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Abstract
Introduction: Each patient suffering from severe coronavirus COVID-19-associated acute respiratory distress syn-
drome (ARDS), requiring mechanical ventilation, shows different lung mechanics and disease evolution. Therefore, 
lung protective strategies should be personalised for the individual patient. Case presentation: A 64-year-old male 
patient was intubated ten days after the symptoms of COVID-19 infection presented.  He was placed in the prone 
position for sixteen hours, resulting in a marked improvement in oxygenation. However, after being returned to the 
supine position, his SpO2 rapidly dropped from 98% to 91%, and electrical impedance tomography showed less ven-
tilation at the dorsal region and a ventral shift of ventilation distribution.  An incremental and decremental PEEP trial 
under electrical impedance tomography monitoring was carried out, confirming that the dependent lung regions 
were recruited with increased pressures and homogenous ventilation distribution could be provided with 14 cmH2O 
of PEEP. The optimal settings were reassessed next day after returning from the second session of the prone position. 
After four prone position-sessions in five days, oxygenation was stabilised and eventually the patient was discharged. 
Conclusions: Patients with COVID-19 associated ARDS require individualised ventilation support depending on the 
stage of their disease. Daily PEEP trial monitored by electrical impedance tomography can provide important infor-
mation to tailor the respiratory therapies. 
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��Introduction
The coronavirus disease 2019 (COVID-19) has 
emerged as a cause of acute respiratory failure world-
wide. Due to hypoxemia,  patients are intubated and 
placed on mechanical ventilation at an early stage in 
the course of treatment. 

Once patients are intubated, the current recommen-
dations are to follow the concept and strategies sug-
gested for the management of acute respiratory distress 
syndrome (ARDS). 

Different lung mechanics and disease evolution 
make patient management difficult when COVID-19 
pneumonia presents with concomitant respiratory 

failure. Consequently, the recommended strategies, in-
cluding prone positioning, are not always suitable for 
all patients and should be personalised for each patient 
daily.  

Electrical impedance tomography is a monitor-
ing tool that can visualise changes in ventilation and 
aeration caused by therapeutic interventions such as 
changes in body position, ventilatory settings, admin-
istration of muscle relaxant, and weaning [1-4]. 

The case of a mechanically ventilated patient with 
COVID-19 associated ARDS is described, in which 
better ventilatory settings are investigated by applying 
incremental and decremental positive end-expiratory 
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pressure (PEEP) trials using electrical impedance to-
mography, after returning to the supine position from 
the prone position. 

��Case presentation 
The patient was a 64-year-old man diagnosed previous-
ly as having diabetes mellitus, with a body mass index 
28. He had developed cough, fever, and dyspnea ten 
days before his admission to the Department of Inter-
nal Medicine, General Hospital, Tokyo, Japan.

Throat swab specimens were taken on admission to 
this hospital and analysed using polymerase chain re-
action for SARS-CoV-2, which tested positive. The pa-
tient was intubated immediately on admission due to 
hypoxia and was transferred the day after admission, 

from the peripheral hospital to a University Hospital in 
Tokyo, Japan. Upon admission to this hospital, he was 
deeply sedated and paralysed due to the continuous in-
fusion of 1% Propofol Intravenous Solution (Maruishi 
Pharmaceuticals, Osaka, Japan), and Rocuronium Bro-
mide Intravenous Solution®, (Maruishi Pharmaceuti-
cals, Osaka, Japan) given by the previous hospital.

Laboratory tests showed C-reactive protein 8.3 mg/
dl, ferritin 2806 ng/dl, and D-dimer 10.7 µg/ml. A 
chest computed tomography (CT) taken on admission, 
showed ground-glass opacity accompanied by consoli-
dation at both dorsal lung regions (Fig. 1)

The patient was managed with pressure-controlled 
ventilation with a PEEP of 10 cmH2O and an inspirato-
ry pressure of 24 cmH2O. The tidal volume was 450 ml, 
6.4  ml/kg/predicted body weight, and arterial partial 

Fig. 1. A Global EIT signal waveform in arbitrary units (AU) acquired in a supine patient suffering from COVID-19 related 
ARDS during two incremental and four decremental steps in positive end-expiratory pressure (PEEP) (top). The blue ar-
rows show the amplitude of tidal impedance variation (TIV) during ventilation at the initial PEEP value and the change 
in end-expiratory lung impedance at the last PEEP value compared to the beginning of the manoeuvre. The numbers 
above the waveform present the set PEEP values in cmH2O.  Regional Δ end-expiratory lung impedance in ventral and 
dorsal lung regions relative to the initial values at the lowest PEEP (bottom left) demonstrate the more pronounced 
increase in the dependent regions, implying recruitment. Chest CT scan (bottom right) was obtained on Day 1 of ICU 
admission. 
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pressure of oxygen (PaO2)/fraction of inspired oxygen 
(FIO2) was 142 mmHg. 

He was placed in the prone position for 16 hours, 
which resulted in better oxygenation when a PaO2/
FIO2 of 259 mmHg was recorded. 

On the morning of Day 2, post-admission to the 
intensive care unit, after being returned to the supine 
position, and without changing the ventilatory settings, 
his SpO2 rapidly dropped from 98% to 91%. 

Real-time monitoring by electrical impedance to-
mography (PulmoVista 500, Draegerwerk, Luebeck, 
Germany) showed reduced ventilation at the dorsal re-
gion and a ventral shift of ventilation distribution. 

Therefore, an incremental PEEP trial was performed 
with a step of 5 cmH2O from 10 to 20 cmH2O using a 
driving pressure of 15 cmH2O. Constant attention was 
paid to the possible deterioration of the patient’s hemo-
dynamics. 

The dynamic images at 20 cmH2O of PEEP showed 
an increased dorsal ventilation distribution and simul-
taneous loss of ventral ventilation distribution, indicat-

ing that the lungs had responded well to an increased 
inspiratory pressure (Fig. 2). 

The PEEP was lowered, with a step of 2 cmH2O, 
from 20 cmH2O until the lungs could be ventilated 
evenly (Fig. 2), and the PEEP level of 14 cmH2O was 
sufficient to maintain the dorsal ventilation. At this 
level, the increase in end-expiratory lung impedance 
was twice as much as the tidal impedance variation at 
the initial PEEP setting of 10 cmH2O (Fig. 1). These 
results signified that the end-expiratory lung volume 
increased twice as much as the tidal volume of PEEP 
at ten cmH2O. 

The increase in end-expiratory lung impedance was 
more pronounced in the dorsal than in the ventral re-
gion (Fig. 1 bottom left). The combination of increased 
end-expiratory lung impedance and ventilation distri-
bution in the dorsal region indicated the recruitment of 
a previously collapsed lung area.  

Although SpO2 did not return to the levels obtained 
when the patient was in the prone position, it was sus-
tained above 94%. A 14 cmH2O of PEEP was selected 

Fig. 2. The figure shows the analysis of regional lung ventilation in a supine patient with COVID-19 related ARDS using 
EIT, carried out during two incremental and four decremental steps in positive end-expiratory pressure (PEEP). Func-
tional EIT images of regional tidal impedance variation (TIV) (top) show the distribution of tidal volume in the chest 
cross-section. Ventilated areas are presented in white and blue colors, the numbers below the images give the global 
sums of TIV values in percent of initial value at PEEP of 10 cmH2O. Functional EIT images of regional changes in TIV 
(ΔTIV) (middle) highlight the local increases (light blue areas) and decreases (orange areas) in ventilation at individual 
PEEP values in comparison with the initial lowest PEEP. The numbers below the images specify the relative changes 
in TIV in ventral and dorsal lung regions in comparison with the initial TIV distribution at the start of the manoeuvre. 
Ventilation profiles (bottom) show the distribution of ventilation in the right and left lung regions along the ventrodor-
sal chest diameter. White horizontal lines in each profile indicate the location of the centre of ventilation (CoV) with the 
corresponding values plotted below each profile. Values smaller than 50% imply preferential ventilation distribution 
towards ventral regions.
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as an appropriate level and an inspiratory pressure of 
28 cmH2O, allowed the maintenance of a tidal volume 
of 6–7 ml/kg/predicted body weight. 

On Day 2, post-admission to the ICU, the patient 
was placed in the prone position for sixteen hours 
without a change in the ventilatory settings.

On Day 3, after the patient was returned to the su-
pine position, the SpO2 did not decrease. A PEEP trial 
was performed once more to confirm the unchanged 
appropriate PEEP level, which was recorded as 15 cm-
H2O of PEEP. 

On Day 5 post-admission to the ICU, the more ho-
mogeneous distribution of ventilation was maintained 
by a previously selected inspiratory pressure of 28 cm-
H2O and PEEP of 15 cmH2O. 

Though a further increase in PaO2/FIO2 was not 
achieved, oxygenation was eventually stabilised after 
four prone positioning sessions in five days. The ven-
tilatory mode was switched to pressure support mode 
on ICU Day 6. 

The maximum levels of laboratory tests during ICU 
stay were C-reactive protein 22 mg/dl, ferritin 3541 ng/
dl, and D-dimer 37.5 µg/ml. 

Two days later, on ICU Day 8, the patient was trans-
ferred to the peripheral hospital, where he showed fur-
ther improvement.

��Discussion
In COVID-19 associated pneumonia, it was dem-
onstrated that hypoxemia was associated with pro-
nounced elevation of inflammatory markers and in-
hospital mortality [5].  

The causes of hypoxemia are suggested as a ventila-
tion to perfusion (V/Q) mismatch due to the dysfunc-
tion of pulmonary vasoconstriction, the presence of 
micro and macro-thrombosis of the pulmonary vessels 
increasing dead space, and global or regional change of 
respiratory system mechanics [6, 7]. 

Hypercoagulability and myocardial damage could 
represent a causative pattern of macro-thrombosis in 
COVID-19. Moreover, the hypothesis that right heart 
thrombosis (RiHTh) could represent an emerging 
complication in COVID-19 patients deserves the ut-
most attention given the high associated mortality [8]. 

In the present case, deep sedation during transpor-
tation accelerated the dorsal atelectasis. The prone 
positioning was chosen to avoid severe hypoxemia on 

ICU Day 1. This manoeuvre resulted in improved oxy-
genation, which, however, returned to previous levels 
immediately on the patient being returned to the su-
pine position. This indicated that changes might follow 
improved oxygenation during the prone positioning 
in the distribution of pulmonary perfusion leading to 
decrease in V/Q mismatch, and not necessarily by ho-
mogenising regional ventilation. 

Allowing the dorsal parts of the lungs to remain col-
lapsed might result in an instantaneous fall in oxygena-
tion in the supine position. This speculation was con-
firmed by the initial evaluation of electrical impedance 
tomography, which showed the dorsal-area collapse 
(Fig. 2). 

Improving inhomogeneous ventilation plays a role, 
especially in patients with consolidated lungs. In fact, 
by focusing on maintaining homogeneous ventilation, 
the patient did not exhibit further deterioration in oxy-
genation until discharge. On the other hand, mild im-
pairment of oxygenation persisted during his ICU stay, 
which might have been caused by other pathomecha-
nisms. An elevated level of D-dimer might imply the 
presence of micro-thrombosis, leading to persistent 
impairment of microcirculation [9]. 

Recent reports demonstrated that an impairment 
in gas exchange and lung mechanics in COVID-19 as-
sociated ARDS is comparable to prior cohorts of non-
COVID-19 associated ARDS [10-13]. 

Though it varies at different stages of disease course, 
low respiratory compliance in COVID-19 associated 
ARDS patients is not rare. In COVID-19 associated 
ARDS, the lungs are small with limited well-aerated ar-
eas, as presented CT image in our case.

In such a cohort, lung protective strategies are rec-
ommended. Because of a rapid change of pathophysi-
ology and unsuitableness of frequent transportation 
of COVID-19 associated ARDS patient, a monitor-
ing tool, available at the bedside, is necessary to allow 
prompt judgment and decisions, and the implemen-
tation of the right timing of changes to the treatment 
strategy. 

Electrical impedance tomography monitoring can 
meet this requirement by evaluating the lung recruita-
bility through repeated PEEP trials and subsequent 
PEEP selection [14-16]. The risk of over-distention of 
the lung tissue is another concern.

In our case, it was confirmed that the nondependent 
ventral-lung region was receiving less inspired gas but 
was still ventilated with an inspiratory pressure of 34 
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cmH2O, suggesting no over-distension (Fig. 2). On the 
other hand, the end-expiratory lung impedance and 
the dorsal distribution of ventilation had already in-
creased at this pressure level, indicating that the dorsal 
part of the collapsed lungs was recruited successfully.

��Conclusions
Patients suffering from severe COVID-19 associ-

ated ARDS require individualised ventilation support 
depending on the stage of their disease. Electrical im-
pedance tomography  helps detect the disease state at 
the bedside and allows any respiratory therapies to be 
tailored to the individual patient’s needs. 
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