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Abstract

During SARS-CoV-2 pandemic, several subjects were treated in our intensive care unit (ICU) because of acute respiratory failure
following COVID-19 pneumonia. Most of them required mechanical ventilation and someone in prone position (PP) too,
because of acute respiratory distress syndrome (ARDS). During PP, trans-esophageal echocardiography (TEE) is not always
easy, mainly due to the forced position of the neck of the patient. Moreover, during a pandemic, given the great number of
patients needing treatment, TEE probes and monitoring devices are not widely available. Then, trans-thoracic echocardiography
(TTE) plays a crucial role as it is non-invasive, repeatable, and available every time it is needed. Moreover, it can be safely
performed also in prone position (TTEp). According to in-hospital protocol, TTEp was performed using the apical-four-chamber
(A-4-C) view in 8 patients. We temporarily deflated the lower thoracic section of the air-mattress to place the probe between the
mattress surface and the thorax of the patient. We collected both TEE and hemodynamics data. The main result of our retro-
spective analysis is that TTE can be performed in patients in prone positioning and is reliable and repeatable; the single apical-
four-chamber view provides sufficient data to evaluate the cardiac performance in case of scarce availability of hemodynamic
monitoring devices, like in a pandemic setting. TTE may be a helpful tool for cardiac performance evaluation and diagnosis not
only in supine or anterolateral positioning like in echocardiographic lab, but also in subjects admitted to ICU due to ARDS
needing of mechanical ventilation in prone positioning.
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Introduction

During SARS-CoV-2 pandemic, several subjects were treated
in our intensive care unit (ICU) because of acute respiratory
failure following COVID-19 pneumonia. Most of them re-
quired mechanical ventilation (MV) and some of them in
prone position (PP) too, because of acute respiratory distress
syndrome (ARDS), trying to re-open the collapsed and wet
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lung parenchymal districts, particularly when severe hypox-
emia occurred [1]. After a brief period of non-invasive venti-
lation (NIV), mechanical respiratory support was needed,
since patients showed type L and/or type H of respiratory
involvement. If in type L, clinical situation NIV may be the
initial attempt to support the respiratory function, the type H
clinical scenario makes MV mandatory since higher positive
end-expiratory pressure (PEEP) levels and prone positioning
are required, like in any type of ARDS [2-4].

During ARDS treatment, sedation and myorelaxation are
required to make the patient be safely and efficaciously ven-
tilated. Consequently, vasopressor administration may be nec-
essary for hemodynamic support, both to counteract the vaso-
dilation due to sedation and to provide a sufficient blood pres-
sure, particularly when patient lays in prone position [5, 6].
Such a critical illness demands a strict cardiovascular moni-
toring and repeated cardiac function assessment.
Hemodynamic monitoring can be performed by right heart
catheterization, trans-pulmonary thermodilution (TPT) tech-
nique, or echocardiography. The latest offers the advantage
to evaluate both cardiac function and hemodynamic status
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non-invasively and in a cost-saving way [6, 7]. Peng et al.
reported that during the COVID-19 pandemic in China, the
main cardiocirculatory abnormal findings were as follows: (1)
hyperdynamic state; (2) stress-induced cardiomyopathy
(Takotsubo); (3) right ventricle enlargement and acute pulmo-
nary hypertension; (4) diffuse myocardial inhibition [8].

During prone positioning, trans-esophageal echocardiogra-
phy (TEE) is not always easy, mainly due to the forced posi-
tion of the neck of the patient. Moreover, during a pandemic,
given the great number of patients needing treatment, TEE
probes and monitoring devices are not widely available.
Then, trans-thoracic echocardiography (TTE) plays a crucial
role as it is non-invasive, repeatable, and available for many
patients every time it is needed; moreover, it can be safely
performed also in prone position (TTEp), as we described in
a previous report [9].

In this small case series, we report our experience about
TTEp in mechanically ventilated patients admitted to COVID-
19 isolation intensive care unit ICU-COVID-19).

Methods
Clinical Data and Patients’ Selection

We retrospectively analyzed electronic medical records
of 107 patients admitted to our ICU-COVID-19 from
March 1 to May 21, 2020, during the new coronavirus
2019 outbreak in Italy. Only 8 of them received echo-
cardiographic evaluation both in supine and in prone
positions and were included in the study. Patients’ clin-
ical data are summarized in Table 1. Clinical variables
were as follows: age, sex, body mass index, comorbid-
ities, mean arterial pressure (MAP), heart rate (HR),
mechanical ventilation measurements like PEEP, and re-
spiratory system compliance (C,). Only few patients
included into the study received trans-pulmonary ther-
mo-dilution hemodynamic monitoring. None of the in-
cluded cases received pulmonary artery catheter (PAC)
hemodynamic monitoring.

According to our institutional protocol, all patients re-
ceived non-invasive ventilation (NIV) as first choice. When
respiratory function deteriorated despite NIV, patients have
been intubated and admitted to our ICU-COVID-19 to receive
invasive mechanical ventilation. In case of severe hypoxemia
(pO,/Fi0, < 150 mmHg) despite PEEP >10 cmH,O, they
received mechanical ventilation in prone positioning (PP-
MYV). Before declaring the patient unresponsive to PP-
MV (i.e., pO,/FiO, <150 mmHg with PEEP >
10 cmH,0), the PP cycle was attempted for three times.
Each PP cycle included 16-18 h in prone positioning
followed by 6-8 h of supine positioning (SP).
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Table 1  Results
COVID-19 patients (7 =38)
Age (years) 61.7+79
Gender (male/female) 7/1
BSA (m?) 2.1+02
Supine”  Prone®  p
Hemodynamics
MAP (mmHg) 8312 78+14 0417
HR (bpm) 100£28 100+11 1.000
ScvO; (%) 74+48  77+£52  0.270
CVP (mmHg) 11£21 N/A -
Norepinephrine (pg/kg/min) 0.17+£0.1 022+02 0.500
Mechanical ventilation
pO,/FiO, (mmHg) 110£19  121+32 0.456
PEEP (cmH,0) 13+3.0 15+£2.6 0265
Cys (ml/cmH20) 34£92  35+£11.7 0.780
Echocardiography
RV end-diastolic diameter (mm) 37+5 35+3 0.328
LV end-diastolic diameter (mm) 43+4 44+5 0.704
RV/LV end-diastolic diameter ratio 0.88+0.1 0.81+0.1 0.348
TAPSE (mm) 2143 21+5 0.954
S’ TDI tricuspid valve annulus (cm/s) 16+3.8 19+9.3  0.398
PAPs (mmHg) 49+9 41£10 0.132
LVOT VTI (cm) 20.6+49 256+58 0.184
LV ejection fraction (%) 53+4.6 54+£58 0.815
MAPSE (mm) 13+1.9 16£49  0.171
IVC maximum diameter 21+29 -
IVC distensibility index (%) 25+21 -k

MAP, mean arterial pressure; HR, heart rate; ScvO,, central venous oxy-
gen saturation; CVP, central venous pressure; PEEP, positive end-
expiratory pressure; C,,, compliance of the respiratory system; RV, right
ventricle; LV, left ventricle; TAPSE, tricuspid annular plane systolic ex-
cursion; S” TDI, systolic wave tissue Doppler imaging; PAPs, pulmonary
artery systolic pressure; LVOT VTI, left ventricle outflow tract velocity-
time integral; MAPSE, mitralic annular plane systolic excursion; /VC,
inferior vena cava; N/A, not available

M Supine position: just before the prone positioning
@ Prone position: > 1 h after the prone positioning

*In prone position, the subcostal view is not accessible

Protective ventilation protocol included tidal volume (Vt)
of 4-6 ml/kg and PEEP <20 cmH,O with target driving pres-
sure (DP) <15 cmH,O and airway plateau pressure (Ppjay) <
35 cmH,0. The compliance of the respiratory system (C;) if
not provided by the ventilator software was computed by the
following formula: Vt/DP (ml/cmH,0), where DP results
from the difference (Pp. — PEEP).

All the patients underwent thoracic CT scan before prone
positioning when it was possible according to the logistic
availability and the patient safety.
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The evolution from interstitial pneumonia to ARDS was
diagnosed according the Berlin Definition [10].

All the patients received invasive blood pressure monitor-
ing by an arterial line.

The first-choice drug to support hemodynamics was nor-
epinephrine (NE), followed by dobutamine (DB) when ino-
tropic support was needed, targeting a cardiac index > 2 l/kg/
min (measured by TPT of TTE) and a mean arterial pressure
(MAP) > 65 mmHg.

Echocardiographic Data

Trans-thoracic echocardiography was performed as stated by
guidelines using the US machine GE-Venue (©General
Electric Healthcare, Little Chalfont, Buckinghamshire, UK).

According to in-hospital protocol, TTEp was performed
using the apical-four-chamber (A-4-C) view. We temporarily
deflated the lower thoracic section of the air-mattress to
place the probe between the mattress surface and the
thorax of the patient (Fig. 1).

The following echocardiographic data were collected: LV
ejection fraction (LVEF); the mitralic annular plane excursion
(MAPSE); the left ventricle outflow tract velocity-time inte-
gral (LVOT-VTI); the ratio between the RV end-diastolic di-
ameter and LV end-diastolic diameter (RV/LV) measured at
the mid-basal level in the A-4-C view; the RV systolic perfor-
mance by the tricuspid annular plane excursion (TAPSE);
tricuspid regurgitation pressure gradient to estimate the pul-
monary artery systolic pressure (PAPs).

We assumed as normal RV-EDD <34 mm, LV-EDD <
53 mm, and normal ratio RV/LV EDD <0.5, [11-13].

Echocardiographic examinations in prone and supine
positions were performed by one experienced operator,
and echocardiographic recordings were post hoc ana-
lyzed by two independent readers (one anesthesiologist
and one cardiologist) (Fig. 2).

OFERATOR WEARING PPE

N

POSITION OF THE PROBE

| .

Fig. 1 TTE, technique and the A-4-C view

THORAX OF THE PATIENT
IN PRONE POUTION

When the patient was considered for prone positioning, he/
she received a supine TTE. The TTEp was performed within
30-60 min after prone positioning.

The Independent Ethics Committee of Humanitas Clinical
and Research Center (IRB approval n. 233/20, on March 12th
2020) approved the study and given its retrospective and ob-
servational design waived the need for individual informed
consent.

We followed the STROBE Statement for observational
study on human subjects (http://www.strobe-statement.org/).

Statistics

Results are reported as average + standard deviation
(SD) or median and range enclosed in parentheses, or
number and percentage enclosed in parentheses, as ap-
propriate. Percentage variation between SP and PP data
was computed with the following formula:

[(Prone value—Supine value)/Supine value]

We adopted Student’s ¢ test for parametric data analysis
while for non-parametric variables, we adopted Fisher’s exact
test. Level of statistical significance was p < 0.05.

Analysis was performed with the Prism 8.2.1 software
(GraphPad, 2356 Northside Dr., Suite 560, San Diego, CA
92108, USA).

Results

Among the 8 patients included in our analysis, none of them
needed dobutamine administration. Conversely, all of them
received norepinephrine to sustain hemodynamics and reach
a MAP > 65 mmHg.

Table 1 reports the main results.

SN Comprehensive Clinical Medicine
A SPRINGER NATURE journal


http://www.strobe-tatement.org/

2384

SN Compr. Clin. Med. (2020) 2:2381-2386

Fig. 2 One case COVID-19 example of diameter ventricle ratio in supine and prone positioning echocardiography. a Echocardiography in supine

positioning. b Echocardiography in prone positioning

Baseline Echocardiographic Findings in Supine
Position

LVEF was normal in 87% of patients (7/8 had a LVEF more
than 50%), and right ventricular function expressed as TAPSE
was under the lower reference limit in one patient (12% of
cases, mean value 21). RV dimension was over the upper limit
in all patients with a mean value of RV/LV ratio of 0.87.

Eighty-seven percent of patients showed high PAPs
(mean value of 49) and inferior vena cava was dilated
in 5 patients (62%); only one patient showed a caval
index more than 50%.

Hemodynamic and Respiratory Changes in Prone
Position

MAP showed a little but not significant lowering. At
the same time, the other hemodynamic parameters did
not change significantly.

Respiratory data showed not any modification, even the
pO,/FiO, ratio which was expected to improve significantly.

Echocardiographic Changes in Prone Position

As showed in Table 1, the majority of patients (6/8, 75%)
showed no change in LVEF, while the remaining two patients
showed respectively improvement and worsening of LVEF.

RV diameter reduced in 5/8 patients (62.5%) and increased
in 2 patients. PAPs lowered in 6/8 patients and augmented
only in one patient.

Case-by-Case Analysis

The greatest negative variation of TAPSE observed was in
case n.2 (— 43%) with a worsening of PAPs too (+ 9%), a little
reduction of P/F' (—2%), and a great variation of respiratory
compliance (Cys —26%) (Table 2). This patient was the only
one who died after the shortest ICU staying (12 days).

Outcomes

Mortality rate of this small group of patients was 12.5%
(only one patient died). Among survivors, the mean

Table 2 Patients’ data after prone

positioning and outcome Patient TAPSE RVEDD PIF Crs PAPs ICU length  Outcome
variation variation variation variation variation of stay
(%) (%) (%) (%) (%) (days)
1 -5 =26 27 39 =17 90 Alive
2 —43 -3 -2 -26 9 12 Dead
3 53 —15 30 -26 —42 64 Alive
4 16 -3 22 22 -19 35 Alive
5 =22 3 68 -17 64 Alive
6 -9 0 7 14 -17 49 Alive
7 —13 9 4 -20 -23 24 Alive
8 42 -3 —24 0 0 66 Alive

TAPSE, tricuspid annular plane systolic excursion; RVEDD, right ventricle end-diastolic diameter; P/F, pO,/FiO,
ratio; C,, compliance of the respiratory system; PAPs, systolic pulmonary artery pressure
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length of stay was 56 days, with 5 patients having an
unfavorable long hospitalization of more than 31 days.

Discussion

The main results of our retrospective analysis on a small cases
series consisted of few main points: (1) TTE can be performed
in patients in prone positioning and is reliable in comparison
with the supine TTE and repeatable, meaning that it may be
used also to “monitor” the cardiac function every time it is
needed, in a standardized way (i.e., without any minimal
changing of the patient position, during both supine and prone
positioning); the single apical-four-chamber view provides
sufficient data to evaluate the cardiac performance in case of
scarce availability of hemodynamic monitoring devices, like
in a pandemic setting; (2) according to recent scientific re-
ports, prone positioning in patients suffering from ARDS
due to COVID-19 pneumonia is not always effective. It may
depend on the phenotype of the disease and may be effective
only in extremely severe cases [1-4].

We observed a reduction of PAPs and RV-EDD after prone
positioning. We may speculate that PAPs lowering may be the
effect of a supposed reduction of pulmonary resistances after
prone positioning. It may be the cause of the reduction of the
RV-EDD. This may translate in an improved RV function as
showed by the increase of S’ TDI tricuspid valve annulus
(Table 1). Unfortunately, these variations did not reach a statisti-
cal significance, but it may be due to the small sample of the trial.

In our small case series, only one patient died. This patient
showed a reduction of the RV and LV performances along
with an increase in PAPs and a worsening of respiratory com-
pliance in prone position. We may suppose that the reduction
of pulmonary compliance caused the worsening of the RV
function and increase of PAPs. The course of this case was
also more rapid compared with the others.

The TTE in prone positioning (TTE,) was helpful to eval-
uate the hemodynamic state of our patients despite they did
not receive a specific monitoring methods (trans-pulmonary
thermodilution, pulmonary artery catheter, or semi-invasive
pulse-contour systems). Despite its diagnostic primary
property and because we had not a sufficient number
of hemodynamic monitoring devices, TTE, resulted a
valid alternative to classical hemodynamic monitoring.
It is safe, repeatable, and cost saving.

While TEE performed in the prone positioning has been
reported as a safe procedure [14], in our opinion, one limita-
tion may be the position of the neck and head of the patient
that is laterally rotated and may make it difficult to introduce
the TEE probe. Additionally, given the potential high number
of patients requiring this type of evaluation and the number of
devices available, TEE is often a logistic challenge.

Our study has a lot of limitations. The main are as follows:
(1) the sample is too small to permit definitive conclusions
which in this case could be only speculative; (2) it is a retro-
spective analysis of data collected in a situation of extreme
difficulty like during a pandemic; then, several further data
that are helpful for a more detailed analysis are not available
because our database is lacking.

In conclusion, TTE may be a helpful tool for cardiac per-
formance evaluation and diagnosis not only in supine or an-
terolateral positioning like in echocardiographic lab, but also
in subjects admitted to ICU due to ARDS needing of mechan-
ical ventilation in prone positioning. In particular, our
“trick” (i.e., mattress deflation) permits to perform TTE
in prone positioning without any minimal changing of
the patient position.
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