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Abstract

In patients suffering from Coronavirus Disease
2019 (COVID-19), dyspnoea is less likely to
occur despite hypoxemia. Even if the patient
develops severe hypoxemia, it cannot be
detected from subjective symptoms. In other
words, it becomes more serious without the
person or the surroundings noticing it. Initially
less talked about, hypoxemia without dys-
pnoea (silent hypoxemia or happy hypoxia:
hypoxemia that does not coincide with dys-
pnoea) is now experienced in many institu-
tions. Dyspnoea is defined as “the unpleasant
sensation that accompanies breathing.”
Dyspnoea occurs when afferent information is
transmitted to the sensory area. Receptors
involved in the development of dyspnoea
include central and peripheral chemorecep-
tors, chest wall receptors, lung receptors,
upper respiratory tract receptors and corollary
discharge receptors. In the present study, we
considered mechanisms mediating the silent
hypoxemia through three cases experienced at
our hospital as a dedicated coronavirus treat-
ment hospital. We have treated about 600 peo-
ple infected with COVID-19, of which about

10% were severe cases. In the present study,
the patients’ condition was retrospectively
extracted and analysed. We investigated three
typical cases of COVID-19 pneumonia admit-
ted to our hospital (men and women between
the ages of 58 and 86 with hypoxemia and
tachypnoea). Silent hypoxemia is not entirely
without dyspnoea, but hypoxemia does not
cause dyspnoea commensurate with its sever-
ity. The virus may have specific effects on the
respiratory control system. In our cases, respi-
ratory rate significantly increased with hypox-
emia, and hyperventilation  occurred.
Therefore, information about hypoxemia is
transmitted from the carotid body. Since
hyperventilation occurs, it is suggested that
information is transmitted to effectors such as
respiratory muscles. The fact that these
patients did not feel the unpleasant sensation
indicates that information is not accurately
transmitted to the sensory area of the cerebral
cortex. These cases suggest that there may be
a problem somewhere in the path from the
respiratory centre to the sensory area.
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1 Introduction

Currently, many people are infected due to the
pandemic of the novel coronavirus infection
which can lead to Coronavirus Disease 2019
(COVID-19). In Japan as well, the number is
steadily increasing, and the number of home care
recipients has exceeded 17,000 (as of 2021.8.11).
Under such circumstances, there are many cases
in which the symptoms are poor and there is a
delay before aggravation is noticed. In
COVID-19, dyspnoea is less likely to occur
despite hypoxemia. Even if the patient develops
severe hypoxemia, it cannot be detected from
subjective symptoms. In other words, it becomes
more serious without the person or the surround-
ings noticing it. Initially less talked about hypox-
emia without dyspnoea (silent hypoxemia or
happy hypoxia: hypoxemia that does not coincide
with dyspnoea) is now experienced in many insti-
tutions. If we cannot understand the concept of
silent hypoxemia, patients in home care may not
receive hospital care unless they become seri-
ously ill.

Dyspnoea is defined as “the unpleasant sensa-
tion that accompanies breathing.” Dyspnoea
occurs when afferent information is transmitted
to the sensory area. Receptors involved in the
development of dyspnoea include central and
peripheral chemoreceptors, chest wall receptors,
lung receptors, upper respiratory tract receptors,
and corollary discharge receptors [1-8]. In the
present study, we considered mechanisms medi-
ating the silent hypoxemia by reviewing the cases
experienced at our hospital as a dedicated coro-
navirus treatment hospital.

2 Methods

We have treated about 600 people infected with
COVID-19, of which about 10% were severe
cases. Because patients with severe pneumonia
were not in a good condition, informed consent
and the following data were obtained from only
three patients (men and women between the ages
of 58 and 86 with hypoxemia and tachypnoea).
We do not believe that these three cases reflect all

Table 1 Modified Borg scale [9]

modified Borg scale

0 Nothing at all
0.5 Very very slight

1 Very slight
——2 Slight
3 Moderate

4 Somewhat severe

5 Severe

7 Very severe
—8

9 Vere very severe (almost maximal)

.......... ‘10 Maximal

COVID-19 patients, possible causes of silent
hypoxemia could be retrospectively analysed.
Clinical symptoms, vital signs, arterial blood gas
data and the modified Borg scale values for dys-
pnoea (range 0—10) were analysed. As shown in
Table 1, this is a measure to assess the difficulty
of breathing. It starts at number 0, where the
patient’s dyspnoea does not cause any difficulty,
and progresses to number 10, where the patient’s
dyspnoea is maximum [9]. The institutional
review board approved this study.

3 Results

Case 1 (Fig. 1).

A 58-year-old man had a BMI of 28.2 (mildly
obese). The underlying disease was dyslipi-
daemia. He had a temperature of 39.1 °C. At
the time of admission, his SpO, was 93%
(room air) and the modified Borg scale was 2
(slight). As shown in Fig. 1, his chest CT
images showed ground glass opacities in the
bilateral lung fields. Arterial blood gas data on
the third day of hospitalisation showed mild
hypoxemia and A-aDO, was increased.
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Case 1

58 Y/O Male

SpO, on admission: 93% (Room air)

Respiratory rate  30/min
modified Borg scale:2
Slight

Taste disorder +

BGA (Room air)
(3 days after hospitalization)

pH 7.472

PaCO, 38.4 mmHg
PaO, 72.6 mmHg
HCO; 27.4 mmol/L
BE 3.7 mmol/L
A-aDO, 29.1 mmHg

Fig. 1 Chest CT 3 days after hospitalization in case 1

Case 2 (Fig. 2).
A 58-year-old man had a BMI of 30.1 (obese).

Underlying diseases included diabetes and
hypertension. Body temperature  was
38.7 °C. Although his SpO, was 87% (room
air) at the time of admission, which indicates
his PaO, was less than 60 mmHg, the modi-
fied Borg scale was only 4 (somewhat severe).
As shown in Fig. 2, his chest CT images
showed diffuse pneumonic shadows in the
bilateral lung fields, indicating moderate to
severe COVID-19 pneumonia. Arterial blood
gas data on the second day of hospitalisation
showed acute respiratory alkalosis. His PaO,
was 72.0 mmHg under high flow of oxygen
7 L/min. His respiratory rate increased to 34/
min and hyperventilation was observed, but
the modified Borg scale remained unchanged
and no strong dyspnoea was observed.

Case 3 (Fig. 3).
An 86-year-old female had a BMI of 23.5. The

underlying diseases were diabetes, hyper-
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tension and angina. She had a temperature
of 37.8 °C. Although her SpO, was 88%
(room air) at the time of admission, which
indicates her PaO, was less than 60 mmHg,
the modified Borg scale was 4 (somewhat
severe). As shown in Fig. 3, her chest CT
images showed diffuse pneumonic shadows
in the bilateral lung fields, indicating mod-
erate to severe COVID-19 pneumonia.
Arterial blood gas data on the second day of
hospitalisation showed that her PaO, was
kept at 68.3 mmHg under high flow of oxy-
gen 5 L/min. Her respiratory rate increased
to 36/min and hyperventilation was
observed, but the modified Borg scale
remained unchanged and no strong dys-
pnoea was observed.

Despite hypoxemia, increased respiratory rate and

hyperventilation in these cases, the modified
Borg scale values were only 2-4. In particular,
two cases (cases 2 and 3) developed severe respi-
ratory failure, but the modified Borg scale values
indicated “somewhat severe”.
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Case 2
58Y/O Male

SpO, on admission: 87% (Room air)
Respiratory rate 34/min

modified Borg scale:4

Somewhat severe

No taste disorder

BGA (O, 7L/min)
(2 days after hospitalization)

pH 7.501

PaCO, 35.1 mmHg
PaO, 72.0 mmHg
HCO5; 26.8 mmol/L
BE 3.9 mmol/L

Fig.2 Chest CT 2 days after hospitalization in case 2

Case 3
86 Y/O Female

SpO, on admission: 88% (Room air)
Respiratory rate 36/min

modified Borg scale:4

Somewhat severe

No taste disorder

BGA (O, 5L/min)
(2 days after hospitalization)

pH 7.445

PaCO, 35.5mmHg
PaO, 68.3 mmHg
HCO,; 23.8 mmol/L
BE 0.3 mmol/L

Fig.3 Chest CT 2 days after hospitalization in case 3
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Fig.4 Dysnonea and respiratory control system. (Modified from Ref. [10])

4 Discussion

In the present study, only three cases were
reviewed. Although these cases do not reflect
clinical features of all COVID-19 patients, we
think possible causes of silent hypoxemia could
be analysed by reviewing these cases.

Severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) mainly invades alveolar
type-2 epithelial cells and spreads throughout
the body through systemic circulation, neuro-
transmission and attachment to ACE2-
expressing cells. The virus can spread directly
to the central nervous system by the olfactory
epithelium.

Silent hypoxemia would be defined as fol-
lows: Despite the intensity of hypoxemia, the
intensity of dyspnoea is inappropriate to the
degree of arterial hypoxemia. The clinical pre-
sentation of silent hypoxemia in patients with
COVID-19 might be (1) impairment of periph-
eral oxygen-sensing and/or (2) impairment of
central processing of hypoxia-stimulated afferent
inputs within higher-order somatosensory brain
regions that manifest perceptions of dyspnea

[10]. The virus could bind to the ACE2 receptors
on the glomus cells of the carotid body, resulting
in damage of the mitochondrial electron transport
chain in O,-sensing cells. This damage would
reduce afferent information to the brain despite
hypoxemia and may reduce dyspnoea sensation
[11]. However, as shown in the results and Fig. 4,
the fact that these patients developed tachypnoea
and hyperventilation in the present study sug-
gests that some afferent information, even if
reduced, is processed centrally enough to pro-
duce an efferent ventilatory response. In addition
to this, although it is possible that olfactory
abnormalities may affect dyspnoea, olfactory
dysfunction was not present in any cases through-
out the course in the present study. From these
data, it would be suggested that the virus may
interfere with central processing of sensory affer-
ent neural inputs in patients with silent hypox-
emia. Since correlations between neurological
symptoms and the brain pathology findings in
COVID-19 patients remain largely unknown
[12], future prospective studies with control and
COVID-19 groups will be necessary to determine
the mechanisms of silent hypoxemia.
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