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Abstract
Background: Happy hypoxia is a new feature found in COVID-19 patients. It
consists of the presence of severe hypoxemia but normal breathing rate. Failure to identify this hypoxia may have negative consequences on the survival
of the patient. The objective of the present study was to measure the frequency of patients with happy hypoxia and to evaluate their survival at the Kinshasa University Hospital (KUH). Methods: This was a historical cohort of
141 hospitalized patients with COVID-19 at KUH from March 23 to June 15,
2020. Happy hypoxia was defined as oxygen saturation below 90% without
dyspnea. Socio-demographic data, co-morbidities, follow up time of hospitalization and outcomes were studied. Survival was assessed using the Kaplan
Meier curve. Results: Out of 141 hospitalized patients with COVID-19, 79
(56%) patients were at the severe or critical stage and 9 (6.4%) had a happy
hypoxia on admission. Patients who had happy hypoxia on admission were
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generally older than 60 years of age (55.6%) (p = 0.023). Comparison of survival curves, based on the presence or absence of happy hypoxia, shows a statistically significant difference (p = 0.001). The presence of happy hypoxia
reduces survival. Conclusion: The frequency of happy hypoxia among
COVID-19 patients was low. Survival was reduced in patients with happy
hypoxia. Prehospital pulse oximetry could serve as an early warning signal for
the detection of happy hypoxemia in COVID-19 patients.
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1. Introduction
The world is facing a severe pandemic called Coronavirus 2019 Disease
(COVID-19) caused by the new Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-COV-2), which broke out in China in December 2019. COVID-19
can be particularly severe and fatal in certain groups such as the elderly or
people with co-morbidities. In symptomatic patients, the clinical presentation is
mild in about 80% of cases, moderate to severe in 15% of cases and critical in 5%
of cases. Patients with severe disease may develop acute respiratory distress syndrome (ARDS), shock, thromboembolic manifestations, multiple organ failure
and are at risk of death [1]. Patients with SARS-COV-2 pneumonia may decompensate due to hypoxemic respiratory failure. Autopsy data show diffuse alveolar injury, occasional inflammation, hyaline membranes and accumulation of
alveolar fluid, consistent with acute respiratory distress syndrome (ARDS) [2].
One aspect of COVID-19 that puzzles clinicians who must manage pneumonia is that one of the complications of the disease is the presentation of patients
with very low blood saturation but no sensation of dyspnea. SARS-COV-2
pneumonia can present clinically in a very heterogeneous fashion. For the same
degree of hypoxemia, some patients have a faster breathing rate than others.
COVID-19 patients with a very low degree of blood oxygenation (deep hypoxemia) may present very different symptoms. Some may have normal breathing.
This phenomenon is called “happy hypoxia” [3]. In the Wuhan cohort of
SARS-COV-2 infected patients, only 19% complained of shortness of breath;
62% of patients with severe illness and 46% of those who were intubated, ventilated or died did not have shortness of breath [4]. In cases of happy hypoxia, a
persistent normal respiratory rate was inconsistent with the severity of the hypoxia. Roca et al. described the discrepancy between pre-hospital initial respiratory rate (IRR) and initial oxygen saturation (SpO2) (i.e., before oxygen supplementation) in COVID-19 patients. They found that some patients had a normal
respiratory rate with very low saturation. Measurement of saturation on admission identified non-clinically evident acute respiratory failure [5]. In addition,
awake patients who are very ill with COVID-19 therefore require in some reDOI: 10.4236/jbm.2021.92002

13

Journal of Biosciences and Medicines

B. Bepouka et al.

spects as high a level of care as those on mechanical ventilation. Maneuvers that
can safely improve oxygenation without requiring additional resources are therefore of immense value during an exacerbation of COVID-19 [6]. COVID-19 patients can rapidly and dangerously desaturate when disconnected from their
oxygen source, especially if apparently not in dyspnea. Patients with high oxygen
requirements who are managed with alternatives to mechanical ventilation require vigilant monitoring and frequent and careful reassessment [7].
To our knowledge, the socio-demographic and clinical profile and outcome of
severe patients with happy hypoxia in Africa subjects are not known. The objective of the study was to measure the frequency of happy hypoxia on admission,
to describe the co-morbidities as well as the outcome of these patients who have
been hospitalized at the Kinshasa University Hospital.

2. Materials & Methods
This was a historical cohort. It covered the period from March 23 to June 15,
2020. This study was conducted at the Kinshasa University Hospital, a large regional hospital in Kinshasa, DRC. Kinshasa University Hospital is the tertiary
level hospital in the city of Kinshasa. This study included all hospitalized patients with COVID-19 confirmed by RT-PCR.

2.1. Data Collection
The variables of interest in this study were socio-demographic characteristics
(age, sex, education level), co-morbidities (hypertension, diabetes mellitus, asthma,
cardiovascular diseases), pregnancy, follow up time of hospitalization and outcome.

2.2. Operational Definition
According to some previous study about COVID-19, we define Happy Hypoxia
has been defined by an oxygen saturation lower than 90% on room air without
dyspnea with a normal initial respiratory rate at the admission of the patient [7]
[8].

2.3. Laboratory Procedures
Confirmation of diagnosis
Pharyngeal swabs were taken from each patient for the detection of SARS-COV-2
viral nucleic acids by the RT-PCR assay described above [9].

2.4. Statistical Analyses
The analysis was performed with SPSS version 21 software. The descriptive analyses performed were mean, standard deviation for quantitative data with Gaussian distribution and median (IQE = interquartile standard deviation) for data
with non-Gaussian distribution. The Pearson Chi-square or Fisher’s exact test,
as appropriate, was performed to compare proportions. The Kaplan Meier curve
DOI: 10.4236/jbm.2021.92002
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was used to assess survival. A value of p < 0.05 was considered the threshold of
significance.

2.5. Ethical Considerations
The study was approved by the University of Kinshasa School of Public Health’s
Ethics Committee (ESP/CE/179/2020). The principle of anonymity and confidentiality was maintained in the study. No conflict of interest was declared in the
conduct of this study.

3. Results
3.1. General Characteristics
Out of 141 hospitalized patients with COVID-19, 79 (56%) patients were at the
severe or critical stage and 9 (6.4%) had a happy hypoxia on admission (Figure
1). Six patients with happy hypoxia on admission were male (p = 0.963). Five
patients (55.6%) older than 60 years of age (p = 0.023) and seven married patients (77.8%) (p = 0.275) had happy hypoxia. No patients with happy hypoxia
had comorbidity (Table 1).

3.2. Outcome of Patients with Happy Hypoxia
Of the 9 patients with happy hypoxia, 4 were deceased and 5 survived. All 4 died
within 4 days of hospitalization. Comparison of the survival curves, depending
on the presence or absence of happy hypoxia shows a statistically significant difference (p = 0.001). The presence of happy hypoxia reduces survival (Figure 2).

Figure 1. Frequency of happy hypoxia at the COVID-19 treatment center of the Kinshasa
University Hospital, from March 23rd to June 15th, 2020.
DOI: 10.4236/jbm.2021.92002
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Table 1. General characteristics of COVID-19 patients at the COVID-19 treatment center
of the Kinshasa University Hospital, from March 23rd to June 15th, 2020.
No happy hypoxia
n = 132

Variables

Happy hypoxia
n=9

Over all
n = 141

Sex

p
0.963

Male

89 (67.4)

6 (66.7)

95 (67.4)

Female

43 (32.6)

3 (33.3)

46 (32.6)

Age

0.023
<40 ans

36 (27.3)

2 (22.2)

38 (27.0)

40 - 59 ans

56 (42.4)

2 (22.2)

58 (41.1)

≥60 ans

40 (30.3)

5 (55.6)

45 (31.9)

Civil status

0.275

Married

82 (62.1)

7 (77.8)

89 (63.1)

Single

39 (29.5)

2 (22.2)

41 (29.1)

Widower

11 (8.3)

0 (0.0)

11 (7.8)

Hypertension

33 (25.0)

0 (0.0)

33 (23.4)

0.026

Diabetes mellitus

24 (18.2)

0 (0.0)

24 (17.0)

0.062

Asthma

4 (3.0)

0 (0.0)

4 (2.8)

0.596

Cardiovascular diseases

6 (4.5)

0 (0.0)

6 (4.3)

0.215

5 (3.8)

0 (0.0)

5 (3.5)

0.552

Comorbidities

Pregnancy

Figure 2. Survival based on happy hypoxia at the COVID-19 treatment center of the
Kinshasa University Hospital, from March 23rd to June 15th, 2020.

4. Discussion
The frequency of happy hypoxia in this present study was 6.24%. Brouqui et al.
[10] found 28.1% (27/96). The low frequency compared to Brouqui’s study
would be due among other things to the fact that we considered as threshold a
DOI: 10.4236/jbm.2021.92002
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saturation lower than 90% which corresponds to a PO2 of 60 mmHg, whereas
Brouqui et al. considered 80 mmHg as threshold because the gasometry was
performed in all patients.
Happy hypoxia has some explanations in the literature. In situations of happy
hypoxia, we found that some patients are tachycardic and have respiratory alkalosis. These signs suppose that part of the sensory information reaches the brain
stem to induce a partial compensatory reflex respiratory response and lowers the
level of CO2, which diffuses more rapidly in the alveoli than oxygen. The related
homeostatic information emanating from the body is part of our interception
system, which detects the physiological state of the body, creates consciousness
and leads to conscious feelings or symptoms [11]. While in half of ARDS cases
the lung loses some of its elastic properties, it remains distensible in the initial
stage of COVID-19 pneumonia. This is because the lung retains its ability to
vary its volume normally in response to changes in intra-pulmonary pressure.
Experts consider this to be “compliance” preserved. This means that the lung
retains its elasticity and remains aerated with an amount of intrapulmonary air
close to normal while in ARDS outside of COVID-19 the lung becomes stiff. The
severe hypoxemia observed in patients with COVID-19 is accompanied by
near-normal compliance, especially in the near stage. SARS-COV-2 could also
interfere with mitochondrial O2-sensing and causes mitochondrial-induced injury, which impairs carotid body function resulting in impaired respiratory drive
and reduced dyspnea [12] [13].
This maintenance of ventilation is associated with the disruption of vascular
perfusion due to the prothrombotic phase of COVID-19. Autopsy results for
COVID-19 showed the presence of microthrombi in the pulmonary microvasculature [14] [15] [16]. This suggests that happy or silent hypoxemia may be due
to conserved ventilation and disrupted perfusion due to capillary obstruction.
The anatomical distribution on this peripheral vascular bed undermines the
predominantly distal and uneven distribution of radiological infiltrates [17].
This process occurs through projections from the brain stem to the cortex that
allows the brain to process homeostatic signals. When hypoxia occurs, the brain
receives the internal hypoxic signal, it gives the sensation of “hunger for air” and
a need to breathe but in severe COVID-19 patients this sensation is curiously
absent. In the presence of hypoxia, respiratory responses occur due to the presence of sensory nerves in the chemoreceptive zones. Changes in the internal environment are recognized by these nerves, they transmit information to the
brain stem and these nerves stimulate an increase in the ventilatory drive. Respiratory pathologies provoke auto-nomic reflexes, such as coughing, secretions
and bronchospasm. Several clinical conditions can trigger dyspnea. In cardiopulmonary diseases, dyspnea is caused by the entry of multiple homeostatic afferents. The interceptive processing of these signals creates a feeling of breathlessness and a desire to breathe. This primitive brain stem reflex is essential for
survival because it can respond to many conditions including hypoxia, acidosis,
airway collapse, hypercapnia, irritants and pulmonary vascular congestion [18].
DOI: 10.4236/jbm.2021.92002
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Happy hypoxia characterized by the dissociation between the absence of
dyspnea and the profound hypoxemia does not have clear pathophysiological
mechanisms. Among the reasons evoked, there are also lesions of the vagus and
glossopharyngeal nerves after neck cancer, a congenital neuropathy. In the context of COVID-19, the possibility that SARS-COV-2 has neuroinvasive action is
controversial. On the one hand, there is the presence of neurological signs such
as convulsions, delirium, altered mental status and anosmia. The possible damage to neurons could be due to the direct action of SARS-COV-2 on nerve fibres
and the intense cytokine storm after the inflammatory phase. On the other hand,
SARS-COV-2 could enter the brain through pathways connected to synapses
and is found in the cerebral fluid of the spinal column [19]. On the other hand,
the results of brain magnetic resonance imaging (MRI) studies and pathology
reports in fatal cases of COVID-19 are inconsistent and do not provide a pathophysiological correlation to explain the absence of dyspnea. The common brain
pathology findings in fatal COVID-19 cases are multiple areas of ischemic stroke
and hemorrhagic microbleeding with only small areas of inflammation; however, it should be noted that at least 40% of the brain imaging studies were normal
and there were no signals of brain stem abnormalities on MRI scans [20].
Regardless of the uncertain underlying pathology, reduced perception of
dyspnea is a disorder of blood gas interception. It can mask the severity of the
condition and ultimately delay the time at which the patient can seek urgent
medical attention. Patients admitted with COVID-19 may suffer sudden death
after voluntary “cuts” in oxygen supplementation. No patient with happy hypoxia had comorbidity. The small number of patients with happy hypoxia in this
study does not allow us to confirm this assertion. The data in the literature to
date do not provide a correlation between happy hypoxia and comorbidities.
Happy hypoxia reduced survival. This result is similar to the study by Brouqui et

al. who found that happy hypoxia was associated with poor outcomes (33.3%
were transferred to the intensive care unit and 25.9% died) [10]. These patients
who do not have warning signs of poor outcome could be falsely considered to
be clinically well, and caregivers may be distracted leading to a negative outcome
if monitoring is not rigorous.

5. Limitations
The study was retrospective with the possibility of missing data. We did not
measure hypoxia by gasometry by looking for the partial pressure of oxygen but
by pulse oximetry. The small sample size of patients with happy hypoxia limit
did us to better establish the characteristics of this new entity.

6. Conclusion
Happy hypoxia was present in our cohort. The frequency of happy hypoxia
among COVID-19 patients was low. Elderly people were predominant. Survival
was reduced in patients with happy hypoxia. Prehospital pulse oximetry could
DOI: 10.4236/jbm.2021.92002
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serve as an early warning signal for the detection of happy hypoxemia in patients
with COVID-19. Continued research is important to establish the link between
happy hypoxia and advanced age.
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