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ABSTRACT

BACKGROUND

Establishing a correlation between left ventricular global
longitudinal strain (LV-GLS) with transthoracic echocardiography
(TTE), and the severity and outcomes of patients infected

with COVID-19 offers several advantages in patient care and
management. This study aims to explore the utility of measuring
the LV-GLS to predict outcomes in hospitalized patients infected
with COVID-19.

METHODS

This was a retrospective cohort study of COVID-19 patients in a
tertiary care center who had a TTE with GLS measurements from
April 2021 to May 2021. Comparisons between parameters of left
ventricular function (GLS and LVEF) were performed using the
t-test or Mann-Whitney U test for continuous variables and the x?
test or Fisher exact test for categorical variables. Kaplan-Meier
survival analysis was used to estimate mortality and length of
hospital stay. Log-rank test was used to assess the association of
GLS on in-hospital mortality.

RESULTS

A total of 124 participants were included in the study. 73.2%
(90/123) had a decreased GLS; average GLS was -19.2% [-27.6
to -4.7]. A significant model was created using GLS as a main
factor with pre-selected co-variates with a Wald x? (2, N= 121) =
7.932 (p = .020). Co-variates were average GLS magnitude (HR
=0.897 [95% CI 0.808 to 0.997], p = .0.043) and presence of
severe complications (HR = 2.630 [95% CI of 1.087 to 6.362], p =
0.032).

CONCLUSION

A model considering severe complications showed that among
patients admitted for COVID-19 an abnormal average global
longitudinal strain predicts increased in-hospital mortality.

INTRODUCTION

The COVID-19 pandemic has continued to affect the world since
it was declared by the WHO in March, 2021. The causative
agent, Severe acute respiratory coronavirus 2 (SARS-COV-2)
has been spreading around the globe and undergone several
mutations since it was first discovered. In the Philippines alone,
there have been a total of 1, 165, 155 cases as of this writing,
with 163, 869, 893 cases worldwide."

The transthoracic echocardiogram (TTE) has been used
extensively prior to the pandemic but has raised concerns about
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the safety of its performance on COVID-19 patients and leading
to guidelines and recommendations for its use during this time.*®
The global longitudinal strain can be done with a TTE and tracks
individual points, called speckles, within an echo image, and
measures the change in length of the myocardium between end
diastole and end systole describing increases and decreases

in strain. Global longitudinal strain (GLS) of the left ventricle

can thus quantify myocardial function.” 8 Establishing the utility
of the transthoracic echocardiogram, particularly the global
longitudinal strain, in correlating with severity and outcomes of
patients infected with COVID-19 will allow for improved triaging
of patients and, as the need arises, for the proper allocation

of scarce resources. The global longitudinal strain may be
documented faster than the release of some of the biomarkers
available thus facilitating the clinician’s decision-making.

The study aims to determine the relationship between global
longitudinal strain and left ventricular ejection fraction (LVEF)
with in-hospital mortality of patients diagnosed with COVID-19 at
Makati Medical Center.

METHODS
Design, setting, and participants

This was a retrospective cohort study of COVID-19 patients in
a tertiary care center (Makati Medical Center, Metro Manila,
Philippines) who had a TTE with GLS measurements from April
2021 to May 2021 was done. Participants were included if

they were (1) at least 18 years of age, (2) diagnosed with an
active COVID-19 infection with a positive RT-Polymerase Chain
Reaction nasopharyngeal and throat swab, (3) admitted and
treated as inpatients, and (4) subject to a transthoracic 2D
echocardiogram (TTE) done between April 1, 2021 to May 30,
2021 at Makati Medical Center. Participants were excluded

if they were (1) less than 18 years of age, (2) no TTE, and (3)
transferred to another hospital for any reason. COVID-19 severity
was based on the discharge diagnosis based on the Philippine
department of health Interim Guidelines on the COVID-19
disease severity, classification and management.

We extracted routine data from the electronic medical records,
including baseline patient characteristics, clinical presentation,
diagnostics, disease course, treatment, and outcome. All patient
data were entered anonymously into a web-based electronic
form, only using a study identifier. The coding manual and key
linking patient information was saved in a local protected file
which was not available to the researchers performing data
analysis.
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Transthoracic Echocardiography

Transthoracic echocardiography (TTE) was done at bedside in
COVID-19 specific cohorting location in the study patients at rest
in the left lateral decubitus, supine or sometimes seated position,
as tolerated, with a GE Vivid S70ON 2D echocardiography
machine. The same machine was used to acquire all the

images used in the study. Comprehensive transthoracic
echocardiograms were performed according to guidelines

and views set by the American Society of Echocardiography
which included chamber dimensions and quantification.® The
images and views were then reviewed offline on the machine

left ventricular (LV) GLS was measured with a two-dimensional
speckle tracking analysis on apical two-, three-, and four-
chamber views using vendor specific software available on the
GE Vivid S70N machine according to guidelines.” The frame

rate of the two-dimensional echocardiographic data had been
acquired 40 frames per second or higher. Left ventricular

GLS measures the shortening of the myocardial fibers in the
longitudinal direction and is conventionally presented as a
negative value. Therefore, a less negative LV GLS (i.e., closer to
0) represents worse LV systolic function.

Clinical End Points and Outcomes

The outcome of interest in this study is in-hospital mortality. We
defined in-hospital mortality as the occurrence of death within
admission and was further described as the number of days
from admission to death. Patients who were discharged home
due to clinical improvement or transferred to a nursing home
were considered recovered. Patients who were transferred to
another hospital or were discharge with unknown reasons were
considered censored. Length of hospital stay is defined as the
number of days from patient to discharge.

Statistical analysis

The patients included in the study was presented using
descriptive statistics. Categorical variables were presented as
counts and percentages. Continuous variables were described
using measures of central tendency depending on the normality
of data.

Comparisons between parameters of left ventricular function
(GLS and LVEF) were performed using the t test or Mann-Whitney
U test for continuous variables and the x? test or Fisher exact test
for categorical variables as appropriate. Kaplan-Meier survival
analysis was used to estimate mortality and length of hospital
stay. Pearson’s R was used to determine the association of
parameters of left ventricular function with laboratory test results
(Troponin |, D-dimer and NT-proBNP). Log-rank test was used to
assess the association of GLS and EF on outcomes (mortality).
Co-variates with known clinical significance were introduced into
the statistical model. Collinearity diagnostics were done in the
process. All tests were two-sided and p-values were considered
significant when they are less than 0.05. Analysis was performed
using SPSS version 26.0 statistical software.

Ethical considerations

This study was reviewed and approved by the Institutional
Review Board and conducted in accordance with the ethical
principles based on the International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use-
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Good Clinical Practice ICH-GCP, Declaration of Helsinki and
the National Guidelines for Biomedical Research of the National
Ethics Committee (NEC) of the Philippines.

RESULTS
Descriptive and Outcome Data

A total of 124 participants were included in the study. The
average age was 63.9 + 14.3 years with 43.5% being female
(54/124). Average anthropometric measurements of height,
weight, and body mass index (BMI) were 1.63 m (95% CI of
1.62 10 1.64), 70.0 kg [45.0 to 142.5], and 26.4 m? [16.2 to
51.4]. Prior to admission, these patients experienced COVID-19
symptoms for eight days [1 to 25]. Smokers comprised 18.5%
(23/124) of the sample. The most common co-morbidities were
hypertension, obesity, and diabetes mellitus with percentages
of 82.3% (102/124), 54.8% (68/123), and 45.2% (56/124),
respectively. Majority (63.4%) had two to three co-morbidities
(Table 1).

Laboratory tests retrieved included Troponin |, NT-proBNP,
D-dimer, CRP, and LDH. Troponin |, D-dimer, CRP, and LDH were
requested for majority of patients; while only 12.1% (15/124) had
NT-proBNP results. Average values for Troponin |, NT-proBNP,
D-dimer, CRP, and LDH were 0.011ng/mL [0.001 to 65.60],
545.9 pg/mL [60.0 to 9000.0], 0.57 mg/L [0.04 to 5.35], 8.89
mg/dL [0.14 to 215.23], and 416.9 [178.4 to 1721.0]. Majority

of Troponin |, NT-proBNP, D-dimer, CRP, and LDH had high or
abnormal results. (Table 1)

Most patients were diagnosed as severe (45.2%) or critical
(33.9%) (Table 1 and Table 4) COVID-19. All patients received
enoxaparin. Steroids were given to 86.3% (107/124). Remdesivir
and Tocilizumab were respectively given to 96.0% (119/124)
and 28.2% (35/124) patients. (Table 3) In the clinical course of
patients, high-flow nasal oxygen, internal jugular vein catheter
insertion, hemoperfusion, intubation, and inotropic support
were given in 46.0%, 33.9%, 24.2%, 24.2%, 18.5% of patients
respectively. (Table 3) Severe complications occurred in 16.9%
(21/124) of patients; the most frequent were acute deep venous
thrombosis, acute ischemic stroke, myocarditis, and arrhythmia
in 16.9%, 9.7%, 4.0%, and 2.4%.

A total of 124 TTE’s were performed on an average of nine

and a half days [1 to 34] and one day [0 to 29] from the start

of COVID-19 symptoms. (Table 2) Most patients (88.6%) had

a normal left ventricular ejection fraction with an average of

64% [23 to 78]. Wall motion abnormalities were seen in 16.9%
(21/128). Majority 73.2% (90/123) had a decreased GLS;
average GLS was -19.2% [-27.6 to -4.7]. A patient had a missing
GLS result.

Majority of patients in the sample were discharged. The average
length of hospitalization was ten days [2 to 150]. In our study,
17.7% (22/124) died while admitted at the hospital. (Table 5) In
estimating the survival of our sample, in-hospital mortality and
length of hospital stay are the event indicator and measure of
time, respectively. A Kaplan-Meier survival curve was plotted
(Figure 1); the median survival was 30 days (95%Cl of 21.0 to
39.0 days) for our sample.
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Table 1. Demographics, laboratory, treatment, and clinical course of

patients (N=124).

Table 3. Medical and supportive treatment given.

Variable

Medical therapy

Mean = S.D., median [range],
percentage (counts)

Variable Mean = S.D., median [range],
percentage (counts)

Age (years) 63.94 + 14.31

Sex (female) 43.5 (54/124)

Weight (kg) 70.0 [45.0 to 142.5]

Height (m) 1.63 + 0.08

BMI (kg/m?) 25.76 [16.22 to 51.42]
Underweight (under 18.5kg/m?) 3.2 (4/123)
Normal (18.5 to 22.9kg/m?) 25.0(31/123)
Overweight (23.0 to 24.9kg/m?) 16.1 (20/123)
Obese (25.0kg/n¥ and above) 54.8 (68/123)

COVID-19 symptoms prior to 8.0 [1 to 25]

admission (days)

Smoking history

18.5 (23/124)

Co-morbidities (diseases)

Enoxaparin 100 (124/124)
Steroids 86.3 (107/124)
Remdesivir 96.0 (119/124)
Tocilizumab 28.2 (35/124)
Baricitinib 3.2 (4/124)
Leronlimab 0.8 (1/124)
Other therapy

High Flow Nasal O2 46.0 (57/124)
Central venous access 33.9 (42/124)
Hemoperfusion 24.2 (30/124)
Endotracheal intubation 24.2 (30/124)

Hypotension
Inotropic support
Norepinephrine
Dopamine
Dobutamine
Inotropes (number)
None
1
2

21.0 (26/124)
18.5 (23/124)
16.9 (21/124)
1.6 (2/124)
3.2 (4/124)

81.5 (101/124)
15.3 (19/124)
3.2 (4/124)

Table 4. Measures of central tendency stratified according to

COVID-19 severity (N=122).

Categories GLS (%)
(counts) Mean * S.D.
COVID-19
Mild (1) 22.6
Moderate (25) 20.5(2.5)
Severe (55) 18.6 (3.7)
Critical (41) 17.9(3.7)

EF (%)
Mean * S.D.

64.0
65.8 (6.3)
62.5 (9.5)
62.2 (9.4)

Hypertension 82.3(102/124)

Obesity 54.8 (68/123)

Diabetes mellitus 45.2 (56/124)

CAD 12.9(16/124)

Stroke 8.1(10/124)

PTB 6.5 (8/124)

Bronchial asthma 5.6 (7/124)

CKD on hemodialysis 4.8 (6/124)

Hepatitis or Cirrhosis 3.2 (4/124)

Cardiomyopathy 1.6 (2/124)

COPD 1.6 (2/124)

Pregnancy 1.6 (2/124)

Ankylosing spondylitis 0.8(1/124)

HIV 0.8(1/124)

Aplastic anemia 0.8(1/124)

Parkinson’s disease 0.8 (1/124)

Chronic DVT 0.8(1/124)

Co-morbidities (number)

None 5.7 (7/123)

1 14.6 (18/123)

2 34.1(42/123)

3 29.3 (36/123)

4 13.8 (17/123)

5] 2.4 (3/123)

Laboratory tests

Troponin | (ng/mL) 0.011 [0.001 to 65.606]
High (0.015 or 0.034ng/mL) 68.6 (81/118)

NT-proBNP (pg/mL) 545.9 [60.0 to 9000.0]
High (>125pg/mL) 66.7 (10/15)

D-dimer (mg/L) 0.57 [0.04 to 5.35]
High (>0.5mg/L) 44.4 (55/124)

CRP (mg/dL) 8.89[0.14 to 215.23]
High (>0.5mg/dL) 96.0(119/124)

LDH (u/L) 416.9 [179.4 to 1721.0]

High (>220u/L)

91.9 (114/124)

Table 5. Mortality, length of hospitalization, and severe

complications of COVID-19 (N=124)

Outcome

In-hospital mortality

Mean = S.D., median [range],
percentage (counts)

17.7 (22/124)

COVID-19 severity
Mild
Moderate
Severe
Critical

0.8(1/124)
20.2 (25/124)
45.2 (56/124)
33.9 (42/124)

Table 2. Transthoracic 2D echocardiography findings (N=124).

Variable

Hospitalization to TTE (days)

Mean = S.D., median [range],
percentage (counts)

1.0 [0 to 29]

Symptoms to TTE (days)

9.5[1.0 t0 34.0]

WMA

16.9 (21/123)

LVEF (%) 64.0 [23.0 to 78.0]
Normal (65% and above) 88.6 (109/123)

GLS (%) -19.2 [-27.6 to -4.7]
Decreased (> -18.0%) 73.2(90/123)

Survival
Median 30 days (95% Cl of 21
Mean to 39 days)

Hospital length of stay (days) 10.0 [2 to 150]

Severe complications 16.9 (21/124)
Acute DVT 9.7 (12/124)
AIS 4.0 (5/124)
Myocarditis 2.4 (3/124)
Arrhythmia 1.6 (2/124)
ACS 1.6 (2/124)
ICH 0.8 (1/124)
PE 0.8 (1/124)
Pericardial effusion 0.8 (1/124)
CPR 0.8 (1/124)

Association of LV Function and Laboratory Parameters

Clinically pertinent cut-offs for LV function (EF, GLS) and
laboratory (Troponin I, NT-proBNP, D-dimer) were used. This is
especially pertinent for the case of Troponin | where the result is
laboratory dependent (e.g. a high Troponin | >0.015 or >0.034ng/
mL). A x? test of independence was performed to examine the
relation between GLS and Troponin |; and GLS and D-dimer. The
relation between GLS and Troponin | showed a x2 value (1, N =
117) = 9.287, p = .002. GLS and D-dimer had a x? value (1, N

= 123) = -0.065, p = .472. A Fisher’s exact test was performed

to examine the relation between GLS and NT-proBNP with a p =

301, FET. (Table 6)
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Figure 1: Kaplan-Meier survival curve for in-hospital mortality in the sample.
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Table 6. Relationship of GLS and laboratory tests (Troponin I, NT-proBNP, and D-dimer).

GLS p value
<18% (1) > 18% (0)

Troponin | 0.009 [0.001 to 65.606] 0.034 [0.003 to 2.970]
Normal (<0.015 or 0.034ng/mL.) 19 17 .002
High (>0.015 or 0.034ng/mL) 65 16

NT-proBNP 1589.3 [60.0 to 2710.0] 1598.4 [60.0 to 3325.3]
Normal (<125pg/mL) 4 5 .301
High (>125pg/mL) 4 1

D-dimer 0.56 [0.04 t0 5.35] 0.80 [0.05 to 4.00]
Normal (<0.5mg/L) 42 13 472
High (>0.5mg/L) 48 20

A x? test of independence was performed to examine the relation between GLS and Troponin |; and GLS and

D-dimer. The relation between GLS and Troponin | was significant, x* (1, N= 117) = 9.287, p = .002. GLS < 18%

were more likely to have abnormal Troponin | (=0.015 or 0.034ng/mL). The relation between GLS and D-dimer
was not significant, x? (1, N = 123) = -0.065, p = .472. A Fisher’s exact test was performed to examine the
relation between GLS and NT-proBNP. The relation between these variables was not significant (p = .301, FET).

Table 7. Mean and median survival time according to LV

function parameters. confounders.

12
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Association of LV Function
Parameters with Outcomes

A clinical association of LV
function parameters and
mortality already exists.
Our task is to estimate

a preliminary accurate
associations of these
parameters to mortality
with candidate co-variates
in mind. Demographic,
laboratory, clinical, and
other TTE findings are
potential co-variates. The
most clinically-relevant of
these include age, sex, BMI,
number of co-morbidities,
Troponin |, presence of
severe complications and
COVID-19 severity.

Log-rank Tests

A Log-rank test was
performed to examine the
relation between GLS and
in-hospital mortality. GLS
and in-hospital mortality had
ax?(1, N=123) = .443, p

= .506. Mean and median
survival times were created
(Table 7).

On inspection, it is seen
that the survival curves of
GLS and LVEF crossed;
(Figure 2) the Log-rank
test may be unreliable due
to an increased risk for a
type Il error and the lower
power of the test. The
authors understand that a
multivariable model may

perform a better determination of association and showcase

Factor Survival time Standard 95% Cl Cox PH regression
(days) error
GLS All potential continuous and categorical variables passed all
>18% the assumptions of Cox PH regression (p > .050). A model
Mean 27.1 3.2 20.9 - 33.4 was created using GLS as a main factor with pre-selected
<1“é';d'a” - - - co-variates with a Wald 2 (2, N = 121) = 7.932 (p = .020).
Mean 73.6 182 37.8—109.2 (Table 8) Co-variates were average GLS magnitude (HR =
Median 30.0 46 21.1-389 0.897 [95% CI 0.808 to 0.997], p = .0.043) and presence of
LVEF severe complications (HR = 2.630 [95% ClI of 1.087 to 6.362],
>55% p = 0.032). Hazard functions were plotted at GLS = 18.0% and
Mean 83.5 13.9 56.3-110.8 based on the presence or absence of severe complications.
<5“5";d'a“ 30.0 - - (Figures 4 and 5)
Mean 24.773 4122 16.694 — 32.853
Median 23.000 8.227 6.875-39.125
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Figure 2: Kaplan-Meier Log-rank test to examine the relation between GLS (>18%) and in-hospital mortality.
The relation between GLS and in-hospital mortality was not significant, x? (1, N =123) = .443, p = .506.
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Table 8. Results of a multivariate Cox proportional hazards model incorporating GLS.

B SE Wald x? df HR 95% ClI p value
Average GLS magnitude -0.108 0.054 4.088 1 0.897 0.808 — 0.997 .039
Severe Complications
Absent - - - - 1 - -
Present 973 0.455 4574 1 2.646 1.085 - 6.454 .032

Model Wald x2 (2, N = 122) = 7.832 (p = .020)
-2 log likelihood = 145.403

Figure 4: Hazard functions with lines based on presence and absence of severe complications. The mean
GLS magnitude is 18.775% was changed to 18.0% to conform with local normal values.
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Figure 5: Hazard functions with lines based on presence and absence of severe complications. The mean
GLS magnitude is 18.775% was changed to 18.0% to conform with local normal values.
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Figure 3: Kaplan-Meier Log-rank test to examine the relation between LVEF (>55%) and in-hospital
mortality. The test was not significant, x? (1, N =123) = 1.380, p = .240.
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DISCUSSION

Although the sample size may not have reached the desired
number, previous studies have had samples ranging from 31 to
214.77 This number is partially limited by the number of COVID
patients admitted during the timeframe during which this study
was carried out. This study was done during the tail-end of the
second large surge of infections in the Philippines thus explaining
the larger number of patients during the first month and a sudden

100 120 140

drop off during the second month. They were admitted at a

mean of 8 days from first symptoms and majority of them were
eventually diagnosed as at least severe and even critical with only
25 moderate cases admitted and one mild case in the population.
Of note is the diagnosis of myocarditis being made in only three
patients, of which, only one had proven evidence of decreased
left ventricular ejection fraction by a repeat 2D echocardiogram.
This may be attributed to the lack of specific criteria of diagnosis
and inconsistent reporting as noted by Siripanthong et al who
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reviewed claims that up to 7% of COVID-19 deaths may be due
to myocarditis.?® Troponin | levels were elevated in 68.6% of
patients in who it was requested but were not used as basis for
the diagnosis of myocarditis as the diagnosis was only made in
three patients.

The transthoracic 2D Echos performed were often done

on admission or within one day of admission and may be
representative of the patient’s status on admission. Left ventricular
ejection fraction was found to be normal in most of these
patients as well and were found to have normal wall motion and
contractility. Global longitudinal strain on the other hand was
found to have a normal mean with a value below -18% but 73.2%
of patients were noted to have an average global longitudinal
strain of greater than the reference value of -18%, indicating
decreased and abnormal global longitudinal strain in the
population.

The decreased average global longitudinal strain however was
only found to have a significant association with Troponin |, and
not with D-dimer or proBNP, all three of which have been found to
have an association with mortality.?® A decreased ejection fraction
demonstrated a similar association with an elevated Troponin |
and lack thereof with proBNP and D-dimer.

As stated, the vast majority of patients in the study had left
ventricular ejection fractions that fell into the normal range. With
this in mind, it is understandable that the Kaplan-Meier log-rank
showed no significant association between an abnormal left
ventricular ejection fraction and in hospital mortality (Figure 3).

It was also noted patients in this population were found to have
an abnormal average global longitudinal strain in the majority of
cases and the Kaplan-Meier log-rank also showed no significant
association between average global longitudinal strain and
in-hospital mortality. This population distribution may have
skewed the results leading to the non-significance of findings.
Review of the curves suggest the presence of confounding
variables. This led to the development of a multivariate model

to analyze the effect of other variables as was seen in similar
studies.™ 222 A decreased left ventricular ejection fraction

was then found significant in a model that included severe
complications, advanced age in years, and critical covid as
significant covariants but including male sex, and average
global longitudinal strain. Average global longitudinal strain was
not found to be significant in this model .This demonstrated the
confounding effects of these variables. The development of the
model with average global longitudinal strain magnitude as the
main factor was then done. The multivariate analysis found that a
higher average global longitudinal was associated with improved
survival with a significant hazard ratio of 0.897 when controlled for
the presence of severe complications. This is suggestive of the
significance of average global longitudinal strain in predicting the
chances of avoiding in-hospital death.

Similar studies are in agreement with findings of abnormal and
decreased average global longitudinal strain among patients with
COVID-19, however the mean average global longitudinal strain
was found to be much higher than those previously observed.
This may be explained by the timing of 2D Echos done in
previous studies which were much later, usually in the latter half
of admission.® 1222 This is in contrast to the timing in this study
where a large number of the studies were done within a day of
admission.

The association of Troponin | with cardiac injury and the

LV-GLS as predictor for outcomes in COVID-19

association increased levels with increased mortality has been
established by previous studies along with levels of proBNP and
D-dimer.2* Li et al found significant association between Troponin
| and proBNP which continued to be significant after adjusting for
age and sex.® This supports with the findings in our study where
an abnormal Troponin | was associated with an abnormal average
global longitudinal strain. However, an association between
average global longitudinal strain and proBNP was not found.
This could be explained by the inconsistent request for proBNP
in the population. The association between Troponin | and
average GLS could be explained by myocardial injury occurring
in COVID-19 also having an effect on myocardial contractility
and function as detected by average global longitudinal strain.™
Baycan et al found similar results associating Troponin | levels
with disruption of left ventricular longitudinal strain which

they claim as proof of myocardial damage.?' They also found

a significant relationship between the left ventricular Global
longitudinal strain value and D-dimer that was not seen in this
study. This association with Troponin |, points towards the utility of
global longitudinal strain in COVID-19.

A majority of the patients enrolled in the study showed average
GLS values below the lower limit of normal suggesting that
patients with COVID-19 infection may have lower GLS. The
significance of the association found in this study between GLS
and mortality may be interpreted that the degree of myocardial
contractility on admission as measured by GLS was found to

be predictive of mortality after controlling for the presence of
severe complications. The development of a preliminary model
showed the ability to predict mortality based on measured

GLS on admission and the occurrence or presence of severe
complications during admission, which was also found to be

of significance in the model produced. A higher GLS was thus
found to be associated with decreased chances of mortality and
thus increased survival but could be affected along the course of
the admission by the development of additional complications.
This model was different from those of previous studies but was
found to have significance in this study. Although previous studies
were designed to measure the effect of COVID-19 on GLS by
with TTE’s done later during the admission, similar results were
attained with a significant association between GLS level and
mortality.® 1222 Baycan et al controlled for the most variables by
excluding patients with segmental wall motion, and other factors
that may decrease GLS, did the TTE's with a similar timeframe to
this study and found that GLS was still associated with increased
levels of D-dimer and Troponin | which detected myocardial
injury associated with the severity of the disease and mortality.?'
Hypertension was also prevalent in this population and is notable
because a study by Croft et al found a similar prevalence in their
study which did not find a significance to prediction of hospital
death or mechanical ventilation, but did report a trend towards
its predication.™ A similar study by Kim et al found a greater
prevalence of hypertension in the more severe group but found
no significant difference in GLS between the two groups.™

The prevalence of hypertension in the study is of note due to

its effect of decreased GLS in patients with this comorbidity. A
model produced by Lassen et al included hypertension, DM,
BMI, smoking status, sex and age and also showed a higher

risk of dying with reduced GLS." Li et al set a higher cutoff of
21% as compared to the 18% used in this study and was also
taken at a time past the critical period of the disease, confirmed
that GLS was associated with markers of more severe disease,
including Troponin | and proBNP, as well as inflammatory
cytokines (IL6, TNF) and SpO2 levels and thus concluded the
prevalence of myocardial dysfunction. This highlights the potential
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pathophysiology behind COVID-19 induced cardiac dysfunction.®
Generalized inflammation causing disruption of plaques was also
postulated by Lassen et al.’* None of the studies could confirm
with certainty that direct cardiac injury was due to COVID-19
infection due to lack of baseline and follow up studies of GLS.
Lassen et al admitted that myocardial insufficiency may have
been present prior to the study and they were unable to control
for it." The effect of the occurrence of severe complications

on the survival and hazard curve can thus be explained by
mortality being predicted by cardiovascular function and reserve
and being further strained by the occurrence of one or more
complications thus leading to systemic collapse and a patient’s
demise. Liu et al found increased left ventricular mass and
pericardial effusion in COVID-19 patients postulating that it could
be indicative of a heart swelling. A small number of autopsies
done in this study showed myocardial edema, inflammatory cells
and enlargement of myocytes. They hypothesized that such
swelling may be caused by fluid overloading or the cytokine
storm of COVID-19. Such edema can also explain the abnormal
GLS in these patients.™

CONCLUSION

The study was able to develop a preliminary model for predicting
mortality based on GLS and adjusting rates based on the
occurrence of severe complications during admission. This model
may be useful in practice to explain to patients the predicted
course and the effects of any complications allowing one to
stress the importance of interventions to protect against such
complication. We can therefore conclude from this study that
among patients admitted for COVID-19 an abnormal average
global longitudinal strain predicts increased mortality.

Limitations

The study is primarily limited by its sample size which fell

well short of the computed sample size of 167. Despite this,

a significance was still found in the study which may be
strengthened by a larger sample size. Selection bias limited

the patients to those who had images where average global
longitudinal strain studies could be done. The descriptive data
was taken from a this specific sample of patients who had
transthoracic echocardiograms done during their admission
based on clinician judgement which may inadvertently have

led to milder and less complicated cases being excluded.
Laboratories were also requested based on physician judgement
and could not be controlled. As stated earlier, the distribution of
global longitudinal strain and left ventricular ejection fraction may
also lead to some bias in the computation of statistics that was
minimized through multivariate analysis. Due to the study design,
we cannot make conclusions on the causality between COVID-19
and the decreased average global longitudinal strain. Further
prospective study with a larger sample size may be able to
achieve a model with increased precision, accuracy and reliability.

KEY WORDS
COQOVID-19, 2D echocardiogram, Transthoracic echocardiography,
left ventricular global longitudinal strain, in-hospital mortality
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