LETTER TO THE EDITOR

Abnormal Right Ventricular Free Wall Strain
Prior to Prone Ventilation May Be Associated
With Worse Outcome of Patients With
COVID-19-Associated Acute Respiratory

Distress Syndrome

ABSTRACT: We investigated the effect of prone ventilation on right ventricular
(RV) function of intubated patients with COVID-19-associated acute respira-
tory distress syndrome by measuring both conventional RV functional variables
(namely, tricuspid annular peak systolic velocity, tricuspid annular plane sys-
tolic excursion, and fractional area change) and right ventricular free wall strain
(RVFWS) using transthoracic speckle-tracking echocardiography at baseline (be-
fore prone positioning), 18 hours after prone positioning, and 1 hour after supine
repositioning. We found that transthoracic echocardiography was feasible in a
considerable proportion (nine patients, 75% of our cohort) of patients undergoing
prone ventilation. Also, abnormal as opposed to normal RVFWS values (in the
absence of conventional variables of RV dysfunction) at baseline were associated
with higher mortality (100% vs 20%; p = 0.048). Finally, we found that, among
patients without acute cor pulmonale or conventional markers of RV dysfunction,
one session of prone ventilation may not affect right myocardial strain.

KEY WORDS: acute respiratory failure; COVID-19; critical care; intensive care
unit; mechanical ventilation

To the Editor:

ince the beginning of the pandemic, studies demonstrated the beneficial

effect of prone ventilation on respiratory variables and outcomes of intu-

bated patients with COVID-19 (1). Furthermore, before the pandemic,
studies had demonstrated the beneficial effect of prone ventilation among
patients with acute respiratory distress syndrome (ARDS) who had acute cor
pulmonale (2) or abnormal conventional variables of right ventricular (RV)
function (3). Although a few recent studies reported on advanced RV func-
tional evaluation of critically ill patients with COVID-19 (4, 5), data on its fea-
sibility and association with outcomes specifically among patients undergoing
prone ventilation are scarce. Such data would be interesting because, although
prone ventilation is actively used for many patients with COVID-19-associ-
ated ARDS, its effects on hemodynamics (including on RV function) may not
be well understood. Therefore, we attempted to investigate the effect of prone
ventilation on RV function of intubated patients with COVID-19-associated
ARDS by measuring both conventional RV functional variables and right ven-
tricular free wall strain (RVFWS) using 2D transthoracic speckle-tracking
echocardiography.
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Adult (= 18 yr old) patients with ARDS associated
with laboratory-confirmed COVID-19 hospitalized in
the academic ICU of a tertiary hospital (Evangelismos
Hospital, Athens, Greece) were included in this co-
hort. The Institutional Review Board at Evangelismos
Hospital (116/31-03-2021) approved of the data col-
lection and waived the need of informed consent.
Transthoracic echocardiography was performed as
part of standard care at three time points; namely, at
baseline (immediately before prone positioning), 18
hours after prone positioning (i.e., while the patient
was undergoing prone ventilation), and 1 hour after
supine repositioning. These time points were selected
to ensure that hemodynamic changes induced by the
postural change have been stabilized (3). To reduce
variability, all patients were evaluated during the first
session (which lasted 18 hr) of prone ventilation after
their intubation.

Images were acquired by in cine-loop format
from several consecutive beats and analyzed offline
(EchoPAC Version 204; GE Healthcare, Chicago, IL).
A RV-focused view was used to generate all strain
measurements in accordance to current published
recommendations (6). Tricuspid annular peak systolic
velocity (S” velocity), tricuspid annular plane systolic
excursion (TAPSE), and fractional area change (FAC)
were considered as conventional variables of RV func-
tion. Values of less than 9.5cm/s, less than 1.7 cm, and
less than 35% for §” velocity, TAPSE, and FAC, respec-
tively, were considered as indicative of RV dysfunction,
in accordance with relevant published guidelines (6).
To facilitate interpretation of results, RVEWS values
are presented as absolute values with larger numbers
signifying better cardiac function and smaller num-
bers signifying poorer cardiac function. RVFWS was
evaluated according to the cutoff derived by a meta-
analysis of relevant studies, with a lower normal limit
of 23.7% (7). Images were acquired by one cardiologist
(P.T.) and analyzed independently by two cardiologists
(P.T., A.K.) with more than 5 years of experience in
performing advanced level echocardiography in crit-
ically ill patients.

Statistical analyses were performed using SPSS soft-
ware Version 22.0 (IBM, Armonk, NY). Continuous
variables are presented as median and interquartile
range. Mann-Whitney rank-sum test was used to com-
pare continuous variables. Categorical variables are
presented as n (%). chi-square or Fisher exact test was
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used to compare categorical variables. A mixed-design
analysis of variance was used to compare RVFWS mean
values with three time points as a within-subjects fac-
tor and the aforementioned patients’ classification as a
between-subjects factor. Variability and reproducibility
of the strain analyses were assessed using a two-way
mixed intraclass correlation coefficient model. All sta-
tistical tests were two-tailed and statistical significance
was defined as p value of less than 0.05.

Twelve patients with COVID-19-associated ARDS
were assessed for transthoracic RV speckle-tracking
echocardiography by an experienced cardiologist, who
was present during their first prone session after in-
tubation. In three of them, acquisition of images was
not feasible. Thus, echocardiography was feasible in
nine patients (75% of cohort). Table 1 summarizes the
baseline characteristics, physiologic variables, and out-
come of included patients. Hemodynamic variables,
such as mean arterial pressure, heart rate, and norep-
inephrine intake, were not different between patients
with abnormal RVFWS versus normal RVFWS values
at baseline. No inotropes were administered. With re-
gard to RV function, at baseline, no patient had acute
cor pulmonale, that is, RV enlargement and/or septal
dyskinesia were absent. Also, at baseline, no patient
had abnormal S velocity, TAPSE, and FAC values.
However, four patients had abnormal RVFWS values,
whereas the remaining five patients had normal
RVFWS values. Patients with abnormal RVFWS (even
in the absence of conventional variables of RV dys-
function) at baseline had higher mortality than those
with normal RVFWS values (100% vs 20%; p = 0.048).

Table 2 depicts the values of both conventional RV
functional variables (namely, S” velocity, TAPSE, and
FAC) and RVFWS of included patients at the three
time points, along with physiologic variables that may
affect RV function. All patients responded to prone
ventilation in terms of oxygenation. There was no
significant effect of time (i.e., prone ventilation) on
RVFWS (F[2,14] = 0.042; p = 0.959). Reproducibility
of RVFWS measurements was good with an intraclass
correlation coefficient of 0.827. Figure 1 demonstrates
the lack of association between prone ventilation and
RVFWS values among patients with or without RV
strain at baseline.

Our observational study provides three inter-
esting findings. First, our study shows that not
only transthoracic echocardiography is feasible
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TABLE 1.
Baseline Characteristics, Physiologic Variables, and Outcome of Included Patients
Patients With Normal Baseline

Right Ventricular Free Wall
Strain Values (n = 5)

Patients With Abnormal Baseline

Right Ventricular Free Wall
Strain Values (n =4)

Variable

Characteristics

Age, yr 61.0 (42.2-82.7) 62.0 (57.0-69.5) 1.000
Female sex 1 (25.0) 1 (20.0) 1.000
Race 1.000
Caucasian 4 (100.0) 4 (80.0)
African 0 (0.0) 1 (20.0)

Comorbidity 2 (50.0) 4 (80.0) 0.524
Chronic kidney disease 0 (0.0) 0 (0.0) 1.000
Chronic lung disease 0 (0.0) 0 (0.0) 1.000
Heart condition 0 (0.0) 0 (0.0) 1.000
Hypertension 1 (25.0) 3 (60.0) 0.524
Liver disease 0 (0.0) 0 (0.0) 1.000
Diabetes mellitus 1 (25.0) 1 (20.0) 1.000
Malignancy 0 (0.0) 0 (0.0) 1.000

Days from symptom onset to 10.0 (4.7-14.5) 14.0 (4.0-18.0) 0.806

intubation

Days from intubation to prone 3.5 (0.7-5.5) 1.0 (1.0-2.5) 0.260
positioning

Physiologic variables

Sequential Organ Failure 6.5 (4.5-7.7) 7.0 (56.5-9.0) 0.457
Assessment score

Mean arterial pressure, mm Hg 775 (64.0-113.5) 80.0 (66.0-87.0) 0.902

Heart rate, beats/min 80.0 (70.0-83.7) 77.0 (52.5-87.0) 0.624

Norepinephrine intake, pg/kg/min 0.02 (0.00-0.11) 0.10 (0.06-0.40) 0.142

Ventilation mode 0.444
Volume control 3 (75.0) 5 (100.0)

Pressure control 1 (25.0) 0 (0.0)

Respiratory rate, beats/min 26.0 (21.2-29.2) 0.0 (21.5-31.5) 0.459

Tidal volume, mL 460.0 (405.0-537.5) 450.0 (390.0-470.0) 0.539

Positive end-expiratory pressure 14.5 (12.5-15.0) 12.0 (10.0-13.0) 0.058
external, cm H,O

Plateau pressure, cm H,O 28.0 (25.2-30.7) 29.0 (25.5-31.5) 0.901

Driving pressure, cm H,O 13.0 (10.0-21.2) 17.0 (15.0-17.5) 0.215

Pao,:Fio, 77.0 (68.5-118.0) 144.7 (116.3-240.8) 0.050

Paco,, mm Hg 50.0 (43.6-56.5) 48.7 (38.4-58.4) 0.806

pH 7.35 (7.32-7.42) 7.28 (7.24-7.40) 0.221

Outcome
Mortality 4 (100.0) 1 (20.0) 0.048
Heart condition included congestive heart failure, coronary artery disease, and cardiomyopathies.
Mortality was censored at day 28 following intubation.
Data are presented as median (interquartile range) or n (%). Boldface value indicates statistical significance.
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TABLE 2.

Right Ventricular Echocardiographic Findings and Physiologic Variables of Included
Patients at Three Time Points

Patients With Abnormal Baseline Patients With Normal Baseline
RVFWS Values? (n = 5)

Variable RVFWS Values (n =4)

Baseline (before prone positioning)

RVFWS, % 20.3 (17.1-22.1) 26.2 (24.1-32.8) 0.014
TAPSE, mm 24.5 (22.5-26.5) 25.0 (21.0-27.0) 1.000
S’ velocity, cm/s 13.0 (11.2-14.7) 16.0 (11.5-18.5) 0.176
FACP®, % 41.7 (38.5-52.5) 44.0 (42.5-50.0) 0.462
Mean arterial pressure, mm Hg 775 (64.0-113.5) 80.0 (66.0-87.0) 0.902
Heart rate, beats/min 80.0 (70.0-83.7) 77.0 (52.5-87.0) 0.624
Norepinephrine intake, ug/kg/min 0.02 (0.00-0.11) 0.10 (0.06-0.40) 0.142
PEEPext, cm H,O 14.5 (12.5-15.0) 12.0 (10.0-13.0) 0.058
Pao,:Fio, 77.0 (68.5-118.0) 144.7 (116.3-240.8) 0.050
Paco,, mm Hg 50.0 (43.6-56.5) 48.7 (38.4-58.4) 0.806
pH 7.35 (7.32-7.42) 7.28 (7.24-7.40) 0.221
18hr after prone positioning
RVFWS, % 23.1 (15.7-24.1) 26.3 (21.8-30.2) 0.142
TAPSE, mm 275 (24.7-29.5) 26.0 (20.5-28.0) 0.268
S’ velocity, cm/s 13.5 (13.0-15.5) 20.0 (10.5-21.5) 0.623
Mean arterial pressure, mm Hg 89.5 (78.5-98.2) 90.0 (73.0-100.0) 1.000
Heart rate, beats/min 675 (58.5-75.0) 79.0 (62.0-90.5) 0.325
Norepinephrine intake, ug/kg/min 0.01 (0.00-0.21) 0.12 (0.05-0.35) 0.140
PEEPext, cm H,O 14.0 (12.5-14.7) 12.0 (9.5-13.0) 0.076
Pao,:Fio, 263.1 (165.9-334.2) 193.3 (149.9-275.2) 0.462
Paco,, mm Hg 54.1 (39.9-67.3) 57.9 (43.3-70.0) 0.624
pH 7.39 (7.29-7.46) 7.32 (7.20-7.37) 0.221
One hr after supine repositioning
RVFWS, % 22.2 (13.4-28.8) 26.8 (19.7-29.3) 0.624
TAPSE, mm 22.5(21.2-24.5) 24.0 (20.5-25.0) 0.900
S’ velocity, cm/s 14.0 (11.7-16.2) 13.0 (11.5-19.0) 0.901
FAC®, % 41.5 (36.2-48.6) 43.0 (41.0-54.5) 0.462
Mean arterial pressure, mm Hg 86.0 (76.7-101.2) 83.0 (77.5-89.5) 0.624
Heart rate, beats/min 68.5 (63.5-79.5) 75.0 (56.5-77.5) 0.806
Norepinephrine intake, ug/kg/min 0.00 (0.00-0.21) 0.12 (0.04-0.31) 0.135
PEEPext, cm H,O 13.0 (12.0-14.7) 10.0 (9.5-183.0) 0.102
Pao,:Fio, 267.4 (153.4-314.1) 180.2 (139.4-222.8) 0.221
Paco,, mm Hg 52.5 (39.2-66.1) 44.6 (40.7-54.9) 0.806
pH 7.41 (7.34-7.46) 7.39 (7.25-7.41) 0.327

FAC = fractional area change, PEEPext = positive end-expiratory pressure external, RVFWS = right ventricular free wall strain, S’ velocity =
tricuspid annular peak systolic velocity, TAPSE = tricuspid annular plane systolic excursion.

?One patient had abnormal S’ velocity but normal TAPSE, FAC, and RVFWS at baseline.

®FAC was calculated only at baseline and at final supine positions. Measurements were made independently by two experienced
cardiologists and the mean of their measurements was used.

Data are presented as median (interquartile range) or n (%). Boldface value indicates statistical significance.
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Figure 1. Change of right ventricular (RV) free wall strain over time. A, RV free wall (FW) strain (FWS) (%) at three time points (namely,
at baseline [immediately before prone positioning], 18 hr after prone positioning, and 1 hr after supine repositioning) among patients with
COVID-19-associated acute respiratory distress syndrome and abnormal (n = 4) or normal (n =5) RV FWS values at baseline. B, A
representative image from the same patient at baseline (i.e,, while the patient was undergoing supine ventilation) and 18hr after prone
positioning (i.e, while the patient was undergoing prone ventilation) is presented. bpm = beats/min, fps = frames/sec, FR = frame rate,

HR = heart rate, Sep = septum.

in a considerable proportion (75% in our cohort)
of patients with ARDS undergoing prone ventila-
tion (a finding in line with previous observations)
(8) but also acquisition of images allow for assess-
ing RVFWS. Second and importantly, abnormal as
opposed to normal RVFWS values (in the absence
of conventional variables of RV dysfunction) at
baseline may be associated with worse prognosis
of patients with COVID-19-associated ARDS.
Interestingly, this was the case despite the fact that
patients with abnormal RVFWS values did not
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require higher doses of norepinephrine and they
did not have worse hemodynamic variables (such
as mean arterial pressure, heart rate, S velocity,
TAPSE, and FAC) than those with normal RVFWS
values at baseline; that is, their RV dysfunction was
subclinical. Finally, our study suggests that, among
patients without acute cor pulmonale or conven-
tional markers of RV dysfunction at baseline, one
session of prone ventilation may not affect right
myocardial strain. Potential explanations of the lat-
ter finding may include a true lack of significant
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effect of prone ventilation among patients with
subtle or no RV dysfunction at baseline, a need for
more prone sessions to improve cardiac function,
or a need for a larger cohort to reveal a difference.
Taken together, the impact of prone ventilation
might be speculative in this instance, given the
small size of our cohort. That being said, our cohort
may justify the execution of larger in-depth stud-
ies, which will take advantage of state-of-art echo-
cardiographic techniques to shed more light on the
apparently not so simple effect (9) of prone ventila-
tion of RV function.
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