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A B S T R A C T   

Background: Right ventricular (RV) dysfunction in acute COVID-19 was reported to be associated with poor 
prognosis. We studied the association between parameters of RV dysfunction and in-hospital mortality during the 
surges caused by different SARS-CoV-2 variants. 
Methods: In a retrospective single-center study, we enrolled 648 consecutive patients hospitalized with COVID-19 
[66 (10 %) hospitalized during the alpha variant surge, 433 (67 %) during the delta variant surge, and 149 (23 
%), during the omicron variant surge]. Patients were reported from a hospital with an underreported population 
of mostly African American and Hispanic patients. Patients were followed for a median of 11 days during which 
in-hospital death occurred in 155 (24 %) patients [Alpha wave: 25 (38 %), Delta Wave: 112 (26 %), Omicron 
wave: 18 (12 %), p < 0.001]. 
Results: RV dysfunction occurred in 210 patients (alpha: 32 %, 26 %, delta: 29 %, and omicron: 49 %, p < 0.001) 
and was associated with higher mortality across waves, however, independently predicted in-hospital mortality 
in the Alpha (HR = 5.1, 95 % CI: 2.06–12.5) and Delta surges (HR = 1.6, 95 % CI: 1.11–2.44), but not in the 
Omicron surge. When only patients with RV dysfunction were compared, the mortality risk was found to 
decrease significantly from the Alpha (HR = 13.6, 95 % CI: 3.31–56.3) to the delta (HR = 1.93, 95 % CI: 
1.25–2.96) and to the Omicron waves (HR = 11, 95 % CI: 0.6–20.8). 
Conclusions: RV dysfunction continues to occur in all strains of the SARS-CoV-2 virus, however, the mortality risk 
decreased from wave to wave likely due to evolution of better therapeutics, increase rate of vaccination, or viral 
mutations resulting in decrease virulence. 
Registration number of clinical studies: BronxCare Hospital center institutional review board under the 
number 05 13 21 04.   
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1. Introduction 

1.1. Background 

Coronavirus disease 2019 (COVID-19) is caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). COVID-19 is a global 
pandemic that caused significant morbidity and mortality worldwide 
overwhelming medical and financial capabilities of most institutions 
worldwide. COVID-19 reportedly carries significantly worse prognosis 
in patients who have comorbidities. Cardiovascular disease is consid-
ered in the center of attention of factors that increase the risk of mor-
tality of COVID-19. Nevertheless, COVID-19 is reportedly fatal as well in 
patients who do not have risk factors[1]. Mechanisms behind fatality in 
these patients are not yet fully characterized however was thought to be 
related to variable contribution of thromboembolic and inflammatory 
processes. Echocardiography is an indispensable bedside tool that can be 
easily used for assessment of cardiac performance in COVID-19 patients 
[2]. Echocardiographic changes in the acute phase of the COVID-19 
infection were reported early in the COVID-19 pandemic[3]. Specif-
ically, parameters of RV dysfunction in the acute setting of the infection 
were reported to be independently associated with in-hospital mortality 
in the first wave of the pandemic[4–6], probably due to multifactorial 
RV strain due to thrombotic events, hypoxemic vasoconstriction, and 
direct myocardial damage. Reports have suggested variable virulence 
between different strains of the virus[7], however, the effect of the 
infection on RV functions and its effect on in-hospital outcomes during 
various waves contributed to different viral strains are not yet known. 

We aimed to study and compare the association between parameters 
of RV function and in-hospital mortality during the surges of infections 
caused by the Alpha, Delta, and Omicron variants of the SARS-CoV-2 
virus. 

2. Methods 

In a retrospective single-center study protocol, we enrolled consec-
utive patients (predominantly African American and Hispanic) hospi-
talized with COVID-19 infection at BronxCare Hospital Center, Bronx, 
New York, USA, who underwent clinically indicated echocardiograms. 
Our patients represent an underreported population of mostly African 
American and Hispanic patients. Patients were only included if they had 
a confirmed COVID-19 as a cause of hospital admission rather than an 
“incidental” COVID-19 finding that noticed in patients admitted for 
other causes. COVID-19 hospitalization trends and timeline in New York 
city were reviewed online from NYC health website (https://www1.nyc. 
gov/site/doh/covid/covid-19-data-totals.page) to define projected time 
intervals for wave surges of the viral infection attributed to the Alpha, 
Delta, and Omicron variants. Our patients were admitted sequentially 
during a period of the rise and peak of each of the infection surges 
attributed to different variants. The time interval during which patients 
were selected in our study whose infection was attributed to the Alpha 
variant was between March 2020 to July 2020, that during which pa-
tients were selected in our study whose infections was attributed to the 
delta variant was January 2021 to October 2021, and during which 
patients were selected in our study whose infections was attributed to 
the omicron variant was December 2021 to February 2022. Patients 
were included if they had an echocardiogram done and were excluded if 
they were<18 years of age or if they were pregnant women. De-
mographic, clinical, laboratory, and echocardiographic data were 
assessed, and the primary endpoint of the study was in-hospital 
mortality. 

Echocardiograms were performed according to a focused time effi-
cient protocol, with appropriate use of personal protective equipment, 
and limited viral exposure time [8]. In addition to standard echocar-
diographic measurements, parameters of RV functions were obtained 
including basal diastolic RV diameter (RVDD) from a RV-focused apical 
view, and tricuspid annular plane systolic excursion (TAPSE) from the 

apical 4-chamber view. These measurements were confirmed with vi-
sual inspection. RV dysfunction was defined as RVDD > 4.1 cm, TAPSE 
< 1.7 cm, and/or tricuspid regurgitation velocity (TRV) > 2.8 m/s. 

2.1. Statistical analysis 

Continuous parameters were expressed as mean ± SD and compared 
using Student’s t-test or the Wilcoxon rank sum test, and categorical 
parameters were expressed as number (%) and were compared using 
chi-square test. Cox-regression models and Kaplan-Meier’s survival 
curves were used to explore the associations of clinical and echocar-
diographic predictors of in-hospital mortality. The study protocol was 
approved by the institutional review board. 

3. Results 

The total study sample size was composed of 648 hospitalized pa-
tients with confirmed COVID-19 infection. Of these, 66 (10 %) patients 
[age: 63.5 ± 16.3 year, 23(35 %) women] were hospitalized during the 
wave attributed to the alpha variant, 433(67 %) patients [age: 66.4 ±
14.8 year, 187(43 %) women] were hospitalized during the wave 
attributed to the delta variant, and 149 (23 %) patients [age: 66.2 ±
15.8 year, 64 (43 %) women] were hospitalized during the wave 
attributed to the omicron variant. Of note, none of the patients in the 
alpha variant wave were vaccinated, 26 (6 %) patients in the delta 
variant wave were vaccinated, and 34 (23 %) patients in the omicron 
variant wave were vaccinated (13 partially vaccinated, 13 were fully 
vaccinated, and 8 were vaccinated and boosted). Table 1 summarizes the 
demographic, clinical, and laboratory differences between the three 
variants. In brief, there were no significant differences between infection 
attributed to the three waves regarding age, sex, or risk factors, however 
more patients in the omicron variant wave had history of congestive 
heart failure (CHF) and chronic kidney disease (CKD). The onset of 
symptoms to hospital presentation period was significantly longer in the 
wave attributed to the Alpha wave compared to the other waves. 
Furthermore, signature COVID-19 laboratory variables, including lym-
phocytic count, D-dimer, lactate dehydrogenase, and C-reactive protein 
were less severe from the alpha to delta to omicron waves with highest 
values in the Alpha wave and lower values in the omicron wave, except 
for creatinine level which was not statistically significantly different 
between waves. Regarding the therapeutics used, anticoagulation, 
tocilizumab, and antibiotics were used progressively less from the alpha 
to delta to omicron waves with their most frequent use in the alpha wave 
and least use in the omicron wave. Convalescent plasma was utilized 
more in delta variant wave while corticosteroids were utilized more in 
the delta variant followed by the omicron variant wave. 

Patients were hospitalized for a median of 11 days, and there was no 
significant difference for follow-up time between groups. It was found 
that, overall, out of the 648 patients studied, 110 (17 %) patients were 
admitted to intensive care units, mechanical ventilation occurred in 166 
(26 %) patients, and in-hospital death occurred in 155 (24 %) patients. 
Patients were less likely to be admitted to an intensive care unit from the 
alpha to the omicron waves [alpha wave = 32 (48 %) vs delta wave = 61 
(14 %) vs omicron wave = 17 (11 %), all p < 0.001], as there was less 
likelihood of mechanical ventilation [alpha wave = 32 (48 %) vs delta 
wave: 106 (24 %) vs omicron wave: 28 (19 %), all p < 0.001], and less 
likelihood of in-hospital mortality [alpha wave = 25 (38 %) vs delta 
wave = 112 (26 %) vs omicron wave = 18 (12 %), p < 0.001]. 

3.1. Echocardiographic comparisons 

Table 1 summarizes echocardiographic variables between different 
waves in our study. In brief, it was found that, for parameters of left 
ventricular (LV) function, there were no significant differences between 
waves regarding left ventricular mass index, left ventricular ejection 
fraction, Doppler-derived mitral velocity during early (E) and late 
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diastole (A) and the mitral E/A ratio. Patients in the omicron variant 
wave had larger left atrial volume index, lower tissue Doppler-derived 
septal mitral annular velocity (e’), and higher E/e’ ratio. On the other 
hand, for parameters of RV functions, right atrial area was larger in the 
alpha and omicron variant waves while RV basal diameter was pro-
gressively smaller from the alpha to delta to omicron variant waves. 
There were no statistically significant differences between patients 
regarding tricuspid regurgitation velocity (TRV). In addition, RV 
diameter > 4.1 cm and tricuspid annular systolic excursion (TAPSE) <
1.7 cm were more frequent in the Alpha wave, while TRV > 2.8 was not 
different between waves. RV dysfunction according to our study defi-
nition occurred in 210 patients out of the 648 studied patients (32 %). 
The highest frequency of RV dysfunction occurred in the omicron wave 
[alpha: 17(26 %), delta: 120(28 %), omicron: 73(49 %), p < 0.001]. 

3.2. Comparisons for subgroups classified based on RV function 

Comparisons between waves in the absence of RV dysfunction: Among 
patients who did not have RV dysfunction, there were no significant 

differences between waves regarding age, sex, risk factors, or comor-
bidities (Table 2). The time interval from symptoms onset to hospital 
presentation was longer in the alpha variant compared to the other 
waves. In this group, the signature COVID-19 laboratory variables, 
including D-dimer, lactate dehydrogenase, and C-reactive protein were 
progressively lower in the alpha to delta to omicron waves with highest 
values in the alpha wave and lowest values in the omicron wave. The use 
of anticoagulation, tocilizumab and antibiotics decreased from the alpha 
to delta to micron waves with the most frequent use in the alpha wave 
and the least in the omicron wave, while steroids and convalescent 
plasma were more frequently used in the delta wave. Admission to ICU, 
need for mechanical ventilation and in-hospital death decreased from 
the alpha to delta to omicron waves with the most frequent in the alpha 
wave and the least in the omicron wave. 

Regarding echocardiographic variables, parameters of LV function 
were not different between groups. However, despite the lack of RV 
dysfunction in this subgroup according to the definition used in our 
study, worse values for RV basal dimension and RA area were noted in 
the alpha and omicron waves. 

Table 1 
Comparisons between different waves attributed to different virus strains.   

Alpha 
(n ¼ 66) 

Delta 
(n ¼ 433) 

Omicron 
(n ¼ 149) 

p-value No in-hospital 
mortality 
(n ¼ 493) 

in-hospital 
mortality 
(n ¼ 155) 

p- 
value 

Age, years 63.5 ± 16.3 66.4 ± 14.8 66.2 ± 15.8  0.347 66.2 ± 15 65.7 ± 15  0.720 
Women, n(%) 23(35) 187(43) 64(43)  0.344 201(41) 73(47)  0.135 
Hypertension, n(%) 44(67) 333(77) 118(79)  0.06 382(77) 113(73)  0.270 
Diabetes millitus, n(%) 34(52) 218(50) 76(51)  0.993 249(51) 79(51)  0.870 
Asthma, n(%) 6(9) 79(18) 33(22)  0.071 89(18) 29(19)  0.830 
Chronic obstructive pulmonary disease, n(%) 8(12) 60(14) 23(15)  0.805 77(16) 14(9)  0.04 
Congestive heart failure, n(%) 10(15) 50(12) 53(36)  <0.001 86(17) 27(17)  0.983 
Coronary artery disease, n(%) 11(17) 57(13) 24(16)  0.627 72(15) 20(13)  0.607 
Chronic kidney disease, n(%) 7(11) 60(14) 36(24)  0.007 86(17) 17(11)  0.057 
Symptom onset to presentation time, days 6 ± 5.5 2.9 ± 5 3.8 ± 4.7  <0.001*$ 3.5 ± 5.1 3.2 ± 5  0.643 
Laboratory values        
Neutrophile count, 103/uL 8 ± 4.5 6.3 ± 4.5 6.1 ± 3.9  0.01*$ 6 ± 3.9 7.7 ± 5.6  <0.001 
Lymphocyte count, 103/uL 0.9 ± 0.7 1.3 ± 1.6 1.3 ± 1.5  0.145 1.24 ± 1.3 1.2 ± 2  0.731 
D-dimer, ng/ml 4813 ±

10530 
1941 ±
5719 

1475 ±
4189  

0.001*$ 1925 ± 5730 2830 ± 7452  0.124 

Lactate dehydrogenase, U/L 640 ± 434 509 ± 424 395 ± 267  <0.001*$# 465 ± 213 599 ± 587  <0.001 
C-reactive protein, mg/L 185 ± 176 99 ± 179 72 ± 83  <0.001*$ 85.1 ± 110 168 ± 255  <0.001 
Creatinine, mg/dL 1.51 ± 1.17 1.96 ± 2.24 1.88 ± 2.49  0.314 1.8 ± 2 2.2 ± 2.7  0.052 
Medications used        
Convalescent plasma, n(%) 1(2) 165(38) 3(2)  <0.001 124(25) 45(29)  0.337 
Therapeutic anticoagulation, n(%) 48(73) 234(54) 40(27)  <0.001 212(43) 110(71)  <0.001 
Steroids, n(%) 2(3) 328(76) 82(55)  <0.001 303(61) 109(70)  0.046 
Tocilizumab, n(%) 24(36) 99(23) 26(17)  0.007 102(21) 47(30)  0.013 
Antibiotics, n(%) 53(80) 298(69) 70(47)  <0.001 304(62) 117(75)  0.002 
In-hospital death, n(%) 25(38) 99(23) 18(12)  <0.001 – –  
Mechanical ventilation, n(%) 32(48) 106(24) 28(19)  <0.001 66(13) 100(65)  <0.001 
Intensive care unit, n(%) 32(48) 61(14) 17(11)  <0.001 13(3) 97(63)  <0.001 
Hospitalization time, n(%) 16.6 ± 15 13.8 ± 11 12.9 ± 10.4  0.091 13.1 ± 11.4 16.6 ± 11  0.001 
Echocardiography        
Left atrial volume index (ml/m2) 30.1 ± 15.5 30.1 ± 13 35 ± 15  0.004 # 31.5±±14 31.1 ± 14.5  0.774 
Left ventricular mass index, g/m2 112.1 ± 37.9 113.1 ±

32.9 
117.5 ±
36.8  

0.379 114.3 ± 35 113.5 ± 33  0.817 

Ejection fraction, (%) 55.7 ± 13.9 59.5 ± 13.9 56.9 ± 16.6  0.055 59.5 ± 14 55.1 ± 17  0.002 
Mitral early diastolic (E)-wave velocity, cm/s 0.8 ± 0.27 0.76 ± 0.3 0.78 ± 0.3  0.656 77 ± 27 77 ± 39  0.901 
Mitral late diastolic (A)-wave velocity, cm/s 0.73 ± 0.38 0.83 ± 0.34 0.83 ± 0.26  0.085 87 ± 23 94 ± 41  0.043 
Septal mitral annular e’ velocity, cm/s 6.3 ± 2 6.5 ± 2.7 5.7 ± 2  0.043 6 ± 2.4 6 ± 2.7  0.208 
E/A ratio 1.19 ± 0.9 0.99 ± 0.58 1.01 ± 0.63  0.078 1.01 ± 0.55 1.04 ± 0.83  0.566 
E/e’ ratio 13.9 ± 7.3 12.3 ± 6 14.8 ± 6.4  0.004# 13.8 ± 8.7 13 ± 6.9  0.337 
Right atrial area, cm2 16.9 ± 6.7 14.1 ± 7 16.9 ± 7.1  <0.001*# 14.7 ± 7 16.2 ± 7.1  0.042 
Right ventricular basal dimension, cm 3.85 ± 0.863 3.6 ± 0.44 3.55 ± 0.4  0.006*$ 1.98 ± 1.8 2.7 ± 1.9  <0.001 
Tricuspid regurgitation velocity, m/s 2.95 ± 0.6 2.81 ± 0.59 2.75 ± 0.6  0.120 2.75 ± 0.58 3 ± 0.6  <0.001 
Pulmonary artery systolic pressure, mmHg 44.3 ± 17.4 43.6 ± 13.4 40.1 ± 14.3  0.065 41.2 ± 14 14.8 ± 15  <0.001 
Right ventricular dimension > 4.1 cm, n(%) 15(23) 40(9) 18(12)  0.001 42(9) 31(20)  <0.001 
Tricuspid regurgitation velocity > 2.8 m/s, n 

(%) 
34(52) 175(40) 66(44)  0.697 188(38) 87(56)  <0.001 

TAPSE < 1.7 cm, n(%) 12(18) 14(3) 15(10)  <0.001 18(4) 23(15)  <0.001 
RV dysfunction, n(%) 17(26) 120(28) 73(49)  <0.001 136(28) 74(48)  <0.001 

*p < 0.05 between alpha and delta, $, p < 0.05 between alpha and Omicron, #, p < 0.05 between delta and omicron. 
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Comparisons between waves in the presence of RV dysfunction: Among 
patients who had RV dysfunction, there were no significant differences 
between waves regarding age, sex, risk factors, or comorbidities, apart 
from more CHF and CKD in the Omicron wave. The time interval from 
symptoms onset to hospital presentation was longer in the alpha variant 
compared to the other waves. In this subgroup, the signature COVID-19 
laboratory variables, including D-dimer, lactate dehydrogenase, and C- 
reactive protein were progressively getting lower from the alpha to delta 
to omicron waves with highest values in the alpha wave and lowest 
values in the omicron wave while lymphocytic count and creatinine 
levels were not different between waves. The use of anticoagulation and 
antibiotics decreased from the alpha to delta to omicron waves with the 
most frequent use in the alpha wave and the least in the omicron wave, 

while steroids and convalescent plasma were more frequently used in 
the wave attributed to the delta wave while tocilizumab use was not 
different between groups. Admission to ICU and in-hospital death in this 
subgroup progressively decreased in the alpha to delta to omicron waves 
while need for mechanical ventilation was not different. 

Considering echocardiographic variables, parameters of LV function 
were not different between groups except for mitral E/e’ ratio which was 
higher in the alpha and the omicron waves compared to the delta waves. 
On the other hand, parameters of RV function were progressively better 
from the alpha to delta to omicron waves. 

Table 2 
Comparisons between waves after classification based on presence or absence of RV dysfunction.   

No RV dysfunction RV Dysfunction  

Alpha 
(n ¼ 49) 

Delta 
(n ¼ 313) 

Omicron 
(n ¼ 69) 

p-value Alpha 
(n ¼ 17) 

Delta 
(n ¼ 120) 

Omicron 
(n ¼ 73) 

p-value 

Age, years 62.2 ± 15.8 65.8 ± 15.1 65 ± 16.3 0.347 67.1 ± 17.8 65.9 ± 15 68.2 ± 15.2  0.586 
Women, n(%) 29(59) 121(39) 41(59) 0.772 3(18) 50(42) 43(59)  0.140 
Hypertension, n(%) 33(67) 178(57) 52(75) 0.09 11(65) 92(77) 60(82)  0.284 
Diabetes millitus, n(%) 26(53) 115(37) 32(46) 0.651 8(47) 61(51) 39(53)  0.894 
Asthma, n(%) 4(8) 47(15) 17(24) 0.07 2(12) 20(17) 12(16)  0.858 
Chronic obstructive pulmonary disease, n 

(%) 
6(12) 24(8) 9(13) 0.896 2(12) 24 (20) § 12(16)  0.596 

Congestive heart failure, n(%) 6(12) 28(9) 15(22) 0163 4(24) 12(10) 34(47) §  <0.001 
Coronary artery disease, n(%) 7(14) 28(9) 9(13) 0.960 4(24) 14(12) 15(21)  0.195 
Chronic kidney disease, n(%) 7(14) 33(11) 14(20) 0.551 0(0) 16(13) 22(30)  0.022 
Symptom onset to presentation time, days 6.12 ± 5.8 3.52 ± 5.6 4.1 ± 5.3 0.045* 5.63 ± 4.2 2.3 ± 4.2 3.6 ± 4.3  0.027 
Laboratory values         
Neutrophile count, 103/uL 7.97 ± 4.4 6.32 ± 4.1 6.04 ± 3.9 0.025*$ 7.95 ± 4.9 6.95 ± 6.2 6.18 ± 3.8  0.363 
Lymphocyte count, 103/uL 0.91 ± 0.8 1.21 ± 1.24 1.13 ± 0.67 0.222 0.75 ± 0.36 1.4 ± 2.2 1.42 ± 2  0.452 
D-dimer, ng/ml 2858 ±

6983 
1690 ±
4358 

1023 ±
2402 

0.001*$# 10217 ± 15942 
§ 

2511 ±
5322 

1823 ± 5322  0.001*$ 

Lactate dehydrogenase, U/L 631 ± 422 483 ± 286 392 ± 235 0.001*$ 664 ± 478 588 ± 653 398 ± 299  0.045# 
C-reactive protein, mg/L 195 ± 194 102 ± 192 57 ± 77 0.002*$ 157.7 ± 114 97.4 ± 91 85 ± 86  0.016*$ 
Creatinine, mg/dL 1.33 ±

0.774 
1.96 ±
2.277 

1.4 ± 1.35 0.01# 2.03 ± 1.8 § 1.83 ± 2.1 2.38 ± 3.2 §  0.348 

Medications used         
Convalescent plasma, n(%) 1(2) 85(27) 0(0) <0.001 0(0) 41(34) 3(4)  <0.001 
Therapeutic anticoagulation, n(%) 35(71) 128(41) 15(22) <0.001 13(76) 71(59) 24(33)  <0.001 
Steroids, n(%) 2(4) 166(53) 31(45) <0.001 0(0) 100 (83) § 49(67) §  <0.001 
Tocilizumab, n(%) 20(41) 43(14) 6(9) <0.001 4(24) 38(32) § 19(26) §  0.615 
Antibiotics, n(%) 39(80) 152(49) 34(49) 0.002 14(82) 88(73) 36(49)  0.001 
In-hospital death, n(%) 14(29) 49(16) 4(6) 0.003 11(65) § 50(42) § 13(16) §  <0.001 
Mechanical ventilation, n(%) 23(47) 51(16) 6(9) <0.001 10(59) 38(32) 21(29)  0.057 
Intensive care unit, n(%) 23(47) 30(10) 7(10) <0.001 10(59) 26(22) § 8(11)  <0.001 
Hospitalization time, n(%) 18.4 ± 16.7 14.3 ± 11 10.8 ± 8.7 0.002*$ 11.5 ± 5.9 15.8 ± 12.2 15.5 ± 11.6 §  0.349 
Echocardiography         
Left atrial volume index (ml/m2) 28.7 ± 13.9 28.8 ± 11.9 32.3 ± 11.5 0.135 33.8 ± 19 32.8 ± 15.3 

§ 
37.3 ± 17.1  0.223 

Left ventricular mass index, g/m2 109.3 ±
31.5 

110.8 ± 31 102.3 ± 30 0.135 120 ± 52 119 ± 34 § 131.5 ± 37.2 
§  

0.076 

Ejection fraction, (%) 57.6 ± 12.8 60.9 ± 13 60.3 ± 11.3 0.258 50.1 ± 15.8 57 ± 16 § 54.1 ± 19.6 §  0.213 
Mitral early diastolic (E)-wave velocity, cm/ 

s 
78.8 ± 27.3 76 ± 29.2 73 ± 20.7 0.544 83.4 ± 26.8 78 ± 338.2 81.7 ± 30.5  0.701 

Mitral late diastolic (A)-wave velocity, cm/s 87 ± 29.1 91 ± 26.7 85 ± 22.8 0.339 89 ± 16.8 89 ± 36.7 90 ± 22.3  0.989 
Septal mitral annular e’ velocity, cm/s 6.5 ± 2.1 6.4 ± 2.4 6 ± 2 0.470 5.9 ± 1.9 6.5 ± 3.2 5.4 ± 1.9  0.09 
E/A ratio 0.9 ± 0.35 0.87 ± 0.36 0.91 ± 0.33 0.693 0.91 ± 0.36 0.92 ± 0.46 0.9 ± 0.4  0.988 
E/e’ ratio 12.5 ± 5 12.7 ± 6.1 13.6 ± 6.04 0.572 16 ± 8.5 12 ± 5.8 16.6 ± 6.6 §  <0.001*# 
Right atrial area, cm2 15.1 ± 5.8 12.7 ± 6.5 14.9 ± 3.7 0.014* 21.5 ± 6.7 § 16.9. ± 7.2 

§ 
18.5 ± 8.6 §  0.07 

Right ventricular basal dimension, cm 3.29 ± 0.5 3.4 ± 0.2 3.41 ± 0.2 0.02* 4.68 ± 0.57 § 3.8 ± 0.56 § 3.69 ± 49 §  <0.001*$ 
Tricuspid regurgitation velocity, m/s 2.82 ± 0.5 2.65 ± 0.65 2.29 ± 0.5 <0.001 

$# 
3.3 ± 0.704 § 3.06 ± 0.35 

§ 
3.1 ± 0.4 §  0.066 

Pulmonary artery systolic pressure, mmHg 40.6 ± 13.9 40.2 ± 14.1 28.5 ± 10 <0.001 
$# 

54.4 ± 22.2 § 48.7 ± 10.2 
§ 

47.3 ± 11.6 §  0.106 

Right ventricular dimension > 4.1 cm, n(%) 0(0) 0(0) 0(0) – 15(88) 40(33) 18(25)  <0.001 
Tricuspid regurgitation velocity > 2.8 m/s, n 

(%) 
0(0) 0(0) 0(0) – 12(71) 102(85) 66(90)  0.033 

TAPSE < 1.7 cm, n(%) 0(0) 0(0) 0(0) – 12(71) 14(12) 15(21)  <0.001 

*p < 0.05 between alpha and delta, $, p < 0.05 between alpha and Omicron, #, p < 0.05 between delta and omicron. 
§p < 0.05 between corresponding values in patients without RV dysfunction versus patients with RV dysfunction. 
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3.3. Predictor of in-hospital mortality 

Cox-regression analysis derived univariable echocardiographic pre-
dictors of in-hospital mortality in each wave can be found summarized 
in Table 3. In the wave attributed to the alpha variant, the predictors of 
in-hospital mortality were ejection fraction, RV dimension, TRV, TAPSE 
< 1.7 cm, and RV dysfunction. In the wave attributed to the delta 
variant, the predictors of in-hospital mortality were e’ velocity, TAPSE 
< 1.7 cm, and RV dysfunction. In the wave attributed to the omicron 
variant, no echocardiographic parameters were predictive of in-hospital 
mortality. After adjustment for clinical and laboratory co-variates (age, 
sex, hypertension, diabetes mellitus, D-dimer levels, mechanical venti-
lation, and use of anticoagulation, tocilizumab, antibiotics, steroids, and 
convalescent plasma), the independent echocardiographic predictors for 
in-hospital mortality persisted in the alpha and delta variant, and the 
lack of predictors also persisted for the omicron variant. 

Kaplan Meir curves (Fig. 1) revealed that patients with RV 
dysfunction had higher risks of in-hospital mortality in all waves 
compared to patients without RV dysfunction. However, when the 
analysis was done only in patients without RV dysfunction, no differ-
ences in in-hospital mortality was detected between waves, while when 
the analysis was done only for patients with RV dysfunction, it was 
found that the mortality risk decreased significant from the alpha to the 
delta and to the omicron waves, with the highest risk in the alpha wave 
and the lowest risk was found in the omicron wave, while the delta wave 
carried a relative intermediate risk. Furthermore, compared to the alpha 
wave, the hazard ratio of in-hospital mortality in the delta wave was 0.4 
(95 % CI: 0.2 to 0.77, p = 0.007), and the compared to the alpha wave, 
the hazard ratio of in-hospital mortality in the omicron wave was 0.178 
(95 % CI: 0.08 to 0.4, p < 0.001). After controlling for covariates (age, 
sex, hypertension, diabetes mellitus, D-dimer levels, mechanical venti-
lation, and use of anticoagulation, tocilizumab, antibiotics, steroids, and 
convalescent plasma), the independent risk in-hospital death was 
attenuated in the delta wave (HR: 0.72, 95 % CI: 0.234 to 2.21, p =
0.563) but remained significant for the omicron wave (HR: 0.29, 95 % 
CI: 0.09 to 0.96, p = 0.045). 

Finally, in the omicron wave, RV dysfunction was associated with 
mortality in unvaccinated patients (adjusted HR: 4.48, 95 % CI: 1.02 to 
19.6, Fig. 2). 

4. Discussion 

Parameters of right ventricular dysfunction have been associated 
with worse in-hospital outcomes in the rise of the COVID-19 pandemic. 

To the best of our knowledge, there is lack in appropriate studies con-
cerned with comparison of the occurrence and prognostic ability of RV 
dysfunction as well as other echocardiographic parameters of cardiac 
functions across the wave surges of the disease attributed to different 
variants. 

Our study showed that, RV dysfunction as defined by RV dilation, 
depressed TAPSE or increased RV systolic pressure continued to occur in 
all waves attributed to different strains of the SARS-CoV-2. Despite that 
mortality continues to occur in all waves, the independent mortality risk 
associated with RV dysfunction among patients decreased as time 
progress through the different waves. Furthermore, our study also sug-
gests that the decreasing mortality risk associated with RV dysfunction 
seems to persist despite adjustment for covariates. 

We have previously reported that RV dysfunction continued to occur 
in the latest reported surge of COVID that was thought to be attributed to 
the omicron variant and was still associated with mortality [9]. Early in 
the COVID-19 pandemic, echocardiographic studies showed that RV 
dysfunction is a common finding in patients with COVID-19 and is 
associated with poor prognosis [4–6]. In particular, studies showed that 
elevated RV systolic pressure, dilated RV dimension, and diminished RV 
longitudinal function as suggested by TAPSE are independently associ-
ated with in-hospital mortality during the first wave of the pandemic 
[10]. Multivariable analysis revealed that parameters of RV dysfunction 
were the only factors significantly and independently associated with 
more severe symptoms [11] and in-hospital mortality [5]. Furthermore, 
RV dysfunction remained the main echocardiographic predictor of 
mortality despite controlling for covariates and when compared to non- 
COVID-19 matched controls [12]. 

Thus, RV dysfunction is a hallmark cardiac involvement in hospi-
talized COVID-19 patients with high mortality risk. This may be related 
to the fact that the RV is more susceptible to lung injury than the LV. 
Considering that COVID-19 shows initial pulmonary tropism, there is a 
specific affinity towards RV dysfunction with any resultant increase in 
pulmonary vascular resistance [13]. The suggested pulmonary-RV 
related pathological mechanisms include COVID-19 associated acute 
respiratory distress syndrome (ARDS), which is reported to occur in 19.6 
to 31 % of these patients [14–16]. Other mechanisms include pulmonary 
embolism that was sought to have a special increased risk in COVID-19 
due to virus-induced endothelial injury, vascular inflammation, and 
prolonged hospitalization related immobilization causing hypercoagu-
lable state[1]. Viral related and cytokine storm related myocardial 
injury as well as hypoxia induced vasoconstriction and myocarditis can 
also partly accounts for RV dysfunction especially in later stages of the 
disease [17]. 

Table 3 
Predictors of in-hospital mortality.   

Alpha Delta Omicron  

HR P 95 % CI HR P 95 % CI HR P 95 % CI 

Left atrial volume index, ml/m2 0.99  0.851 0.96 to 1.03 1  0.495 0.99 to 1.02 1.01  0.347 0.98 to 1.05 
Ejection fraction, % 0.97  0.022 0.94 to 0.97 0.99  0.067 0.98 to 1 0.98  0.148 0.96 to 1.01 
Mitral early diastolic (E)-wave velocity, cm/s 0.94  0.947 0.16 to 5.5 1.34  0.257 0.81 to 2.22 2.77  0.322 0.37 to 20.9 
Septal mitral annular e’ velocity, cm/s 1.04  0.743 0.83 to 1.29 0.91  0.049 0.84 to 1 1.05  0.756 0.76 to 1.46 
E/A ratio 1.34  0.135 0.91 to 1.97 1.1  0.691 0.76 to 1.5 1.74  0.157 0.81 to 3.7 
E/e’ ratio 0.99  0.816 0.92 to 1.07 1.01  0.685 0.97 to 1.1 1.03  0.539 0.94 to 1.1 
Right ventricular basal dimension, cm 2.2  0.019 1.14 to 4.2 1.14  0.625 0.68 to 1.9 1.26  0.708 0.38 to 4.22 
Tricuspid regurgitation velocity, m/s 2.8  0.009 1.29 to 6 1.1  0.722 0.66 to 1.82 1.9  0.149 0.79 to 4.95 
Right ventricular dimension > 4.1 cm, n(%) 3.66  0.019 1.23 to 10.8 1.4  0.218 0.82 to 2.39 1.7  0.400 0.49 to 6 
Tricuspid regurgitation velocity > 2.8 m/s, n(%) 2.4  0.106 0.83 to 7.1 1.33  0.286 0.79 to 2.23 1.97  0.294 0.56 to 7 
TAPSE < 1.7 cm, n(%) 3.6  0.01 1.36 to 9.4 3.7  <0.001 1.8 to 7.87 2.6  0.071 0.92 to 7.6 
Right ventricular dysfunction, n (%) 5.1  <0.001 2.06 to 12.5 1.6  0.014 1.11 to 2.44 2.1  0.21 0.67 to 6.4 
Right ventricular dimension > 4.1 cm, n (%)* 87  0.004 4.2 to 1797 1.35  0.332 0.74 to 2.47 1.37  0.722 0.24 to 7.69 
Tricuspid regurgitation velocity > 2.8 m/s, n (%)* 4.2  0.08 0.84 to 20.9 1.33  0.302 0.57 to 1.91 178  0.05 0.99 to 3187 
TAPSE < 1.7 cm, n(%)* 89  0.001 7 to 1294 2.85  0.037 1.07 to 7.6 6.4  0.114 0.64 to 63.6 
Right ventricular dysfunction, n (%)* 13.6  <0.001 3.31 to 56.3 1.93  0.003 1.25 to 2.96 11  0.107 0.6 to 20.8 

*controlled for age, sex, hypertension, diabetes mellitus, D-dimer levels, need for mechanical ventilation, and medications (anticoagulation, tocilizumab, antibiotics, 
steroids, convalescent plasma). 
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Fig. 1. Relationship of RV dysfunction to in-hospital morality in waves attributed to different variants of SARS-CoV-2 virus. Upper left panel, Kaplan-Myer curve 
showing worse in-hospital mortality during the wave attributed to the Alpha variant in patients with compared to patients without right ventricular (RV) dysfunction 
(defined as RV basal diastolic dimension > 4.1 cm or tricuspid annular systolic excursion < 1.5). Middle left panel, Kaplan-Myer curve showing worse in-hospital 
mortality during the wave attributed to the Delta variant in patients with compared to patients without right ventricular (RV) dysfunction. Lower left panel, Kaplan- 
Myer curve showing worse in-hospital mortality during the wave attributed to the Omicron variant in patients with compared to patients without right ventricular 
(RV) dysfunction. Upper right panel, Kaplan-Myer curve in patients without right ventricular (RV) dysfunction showing no differences in risk of in-hospital mortality 
between waves attributed to the Alpha, Delta and Omicron variants. Middle right panel, Kaplan-Myer curve in patients with right ventricular (RV) dysfunction 
showing attenuation of risk of in-hospital mortality from the wave attributed to the Alpha variant through that attributed to the Delta variant and towards that 
attributed to the Omicron variant. Lower right panel, Kaplan-Myer curve in unvaccinated patients during the wave attributed to the omicron variant showing that RV 
dysfunction is associated with elevated risk of in-hospital mortality. 
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Cardiac injury is reported in COVID-19 across waves attributed to 
different waves including the omicron variant [18] which was associ-
ated with coronary thromboembolism, myocardial inflammation, stress- 
induced cardiomyopathy, pericardial injury and RV dysfunction. How-
ever, lack of echocardiographic predictors of mortality aside from RV 
dysfunction coupled with difficulty in obtaining echocardiography in 
such patients due to a potential increased risk of transmission lead to a 
decrease in usability of echocardiography in the acute phase of COVID. 

Our study shows that RV dysfunction remains prevalent among 
hospitalized patients with COVID-19 across variant surges [9,18]. In 
fact, RV dysfunction in our study seemed to be more prevalent in the 
omicron wave than that in prior waves, as similarly recently reported 
[19]. However, despite so, the association of RV dysfunction with 
mortality was attenuated compared to prior waves. This is an important 
aspect that distinguishes the omicron wave associated RV dysfunction 
suggesting a probable different pathological behavior of the virus or a 
significant effect of vaccination. The later explanation can be supported 
by the fact that RV dysfunction remained an independent predictor of 
mortality in the omicron wave in unvaccinated patients. While our study 
was not powered to detect larger differences in the laboratory and 
clinical aspects of COVID-19 across variant waves, it suggests gross 
differences between the waves compared to the initial wave that may be 
attributed to evolution of therapeutics, increase rate of vaccination, or 
the reported viral mutation that cause milder clinical presentation yet 
higher infectivity. All the aforementioned observations may partially 
explain the attenuation of the risk of mortality associated with the 
development of RV dysfunction. The fact that the attenuation of mor-
tality risk persisted in patients with RV dysfunction from one viral 
variant to the other despite controlling for clinical variables related to 
the baseline status of the patients (age, sex, risk factors), laboratory 
parameters suggestive of the pathological effect of the virus (D-dimer), 
parameters suggestive of severity (mechanical ventilation) and 
commonly used medications, suggested that there is a fundamental 
change in viral virulence related to the mutations associated with the 
suggested variants, however further clinical and histopathological 
studies are needed to test this hypothesis. 

4.1. Study limitations 

This is a small single center retrospective study in a specific high-risk 
population composed of underreported racial groups. Larger multi-
center studies should be done to confirm our findings. Due to the 
retrospective nature of the study, our data relies on wave classifications 
and associations with suspected variants and there were no molecular 
studies to confirm the variants involved. However, the various surges 
attributed to different viral variants were identified by the NY Depart-
ment of Health as the dominant variants during the specified time 
period. In our study, complete state of vaccination was only reported in 
the surge that was attributed to the omicron variant and was not 
completely reported in the surge attributed to the delta variant, however 
the effects noted in our study are expected to occur partially because of 
vaccination status and suggests an expected well reported protective 
mechanisms of the vaccines. Nevertheless, further studies should take 
into consideration vaccination status and adjust for its effect. In our 
study, the baseline status of RV dysfunction as well as RV functions by 
follow-up echocardiograms are not known, which makes it unclear 
whether the RV dysfunction observed in our study is directly linked to 
COVID-19 infection. As such, it is not possible to deduce whether RV 
dysfunction occurred denovo as a result of COVID-19 infection or that 
COVID-19 infection exacerbated a pre-existing RV dysfunction effect. 
Accordingly, future studies should take a longitudinal follow-up of 
echocardiographic measures of RV dysfunction into consideration. RV 
dysfunction in our study was defined based on limited parameters that 
were shown in literature to be associated with outcomes in COVID-19 
patients especially during the wave associated with the alpha variant 
[20]. As such, more comprehensive assessment of RV function may have 

changed the prevalence of RV dysfunction in our study and its associa-
tion with in-hospital mortality. The study was concerned with short- 
term in-hospital outcomes. However, cardiopulmonary testing sug-
gests chronic involvement in patients with long COVID syndrome and 
further studies should report long term effects in patients with RV 
dysfunction. Finally, our study was comprised of predominantly African- 
American and Hispanic patients. While this may be considered a limi-
tation, we consider this a strength as these patients have been dispro-
portionately affected by the COVID pandemic and have been grossly 
underrepresented in clinical studies. 

5. Conclusion 

To the best of our knowledge, this is the first report concerned with 
comparison of RV dysfunction and its prognostic associations in patients 
with COVID-19 in different waves speculated to be related to different 
mutant variants of the virus. Our study indicates that RV dysfunction as 
defined by RV dilation, depressed RV longitudinal function, or increased 
RV systolic pressure continued to occur across waves and across strains 
of the SARS-CoV-2 virus and however association with mortality con-
tinues to be attenuated with time from one wave to the other. 
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