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Abstract. - OBJECTIVE: We aimed to deter-
mine the efficacy of troponin I, D-dimer, and lac-
tate levels and right ventricular diameter (RVD)/
left ventricular diameter (LVD) ratio on pulmo-
nary computed tomography angiography (PCTA)
in the risk classification of patients who were di-
agnosed with acute pulmonary embolism (APE)
in Emergency Department (ED).

PATIENTS AND METHODS: Patients who
were diagnosed as having APE by PCTA in ED
were included in this retrospective study. Pa-
tients were grouped as high-risk (undergoing
cardiopulmonary resuscitation or given throm-
bolytic therapy), moderate-risk (with non-high-
risk and positive ECO findings) and low risk (oth-
ers). Troponin |, D-dimer, and lactate levels of
patients were determined. RVD, RVD/LVD ratio,
and interventricular septum deviation were cal-
culated from PCTA images.

RESULTS: A total of 121 patients were includ-
ed (35 high, 36 moderate, 50 low risk). Lactate
was different in the high-risk group from the oth-
er groups, whereas there was no difference be-
tween the moderate and low-risk groups. Tro-
ponin | levels were not different between the
high-risk and moderate-risk groups. There were
statistically significant differences between the
high, moderate, and low-risk groups in terms of
mean RVD/LVD ratios. ROC analyses performed
in order to define high-risk group revealed a cut-
off value of > 2.3 (AUC = 0.848, sensitivity = 70%,
specificity = 90%, + Likelihood ratio (LR) =7, -LR
= 0.33, 95% CI = 0.752-0.943) for lactate and >
1.40 (AUC = 0.695 sensitivity = 71%, specificity =
80%, + LR =3.6,-LR =0.36, 95% Cl = 0.668-0.822)
for RVD/LVD ratio.

CONCLUSIONS: Lactate levels and RVD/LVD
ratio were shown to be useful in distinguishing
high-risk patients from other patient groups. Tro-
ponin | is important in terms of showing cardiac
involvement, but it is inadequate in distinguish-
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ing between high and moderate-risk patients.
Lactate, troponin I, and RVD/LVD ratio may be
used together for a more accurate separation of
patients with high, intermediate and low-risk.
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Introduction

Acute pulmonary embolism (APE) is a potential-
ly fatal condition which occurs due to the obstruction
of the pulmonary arteries by the dislodging and em-
bolization of thrombotic material coming in most ca-
ses from the deep veins of the leg, pelvis and arms'-.
For this reason, accurate diagnosis along with proper
patient management is essential to reduce morbidi-
ty and mortality in the emergency department (ED).
Recently, risk classification for patient management
has been made. While patients with hypotension and
shock were classified as having high risk, patients
with only cardiac involvement were classified as ha-
ving moderate risk and patients without any clinical
findings as having low risk*>.

The presence of cardiovascular collapse and
shock due to massive pulmonary thromboembo-
lism induced acute right ventricular failure is di-
rectly related to the risk of premature death. Early
hospital mortality is at least 15% in these high-ri-
sk cases. Right ventricular dysfunction is detected
in 27-56% of normotensive patients with APE.
The 30-day mortality risk and the recurrence of
pulmonary thromboembolism are significantly in-
creased in moderate-risk cases™”.
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Today, while thrombolytic therapy is suggested
for high-risk patients, indication for thrombolytic
therapy in moderate-risk patients is controversial.
However, mortality ranges from 5 to 15% in this
group®. Therefore, it is important to determine
the risk classification of patients with APE in the
emergency service and during clinical follow-up.

Various clinical, laboratory and imaging stu-
dies have been performed to determine the high
risk in patients with APE. However, the parame-
ters that distinguish high, medium and low risk
patients from each other are not clearly defined.

In this study, it was aimed to determine the effi-
cacy of troponin I, D-dimer, and lactate levels, right
ventricular diameter (RVD), RVD/left ventricular
diameter (LVD) ratio and interventricular septum
deviation on pulmonary computed tomography an-
giography (PCTA) in the risk classification of the
patients who were diagnosed with APE in ED.

Patients and Methods

This retrospective study was started after the ap-
proval of the local Ethics Committee. Patients over
18 years of age from both genders, who underwent
PCTA in the Emergency Service and who were dia-
gnosed with APE between September 2014 and Sep-
tember 2015, were included in this study. Patients
without fully accessible study data and patients with
excluded APE diagnosis were excluded from the
study. The patients’ file information was retrieved
from the hospital automation system and the hospi-
tal’s archive. A standard study form was created for
the study. Age, gender, the reason for emergency ser-
vice admission, medical history, vital signs, physical
examination findings and laboratory results (arterial
blood gas, lactate, troponin I, D-dimer) on admis-
sion, echocardiography (ECHO) and PCTA reports,
applied treatments, hospitalized clinic and outcome
information, were recorded in this form.

Biochemical Analysis
Troponin [ was studied in Siemens IMMU-
LITE 2000 Immunoassay System (Siemens

Healthcare Diagnostics, Deerfield, 1L, USA).
D-dimer was studied in ACL TOP 700 device
(Instrumentation Laboratory, Munich, Ger-
many). Lactate was studied in ABL 80 flex de-
vice (Radiometer America Inc., Westlake, OH,
USA). The reference values reported in healthy
adults were as follows; 0.02 - 0.06 ng/ml for
cardiac troponin I, 0-242 ng/ml for D-dimer and
0.3-1.3 mmol/L for lactate.

PCTA Imaging

PCTA images were obtained from the hospital
automation system registry. A multislice compu-
ted tomography scanner (HITACHI ECLOS) was
used for PCTA imaging in the emergency service.
8 ml intravenous contrast medium was administe-
red via the antecubital vascular access for PCTA.
Imaging was performed in the early arterial phase
10-15 s after power injection.

PCTA images were evaluated by the radiolo-
gist. Embolism on PCTA was grouped as subseg-
mental, segmental, and main pulmonary artery.
The width of the heart cavities was measured from
the end-diastolic images. The distance between
the septum and the inner wall was measured just
below the tricuspid valve for right ventricular
diameter and just below the mitral valve for left
ventricular diameter. For interventricular septum
deviation, a longitudinal straight line was drawn
at the level of apex, and a reference point was
created by drawing a perpendicular line from the
inner surface of the right ventricular septum. The
measurement was made at this reference point in
the presence of septum deviation. The measure-
ments were made in mm.

Transthoracic Echocardiography

Cardiac involvement was agreed in the pre-
sence of the following right ventricular loading
findings on ECHO: right ventricular dilatation,
hypokinesia, paradoxical movement of the inter-
ventricular septum, increased end-diastolic dia-
meter and tricuspid insufficiency, McConnell’s
sign and D-share findings.

Table I. Comparison of PCTA results with risk groups of acute pulmonary embolism.

Place of embolism High-risk Medium-risk Low-risk
n (%) n (%) n (%)
Subsegmenter 2 (6) 3(8) 10 (20)
Segmenter 4(11) 20 (55) 32 (64)
Main pulmonary artery 29 (83) 13 (37) 8 (16)
Total 35 (100) 36 (100) 50 (100)
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Table II. Distribution of mean values of study parameters according to risk groups of acute pulmonary embolism.

High-risk Medium-risk Low-risk
mean=SD min-max mean=SD
min-max mean=SD min-max
RVD 50.6+8.7 41.77+9.8 39.4+6.7
35.5-62.7 23.0-58.4 27.2-53.0
RVD/LVD ratio 1.6+0.5 1.3+0.4 1.2+0.4
0.8-2.8 0.8-2.2 0.6-2.2
Interventricular septum deviation 1.4+1.6 1.0£1.7 0.8+1.3
0.0-4.5 0.0-5.8 0.0-4.0
Troponin I 0.3+0.3 0.3+0.3 0.02+0.02
0.2-0.94 0.1-0.85 0.0-0.9
D-dimer 4959+3730 4587+3341 247942001
499-13486 1090-10565 371-8135
Lactate 3.7£2.4 1.9£1.2 1.3+0.4
1.2-10.0 1.0-5.9 0.6-2.1

LVD = Left ventricular diameter; RVD = Right ventricular diameter; SI = Shock index; RSI = Respiratory shock index.

Grouping of Patients

The patients were divided into 3 groups. Pa-
tients undergoing cardiopulmonary resuscitation
or given thrombolytic therapy were included in
the high-risk group. Patients with non-high-risk
and positive ECO findings were included in the
intermediate risk group. Other patients were taken
at low risk group.

Statistical Analysis

SPSS 21.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis of the data. Categori-
cal variables were expressed as number and per-
centage, and continuous variables were as mean
and standard deviation (median and minimum —
maximum, where necessary). x? test statistic was
used to compare categorical variables. One-Way
ANOVA and Student’s #-test were used to com-
pare continuous variables between groups. ROC
analysis was performed to determine the cut-off
value of the parameters. In all tests, values of p <
0.05 were regarded as statistically significant.

Results

A total of 121 patients, who were diagnosed
with APE according to PCTA reports, were inclu-
ded in the study. 50 (41%) patients were male and
71 (59%) were female. The mean age of the fe-
male patients was 68 + 16 years and the mean age
of the male patients was 58 £ 16 years. 61 (50%)
patients were older than 65 years. The most com-
mon reason for admission was shortness of brea-

th. About patients, 42% had immobilization, 21%
had history of surgery, 20% had malignancy, 17%
had active DVT, 10% had heart failure and 2%
had oral contraceptive usage.

High-risk groups included 35 (29%) patients.
These patients were hospitalized in the intensive
care unit (ICU). Cardiac involvement (modera-
te-risk) was detected in 36 (30%) of the patients
except for patients included in high-risk group.
While 26 patients with moderate risk were ho-
spitalized in services, 10 were hospitalized in the
ICU. Low-risk groups included 50 (41%) patien-
ts. While 10 (20%) patients with low-risk were
discharged from the emergency service, 36 (72%)
were hospitalized in the Chest Diseases Service
and 4 (8%) were hospitalized in the ICU.

Cardiopulmonary resuscitation was performed
in 7 (6%) patients in Emergency Department.
These patients were administered thrombolytic
therapy in the Emergency Department. Of these
patients, 6 died in the ICU. Of all included patien-
ts, 115 (95%) were discharged with healing.

When the PCTA images of the patients were
examined, subsegmental embolism was detected
in 15 (13%) patients, segmental embolism in 56
(46%) patients and main pulmonary artery embo-
lism in 50 (41%) patients. Embolism was detected
in the main pulmonary artery in 29 (85%) of pa-
tients in high-risk group (Table I).

Right ventricular diameter was greater than
LVD in the measurements made on PCTA ima-
ges of 101 (83%) patients (RVD/LVD>1). Right
ventricular diameter was greater than LVD in 33
(94%) patients with high risk, 29 (83%) patients
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Table IlI. Statistical comparison of study parameters according to risk groups of acute pulmonary embolism.

p-value (mean difference) of risk groups
High-Medium High-Low Medium-Low
RVD 0.008 (5.7) 0.001 (9.5) 0.067 (3.8)
RVD/LVD ratio 0.006 (0.3) 0.001 (0.5) 0.023 (0.2)
Interventricular septum deviation 0.204 (0.6) 0.004 (1.0) 0.321 (0.4)
D-Dimer 0.820 (536) 0.25 (2093) 0.143 (1556)
Troponin I 0.989 (0.01) 0.001 (0.3) 0.001 (0.3)
Lactate 0.002 (2.2) 0.001 (2.9) 0.422 (0.8)

LVD = Left ventricular diameter; RVD = Right ventricular diameter; SI = Shock index; RSI = Respiratory shock index.

Table IV. Results of ROC analysis of the study parameters to determine hypotensive shock.

Cutt-off Sensitivity Specificity
AUC value % % +LR -LR PPV NPV 95% CI
RVD 0.713 >45.0 77 72 2.8 0.31 84 89  0.592-0.834
RVD/LVD ratio 0.695 > 1.40 71 80 3.6 0.36 60 87  0.668-0.822
Lactate 0.848 >2.3 70 90 7.0 0.33 77 84  0.752-0.943

AUC = area under curve; +LR = + likelihood ratio; LR = likelihood ratio; PPV = positive predictive value; NPV = negative
predictive value; CI = confidence interval; RVD = Right ventricular diameter; LVD = Left ventricular diameter.

with moderate risk and 38 (76%) patients with low
risk. The high-risk group had the greatest RVD
and RVD/LVD ratio. Interventricular septum de-
viation was observed in 19 (54%) of the high-risk
patients, 14 (39%) of the moderate-risk patients
and 13 (26%) of the low-risk patients (Table II).

Lactate levels of the high-risk patients were
statistically higher than the other patients. There
was no difference between the groups in terms of
D-dimer levels (Table III).

The RVD of the high-risk patients was statisti-
cally higher than the other patients. RVD/LVD ra-
tio was statistically different between the groups.
Interventricular septum deviation was not statisti-
cally different between the groups. When the risk
groups were compared among themselves, tropo-
nin [ levels were found to be not different between
the high-risk and moderate-risk groups. Lactate
was different in the high-risk group from the other
groups, whereas there was no difference betwe-
en the moderate and low-risk groups (Table III).
ROC analyses performed in order to define hi-
gh-risk group revealed a cut-off value > 2.3 (AUC
= 0.848, sensitivity = 70%, specificity = 90%, +
Likelihood ratio (LR) = 7, -LR = 0.33, 95% CI =
0.752-0.943) for lactate and > 1.40 (AUC= 0.695
sensitivity = 71%, specificity = 80%, + LR = 3.6,
-LR =0.36, 95% CI=0.668-0.822) for RVD/LVD
ratio (Table IV).

Discussion

APE is the most important clinical presentation
of venous thromboembolism®. Most APE patien-
ts have concurrent deep vein thrombosis (DVT).
Risk factors for the development of venous throm-
boembolism are surgery, trauma, immobilization,
pregnancy, oral contraceptive use or hormone re-
placement therapy and cancer. At the same time,
cardiovascular diseases such as atherosclerotic he-
art diseases and heart failure pose a risk®. In our stu-
dy, 43% of patients had immobilization and 17%
had active DVT. Heart failure was found in 12%
and ischemic heart disease was present in 12%.

It is very important to determine the risk clas-
sification when the acute pulmonary embolism is
clinically suspected. A multimarker pannel appro-
ach performed by rapid and accurate assays could
be useful for emergency physicians to promptly
identify different causes of dyspnea such as APE
thus managing to improve diagnosis, treatment
and risk stratification’. Patients with hemodyna-
mic instability along with shock or hypotension
are at high risk and pharmacologic reperfusion
therapy is administered primarily (or surgical
or interventional, alternatively) in these patients
when APE is confirmed (PCTA, ECHO, scinti-
graphy, pulmonary angiography, magnetic reso-
nance angiography)’.
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Plasma D-Dimer levels increase in acute throm-
botic events such as APE and DVT. Besides, the
negative predictive value (NPV) of the D-dimer
test is very high, and negative D-dimer test exclu-
des the possibility of APE>. In a study with risk
groups, the D-dimer level was found to be higher
in moderate-risk patients than in low-risk patien-
ts'’. In another study, D-dimer was found to be
much higher than in the control group and it was
shown that it could be used safely as an exclusion
criterion''. In our study, plasma D-dimer levels
were found to be high in all patients, but there was
no statistical difference between the risk groups.
For this reason, D-dimer was found to be not used
to determine the risk group of patients with APE.

In clinical practice, lactate levels are often used
to determine disease severity and to measure re-
sponse to therapeutic interventions. Therefore,
lactate levels have been studied in various patient
groups'?. However, the level of high lactate is un-
certain and is not universally defined. However,
in many studies, the cut-off value was defined as
2.0-2.5 mmol / L, and > 4 mmol/L was associated
with poor results in undefined shock®. In a stu-
dy investigating the prognostic value of lactate in
APE, plasma lactate levels were associated with
in-hospital mortality associated with all reasons
and PE-related mortality'. In another study, pla-
sma lactate levels of > 2 mmol/L were associated
with mortality associated with all reasons inde-
pendent of hypotension/shock, right ventricular
dysfunction, and elevated troponin levels'. In
this study, it was seen that the lactate levels were
higher in high-risk patients than the other patients.
According to the ROC analysis, cut-off value of
lactate was determined as > 2.3 mmol/L (sensi-
tivity = 70%, specificity = 90%). Lactate may be
useful as a marker to identify high-risk patients
and to make a decision on thrombolytic therapy.
There was no difference between moderate and
low-risk patients. This result is important since
lactate is inadequate to reveal cardiac effects un-
less circulatory failure develops.

Cardiac troponins (troponin | and T) are pre-
dictors of myocardial injury and poor prognosis.
They are superior in sensitivity and specificity to
the all other available biomarkers including mar-
kers indicative of myocardial ischemia, inflam-
mation, dysfunction and plaque rupture'®. Besi-
des, the NPV of normal Troponin test, which has
a high-sensitivity, in the determination of poor
prognosis is 98% '"?°. In our study, troponin I le-
vel was found to be higher in middle and high-ri-
sk patients than in low-risk patients. However, it

was determined that troponin I was not different
between high and moderate-risk groups. This re-
sult suggests that troponin I reflects cardiac da-
mage, but it is not a good marker for shock deve-
lopment.

Recently, studies on the measurement of he-
art cavity diameters from PCTA images have
been carried out and it has been concluded that
the combined use of hs-cTnl and RVD/LVD ra-
tio for determining the clinical outcome is more
predictive in identification of patients at risk?'. In
current prognostic studies, ventricular dilatation
and end-diastolic right ventricular/left ventricular
ratio in PCTA were assessed and right ventricu-
lar dilatation was associated with 30-day mortali-
ty in all APE patients, including clinically stable
patients. In addition, RVD/LVD ratio of > 0.9-1
was associated with an increase in three-month
mortality rates**?®. We determined that the ratio
of RVD/LVD was different among all groups. The
cut-off value of > 1.40 (AUC = 0.695 sensitivity
=T71%, specificity = 80%, + LR = 3.6, -LR = 0.36,
95% CI= 0.668-0.822) for RVD/LVD ratio was
determined in order to define high-risk group.

Using echocardiography (ECO) to assist diagno-
sis and risk stratification of APE is recommended
in current guidelines. ECO can detect features of
right ventricular strain from massive and sub-mas-
sive APE?. One of the important ECO findings to
present cardiac involvement in APE is interventri-
cular septum deviation. In our work, interventricu-
lar septum deviation was observed in 19 (54%) of
the high-risk patients, 14 (39%) of the moderate-ri-
sk patients and 13 (26%) of the low-risk patients.
Besides, there was no significant difference betwe-
en groups in terms of interventricular septum de-
viation. However, it is important to determine the
severity of the cardiac effect in the patient. This re-
sult suggests that interventricular septum deviation
is insufficient in terms of showing the severity of
cardiac involvement.

Conclusions

The ratio of RVD/LVD was found statistically
significant in distinguishing between high, mid-
dle, and low-risk patients. This finding suggests
that RVD/LVD is the most important parameter of
determining the severity of cardiac involvement
in pulmonary embolism. Troponin I is important
in terms of showing cardiac involvement, but it
is inadequate in distinguishing between high and
moderate-risk patients. RVD/LVD ratio and lacta-
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te were shown to be useful in distinguishing hi-
gh-risk patients from other patient groups. Lacta-
te, troponin I, and RVD/LVD ratio, may be used
together for a more accurate separation of patients
with high, intermediate and low-risk of pulmo-
nary embolism. There is a need for more extensi-
ve work to be done in this regard.

Conflict of interest
There is no potential financial and non-financial conflict of
interest. Any part of this paper is not under consideration for

publishing or published in anywhere else.

1)

6)

7)

References

TiLr P, TestaA A, Covino M, PorTALE P, CAPALDI L, CARBO-
NE L, GenTicont Sitveri N. Diagnostic and therapeu-
tic approach to acute pulmonary embolism in an
emergency department. Eur Rev Med Pharmacol
Sci 2006; 10: 91-98.

Yakar A, Yakar F, Zivaoe N, Yioiz M, Uzon 1. Fatal
pulmonary thromboembolism. Eur Rev Med Phar-
macol Sci 2016; 20: 1323-1326.

Rosa A, CipoLLoNE L, Bertazzont G. Venous throm-
bosis in emergency department: diagnosis, treat-
ment, and disposition. Eur Rev Med Pharmacol
Sci 2012; 16: 48-56.

BELoHLAVEK J, DyTRYCH V, LINHART A. Pulmonary em-
bolism, part I: epidemiology, risk factors and risk
stratification, pathophysiology, clinical presenta-
tion, diagnosis and nonthrombotic pulmonary em-
bolism. Exp Clin Cardiol 2013; 18: 129-138.

KoNsTANTINIDES SV, Torsicki A, AGNELLI G, DANCHIN N,
Fitzmwaurice D, GALE N, Giess JS, HuismAN MV, HUMBERT
M, KucHer N, LANG I, LANKET M, Lexakis J, Maack C,
MAVYER E, MENEVEAU N, PERRIiER A, Pruszczyk P, RAsmus-
seN LH, ScHINDLER TH, SviTiL P, VoNk NOORDEGRAAF A,
ZAmORrANO JL, Zompatori M. 2014 ESC guidelines on
the diagnosis and management of acute pulmo-
nary embolism. Eur Heart J 2014; 35: 3033-3069.

KucHer N, Rossi E, DE Rosa M, GoLbHABER SZ. Mas-
sive pulmonary embolism. Circulation 2006; 113:
577-582.

Piazza G, GoLbHABER SZ. Management of submas-
sive pulmonary embolism. Circulation 2010; 122:
1124-1129.

Torsickl A, PERRIER A, KONSTANTINIDES S, AGNELLI G, GALIE
N, Pruszczyk P, BENGEL F, BRADY AJ, FERREIRA D, JANSSENS
U, KLepetko W, MAYER E, Remy-JARDIN M, BAssanD JP.
Guidelines on the diagnosis and management of
acute pulmonary embolism: the task force for the
diagnosis and management of acute pulmonary
embolism of the European Society of Cardiology
(ESC). Eur Heart J 2008; 29: 2276-2315.

Gori CS, MaGriNI L, TravagLINO F, Di Somma S. Role

of biomarkers in patients with dyspnea. Eur Rev
Med Pharmacol Sci 2011; 15: 229-240.

4396

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

KEeLLer K, BeuLe J, ScHurz A, CoLbewey M, DippoLp W,
BaLzer JO. D-dimer for risk stratification in haemo-
dynamically stable patients with acute pulmonary
embolism. Adv Med Sci 2015; 60: 204-210.

YiN Z, CHEN Y, XiE Q, SHAO Z. D-dimer testing for
safe exclusion and risk stratification in patients
with acute pulmonary embolism in primary care.
J Res Med Sci 2015; 20: 675-678.

leme F, Kozac N, Ay MO, Ava A, Gumusay U, YiLmaz
M, Satar S. The relationship between blood lacta-
te, carboxy-hemoglobin and clinical status in CO
poisoning. Eur Rev Med Pharmacol Sci 2014; 18:
393-397.

ANDERSEN LW, MACKENHAUER J, RoBerTs JC, BErG KM,
CoccHi MN, Donnino MW. Etiology and therapeu-
tic approach to elevated lactate levels. Mayo Clin
Proc 2013; 88: 1127-1140.

VANNI'S, Soccl F, Pere G, NAzeriaN P, Viviani G, Baioni
M, Conmi A, GriFoni S. High plasma lactate levels
are associated with increased risk of in-hospital
mortality in patients with pulmonary embolism.
Acad Emerg Med 2011; 18: 830-835.

VANNI S, Viviant G, Baiont M, Pepe G, NAZeriAN P, Soc
a F, Bartorucar M, Bartount M, GriFont S. Progno-
stic value of plasma lactate levels among patients
with acute pulmonary embolism: the thrombo-em-
bolism lactate outcome study. Ann Emerg Med
2013; 61: 330-338.

CasaGrRANDA |, Lauritano EC. Diagnostic and pro-
gnostic significance of high sensitive troponin in
chest pain. Eur Rev Med Pharmacol Sci 2011; 15:
695-700.

Aksar E, YanTurau S, Kivan S. Can elevated troponin |
levels predict complicated clinical course and inho-
spital mortality in patients with acute pulmonary
embolism? Am J Emerg Med 2007; 25: 138-143.

Post F, MerTens D, SINNING C, Peetz D, MUNzeL T. De-
cision for aggressive therapy in acute pulmonary
embolism: implication of elevated troponin T. Clin
Res Cardiol 2009; 98: 401-408.

GALLOTTA G, PALMIERI V, PiEDIMONTE V, RENDINA D, DE
Bonis S, Russo V, CeLentano A, D1 Minno MN, PosTi-
GLIoNE A, Di Minno G. Increased troponin | predicts
in-hospital occurrence of hemodynamic instability
in patients with sub-massive or non-massive pul-
monary embolism independent to clinical, echo-
cardiographic and laboratory information. Int J
Cardiol 2008; 124: 351-357.

ALONSO MARTINEZ JL, ANNICCHERICO SANCHEZ FJ, URBIE-
TA EcHEZARRETA MA, GARCIA SANCHOTENA JL, EZCURRA
IBANEZ M, LAsA IncHausTi B. Clinical usefulness of
troponin | in acute pulmonary embolism. Med Clin
(Barc) 2009; 133: 201-205.

APFALTRER P, WALTER T, GRUETTNER J, WEILBACHER F,
Mever M, Henzier T, NEUMAIER M, ScHOENBERG SO,
Fink C. Prediction of adverse clinical outcome in
patients with acute pulmonary embolism: evalua-
tion of high-sensitivity troponin | and quantitative
CT parameters. Eur J Radiol 2013; 82: 563-567.

GHUYSEN A, GHAYE B, WiLLEMS V, LAMBERMONT B, GE-
RARD P, DONDELINGER RF, D'Orio V. Computed tomo-



Utility of biochemical markers and RVD/LVD ratio in acute pulmonary embolism

23)

24)

25)

graphic pulmonary angiography and prognostic
significance in patients with acute pulmonary em-
bolism. Thorax 2005; 60: 956-961.

VAN DER MEErR RW, PATTYNAMA PM, vAN STRUEN MJ,
VAN DEN BErG-Huusmans AA, HARTMANN 1J, PutTer H,
DE Roos A, Huisman MV. Right ventricular dysfun-
ction and pulmonary obstruction index at helical
CT: prediction of clinical outcome during 3-month
follow-up in patients with acute pulmonary embo-
lism. Radiology 2005; 235: 798-803.

Quiroz R, KucHer N, ScHoerr UJ, KiPFMUELLER F, SoLo-
MoN SD, CosTeLlo P, GolbHABER SZ. Right ventricu-
lar enlargement on chest computed tomography:
prognostic role in acute pulmonary embolism. Cir-
culation 2004; 109: 2401-2404.

NuraL MS, Etmaul M, Finoik S, Yarici O, UzuN O, Sun-
TER AT, Erkan L. Computed tomographic pulmo-
nary angiography in the assessment of severity of
acute pulmonary embolism and right ventricular
dysfunction. Acta Radiol 2009; 50: 629-637.

26)

27)

28)

29)

Becarmini C, AGNELLI G, GermINI F, VEDOVATI MC. Com-
puted tomography to assess risk of death in acute
pulmonary embolism: a meta-analysis. Eur Respir
J 2014; 43: 1678-1690.

Cotovs D, ParameLLE PJ, Calaaue O, Bosson JL, VANZETTO
G, Barnoup D, Pson C, Coutoms M, Ferretni G. Severity
assessment of acute pulmonary embolism: evaluation
using helical CT. Eur Radiol 2003; 13: 1508-1514.

TrusiLLO-SANTOS J, DEN ExTER PL, GOMEZ V, DEL CAsTiLLO H,
Moreno C, VAN DER HuLLE T, HuismaN MV, MoNReAL M,
Yusen RD, Jivenez D. Computed tomography-asses-
sed right ventricular dysfunction and risk stratifica-
tion of patients with acute non-massive pulmonary
embolism: systematic review and meta-analysis. J
Thromb Haemost 2013; 11: 1823-1832.

BING R, CHow V, Lau JK, THomAs L, KrRITHARIDES L, NG
AC. Prevalence of echocardiography use in pa-
tients hospitalized with confirmed acute pulmo-
nary embolism: a real-world observational multi-
center study. PLoS One 2016; 11: e0168554. A

4397



