ANESTHESIOLOGY, V XXX e NO XXX

CLINICAL FOCUS REVIEW

Jerrold H. Levy, M.D., EA.H.A., E.C.C.M., Editor

“Silent” Presentation of Hypoxemia and Cardiorespiratory

Compensation in COVID-19

Philip E. Bickler, M.D., Ph.D., John R. Feiner, M.D., Michael S. Lipnick, M.D., William McKleroy, M.D.

he Coronavirus infection disease 2019 (COVID-19)
pandemic is bringing unprecedented numbers of
patients with significant hypoxemia to medical care. It is
critical that clinicians caring for hypoxemic patients rec-
ognize two facts: (1) it is common for hypoxemia to exist
without dyspnea (

striking, influenced by differences in
hypoxic ventilatory response) related to age, medications,

coexisting diseases and background.

but because of

rofound hypoxemia can be minimally symptomatic

normal responses of tachycardia and increased cardiag out-
put limited by age,
to compensate for
acidosis, ‘

latter may develop rapidly, and 2
impending tissue injury or death from.h

genetics, and coexisting

and

in COVID-19 are unique,
nitive depression despite o
pulse oximetry of less
with healthy volunt

s, 1t 18 our experience that while a-
esponse to is -- it is

everal reasons that healthcare providers may be

S an

L

There are
surprised by apparently well-tolerated hypoxemia. First, are

several fundamentals related to the regulation of breathin;
and the sensation of dyspnea: theﬁo
by the effects of reduced carbon dioxide

, as well as by
. Simultaneously, even during severe hypoxemia,

itself (hypoxic ventilatory

q

Another broadly held

develoi when
or to iarticular

as anesthesiologists, intensivists, and
oxia in human subjects.

focused review is to describe human
e hypoxemia, focusing not on the patho-
ng injury but on the respiratory system

iratory response and adaptation to profound hypoxemia
and describe some of the critical parameters that can help
identify when adaptive compensation is failing.

and Lung Injury in
atients with COVID-19

The available information about the pathophysiology of

ospitalize

2 CoV pneumonia suggests that while key features

of the disease are more pronounced than in other viral
pneumonias, the * is --

The cardinal reason for hospital admission in COVID-19
positive patients is hypoxemia.”? Although younger patients

with no prior history of lung disease can have severe pneu-

monia and require invasive ventilation,

at especially high risk for severe hypoxemia, with -
rates of eported in various cohorts.®!!2
conditions, including cardiovascular

patients are

disease, diabetes mellitus, and chronic lung disease, as well

as male sex and obesity, also confer higher risk of severe
8,10-12

disease and poor outcomes.
is a -- of admission to the

intensive care unit, mechanical ventilation, and 12,13

Arterial blood gas and oxygen saturation (pulse oximetry)

data often show severe hypoxemia at time of presentation,
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ratios. Increased oxygen requirements have been addressed
with increased use of noninvasive oxygen therapy (including
high flow nasal oxygen), prone positioning, invasive ventila-

tion, and in some cases, extracorporeal membrane oxygen.
EGHBERBIE v GRS 1o 560 b -

presenting feature in existing reports or in our experience

at University of California at San Francisco.
Intrapulmonar
are the gas exchange
hypoxemia in COVID-19, a8
pneumonias,™ and

and

they are in

However, some features of
than in other viral pneumonias,
substantial

damage and micro-/mac-
ro formation.'® of across the

alveolar membrane can cause hiroxemia, but while this is

due to low inspired and

includin:

seen in humans at

units
, and

alveolar POZ,17 in patients with loss of functional lung
(such as in

in some

levels of

physiology is that
respiratory

Although intrapulmonary shunt is the dominant pre-
senting gas exchange abnormality in COVID-19, (dea

may significantly _
that does 1
clearl t
Ventilation/ierfusi

mismatch and
Alveolar filling, a cardinal feature

lung radiographs and im
f-1

medi

19 involves
and that of

ry edéma is related to

The known

involves well

# Profound
gas exchange abnormalities persist after initiation of
high-flow nasal oxygen or invasive ventilation despite

lung protective ventilator protocols,
8,24,25

and maximal Fio,.
patients maintain

Anesthesiology 2020; XXX:00-00

suffer

resenting a of

* Appropriate manage-
ment of invasive ventilation in ARDS has been recentl
for COVID-19.8%
Readers are referred to the frequently updated consen-
sus statements concerning treatment of COVID-19 by
the World Health Organization: (https://www.who.int/
vid-19).

ty in

reviewed and

of existing

publications/i/item/clinical-management-of-

Hypoxeria and i
umans

Hypoxemia can present in a hi ma with
ﬁ patients i breathing and pan-
icked. and ~ RGO in the

at produce intrapul-
decrease lung compliance

humans, subjective of
individuals, with [0

and minimal hyperpnea.** Given

in individual responses to hypoxemia, it is
not surprising that some COVID-19 patients have been
described as asymptomatic “silent” or “happy hypoxia.”
Tobin et al. recently reviewed some of the factors account-
ing for reduced dyspnea in COVID-19 patients.*

One of the that COVID-19 patients may-

resent with marked is that the gas exchange

mismatch has

mediated by both

99

enough arte-
the sensation oi“

Breathing responses to hypoxia are experimentally
.30 a response

The

quantified by the

largely mediated by the
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Hypoxemia and COVID-19

‘.' Pa°02

of the carotid body response to h

iting the inc
impaired by

(hypoxic ventilatory
RR, respiratory rate; V/

ventilator in humans
will greatly

ume when exposed to hypoxia

.-ﬁg. 1B). Breath
and hypercapnia (the hyper tilatory response) are

also significantly red n older’adults. Multiple studies

have found.o 50% reductions in the hypoxic and hyper-
capnic ventilato etween young ﬂ

subjects.*®? Hypoxic ventilator
by
disorder and

041 placing these patients at

and

at time of clinical

presentation.

Impairments in Oxygen Uptake Caused by
Profound Hypoxemia

- is another factor that can exacerbate

existing hypoxemia. Hypoxic ventilator
g hyp yp y

is mediated
by the brainstem and cerebrocortex,

Effects Limitations
Py * Respiratory muscle work
#RR Wan
: ! f i e / mismatch
4@ cl:nat'lallaatrlo —1, Interpersonal variability
1 J
Homeostatic "

Hypoxemia and COVID-19

primarily sense!and
ory drive and subjective dyspnea from hypoxemi
mismatch, which worsens oxygen exchange

e Paco,is relatively normal or reduced. Subjective sensation of
-of-due to lun: or
ol centers varies with innate to in the

in minute ventilation during desaturation, which is essentiall

of-- and could be present in any patient

presenting with hypoxemia due to COVID-19. In addition,
hypoxic ventilatory decline, by decreasing chemorecep-
tor sensitivity to hypoxemia would
fig. 1, A and C). Although hypoxic

during adaptation to hypoxia as in
% this adaptation i
and results in

and in severe cases congestive
Profound produces irregular or -

that causes minute-to-minute fluctuations in
states.*** This is
hypoxia,

oxygenation in both and

observed in both

and at sea level with hypoxic air breathing.*® These .

variation and to discern the overall trajectory of satura-

and in

values on a digital displa
the degree of

clinician should be aware that the pro-
noted in COVID- 19 S

in oxygen saturations that are constantly

the severi
increasing blood

tion values: noting onl

Anesthesiology 2020; XXX:00-00
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flow through r other venous chan-

is observed

in about subjects during acute

air mixtures to saturations of
seen during

to the apparent Furthermore,

because shunt and decreased mixed venous Po gas
exchanie to the steep portion of the $SO-

ciation small changes in ventilation, inspired oxygen,

and shunt fraction produce large changes in arterial oxygen

saturation.
Fand Limitations during
rofound Hypoxemia

humans to

component of a suite of responses

endure

and endure other
While biochemical adaptation to hypoxia is also import-
ant especially for long term adaptation,***
adaptation is both the component most strongly coupled

cardiovascular

to immediate clinical outcomes and the one most easil
assessed by clinicians.

TPVR

1CO, TBlood
pressure

TTHR

t1co

+ Acidemia

€ Blood pressure

Rapid CVS
fallure

phoglycerate and

and cardio isease. Mi
of the adequac omzar cardiovascular response 1o hypoxemia.
of ultimately involves

illustrates the critical importance of

the circulation in predicting tissue injury during severe

hypoxemia: when were experimentally to

with adequate blood pressure
reater than.mmHg)

pressure to
pattern of’

i y .
10 E derlies the preserva-

genation out of proportion to sys-

tion of cognitive fun
hypoxemia. Cere
preserving cere
temic hypoxemia d leaving most cognitive domains
hypoxia.® Other studies® have reported
e and motor function and mild deficits in

ritical importance for clinicians caring for
patients to understand

that, just as for respirato

he limits of cardiovascular

tem

Old Age/
Cardiovascular Result
Disease
tHR, TCO Tissue PO, maintained by 1CO
“SVR Mild exertion tolerated
without acidemia
THR, but limited ITolerance of exertion
& PVR 1Tissue PO, with exertion
1CO, but limited TRisk of cardiovascular
+/- Acidemia fallure
THR, but limited 11 1Tolerance of exertion
+/- cardiac Injury 1Tissue PO, at rest
+ Acidemia 1 1Risk of cardiovascular
failure
Loss of consciousness
Organ system failure
Asystole
Pulseless electrical activity
Death

activity, with rapidly ensuing tissue injury and

death. CO, cardiac outpot; HR, heart rate; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.

Anesthesiology 2020; XXX:00-00 Hypoxemia and COVID-19
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define _ and impending -

and death, as shown in figure 2.

Normal compensated cardiovascular adaptation to acute

hypoxemia involves , mediated
EeT awgmenta-

tion of blood As with the breathing response to
hypoxemia, this heart rate and blood pressure response to
individuals.” The

sympathetic nervous system
o ﬂ- and thereby contribute to a

decreased tolerance of hypoxia in older individuals.?®

The highest mortality rate in COVID-19 has been reported
amon atients'? who may beﬁ
Individuals with coexisting
cardiovascular or pulmonary disease may be limited in the

scope or tolerance of sympathetic nervous system activation
by systemic hypoxia,® resulting in elevated heart rate, and

increases in pulmonary and systemic vascular resistance.
in oxygen saturation and cardiova

tion of the
output also

g|o§m !1ssoc1at10n cu
effectiveness of hypoxic/hyperca
In the e of a fixed intrapulmonary shunt,

ill have a large effect on arte-
the shape of the oxyhemoglobin

changes in

Taken together, these eﬁects-

ation that can occur in all severe pneumonias.

_the Limits of Cardiovascular
ompensation in Profound Hypoxemia
of reduced oxygen deliv-
patient, but a

is reduced to
The clinical assessment of the

The precise

is when

Hypoxemia and COVID-19

to poorly compensated car-

to hypoxemia includes the following:
or plasma - (2)
or decreased tissue oximetry (near infra-
spectroscopy); (3) requirements for

medications to support blood pressure despite adequate
fluid resuscitation; (4)

. to changes in body 9.

o- I

positions; (5) arrhythmias, EKG
changes concerning for ischemia, and increased i

variability; and (6)

r se. Bradycardia and
nction are described

also reflect or
h similarly, patients with

diac output to compensate for any degree of

Gonclusions

COVID-19 is bringing large numbers of severely hypox-
emic patients to medical care and highlighting a known
phenomenon of silent hypoxia.” The variability in human
breathing response to hypoxemia, as well as the preponder-
ance of shunt physiology early in the course of COVID
pneumonia, likely explains lack of dyspnea in some h
emic COVID-19

patients.
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