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The study group included 147 patients at the stage of preparation for emergency surgical treatment of acute 
massive PE in the period from March 2012 to December 2019 inclusive. As CT indicators of overload of the right 
chambers of the heart, the usual CT indicators that do not require the use of expert – class computed tomographs 
were taken – they were the superior vena cava, inferior vena cava, unpaired vein; reflux of the contrast drug into the 
inferior vena cava; reflux of the contrast drug into the hepatic veins. In the course of the study, a comparative analy-
sis of the average pressure in the pulmonary artery with the above CT indicators was performed. The most stable 
statistical relationship with the indicators of mean pressure in the pulmonary artery was demonstrated by CT param-
eters – the diameter of the unpaired vein and the reflux of the contrast agent into the hepatic veins. Based on the 
results of the work, a method for calculating the actual values of the average pressure in the pulmonary artery based 
on the CT parameter of the diameter of the unpaired vein is proposed.
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Introduction
The acute massive form of pulmonary embolism 

(PE) remains one of the most difficult problems of 

emergency radiodiagnosis, cardiovascular surgery, 

and cardiology due to the fulminant course and high 

risk of mortality in the first hours of the disease. The 

relevance of the topic is also determined by the increas-

ing demand for surgical methods in the treatment of an 

acute massive form of pulmonary embolism.

To date, CT diagnostics has almost completely re-

placed other radiation methods for emergency diag-

nosis of pulmonary embolism, becoming not only the 

first but often the only method of radiation diagnosis of 

a life-threatening massive form of PE [1–5], based on 

which patients are selected for emergency surgery.

Modern tasks of emergency CT diagnostics are the 

assessment of not only direct angiographic signs of 

PE but also the analysis of the degree of right ventricu-

lar heart failure, which justifies a fundamentally new 

approach to risk stratification in the surgical treatment 

of PE based on the results of X-ray computed tomog-

raphy [6–8].

Successful surgical treatment of massive PE is su-

perior to the results of conservative therapy in several 

parameters, providing both a rapid clinical recovery of 

the patient and a low percentage of recurrence of the 

disease in the future. Only such a one-time objective 

assessment of angiographic massiveness and the de-

gree of overload of the right heart chambers can deter-

mine the true severity, life-threatening thromboembolic 

lesion, the possibility and necessity of emergency sur-

gical treatment of pulmonary embolism [1, 8–11].

In 1936, Feinberg and Wiggers hypothesized that 

“circulatory failure after obstruction of the pulmonary 

artery had no other cause than the dysfunction of the 

right ventricle” [12]. Since specifically the rate of in-

crease of right ventricular failure in acute massive oc-

clusion of the arterial pulmonary system determines the 

mortality of PE [5, 12–16]

For a long time, transthoracic echocardiography 

(echo) has been the traditional and only non-invasive 

method for the quantitative determination of pulmo-

nary artery pressure [13, 17, 18]. The visualization 

capabilities of echo are undeniable in the case of the 

left chambers and remain insufficient about the right 

heart. Many authors have noted both operator de-

pendence and high subjectivity in the interpretation of 

the results obtained when calculating the pressure in 

the pulmonary artery by echocardiography [11, 16, 

18, 19]. At the same time, the pressure in the pulmo-

nary artery, as the main indicator of the degree of right 

heart chambers overload is considered by most clini-

cians as a criterion for choosing a surgical treatment 

method in the case of acute massive PE [7–9, 11, 13, 

19, 20].

Therefore, the search for universal objective radia-

tion methods of emergency diagnostics in cardiology 

continues [1, 3, 6, 7, 9, 13, 14, 18]. Taking this into 

account, it was relevant for our work to study the pos-

sibility of predicting pressure in the pulmonary artery 

based on universal CT predictors at the stage of se-

lecting patients with active massive PE for urgent 

surgical treatment.

So, the aim of the current study was to study 

the correlation between pulmonary artery pressure 

and MSCT parameters obtained during contrast-en-

hanced MSCT angiography in patients with acute 

massive PE.

Materials and methods
The study was conducted by the Declaration of 

Helsinki (2013). Informed consent was obtained from 

each patient. The study was conducted from March 

2012 to December 2019. The study group included 

patients with acute massive PE in preparation for 

emergency surgical treatment. Clinical and laboratory 

examinations, MSCT-angiopulmonography, transtho-

racic echocardiography were performed.

Current work considers the surgical approach to 

the treatment of acute massive pulmonary embolism. 

At the stage of preparation for surgery, clinical and 

laboratory examinations, CT angiopulmonography, 

transthoracic echocardiography (ECHO-CG) were ur-

gently performed.

CT angiopulmonography was performed on a 

Toshiba Aqullion CXL computed tomography scanner 

with image post-processing done using a Vitrea visu-

alization system. All patients included in the study ini-

tially had a severe angiographic variant pulmonary ar-

terial bed obstruction with a proximal level of obstruc-

tion at the level of the pulmonary artery trunk and/or of 

the main branches of the pulmonary artery. Two types 

of reflux were considered as CT indicators of the right 

chambers overload: “case-reflux 1” (contrast reflux in 

the supradiaphragmatic segment of the inferior vena 

cava) and “case-reflux 2” (contrast reflux into the he-

patic veins); diameters of hollow and unpaired veins 

were also examined. The diameter of the azygos vein 

was measured at the level of drainage into the superior 

vena cava; superior vena cava (SVC) – 2 cm above the 

cavoatrial junction; inferior vena cava (IVC) – 1 cm 

below the inferior cavoatrial junction.

Echocardiographic examination was carried out 

on ultrasound diagnostic systems “VIVID 3”, “VIVID 7” 

by GE (USA) with a 3.5 MHz transducer. Transthoracic 

echocardiography in 2D and M-mode was used with 

the technique of pulsed and continuous-wave Doppler 

studies and color mapping. The main aim of echocar-

diography was to determine the pressure in the pul-
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monary artery (pressure calculated from the time of 

flow acceleration in the outflow tract of the right ven-

tricle (RVE)) – as the main and traditional ultrasound 

indicator of right chambers overload.

The method of treatment in all cases was surgi-

cal – thromboembolectomy from the pulmonary ar-

tery under cardiopulmonary bypass (n = 147). The 

following surgical techniques were used: thromboem-

bolectomy from the pulmonary artery under cardio-

pulmonary bypass (n = 123); thromboembolectomy 

supplemented by endarterectomy from the pulmo-

nary artery under cardiopulmonary bypass (n = 24). 

Analysis of the relationship between pressure in 

the pulmonary artery and selected MSCT parameters 

was carried out by constructing linear regression 

models. The relationship between pressure in the pul-

monary artery and the presence of reflux in the inferior 

vena cava and hepatic veins was analyzed by compar-

ing the mean pressure in the groups with and without 

reflux, which was carried out using Welch's t-test.

Results
The study included 147 patients who, for health 

reasons, urgently underwent surgical treatment of 

acute massive pulmonary embolism under cardiopul-

monary bypass.

The duration of acute massive PE before surgery 

ranged from 1 to 19 days (average 6.5 days). The age 

of the patients ranged from 24 to 79 years (average 

54.2 years) (Fig. 1a, b).

The largest number of patients was in the age 

range of 44–60 years (middle-aged, n = 45) and 60–

75 years (senior, n = 41); the smallest in the age range 

of 75–90 years (elderly, n = 4); young patients 18–44 

years old – n = 24 (Fig. 1a, b). The ratio of men (n = 75, 

51.1%) and women (n = 72, 48.9%) included in the 

study was comparable.

Indicators of calculated pressure in the pulmonary 

artery according to the echocardiography method are 

graphically presented in Fig. 2a, b.

The relationship between the diameter of vena 

cava, azygos vein, and pressure in the pulmonary 
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Fig. 1. Distribution histogram (a) and range diagram (b) of the age of patients with acute massive PE at the preoperative 
phase (n = 147).

Fig. 2. Distribution histogram (а) and range diagram (б) of mean pressure in the pulmonary artery (mmHg) in patients with 
acute massive PE at the preoperative phase.
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artery was carried out by constructing linear regres-

sion models of dependence. In the current model of 

analysis, the diameter of the veins is taken as an 

inde pendent variable, and pressure in the pulmonary 

artery became the dependent variable (Fig. 3, 4). 

On the curve, the logistic model of dependence 

does not demonstrate the likelihood of an increase 

in the diameter of the superior vena cava in response 

to an increase in mean pulmonary artery pressure, 

the dependence is not confirmed (F1, 145 = 0.129; 

p = 0.72).

The logistic model of the pressure in the pulmo-

nary artery dependence on the diameter of the inferior 

vena cava also does not demonstrate the likelihood of 

an increase in diameter of the inferior vena cava in 

response to an increase in the mean pressure in the 

pulmonary artery (F1, 145 = 0.287; p = 0.59) (Fig. 4).

Figure 5 shows a straight line of regression de-

pendence of pressure in the pulmonary artery on the 

diameter of the azygos vein. A correspondence was 

obtained – with an increase in the diameter of the azy-

gos vein, the mean pressure in the pulmonary artery 

increases proportionately, the solid line reflects the 

regression line (equation (1)), the dotted lines reflect 

the position of the 95% confidence interval for pre-

dicting the mean pressure in the pulmonary artery in 

new patients (F1, 145 = 297.1; p < 0.001).

Statistical analysis of the regression model re-

vealed a statistically significant relationship between 

the diameter of the azygos vein and the mean pulmo-

nary artery pressure (p < 0.001).

According to the regression equation, when the 

diameter of the azygos vein changes by 1 mm, the 

expected pressure increases by 3.827 mmHg. The 

variability of the CT parameter (diameter of the azygos 

vein) explains 66.9% of the variability of pressure in 

the pulmonary vein. The high coefficient of determina-

tion (r2 = 0.669) allows the obtained regression model 

to be used to predict the mean pressure in the pulmo-

nary artery. The forecast can be obtained in the form 

of a point or interval estimate. The expected pulmo-

nary artery pressure (point estimate) can be obtained 

by substituting the diameter of the azygos vein in 

equation (1). 

     (1)

Fig. 4. Dependence of mean pressure in the pulmonary artery on the diameter of the inferior vena cava. The abscissa shows 
the pressure in the pulmonary artery, and the ordinate shows the diameter of the inferior vena cava. 
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Fig. 3. Dependence of the mean pressure in the pulmonary artery on the diameter of the superior vena cava. The abscissa 
shows the pressure in the pulmonary artery, and the ordinate shows the diameter of the superior vena cava. 
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where P is the average pressure in the pulmonary ar-

tery, d is the diameter of the azygos vein at the level of 

drainage into the superior vena cava.

So, for example, if the diameter of the azygos vein 

is 10 mm, the expected pressure in the pulmonary 

artery will be 8.248 + 3.827 10 = 46.518 mmHg.

To construct the confidence interval, it is neces-

sary to calculate the standard error of forecast sp:

  

 (2)

where sε is the residual standard deviation (4.167), n is 

the sample size (147 patients),  is the average dia-

meter of the azygos vein in the analyzed data set 

(13.326,  is the variance of the diameter of the 

azygos vein in the analyzed data set (2.413), d is the 

value of the diameter of the azygos vein in the patient 

for whom the prognosis is made.

The confidence interval is based on the formula:

  
     

  (3)

where  is a point estimate of the pressure in the pul-

monary artery, calculated by equation (1), sp is the 

standard error of forecast calculated by equation (2), 

 is the quantile of the Student's t-distribution 

with df = n – 2 degrees of freedom, 1 – α – confidence 

probability. To calculate the 95% confidence interval, 

you need a quantile of the level 2 of the 

Student's distribution with 145 degrees of freedom:  

.

So, substituting specific values in formulas (1), (2) 

and (3), you can get the following expression for the 

95% confidence interval:

(4)

As an example, let us use formula (4) to calculate 

the 95% confidence interval for predicting pulmonary 

artery pressure in a patient with an azygos vein diam-

eter of 17 mm:

Thus, with a probability of 95%, the value of pres-

sure in the pulmonary artery in a patient with an azy-

gos vein diameter of 17 mm will fall in the range 

(64.888, 81.726).

The concept of “case-reflux” of contrast agent was 

defined by us as an additional CT parameter of an in-

crease in the mean pressure in the pulmonary artery. 

Reflux contrast to the inferior vena cava (or “case-re-

flux 1”) was visualized in 64 patients; reflux contrast in 

the hepatic veins (or “case-reflux 2”) – in 41 patients. 

A series of pairwise comparisons of the groups with 

reflux of the contrast agent with the group without re-

Fig. 5. Dependence of the average pressure in the pulmonary artery on the diameter of the azygos vein. The abscissa shows 
the diameter of the azygos vein, the ordinate shows the pressure in the pulmonary artery.
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flux (group 0) was performed to analyze the depend-

ence of the mean pressure in the pulmonary artery on 

the presence of cases of reflux of contrast agent. A 

parametric method was used, the Student's test as 

adapted by Welch.

It was determined that the pressure in the pulmo-

nary artery increases with an increase in the number 

of “case-reflux 1”, Student's test confirmed statisti-

cally significant differences (t = –2.18, p < 0.05). The 

independent explanatory variable (reflux of contrast 

agent into the inferior vena cava) was determined at 

an average pressure in the pulmonary artery of at least 

57 mmHg. The coefficient of variation of the random 

variable showed that with an average pressure in the 

pulmonary artery (mean PAP) of 57 mmHg reflux of 

the contrast agent into the inferior vena cava (“case-

reflux 1”) was recorded in 25% of cases; with an aver-

age pressure in the pulmonary artery (mean PAP) of 

66 mmHg – in 75% of cases; with an average pressure 

in the pulmonary artery (mean PAP) of 63 mmHg – in 

half of the cases (Fig. 6).

It was determined that the pressure in the pulmo-

nary artery increases with an increase in the number 

of “case-reflux 2”, Student's test confirmed statisti-

cally significant differences (t = –3.753, p <0.05). In 

the presence of reflux of contrast agent into the he-

patic veins (“case-reflux 2”), the average pressure in 

the pulmonary artery in the group was a.2 ± 4.95 

mmHg. In the absence of reflux of the contrast agent 

into the hepatic veins, the mean pressure in the pul-

monary artery was 55.7 ± 6.61 mmHg. The independ-

ent variable of contrast agent reflux into the hepatic 

veins (“case-reflux 2”) was determined in all patients 

with a mean pulmonary artery pressure equal to or 

greater than 65 mmHg. (Fig. 7).

Discussion
Until now, quick objective assessment of the de-

gree of right ventricular failure has been an unresolved 

issue in emergency cardiac surgery. Risk stratification 

in “real-time” is most relevant specifically for acute 

massive PE, when obstruction of the arterial pulmo-

nary bed by thromboembolic exceeds 50% with a 

sharp and often uncontrolled progression of right ven-

tricular failure, where the time factor is of paramount 

importance for determining treatment tactics [1, 10, 

13, 19–21].

Precisely this category of patients needs a quick 

comprehensive objective diagnosis, based on the re-

sults of which a decision of the possibility and progno-

sis of surgical treatment of PE is made. The main 

method for PE diagnosing is the method of X-ray 

computed tomography, the modern tasks of which are 

not only the assessment of direct angiographic signs 

of PE but also the analysis of the degree of overload of 

the right chambers of the heart. Additional use of 

other methods of radiation diagnostics, such as scin-

tigraphy, MRI and PET-CT often is not possible due to 

the severity of the patients' clinical condition. This 

category of patients usually has the maximum severity 

and a very high risk of death according to all known 

cardiological scales. It becomes necessary to search 

for CT parameters that allow assessing the dynamic 

dysfunction of the right ventricle with the possibility of 

simultaneous pulmonary artery pressure assessment 

[1, 10, 11, 22–26]. This became fundamental to our 

study.

Expansion of the CT protocol of examination of 

patients with acute massive PE by including static di-

mensional indicators of the right heart chambers, 

which has been proposed by foreign authors, finds its 

justification from the standpoint of fundamental medi-

cine, but the specificity of these indicators for the 

analysis of the degree of overload of the right heart 

chambers is too small  [1, 14, 17, 21]. It is becoming 

more important to determine the CT parameters that 

make it possible to assess the dynamic dysfunction of 

the right ventricle with the possibility of actually as-

sessing the pressure in the pulmonary artery instead 

of indirect manifestations of overload of the right 

Fig. 6. Diagrams of the mean pressure range in the 
pulmonary artery from cases of reflux of contrast agent 
into the inferior vena cava (“case-reflux 1”).
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Fig. 7. Diagrams of the mean pressure range in the 
pulmonary artery from cases of reflux of contrast agent 
into the hepatic veins (“case-reflux 2”).
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chambers (an increase in the transverse dimensions 

of the right atrium, right ventricle, trunk and branches 

of the pulmonary artery, the degree of displacement 

of the interventricular septum) [1, 11, 22–27], which 

became fundamental in our work.

From an etiopathogenetic point of view, an in-

crease in resistance of pulmonary veins and mediasti-

nal veins system is a unified process that occurs in 

response to pulmonary embolism. An increase in 

pressure in the right atrium leads to expansion of de-

pendent veins – azygos, superior and inferior vena 

cava. The relevance of comparing the size of vena 

cava and azygos vein with the pressure in the pulmo-

nary artery has been noted by several authors, how-

ever, completed studies have not been conducted to 

date [1, 5, 10, 11, 15, 24–27].

Statistical analysis in our study confirmed a direct 

relationship between the diameter of the azygos vein 

and the pressure in the pulmonary artery (p < 0.001). 

According to the regression equation, when the diam-

eter of the azygos vein changes by 1 mm, the expect-

ed pressure increases by 3.827 mmHg. The high coef-

ficient of determination (r2 = 0.669) allows the ob-

tained regression model to be used not only for prog-

nosis but also for obtaining actual values of pressure 

in the pulmonary artery by CT, which is a new pioneer-

ing trend in modern radiation diagnostics.

In the comparison groups by CT parameters (the 

diameter of the superior and inferior vena cava), the 

relationship was not found to be statistically signifi-

cant in the course of our work (p > 0.05), therefore, 

the isolated use of the results have limited practical 

value.

An additional factor confirming the hemodynamic 

significance of overload of the right heart chambers 

was the reflux of contrast agents into the inferior vena 

cava and hepatic veins. Contrast reflux in the inferior 

vena cava and hepatic veins, the so-called “retro-

grade opacification”, is considered by several re-

searchers [8, 23–25] as one of the indicators of over-

load of the right chambers of the heart. The studies 

presented in the literature confirm the effect of this 

parameter on the 30-day survival rate of patients, re-

porting that reflux of the contrast agent in the IVC and 

hepatic veins are more common in the group of lethal 

outcomes of acute massive PE, but a quantitative 

comparison of the case-reflux CT parameter with the 

actual pulmonary artery pressure was not reported [8, 

10, 17, 24, 28, 29].

Our study allows us to state that both types of re-

flux are statistically associated with indicators of pres-

sure in the pulmonary artery (p < 0.05), of which the 

most prognostically stable CT parameter of the over-

load of the right heart chambers was the reflux of 

contrast agent into the hepatic veins: its presence in-

dicated pressure in the pulmonary artery of more than 

65 mmHg. However, the practical application of this 

CT parameter may have technical limitations. 

According to several authors [8, 28], the specificity of 

the CT-parameter “case-reflux” may depend on the 

rate of administration of a contrast agent during 

CT-angiopulmonography, having the lowest numbers 

at a high rate of administration of contrast agent at the 

time of the procedure. However, even with a contrast 

agent injection rate of more than 3 ml/s, the specific-

ity of the parameter in assessing right ventricular fail-

ure approaches 70%, and the sensitivity exceeds 80% 

[8, 27], which allows us to consider the CT parame-

ter – reflux of a contrast agent into the hepatic veins – 

in practical medicine as an alternative CT predictor of 

an increase in pressure in the pulmonary artery, in the 

case of correct performance of CT-angiopulmono-

graphy.

Of course, the CT method should not be the first 

method of choice for isolated assessment of the right 

heart chambers due to the concomitant negative ef-

fect of using an iodine-containing contrast agent and 

radiation exposure. However, in the case of pulmonary 

thromboembolism, when CT is already the method of 

choice, the expansion of postprocessing analysis of 

the obtained CT results can and should provide addi-

tional information in assessing the overload of the 

right heart chambers, which will further unify the CT 

method for emergency diagnosis of life-threatening 

cardiovascular conditions.

Conclusions
The current study describes the analysis of CT an-

giography parameters, which have not been consid-

ered previously, such as the diameter of the azygos 

vein, reflux of the contrast agent into the hepatic 

veins; and this makes it possible to calculate the ac-

tual values of the mean pressure in the pulmonary ar-

tery for an objective assessment of the overload of the 

right heart chambers. Such diagnostic algorithm ex-

tension changes the view on the possibilities of emer-

gency CT diagnostics of a life-threatening cardiovas-

cular disease - acute massive pulmonary embolism.

Conflicts of interest: the authors report no conflicts of 

interest and are fully responsible for the content and writing 

of this paper. 

Declarations of interest: none 

Funding: this research did not receive any specific grant 

from public, commercial, or non-profit funding agencies.

Notifications of Ethical Adherence: The study was 

conducted in accordance with the Declaration of Helsinki 



52 MEDICAL VISUALIZATION 2023, V. 27 , N4

ORIGINAL ARTICLE

(2013). Informed consent was obtained from each patient 

which was approved by the Hospital Ethical Committee

Authors’ participation

Sukhova M.B. – concept and design of the study, 

conducting research, analysis and interpretation of the 

obtained data, collection and analysis of data, writing text.

Trofimova T.N. – concept and design of the study, 

analysis and interpretation of the obtained data, approval of 

the final version of the article.

Yakimov V.N. – analysis and interpretation of the obtained 

data, collection and analysis of data, statistical analysis, 

participation in scientific design.

Vedunova M.V. – analysis and interpretation of the 

obtained data, participation in scientific design.

Kryukova E.V. – text preparation and editing, participation 

in scientific design.

References
1. Jia D., Zhou X.M., Hou G. Estimation of right ventricular 

dysfunction by computed tomography pulmonary angi-

ography: a valuable adjunct for evaluating the severity of 

acute pulmonary embolism. J. Thromb. Thrombolysis. 

2017; 43 (2): 271–278.  

http://doi.org/10.1007/s11239-016-1438-0

2. Kincl V., Feitova V., Panovsky R., Stepanova R. 

Assessment of the severity of acute pulmonary embolism 

using CT pulmonary angiography parameters. Biomed. 

Pap. Med. Fac. Univ. Palacky Olomouc Czech. Repub. 

2015; 159 (2): 259–265.  

http://doi.org/10.5507/bp.2013.082.

3. Trofimova T.N., Sukhova M.B. Predicting the Success of 

Emergency Surgical Treatment of Acute Massive Pulmonary 

Embolism Based on the Results of Multislice Computed 

Tomography. Journal of radiology and nuclear medicine. 

2019; 100 (6): 363–371. https://doi.org/10.20862/0042-

4676-2019-100-6-363-371 (In Russian)

4. Ghaye B., Ghuysen A., Willems V., Lambermont B. et al. 

Severe pulmonary embolism:pulmonary artery clot load 

scores and cardiovascular parameters as predictors of 

mortality. Radiology. 2006; 239 (3): 884–891.  

https://doi.org/10.1148/radiol.2392050075

5. Jaff M.R., McMurtry M.S., Archer S.L. et al.; American 

Heart Association Council on Cardiopulmonary, Critical 

Care, Perioperative and Resuscitation; American Heart 

Association Council on Peripheral Vascular Disease; 

American Heart Association Council on Arteriosclerosis, 

Thrombosis and Vascular Biology. Management of massive 

and submassive pulmonary embolism, iliofemoral deep 

vein thrombosis, and chronic thromboembolic pulmonary 

hypertension: a scientific statement from the American 

Heart Association. Circulation. 2011; 123 (16): 1788–1830. 

https://doi.org/10.1161/CIR.0b013e318214914f

6. Wiśniewska M., Palczewski P.D., Golebiowski M. et al. 

CT-angiographic findings in patients with acute pulmo-

nary embolism and echocardiographic features of right 

ventricular dysfunction. Eur. Soc. Radiol. 2016. C-2358. 

https://dx.doi.org/10.1594/ecr2016/C-2358 

7. Medvedev A.P., Nemirova S.V., Khubulava G.G. et al. 

Atherapeutic approach to treatment of pulmonary throm-

boembolism. Sovremennye tehnologii v medicine. 2016; 

8 (4): 280–284. (In Russian)

8. John G., Marti C., Poletti P.A., Perrier A. Hemodynamic 

indexes derived from computed tomography angiography 

to predict pulmonary embolism related mortality. Biomed. 

Res. Int. 2014; 2014: 363756.  

https://doi.org/10.1155/2014/363756

9. Sukhova M.B., Medvedev А.P. Early Сontrast-Enhanced 

Multispiral Computed Tomographic Diagnosis of Septic 

Pulmonary Embolism and a Case of Successful Surgical 

Treatment. Journal of radiology and nuclear medicine. 

2019; 100 (5): 304–308. https://doi.org/10.20862/0042-

4676-2019-100-5-304-308 (In Russian)

10. Dupont M.V., Dragean C.A., Coche E.E. Right ventricle 

function assessment by MDCT. Am. J. Roentgenol. 2011; 

196 (1): 77–86. https://doi.org/10.2214/AJR.09.3801

11. Coutance G., Cauderlier E., Ehtisham J. et al. The prog-

nostic value of markers of right ventricular dysfunction in 

pulmonary embolism: a meta-analysis. Crit. Care. 2011; 

15 (2): R103. https://doi.org/10.1186/cc10119

12. McConnell M.V., Solomon S.D., Rayan M.E. et al. 

Regional right ventricular dysfunction detected by echo-

cardiography in acute pulmonary embolism. 

Am. J. Cardiol. 1996; 78 (4): 469–473. https://doi.org/ 

10.1016/s0002-9149(96)00339-6

13. Young W., Ahn S., Wook C. Risk Stratification of 

Submassive Pulmonary Embolism: The Role of Chest 

Computed Tomography as an Alternative to Echo-

cardiography [Internet]. Pulmonary Embolism. InTech; 

2012. Available from: http://dx.doi.org/10.5772/32256

14. Park J.R., Chang S.A., Jang S.Y. et al. Evaluation of right 

ventricular dysfunction and prediction of clinical out-

comes in acute pulmonary embolism by chest computed 

tomography: comparisons with echocardiography. Int. J. 

Cardiovasc. Imaging. 2012; 28 (4): 979–987.  

https://doi.org/10.1007/s10554-011-9912-4

15. Trofimova T.N., Medvedev A.P., Sukhova M.B., Yakimov V.N. 

Inventor “The method of surgically operability  assess-

ment of patient with acute massive pulmonary embolism”. 

Russian Federation patent 2019136650. 2019. 

(In Russian)

16. Galie N., Humbert M., Vachiery J.L. et al. 2015 ESC/ERS 

Guidelines for the diagnosis and treatment of pulmonary 

hypertension: The Joint Task Force for the Diagnosis and 

Treatment of Pulmonary Hypertension of the European 

Society of Cardiology (ESC) and the European 

Respiratory Society (ERS): Endorsed by: Association for 

European Paediatric and Congenital Cardiology (AEPC), 

International Society for Heart and Lung Transplantation 

(ISHLT). Eur. Respir. J. 2015; 46 (4): 903–975.  

https://doi.org/10.1183/13993003.01032-2015

17. Grosse C., Grosse A. CT findings in diseases associated 

with pulmonary hypertension: a current review. 

Radiographics. 2010; 30 (7): 1753–1777.  

https://doi.org/10.1148/rg.307105710

18. Aribas A., Keskin S., Akilli H. et al. The use of axial diame-

ters and CT obstruction scores for determining echocar-

diographic right ventricular dysfunction in patients with 

acute pulmonary embolism. Jpn. J. Radiol. 2014; 32 (8): 

451–460. https://doi.org/10.1007/s11604-014-0327-8

19. Mean M., Tritschler T., Limacher A. et al. Association be-

tween computed tomography obstruction index and mor-

tality in elderly patients with acute pulmonary embolism: A 

prospective validation study. PLoS One. 2017; 12 (6): 



53MEDICAL VISUALIZATION 2023, V. 27 , N4

ORIGINAL ARTICLE

e0179224. https://doi.org/10.1371/journal.

pone.0179224

20. Lishmanov Yu.B., Pankova A.N., Zavadovskyi K.V. Possible 

causes of dissociation between pulmonary embolism vol-

ume and right ventricular dysfunction degree. Russian 

Journal of Cardiology. 2012; 3: 28–32. (In Russian) 

21. Savelyev V.S., Yablokov K.G., Kirienko E.G. Pulmonary 

embolism. Moscow: Medicine, 1979. 264 p. (In Russian)

22. Trofimova T.N., Ananyeva N.I., Sharova L.E. et al. Human 

Radiation Anatomy: Practical Guidance for Physicians / 

Eds Trofimova T.N. Saint Petersburg Medical Academy of 

Postgraduate Education, 2005. 494 p. ISBN: 5-98037-

043-9  (In Russian)

23. Yeh B.M., Kurzman P., Foster E. et al. Clinical relevance 

of retrograde inferior vena cava or hepatic vein opacifica-

tion during contrast-enhanced CT. Am. J. Roentgenol. 

2004; 183 (5): 1227–1232.  

https://doi.org/10.2214/ajr.183.5.1831227

24. Aviram G., Rogowski O., Gotler Y. et al. Real-time risk 

stratification of patients with acute pulmonary embolism 

by grading the reflux of contrast into the inferior vena cava 

on computerized tomographic pulmonary angiography. 

J. Thromb. Haemost. 2008; 6 (9): 1488–1493.  

https://doi.org/10.1111/j.1538-7836.2008.03079.x

25. Collins M.A., Pidgeon J.W., Fitzgerald R. Computed to-

mography manifestations of tricuspid regurgitation. Br. J. 

Radiol. 1995; 68 (814): 1058–1060.  

https://doi.org/10.1259/0007-1285-68-814-1058

26. Kang D.K., Ramos-Duran L., Schoepf U.J. et al. 

Reproducibility of CT signs of right ventricular dysfunction 

in acute pulmonary embolism. Am. J. Roentgenol. 2010; 

194 (6): 1500–1506. https://doi.org/10.2214/AJR.09.3717

27. Kozina M.B. Etiopathogenic substantiation of complex 

MSCT-assessment in patients with suspected pulmonary 

thromboembolism. Medical Almanac. 2017; 48 (3): 161–

164. (In Russian)

28. Yeh E.A., Fox R.J. Demyelinating lesions and progres-

sive MS: Location, location, location. Neurology. 2019; 

93 (7): 283–284.  

https://doi.org/10.1212/WNL.0000000000007933

29. Staskiewicz G., Czekajska-Chehab E., Uhlig S. et al. 

Logistic regression model for identification of right ven-

tricular dysfunction in patients with acute pulmonary em-

bolism by means of computed tomography. Eur. J. Radiol. 

2013; 82 (8): 1236–1239.  

https://doi.org/10.1016/j.ejrad.2013.02.004 

Contact*: Marina B. Sukhova – e-mail: skkbnn@gmail.com

Marina B. Sukhova – Doct. of Sci. (Med.), radiologist, Institute of Biology and Biomedicine, Lobachevsky State University of Nizhny Novgorod; 

Scientific Research Institute – B.A. Korolev Specialized Cardiosurgical Clinical Hospital, Nizhny Novgorod. https://orcid.org/0000-0002-0504-1421. 

E-mail: skkbnn@gmail.com

Tatiana N. Trofimova – Corresponding Member of the Russian Academy of Sciences, Doct. of Sci. (Med.), Professor, radiologist, Institute of the 

human brain N.P. Bekhtereva of the Russian Academy of Sciences; Head of the laboratory of neuroimaging, St. Petersburg. https://orcid.org/0000-

0003-4871-2341. E-mail: TTrofimova@sogaz-clinic.ru

Vasiliy N. Yakimov – Doct. of Sci. (Biol.), Head of the Department of Ecology, Institute of Biology and Biomedicine, Lobachevsky State University 

of Nizhny Novgorod, Nizhny Novgorod. https://orcid.org/0000-0001-7150-7851. E-mail: damselfly@yandex.ru

Maria V. Vedunova – Doct. of Sci. (Biol.), Professor, Head of Institute of Biology and Biomedicine, Lobachevsky State University of Nizhny 

Novgorod, Nizhny Novgorod; https://orcid.org/0000-0001-9759-6477. E-mail: mvedunova@yandex.ru

Elena V. Kryukova – Cand. of Sci. (Med.), neurologist neurology department №2 N.P. Bechtereva Institute of the Human Brain of the Russian 

Academy of Sciences, St. Petersburg. E-mail: eldementyeva@gmail.com 


