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RIGHT VENTRICULAR SYSTOLIC
DYSFUNCTION AS A PREDICTOR OF ADVERSE
OUTCOME IN PATIENTS WITH COVID-19

Aim To analyze survival of patients with COVID-19 based on echocardiographic (EchoCG) criteria for
evaluation of the right ventricular (RV) systolic function.

Material and methods Data of patients were retrospectively evaluated at the Center for Medical Care of Patients with
Coronavirus Infection. Among 142 primarily evaluated patients with documented COVID-19,
110 patients (men/women, 63/47; mean age, 62.3x15.3 years) met inclusion/exclusion criteria.
More than 30 EchoCG parameters were analyzed, and baseline data (comorbidities, oxygen saturation,
laboratory data, complications, outcomes, etc.) were evaluated. ROC-analysis was used for evaluating
the diagnostic significance of different EchoCG parameters for prediction of a specific outcome and its
probability. Dependence of the overall survival of patients on different EchoCG parameters was analyzed
with the Cox proportional hazards model. For assessing the predictive value of EchoCG parameters for
patient stratification by risk of an adverse outcome, a predictive model was developed using the CHAID
method.

Results The in-hospital death rate of patients included into the study was 15.5%, and the death rate for this
period of in-hospital observation was 12%. Based on the single-factor analysis of EchoCG parameters,
a multifactor model was developed using the method of Cox regression. The model included two
predictors for an unfavorable outcome, estimated pulmonary artery systolic pressure (EPASP) and
maximal indexed right atrial volume (RAi), and a preventive factor, right ventricular global longitudinal
strain (LS RV). Base risks for fatal outcome were determined with an account of the follow-up time.
According to the obtained values, an increase in EPASP by 1 mm Hg was associated with increases
in the risk of fatal outcome by 8.6% and in the RA (i) volume by 1 ml/5.8%. LS RV demonstrated
an inverse correlation; a 1% increase in LS RV was associated with a 13.4% decrease in the risk for an
unfavorable outcome. According to the ROC analysis, the most significant determinants of the outcome
were the tricuspid annular plane systolic excursion (TAPSE) (AUC, 0.84 * 0.06; cut-off, 18 mm) and
EPASP (AUC, 0.86 + 0.0S; cut-off, 42 mm Hg). Evaluating the effects of different EchoCG predictors,
that characterized the condition of the right heart, provided a classification tree. Six final decisions were
determined in the model, two of which were assigned to the category of reduced risk for fatal outcome
and four were assigned to the category of increased risk. Sensitivity of the classification tree model was
94.1% and specificity was 89.2%. Overall diagnostic significance was 90.0£2.9%.

Conclusion The presented models for statistical treatment of EchoCG parameters reflect the requirement for a
comprehensive analysis of EchoCG parameters based on a combination of standard methods for EchoCG
evaluation and current technologies of noninvasive visualization. According to the study results, the new
EchoCG marker, LS RV, allows identifying the signs of right ventricular dysfunction (particularly in
combination with pulmonary hemodynamic indexes), may enhance the early risk stratification in patients
with COVID-19, and help making clinical decisions for patients with different acute cardiorespiratory

diseases.
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Introduction cases to severe pneumonia. In turn, the latter can be
Acute lung injury caused by SARS-CoV-2 has complicated by an increased systemic inflammatory
a wide range of clinical manifestations, from mild response, leading to acute respiratory distress syndro-
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me, multiple organ system failure, and death [1-4].
The rapid development and unpredictable course of
COVID-19 can lead to sudden decompensation [5]
and the development of right ventricular failure.
According to some authors [6, 7], the viral
agent targets not only the pulmonary tissue and
microcirculation, but also directly the myocardium,
causing the damages of various severity. Other
(8, 9]
complication of COVID-19 resulting from the body’s
[10].
even without direct viral effects on the myocardium,

authors consider myocardial damage a

increased systemic response Nevertheless,
the right ventricle (RV) appears to be subjected to
disproportionately strong effects when SARS-CoV-2
affects human homeostasis [11]. The non-invasive
echocardiogram allows timely detection of right
heart hypoperfusion, which often occurs in disturbed
coronary flow or venous outflow [12], and estimation

and monitoring various morphological and functional

abnormalities in RV dysfunction with the impaired
pulmonary flow.

However, the use of the standard protocol of ge-
nerally accepted echocardiogram parameters has
limited informative value. This is due to the complex
geometry of RV and the inability to quickly adapt
the form to hemodynamic changes arising from
the progression of COVID-19 [13]. Thus, the
detection and stratification of risk based on the basic
echocardiographic parameters may be limited [14],
especially at the early stage of the disease. 2D speckle
tracking is a spatial technique used to track myocardial
motion, and allows a more accurate evaluation of its
function [15, 16] due to the ability to detect subclinical
abnormalities in cardiac function. 2D STE is widely
used to examine RV in various clinical settings [17, 18].
It is hypothesized that subtle changes in RV function
may be important markers and even predictors of
the clinical course of COVID-19 [11]. Current

Table 1. Clinical characteristics of patients with COVID-19 based on disease outcome

Parameter General cohort Survivors Deceased
(n=110) (n=93) (n=17) p
Demographic differences
Age. completed years (M+SD) 62.9£15.3 61.6£14.9 70.1£16.2 0.035
Male.n (%) 63 (57.3) 53(57.0) 10 (58.8) 1000
Female. n (%) 47 (42.7) 40 (43.0) 7(41.2) '
BSA. m* (Me [Q1-Q3]) 2.01[1.86-2.13] 1.99 [1.87-2.10] 2.03[1.84-2.18]  0.738
Systolic pressure. mmHg (Me [Q1-Q3]) 125.0[117.0-130.0]  125.0[116.0-130.0] = 125.0[119.0-133.0] 0.724
Diastolic pressure. mmHg (Me [Q1-Q3]) 77.5 [70.0-80.0] 78.0 [70.0-82.0] 70.0 [65.0-80.0] 0.129
Heart rate. bpm (Me [Q1; Q3]) 79 [68.5-88.0] 79.0 [68.0-86.0] 86.0[70.0-90.0]  0.391
Sinus rhythm. n (%) 89 (80.9) 79 (84.9) 10 (58.8) 0.019
Atrial fibrillation. n (%) 18 (16.4) 12 (12.9) 6(35.3) 0.033
Pacemaker. n (%) 3(2.7) 2(22) 1(5.9) 0.399
NEWS (Me [Q1-Q3]) 6.0 [5.0-7.0] 6.0 [5.0-7.0] 7.0 [6.0-8.0] 0.047
SpO, at admission to the COVID center. % (Me [Q1-Q3]) 92 [91-93] 93 [92-93] 90 [86-92] 0.002
Smokers. n (%) 4(3.6) 4(4.3) 0 1.000
Concomitant diseases
Diabetes mellitus, n (%) 20(18.2) 16(17.2) 4(23.5) 0.508
Bronchial asthma, n (%) 9(8.2) 6(6.5) 3(17.6) 0.143
COPD, n (%) 12 (10.9) 9(9.7) 3(17.6) 0.393
Chronic kidney disease, n (%) 8(7.3) 6(6.5) 2(11.8) 0.607
Hypertension, n (%) 81(73.6) 66 (71.0) 15(88.2) 0.230
CVA,n (%) 14 (12.7) 8(8.6) 6(35.3) 0.008
Discirculatory encephalopathy, n (%) 15 (13.6) 10(10.8) 5(29.4) 0.055
Cancer, n (%) 18 (16.4) 16 (17.2) 2(11.8) 0.734
Rheumatoid arthritis, n (%) 3(2.7) 1(1.1) 2(11.8) 0.062
Laboratory data
Monocytes, x10°/L (Me [Q1-Q3]) 0.48 [0.34-0.63] 0.49 [0.34-0.63] 0.45[0.35-0.63] 0.908
Neutrophils, x10°/L (Me [Q1-Q3]) 4.78 [3.16-6.68] 470 [3.16-6.63] 6.07[3.42-847] 0270
Lymphocytes, x10°/L (Me [Q1-Q3]) 1.11[0.84-1.46] 1.15 [0.92-1.54] 0.89[0.60-1.13]  0.011
D-dimer, ng/L (Me [Q1-Q3]) 581 [342-1062] 572 [342-859] 1614 [385-3187]  0.048
Hemoglobin, g/L (Me [Q1-Q3]) 139.5[129.7-147.3] 1403 [131.0-148.1]  130.9[116.1-142.1]  0.088
Red blood cells, x102/L (Me [Q1-Q3]) 4.82 [4.47-5.09] 4.83[4.48-5.09] 4.63 [4.36-5.06] 0.335
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Table 1 (continued). Clinical characteristics of patients with COVID-19 based on disease outcome

Parameter General cohort Survivors Deceased
(n=110) (n=93) (n=17) P
White blood cells, x10°/L (Me [Q1-Q3]) 6.94 [4.7-9.5] 6.6 [4.9-9.2] 9.5[4.0-11.8] 0.169
C-reactive protein, mg/L (Me [Q1-Q3]) 6.75[3.3-29.0] 5.5[2.4-9.3] 76.8 [35.3-116.2]  <0.001

Platelets, x10°/L (Me [Q1-Q3]) 205.1[156.6-255.7]  213.5[164.2-260.4]  148.8[119.1-198.1]  0.004

Lactate dehydrogenase, U/L (Me [Q1-Q3]) 299.5 [235-422] 288 [227-387] 422 [298-665] <0.001
Severity of pulmonary tissue damage

Volume of pulmonary damage (CT), % (Me [Q1-Q3]) 40.0 [32.0-56.0] 36.0 [28.0-48.0] 80.0 [64.0-92.0]  <0.001
Oxygen demand

Oxygen therapy up to 10-15 L/min, n (%) 81(73.6) 81(87.1) 0 <0.001
High-flow oxygen therapy (AIRVO), n (%) 5(4.5) 5(5.4) 0 1.000
Non-invasive ventilation, n (%) 5(4.5) 5(5.4) 0 1.000
Invasive ventilation, n (%) 19 (17.3) 2(2.2) 17 (100) <0.001
ECMO, n (%) 4(3.6) 0 4(23.5) <0.001
Efferent methods

Plasmapheresis, n (%) 5(4.5) 2(2.2) 3(17.6) 0.026
Hemosorption, n (%) 5(4.5) 2(2.2) 3(17.6) 0.026
Complications

Brain swelling, n (%) 3(2.7) 0 3(17.6) 0.003
Acute renal injury, n (%) 5(4.5) 1(1.1) 4(23.5) 0.002
Acute heart failure, n (%) 13 (11.8) 2(2.2) 11 (41.2) <0.001
Respiratory distress syndrome, n (%) 14 (12.7) 1(1.1) 13 (76.5) <0.001
Multiple organ system failure, n (%) 10 (9.1) 1(1.1) 9(52.9) <0.001
Gastrointestinal bleeding, n (%) 1(0.9) 0 1(5.9) 0.155
Hemorrhagic stroke, n (%) 1(0.9) 1(1.1) 0 1.000
Venous thrombosis, n (%) 11 (10.0) 9(9.7) 2(11.8) 0.678
DIC syndrome, n (%) 4(3.6) 0 4(23.5) <0.001
Systemic inflammatory response syndrome, n (%) 14 (12.7) 5(54) 9(52.9) <0.001

BSA. body surface area; COPD. chronic obstructive pulmonary disease;

CVA. cerebrovascular accident. CT. computed tomography; ECMO. extracorporeal membrane oxygenation;

DIC. disseminated intravascular coagulation.

non-invasive imaging techniques, one being non-
Doppler strain imaging, have demonstrated benefits
in monitoring RV performance [14]. Therefore,
strain analysis can be used in a clinical examination
algorithm focusing on preventing the progression of
RV dysfunction in patients with COVID-19.

Objective

This study’s objective was to determine the
echocardiographic predictors of adverse outcomes
and assess the predictive value of various parameters
in stratifying patients by risk.

Materials and methods

A retrospective study was performed in the
Healthcare Center for Patients with Coronavirus
Disease (COVID center). The local ethics committee
of the COVID center approved the project. All
patients underwent computed tomography (CT),
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comprehensive echocardiogram, and a complex
of laboratory tests at baseline and throughout the
study. The primary analysis included 142 patients
with confirmed COVID-19. Exclusion criteria were
signs of left ventricular (LV) systolic dysfunction
(ejection fraction<S0% and/or presence of the
areas of myocardial asynergy), history of myocardial
infarction, aortic and mitral valve defects, history
of heart surgery, pulmonary damage<25% (CT-1),
pulmonary embolism, suboptimal imaging, unstable
hemodynamics at the time of examination. Thus, 110
patients were included in the final analysis (63 male
and 47 female patients, mean age 62.3+15.3 years).
The main characteristics of the patients are provided
in Table 1.

Clinical data
Arterial hypertension (73.6%), type 2 diabetes
mellitus (18.2%), and cancer (16.4%) were the most
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common concomitant pathologies in the general co-
hort (Table 1). The vast majority of patients had
sinus rhythm (80.9%) and average heart rate (HR) of
79 bpm (Q1 - Q3: 68.5-88.0 bpm). Persistent atrial
fibrillation was observed in 16.4% of cases; 2.7% of
patients (n=3) had had a pacemaker implanted.

The S56-day hospital mortality of the included
patients was 15.5% (n=17). In this period, the
total hospital mortality was 12%. Table 1 provides
the results of a comparative intergroup analysis of
patients that revealed statistically significant variables
associated with in-hospital death.

In the fatal outcome group, patients differed
statistically significantly by age 70.1+£16.2 years and
NEWS score 7 (Ql - Q3: 6-8), SpO, at admission
90% (Q1 - Q3:86-92%). The most common medical
history factor among deceased patients was history of
cerebrovascular disorder (35.3%).

Moreover, laboratory tests showed decreased
lymphocyte counts by 22.6% and platelets by 30.5%,
and increased D-dimer levels 2.8-fold, C-reactive
protein 13.9-fold, and lactate dehydrogenase 1.5-fold
in the deceased patients compared to survivors.

The treatment protocol included antiviral, anti-in-
flammatory, symptomatic, anticoagulant, antiplatelet
agents, bacterial infection prevention, and respiratory
support.

Patients were managed until the discharge from
hospital; 10% of patients were transferred to other
hospitals. The median follow-up period was 13 days
(Q1 - Q3: 11-17 days). The median period from
onset to hospitalization was 8 days (Ql - Q3: 6-11
days). The median time to echocardiogram was 7 days

(Q1 - Q3: 4-11 days). (Table 2).

Echocardiogram analysis

Transthoracic echocardiogram was performed
using a Vivid E9 (GE Healthcare) ultrasound
system. The quantitative measurements were made
following the guidelines of the American Society of

Table 2. Characteristics of hospital stay

Echocardiography and the European Association of
Cardiovascular Imaging (ASE and EACVI, 2015)
[19]. Two operators analyzed cine loops and images in
the absence of clinical data.

Standard views (parasternal, subcostal, and apical)
and modified positions were used for right heart
imaging and evaluation. LV contractile function
and volume characteristics were measured using the
Simpson algorithm. The left and right heart’s dimen-
sional and volumetric measurements were made in
the apical four-chamber view, and the corresponding
indices were calculated.

LV diastolic function was evaluated by transmitral
flow using pulsed-wave (PW) Doppler (E/A) and
peak velocity E. With E/A=0.8 and E>50 cm/sec
or E/A >0.8 and <2, additional measurements were
required, including peak tricuspid regurgitation velo-
city, E/e’ ratio, and the maximum left atrial (LA)
volume (i) (2D) [20].

Tissue Doppler imaging was used to estimate
mitral annular velocity (e”). Moreover, the ratio of
transmitral velocity E to the averaged early diastolic
septal and lateral mitral velocity (e’) E/e’ was
calculated.

Right ventricular dysfunction (2D echocardio-
gram) was determined using RV fractional area
change (RVFAC) and tricuspid annular plane systolic
excursion (TAPSE). RVFAC in the apical four-
chamber view was calculated using the following for-
mula:

FACRV (%) =
(EDA RV - ESA RV) /EDA RV, multiplied by 100%,

where RVEDA is RV end-diastolic area, and RVESA
is RV end-systolic area. TAPSE was estimated in the
M-mode.

The RV Tei index was calculated using PW and
tissue Doppler imaging (TDI) and the following
formulas [21,22]:

Parameter General cohort (n=110) Survivors (n=93) Deceased (n=17) P

Time from the disease onset, days (Me [Q1-Q3]) 8[6-11] 8[6-11] 9[6-10] 0.533
Admission to ICU, n (%) 11 (10.0) 5(5.4) 6(35.3)

Admission to a specialized unit, n (%) 99 (90.0) 88 (94.6) 11 (64.7) 0:002
Transfer to ICU, n (%) 21 (19.1) 10 (10.8) 11 (64.7) <0.001
Number of inpatient days, days (Me [Q1-Q3]) 13[11-17] 13[12-16] 12 [8-17] 0.320
Number of days in ICU, days (Me [Q1-Q3]) 0[0-5] 1[0-3] 9[7-13] <0.001
ICUj, intensive care unit.
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Figure 1. Measuring RVLS in the 2D STE mode

FR= 45 fps
HR= 86 bpm

Peak Systolic Strain
y_ U ﬁ, 3
g

The mean longitudinal strain of the three RV free wall segments (RVLS) is 16.0%.

Tei = TCOT-RVET _ IVRT+IVCT
RVET RVET ’

where TCOT is tricuspid valve closure-opening
time; IVRT is isovolumetric relaxation time; IVCT is
isovolumetric contraction time; RVET is RV ejection
time.

Systolic tricuspid annular velocity (S”) was eva-
luated in the PW mode.

For the analysis of RV free-wall longitudinal
strain (RVLS) 2D STE, RV was recorded in the AFI
(automatic functional imaging) mode based on the 2D
strain function, in the apical view, and at the rate of>60
fps. The region of interest was selected, and RV wall
thickness was adjusted. Six segments (three segments
of RV free wall: basal, middle, apical; and similarly,
three segments of the interventricular septum) were
chosen (Figure 1). Septal segments were excluded
from the analysis as the LV components. Following the
ASE and EACVI guidelines (2015) [19, 23], absolute
strain values were used, that is, non-negative numbers.

Tricuspid regurgitation flow was estimated in the
color Doppler mode, and flow density and closed

20

contour in the continuous wave mode. The intensity
of tricuspid regurgitation ranged according to its
significance: up to the 2"¢ degree and >2" degree.

(PASP)
was derived from the peak tricuspid regurgitation

Pulmonary artery systolic pressure
velocity using the modified Bernoulli equation
with the right atrial (RA) pressure [22]. The mean
pulmonary artery pressure (mPAP) was determined
using the early diastolic peak velocity of pulmonary
regurgitation (PR) using the method proposed by
Masuyama et al. [24], with central venous pressure

(CVP) added:
mPAP=4 x LA peak velocity® + RA pressure (CVP).

The estimated RA pressure was determined by
measuring its maximum diameter and the inferior
vena cava (INC) caliber. Suboptimal imaging did not
allow calculating mPAP in 39% of patients. The main
echocardiographic parameters are listed in Table 3.

Statistical processing
Baseline information was arranged in a Microsoft
Office Excel 2016 spreadsheet. Statistical analysis was
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Table 3. Echocardiographic characteristics of patients with COVID-19 based on disease outcome

Parameter General cohort (n=110)  Survivors (n=93) Deceased (n=17) P

LVEDL mL/m? (Me [Q1-Q3]) 49.6 [43.2-58.1] 49.3 [43.2-56.6] 51.4[43.7-68.3] 0.370
LVESL, mL/m? (Me [Q1-Q3]) 17.1[14.3-22.3] 16.7 [14.2-22.1] 18.0 [15.2-28.7] 0.239
LVSVI, mL/m?> (M+SD) 33.0£8.0 32.8%7.5 34.0+£11.0 0.681
LVEF (2D Simpson), % (Me [Q1-Q3]) 65.0 [60.0-68.0] 65.0 [60.0-69.0] 63.0 [58.0-65.0] 0.116
Minute volume, L/min (Me [Q1-Q3]) 4.65 [3.91-6.26] 4.62[3.91-6.13] 5.69 [4.26-7.23] 0.307
Cardiac index, L/min/m? (Me [Q1 - Q3]) 2.44[2.01-3.20] 2.39 [2.00-3.09] 3.02[2.19-3.71] 0.171
E/A (Me [Q1-Q3]) 1.00 [0.80-1.28] 0.94[0.79-1.20] 1.40 [1.02-1.87] 0.009
E/e’ (Me [Q1-Q3]) 7.72[6.15-9.80] 7.56 [6.00-9.14] 9.87[8.40-12.29]  0.001
RV/LV area (M+SD) 0.67+0.17 0.65+0.13 0.78+0.28 0.004
LA diameter, small, mm (M+SD) 39.7£5.0 39.5%4.7 41.3£6.6 0.171
LA diameter, large, mm (Me [Q1-Q3]) 52.0 [49.0-58.0] 52.0 [48.5-56.0] 60.0 [52.5-61.0] 0.014
LA volume, maximum (i) (2D), mL/m?* (Me [Q1-Q3]) 22.3[19.1-28.8] 21.6[19.1-28.7] 25.6 [21.9-31.0] 0.088
RA diameter, small, mm (M+SD) 42.6+6.6 42.0+6.6 46.2+5.3 0.015
RA diameter, large, mm (Me [Q1-Q3]) 52.0 [47.0-56.0] 51.0 [47.0-55.0] 56.0 [51.0-61.0] 0.004
RA volume, maximum (i) (2D), mL/m? (M+SD) 28.7+11.9 26.9+£10.0 39.0£16.6 0.011
RV diameter, basal, mm (M%SD) 41.0+5.5 40.4+5.3 44.6£5.5 0.005
RV diameter, median, mm (Me [Q1-Q3]) 35.0 [30.0-39.0] 34.0[30.0-39.0] 36.5[33.0-41.5] 0.156
RV longitudinal axis, mm (Me [Q1-Q3]) 60.0 [57.0-66.0] 60.0 [57.0-66.0] 64.0 [61.0-69.0] 0.119
RV inlet, mm (Me [Q1-Q3]) 33.0[30.0-36.0] 33.0 [30.0-36.0] 35.0 [31.0-36.0] 0.476
RV outlet, mm (Me [Q1-Q3]) 31.0 [28.0-33.0] 31.0 [28.0-33.0] 32.0[28.5-35.0]  0.325
PA trunk diameter, mm (M+SD) 25.243.3 25.0%3.2 26.0£3.8 0.257
TR grade 2, n (%) 21 (19.6) 14 (15.4) 7(43.7) 0.015
RV wall thickness (subcostal), mm (Me [Q1-Q3]) 5.0 [4.0-6.0] 5.0 [4.0-6.0] 6.0 [5.0-6.0] 0.009
IVS thickness, mm (Me [Q1-Q3]) 14.0 [12.0-16.0] 13.5[12.0-16.0] 15.0 [13.0-16.5] 0.215
LV posterior wall thickness, mm (Me [Q1-Q3]) 11.0 [10.0-12.0] 11.0 [10.0-12.0] 12.0[11.0-13.0]  0.082
RV systolic function
RVFAC (2D), % (M+SD) 51.6+10.4 52.7+10.2 45.4+9.2 0.007
TAPSE (2D), mm (Me [Q1-Q3]) 20.0 [18.0-22.0] 20.0 [19.0-22.0] 16.0[16.0-19.0]  <0.001
Tei RV (PW) (Me [Q1-Q3]) 0.42[0.32-0.58] 0.43 [0.32-0.58] 0.41[0.34-0.74] 0.813
Tei RV (TDI) (Me [Q1-Q3]) 0.57 [0.45-0.73] 0.56 [0.43-0.71] 0.71[0.50-1.09]  0.045
Tricuspid annular S' velocity, cm/s (M£SD) 13.24£3.0 13.5£3.0 11.6%2.5 0.015
RVLS basal, % (2D STE) (MSD) 22.548.1 23.348.0 18.247.0 0.016
RVLS middle, % (2D STE) (M+SD) 21.1+£7.4 21.9+7.4 17.0+6.3 0.013
RVLS apical, % (2D STE) (M+SD) 18.5+7.9 19.1£7.8 15.248.1 0.060
RVLS global, % (2D STE) (M£SD) 20.746.5 21.4+6.4 16.8%5.9 0.006
Pulmonary hypertension
ePASP, mm Hg (M+SD) 36.0+10.6 33.7£9.2 48.0+9.3 <0.001
mPAP, mmHg (Me [Q1-Q3]) 15.8 [13.0-22.0] 15.0 [11.0-20.7] 23.1[20.0-31.0]  <0.001
IVC diameter, mm (Me [Q1-Q3]) 22.0[19.0-24.0] 22.0[19.0-24.0] 23.5 [20.0-24.5] 0.319
Tricuspid regurgitation velocity, m/s (M£SD) 2.32+0.45 2.24+0.43 2.58+0.51 0.014
EDI, end-diastolic index; ESI, end-systolic index; SVI, stroke volume index; LVEF, left ventricular ejection fraction; RV, right ventricle;
LV, left ventricle; LA, left atrium; RA, right atrium; PA, pulmonary artery; IVS, interventricular septum, TR, tricuspid regurgitation;
FAC, fractional area change, TAPSE, tricuspid annular plane systolic excursion; LS, longitudinal strain, ePASP, estimated pulmonary artery
systolic pressure; mPAP, mean pulmonary artery pressure; IVC, inferior vena cava.
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conducted using IBM SPSS Statistics v.26 (IBM Corpo-
ration).

Quantitative indicators were estimated for distri-
bution normality using the Shapiro-Wilk test. Data
distribution histograms and asymmetry and excess
indicators were analyzed. In the normal distribution
of quantitative traits, the data were described using
the mean (M) and standard deviation (SD). When the
distribution of quantitative data sets was non-normal,
the data were expressed by the median (Me) and lower
and upper quartiles [Q1l - Q3]. The categorical data
were described with absolute values and percentages.
In the normal distribution of quantitative data
sets, the Student’s t-test was calculated to compare
the means. The Mann-Whitney U-test was used to
compare independent variables in the absence of signs
of normal data distribution. The differences were
considered significant with p<0.0S.

The ROC curve analysis was used to evaluate
the diagnostic significance of quantitative traits
in predicting a particular outcome, including its
probability, calculated using the regression model. It
was used to determine the optimal cut-off value of a
quantitative trait, which allowed classifying patients
by the risk of outcome and had the best combination
of sensitivity and specificity. The quality of the
prediction model obtained using this method was
estimated based on the area under the ROC curve,
standard error and 95% confidence interval (CI), and
statistical significance level.

A classification tree was constructed to
comprehensively assess the prognostic value of various
echocardiographic parameters in stratifying patients

Table 4. Characteristics of the correlation between

by risk of death. Chi-squared automatic interaction
detection (CHAID) was used for this purpose.

The dependence of overall survival on various
factors was analyzed using the Cox regression method,
which implies predicting the risk of an event for
the object in question and evaluating the effects of
predetermined independent predictors on this risk.
Risk is considered a time-dependent function.

Results

Atrial fibrillation, acute cerebrovascular accident,
circulatory encephalopathy, and rheumatoid arthritis
were historically significant factors in calculating the
death hazard ratio (Table 4).

Respiratory distress syndrome was the most
common complication in the group of deceased
patients (76.5%). The percentages of multiple organ
system failure and systemic inflammatory response
syndrome were identical (52.9%). Acute heart failure
was observedin 41.2% of cases, followed by acute renal
injury, coagulopathy, brain swelling, venous thrombo-
sis, and gastrointestinal bleeding. Veno-venous
extracorporeal membrane oxygenation (ECMO) was
implemented in four cases. Complications observed
during the hospital stay are listed in Table 1.

Calculation of the death hazard ratio (Table 5),
depending on the presence and absence of a risk
factor during the hospital stay, identified statistically
significant risk criteria: invasive ventilation, hemo-
sorption and plasmapheresis, acute renal injury, acute
heart failure, respiratory distress syndrome, multiple
organ system failure, and systemic inflammatory
response syndrome. Moreover, the patient routing

the risk of death and individual medical history factors in patients with COVID-19

95% CI
Criterion OR p
Lower limit Upper limit

Atrial fibrillation 3.36 0.033 1.06 10.65
Diabetes mellitus 1.48 0.508 0.43 5.13
Bronchial asthma 3.11 0.143 0.70 13.88
COPD 2.00 0.393 0.48 8.31
Chronic kidney disease 1.93 0.607 0.36 10.49
Hypertension 3.07 0.230 0.66 14.34
Cerebrovascular accident 5.80 0.008 1.69 19.84
Discirculatory encephalopathy 3.46 0.039 1.01 11.86
Cancer 0.64 0.734 0.13 3.09
Rheumatoid arthritis 12.27 0.041 1.05 143.83

OR, odds ratio; 95% CI, 95% confidence interval; COPD, chronic obstructive pulmonary disease.
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Table 5. Characteristics of the correlation between the risk of death in the presence and absence of the factor risk during hospital stay

95% CI
Criterion OR P
Lower limit Upper limit
Invasive ventilation 9.50 <0.001 2.56 35.24
Plasmapheresis 9.75 0.026 1.49 63.62
Hemosorption 9.75 0.026 1.49 63.62
Acute renal injury 28.31 0.002 2.93 273.17
Acute heart failure 83.42 <0.001 14.96 465.03
Respiratory distress syndrome 299.00 <0.001 30.99 2885.34
Multiple organ system failure 103.50 <0.001 11.60 923.56
Venous thrombosis 1.24 0.678 0.24 6.34
Systemic inflammatory response syndrome 19.80 <0.001 5.34 73.46
Admission to a specialized unit 0.10 0.002 0.03 0.40
Admission to ICU 9.60 0.001 2.51 36.74
Transfer to ICU 15.22 <0.001 4.62 50.10
OR, odds ratio; 95% CI, 95% confidence interval; ICU, intensive care unit.
Table 6. Estimation of the effects of the predictors on the survival of patients with COVID-19
Predictor B HR 95% CI P
RA diameter, small (2D) 0.09 1.09 1.01-1.18 0.026
RA diameter, large (2D) 0.14 1.15 1.06-1.24 <0.001
RA volume, maximum (i) (2D) 0.08 1.08 1.04-1.12 <0.001
RVEDD, basal (2D) 0.09 1.09 1.01-1.17 0.019
RVEDD, middle (2D) 0.08 1.08 1.01-1.16 0.034
RVFAC (2D) -0.0S 0.96 0.91-1.0 0.054
TAPSE (2D) -0.48 0.62 0.49-0.79 <0.001
RV/LV area (2D) 2.73 15.28 1.92-121.7 0.01
RVLS basal (2D STE) -0.07 0.93 0.87-1.0 0.045
RVLS middle (2D STE) -0.10 0.91 0.84-0.99 0.022
RVLS distal (2D STE) ~0.08 0.93 0.86-1.0 0.051
RVLS global (2D STE) -0.12 0.89 0.81-0.97 0.01
ePASP 0.09 1.09 1.04-1.14 <0.001
mPAP 0.11 1.12 1.05-1.18 <0.001

HR, hazard ratio at the time of t; B, value of the factor in the equation; 95% CI, 95% confidence interval;
RA, right atrium; RV, right ventricle; LV, left ventricle; RVEDD, right ventricular end-diastolic dimension;
FAC, fractional area change; TAPSE, tricuspid annular plane systolic excursion; LS, longitudinal strain;
ePASP, estimated pulmonary artery systolic pressure; mPAP, mean pulmonary artery pressure.

options, and the risk of death were correlated:
hospitalization in the ICU, transfer from the specia-
lized unit to the ICU.

The effects of various echocardiographic predictors
characterizing right heart performance on the survival
of patients with COVID-19 was assessed using the
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Cox proportional-hazards model. The results of the
univariate analysis for predictors demonstrating
statistically significant effects on overall survival are
presented in Table 6.

As shown in Table 6, increased RVFAC (2D),
TAPSE (2D), and RVLS global (2D STE) were accom-
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Table 7. Estimation of the effects of the predictors included
in the model (1) on the survival of patients with COVID-19

Predictor HR 95% CI P
ePASP, mmHg 1.086 1.03-1.1§  0.003
RA volume,
maximum (i) (2D), mL/m? 1.0S8 1.02-1.10 ~ 0.002
RVLS global (2D STE), % 0.866 0.78-0.97  0.012

HR, hazard ratio at the time t; CI, confidence interval; ePASP,
estimated calculated pulmonary artery systolic pressure; RA, right
atrium; LS, longitudinal strain; RV, right ventricle.

Table 8. Baseline risk of death in patients
with conditionally zero predictors included in the model (1)

Follow-up period, day Accumulated risk of death, %
7 0.14
14 0.66
21 2.54
28 3.35
35 431

Figure 2. ROC curve characterizing the dependence
of the probability of death: on the TAPSE
values (A), on the ePASP values (B)

100 100
80 80
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B 60 B 60
E =
G G
g 40 g 40
w w
0 0

0 20 40 60 80 100 0 20 40 60 80 100
100 %, Specificity 100 %, Specificity

panied by a reduced risk of death. The remaining
parameters listed in the table were directly correlated

with the risk of death in patients with COVID-19.

Next, we attempted to combine predictors in a
multivariate model that allowed predicting the risk
of death in patients with COVID-19 based on the
echocardiographic parameters of the right heart over
time. The following model (1) was produced using
the Cox regression method and selecting factors by

process of elimination:

24

h, (t) = h, (t) x exp (0.082xX, + 0.057 x
X,-0.143xX,), (1)

where h; (t) is the risk of death for patient i in a
specific period t; h, (t) is the baseline risk of death
(with a conditional zero value of all predictors
included in the model) in a specific period t; X, is
ePASP (mmHg); X, is the maximum RA volume (i)
(2D) (mL/m?); and X, is global RVLS (2D STE) (%).

The resulting model was statistically significant
(p<0.001). The effects of each predictor included in
the model (1) on the probability of death in patients
with COVID-19 are described in Table 7.

Values of the baseline risk of death in a patient
with COVID-19, with conditionally zero values of the
predictors included in the model (1), are provided in
Table 8.

Given the hazard ratio (HR) values calculated, an
increase in ePASP by 1 mmHg was accompanied
by a 1.086-fold or 8.6% increase in the risk of death,
and an increase in the RA volume index by 1 mL/m?
was accompanied by a 1.058-fold or 5.8% increase
in the risk of death. The global RVLS (2D STE)
predictor was characterized by a reverse correlation
with mortality: a 1% increase was accompanied by a
1.155-fold or 13.4% reduction in the risk of death.

ROC analysis was also performed to determine
thresholds for the right heart echocardiographic
parameters when predicting deaths without taking
into account the duration of follow-up. See the results
in Table 9.

Of all the ROC-analyzed predictors that had
statistically significant effects on the probability of
death in patients with COVID-19, TAPSE and ePASP
had the highest AUC values.

The ROC curves describing the predictive value of
TAPSE and ePASP are shown in Figure 2A and Figure
2B, respectively.

The classification tree resulted from assessing
the effects of various echocardiographic predictors
of right heart performance on the probability of death
in patients with COVID-19 using the CHAID method
(Figure 3).

The analysis allowed identifying six terminal nodes,
which are characterized in Table 10.

With a total mortality rate of 15.5%, nodes 7 and
10 refer to patients at lower risk of death. Nodes 9, 4, 6,
and 8 are classified as an increased risk of death, with
node 4 having the highest percentage in the study
population structure.

The sensitivity of the model was 94.1%, and
specificity was 89.2%. The general diagnostic signifi-
cance was 90.0£2.9%.
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Table 9. Results of the analysis of ROC curves characterizing statistically significant dependence
of the death probability in patients with COVID-19 on echocardiographic parameters of the right heart

Parameter AUC 95% CI Cut-off Se, % Sp, %
RA diameter, small (2D) 0.71+0.06 0.59-0.83 44 mm 76.5 63.4
RA diameter, large (2D) 0.72+0.07 0.59-0.85 54 mm 70.6 62.4
RA volume, maximum (i) (2D) 0.74+0.06 0.62-0.86 29.4 mL/m? 75.0 64.4
RVEDD, basal (2D) 0.7240.07 0.60-0.85 42 mm 81.3 634
RVFAC (2D) 0.71+0.06 0.58-0.83 50.3% 64.7 61.3
TAPSE (2D) 0.84+0.06 0.72-0.95 18 mm 70.6 81.2
RVLS global (STE) 0.71+£0.07 0.58-0.85 19.6% 76.5 63.0
ePASP 0.86+0.05 0.76-0.96 42 mmHg 82.4 79.8
mPAP 0.77+0.06 0.66-0.89 19.8 mmHg 76.5 69.3

AUC, area under the ROC curve; CI, confidence interval; Se, sensitivity (%); Sp, specificity (%); cut-off, optimal cut-off point;
RA, right atrium; RV, right ventricle; EDD, end-diastolic dimension; FAC, fractional area change; TAPSE, tricuspid annular plane systolic
excursion; LS, longitudinal strain; ePASP, estimated pulmonary artery systolic pressure; mPAP, mean pulmonary artery pressure.

Discussion

Despite abundant information on identifying
risk factors in patients with COVID-19, the identi-
fication of echocardiographic factors of RV systolic
dysfunction as a predictor of adverse outcome was
discussed in only one published work [14]. This is
why our study included a comprehensive analysis
of the diagnostic and prognostic value of various
echocardiographic parameters of the right heart and
developed the model to predict adverse outcomes in
patients with COVID-19 treated at the COVID center.

Univariate analysis was performed using risk
function simulation (Cox regression) (Table 6). In-
terestingly, RVFAC (2D) was not statistically
significant. This may be due to the fact that RVFAC
(2D) measurement is based on end-diastolic and

end-systolic areas of RV, which is a single-plane RV
assessment and does not appear to have the necessary
information value with regard to RV performance in
the presence of acute lung injury.

ROC analysis allowed finding the thresholds of
the various echocardiographic parameters of the right
heart without taking into account the monitoring
period (Table 9). TAPSE and ePASP had the biggest
areas under the curve. ePASP was highly sensitive
(82.4%) and specific (79.8%) at the cut-off point of
42 mmHg. Thus, the selected cut-off point can be
recommended as a threshold for predicting death risk
and used in clinical decision-making for patients with
COVID-19.

Identifying the echocardiographic risk factors for
RV dysfunction contributed to the development of the

Table 10. Characteristics of the terminal nodes (groups) obtained from the classification of subjects

Node percentage in

Node Parameter values the total structure, ~Mortality (%)
number
n (%)
7 RVLS global (2D STE) < 20.7% FWEF, ePASP < 41 mmHg, 33(30.0) 0.0
RA volume, maximum (i) (2D) < 42.4 mL/m> : :
10 RVLS global (2D STE)>20.7%, RV/LV area (2D) <0.88, TAPSE (2D) >16 mm 51(46.4) 2.0
9 RVLS global (2D STE)>20.7%, RV/LV area (2D) <0.88, TAPSE (2D) < 16 mm 2(1.8) 50.0
4 RVLS global (2D STE) < 20.7% FWE, ePASP >41 mmHg 17 (15.5) 58.8
6 RVLS global (2D STE)>20.7%, RV/LV area (2D)>0.88 3(2.7) 66.7
3 RVLS global (2D STE) < 20.7% ePASP <41 mmHg, 4(3.6) 5.0
RA volume, maximum (i) (2D) >42.4 mL/m? : :
LS, longitudinal strain; ePASP, estimated pulmonary artery systolic pressure;
RA, right atrium; RV, right ventricle; LV, left ventricle; TAPSE, tricuspid annular plane systolic excursion.
ISSN 0022-9040. Kardiologiia. 2020;60(11). DOI: 10.18087/cardio.2020.11.n1303 2S5
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Figure 3. Subject classification according to the death risk based on echocardiographic predictors characterizing the right heart

Node 0
Category % n
Survivors 845 93
( Deceased 18.5 17
Total 100 110

B Survivors

B Deceased
‘ RVLS STE global
Adjusted p-value=0.267,
Chi-squared test=6.031 d.f. =1
<20.7 >20.7
«passed>
Node 1 Node 2
Category % n Category % n
Survivors 759 | 41 Survivors 929 52
Deceased 24.1 | 13 Deceased 71 | 4
Total 49.1 54 Total 509 | S6
I — I —
ePASP RV/LV area
Adjusted p-value=0.001, Adjusted p-value=0.001,
Chi-squared test=16.391 d.f. =1 Chi-squared test=16.391 d.f. =1
<41.0 5410 <0.88 >0.88
«passed> «passed>»
Node 3 Node 4 Node § Node 6
Category % n Category % n Category % n Category % n
Survivors 919 | 34 Survivors 412 7 Survivors 96.2 Sl Survivors 333 1
Deceased 8.1 3 Deceased 588 | 10 Deceased 38 | 2 Deceased 66,7 2
Total 33.6 | 37 Total 18.5 |17 Total 482  S3 Total 27 |3
I — I — —
s = =
RA volume i TAPSE
Adjusted p-value=0.0, Adjusted p-value=0.008,
Chi-squared test=26.934 d.f. =1 Chi-squared test=12.231d.f. =1
<424 >42.4 <160 >16.0
«passed> «passed>»
Node 7 Node 8 Node 9 Node 10
Category % n Category % n Category % n Category % n
Survivors 100 | 33 Survivors 25 |1 Survivors S0 1 Survivors 98 | SO
Deceased 0 0 Deceased 75 |3 Deceased 50 1 Deceased 2 1
Total 30 33 Total 36 | 4 Total 1.8 D, Total 464 Sl
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multivariate prediction model (1) used to predict the
risk of death in patients with COVID-19 over time. It
includes two risk factors for death: ePASP, maximum
RA volume (i), and one preventive factor, global RVLS
(2D STE) (Table 7).

The resulting model allows predicting death risk,
taking into account the monitoring period (Table 8).
Moreover, global RVLS (2D STE) showed good
quality of the model in the univariate analysis with the
cut-off point of 19.6%. However, sensitivity (76.5%)
and specificity (63.0%) were not high. The predictive
value of global RVLS (2D STE) was better in
combination with two risk factors (ePASP, maximum
RA volume [i]) in the Cox multivariate regression
analysis.

CHAID allowed dividing the sample into several
subgroups, each of which had a particular relation
to the dependent variable, that is, performing multi-
variate node splitting.

A decision tree is used to present data in a
hierarchical, sequential structure, in which each ob-
ject has a single node providing a solution. The rule
is a logical design represented as «if..., then...»
The root node represents the entire sample, which is
global RVLS (2D STE) used in our model. Terminal
nodes are the best final solutions. In the given model
(Figure 3), terminal nodes 9, 4, 6, and 8 were classified
as high risk of death. Node 4 had the largest percentage
in the total study structure, which was a combination
of global RVLS (2D STE) <20.7% and ePASP >41
mmHg, identified in 15.5% (n=17) in the total cohort
with 58.8% mortality.

The sensitivity of the model was 94.1%, and
specificity was 89.2%. The total percentage of cor-
rectly predicted values of the dependent variable
was 90.0%+2.9%. Thus, this model reflects imper-
fections of the univariate assessment and the need
for comprehensive analysis of echocardiographic
parameters based on a combination of common
echocardiographic methods and modern non-invasive
imaging techniques.

The longitudinal strain of the RV myocardium
(RVLS 2D STE) is a spatial echocardiographic para-
meter that allows detecting RV changes at the early
stage of the disease since pattern-tracking technology
is more sensitive than visual assessment and common
[16].
Moreover, as shown in several studies, the longitudinal
strain of RV (RVLS 2D STE) has a predictive
value [14, 25-28] exceeding that of conventional

parameters of echocardiographic diagnosis

echocardiogram, even in the presence of significant
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tricuspid regurgitation [28]. According to our results,
the new echocardiographic biomarker RVLS allows
identifying the signs of systolic dysfunction, especially
in combination with pulmonary hemodynamic indica-
tors, and may have additional significance in the early
risk stratification of patients with COVID-19 and
clinical decision-making [11].

Simplifying complex functions and common use of
advanced ultrasound STE systems, including portable
mobile-diagnosis devices, [29] will allow soon to
extract relevant data for the classification of patients
by the risk and to obtain necessary information for
clinical decision-making on immediate treatment and
further critical measures in patients with various acute
cardiorespiratory diseases [11].

Limitations

In this study, the prediction model used to assess
death risk in patients with COVID-19 included only
echocardiographic parameters.

The study did not analyze the effects of lung
injury according to CT, demographic, clinical, and
laboratory parameters on the prognosis of adverse
outcomes. The results are limited to the analysis of
echocardiographic predictors that characterize the
right heart.

Conclusion

Identifying echocardiographic risk factors for RV
dysfunction contributed to the development of a
prediction model of lethal outcome in COVID-19
depending on the duration of monitoring. It includes
two risk factors for death: ePASP, maximum RA
volume (i), and one preventive factor, global RVLS
(2D STE).

According to the ROC analysis, TAPSE and ePASP
had the biggest areas under the curve. The ePASP
threshold value of 42 mmHg demonstrated high
sensitivity (82.4%) and specificity (79.8%), and
can be recommended to predict death risk and can
be used in clinical decision-making for patients with
COVID-19.

The new echocardiographic biomarker, RVLS,
especially in combination with pulmonary hemo-
dynamic indicators, allows identifying the signs of RV
systolic dysfunction, which is essential in the early risk
stratification of patients with COVID-19.
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