.9) 74 (87.1)
PA/Ao ratio (n,%)

>1 9(17.6) 42 (82.4)

0.213

<1 17 (11) 138 (89)
Contrast medium reflux into IVCT (n,%)

Present 23 (18.7) 100 (81.3) 0.001

None 3(3.6) 80 (96.4) )
*CTPA: Computed tomography pulmonary angiography, 'RA: Right atrium, *LA: Left atrium, SRV: Right ventricle, llLv: Left ventricle,
Tpa: Pulmonary arter, ** Ao: Aorta, VC: Vena cava inferior.

Table 3. CTPA* Signs of Patients with RV/LV+t Ratio 21 vs. <1

RV/LV
Right to left ventricular Right to left ventricular
ratio < 1 on MDCT (n, %) ratio > 1 on MDCT (n, %) p
Troponin ng/ml (median, min-max) 0.20 (0.01-0.30) 0.950 (0.01- 2.16) 0.004
BNP¥ pg/mL (median, min-max) 110 (6.9-780) 354 (10-10000) 0.056
RAS Diamater mm (median, min-max) 27 (20-41) 33 (23-41) 0.058
LAl Diamater mm (median, min-max) 28 (20-58) 32 (17-46) 0,011
PAY Diamater mm (median, min-max) 24 (21-26) 29.5 (22-35) <0.001
Ao** Diamater mm (median, min-max) 31 (27-42) 34 (20-39) 0.068
PA/Ao
>1 11 (21.6) 40 (78.4) 0.001
<1 73 (47.7) 81 (52.3)
IVCH Reflux
Present 43 (35) 80 (65) 0.025
None 42 (50.6) 41 (49.4)
Pulmonary infarction
Present 41 (48.2) 47 (38.8) 0.180
None 44 (51.8) 74 (61.2)
*CTPA: Comﬁuted tomography pulmonary angiography, *RV/LV: Right to left ventricular ratio, *BNP: Brain natriuretic peptid, SRA: Right atrium, IILA:
Left atrium, " Pa: Pulmonary arter, **Ao: Aorta, IVC: Inferior vena cava.
(Figure 5). There was also a moderate but significant predicting disease severity and mortality in PTE
correlation between sPAP and pulmonary artery size patients. However, the confidence interval of the area

(r=0.465) (p< 0.001) (Figure 6). ROC curve analysis under the curve was seen to be less than 0.5.
was performed to find an appropriate sPAP value in
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Figure 5. Correlation between sPAP (systolic pulmonary artery pressure) and RA (right atrium)
diameter.
r=0,465
o
o
80,00 o o (<]

sPAP mmHg
=
§

Pulmonary Arter mm

40,00+
© 000000 o (=]
0000 0O =]
20,00 T . T T T T T
1500 20,00 2500 3000 500 4000 4500

Figure 6. Correlation between sPAP (systolic pulmonary artery pressure) and pulmonary arter

diameter.
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DISCUSSION

Though CTPA is widely used in the diagnosis of PTE, its
prognostic significance is controversial. Some studies
have shown a significant relationship between
increased RV/LV ratio and all-cause mortality and PTE-
related mortality (4,9-14). On the other hand, there are
studies without any apparent correlation between RV/
LV ratio and mortality. In PROTECT study, the prognos-
tic significance of CTPA findings was evaluated in
patients with hemodynamically stable 848 PTE patients
and there wasn't any association between RV dysfunc-
tion evaluated by CTPA and 30-day all-cause death
(15). In another study, in 779 PTE patients with simpli-
fied pulmonary embolism severity index (sPESI) O, the
RV/LV ratio was not associated with an increase in all-
cause mortality (16). In a recent a meta-analysis
showed that CTPA findings including RV dilatation did
not predict short-term mortality and other adverse clin-
ical outcomes in hemodynamically stable patients (17).

In our study, though RV/LV was =1 in all deceased
patients, there wasn't a statistically significant relation
between RV/LV ratio and mortality. As the peitho study
showed most of the patients with intermediate high-
risk PE, discharge without any morbidity or mortality
(18). Right ventricular dilatation is a sign of cardiac
stress due to PE, but not a sign of increased mortality.
Because compensation is very effective in most of the
patients (8,19,20). Also, RV/LV ratio might be affected
by advanced age, chronic lung diseases, or cardiovas-
cular diseases. Especially in patients with advanced
age, the rate of cardiopulmonary comorbidities are
high. Also acute on chronic PE is a possibility and
discrimination between acute and chronic PE is not
always easy despite some specific CT findings chronic
PE (21,22). In our study, comorbidities were much
higher in patients with all-cause mortality, and these
patients were older. As it is known, mortality increases
in the presence of advanced age and comorbidity in
acute PTE patients (23-26).

The presence of IVC contrast reflux is another CTPA
finding which has been searched for prognostic signif-
icance in acute PTE. Studies have shown a correlation
between IVC contrast reflux and thrombus burden (12)
and mortality (12,27-29). Heyer et al. found a relation-
ship between IVC contrast reflux and the need for
intensive care in PTE patients (14). In our study, IVC
reflux was present in 59.7% of patients, and in line
with previous studies, IVC contrast reflux was statisti-
cally significantly associated with PE related and all-
cause mortality. IVC contrast reflux is a result of tricus-
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pid valve regurgitation, right ventricular dilatation and
decreased right ventricular output (14).

Regarding the uncertainty in RV/LV cut-off ratio, vari-
ability in radiological measurement method and study
results, it is clear that RV/LV ratio alone is not sufficient
to show prognosis. Recent data show that increased
plasma cardiac troponin, an indicator of myocardial
ischemia is associated with an increase in all-cause
mortality in patients with PTE. It has been shown that
40-70% of PTE patients with high troponins have RV
dysfunction (30). Accordingly, the RV/LV ratio should
be evaluated together with cardiac biomarkers to
determine the risk of PTE-related mortality. In our
study, troponin levels were higher in deceased patients
and patients with RV/LV> 1. However, we did not find
any correlation between BNP value and RV dilatation
and all-cause mortality. D-dimer levels were also high-
er in patients who deceased. Studies have found a
relationship between Troponin, D-dimer levels, and
RV dysfunction and mortality. According to these stud-
ies, increased D-dimer and Troponin levels would
help to identify hemodynamically stable submassive
PTE patients (31-34). In a large meta-analysis of 10842
patients including 46 studies by El-Manyar et al., high
serum troponin was found to be associated with high-
er mortality in PE patients regardless of the troponin
test used. In a meta-analysis, higher troponin levels
were associated with a higher risk of death than nor-
mal troponin levels (35). A meta-analysis by Barco et
al. showed that RV dysfunction and high troponin and
BNP have prognostic value in Echo and CTPA (36).

In our study, pulmonary artery and aortic diameter
were statistically significantly increased in patients
who died due to PE compared to those who survived.
The expansion of PA in CTPA is indicative of increased
pulmonary pressure (37). Liu et al. found a correlation
between PA size and sPAP. In the same study, there
was a correlation between sPAP and rate of occluded
areas, RV/LV ratio, PA/Ao ratio (38). In our study, a
similar result was obtained. There was a correlation
between sPAP and PA size. This can be explained by
the presence of comorbidities such as advanced age,
hypertension and congestive heart failure that affect
the Ao dimension in the study population.

In this study, RA size was increased in patients with
higher sPAP and all-cause mortality, and a correlation
was found between RA and sPAP. RA volume increases
by as a compensatory response to RV pressure increase.
In previous studies, increased RA size was associated
with the severity of pulmonary artery obstruction
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(39,40). In a study, RA/RV ratio was found to be an
indicator of 30-day mortality in normotensive PE
patients (41). RA dilatation, a consequence of pulmo-
nary hypertension, is an indicator of adverse clinical
outcomes in patients with pulmonary arterial hyperten-
sion (PAH) (42). Accordingly, RA size has a prognostic
significance in PTE patients as well as in PAH patients.

Limitations of this study include the small sample
size, retrospective design and the study was per-
formed in a single center.

CONCLUSION

In conclusion, presence of IVC reflux, increased PA
diameter and RA size, which are among the CT find-
ings of RV dysfunction, are associated with mortality.
However, the increased RV/LV ratio was not associated
with mortality. RV/LV ratio should be evaluated togeth-
er with cardiac biomarkers to define mortality risk.
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