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ABBREVIATIONS

RV right ventricle
ratio of maximum right and left ventricular

RLAP diameters in axial plane

RLEP ra_ltio of ma}ximum right and left ventricular
diameters in four chamber plane of the heart

ECG electrocardiogram

EDV end diastolic volume

ESV end systolic volume

EF ejection fraction

BMI body mass index

Ql Quanadli index

LV left ventricle

PATE pulmonary artery thromboembolism

SV stroke volume

CPCT cardiopulmonary computed tomography

INTRODUCTION
Relevance of the study

Pulmonary arterial thromboembolism (PATE) is the third most common acute
cardiovascular disease after myocardial infarction and stroke. The incidence of PATE in
hospitalized patients totals 0,4% and case fatality rate ranges from 7 % to 11 %.
Generally individual symptoms are nonspecific making clinical diagnosis of acute PATE
difficult. However, using combination of clinical symptoms it is possible to categorise
patients into clinical or pretest probability groups corresponding to an increasing
prevalence of acute PATE. Clinical prediction rules (revised Geneva, Wells) are
recommended for prediction of acute PATE, however up to 40 % of patients with acute
PATE are assigned to low or moderate probability categories. Plasma D-dimer
concentration rises in the presence of acute clot and simultaneous activation of
coagulation and fibrinolysis. Hence, a normal D-dimer level renders acute PATE
unlikely underlining high negative predictive value of the test. On the other hand
D-dimer is not specific for acute PATE and can be elevated in a wide variety of
conditions (cancer, inflammation, infection, necrosis, dissection of the aorta) disclosing
low positive predictive value of the test. Combination of non-high clinical probability

and normal D-dimer test showed high negative predictive value, however there was a



low yield in confirming diagnosis using combination of high clinical probability and
positive D-dimer test. Indeterminate combination of clinical probability and D-dimer test
leads to further investigations of the patient. Despite being a gold standard for diagnosis
of acute PATE invasive angiography is associated with potentially life threatening
complications and currently is replaced by noninvasive imaging modalities.
Ventilation-perfusion scintigraphy has been the imaging method of choice to replace
invasive pulmonary angiography for many years, however in 10 % to 57 % of cases the
test miscategorise acute PATE patients into low or intermediate probability.
Multidetector computed tomographic pulmonary angiography can be used to identify
clots within distal pulmonary arteries with a specificity of 95 % and can demonstrate
alternative diagnoses or underlying lung diseases. Consequently, multidetector computed
tomographic pulmonary angiography has become the first imaging examination
performed in patients suspected of having acute PATE.

Severity of acute PATE allows prognostication of outcomes and directs treatment
strategies. Anticoagulation is a treatment standard in patients with nonsevere acute
PATE. In case of severe disease with a hemodynamic compromise and a high mortality
risk, more aggressive strategies are warranted — systemic thrombolysis or percutaneous
transcatheter fragmentation and embolectomy. Usually computed tomographic images
with anatomically massive thromboembolism are described as a severe disease. However
it is observed that a massive embolus in a patient with adequate cardiopulmonary reserve
and a submassive embolus in a patient with prior cardiopulmonary disease and poor
reserve may manifest similar hemodynamic and clinical outcomes. Therefore the term
major should integrate thromboembolic burden in pulmonary artery bed and
cardiopulmonary status. However, the exact combination of embolus size and
cardiopulmonary status that result in steep rise of mortality rate remains undefined. The
presence of right ventricular dysfunction in normotensive patients with acute PATE has
been proposed to signify this critical point. Basis for hemodynamic derangements in
acute PATE is a reduced preload of the left ventricle secondary to dilated right ventricle.
Echocardiographic right ventricular dysfunction is an independent prognostic marker of
mortality in patients with acute PATE. However, advantages of echocardiography
(relatively inexpensive with a bedside availablity, safe for follow up investigations,

allowing precise evaluation of cardiac function), are attenuated by well known



limitations as operator dependency, inability to visualise thrombi in lobar and more distal
pulmonary arteries, difficulty in excluding many other conditions (pressure or volume
overload) affecting right ventricular size and function. Studies on prognostic value of
echocardiography were followed by investigations analysing the value of computed
tomography in risk stratifying patients with acute PATE. Right and left ventricular
diameters ratios in different computed tomography planes were used (axial, four
chamber view and short axis view). In the setting of acute PATE enlargement of the
right ventricle causes the right and left ventricular diameters ratio to increase, showing
the impact of the pulmonary arterial tromboembolic burden to right and left ventricular
function. However, others find the prognostic value of this biventricular index
questionable with a rather low reproducibility. It is thought that the source of
discrepancies is non-standardised measurements and doubts are raised if RV and LV
diameters ratio could be an optimal marker for initiation of more aggressive therapeutic
approach. It was demonstrated that two dimensional RV and LV areas ratio more
precisely characterises the status of the RV, compared to RV and LV diameters ratio.
Even more accurate in evaluating RV functional status were shown to be right
ventricular volumes and ejection fraction, RV and LV volumes ratios. However, studies
evaluating RV and LV volumes and their ratios, simoultaneously depicting coronary
arteries and thoracic aorta in patients with acute PATE by means of integrative
cardiopulmonary computed tomography are lacking.
The aim of the study
To assess the value of retrospectivelly ECG synchronized simultaneous cardiac
and pulmonary computed tomography angiography (thereafter CPCT — cardiopulmonary
computed tomography) in integrative evaluation of acute PATE and its impact on
cardiac function, simultaneously visualising coronary arteries and thoracic aorta.
Objectives
1. Evaluate the accuracy of clinical probability rules, D-dimer test and their
combination in diagnosing acute PATE.
2. Determine anatomic and functional changes of RV and LV and their relationship
to thromboembolic burden in the setting of acute PATE.
3. Define threshold values of anatomically massive acute PATE, markedly

decreased right ventricular function and prognostic parameters of the latter.



4. Assess reproducibility of morphometric and functional measurements of the right
ventricle in CPCT images.
5. Evaluate the quality of CPCT images in assessing coronary arteries and thoracic
aorta.
Scientific novelty

Patients with suspected acute PATE underwent cardiopulmonary computed
tomography with adaptive parameters to body mass index for lowering ionising radiation
dose. CPCT images were acquired during one session starting from the aortic arch to the
cardiac apex with a possibility to evaluate pulmonary arterial bed, cardiac function,
coronary arteries and thoracic aorta.
Principal statements for defence
1. Diagnostic accuracy of clinical probability rules, D-dimer test and their
combination are insufficient for acute PATE.
2. In patients with acute PATE decrease of right ventricular function leads to left
ventricular dysfunction.
3. There is a relation between anatomic burden of acute PATE and right ventricular
dysfunction.
4. Reduced right ventricular ejection fraction reflects anatomically massive acute
PATE and can be predicted by right and left ventricular volumes ratio and right
and left ventricular diameters ratio.
5. Right ventricular volumes are more reproducible in axial images compared to
short axis images.
6. Quality of CPCT is adequate for the evaluation of coronary arteries and thoracic
aorta.
MATERIALS AND METHODS
Patients

The regional Ethics Committee approved this prospective study protocol. A total
of 85 patients with suspected acute PATE referred to the Radiology and Nuclear
Medicine Center of Vilnius University hospital Santariskiy klinikos from January 2010
to May 2011, were enrolled.
Inclusion criteria:

1. 50 years or older male and female patients with suspected acute PATE.



2. The patient is conscious, able to cooperate and suspend breathing.
3. Obtained informed consent.

Exclusion criteria:
1. Younger than 50 years old patients.
2. The patient is hemodynamically unstable, unconscious, unable to cooperate or
suspend breathing.
3. Allergy to iodinated contrast media.
4. Arrhythmia.
5. Serum creatinine concentration higher than 130 umol/L.
6. Patient rejected to participate in the study.
CPCT protocol

Patients underwent 64-detector—row computed tomography (General Electric
Healthcare, Milwaukee, WI, USA). Scan parameters: collimation 64 x 1,25 mm; tube
voltage (100 or 120 kV) and tube current (range 210-245 mAs) was adapted according
to patients body mass index; gantry rotation time 350 ms. Nonionic contrast agent (70 —
80 ml of iopramide [Ultravist 370, Schering AG, Berlin, Germany]) was injected via 18-
G or 20-G needle placed in the antecubital vein at a flow rate of 3,5-4 ml/s. A bolus-
tracking ,,SmartPrep* technique (General Electric Healthcare, Milwaukee, WI, USA)
was used to monitor the arrival of contrast in the main pulmonary artery and ascending
aorta with a manual initiation of the scan.

Ten patients were excluded from the study: 6 patients during CTCT scan had
significant irregularities of the heart rate making precise cardiac function analysis
impossible, findings in CPCT images of 4 patients were characteristic to chronic
pulmonary thromboemboli.

Final study population comprised of 75 patients and was grouped according to
CPCT findings: PATE group had acute thrombemboli in their pulmonary arteries,
control group had no detectable contrast filling defects in their pulmonary arteries up to
segmental level.

Clinical characteristics in relation to PATE, demographic findings and results of
serum D-dimer test were collected. Clinical probability of acute PATE was scored using

revised Geneva, Wells and modified Wells rules for every participant of the study.



Post-processing analysis

CPCT images were analysed using GE Advantage Workstation software version
4.4 04.05 EXT_CTT_5.X, functional parameters of the heart were obtained using
dedicated CardlQ Function 1.0.3 software (General Electric Healthcare, Milwaukee, WI,
USA).

Quantitative analysis of thromboembolic burden in PATE group patients was
accomplished using Qanadli pulmonary obstruction index (Qanadli index — QI) and
Mastora pulmonary obstruction index (Mastora index — Ml).

Calculating Qanadli score pulmonary arterial tree of each lung was regarded as
having 10 segmental arteries. The presence of an embolus in a segmental artery was
scored as 1 point when partially occluded and as 2 points when totally occluded. Emboli
in the most proximal arterial level were scored a value equal to the number of segmental
arteries arising distally. Isolated subsegmental emboli were assigned 1 point. The
maximum computed tomographic obstruction index was 40; index was normalized by
dividing it by 40 and multiplying by 100. Mastora scoring system was applied to 5
mediastinal, 6 lobar, and 20 segmental arteries The computed tomographic severity score
was based on the percentage of obstructed surface of each central and peripheral
pulmonary arterial section using a 5-point scale (1: <25 %; 2: 25-49 %; 3: 50-74 %j;
4:75-99 %; 5: 100 %). The maximum computed tomographic obstruction index was
155; index was normalized by dividing it by 155 and multiplying by 100.
Morphometric parameters of RV and LV

Diastolic and systolic right and left ventricular diameters ratios were measured in
axial and four chamber orientations and were averaged to represent right and left
ventricular diameters ratios of ECG nonsynchronised computed tomographic dataset.
Functional parameters of RV and LV

CPCT raw data was reconstructed with a slice thickness of 1,25 mm at 20
timepoints with a spacing of 5% of the cardiac cycle resulting in multiphase image
series of approximately 2000 images. Multiphase image series were reformatted to
generate axial images dataset with an 8 mm slice thickness and 8 mm interslice gap for
RV chamber segmentation. Cine loop of axial images dataset was used to define
diastolic and systolic phases. Contours of each axial slice of selected end-diastolic and

end-systolic phases were drawn manually resulting in end-diastolic and end-systolic RV
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volumes. Subsequently the end-diastolic (EDV) and the end-systolic (ESV) volumes
were used for the calculation of the stroke volume (SV) and ejection fraction (EF)
according to the well-known equation (EDV-ESV)/EDV x 100 %. Left ventricular
volumetric parameters (EDV and ESV) were obtained using short-axis images dataset
reconstructed with an 8 mm slice thickness and 8 mm interslice gap. Ventricular
volumes were normalized to patient’s body surface area.

Intraobserver and interobserver analysis

Images of 15 randomly selected patients were used for intraobserver and
interobserver variability analysis. RV and LV diameter ratios in axial and four chamber
orientations, RV end diastolic and end systolic volumes in axial and short axis
orientations were measured by the second observer and second time by the same
observer after one month from initial measurements.

Visualisation of the coronary arteries

Enhancement of 200 Hounsfield Units or more in the ascending aorta was chosen
as a criterion of sufficient opacification of coronary arteries. Image quality was evaluated
using 4 point rating scale in four major coronary arteries — left main (LM), left anterior
descending (LAD), left circumflex (LCX) and right coronary artery (RCA) as previously
described. Initially each vessel was assigned a score from 3 to 0 (3 — excellent
visualization of all segments of the artery, 2 — acceptable image quality, not
compromising vessel analysis, 1 — nondiagnostic image quality of single segment of the
coronary artery, 0 — nondiagnostic image quality for multiple segments within one
coronary artery). Then patient’s whole coronary tree average score was calculated
summing scores of every single coronary artery and dividing by 4.

Factors influencing coronary visualisation in CPCT images (body mass index,
body surface area, enhancement of ascending aorta, heart rate) were compared between
PATE and control groups.

Visualisation of the thoracic aorta

Enhancement of 160 Hounsfield Units or more was chosen as a criterion of

sufficient opacification of aortic lumen for aortic wall evaluation.
Statistical analysis
Differences between RV and LV morphometric and functional, relative

biventricular parameters of PATE and control group were calculated. Correlation
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analysis was used to detect most significant associations between pulmonary obstruction
index and RV and LV morphometric and functional, relative biventricular parameters
and between RV and LV morphometric and functional and relative biventricular
parameters. Linear regression analysis including clinical characteristics, pulmonary
obstruction index and RV ejection fraction was used to find most significant predictors
of LV ejection fraction. The same for the RV ejection fraction, clinical characteristics,
pulmonary obstruction index and LV ejection fraction were used to find most significant
predictors. ROC curve analysis was used to find threshold values of RV ejection fraction
in the setting of different pulmonary obstruction indices. The most accurate
prognosticator of markedly reduced RV ejection fraction was identified using ROC
curve analysis. Intraobserver and interobserver variability of RV and LV measurements
was analysed using Bland — Altman method.

Strength of the correlation was very large if r > 0,70, large if r > 0,50, medium if
r>0,30, small if r > 0,10. Strength of associations of multiple linear regression were
very large if R > 0,70, large if R > 0,51, medium if R > 0,36, small if R > 0,14.

The level of significance (p) was set to 0,05.

RESULTS
Demographic findings and clinical characteristics

PATE group consisted of 30 patients (18 male) with a mean age (+ standard
deviation) 66,67 (+10,37), control group — 45 patients (19 male) with a mean age
(+ standard deviation) 63,10 (+ 8,52). Clinical characteristics of the study are displayed
in Table 1.

Table 1. Clinical characteristics of the study population.

All PATE group Control group p
n=75 n=30 n=45
Comorbidity
Systemic hypertension, n (%) 55 (73,3) 18 (60) 37 (82,2) =0,06
Coronary artery disease, n (%) 22 (29,3) 6 (20) 16 (34,6) =0,14
Chronic DVT, n (%) 20 (26,7) 14 (46,7) 6 (13,3) <0,05
Acute DVT, n (%) 17 (22,7) 17 (56,7) 0 <0,05
Chronic and acute DVT, n (%) 7(9,33) 7 (23,33) 0 <0,05
Diabetes mellitus, n (%) 11 (14,7) 5(16,7) 6 (13,3) =0,75
COPD, n (%) 8(10,7) 2(6,7) 6 (13,3) =0,46
Malignancy, n (%) 7(9,3) 5(16,7) 2 (4,4) =0,11
BP < 100 mm Hg 1(1,33) 1(3,33) 0 < 0,05
BP <90 mm Hg - - - -

Abbreviations: BP — blood pressure, DVT — deep vein thrombosis, COPD — chronic obstructive pulmonary
disease.
p — statistical significance of differences between PATE and control group.
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Clinical probability of acute PATE
Accuracy of clinical prediction rules is presented in Table 2.

Table 2. Clinical probability of acute pulmonary thromboembolism in study population.

revised Geneva Wells modified Wells
3 levels 3 levels 2 levels
Low Inter- High Low Inter- High PATE PATE
mediate mediate unlikely likely
PATE group, n 4 20 6 11 14 5 15 15
Control group, n 38 6 1 44 1 0 44 1
Proportion of patients
with PATE, % 9,5 76,9 85,7 20 93,3 100 254 93,8
Sensitivity, % 20 16,7 50
Specificity, % 97,8 100 97,8
Prositive predictive 857 100 9338
value, %
Negative predictive 64.7 64.3 74.6
value, %
Accuracy, % 66,7 66,7 78,7
D-dimer test

Immunoturbidimetric D-dimer test was used with a threshold value of 250 pg/L.

Results of the serum D-dimer test is dispayed in Table 3.

Table 3. Serum D-dimer concentrations.

> 250 ug/L <250 png/L
PATE group, n 29 (96,7) 1(3,3)
Control group, n 14 (31,1) 31 (68,9)
Sensitivity, % 96,7
Specificity, % 68,9
Prositive predictive value, % 67,4
Negative predictive value, % 96,9
Accuracy, % 80

Combination of clinical prbability and serum D-dimer test
Results of combining clinical prbability and serum D-dimer test are presented in
Table 4.

Table 4. Combination of clinical probability and serum D-dimer test.

revised Wells modified Wells
Geneva 3 levels 2 levels
3 levels
PATE group, High clinical probability and elevated
- . 6 5 15
n=230 serum D-dimer, n
Low clinical probability and normal serum
. 1 1 1
D-dimer, n
Control group, High clinical probability, elevated serum
. - 0 0 0
n=45 D-dimer, n
Lovy clinical probability and normal serum 30 31 30
D-dimer, n
Sensitivity, % 20,0 16,7 50,0
Specificity, % 66,7 68,9 66,7
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Comparison of morphometric and functional RV and LV parameters in PATE

and control groups

Results of analysis of differences of morphometric and functional RV and LV

parameters between PATE and control groups is shown in Table 5.

Table 5. Differences of morphometric and functional RV and LV parameters in PATE and control groups.

PATE group Control group p
RLAP (mean + SD) 1,36 £037 1,03+0,14 < 0,00001
RLFP (mean + SD) 1,35 +0,41 1,04 £0,16 < 0,0005
RVEDV (mean + SD), ml/m2 100,94 + 26,55 87,95 + 15,54 < 0,05
RVESV (mean + SD), ml/m2 60,64 + 25,91 41,20+ 12,35 < 0,005
RVSV (mean + SD), ml/m2 40,30 + 12,30 46,75 7,71 <0,01
LVEDV (mean + SD), ml/m2 63,70 = 19,62 74,10 + 12,75 < 0,005
LVESV (mean = SD), ml/m2 25,86 + 15,79 25,51 + 8,86 <0,347
LVSV (mean = SD), ml/m2 37,84 + 10,85 48,59 +8,99 < 0,0005
RVLVEDV (mean + SD) 1,70 0,64 1,20+ 0,20 < 0,00005
RVLVESV (mean + SD) 3,07 +2,76 1,75+ 0,61 < 0,005
RVLVSV (mean + SD) 1,09 £ 0,26 0,98 0,14 =0,087
RVEF (mean + SD), % 41,86 + 14,07 53,91 +8,11 < 0,005
LVEF (mean + SD), % 61,44 +13.97 66,09 £9,13 < 0,144

Abbreviations: RLAP — ratio of maximum right and left ventricular diameters in axial plane, RLFP
- ratio of maximum right and left ventricular diameters in short axis plane, RVEDV - right
ventricular end diastolic volume, RVESV - right ventricular end systolic volume, DSST - right
ventricular stroke volume, LVEDV - left ventricular end diastolic volume, LVESV — left
ventricular end systolic volume, LVSV - left ventricular stroke volume, RVLVEDV - right and
left ventricular end diastolic volumes ratio, RVLVESV - right and left ventricular end systolic
volumes ratio, RVLVSV - right and left ventricular stroke volumes ratio, RVEF — right ventricular

ejection fraction;. LVEF — left ventricular ejection fraction, SD — standard deviation.

Pulmonary arterial thromboembolic burden
Anatomic extent of thromboembolism was evaluated quantitatively using Qanadli

and Mastora indices. Results of analysis are displayed in Table 6.

Table 6. Pulmonary arterial thromboembolic burden.

Ql Ml
Mean + SD, % 43,83 £20,08 32,24 +21,03
Median, % 48,75 36,13
Maximum, % 75 67,10
Minimum, % 10 4,52

Abbreviations: QI — Qanadli index; MR — Mastora index; SD — standard deviation.
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Associations of pulmonary arterial thromboembolic burden and RV and LV
parameters

Correlations of anatomic size of acute PATE and parameters of the RV and LV
are displayed in Table 7.

Table 7. Correlations of anatomic size of acute PATE and functional status of the RV and LV.

Ql MI
r r
RLAP 0,56* 0,46*
RLFP 0,39% 0,34 (p = 0,07)
RVEDV 0,33 (p =0,07) 0,30 (p = 0,11)
RVESV 0,49% 0,42%
RVSV -0,32 (p = 0,09) -0,27 (p = 0,15)
LVEDV -0,48* -0,43*
LVESV -0,28 (p = 0,14) -0,26 (p=0,17)
LVSV -0,46* -0,48*
RVLVEDV 0,60* 0,57*
RVLVESV 0,61* 0,52%
RVLVSV 0,11 (p = 0,57) 0,26 (p = 0,16)
RVEF -0,47* -0,43*
LVEF -0,06 (p = 0,74) -0,08 (p = 0,69)

Abbreviations: RLAP — ratio of maximum right and left ventricular diameters in axial plane, RLFP — ratio of
maximum right and left ventricular diameters in short axis plane, RVEDV - right ventricular end diastolic volume,
RVESV - right ventricular end systolic volume, RVSV — right ventricular stroke volume, LVEDV - left ventricular
end diastolic volume, LVESV - left ventricular end systolic volume, LVSV — left ventricular stroke volume,
RVLVEDV - right and left ventricular end diastolic volumes ratio, RVLVESV - right and left ventricular end
systolic volumes ratio, RVLVSV - right and left ventricular stroke volumes ratio, RVEF — right ventricular ejection
fraction;. LVEF — left ventricular ejection fraction. *p < 0,05

Associations were stronger for Qanadli index, therefore this index was chosen for
further analysis. Correlation of thromboembolic burden and RV functional status was
moderate, but there was a strong association of anatomic size of PATE and relative RV
and LV parameters. As relative RV and LV parameters showed stronger relation to
thromboembolic burden we have conducted correlation analysis of RV and LV

morphometric and functional parameters (table 8).

Table 8. Associations of RV and LV parameters.

RVEF P RVSV P LVEF P LVSV P
r r r r
RLAP 059  <0,005 050 <001 0002  =0,99 050 <0,01
RLFP 0,64  <0,0005 049 <001 -1,33 =0,49 -045 <005
RVEDV 051  <0,005 028 =014 -0,41 <0,05 004 =082
RVESV 0,87 <0,000001 -023 =023 -0,56 <0005  -031 =0,10
RVSV 062  <0,0005 - - 0,16 =0,41 071  <0,00005
RVEF - - 062  <0,0005 | 056 <0005 059  <0,005
LVEDV 026 =016 064  <0,0005 |-021 =0,26 075  <0,000005
LVESV 015 =045 031  =0,09 -0,68 <0,00005 028  =0,13
LVSV 059  <0,005 071  <0,00005 | 0,36 <0,05 - -
LVEF -056  <0,005 016 =041 - - 036  <0,05
RVLVEDV | -065  <0,0005 062 =075 -0,15 =0,44 054  <0,005
RVLVESV | 044  <0,05 023 =023 0,30 =0,11 041  <0,05
RVLVSV | -003 =087 044 =002 -0,36 =0,05 032 =008

Abbreviations: RLAP — ratio of maximum right and left ventricular diameters in axial plane, RLFP — ratio of
maximum right and left ventricular diameters in short axis plane, RVEDV — right ventricular end diastolic
volume, RVESV - right ventricular end systolic volume, RVSV — right ventricular stroke volume, LVEDV - left
ventricular end diastolic volume, LVESV - left ventricular end systolic volume, LVSV - left ventricular stroke
volume, RVLVEDYV - right and left ventricular end diastolic volumes ratio, RVLVESV - right and left
ventricular end systolic volumes ratio, RVLVSV - right and left ventricular stroke volumes ratio, RVEF — right
ventricular ejection fraction;. LVEF — left ventricular ejection fraction.
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Multiple linear regression analysis of left ventricular ejection fraction

The following combination of variables — patients® age, pulmonary obstruction
index, comorbidities and right ventricular ejection fraction were used to predict left
ventricular ejection fraction. There was no significant intercorrelations among the chosen
set of variables. We found strong relationship (R = 0,68) between LVEF and RVEF (beta
coefficient 0,455, p < 0,05) and diagnosis of CAD (beta coefficient -0,414, p < 0,05).
Multiple linear regression analysis of right ventricular ejection fraction

The following combination of variables — patients® age, pulmonary obstruction
index, comorbidities and left ventricular ejection fraction were used to predict right
ventricular ejection fraction. There was no significant intercorrelations among the chosen
set of variables. We found strong relationship (R = 0,71) between RVEF and pulmonary
obstruction index by Qanadli (beta coefficient -0,516, p < 0,05) and left ventricular
ejection fraction (beta coefficient -0,490, p < 0,05).

Comparison of acute PATE and control groups, regression analysis suggest that
right ventricular dilatation, increased right ventricular end systolic volume and reduced
right ventricular stroke volume markedly impair filling of the left ventricle, reduce left
ventricular stroke volume and likely cause left ventricular dysfunction with a secondary
impact on right ventricular function. We hypothesize that RVEF decreases
proportionally to the increase of thromboembolic burden in patients without significant
left ventricular dysfunction (LVEF >45 %). We accomplished series of ROC curve
analyses including several Qanadli indices (QI>30%, QI>40%, QI>50 %,
QI>60% and QI>70%) to define a threshold RVEF value for patients without
markedly reduced left ventricular function and for all acute PATE group patients (tables
9 and 10).

Table 9. ROC curve analysis to define threshold right ventricular ejection value predicting anatomically massive
thromboembolism in acute PATE patients without markedly reduced left ventricular function.

AUC Sensitivity, % Specificity, % p
QI>30% RVEF<39,9% 0,796 65,0 100 < 0,001
QI>40% RVEF<39,9% 0,899 76,5 100 < 0,0001
QI>50% RVEF<348% 0,903 87,5 88,9 <0,0001
QI>60 % RVEF<32,1% 0,849 84,6 91,7 < 0,0005
QI>70% RVEF <29,6% 0,667 66,7 78,3 =0,39

Abbreviations: AUC — area under the curve, QI — Qanadli index, RVEF — right ventricular ejection fraction.
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Table 10. ROC curve analysis to define threshold right ventricular ejection value predicting anatomically massive
thromboembolism in all acute PATE patients.

AUC Sensitivity, % Specificity, % p
QI1>30% RVEF<39,9% 0,690 68,2 75,0 =0,09
QI>40% RVEF <39,9% 0,811 79,0 81,8 <0,001
QI>50% RVEF<348% 0,812 87,5 77,3 <0,001
QI>60% RVEF<32,1% 0,727 80,0 73,3 <0,05
QI>70% RVEF <29,6% 0,593 58,3 94,4 =0,61

Abbreviations: AUC — area under the curve, QI — Qanadli index, RVEF — right ventricular ejection fraction.

Right ventricular ejection fraction approximately less than 35 % was the best
predictor of thromboembolic burden equal or larger than 50 %. Presumably, Qanadli
index of more than 50 % and RVEF < 35 % in our study population were indicators of
sever acute PATE. Therefore we divided patients with an acute PATE into
RVEF < 35 % and RVEF > 35 % subgroups (table 11).

Table 11. Differences of morphometric and functional RV and LV parameters in right ventricular ejection fraction
subgroups.

RVEF <35% RVEF > 35 % p
n=12 n=18

RLAP (mean + SD) 1,67 +£0,37 1,15+0,19 < 0,0005
RLFP (mean + SD) 1,63 £0,41 1,16 £0,29 < 0,005
RVEDV (mean + SD), ml/m2 116,35 £ 25,34 90,66 + 22,53 <0,05
RVESV (mean + SD), ml/m2 84,10 + 18,92 45,00 £ 16,31 < 0,00005
RVSV (mean + SD), ml/m2 32,25+ 8,00 45,66 + 11,85 < 0,005
LVEDV (mean + SD), ml/m2 56,75 +23,90 68,33 £ 15,17 < 0,05
LVESV (mean + SD), ml/m2 28,07 £ 21,27 24,39 £ 11,25 =0,77
LVSV (mean + SD), ml/m2 28,69 + 8,40 43,95 +7,51 < 0,0001
RVLVEDV (mean + SD) 2,24 +0,68 1,33 £0,22 <0,0001
RVLVESV (mean + SD) 4,67 £3,85 2,00 £0,61 <0,01
RVLVSV (mean + SD) 1,17 £ 0,31 1,04 +£0,23 =0,21
LVEF (mean + SD), % 55,03 +17,13 65,71 £9,73 <0,05

Abbreviations: RLAP — ratio of maximum right and left ventricular diameters in axial plane, RLFP — ratio of
maximum right and left ventricular diameters in short axis plane, RVEDV - right ventricular end diastolic volume,
RVESV - right ventricular end systolic volume, DSST — right ventricular stroke volume, LVEDV - left ventricular
end diastolic volume, LVESV - left ventricular end systolic volume, LVSV — left ventricular stroke volume,
RVLVEDV -right and left ventricular end diastolic volumes ratio, RVLVESV - right and left ventricular end
systolic volumes ratio, RVLVSV —right and left ventricular stroke volumes ratio, RVEF — right ventricular ejection
fraction;. LVEF — left ventricular ejection fraction, SD — standard deviation.

Relative RV and LV variables with significant differences were included in a
ROC curve analysis to find their threshold values in predicting markedly reduced right
ventricular ejection fraction (RVEF < 35 %). Results of ROC curve analysis are

presented in table 12 and figure 1.

Table 12. ROC curve analysis of markedly reduced right ventricular ejection fraction.

AUC Sensitivity, % Specificity, % p
RLAP > 1,20 0,912 91,7 77,8 <0,0001
RLFP >1,23 0,840 83,3 83,3 <0,0001
RVLVEDV > 1,49 0,933 91,7 77,8 <0,0001
RVLVESV > 2,46 0,806 75,0 77,8 < 0,005

Abbreviations: AUC — area under the curve, RLAP — ratio of maximum right and left ventricular diameters in axial

plane,RLFP — ratio of maximum right and left ventricular diameters in four chamber plane of the heart, RVLVEDV
—right and left ventricular end diastolic volumes ratio, RVLVESV - right and left ventricular end systolic volumes

ratio, LSVS — left ventricular stroke volume.
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Figure 1. ROC curve analysis of markedly reduced right ventricular ejection fraction (RVEF — right ventricular
ejection fraction, RLAP — ratio of maximum right and left ventricular diameters in axial plane, RLFP — ratio of maximum right

and left ventricular diameters in short axis plane, RVLVEDV - right and left ventricular end diastolic volumes ratio, RVLVESV
—right and left ventricular end systolic volumes ratio, AUC — area under the curve).

In the setting of acute PATE increasing thromboembolic burden and rising
pulmonary arterial pressure lead to right ventricular dilatation. Progressive dilatation and
dysfunction of the right ventricle impair left ventricular filling through ventricular
interdependence. Our results demostrate that changes of the left ventricle include
decrease in end diastolic volume and stroke volume, but left ventricular contractility —
left ventricular ejection fraction is maintained.

Intraobserver and interobserver variability analysis of RV morphometric and
functional measurements

Complex anatomy encumbers automatic and manual segmentation of the right
ventricle not infrequently leading to erroneous measurements. Right ventricular
parameters with a potential to direct treatment strategies should be accurate and
reproducible. On the other hand knowledge of the magnitutde of observer variability is
essential to detect abnormal values and true changes between sequential noninvasive
imaging examinations not due to observer variability. RV and LV diameter ratios in
axial and four chamber orientations, RV end diastolic and end systolic volumes in axial
and short axis orientations were measured by the second observer and second time by the

same observer after one month from initial measurements (table 13).
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Table 13. Results of intraobserver and interobserver analysis of right and left ventricular diameter ratios in axial and
four chamber orientations, right ventricular end diastolic and end systolic volumes in axial and short axis

orientations.

Intraobserver variability

Interobserver variability

RLAP RLFP RLAP RLFP
Mean of differences, ml -0,02 0,08 0,08 0,14
95% limits of agreement, ml -0,22-0,18 -0,46 - 0,63 -0,31-0,48 -0,49-0,76
Difference, % -1,3 5,9 6,3 9,5
RVEDV
Axial Short axis Axial Short axis
orientation orientation orientation orientation
Mean of differences, ml 2,0 25,9 -1,4 29,9
95% limits of agreement, ml -17,3-21,2 0,5-51,3 -275-24,8 -19,9-79,8
Difference, % 0,9 12,09 -0,61 13,96
RVESV
Axial Short axis Axial Short axis
orientation orientation orientation orientation
Mean of differences, ml 0,2 139 -2,6 18,7
95% limits of agreement, ml -145-14,8 -8,3-36,1 -24,2-19,0 -21,1-58,5
Difference, % 0,13 10,47 -2,04 14,12
RVEF
Axial Short axis Axial Short axis
orientation orientation orientation orientation
Mean of differences, ml 0,1 0,8 0,4 -0,5
95% limits of agreement, ml -5,2-5,4 -11,1-12,8 -7,7-8,6 -11,2-10,3
Difference, % 0,23 2,03 1,02 -1,13

Abbreviations: RLAP — ratio of maximum right and left ventricular diameters in axial plane, RLFP - ratio of
maximum right and left ventricular diameters in four chamber plane, RVEDV - right ventricular end diastolic
volume, RVESV - right ventricular end systolic volume, RVEF — right ventricular ejection fraction.

Visualisation of the coronary arteries

Threshold value of 200 Hounsfield Units (HU) was set to define sufficient
attenuation of ascending aorta for the evaluation of coronary arterial tree.

Enhancement in ascending aorta exceeded 200 HU in 25 (83,3 %) patients of
PATE group and 43 (95,6 %) patients of control group and therefore was sufficient for
semiquantitative analysis of coronary arteries. Factors influencing coronary visualisation
in CPCT images (body mass index, body surface area, enhancement of ascending aorta,
heart rate) and average image quality of coronary arteries were compared between PATE

and control groups (table 14).

Table 14. Factors influencing coronary visualisation in CPCT images and average image quality of coronary
arteries.

PATE group Control group p

mean + SD mean + SD
BMI, kg/m2 30,32 +£4,77 28,82 +£4,70 =0,183
BSA, m2 2,04 £0,20 1,95 £0,21 =0,068
Enhancement in ascending aorta, HV 281,40 + 86,43 341,18 + 80,67 < 0,005
Noise in ascending aorta, HV 35,01 +£10,54 30,30 £ 6,27 =0,052
HR, beats per minute 74,53 £ 17,10 61,93 +£12,34 < 0,005
Average image quality of coronary arteries 0,83 +0,79 1,87 +1,14 <0,0001

Abbreviations: BMI — body mass index, BSA — body surface area, HR — heart rate, SD — standard deviation.

19



Image quality analysis of individual coronary arteries is presented in table 15.

Table 15. Image quality of individual coronary arteries.

PATE group Control group

mean + SD mean + SD P
LM 1,30 1,21 2,27+1,18 < 0,005
LAD 0,77 +£0,82 1,84 £1,21 <0,001
LCX 0,73 +0,79 182+1,23 <0,001
RCA 0,53 +£0,68 1,56 + 1,24 <0,001

Abbreviations: LM — left main, LAD — left anterior descending, LCX — left circumflex, RCA — right
coronary artery.

Body mass index, body surface area and noise in the ascending aorta were not
statistically different in acute PATE and control groups. Differences in attenuation of
ascending aorta and heart rate were significantly different. However, all patients of acute
PATE and control groups had attenuation in ascending aorta higher than 160 HU not
precluding evaluation of coronary arteries. Significant differences in average CPCT
image quality of coronary arteries could be attributable to higher heart rates in acute
PATE patients.

Thirteen patients (17,33 %) of control group had no artifacts in CPCT images.
Acceptable image quality not compromising vessel assessment was found in 3 patients
(10 %) of PATE group (enhancement in ascending aorta ranged from 228 HU to 310
HU) and 38 patients (84,4 %) of control group (enhancement in ascending aorta ranged
from 208 HU to 533 HU). All evaluable coronary segments were free from
hemodynamically relevant stenoses (stenosis more than 50 %).

Visualisation of the thoracic aorta
Enhancement of 160 HV was chosen as a criterion of sufficient opacification of

aortic lumen for aortic wall evaluation (table 16).

Table 16. Enhancement of thoracic aorta.

PATE group Control group
n (%) n (%)
Enhancement in the ascending aorta > 160 HU 30 (100) 45 (100)
Enhancement in the aorotic arch > 160 HU 27 (90) 45 (100)
Enhancement in the descending aorta > 160 HU 26 (86,7) 43 (95,6)
Enhancement in the aortic arch and descending aorta < 160 HU 3(10) —

Abbreviations: HU — Hounsfield Units, PATE — pulmonary arterial thromboembolism

Patients with significant irregularities of the heart rate during CPCT acquisition
were excluded from the study. Thus images of patients enrolled had no artifacts allowing

precise evaluation of thoracic aortic wall in the presence of adequate luminal attenuation.
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Thoracic aortic dissection was ruled out in most of PATE (n = 26, 86,7 %) and control
group (n =43, 95,6 %) patients.
lonising radiation
Cardiopulmonary retrospectively ECG synchronized computed tomography
exposes the patient to higher radiation dose than non-synchronized computed
tomographic pulmonary angiography. Mean effective radiation dose in our study
population was 14,5 mSv and it is in average 4,5 mSv higher compared to a standard
protocol for suspected acute PATE in our institution. Despite higher radiation dose with
CPCT it provided with additional information about coronary arteries and thoracic aorta.
In most of control group patients (84,4 %) CPCT allowed comprehensive evaluation of
coronary arteries and confident exclusion of significant coronary artery disease (stenosis
more than 50 %). Dissection of thoracic aorta was rule out in 26 (86,7 %) patients of
acute PATE group and in 43 (95,6 %) patients of control group.
Carcinogenic effect of ionasing radiation in diagnostic radiology is explained by
linear non-threshold theory which assumes that a single particle of radiation hitting a
single DNA molecule within the nucleus of a single cell of the human body can initiate a
cancer. However, it neglects the biological defense mechanisms preventing almost all
initiating events potentially able to induce a fatal cancer. It has been shown that low-
level radiations are able to stimulate the production of DNA repair enzymes. Apoptosis,
the process by which damaged cells commit suicide, is stimulated by low-level radiation.
In addition, the immune system that is important for preventing mutations leading to
cancers is also stimulated by low-level radiations. The risk of cardiovascular disease
increases with age and is estimated to affect more frequantly those with multiple risk
factors. Thus older individuals are more likely to die of a cardiovascular event than to
have attributable cancer from the test.
Conclusions
1. Specificity of clinical probability rules in diagnosing acute PATE is high while
sensitivity is low. Conversely, serum D-dimer test is highly sensitive but
nonspecific for acute PATE. Combination of clinical probability rules and serum
D-dimer test reduces diagnostic accuracy.
2. In the setting of acute PATE right ventricular dysfunction is accompanied by

detectable changes of the left ventricle which include decrease in end diastolic
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volume and stroke volume. As left ventricular contractility — left ventricular
ejection fraction is maintained, above mentioned changes could be explained by
right ventricular enlargement, compression and underfilling of the left ventricle.

3. In the setting of acute PATE right ventricular function deterioriates proportionally
to the thromboembolic burden. There exists a positive relationship between
thromboembolic burden and right and left ventricular volumes ratio, right and left
ventricular diameter ratio, and negative relationship between thromboembolic
burden and right ventricular ejection fraction.

4. Right ventricular ejection fraction less than 35 % accurately predicts anatomically
massive (Qanadli index more than 50 %) acute PATE (area under the curve
0,812). Most accurate parameters detecting right ventricular ejection fraction less
than 35 % are relative right and left ventricular parameters — right and left
ventricular end diastolic volumes ratio and right and left ventricular diameter ratio
in axial plane.

5. Intraobserver and interobserver variability of measurements was lower using axial
planes for right and left ventricular diameter ratio, right ventricular end diastolic
and end systolic volumes compared to four chamber and short axis planes.

6. CPCT image quality is sufficient for the evaluation of coronary arteries and

thoracic aorta.

PRACTICAL RECOMMENDATIONS

Normotensive patients with suspected acute PATE are recommended to undergo
integrative cardiopulmonary computed tomography. Following single contrast medium
injection it is possible to differentiate three cardiovascular emergencies: acute PATE,
coronary artery disease and dissection of thoracic aorta. In the setting of acute PATE, it
Is possible to describe functional changes of the right and left ventricular function,

recognise severe and non-severe PATE and to choose appropriate treatment strategies.
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REZIUME

Santrumpos
Santrumpa Santrumpos paaiskinimas lietuviy kalba
DS desinysis skilvelis
desiniojo ir kairiojo skilveliy skersiniy matmeny
DKAP santykio asiniame pjuvyje rodiklis
DKKP deéiniqjo i.r kgiriojo slfilveliu[ sker.sinil% matmeput
santykio Sirdies keturiy kamery pjuvyje rodiklis
EKG elektrokardiograma
GDT galinis diastolinis tiiris
GST galinis sistolinis ttiris
IF 1§stimimo frakcija
KR Kvanadli rodiklis
KS kairysis skilvelis
PATE plauciy arterijos trombiné embolija
ST smiiginis turis
SPKT Sirdies ir plauciy kompiuteriné tomografija
Ivadas

Plauciy arterijos trombiné embolija (PATE) — sunkus Giminis ir neretai atkrintantis
Sirdies ir kraujagysliy susirgimas. Tik miokardo infarktas ir galvos smegeny insultas yra
daznesni negu iminé PATE. Jungtinése Amerikos valstijose tarp visy hospitalizuojamy
pacienty sergantieji PATE sudaro 0,4 % ir kiekvienais metais nustatoma nuo 300 iki 600
tukstaCiy naujy Sios ligos atvejy. Kartu tai yra ir gyvybei gresiantis susirgimas.
Serganc¢iyjy tmine PATE mirStamumas Siekia nuo 7 % iki 11 %.
neraiSkiis ar nespecifiniai. Todel rekomenduojama remtis tam tikry poZymiy deriniais,
padedanéiais tiksliau nusakyti klinikine PATE tikimybe. Sukurtos Zenevos ir Velso
klinikinés PATE tikimybés skalés, taciau jas taikant nemaza dalis (iki 40 %) serganciyjy
klaidingai priskiriami tik mazos ir vidutinés tikimybés pacienty grupéms. Kraujo serumo
D-dimery koncentracijos padidé¢jimas yra labai jautrus, taCiau nespecifiskas
diagnozuojant iming¢ PATE. Studijose nurodoma didel¢ klinikinés tikimybés skaliy ir
D-dimery tyrimo derinio neigiama prognozin¢ verté¢ paneigiant imin¢ PATE, taciau

teigiama prognozin¢ S§io derinio vert¢ aptinkant Gming PATE yra maza. Esant
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neinformatyviam klinikinés skalés ir D-dimery tyrimy deriniui, taikomi vaizdiniai
diagnostikos metodai. Daugel; mety Giminei PATE nustatyti arba paneigti buvo atlieckama
radionuklidiné plauciy perfuzijos ir ventiliacijos scintigrafija, tac¢iau jos metu nuo 10 %
iki 57 % serganciyjy imine PATE nustatoma tik maza arba vidutiné ligos tikimybé. Iki
daugiasluoksnés kompiuterinés tomografijos atsiradimo vienasluoksné kompiuteriné
tomografija buvo vienintelé neinvaziné alternatyva, kurios vidutinis jautrumas
buvo 76 %, o vidutinis specifiskumas — 90 %. Atsiradus daugiasluoksnei kompiuterinei
tomografijai, plauciy arterijos trombinés embolijos diagnostika tapo tikslesné (vidutinis
jautrumas 98 %, vidutinis specifiskumas 94 %). Siuolaikinéje klinikinéje praktikoje
pirmo pasirinkimo tyrimas jtariant Gming PATE yra plauciy arterijos kompiuterinés
tomografijos angiografija, kurios vaizduose jvertinamos ne tik stambiosios, segmentinés
ir subsegmentings plauciy arterijos Sakos, bet ir plau¢iy audinys, tarpuplaucio struktiiros,
kas leidzia nustatyti arba paneigti kitas kriitinés skausmo priezastis.

Nusakant prognoze ir parenkant iiminés PATE gydyma svarbu nustatyti jos
sunkumg. Nesunkios Uminés PATE atveju skiriamas antikoaguliacinis gydymas ir
apsisaugoma nuo pakartotinés embolizacijos. Sunkios PATE atveju, zenkliai sutrikus
kraujotakai, sumaz¢jus sisteminiam arteriniam kraujospiidziui (Zemiau 90 mm Hg) ir
esant didelei mirties rizikai, pateisinami agresyvesni gydymo metodai — trombolizé,
emboly pasSalinimas perkateteriniu ar chirurginiu metodais. Paprastai sunki iiminé PATE
yra prilyginama didelés anatominés apimties Gminei PATE. Taciau pastebéta, kad
serganciyjy didelés apimties iimine PATE su pakankama Sirdies ir plauciy sistemos
funkcija bei serganciyjy nedidelés apimties iimine PATE ir sumaz¢jusia Sirdies ir plauciy
sistemos funkcija klinikinés iSeitys yra panasios. Todé¢l apibiidinant sunkig timin¢ PATE
reikéty atsizvelgti ne tik | PATE anatoming apimtj, bet ir Sirdies ir plauciy sistemos
biikle. Didéjant PATE apim¢iai palaipsniui kyla ir mirStamumo kreive, o sutrikus Sirdies
ir plauciy sistemos veiklai, mirStamumo tikimybeé Zenkliai padidéja. Taciau néra Zinoma,
kokios apimties iiminés PATE ir kokio laipsnio Sirdies ir plauciy sistemos funkcijos
sutrikimo derinys salygoja staigy mirStamumo kreivés didé¢jimg. Manoma, kad kritinis
mirStamumo kreivés taskas, kai néra sisteminio arterinio kraujo spaudimo sumazéjimo,
yra deSiniojo skilvelio veiklos sutrikimas. Nurodoma, kad echokardiografiskai nustatytas
desiniojo skilvelio funkcijos sutrikimas yra nepriklausomas mirstamumo dél Gminés

PATE prognozinis veiksnys.
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Desiniojo ir kairiojo skilveliy ultragarsinio tyrimo privalumus (tikslus desiniojo ir
kairiojo skilveliy funkcijos jvertinimas, saglyginai nebrangus, patogu atlikti ir kartoti prie
paciento lovos, saugus) sumazina eilé trikumy - matavimy tikslumo priklausomybé nuo
tyréjo patirties, trombai Sirdyje ir stambiosiose plauciy arterijos Sakose matomi nedaznai,
desiniojo skilvelio dydzio ir funkcijos pokycius gali saglygoti ne tik iminé PATE, ne
visada pakankamas akustinis langas.

Echokardiografiniy mirStamumo nuo tminés PATE rodikliy studijas lydéjo
darbai, kuriuose buvo analizuojama plauc¢iy arterijos kompiuterinés tomografijos
angiografijos verté prognozuojant mirStamuma sergantiesiems timine PATE. Sutrikusios
deSiniojo skilvelio funkcijos jvertinimui buvo taikomi deSiniojo ir kairiojo Sirdies
skilveliy skersiniy matmeny santykio rodikliai paprastuose aSiniuose pjiiviuose (DKAP),
rekonstruotuose Sirdies keturiy kamery vaizdo pjuviuose (DKKP), reCiau — Sirdies
trumposios aSies vaizdo pjaviuose. ISsiplétus desiniojo skilvelio ertmei, desiniojo ir
kairiojo skilveliy skersiniy matmeny santykio rodiklis did¢ja ir rodo deSiniojo skilvelio
funkcijos blogéjima. Kity studijy rezultatai rodo, kad DKAP, DKKP rodikliy verté
prognozuojant mirStamumg buvo maza. DeSiniojo ir kairiojo skilveliy skersmeny
santykio rodikliy verté parenkant gydymga sergantiesiems iimine PATE yra abejotina.
Taip pat pastebéta, kad dvimatis deSiniojo ir kairiojo skilveliy ploty santykis tiksliau
apibudina deSiniojo skilvelio biikle negu deSiniojo ir kairiojo skilveliy skersmeny
santykis. Dar tikslesni deSiniojo skilvelio biiklés rodikliai yra deSiniojo skilvelio tiiriai ir
iSstimimo frakcija, desiniojo ir kairiojo skilveliy tiriy santykiai. Tac¢iau studijy, kuriose
sergantiesiems @imine PATE vienalaikés Sirdies ir plauc¢iy kompiuterinés tomografijos
vaizduose analizuojami desiniojo ir kairiojo skilveliy tiriai, jy santykiai, jvertinamos
vainikines arterijos ir kriitininé aorta, néra.

Tyrimo tikslas

Ivertinti sinchronizuotos su EKG vienalaikés Sirdies ir plauciy arterijos
kompiuterinés tomografijos angiografijos (toliau Sirdies ir plauciy kompiuteriné
tomografija — SPKT) galimybes integruotai nustatyti plau¢iy arterijos trombing embolija,
jvertinti embolijos sukeltus desiniojo ir kairiojo Sirdies skilveliy veiklos sutrikimus,

vainikiniy arterijy ir kriitininés aortos biikle.
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Tyrimo uzZdaviniai
1.]vertinti klinikiniy tikimybés skaliy, D-dimery koncentracijos kraujo serume
tyrimo bei $iy metody derinio tikslumg diagnozuojant timin¢ plauciy
arterijos trombing embolija.
2.Nustatyti deSiniojo ir kairiojo Sirdies skilveliy tiirio pokyc¢ius bei veiklos
sutrikimus esant iminei plauciy arterijos trombinei embolijai bei jy
sasajas su embolijos apimtimi.
3.Nustatyti slenkstines didelés apimties trombinés embolijos ir blogos
desiniojo skilvelio biiklés vertes bei juos prognozuojancius veiksnius.
4.vertinti SPKT vaizduose atlickamy desiniojo skilvelio morfometriniy ir
funkciniy rodikliy kartotiniy matavimy sutapima.
5.]vertinti SPKT vaizduma vainikiniy arterijy ir kriitininés aortos biklei
nusakyti.
Darbo naujumas
Ligoniams su jtariama @imine PATE buvo taikyta modifikuota kompiuterinés
tomografijos angiografija — vienalaiké Sirdies ir plauciy kompiuterinés tomografijos
angiografija, leidzianti integruotai jvertinti tiek plauciy arterijos bikle ir trombinés
embolijos apimtj, tiek Sirdies veiklos sutrikimus. Sergantiesiems timine PATE atlikta
Sirdies skilveliy turiy ir veiklos analizé, nustatytos skilveliy veiklos rodikliy sgsajos su
trombinés embolijos apimtimi ir jvertinti abiejy Sirdies skilveliy tarpusavio sgveikos
désningumai.
Ginamieji teiginiai
1.Klinikin¢és iminés PATE tikimybés skalés, D-dimery koncentracijos kraujo
serume tyrimas ir pastaryjy metody derinio tikslumas diagnozuojant
tamin¢ PATE yra nepakankamas.
2.]vykus tminei PATE ir blogé¢jant deSiniojo skilvelio buklei sutrinka ir
kairiojo skilvelio veikla.
3.Egzistuoja teigiamas rySys tarp plauciy arterijos trombinés embolijos
apimties ir desiniojo skilvelio funkcijos sutrikimo laipsnio.
4.Didelés apimties plauciy arterijos trombing embolija rodo sutrikusi deSiniojo
skilvelio iSstimimo frakcija, kurig tiksliausiai prognozuoja santykiniai

desiniojo ir kairiojo skilvelio ttriy ir skersmeny rodikliai.
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5.Desiniojo skilvelio tiirily matavimai tiksliau atkartojami atliekant juos
aSiniuose pjliviuose negu trumposios asies pjiviuose.
6.SPKT tyrimo metu galima jvertinti vainikiniy arterijy ir kratininés aortos
biklg.
Tyrimo medZiaga ir metodai

Tiriamoji medziaga rinkta nuo 2010 mety sausio iki 2011 mety geguzés ménesio
VS| Vilniaus Universiteto ligoninés SantariSkiy klinikos Radiologijos ir branduolinés
medicinos centro Tomografiniy tyrimy ir branduolinés medicinos skyriuje. Vilniaus
regioninis bioetikos komitetas iSdave leidimg atlikti § perspektyvinj tyrima, 1 kuri buvo
jtraukti tik pasiras¢ informuoto asmens sutikimo forma suauge asmenys, kuriems dél
kliniskai jtariamos tminés PATE buvo paskirta Sirdies ir plau¢iy kompiuteriné
tomografija. Nejtraukimo ] tyrimg kriterijai: jaunesni nei 50 mety amziaus asmenys,
nestabili paciento kraujotaka, nesamoningas, nevykdo paliepimy, negali sulaikyti
kvépavimo, alergija kontrastiniam preparatui, aritmiska Sirdies veikla, Kreatininio
koncentracija kraujo serume didesné nei 130 pmol/l, asmuo nesutinka dalyvauti tyrime ir
nepasira$é Informuoto asmens sutikimo formos.

Rezultatai

Statistinis duomeny apdorojimas atliktas SPSS programine jranga, versija 16.0
(SPSS Inc., Chicago, IL), ir MedCalc programine jranga, versija 11.4.2.0 (MedCalc
Software, Mariakerke, Belgija). Kiekybiniai kintamieji pateikiami kaip aritmetinis
vidurkis + standartinis nuokrypis, kategoriniai kintamieji pateikiami absoliutaus kiekio ir
procentine iSraiSka. Normaliniam pasiskirstymui jvertinti buvo atlikti Kolmogorovo —
Smirnovo (n > 50) ir Sapiro — Vilko (angl. Shapiro — Wilk) (n < 50) testai.

Kai duomeny pasiskirstymas buvo normalusis, atskiry parametry skirtumy tarp
lyginamy grupiy reik§mingumas buvo vertintas Stjudento t-testu (angl. Student t-test).
Kitais atvejais taikytas Mano — Vitnio testas (angl. Mann-Whitney test).

Kintamyjy rySio analizé atlikta taikant Pirsono (angl. Pearson) (normaliai
pasiskirs¢iusiems Kintamiesiems) arba Spirmano (angl. Spearman) (neparametriniams
kintamiesiems) koreliacijos metodus. Koreliacijos koeficiento (r) reikSmés: rySys labai
stiprus (r > 0,7), stiprus (r > 0,5), vidutinis (r > 0,3), silpnas (r > 0,1).

Diskretiis grupiy rodikliai palyginti Chi — kvadrato testu.
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Paciento amziaus, plauciy arterijos trombinés embolijos apimties, DS iSstimimo
frakcijos, klinikiniy veiksniy (KSL, sisteminé arteriné hipertenzija, iminé ir létiné giliyjy
veny trombozé, létiné obstrukciné plauciy liga, cukrinis diabetas ir navikai) jtaka kairiojo
skilvelio isvarymo frakcijai jvertinta daugialype tiesine regresija.

Taip pat atlikta desiniojo skilvelio issttmimo frakcija jtakojanciy veiksniy tiesinés
regresijos analize.

Tiesinés regresijos (R) koeficiento reikSmés: rySys labai stiprus (R > 0,7), stiprus
(R >0,51), vidutinis (R > 0,36), silpnas (R > 0,14).

ROC (angl. receiver operating characteristic) kreiviy analizé taikyta
sumazgéjusios desiniojo skilvelio funkcijos slenkstinés reikSmés, prognozuojant didelés
apimties plauciy arterijos trombing embolijg, nustatymui bei santykiniy DS ir KS
rodikliy slenkstiniy reik§Smiy, prognozuojant Zenkliai sumazéjusig deSiniojo skilvelio
funkcija, nustatymui.

Kartotiniy matavimy sutapimui nustatyti taikyta Bland — Altman analizé.

Statistines analizes rezultaty reikSmingumo rodiklis p < 0,05.

I5 85 studijos dalyviy $eSiy pacienty SPKT vaizduose buvo matomi Zenkliis
sinchronizacijos su EKG artefaktai, kurie salygoja DS funkciniy rodikliy netikslumus,
todel pastaryjy pacienty duomenys 1 tolesn¢ statisting analiz¢ nejtraukti. Taip pat
nejtraukti pacientai, kuriy SPKT vaizduose plauéiy arterijos $akose buvo matomi
kiekybiskai nevertinami 1étinés PATE pozymiai, galintys jtakoti DS funkcijg. Likusieji
pacientai (n = 75) sugrupuoti pagal pakitimus SPKT vaizduose j 2 grupes: tiriamosios
grupés pacienty SPKT vaizduose buvo matomi @iminés PATE pozymiai (n = 30, 18 vyry
(60 %)), kontrolinés grupés pacienty SPKT vaizduose plaudiy arterijos $akose
kontrastavimosi defekty, budingy Gminei PATE nebuvo aptikta (n = 45, 19 vyry
(42,2 %)). Tiriamosios grupés pacienty amziaus vidurkis metais buvo 66,67 + 10,37, o
kontrolinés grupés — 63,10 + 8,52, p = 0,08.

Tiriamosios ir kontrolinés grupiy pacientai vienodai daznai sirgo sistemine
arterine hipertenzija,koronarine Sirdies liga, cukriniu diabetu, l1étine obstrukcine plauciy
liga, navikais. Septyniolikai (56,7 %) tiriamosios grupés pacienty diagnozuota Gminé
giliyjy veny trobmoze, o kontrolinéje grupéje seganciyjy timine giliyjy veny trobmoze
nebuo aptikta. Létine giliyjy veny tromboze sirgo dalis tiriamosios ir kontrolinés grupiy

pacienty (atitinkamai 14 (46,7 %) ir 6 (13,3 %), p < 0,05). Kiekvieno paciento Giminés
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PATE Kklinikin¢ tikimybé jvertinta apskai¢iuojant iiminés PATE klinikinés tikimybés
skaliy (modifikuotoji Zenevos, Velso skalés ir modifikuotoji Velso skalés) balus, o taip
pat nustatyta D-dimery koncentracija kraujo serume. Klinikinés tikimybés skaliy
specifiskumas buvo didelis (97,8-100 %), 0 jautrumas - mazas (16,7-50 %). Atvirksc¢iai,
D-dimery tyrimo jautrumas buvo didelis (96,7 %), o specifiSkumas — mazas (68,9 %).
Derinant $iy metodiky rezultatus, ligos diagnostikos tikslumas sumazéja (jautrumas —
16,7-50 %, specifiskumas — 66,7-68,9 %).

Tiriamosios ir kontrolinés grupiy DS ir KS skersmeny santykiy, tiriy ir tiriy
santykiy verciy skirtumai buvo reikSmingi (iSskyrus KS galinj sistolin; torj, KS
i$stimimo frakcijg ir deSiniojo ir kairiojo skilveliy galinio sistolinio turiy santykio
reikSmes), taciau DS iSstimimo frakcijos ir embolijos apimties rySys buvo vidutinis
(r=-0,47, p<0,05). Stipriausias koreliacinis rySys buvo tarp trombinés embolijos
apimties (isreikstos Kvanadli rodikliu) ir DS ir KS galinio diastolinio ir galinio sistolinio
tariy santykio verciy (atitinkamai r =0,60 ir r =0,61, p <0,05). Atlikus deSiniojo ir
kairiojo skilvelio rodikliy tarpusavio sgsajy analize, nustatytas labai stiprus koreliacinis
ry8ys tarp DS galinio sistolinio tiirio ir DS i§stimimo frakcijos, tarp DS smiiginio tirio ir
KS smiuginio ttirio bei tarp KS galinio diastolinio ttrio ir KS smiiginio tario (atitinkamai
r=-0,87, p < 0,000001, r = -0,71, p < 0,00005, r = 0,75, p <0,000005). Tiriamosios
grupés embolijos apimties ir santykiniy DS ir KS rodikliy bei DS ir KS rodikliy
tapusavio sgsajos rodo tarpskilvelinés sgveikos svarbag segantiesiems timine PATE.
Atlikta kairiojo skilvelio i$stimimo frakcijg jtakojanciy veiksniy daugialypés tiesinés
regresijos analizé, kuri parodé stipry rysj (tiesinés regresijos koeficientas R = 0,68) tarp
kairiojo skilvelio i§stimimo frakcijos verciy ir deSiniojo skilvelio iSstimimo frakcijos
(beta koeficientas 0,455, p<0,05) bei koronarinés Sirdies ligos diagnozés (beta
koeficientas -0,414, p < 0,05). Taip pat atlikta deSiniojo skilvelio i$stimimo frakcija
jtakojanciy veiksniy daugialypés tiesinés regresijos analizé, kuri parodé stipry rysj
(tiesinés regresijos koeficientas R = 0,71) tarp deSiniojo skilvelio iSstimimo frakcijos
ver¢iy ir plauCiy arterijos trombinés embolijos apimties (beta koeficientas -0,516,
p < 0,05) bei kairiojo skilvelio issttmimo frakcijos (beta koeficientas 0,490, p < 0,05).

Atlikta didelés apimties iming PATE prognozuojan¢iy DS iSstiimimo frakcijos
ver¢ly ROC kreiviy analizé¢ pacientams su zenkliai nesumaZzéjusia ir Zzenkliai

sumaz¢jusia  kairiojo  skilvelio i$stimimo frakcija (atitinkamai KSIF >45% ir
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KSIF <45 %), kuri parodé, kad DS i$stimimo frakcija mazesné nei 35 % tiksliausiai
prognozuoja didelés apimties (Kvanadli rodiklis > 50) iming PATE (atitinkamai plotas
po kreive 0,903, p < 0,0001ir plotas po kreive 0,812, p < 0,01).

Suskirs€ius tirilamosios grupés pacientus 1 Zenkliai sumaZéjusios ir Zenkliai
nesumazéjusios DS iSstimimo frakcijos (atitinkamai DSIF < 35 % ir DSIF > 35 %)
pogrupius, atlikta palyginamoji DS ir KS rodikliy analizé. DS ir KS rodikliai, kuriy
skirtumai buvo reikSmingi, jtraukti ;] ROC kreiviy analize¢ prognozuojant Zenkliai
sumaz¢jusig DS iSstimimo frakcijg. Tiksliausiai Zenkliai sumazéjusig DS iSstimimo
frakcijg prognozavo DS ir KS galinio diastolinio tiiriy santykio verté didesné nei 1,49

(plotas po kreive 0,933, p <0,0001) (1 paveikslas).
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1 paveikslas. Zenkliai sumazéjusios desiniojo skilvelio i§stimimo frakcijos ir santykiniy deSiniojo ir
kairiojo skilveliy rodikliy ROC kreiviy palyginimo analizés diagrama (DSKSGDT — deSiniojo ir kairiojo skilveliy
galinio diastlinio turio santykis, KSST — kairiojo skilvelio smiiginis tiris, DKAP — deSiniojo ir kairiojo skilveliy
skersiniy matmeny santykio asiniame pjuvyje rodiklis, DKKP — deSiniojo ir kairiojo skilveliy skersiniy matmeny
santykio $irdies keturiy kamery pjtivyje rodiklis, DSKSGDT — desiniojo ir kairiojo skilveliy galinio diastolinio tiirio
santykis, PPK — plotas po kreive).

Kartotiniy deSiniojo ir kairiojo skilveliy skersmeny santykio matavimy analizé
parodé, kad tiksliau atkartojami DS ir KS skersmeny santykio asiniuose pjiviuose
taikant standartizuota metodika matavimai negu matavimai Sirdies keturiy kamery

pjuviuose (1 lentel¢). Kartotiniy deSiniojo skilvelio tiiriy matavimo analiz¢ parode, kad

33



tiksliau atkartojami matavimai asiniuose pjiiviuose negu Sirdies trumposios asies

pjuviuose (1 lentelé).

1 lentelé. Desiniojo ir kairiojo skilveliy skersmeny santykio, desiniojo skilvelio ttriy ir iSstimimo
frakcijos verciy sutapimo analizés rezultatai.

To paties tyréjo matavimai Pirmojo ir antrojo tyréjy matavimai

DKAP DKKP DKAP DKKP
Skirtumy vidurkis, ml -0,02 0,08 0,08 0,14
95% sutapimo ribos, ml -0,22-0,18 -0,46 — 0,63 -0,31-0,48 -0,49-0,76
Skirtumas, % -1,3 59 6,3 9,5

DSGDT

ASiniai Sirdies trumposios ASiniai Sirdies trumposios

pjuviai asies pjiviai pjuviai aSies pjiviai
Skirtumy vidurkis, ml 2,0 259 -1,4 29,9
95% sutapimo ribos, ml -17,3-21,2 0,5-51,3 -275-24,8 -19,9-79,8
Skirtumas, % 0,9 12,09 -0,61 13,96

DSGST

Aginiai Sirdies trumposios Aginiai Sirdies trumposios

pjuviai aSies pjuviai pjuviai aSies pjaviai
Skirtumy vidurkis, ml 0,2 139 -2,6 18,7
95% sutapimo ribos, ml -145-14,8 -8,3-36,1 -24,2-19,0 -21,1-58,5
Skirtumas, % 0,13 10,47 -2,04 14,12

DSIF

ASiniai Sirdies trumposios ASiniai Sirdies trumposios

pjuviai aSies pjuviai pjuviai aSies pjlviai
Skirtumy vidurkis, ml 0,1 0,8 0,4 -0,5
95% sutapimo ribos, ml -5,2-54 -11,1-12,8 -7,7-8,6 -11,2-10,3
Skirtumas, % 0,23 2,03 1,02 -1,13

Santrumpos: DKAP — desiniojo ir kairiojo skilveliy didziausiy skersiniy matmeny santykio asiniame pjavyje
rodiklis; DKKP — deginiojo ir kairiojo skilveliy didziausiy skersiniy matmeny santykio keturiy kamery
pjavyje rodiklis, DSGDT — deginiojo skilvelio galinis diastolinis tiiris, DSGST — desiniojo skilvelio galinis
sistolinis tiiris, DSIF — deginiojo skilvelio igstimimo frakcija.

Dvidesimt penkiy tiriamosios grupés pacienty (83,3 %) ir 43 (95,6 %) kontrolinés
grupés pacienty kylanciosios aortos spindzio kontrastingumas buvo didesnis nei 200 HV.

Atlikus pusiau kiekybine vainikiniy arterijy vaizdumo analiz¢, nustatyta, kad
kontrolinés grupés pacienty vidutinis vainikiniy arterijy vaizdumo balas buvo
reik§mingai didesnis negu tiriamosios grupés (atitinkamai 1,87 +1,14 ir 0,83 £ 0,79,
p <0,0001). Tiriamosios ir kontrolinés grupiy pacienty kiino masés indekso, kiino
pavirSiaus ploto ir triukSmingumo kylanciojoje aortoje verCiy skirutmai nebuvo
reik8mingi (atitinkamai 30,32 + 4,77 ir 28,82 + 4,70, 2,04 + 0,20 ir 1,95 + 0,21, 35,01 +
10,54 ir 30,30 £ 6,27, p > 0,05), o kontrastingumo kylanciojoje aortoje ir Sirdies
susitraukimy daznio skirtumai buvo reikSmingi (281,40 + 86,43 ir 341,18 + 80,67,
7453+ 17,10 ir 61,93 + 12,34, p < 0,05). Pagrindiniai vainikiniy arterijy vaizduma

lemiantys veiksniai yra vaizdinimo metodikos didelé temporaliné ir erdviné skiriamoji
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geba, didelé kontrasto skiriamoji geba ir mazas vaizdy triukSmingumas. Serganéiyjy
umine PATE Sirdies ritmas padaznéja, nes sumazéjus kairiojo skilvelio smiiginiam ttriui
bei Sirdies minutiniam tiriui kyla refleksiné tachikardija. Didéjant Sirdies susitraukimy
daZzniui de¢l nepakankamos laiko skiriamosios gebos kompiuterinés tomografijos
angiografijos vaizduose atsiranda sinchronizacijos su EKG artefaktai. Hemodinamiskai
reik§minga koronariné Sirdies liga (stenozé >50 %) paneigta 3 (10 %) tiriamosios
grupés pacientams (kontrastingumas kylanciojoje aortoje svyravo nuo 228 HV iki
310 HV) ir 38 (84,4 %) — antros grupés pacientams (kontrastingumas kylanc¢iojoje
aortoje svyravo nuo 208 HV iki 533 HV).

Kylanciosios aortos spindzio kontrastingumas tiriamosios ir kontrolinés grupiy
pacienty SPKT vaizduose buvo pakankamas (didesnis nei 160 HV) aortos sienelés
jvertinimui. Aortos lanko spindzio kontrastingumas maZesnis nei 160 HV buvo
nustatytas trims (10 %) pirmos grupés pacientams. Nusileidzianc¢iosios aortos spindZio
kontrastingumas mazesnis nei 160 HV nustatytas keturiems (13,3 %) tiriamosios grupés
pacientams, dviems (4,4 %) — kontrolinés grupés pacientams. Kriitininés aortos
atsisluoksniavimas paneigtas visiems tiriamosios ir kontrolinés grupiy pacientams, kuriy
kriitininés aortos kontrastingumas buvo didesnis nei 160 HV (tiriamojoje grupé¢je
26 pacientams (86,7 %), kontrolingje grupéje 43 pacientams (95,6 %)).

Studijos dalyviy Sirdies ir plauciy kompiuterinés tomografijos vidutiné efektiné
jonizuojanciosios apsvitos dozé¢ buvo 14,5 mSv. Nepaisant didesnés, vidutiniskai apie
4,5 mSv (45 %), jonizuojanciosios apsvitos, Sirdies ir plauciy kompiuteriné tomografija
suteiké papildomos informacijos: jvertinti deSiniojo ir kairiojo Sirdies skilveliy veiklos
sutrikimai, jvertintos vainikinés arterijos ir kriitininé aorta. Didzigjai daliai (84,4 %)
kontrolinés grupés pacienty, trims (10 %) tirlamosios grupés pacientams patikimai
paneigta hemodinamiSkai reikSminga koronarinés Sirdies liga. Kritininés aortos
atsisluoksniavimas paneigtas 26 (86,7 %) tiriamosios grupés pacientams ir 43 (95,6 %)
kontrolinés grupés pacientams. Diagnostin¢je radiologijoje  jonizuojanciosios
spinduliuotés kancerogeninio poveikio jvertinimui taikoma tiesiné neslenkstiné teorija,
kuri teigia, kad net ir maziausia jonizuojanciosios apSvitos doz¢ yra zalinga ir jai
didéjant did¢ja vézio rizika. Taciau pastaroji teorija neatsizvelgia ] jonizuojancios

apSvitos poveikj biologiniams gynybiniams mechanizmams, kurie skatina genetinés
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medZziagos pazaidas iStaisanciy fermenty gamybg, apoptoze ir imuninés sistemos
prieSvézin] aktyvuma, todel galimai pervertina Zalingg poveiki.

Jonizuojanciosios spinduliuotés sukelto onkologinio proceso rizika vyresnio
amziaus Zmonéms yra mazesne. Literatiiroje nurodoma, kad plauciy arterijos trombinés
embolijos ir giliyjy veny trombozés daznis auga eksponentiSkai didéjant pacienty
amziui. Misy tiriamieji pacientai buvo vyresni nei 50 mety (tiriamosios grupés pacienty
amziaus vidurkis metais buvo 66,67 + 10,37, o kontrolinés grupés — 63,10 + 8,52).
Literatiroje nurodoma (Budoff M.J.. 2010), kad 60 mety asmeniui rizika mirti dél

kardiovaskulinio jvykio yra 800 karty didesné nei nuo véZzio.

ISVADOS

1. Modifikuotoji Zenevos, Velso ir modifikuotoji Velso klinikinés tikimybés
skalés pasizymi dideliu specifiSkumu, taiau mazu jautrumu nustatant
uming plauciy arterijos trombing embolija, todél jos néra pakankamai
tikslios. Atvirksciai, padidéjusi D-dimery koncentracija Kraujo serume
yra labai jautrus, bet nepakankamai specifiSkas Zymuo. Derinant Siy
metodiky rezultatus, ligos diagnostikos tikslumas sumazéja.

2.Ivykus timinei PATE aptinkami ne tik deSiniojo bet ir kairiojo Sirdies
skilvelio buklés pokyciai. Jie pasireiSkia kairiojo skilvelio diastolinio
tirio sumazejimu ir ji lydin¢iu smiginio tirio sumaz¢jimu. Kadangi
kairiojo skilvelio kontraktiliSkumas — iSstimimo frakcija iSlieka gera,
Siuos pokyc¢ius galima biity aiskinti deSiniojo skilvelio tiirio padidéjimu,

kairiojo skilvelio suspaudimu ir pritekéjimo ] jj sumazéjimu.

3.Ivykus tminei PATE deSiniojo Sirdies skilvelio buklé blogéja tiesiogiai
proporcingai embolijos apim¢iai. Egzistuoja teigiamas rySys tarp
plauciy arterijos trombinés embolijos apimties ir Sirdies skilveliy tiiriy
santykio, skilveliy skersmeny santykio ir neigiamas rySys tarp plauciy
arterijos trombinés embolijos apimties ir deSiniojo skilvelio i§stimimo

frakcijos.

4. Didelés apimties trombing embolijg (kai Kvanadli rodiklis yra daugiau negu
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50 %) tiksliai rodo mazesné negu 35 % deSiniojo skilvelio i$stimimo
frakcija (plotas po ROC kreive 0,812). Tokj desiniojo skilvelio veiklos
sutrikimg tiksliausiai prognozuoja santykiniai deSiniojo ir Kkairiojo
skilvelio dydziai — diastoliniy tdiriy santykis bei skersmeny Santykis
aSiniuose pjuviuose (kai skersmens matavimai atliekami pagal
standartizuotg metodika).

5. Desiniojo skilvelio galinio diastolinio ir galinio sistolinio tliriy segmentinés
analizés kartotiniy matavimy sutapimas aSiniuoe pjiiviuose yra didesnis
negu Sirdies trumposios asies pjliviuose.

6.SPKT vaizdumas yra pakankamas vainikiniy arterijy ir kratininés aortos

biklei jvertinti.

PRAKTINES REKOMENDACIJOS

Itariant Gmin¢ plauciy arterijos trombing embolija pacientams su stabilia
hemodinamika, rekomenduojama atlikti vienalaikés Sirdies ir plauciy kompiuterinés
tomografijos angiografijos tyrima. Jos metu, panaudojant vienkarting kontrastinio
preparato injekcija, galima diferencijuoti tris imines Sirdies ir kraujagysliy sistemos
ligas: plauciy arterijos trombing embolija, Zenklias stenozes vainikinése arterijose ir
kriitininés aortos sienelés atsisluoksniavimg. Patvirtinus tming PATE, galima nustatyti
embolijos sukeltus deSiniojo ir kairiojo Sirdies skilveliy veiklos sutrikimus, atpazinti

sunkig ir nesunkig iming¢ PATE ir parinkti tinkamg gydymo biida.
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