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Abstract

Background: Cardiac involvement and the consequences of inflammation
induced by SARS-CoV?2 infection could have catastrophic long-term conse-
quences. Left ventricular mechanics could identify a specific pattern of myo-
cardial fiber damage in patients infected with COVID-19. To our knowledge
there are no publications referring to the global description of ventricular
mechanics in patients with COVID-19. Objective: To describe left ventricu-
lar mechanics in hospitalized patients with COVID-19. Methods: In this
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cross-sectional study, we included 40 hospitalized patients with confirmed
diagnostic of COVID-19, from April 11, 2020, to September 6, 2020. Demo-
graphic and laboratory data, clinical and echocardiographic characteristics
were collected, as well as events during hospitalization. Left ventricular de-
formation was analyzed and reported. Results: Subclinical dysfunction was
observed in 82.5% (left ventricular longitudinal strain [LVGLS] —17.05% and
global circumferential strain [GCS] —18.6%) of the patients, likewise, the
mean twist and apical rotation were preserved, and even increased as part of
the compensating mechanism to maintain the ejection fraction. Conclusion:
In patients hospitalized with COVID-19, despite having a normal left ventri-
cular ejection fraction, subclinical myocardial damage was found, manifested
by a decrease in Global Longitudinal Strain (GLS) and Global Circumferential
Strain (GCS). This behavior is similar to that of cardiomyopathies in the early
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stage of the disease, and given the pathophysiological mechanisms involved in
the disease, its long-term consequences should be monitored and evaluated.
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1. Introduction

Currently, the pandemic caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-Cov-2) continues to be a global threat due to its high rate of
morbidity and mortality, its involvement of multiple organs and systems, in-
cluding the cardiovascular system. Some studies have reported the prevalence
of myocardial damage in hospitalized patients for coronavirus disease 2019
(COVID-19), which varies between 12% - 27% [1] [2] [3]. Myocardial damage
caused by SARS-Cov2 can be caused by direct damage, prothrombotic effects
associated with the infectious process and the effects of inflammation [4] [5].
Cardiac involvement has been documented by the increase in cardiac biomark-
ers (specifically troponin T and atrial natriuretic peptide) showing an increased
risk of mortality and cardiac arrhythmias, especially in those patients with
chronic cardiovascular conditions [6]. The diagnosis of myocarditis represents a
challenge and early identification could lead to prompt intervention in an effort
to reduce complications and long-term sequelae.

Cardiac magnetic resonance imaging is considered the gold standard for the
diagnosis of myocarditis with an estimated accuracy rate of 79%. The correlation
of clinical symptoms and the presence of late gadolinium enhancement in typi-
cal patterns together with evidence of myocardial edema on T2 images, ensure
the diagnosis [7] [8]. However, the difficulties for the transfer of infected pa-
tients, and even more those who are in critical condition, have limited its use. In
the general evaluation of myocardial damage, traditionally the use of echocardi-
ography has been based on the determination of the volumes and the ejection
fraction, which have significant interobserver variability [8] [9]. However, the
use of ventricular mechanics has emerged as a quantitatively powerful and high-
ly accurate tool for global and regional assessment, as well as being a predictor of
cardiovascular events [10] [11] [12] [13].

Ventricular mechanics have been widely used in the cardiovascular context,
but it is not limited only to these conditions. In sepsis, alterations in Left Ven-
tricular Longitudinal Strain (LVGLS) and Right Ventricular Longitudinal Strain
(RVGLS) have been described in 69% and 72% of patients respectively, of which
only 33% of patients had a reduction in the Left Ventricular Ejection Fraction
(LVEF) and 32% of the right ventricle, with a global longitudinal strain as a

cut-off point of less than —13% as a marker of mortality in septic shock in inten-
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sive care, outside the COVID-19 context [14] [15]. Recently, a study by Li et al
[16] evaluated the prognostic value of Right Ventricular Longitudinal Strain
(RVLS) in patients hospitalized for COVID-19, in which non-surviving patients
presented right ventricular dysfunction and dilatation; furthermore, an RVLS
—23% predicted a higher risk of death, regardless of sex and Acute Respiratory
Distress Syndrome (ARDS).

The objective of this study was to describe the abnormalities of ventricular
mechanics in patients infected with COVID by echocardiography with extended
specialized analysis admitted to the intensive care unit of our hospital. The au-
thors” hypothesis has focused on the myocardial involvement having a specific
pattern of myocardial damage that can prevail over time and establish itself as an

inflammatory cardiomyopathy.

2. Methods

Study design: This is a cross-sectional study that included 40 patients with
confirmed SARS-CoV?2 infection, admitted to Cardiovascular Critical Care Unit
of National Institute of Cardiology Dr. Ignacio Chavez from April 11, 2020,
to September 6, 2020 in which transthoracic echocardiography and ventricu-
lar mechanics were assessed. The inclusion criteria were: patients over 18 years
of age, with moderate-severe respiratory symptoms, requiring mechanical venti-
lation and/or non-invasive ventilation with poor prognostic markers (D-dimer,
ferritin levels, lymphopenia) with test of SARS-CoV2 confirmed by PCR. All pa-
tients were treated in individual isolated rooms. Those patients with any
pre-existing clinical conditions (valvular, ischemic heart and congenital heart
disease, chronic kidney disease or COPD) were excluded. Of the patients included,
1 patient had pulmonary embolism and one patient had Takotsubo syndrome
type 1.

Demographic characteristics, clinical and laboratory data of each patient were
collected from electronic medical records. This study was conducted according
to the principles of the Declaration of Helsinki [17] and was approved by the In-
stitutional Ethics Committee. Written informed consent was waived by the eth-
ics commission of the designated hospital for patients with emerging infectious
diseases.

Echocardiographic assessment/Transthoracic echocardiography

All studies were performed with a new generation General Electric echocar-
diography equipment, Vivid E9 with XDclear, with an M5Sc-D (1.5 - 4.6 MHz)
sector cardiac and a 4V-D volumetric probes (1.5 - 4.0 MHz). The patients un-
derwent a transthoracic echocardiogram, according to the availability of equip-
ment and personnel to perform it. The median number of days from patient
admission to echocardiogram was 2 days (interquartile range 0 - 5). The trans-
thoracic echocardiogram was performed by a certified echocardiographer cardi-

ologist, following the recommendations of the American Society of Echocardio-

graphy [17].
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Two-dimensional echocardiography was used to measure left ventricular end-
diastolic diameter, left ventricular end-systolic diameter, end-diastolic septal
thickness, and ejection fraction according to the American Society of Echocar-
diography recommendations. Left ventricular outflow track was obtained by
pulsed-wave (PW) tissue Doppler imaging. Regional wall motion of the 16 seg-
ments was scored individually on the basis of the motion and systolic thickening.
Segment scores were as follows: 1 = normal, 2 = hypokinesis, 3 = akinesis, 4 =
dyskinesis, and 5 = aneurysmal changes. The wall motion score index was the
sum of all the segment scores divided by the number of segments assessed [18].
Right Ventricle (RV) function was determined from apical 4-chamber view.
Right ventricular function was assessed by Tricuspid Annular Plane Systolic Ex-
cursion (TAPSE), RV Fractional Area Change (RVFAC) and tricuspid lateral
annular systolic velocity (S’) using tissue doppler imaging from the apical 4-
chamber view [18].

Speckle-tracking echocardiography

Measurements were taken and analyzed according to the latest recommenda-
tions of the American Society of Echocardiography. For the analysis of left ven-
tricular mechanics, two cardiac cycles were taken in conventional short axis
two-dimensional views at the height of the mitral valve and at the height of the
apex (for radial, circumferential, rotation, twist, untwist and torsion) and apical
slices. In four, three and two chambers focused on the left ventricle (for global
longitudinal deformation and its derivatives), all with a frame rate of 60 - 80 per
second. The tracing for bright spot analysis was performed according to the rec-
ommendations of the American Society of Echocardiography. Post-processing
analysis was done with EchoPAC Version 3.

Strain was defined as a unit that expresses the total myocardial deformation
during the cardiac cycle expressed as a percentage. Global Longitudinal Strain
(GLS) was defined as deformation of the left ventricle in the longitudinal direc-
tion; is the percentage of shortening of the myocardial fiber from the base to the
apex. Global Circumferential Strain (GCS) was defined as the percentage of
myocardial fiber shortening tangential to the long axis. Left ventricular twist was
defined as the algebraic subtraction between apical rotation and basal rotation of
the left ventricle. Torsion is the normalization of the twist due to the greater
length of the left ventricle. By convention, apical rotation has positive and nega-
tive baseline values [27].

After the analysis was performed and accepted, the curves were given for all
the variables studied and exported to the spreadsheet. Global values were de-
fined as the average of the analyzed segments (Figure 1 and Figure 2).

Statistical analysis

We used Shapiro-Wilk’s normality test for continuous variables. After assess-
ing their distribution we reported them as mean and standard deviation, if they
were parametric, and median and interquartile range, if they were non-parametric.

Comparisons among continuous variables were made with Student’s t test or
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Figure 1. Schematic representation of global longitudinal strain in an unaffected patient (A) from an
affected patient (B). Normal Global circumferential strain (C), compared with an abnormal one in a
patient infected with covid-19 (D). Note positive deformation in abnormal circumferential strain.

Figure 2. Schematic representation of radial strain (A) and normal torsion (B) in patients infected
with covid-19.

Mann-Whitney’s U test, according to the distribution of each variable. Cate-
gorical variables were described with frequencies and percentages; for compari-
sons we used y* test and Fisher’s exact test, as appropriate according to expected
values in the contingence tables. We performed a Cox-regression model, ad-
justed by age and gender, to assess the variables that predicted mortality and
mechanical ventilation. We performed Kaplan-Meier graphs in order to com-
pare mortality among groups. All statistical analyses were considered significant
with a p value < 0.05. Statistical analysis was made with STATA V14.

3. Results

This study included 40 patients, most of them were male (77.5%) and had a
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mean age of 56 +11 years. Abnormal strain was detected in 33 patients (82.5%).

Survival among the population was 60% and the most common disease was di-

abetes (45%). Table 1 shows the distribution of demographic and laboratory da-

ta divided by survival and non-survivors. The differences detected among

groups were diabetes, maximal troponin, D-dimer, creatinine and hemoglobin.

Table 1. Patient characteristics, laboratory findings and comorbidities.

Variable Total (n =40)  Survivors (n =24) Non-survivors (n=16) p
Age (years)
56 £ 11 546 £ 11.6 58.1 £10.1 0.33
Mean + SD
BMI (kg/m?)
27.3 (25 - 30.5 26.5(24.9 - 30.5 28.2 (25.5-31.3 0.37
Median (IQR) ( ) (249 ) ( )
Weight (kg)
75 (70 - 85 73.5 (70 - 85.5 77.5 (70 - 83.5 0.81
Median (IQR) ( ) ( ) ( )
Women
22.5 4 (16.7 5(31.2
n (%) 9 (22.5) (16.7) (31.2)
0.44
M
en 31(77.5) 20 (83.3) 11 (68.8)
n (%)
Hypertension
10 (25) 6 (25) 4(25) 1
n (%)
Diabet:
tabetes 18 (45) 6 (25) 12 (75) 0.00
n (%)
Maximal t i L
aximat troponin (pg/mL) 67.6 (152 -127)  36.6 (10.1 - 101) 92 (59 - 242) 0.02
Median (IQR)
Troponin at admission (pg/mL)
35.2(6.5-85 11.7 (5.1 - 85 40.2 (19 - 85 0.23
Median (IQR) ( ) ( ) ( )
Maximal D-di L
aximat L-gimer (ng/mL) 0.69 (0.51 -2.37)  0.61 (0.43 - 0.90) 1.42 (0.64 - 3.37) 0.02
Median (IQR)
D-dimer at admission (ng/mL)
X 0.61 (0.40 - 0.99) 0.55 (0.29 - 0.64) 0.99 (0.60 - 2.65) 0.00
Median (IQR)
. o 1091 (548 - 1582)
Maximal ferritine (ng/mL) 1170 (675 - 1779) 821 (345 - 1366) 0.25
Ferritine at admission (ng/mL)
X 770 (407 - 1425) 960 (531 - 1779) 509 (156 - 842) 0.02
Median (IQR)
Maximal fibri /L
axumat fibrinogen (&L 6.15 (5.43 - 7.1) 6.15 (5 - 7.32) 6.39 (5.7 - 7.1) 0.50
Median (IQR)
Fibrinogen at admission (g/L)
5.36 (4.5-6.5 5.7 (4.6-6.7 52(4.5-64 0.53
Median (IQR) ( ) ( ) ( )
Maximal C ti tei /L
axumat & reactive protein (mg/L) 238 (127 - 311) 212 (95 - 301) 283 (138 - 371) 0.21
Median (IQR)
C reactive protein at admission (mg/L)
1 2-2 1 -2 124 -2 .
Median (IQR) 38 (7 66) 63 (88 - 266) (59 - 265) 0.37
Maximal creatinine (mg/dL) 1.15 (0.7 - 1.9) 0.96 (0.65 - 1.26) 1.9 (0.9 - 2.8) 0.01
Median (IQR) ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
Creatinine at admission (mg/dL)
. 7-1.4 R .7 - 1.1 1.2 (0.8-1. .01
Median (IQR) 0.9 (0.7 ) 0.8 (0.7 ) (0.8 5) 0.0
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Continued

Aspartate aminotransferase (U/L)
i 87 (63 - 116) 87 (63 - 122) 87 (63 - 110) 0.78
Median (IQR)
Alanin aminotransferase (U/L)
83 (62 - 114) 87 (70 - 128) 79 (51 - 100) 0.19

Hemoglobin at admission (g/dL)
Median (IQR)

Minimal hemoglobin (g/dL)
Median (IQR)

Total billirrubin (mg/dL)
Median (IQR)

Hematocrit (%)
Median (IQR)

Leucocytes (10°/pL)
Median (IQR)

NT-proBNP (pg/mL)
Median (IQR)

Median (IQR)

0.77 (0.54 - 1.24) 0.82(0.54-1.2) 0.69 (0.53 - 1.34) 0.83

15 (14.2 - 15.8) 15.2 (14.2 - 16.2) 14.6 (14 - 15.4) 0.13

9.6 (8.6 - 12.1) 10.4 (9.6 - 13.5) 8.8(7.4-9.7) 0.00

29.1 (26.1 - 37.8) 30.9 (28.1 - 40.5) 27.3 (22.9 - 29) 0.00

12.2 (8.7 - 16.8) 11.2 (6.5 - 13.7) 15.8 (11.6 - 18.8) 0.03

832 (308 - 2156) 385 (148 - 833) 2214 (1043 - 7646)  0.00

SD: standard deviation; BMI: body mass index; IQR: interquartile range.

Cardiac and inflammation biomarkers (troponin I, NT-proBNP, ferritin,
D-dimer, C-reactive protein) were found to be significantly increased in all pa-
tients. However, there were differences detected in the values of these between
survivors and non-survivors related to the values of maximum troponin, D-dimer,
ferritin and creatinine, as well as in patients suffering from diabetes mellitus. The
values of the conventional transthoracic two-dimensional echocardiography were
within normality, with the exception of the value of the velocity-time index of
the left ventricular outflow tract (as a surrogate of the stroke volume) as well as
in the fractional change area of the right ventricle, which showed a slight de-
crease in non-surviving patients, compared to those who survived.

Regarding left ventricular mechanics (Table 2), there are significant findings
most likely related to the cardiac involvement of Covid-19 infection and the fol-
lowing are noteworthy: a significant decrease in both groups in the value of
global longitudinal strain as well as circumferential strain and increase of the
twist value. Although this last parameter shows an increase in its value, among
the patients who did not survive and had a decreased value, an associated in-
crease in mortality was found. Radial strain only showed a biphasic pattern.

No significant associations were found with respect to ventricular mechanics
values and associated complications during the time of hospitalization (liver and
kidney failure, cardiogenic shock), most likely due to the size of the sample of
patients studied.

Table 3 shows the outcomes of the patients according to the presences or ab-
sence of strain abnormalities. There were no significant differences but MACE
were higher among the patients with abnormal strain than in those with normal
strain (69.7% vs 42.9%)

In order to know the magnitude of the association between the variables with
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Table 2. Echocardiographic measurements.

Variable '.I‘otal Su‘rvivors Non-‘survivors p
Median (IQR) Median (IQR) Median (IQR)

LV diastolic diameter (mm) 43.5 (40 - 47) 45 (40 - 50) 42 (38 - 44) 0.10
LV systolic diameter (mm) 25 (21 -31) 26 (20 - 29) 24 (22 -31) 0.94
LVOT VTI 18.2 (16.5 - 21.1) 19.5(17.3 - 21.2) 17.1 (15.3-18.7)  0.04
TAPSE 21 (19.5 - 23) 21.5 (20 - 24) 20.5 (19 - 23) 0.38
RV basal diameter (mm) 32.5(30 - 39) 32 (30.5 - 37) 33.5 (30 - 40) 0.70
RV mid diameter (mm) 26.5(23.5 - 31.5) 29 (24 - 32) 25 (23 - 30) 0.32
RV longitudinal diameter (mm) 69 (64 - 72) 69 (65 - 72) 68 (63 - 73) 0.63
RV FAC 45 (38 - 50) 48 (39 - 51) 44 (30 - 47) 0.07
LV EF 63.5 (58.5 - 67.5) 62.5 (58.5 - 67.5) 64.5 (59 - 68) 0.80
LV longitudinal strain ~17.05 (~18.05 - —=16.15)  —17.1 (-18.1 - -16.4) —16.7 (-18 - —=15.7) 0.46
LV radial strain 7.5 (2.85 - 16.5) 7 (2.4 - 16) 8(3-17.5) 0.95
LV circumferential strain —18.6 (—23 - —-16.8) -20(-23.5--17.1) -17.5(-20 - -16.2) 0.16
Basal rotation -6 (-8 - —3.5) -6 (-8 --5) —4.5(-8.5--2) 0.11
Apical rotation 9.5 (7 -12) 10 (7.5 - 11.5) 8.5(2.5-12) 0.35
Twist 16.5 (10.5 - 22) 16.5 (13 - 22) 15.5(8.5-24)  0.52

LV: left ventricular; IQR: interquartile range; LVOT TVT: left ventricular outflow tract velocity time integral; TAPSE: tricuspid
annulus plane systolic excursion; RV: right ventricular; FAC: fractional area change; EF: ejection fraction.

Table 3. Outcomes.

Variable Total Normal strain ~ Abnormal strain
(n=40) (n=7) (n=33)

Death 16 (40) 3 (42.9) 13 (39.4) 1
Mechanical ventilation 21 (52.5) 3(42.9) 18 (54.5) 0.68
Other infections 24 (60) 3 (42.9) 21 (63.6) 0.30
MACE 26 (65) 3 (42.9) 23 (69.7) 0.07
Days in mechanical ventilation 8(0-19) 11 (0 -22) 0(0-11) 0.18
Days in CCU 10 (6 - 21) 12 (7 - 23) 8(3-13) 0.17
Hospitalization days 16 (11 - 26) 18 (12 - 29) 13 (10 - 16) 0.18

the occurrence of MACE we performed a Cox-regression analysis. We found
that LV longitudinal strain, low circumferential strain, low LVOT VTI and low
twist were associated with higher MACE but with no statistical significance
(Table 4). C reactive protein, troponin and creatinine were significantly asso-
ciated with MACE. Figure 3 shows a Kaplan-Meier analysis in which we found
no significant differences regarding MACE among patients with low and ab-

normal strain.
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Table 4. Cox-regression model adjusted by age and sex for the prediction of MACE.

Variable HR p CI95%
LV longitudinal strain < —17.0 1.73 0.39 0.48 - 6.16
Low LV radial strain 0.66 0.32 0.25 - 1.75
Low circumferential strain 1.49 0.35 0.64 - 3.48
Low twist 2.09 0.12 0.81 - 5.39
LVOT VII< 18 1.39 0.45 0.57 - 3.40
TAPSE < 17 mm 6.25 0.11 0.62 - 62
FACVD < 35% 2.24 0.09 0.87 -5.72
C reactive protein > 100 mg/L 3.48 0.03 1.07 - 11.29
Troponin I > 40 pg/mL 2.60 0.04 1.01 - 6.67
D-dimer > 0.60 ng/mL 1.06 0.89 0.42 - 2.67
Creatinine > 0.9 mg/dL 2.71 0.03 1.05-7
o
8
|
|_; Log-rank p=0.29
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Figure 3. Kaplan-Meier graph for MACE in patients with low and normal strain.

4. Discussion

In our study, we found a reduction in global longitudinal strain in most of our
population, reflecting a marked compromise of subendocardial fibers. The most
significant alterations were those related to longitudinal and circumferential
strain, possibly explained by the nature of microthrombotic phenomena in the
cardiac vasculature and inflammation or direct damage related to the virus and
predict an unfavorable prognosis with significant changes of contractile function
and increased mortality in those patients with persistent inflammation [4].

To our knowledge, this is the first study to fully assess myocardial contraction
mechanics in patients infected with COVID-19 during the initial hospitalization

with the aim to describe and establish a predictable ventricular mechanics pat-
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tern as a consequence of the deleterious effects of the viral infection. The pa-
tients included in our case series are relatively homogeneous, with only some
demographic differences. All the patients listed in our review had pharmacolog-
ical measures with effective control of blood pressure and glucose.

Some studies have reported ventricular mechanics in patients with myocardi-
tis have detected a prediction of major adverse clinical events in patients show-
ing alterations in longitudinal and circumferential strain compared with controls
[9] [19] [20] [21] and we demonstrate that this pattern remains in myocardial
affection due to Covid-19.

Left ventricular function is extremely complex, it is known that the relation-
ship between left ventricular GLS/ejection fraction is linear, [22] while LVGCS
contributes twice as much to LVEF [23] and that it is frankly deteriorated in pa-
tients with the infection. Torsional deformation also contributes significantly to
ventricular function and partly explains why EF remains unchanged [24]. The
effects of inflammation persist over time and have been demonstrated in patients
discharged from hospital, followed through cardiac magnetic resonance imaging
[25].

Such findings could hypothetically assume that in the long-term, these pa-
tients could show ventricular remodeling, myocardial fibrosis and heart failure,
which can reduce the capacity of performing daily activities and a poor long-term
prognosis [26].

For this reason, early identification of alterations in ventricular mechanics
would be convenient, allowing early prediction of the impact on cardiac function
and timely therapeutic intervention to attenuate the effects of inflammation, in
order to avoid permanent damage, not aggravating another pandemic that has

afflicted our society for decades, such as congestive heart failure.

5. Conclusion

The analysis of left ventricular mechanics in our study of hospitalized patients
with COVID-19 showed that despite having a normal LVEF, we demonstrated
subclinical myocardial damage manifested by a decrease in GLS and GCS. The
behavior is similar to that of cardiomyopathies in the early stage of the disease.
Although the sample size was limited, our research clearly shows that COVID-19
infection causes a decrease in the left heart reserve and will most likely have de-

vastating consequences.

Limitations

The main limitation of this study was the small sample size in a single center.
Larger assays are necessary to correlate parameters of inflammation with the

echocardiographic findings shown in our investigation.
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