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misleading or informative?

Federico Raimondi,'> Luca Novelli,! Gianmariano Marchesi,> Fabrizio Fabretti,> Lorenzo Grazioli,* Ivano Riva,?
Chiara Allegri,'? Roberta Biza,'? Chiara Galimberti,? Ferdinando Luca Lorini,* Fabiano Di Marco'?

TPulmonary Medicine Unit, ASST Papa Giovanni XXIII, Bergamo

’Department of Medical Sciences, University of Milan

3Anesthesiology Intensive Care Unit 3, ASST Papa Giovanni XXIII, Bergamo
‘Anesthesiology Intensive Care Unit 2, ASST Papa Giovanni XXIII, Bergamo, Italy

Background: In COVID-19, higher than expected level of intrapulmonary shunt has been described, in association
with a discrepancy between the initial relatively preserved lung mechanics and the hypoxia severity. This study aim
was to measure the shunt fraction and variations of PaO,/FiO, ratio and oxygen alveolar-arterial gradient (A-a O,) at
different FiO,.

Methods: Shunt was measured by a non-invasive system during spontaneous breathing in 12 patients hospitalized at
COVID-19 Semi-Intensive Care Unit of Papa Giovanni XXIII Hospital, Bergamo, Italy, between October 22 and
November 23, 2020.

Results: Nine patients were men, mean age (+SD) 62+15 years, mean BMI 27.5+4.8 Kg/m?. Systemic hypertension,
diabetes type 2 and previous myocardial infarction were referred in 33%, 17%, and 7%, respectively. Mean PaO,/FiO,
ratio was 234+66 and 11 patients presented a bilateral chest X-ray involvement. Mean shunt was 21+6%. Mainly in
patients with a more severe respiratory failure, we found a progressive decrease of PaO,/FiO, ratio with higher FiO,.
Considering (A-a O,), we found a uniform tendency to increase with FiO, increasing. Even in this case, the more
severe were the patients, the higher was the slope, suggesting FiO, insensitiveness due to a shunt effect, as strength-
ened by our measurements.

Conclusion: Relying on a single evaluation of PaO,/FiO, ratio, especially at high FiO,, could be misleading in
COVID-19. We propose a two steps evaluation, the first at low SpO, value (e.g., 92-94%) and the second one at high
FiO, (i.e.,>0.7), allowing to characterize both the amendable (ventilation/perfusion mismatch), and the fixed (shunt)
contribution quote of respiratory impairment, respectively.
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Dear Editor,

The main manifestation of Coronavirus Disease 2019
(COVID-19) is an interstitial pneumonia, which can lead to respi-
ratory failure. Respiratory impairment can be severe, possibly
meeting Acute Respiratory Distress Syndrome (ARDS) criteria
[1]. However, respiratory features of these patients differ somehow
from those of typical ARDS. Actually, some Authors have
described a discrepancy between the initial relatively well-pre-
served lung mechanics, and the severity of hypoxemia, with a
higher than expected level of pulmonary shunt [2]. Furthermore,
COVID-19 endothelial dysfunction seems to cause a microscopic
thrombosis of blood vessels, including pulmonary capillaries [3-6],
and failure of the hypoxic pulmonary vasoconstriction has also
been described as a further mechanism contributing to ventilation-
perfusion (V/Q) mismatch [7]. Considering these peculiar emerg-
ing features, assessment, and management of COVID-19 respira-
tory failure represent a clinical challenge.

Irrespectively to the underlying mechanisms, the severity of
respiratory failure can be expressed as PaO,/FiO, ratio. Once PaO,,
and PaCO, are available, and FiO, is known, also O, alveolar-arte-
rial gradient (A-a O,), can be calculated from the alveolar gas
equation [8]. However, despite being simple and readily available,
these parameters are quite coarse, and limited in describing the
mechanism of respiratory failure [9]. Especially PaO,/FiO, ratio,
and its variations at different FiO,, depend on ventilation, perfu-
sion, O, arterio-venous difference, haemoglobin concentration,
and shunt, with the latter of remarkable importance [9-11].
Therefore, the PaO,/FiO, ratio, and FiO, relation are not linear.
Thus, the interpretation of these parameters is not that simple,
requiring a good understanding of cardiopulmonary physiology.
Eventually, the huge number of patients to treat, leads to a pro-
found structural, and logistical reorganization of hospitals [12,13],
with the resulting involvement of medical doctors who do not have
specific skills in the treatment of respiratory failure.
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The aims of this exploratory study were to measure the shunt
fraction in COVID-19 patients, and evaluate variations of standard
severity parameters of respiratory failure (i.e., PaO,/FiO, ratio, and
(A-a) O,) at different FiO,.

We investigated twelve patients hospitalized at the COVID-19
Semi-intensive Respiratory Care Unit of Papa Giovanni XXIII
Hospital in Bergamo, Italy, between 22" October and 23" November
2020. Out of them, 9 were men (75%), mean age £SD was 62+15
years, mean Body Mass Index (BMI) was 27.5+4.8 Kg/m?. Medical
history included systemic hypertension in four patients (33%), dia-
betes in two patients (17%), and previous ischemic myocardial
infarction in one patient. Respiratory failure was characterized by a
mean PaO,/Fi0, ratio of 234 + 66, and 11 patients out of 12 presented
with a bilateral chest X-ray involvement.

We measured the level of shunt by a non-invasive system
(BEACON Caresystem, Mermaid Care A/S, Denmark). The instru-
ment combines a gas analyser with a pulse oximeter, and a soft-
ware, enabling accurate estimation of pulmonary gas exchange
parameters from a procedure where FiO, is varied in 4-6 steps over
15-20 min, obtaining an SpO, in the range of 90-100%. The patient
is connected to the instrument with an appropriately sized oronasal
facemask equipped with a pneumotachograph, and a side stream
sampling for measurement of O, and CO,. During measurements,
the patient remains spontaneously breathing through a T-tube con-
nected to the facemask in a sitting position. The T-tube provides
high flow mixture of gases (i.e., O, and room air) at variable FiO,,
preventing room air inhalation and subsequent FiO, perturbance.
For each patient an arterial blood sample was taken at different
FiO,, only once the instrument provided stability of expired gases,
allowing to accurately measure PaO, SatO,, and PaCO, In accor-
dance with this technique, we found a mean level of shunt of 21+6
% (range 8-28%).

In Figure 1 are reported the relationships between PaO,/FiO,
ratio, (A-a O,), and FiO,. The shape of the relationship between
PaO,/FiO, ratio and FiO, shows huge interpatient variability; how-

B00 400
-
- %
500
300
-
£ 400
:-E- 2
- =t
i g
00 00 o
3 o)
(= e
oy =
o (=]
— [
] a
« 200
100
100
il 0
0,20 0,30 0,40 a,50 0,60 0,70 0,80 0,90 1,00
Fi0,

Figure 1. Relationship between (A-a) O, gradient, PaO,/FiO, ratio and FiO,. Black lines, oxygen alveolar-arterial gradient, (A-a) O,
gradient, at different FiO,; red lines, PaO,/FiO, ratio at different FiO,.
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ever, mainly in patients with a more severe respiratory failure, we
found a progressive decrease of PaO,/FiO, ratio with higher FiO,.
Considering (A-a O,), we found a uniform tendency with FiO,
increasing. The steepness of the lines reflects the gas exchange
impairment, with a profound dissociation between the calculated
alveolar oxygen partial pressure (PAO,), and the measured arterial
oxygen partial pressure (Pa0,). Even in this case, the more severe
were the patients, the higher was the slope. These findings are not
specific for intrapulmonary shunt, but are compatible with it, and
are strengthened by our measurements.

Considering Figure 2, where SpO, vs FiO, are represented, two
main considerations can be made. Firstly, when evaluating patients
at a fixed SpO, in the lower range of normality (i.e., SpO, 94%),
their need of O, supplementation is highly variable, ranging
between 0.22 and 0.67. This oxygen demand at normal-low SpO,
reflects the magnitude of respiratory impairment, which consists
both of'a V/Q mismatch, and shunt. Increasing FiO, to high values
(i.e., Fi0, >0.70), the V/Q mismatch contribution becomes gradu-
ally negligible, and the behaviour of the curve is mainly shunt-
driven. When shunt is significant, and this the case in COVID-19,
the increase of FiO, leads to a dramatic worsening of all the param-
eters of gas exchange (Figure 1).

In COVID-19 pneumonia severity indices worsen at high FiO,,
but how can we interpret this phenomenon to obtain information
and not to be misled? Wherever possible and feasible, we suggest
a non-invasive shunt evaluation. However, taking into account the
reduced availability of this method, we suggest a two-point assess-
ment regarding patients’ oxygen requirements. The physiologic
rationale is the same, i.e., to evaluate the differences in terms of
gas exchanges at variable FiO,. The first evaluation should be at a
low SpO, value (e.g., 92-94%), providing the actual O, require-
ment to partially compensate both V/Q mismatch, and shunt. The
second evaluation, performed at high FiO, (i.e., >0.7), gives us
information about the magnitude of shunt. The comparison
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between the two evaluations is the real informative part of the pro-
cess, allowing to characterize both the amendable (V/Q mismatch
contribution), and the fixed (shunt contribution) quote of respirato-
ry impairment. However, considering the pathophysiological
design of the study, whether baseline shunt fraction or its changes
during hospitalization could have a prognostic role in COVID-19
pneumonia warrants further investigations. From a practical point
of view, having clear the patient’s respiratory situation, would
allow stratifying COVID-19 patients on the basis of their real oxy-
gen requirement, avoiding artifactually low PaO,/FiO, ratio due to
shunt and FiO, insensitiveness.

In conclusion, not taking into account the FiO, insensitiveness
in case of shunt, and/or relying on a single evaluation for
PaO,/FiO, ratio, especially if carried out at high FiO,, could lead
to an inaccurate judgement of patients’ severity, and eventually to
an inappropriate intensification of the setting of care.

Abbreviations

(A-a O,): alveolar-arterial oxygen gradient;

ARDS: acute respiratory distress syndrome;

COVID-19: coronavirus disease 2019;

PAO,: Alveolar partial pressure of oxygen;

PaCO,: Partial arterial pressure of carbon dioxide;

PaO,/FiO, ratio:  partial arterial pressure of oxygen and
fraction of inspired oxygen ratio;

SatO,: arterial hemoglobin saturation of oxygen;

SpO,: peripheral capillary hemoglobin saturation
of oxygen;

V/Q: ventilation and perfusion ratio.
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Figure 2. Relationship between SatO,, and FiO,. The vertical axis represents SatO,, as measured by an arterial blood gas analysis (ABG)
when expired gases stability was reached. Red line corresponds to SatO, of 94%.
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