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Abstract

Galismamizintemelamaci akut pulmoner emboli (PE) hastalarinda
konvansiyonel ve doku doppler ekokardiyografik parametrelerdeki
farkliliklari degerlendirmektir. Tanimlayici ve kesitsel ¢alismamiza,
Ocak 2010 ve Temmuz 2010 tarihleri arasinda Selguk Universitesi
Meram Tip Fakiltesi Hastanesi’'nde akut PE tanisi konan 54 hasta
ve hastalar ile benzer demografik 6zellikleri ve komorbiditeleri olan
saghkl 29 génilli dahil edildi. Hasta ve kontrol grubunun geleneksel
iki boyutlu ve doppler ekokardiyografik verileri yaninda doku doppler
ekokardiyografik parametreleri kaydedildi. Hasta ve kontrol grubunda
elde edilen degiskenler karsilastirildi. Hasta ve kontrol gruplari
arasinda demografik 6zellikler ve komorbiditeler agisindan istatiksel
farklilk yoktu. Hasta grubunda sa§ ventrikiil (SgV) ejeksiyon
fraksiyonu (EF) belirgin dislk (46.2 karsi 60.5; P<0.001), sistolik
pulomoner arter basinci anlamli yiksek (45 mmHg karsi 24.7 mmHg;
P<0.001) ve inferior vena cava (IVC) kollaps indeksi istatiksel anlamli
diizeyde dislk (0.36 karsi 0.62; P<0.001) tespit edildi. Pulsed wave
doku doppler teknigi ile degerlendirilen S§V miyokard performans
indeksinin (MPI) akut PE hastalarinda kontrol grubuna gére anlamli
diizeyde arttigr (0.53 karsi 0.43; P<0.001), Sg§V E/Em oraninin
anlamli olarak daha yiksek oldugu (6.5 karsi 5.0; P=0.04) ve SgV
izovolimetrik relaksasyon zamaninin anlamli sekilde uzadigi(67msn
karsi 57msn; P<0.001) tespit edildi. Ozellikle S§V EF, iVC kollaps
indeksi, Sm, MPI, E/Em gibi ekokardiyografik parametreler akut
PE olgularinin tanisinda kullanilabilecek degiskenler olarak tespit
edilmistir.

Anahtar kelimeler: Akut pulmoner emboli-ekokardiyografi-doku
doppler gérintiileme

The main aim of the study was to evaluate differences in
conventional and tissue doppler echocardiographic parameters in
patient with acute pulmonary embolism (PE). Our descriptive and
cross-sectional study population included 29 healthy voluntary
controls and 54 patients with diagnosis of acute PE who were
admitted to Selcuk University, Meram School of Medicine Hospital
between January 2010 to July 2010. Two-dimensional and doppler
echocardiaographic parameters, tissue doppler parameters were
recorded and these parameters were compared between patient
and control groups. There was not statistically significant difference
between two groups with regard to demographic features and
comorbidities. Right ventricular (RV) ejection fraction (EF) was
detected to be significantly lower (46.2 vs. 60.5; P<0.001), whereas
systolic pulmonary artery pressure was found to be significantly
higher (45 mmHg vs. 24.7 mmHg; P<0.001) and inferior vena cava
(IVC) collaps index was also found to be significantly lower (0.36
vs. 0.62; P<0.001) in patient group. RV myocardial performance
index (MPI) values were evaluated by pulsed wave tissue doppler
technique and significantly increased in acute PE group compared
to control group (0.53 vs. 0.43; P<0.001). Furthermore, RV E/Em
was found significantly higher (6.5 versus 5,0; P=0.04) and RV
isovolumetric relaxation time (IVRT) was significantly prolonged in
acute PE group compared to control group (67 msec vs.57 msec;
P<0.001). Especially RV EF, IVC collaps index, Sm, MPI, E/Em can
be used as different echocardiograhic parameters for the diagnosis
of acute PE.

Key words: Acute pulmomary embolism; Echocardiography; Tissue
doppler echocardiography

INTRODUCTION

Acute pulmonary embolism (PE) is a relatively common
cardiovascular emergency. Acute PE can cause a life threatening,
potentially reversible right ventricle (RV) failure because of the occlusion
of pulmonary arterial bed. It is difficult to make the differential diagnosis
of PE and cannot be diagnosed as it does not have a specific clinic
presentation. Despite this, early diagnosis is very important because the

early treatment is very effective. In USA the prevelance of acute PE is
0.4% in the hospitalized population between 1979-1999 (1). According
to prospective cohort studies the average mortality rate is 7-11% (2).
Echocardiography is frequently used in the diagnosis, differential
diagnosis and prediction of the prognosis of acute PE cases. The major
cause of mortality in PE is RV failure. In 80% of images of proven PE
cases compatible with RV dilatation and hypokinesia can be seen (3).
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Except traditional two dimensional and doppler echocardiography, tissue
doppler echocardiography became center of interest in acute PE cases;
new tissue doppler findings have been defined in the prognosis and
diagnosis. The aim of our study is to evaluate the effect of acute PE over
the conventional and tissue doppler echocardiography findings.

MATERIAL AND METHOD
Study Population

Our research is a cross sectional and descriptive study made by
healthy volunteers and acute PE cases. Fifty-four patients with acute
PE diagnosed in Selcuk University, Meram School of Medicine between
January 2010 and July 2010 and twenty-nine volunteers who have
similar demographic properties and co-morbidities as the control group
were enrolled in study. Exclusion criterias were known atrial fibrillation
and peripheral arterial disease, acute stroke, acute coronary syndrome,
decompensated heart failure, history of percutaneous coronary
intervention or bypass surgery within the last 1 month and poor image
quality. The local ethics committee of Selguk University approved the
study.

Study Protochol

Diagnosis of acute PE was made to the European Heart Association
2008 guidelines for diagnosis and treatment of acute PE (4). In order to
confirm the diagnosis pulmonary computerized tomography angiography
(Siemens Somatom-Sensation 64 CT scanner) was performed. Patients
were taken to the coronary intensive care unit. Echocardiographic
examination (Philips HD 11 XE) Ultrasound System) was done as
soon as possible according to the clinical condition of patients. The
echocardiographic examination was performed at the left decubit
position and at the end of expirium. The measurements were recorded
as the average of three consecutive heart beats. RV ejection fraction
(EF) was measured from apical four chamber window by Simpson’s
method. The patients were divided into two groups as patients with RV
failure (EF<45) and without RV failure (EF=45). At apical four chamber
view the pulsed wave curser was placed to the tip of tricuspid and
mitral valve and E, A speeds and E deceleration times were measured.
Pulmonary vein systolic flow (Ps), pulmonary vein diastolic flow (Pd),
pulmonary vein atrial reverse flow (Ar) speeds were measured by placing
the pulsed wave curser on right superior pulmonary vein at apical four
chamber view. RV ejection volume was measured by subtracting end
systolic volume of RV from end diastolic volume of RV measured by
Simpson’s method at apical four chamber view. Systolic pulmonary
artery pressure (PAPs) was measured with Bernoulli equation by using
the peak flow which was acquired by placing continuous wave doppler
to tricuspid valve regurgitation flow jet. The inferior vena cava (IVC)
collapse index was measured by dividing the end expirium diameter of
IVC to the value found by subtracting the end expirium diameter of IVC
from end inspirium diameter of IVC which were acquired by using M-mod
technique at subcostal view.

Tissue doppler echocardiography was performed to the patients
and control group additionally to conventional echocardiography. At four
chamber view by placing the pulsed wave tissue doppler curser on RV
free walll, interventricular septum and RV free wall annulus level; Sm, Em
and Am speeds, izovolumetric relaxation time(IVRT) and izovolumetric
contraction time(ICT) were measured. LV tissue doppler values were
acquired by taking the average values of lateral wall and interventricular
septum. Myocardial performans index (MPI) is calculated as the ratio of
sum of IVRT and ICT acquired from tissue doppler traces to ejection time
(5). LV tissue doppler values are calculated as the average of lateral and

173

Selguk Tip Dergisi

interventriculer septum values.
Statistical Analysis

Normal distribution of data (parametric and non-parametric) were
evaluated by Kolmogrov Smirnow test. At comparision of parametric
data’s Student s t test, comparision of non- parametric data Mann
Whitney U test were used. Chi-Square test was used to establish
whether the difference between the control group and the patient
group’s comorbidities and demographic characteristics were statistically
significant. For correlation analysis Spearman test was used. P values
smaller than 0.05 was accepted as statistically significant. Al statistical
analysis were made by SPSS (version 15.0, SPSS, Chicago, illinois,
USA)

RESULTS

Demographic characteristics and comorbid conditions were
similar in both groups. Immobilization and surgical history were higher
in patients compared to the controls as it was expected (Table 1).
Average RV EF values were significantly lower than control (Figure-1).
There was not a significant difference of E, A, EDT values measured
by pulsed wave doppler acquired from mitral and tricuspid valve inflows
between the acute PE patients and the control group. Although the Ps/
Pd ratios were similar, Ar was significantly higher in the acute PE group.
RV ejection volume was low in the acute PE group but the difference
was not statistically significant. IVC collapse index was significantly
lower in the acute PE group. Ratio of RV end diastolic volume to left
ventricle (LV) end diastolic volume was remarkably higher in the acute
PE group (Table 2). The difference of LV lateral wall and interventricular
wall Sm values which were acquired by tissue doppler technique was
not significant between acute PE and control group, but the Sm value
of RV was significantly lower (Figure 2). RV E/Em ratio was significantly
higher in the acute PE group, similarly RV IVRT was prolonged in acute
PE group significantly. Between acute PE and control groups LV E/Em
and LV IVRT values did not have a significant difference. It was seen RV

Tablo 1. Demographic characteristics and comorbid
conditions of patients with acute pulmonary embolism and the
control group

Akut PE Kontrol P degeri
n: 65 n:29
Sex
Female, % 49 48 0,93
Male, % 51 52
Age (years) 58.4+£17.755,8+£17.00,49
CAD, % 6.1 10.3 0.47
HT, % 27.6 31 0.74
DM, % 15.3 17.2 0.82
Smoking, % 21.5 17.2 0.63
Malignancy, % 13.8 3.4 0.13
Stroke, % 9.2 10.3 0.86
Pregnancy, % 3 3.4 0.92
Dyslipidemia, % 12.3 10.3 078
Immobilization, %  50.7 0 0.00
Surgery, % 27.6 24 0.00
Others, % 6 0 0.17

CAD: Coronary artery disease; HT: Hypertension; DM; Diabetes Mellitus
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Tablo 2. Conventional echocardiographic findings of acute
PE group and control group

Echocardiography in acute pulmonary embolism

Tablo 3. Tissue Doppler echocardiography findings in the
acute PE patients and control group.

Acute PE Control P Akut PE Kontrol P
n:54 n:29 n: 54 n:29

RV EF (%) 46.2 60.5 0.00 RV Sm (cm/sn) 12.9 14.9 0.00
Tricuspid EDT (msn) 172 194 0.09 RV ICT (msn) 57 60 0.26
Tricuspid E/A 1.01 1.07 0.41 RV ET (msn) 236 273 0.00
Mitral EDT (msn) 188.2 188.4 0.98 RV IVRT (msn) 67 57 0.00
Mitral E/A 0.90 1.03 0.10 RV E/Em 6.5 5.0 0.04
Ps/Pd 1.19 1.18 0.83 RV MPI 0.53 0.43 0.00
Ar (cm/sn) 31.7 28.9 0.03 Lateral Sm (cm/sn) 9.8 9.6 0.66
RV ejection volume (ml) 24.3 25.2 0.69 Lateral ICT (msn) 62 68 0.03
PAP-sistolic (mmHg) 45.0 24.7 0.00 Lateral ET (msn) 234 274 0.00
IVC collaps index (%) 0.36 0.62 0.00 Lateral IVRT (msn) 69 67 0.49
RV area/LV area 0.84 0.59 0.00 Lateral E/Em 8.6 8.4 0.29
Lateral MPI 0.68 0.51 0.11
Septal Sm (cm/sn) 8.4 8.4 0.99
Septal ICT (msn) 59 57 0.44
Septal ET (msn) 242 287 0.00
Septal IVRT (msn) 66 75 0.04
P . : Septal E/Em 1.1 9.8 0.25
MPI and LV MPI values were significantly higher in the acute PE group. Septal MPI 0.62 0.46 0.01
(Table 3) LV ICT (msn) 61 63 0.38
LV ET (msn) 238 280 0.00
DISCUSSION LV IVRT (msn) 68 71 0.37
RV EF was detected to be significantly lower (46.2 vs. 60.5; LV E/Em 9.5 8.9 0.52
P<0.001), whereas PAPs was found to be significantly higher (45 mmHg LV MPI 0.65 0.48 0.04

vs. 24.7 mmHg; P<0.001) and IVC collaps index was also found to
be significantly lower (0.36 vs. 0.62; P<0.001) in patient group. RV
MPI values were evaluated by pulsed wave tissue doppler technique
and significantly increased in acute PE group compared to control
group (0.53 vs. 0.43; P<0.001). Furthermore, the RV E/Em was found
significantly higher (6.5 vs. 5,0; P=0.04) and RV IVRT was significantly
prolonged in acute PE group compared to control group (67 msec vs.
57 msec; P<0.001). In our study 49% of acute acute PE patients were
women, 51% of patients were men. Average age was 58.4 and the ratio
of patients over 60 years old was 53.8%. In the previous researches it
was shown that the average age of acute PE patients was 62 and 65%
of patients were over 60 (6-8). In the ICOPER study the ratio of non
secondary acute PE cases, namely without an underlying etiologic factor
was reported as 20% (9). In our study 18.4% of acute PE cases did not
have a comorbidity or triggering etiologic factor. In our study we found
13.8% of acute PE patients had malignancy; 58.4% had surgical history
and immobilization alone or both at the same time as the etiologic factor.

Echocardiography is usefull to make differential diagnosis of
high risk situations such as aort dissection, pericardial tamponade,
myocardial infarction and cardiogenic shock while determining the RV
dysfunction and dilatation. RV dilatation, deviation to left, paradoxical
movement of septal wall, moderate and severe hypokinesia as an
indicator of RV dysfunction, mobile thrombus at right side of the heart,
pulmonary hypertension, patent foramen ovale are the parameters that
can be evaluated in acute PE patients(10). Echocardiographic evaluation
is important to determine this high risk group. In echocardiography,
normal RV area/ LV area value is <0.6, if this ratio is over >1.0, it is
associated with severe RV failure(11). Similarly, the ratio 20.9 is shown
as an independent risk factor for mortality(12). In our study this ratio
was higher in acute PE group but was found smaller than 0.9. It is
seen that the data is compatible with the literature. In acute PE cases
to evaluate these parameters can assist the differential diagnosis.
When evaluating the conventional echocardiographic findings, EF as
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an indicator of RV systolic function was found significantly lower in the
acute PE group which was compatible with the previous researches (11).
PAPs value was significantly higher in the patient group compared to
control group as it was expected. Compatible with the increased PAPs
values the IVC collapse index was significantly lower in the patient
group compared with the control group. RV can easily accommodate to
increased preload but its accommodation to increased afterload is not
good enough. If pulmonary vascular resistance increases RV ejection
volume begins to decrease proportionally and at the end RV becomes
dilated. This dilatation increases RV failure because of increased oxygen
consumption and decreased coroner blood flow. In our study RV ejection
volume was lower in the acute PE group compared to control group
but this difference was not statistically significant. But this must not be
forgotten that the ejection volume acquired by Simpson’s method can
be misleading because acute PE patients frequently have some degree
of tricuspid regurgitation. In this study we compared tissue doppler
findings of acute PE group and control group in addition to conventional
echocardiography findings.

In the previous researches it was shown that RV Sm values were
significantly relevant with the RV EF values(13). Again in our study
compatible with previous studies RV Sm values were significantly
lower in the acute PE group. Additionally the E/Em value, accepted
as an important indicator of LV end-diastolic pressure, which was not
evaluated enough for RV yet was also evaluated in this study and we
saw that this parameter was high in the acute PE cases compared with
the control group. This finding shows us there is an increase in the RV
end diastolic pressure compatible with the physiopathology. MP! is the
combined index of ventricular systolic and diastolic functions. In the
previous studies which were made with the acute PE patients it is shown
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Figure 1. Avarage RV EF values of acute PE group and
control group

that RV MPI value was higher in the acute PE patients. The cause of
this situation was defined as the prolonged IVRT which was secondary
to diastolic dysfunction caused by acute volume overload of right side
of the heart(14). Compatible with the previous findings it is observed
that RV IVRT was longer and RV MPI was increased in the acute PE
patients. Hsiao et al. showed with the study they made with acute PE
patients that RV MPI to be higher than 0.55 can be used in the diagnose
of acute PE with 85% sensitivity and 78% specificity(15). In our study the
average MPI value of acute PE group was 0.62 and control group was
0.46 and this finding was compatible with the literature. In our study while
the differences of LV lateral wall MPI values of the two groups were not
significant statistically; septal MPI value was significantly high in the acute
PE group. LV MPI which is calculated as the average of septal and lateral
wall MPI of LV was found higher in acute PE group especially because
of changes at the septum and this made us think acute PE can affect
LV functions. On the other hand evaluation of interventricular septum
of acute PE patients by tissue doppler echocardiography is not adviced
because of paradoxical movement(16). Compatible with our study the
previous studies in the literature showed that the lateral wall MPI value
of LV increased in the acute PE group especially in the acute phase
compared with the control group but the increase was not statistically
significant(14,16). This finding can be due to LV diastolic dysfunction and
on the other hand can be because of LV filling restriction caused by the
deviation of the septum to the left secondary to LV pressure overload
and dilatation. LV MPI can be affected due to the effect of these factors
in different degrees. When the previous studies about this subject
analyzed the study that Abaci at al. made with 38 patients by using
nitroglycerin they showed the change in LV diastolic filling sample with
tissue doppler technique as it is with classic technique(17). Again the
study Yigit at al. made with hemodialysis patients the diastolic functions
of patients younger than 45 years old they evaluated with tissue doppler
echocardiography is not affected by preload but the diastolic functions
of patients older than 45 change by preload(18). On the other hand
Sohn at al. showed that mitral annular doppler velocity is irrelevant from
preload(19). When all these factors are evaluated LV diastolic functions
can be affected from both of these factors.

The study is a non-randomized study with known limitations.
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Figure 2. RV Sm values in the acute PE group and the
control group.

Another important limitation is the absence of risk stratification of
patients. Otherwise, the number of patients considered to be adequate
for this study.

Our study shows tissue doppler echocardiography can help in an
important manner to the already known conventional echocardiographic
parameters in diagnosis and predicting the prognosis of acute PE.
Especially RV EF, IVC collapse index, Sm, MPI, E/Em can be used as
different echocardiograhic parameters for the diagnosis of PE.

KAYNAKLAR

1. Stein PD, Beemath A, Olson RE. Trends in the incidence of pulmonary
embolism and deep venous thrombosis in hospitalized patients. Am J
Cardiol 2005;95:1525-6

2. Kearon C. Natural history of venous thromboembolism. Circulation
2003;107:22-30.

3. Timuralp B. Pulmoner tromboembolide Kardiyovaskiler Sistemde Gelisen
Patofizyolojik Degisiklikler. Anadolu Solunum Dernegi Toraks Yayinlari
2001; 73-3

4. Torbicki A, Perrier A, Konstantinides S, et al. Guidelines on the diagnosis
and management of acute pulmonary embolism: the Task Force for the
Diagnosisand Management of Acute Pulmonary Embolism of the European
Society of Cardiology (ESC). Eur Heart J 2008;29(18):2276-315.

5. TeiC, Ling L, Hodge D, et al. New index of combined systolic and diastolic
myocardial performance: a simple and reproducible measure of cardiac
function-a study in normalsand dilated cardiomyopathy. J Cardiol 1995; 26:
357-66

6.  Cohen AT, Tapson VF, Bergmann JF, etal. Venous thromboembolism risk
and prophylaxis in the acute hospital care setting (ENDORSE study): a
multinational cross-sectional study. Lancet 2008;371:387-94.

7. Seligshon U, Lubetsky A. Genetic susceptibility to venous thrombosis. N
Engl J Med 2001;344: 1222-331.

8. Hansson PO, Welin L, Tibblin G, Eriksson H. Deep vein thrombosis and
pulmonary embolism in the general population. * The Study of Men Born in
1913, Arch Intern Med 1997;157:1665-70.

9. Goldhaber Sz, Visani L. Acute pulmonary embolism: clinical outcomes in
the International Cooperative Pulmonary Embolism Registry (ICOPER).
Lancet 1999;353:1386-9.

10. Pavlidis AN, Kallistratos MS, Karamasis GV, et al. Diagnosis and risk
stratification in acute pulmonary embolism: the role of echocardiography.
Rev Cardiovasc Med 2013;14(1):56-65)

11. Goldhaber SZ. Thrombolysis for pulmonary embolism. N Engl J Med



Selguk Tip Dergisi

12.

13.

14.

15.

16.

2002;347:1131-2.

Wells PS, Rodger M. Diagnosis of pulmonary embolism: when is imaging
needed? Clin Chest Med 2003;24: 13-28.

Ozdemir K, Altunkeser BB, Icli A, Ozdil H, Gok H. New parameters in
identification of right ventricular myocardial infarction and proximal right
coronary artery lesion. Chest 2003;124:219-26.

Shih-Hung Hsiao, Shu-Hsin Yang, Wen-Chin Wang. Usefulness of
Regional Myocardial Performance Index to Diagnose Pulmonary Embolism
in Patients With Echocardiographic Signs of Pulmonary Hypertension. Am
J Cardiol 2006;98:1652-5.

Hsiao SH. Usefulness of tissue Doppler parameters for identifying
pulmonary embolism in patients with signs of pulmonary hypertension. Am
J Cardiol 2006;98:685-90

Shih-Hung Hsiao, Chiu-Yen Lee, Shu-Mei Chang et al. Pulmonary
Embolism and Right Heart Function: Insights from Myocardial Doppler

176

17.

18.

19.

Echocardiography in acute pulmonary embolism

Tissue Imaging. J Am Soc Echocardi 2006;19:822-8

Abaci A, Oguzhan A, Kiranath B, Eryol NK, Ergin A. Doku Doppler
gortntlleme yontemi ile degerlendirilen sol ventrikil diyastolik dolum hizlari
onytikten bagimsiz mi? Tirk Kardiyol Dern Ars 1999;27:578-81

Yigit F, Zmriitdal AQ, Topcu S, Demircan S, Yalgin F, Miiderrisoglu H.
Hemodiyaliz hastalarinda doku Doppler gortintileme ydnteminin diyastolik
fonksiyonlari degerlendirmedeki rolu. Tiirk Kardiyol Dern Ars 2002;30:690-
4

Sohn DW, Chai IH, Lee DJ, et al. Assesment of mitral annulus velocity by
Doppler tissue imaging in the evaluation of left ventricular diastolic function.
J Am Coll Cardiol 1997;30:474-80



