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Patients with serious COVID infections develop shock frequently. To characterize the
hemodynamic profile of this cohort, 156 patients with COVID pneumonia and shock
requiring vasopressors had interpretable echocardiography with measurement of ejection
fraction (EF) by Simpson’s rule and stroke volume (SV) by Doppler. RV systolic pressure
(RVSP) was estimated from the tricuspid regurgitation peak velocity. Patients were
divided into groups with low or preserved EF (EF, or EFp, cutoff <45%), and low or nor-
mal cardiac index (CI;, or Cly, cutoff <2.2 L/min/mz). Mean age was 67 + 12.0, EF 59.5 +
12.9, and CI 2.40 £ 0.86. A minority of patients had depressed EF (EF, CI; , n = 15, EF, Cly,
n = 8); of those with preserved EF, less than half had low CI (EFpCI;, n = 55, EFpCly,
n = 73). Overall hospital mortality was 73%. Mortality was highest in the EF; CI; group
(87 %), but the difference between groups was not significant (p = 0.68 by ANOVA). High
PEEP correlated with low CI in the EFpCI;. group (r = 0.44, p = 0.04). In conclusion, this
study reports the prevalence of shock characterized by EF and CI in patients with
COVID-19. COVID-induced shock had a cardiogenic profile (EF; CI;) in 9.6 % of patients,
reflecting the impact of COVID-19 on myocardial function. Low CI despite preservation
of EF and the correlation with PEEP suggests underfilling of the LV in this subset; these
patients might benefit from additional volume. Hemodynamic assessment of COVID
patients with shock with definition of subgroups may allow therapy to be tailored to the
underlying causes of the hemodynamic abnormalities. © 2021 Elsevier Inc. All rights
reserved. (Am J Cardiol 2021;153:135—-139)

Patients with COVID-19 and respiratory failure develop
shock frequently. Some of that shock is cardiogenic; poten-
tial mechanisms of myocardial injury in COVID-19 include
direct injury from viral infection, consequences of the
immune response to COVID, ischemia or infarction, dysre-
gulation of the renin-angiotensin system, and endothelial
dysfunction, which appears to be most prominent in the
microcirculation.' ™ In other patients, shock may be hypo-
volemic, obstructive, or distributive. The proportion of the
various potential etiologies of shock in critically ill patients
with COVID-19 is currently unknown. Hemodynamic mon-
itoring in patients with COVID-19 is complicated by logis-
tical and infection control issues. In a European survey use
of invasive hemodynamic monitoring was uncommon.”
Echocardiography is noninvasive and can be used for
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hemodynamic assessment. We report the results of 156
patients with COVID-19 and shock who had interpretable
echocardiography with assessment of hemodynamic param-
eters.

Methods

Hackensack University Medical Center established a
comprehensive prospective database of patients admitted
with COVID-19 during the first wave of the pandemic from
March 2 to May 31,2020, including demographics, clinical
features, laboratory values, and clinical outcomes (the Real-
World database). From that database, patients with shock,
defined as either MAP <65 mm Hg or need for vasopressors
to maintain MAP >65 mm Hg, were identified. Those shock
patients who had echocardiograms performed were identi-
fied and their echocardiograms were then reviewed by 2
independent readers, who measured ejection fraction (EF),
stroke volume (SV), and right ventricular systolic pressure
(RVSP). Right ventricular size and function were estimated
visually.

This is a retrospective study approved by the Hacken-
sack Meridian Institutional Review Board. All echocardio-
grams were performed for clinical purposes only and used
the hospital’s standard protocols. Patient identifiers were
removed prior to echocardiographic analysis. The study
was approved by the Hackensack Meridian Institutional
Review Board.
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Figure 1. Scatterplot of ejection fraction and cardiac index. Groups were characterized by low (EFy)) or preserved EF (EFp) using a cutoff of <45% for low
EF and low (CIy,) or normal (Cly) using a cutoff of <2.2 L/min/m? for low CL Mean and standard deviation is shown for each group. Abbreviations: CI, car-

diac index; EF, ejection fraction.

Ejection fraction (EF) was estimated from apical 4-
chamber images and LVEF was calculated using Simpson’s
rule.” Right ventricular function was estimated visually and
characterized as normal or mildly, moderately, or severely
decreased.’

Parasternal long-axis images were used to measure aor-
tic outflow tract diameter (Aogi,m) parallel to the valve
plane just proximal to aortic valve insertion into the annu-
lus. Doppler echocardiography with the sample volume
placed just proximal to the aortic valve was used to measure
the velocity-time integral (VTI), and stroke volume (SV)
was calculated as VTI x (Aodiam)2 x 0.785.° Cardiac index
(CI) was calculated as SV multiplied by the heart rate on
the echo frame from which SV was calculated and divided
by body surface area.

The gradient between the right atrium and the pulmonary
artery was measured where possible by using the peak
velocity of tricuspid valve regurgitation (Vtgr), calculating
the gradient by the modified Bernoulli equation as (Vir)* X
4.° This was attempted in 82/156 patients and was interpret-
able in 76. Pulmonary artery systolic pressure was esti-
mated by adding 10 mm Hg to the TR gradient; this method
was used because IVC diameter and compressibility does
not provide a reliable estimate of right atrial pressure in
intubated patients, and positive end-expiratory pressure
(PEEP) contributes to right atrial pressure to some extent.””

Patients were characterized by EF and cardiac index and
divided into groups with low or preserved EF using a cutoff
of <45% and low or normal CI using a cutoff of <2.2 L/
min/m? for low CI. Statistical comparisons were made

using ANOVA with post-hoc Tukey testing for pair-wise
comparisons. Correlations were evaluated using Pearson
correlation coefficients.

Results

Of 1,275 patients hospitalized at Hackensack Meridian
University Hospital with COVID pneumonia between
March 2 and May 31, 2020, 215 met shock criteria of
whom 160 had echocardiography to assess ventricular func-
tion and stroke volume. Four patients were excluded due to
inadequate images. Mean age was 67 + 12.0, mean EF 59.5
+ 129, and mean CI 240 £+ 0.86. Five patients had
obstructive shock, defined by normal LVEF, low CI, and
RV dysfunction; 4 of them had massive pulmonary embo-
lism and one had a hemodynamically significant pneumo-
thorax; they were excluded from further analysis since their
shock related to right ventricular rather than left ventricular
failure. No patients had significant obstructive valvular dis-
ease or left ventricular outflow tract obstruction. The over-
all hospital mortality of the remaining 151 patients that
constitute the study group was 73%.

The patients were divided into 4 subgroups defined by
EF and CI: 15 had low EF and low CI (EF;,Cl;), 8 had low
EF and normal CI (EF; Cly), 55 had preserved EF and low
CI (EFpCIy), and 73 had preserved EF and normal CI
(EFpCly). A scatterplot of EF and CI is shown in Figure 1.
The characteristics of the patients broken down by group is
shown in Table 1. Heart failure, CAD, and diabetes were
more common in patients the low ejection fraction groups,
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Table 1
Patient characteristics
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Low ejection fraction

Low ejection fraction high High ejection fraction low

High ejection fraction

Variable low cardiac index (n = 15) cardiac index (n = 8) cardiac index (n =55)  high cardiac index (n=73) P value
Age (years) 72.0 (12.1) 71.1(7.8) 66.9 (11.8) 65.3 (13.4) 0.203
Male 11 (73%) 6 (75%) 30 (55%) 37 (51%) 0.276
Body Mass index (kg/rnz) 31.6 (8.7) 27.4 (5.5) 31.8 (6.5) 30.7 (7.1) 0.376
History of Heart Failure 4 (27%) 1 (13%) 1 (2%) 5 (7%) 0.011
History of Hypertension 12 (80%) 6 (75%) 35 (64%) 49 (67%) 0.647
Left Ventricular Hypertrophy 5 (33%) 3 (38%) 17 31%) 28 (38%) 0.848
History of Coronary Artery Disease 7 (47%) 4 (50%) 12 (22%) 14 (19%) 0.043
Prior PCI 4 (27%) 2 (25%) 4 (7%) 7 (10%) 0.104
Prior CABG 4 (27%) 1 (13%) 3 (5%) 3 (4%) 0.018
History of CKD 3 (20%) 2 (25%) 2 (4%) 7 (10%) 0.090
Serum Creatinine (mg/dL) 2.87 (2.48) 3.05 (3.72) 2.71 (8.17) 1.70 (2.04) 0.672
History of Chronic Lung Disease 3 (20%) 1 (13%) 6 (11%) 8 (11%) 0.788
Current Smoker 1 (7%) 1 (13%) 3(5%) 3 (4%) 0.779
History of Diabetes Mellitus 10 (67%) 5 (63%) 19 (35%) 25 (34%) 0.049
Sequential Organ Failure 8.4 (2.30) 7.93.2) 7.5(2.3) 7.4 (2.0) 0.453
Assessment (SOFA) Score
Mechanical Ventilation 14 (93%) 3 (38%) 46 (84%) 46 (63%) 0.002
Right Ventricular Systolic 35(17) 27 (0) 37 (14) 38 (15) 0.428
Pressure (mmHg)
Serum Lactate (mmol/L) 1.86 (0.72) 3.92(5.11) 1.72 (0.91) 1.73 (0.79) 0.004
Vasopressor Support 10 (67%) 3 (38%) 32 (49%) 32 (45%) 0.199
Inotropic Support 2 (13%) 0 0 12%) 0.081

Patients were characterized by EF and cardiac index and divided into groups with low preserved EF using a cutoff of <45% and low or normal CI using a

cutoff of 2.2 L/min/m? for low CI. Values are mean (standard deviation) or n (%)
Abbreviations: CABG = coronary artery bypass grafting; CKD = chronic kidney disease; PCI = percutaneous coronary intervention.

EFCI;, and EF; Cly. At the time of the echocardiogram,
47% of patients were on vasopressor support, using norepi-
nephrine 96% of the time; 2% were on inotropes. Patients
in the 2 low CI groups had lower CI than those in the 2 nor-
mal CI groups as expected (1.69 £ 0.17 vs 3.05 £ 0.29, L/
min/m? p < 0.001), and also had lower stroke volume index
(24.9 + 3.2 vs 34.8 + 3.6 ml/m?, p < 0.001). Serum lactate
levels were higher in the groups with low CI than normal
CI (Table 1, p < 0.01).

Mortality in the EFy CIy, group was numerically higher
(87%), than in groups EFy Cly (75%), EFpCly, (71%) and
EFpCly (71%), but these differences did not reach statisti-
cal significance (p = 0.68 by ANOVA) (Figure 2). Sequen-
tial Organ Failure Assessment (SOFA) scores did not differ
among the groups (Table 1).

RV systolic pressure (RVSP) was measurable in 76
patients, 56 of whom (74%) were on mechanical ventila-
tion, all with PEEP. Mean RVSP did not differ among

100
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Figure 2. Mortality in subgroups classified by ejection fraction (low, <45%) and cardiac index (low, <2.2 L/min/m?). No statistically significant differences
were present. Abbreviations: CI, cardiac index; EF, ejection fraction; EFy Cly, low EF and low CI; EFy Cly, low EF and normal CI; EFpCly,, preserved EF

and low CI; EFpCly, preserved EF and normal CI.
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Figure 3. Cardiac index as a function of PEEP in patients with preserved EF A. Low CI B. Normal CI. Abbreviations: CI, cardiac index; EF, ejection frac-

tion; PEEP, positive end-expiratory pressure.

groups (Table 1, p = 0.57 by ANOVA). PEEP levels also
did not differ (Table 1, p = 0.83 by ANOVA). Patient num-
bers were too small in the low EF groups to permit analysis,
but in patients with preserved EF, those on mechanical ven-
tilation with PEEP had lower CI (2.39 + 0.84 L/min/m2)
than those not on mechanical ventilation (2.78 £ 0.87 L/
min/m?, p = 0.02). In patients with preserved EF on PEEP,
High PEEP correlated with low CI in patients in the EFp.
CIy, group (n =23, r = 0.44, p = 0.038) but not in the EFp.
Cly group (n=27,r=0.04, p=0.81). See Figure 3.

Discussion

This study is the first to report the prevalence of different
types of shock in patients with COVID-19. The incidence of
classic cardiogenic shock, with low EF and low CI, was
10%, similar to that with septic cardiomyopathy in other
settings,” and in keeping with the known propensity for
COVID to affect the heart.” Potential mechanisms by which
COVID-19 may impact myocardial function include myo-
carditis,'’ effects of inflammatory cytokines, MI, and
microcirculatory dysfunction with the potential for ische-
mia.'” Several patients had pulmonary emboli and pericar-
dial tamponade, which have also been reported as
complications of COVID.”"

The most striking finding of the study is the prevalence
of patients with preserved ejection fraction and low cardiac
index in COVID, which represented 43% (55/128) of the
patients with normal EF in our sample. In classic distribu-
tive shock, ejection fraction and cardiac index are pre-
served, and hypotension is usually felt to result from
vasodilation.'””'* Patients with normal ejection fraction
and low stroke volume have lower end-diastolic volumes,
and so their left ventricles are underfilled. Several factors
operative in critically ill intubated patients with COVID
pneumonia could contribute to the underfilling of the LV.
These include ventilatory strategies, fluid management aim-
ing for “dry” Adult Respiratory Distress Syndrome, and
effects of PEEP. Our study showed that CI was lower in
patients on mechanical ventilation and PEEP than those not
on mechanical ventilation, and higher PEEP levels corre-
lated with lower CI in patients with COVID and normal LV
systolic function. This suggests that PEEP and mechanical

ventilation contribute to LV underfilling, possibly by
decreasing venous return.'>'°

The mortality of patients with “classic” cardiogenic
shock (EF{Cly) was quite high, which is not surprising
given the development of cardiac insufficiency superim-
posed on respiratory failure. The study contained relatively
few patients with classic septic cardiomyopathy’ (EFy CIy)
but mortality was not significantly increased in these
patients compared to those with ;)reserved EF and normal
CI, consistent with prior reports.’’~'? What was most strik-
ing was that mortality did not differ in patients with pre-
served EF whether their cardiac output was low or normal.
Fluid resuscitation might increase stroke volume and car-
diac output in these patients, but those patients with evi-
dence of clinical hypoperfusion are likely to benefit most;
in other patients, the course of the pulmonary disease may
be the major contributor to mortality.

The study has a number of limitations, including some
resulting from its retrospective design, and several small
subgroups. Echocardiography was performed based on clin-
ical indications, and so this population may not be entirely
representative of all patients with COVID pneumonia. Only
the clinical data collected in the RealWorld database are
available for analysis, and some of those data may not be
fully synchronous with the timing of the echocardiograms.
Some of the patients may have had more than one echocar-
diogram; we limited analysis to the first study when the
patient was in shock. None of the patients in this report had
cardiac catheterization for acute coronary syndromes with
ECG changes, although that has been reported in COVID
as well.'" Although ejection fraction has its limitations as a
measure of left ventricular performance,m we chose a
threshold generally considered to reflect clinically signifi-
cant ventricular dysfunction,” particularly in the setting of
vasoactive support.

This study reports ejection fractions and cardiac outputs
obtained by echocardiography in a large cohort of patients
with COVID-19 pneumonia and shock. Some of the
patients had decreased EF, most of whom had low cardiac
output. Out of the majority of patients with preserved EF, a
substantial proportion had a lower cardiac output than
expected, which is contrary to the classic distributive shock
pattern in which patients present with normal or high CIL.
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This could not be attributed to right heart failure, since
patients with RV dysfunction were excluded from the anal-
ysis. Decreased stroke volume and cardiac index with pre-
served ejection fraction indicates that these patients had
underfilled left ventricles. Most of the patients were
mechanically ventilated, and the correlation of PEEP with
cardiac index in only this group suggests that positive pres-
sure ventilation might be contributing by decreasing venous
return.

Our data suggest potential benefits of careful measure-
ment of hemodynamics using echocardiography in patients
with COVID pneumonia and shock. Identification of
patients with low EF might select those who could conceiv-
ably benefit from inotropic support. Whether patients with
underfilled ventricles and preserved EF but low CI might
benefit from fluid administration will require further study,
as fluids might increase cardiac output but also cause
increased lung edema and thus potentially worsen oxygen-
ation. Serial assessment with evaluation of stroke volume
responses to fluid might be advisable in this setting. Hemo-
dynamic assessment of COVID patients with shock, with
definition of its subgroups, may help tailor therapy to the
underlying causes of the hemodynamic abnormalities.
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