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Chapter

Physiological Adaptions to Acute
Hypoxia

Evich Hohenauer

Abstract

When tissues are insufficiently supplied with oxygen, the environment is said
to be hypoxic. Acute (exposures to) hypoxia can occur occupationally, within the
scope of training and competitions or under pathological conditions. The increas-
ing interest in acute exposure to altitude for training and research purposes makes
it more important than ever to understand the physiological processes that occur
under hypoxic conditions. Therefore, the scope of this chapter is to describe the
main types of hypoxia on the oxygen cascade, to summarize the physiological
consequences of acute hypoxia on the three main areas and to highlight the clinical
consequences of acute hypoxia exposures for healthcare practitioners.
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1. Introduction

The human body cells need the energy to maintain their functions. This energy
is mainly provided by sugar, carbohydrates and fat. To utilize these nutritive
substances and to produce energy in return, inspired oxygen (O,) from the air
is needed. In the mitochondrial electron transport chain, O, is the final electron
acceptor to generate ATP within the eukaryotic cells [1]. Whilst O, is needed for
most life on earth, most of the earth’s atmosphere does not contain a lot of O,.

From the surface of the planet, up to the border of space, the atmosphere contains
a constant fraction of around 21% O, (often expressed as the F;0, of around 0.21),
78% of nitrogen, 0.9% argon and 0.1% of other gases like carbon dioxide, methane,
water vapor, etc. At sea level, the partial pressure of the above-mentioned gases can
be estimated to be 593 mmHg for nitrogen, 160 mmHg for oxygen and 7.6 mmHg
for argon. Indeed, the weight of air is responsible for atmospheric pressure.

It’s well known that increasing altitude leads to quasi-exponential reductions in
barometric pressure (Pg). At the summit of Mt. Everest (8848 m), the Py is about one-
third of the sea-level values. The reduced atmospheric pressure has therefore a direct
influence on the partial pressure of inspired oxygen, which can be seen in Figure 1.

The inspired partial pressure of oxygen (P;O,) is lower than atmospheric oxygen
partial pressure because water vapor is in the airways. The pressure of water vapor
(PH,0), which is not dependent on atmospheric pressure but temperature, should
be taken into account when P;O; is calculated [2]. The inhaled air gases will get
humified and warmed by the airways and as a result, the PH,O will adjust the
partial pressure of all inhaled gases, including O,.
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Figure 1.

Relationship between barometric pressure (Pg), partial pressure of inspired oxygen (P;0,) and altitude. Pg
and P;0, decrease exponentially with increasing altitude at a constant F;0, of 21%. The solid line vepresents Pg
and the broken line represents P;O,.

Accordingly, the product of P;O, can be calculated using Eq. (1):
PO, =(P, —PH,0)xF0,. 1)

Since Pg is known to be approximately 760 mmHg at sea level, PH,O is normally
about 47 mmHg and O, makes up to 20.93% (F;O, of 0.2093), P;0, is equal to
0.20932 multiplied by 713 mmHg.

Consequently, hypoxia is defined as a combination of Py and the F;O, that results
in any P;O, under a normoxic value of 150 mmHg [3]. However, the duration of
hypoxic exposures as well as the magnitude of Py reductions has a significant impact
on the (patho-)physiological response. Examples of fast-changing normoxic to
hypoxic environments are fast ascended on the mountain summits during mountain-
eering, military and rescue services and travels with fast transportation to altitude.
Acute mountain sickness is well-known to occur due to extensive and fast decreases
in P, normally beginning at an altitude of above 2500 m. The Lake Louis Consensus
Group defined acute mountain sickness as the presence of headache in an unaccli-
matised person (recently arriving at an altitude above 2500 m), plus the presence of
one or more of the following symptoms: gastrointestinal symptoms, fatigue and/or
weakness, dizziness or a positive clinical functional score, resulting in a total score of
>3 [4]. If not treated correctly, people with acute mountain sickness can develop high-
altitude pulmonary oedema or high-altitude cerebral oedema [5]. However, if the
human body is gradually exposed to hypoxic conditions, it can acclimatize and adapt.

The following chapters will focus on the main types of hypoxia, the physiological
consequences of acute hypoxia and the clinical consequences of the current chapter.

2. Types of hypoxia

Insufficient O, supply to the human tissues can have various reasons and can
lead to severely impaired body functions. There are four main types of hypoxia,
which can be classified as hypoxaemic hypoxia, anemic hypoxia, stagnant hypoxia
and histotoxic hypoxia.
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2.1 Hypoxaemic type

One of the most common types of hypoxia is called generalized or hypoxic
hypoxia, which is generated from the actual (natural/simulated) environment and
inside the lungs. This type is caused by a reduction of the partial pressure of alveolar
O, (P,O,) [6]. This value is well known and a great help to calculate the partial
pressure of oxygen inside the alveoli (as it is not possible to collect gases directly
from the alveoli), which can be used for potential cell diffusion [7]. The alveolar
gas equation uses three variables to calculate the alveolar concentration of oxygen,
which can be seen in Eq. (2):

P,0, =F0, x(P, —~PH,0)-P,CO, /RQ )

where P,CO; is the partial pressure of carbon dioxide which is under normal
physiological conditions approximately 40 mmHg. RQ is the respiratory quo-
tient which is, the ratio of the volume of produced CO, divided by the volume
of consumed O, during the same time [8]. Dependent on metabolic activity
and diet, RQ is considered to be around 0.825 [9], within a physiological range
between 0.70 and 1.00. Consequently, P,O, at sea level is: 0.2093 x (760-47) —
40/0.825 = 100.7 mmHg. P,O, is the main driving factor for alveolar diffusion and
thus O, supply on a cellular level.

Hypoxic hypoxia can be observed typically when F;O, is low, during hypoven-
tilation of the lungs or at the presence of pathological airway conditions. Low F,0,
levels can occur due to failure of gas delivery systems, inadequate supply from
altitude simulating machines, or e.g., exorbitant inhalation of nitrous oxide dur-
ing anesthesia [10]. Hypoventilation can occur due to insufficient respiratory rate,
obstruction of airways, skeletal deformities, respiratory muscle paralysis, etc.
Severe lung diseases (e.g., pulmonary fibrosis, pulmonary embolism) can also lead
to alveolar-capillary diffusion blockade [11]. Hypoxic hypoxia affects the entire
body. Typical symptoms are agitation and anxiety while low blood O, goes along
with increased heart rate, dyspnea and bluish color of the skin.

2.2 Anemic type

Anemic hypoxia is caused by reduced oxygen transport capacity in the blood
[12]. The red blood cells (erythrocytes) are responsible for the transport of O,
through the body [13]. Around 90% of the erythrocyte is made up of haemoglo-
bin, the iron-containing protein that binds O, on its heme. Although, the arterial
oxygen tension is normal at this type, reduced erythrocytes/haemoglobin or
functional insufficiency of haemoglobin leads to impaired oxygen delivery to the
tissues [14].

A deficiency in the number of erythrocytes can result, for example, from exces-
sive blood loss after trauma. Other forms of the reduced number of erythrocytes
can be present in case of abnormal red blood cell breakdown (haemolytic anemia)
[15]. Increased haemolysis can be observed during hereditary spherocytosis, sickle
cell disease or autoimmune diseases (e.g., aplastic anemia) [16].

Deficiencies of different factors can also lead to severe anemia. Iron is the
main component of haemoglobin, giving the blood the red color and is the prime
carrier of oxygen. During the physiological haemolysis, iron will be bound to the
glycoprotein transferrin for transportation to the bone marrow, where it will be
reused for haemoglobin synthesis. This process helps to limit an extensive loss of
iron from the body. However, iron deficiency is one of the main causes of anemia,
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called microcytic hypochromic anemia [6]. This type of anemia can be caused by
any factor which reduces the body’s iron storage, leading to small erythrocytes with
reduced haemoglobin mass [17]. In contrast, deficiencies in vitamin By, or folic acid
can cause anemia due to abnormally enlarged erythrocytes and their immature
precursors, called macrocytic hyperchromic anemia [18].

Functional insufficiency of haemoglobin is associated with reduced oxygen
binding capacity. An example is an intoxication through excessive carbon monoxide
inhalation. Compared to oxygen, carbon monoxide has a 200-300 times higher affin-
ity to haemoglobin. After inhalation, carbon monoxide reaches the respiratory gas
exchange zone and binds on haemoglobin [10]. This chemical binding process leads
to the formation of carboxyhaemoglobin. Consequently, oxygen-carrying capacity
is decreased which will lead to reduced oxygen transportation to the tissues and as
a consequence tissue hypoxia [19]. Another possibility of functional insufficiency
for the transportation of oxygen is methaemoglobinemia. Haemoglobin changes to
methaemoglobin, when bivalent iron (Fe*) is oxidized to Fe**, which is worthless for
oxygen transport [20]. Under normal circumstances, methaemoglobin reductase lim-
its the build-up of methaemoglobin through the reduction of haemoglobin oxidation
[21]. Patients with a deficiency of methaemoglobin reductase, strong oxidative stress
(e.g., smoking) and medication can therefor experience very low concentrations of
tissue oxygenation, demonstrating comparable symptoms as seen in hypoxic hypoxia.
However, it must be mentioned, that the unfavorable conditions of low tissue O, can
be compensated better during hypoxic hypoxia than during anemic hypoxia.

2.3 Stagnant type

Stagnant, also called ischemic or circulatory hypoxia takes place as a cause of
insufficient blood supply to the tissues while the blood is normally oxygenated.
Ischemic hypoxia can be observed on a central and local level [6].

Central circulatory hypoxia can often be observed in patients with cardiac
manifestations. If the left ventricular output is for example decreased, blood flow
to the organs is impaired [12]. This can also happen during shock or, at a local level
after strong vasoconstriction (e.g., cold exposures) or venous stagnation of blood
[22]. Oxygen can only be stored to the very limited amount within the human cells.
Even myoglobin, binding O, on its heme protein, has a very limited oxygen storage
capacity [23]. Consequently, myoglobin is more involved in transportation than
the storage of oxygen. Oxygen saturated myoglobin enables facilitated intercellular
O, transportation, because the oxygen-enriched myoglobin molecules can “move”
within the cells (facilitated diffusion) which is extremely important at a low partial
pressure of O, (PO,) [24]. Although, the gas exchange rate on the alveolar level, the
concentration of haemoglobin, oxygen content and tension are on a normal level,
O, extraction at the level of the capillaries will be increased [6]. This process will
directly elevate the arteriovenous difference of blood O, content leading to venous
hypoxia. However, as the increased oxygen extraction is normally insufficient to
supply the tissue with an adequate amount of O,, this process will lead to impaired
cellular oxygen coverage and impaired functioning.

2.4 Histotoxic type

Histotoxic hypoxia or dysoxia is a state, where cells are unable to utilize oxygen
effectively [12]. This is the case, when the mitochondrial terminal oxidation is dis-
turbed while there is sufficient oxygen available in the blood. Dysoxia will therefore
lead to a pathological reduction in ATP production by the mitochondria and is not
preceded by hypoxaemia [6].
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An example of histotoxic hypoxia is the intoxication with cyanides, which can
occur from fire sources. Intravenous and inhalation of cyanide produce a more
rapid onset of hypoxia than the oral or transdermal route due to the fast diffu-
sion into the bloodstream [25]. The main effect of cyanide intoxication is related
to the inhibition of oxidative phosphorylation, where oxygen is utilized for ATP
production. Cyanide can reversibly bind to the enzyme cytochrome C oxidase,
blocking the mitochondrial transport chain. This will cause cellular hypoxia and,
as mentioned above, pathological low levels of ATP, causing metabolic acidosis and
impairment of vital functions [26, 27].

3. Physiological consequences of acute hypoxia

Rapid ascends from sea level to altitude and sudden exposure to a hypoxic envi-
ronment will immediately lead to acute physiological responses to adapt to the acute
hypoxaemic situation [28]. The degree of acute hypoxic stress about time can lead
to symptoms ranging from dizziness, feeling of unreality and dim visions to rapid
unconsciousness [29]. Sudden exposure to the summit of Mt. Everest will for example
lead to unconsciousness within 2 min. However, when the same amount of hypoxae-
mia is experienced over several days to weeks, one could function relatively well under
these conditions. This adjustment is called acclimatization which is a complex process
over time and shows great variability within individuals [29]. In the following chap-
ters, the acute response to sudden exposure to a hypoxic environment is discussed.

3.1 Respiratory system

The respiratory system will directly respond to the low oxygen availability in
the air and is often seen as the primary defense against the hypoxic environment.
Chemosensory systems will rapidly lead to increased pulmonary ventilation because
of compromised O, availability [30]. These regulatory responses can be attributed
due to specialized chemoreceptors such as the carotid bodies in the arterial circula-
tion and neuroepithelial bodies in the respiratory tract as well as the direct response
of vascular smooth muscles to hypoxia [31].

Whilst hypoxia acts as a vasodilator in the systemic circulation, it has been
observed, that the vessels of the pulmonary vasculature constrict under hypoxia,
leading to pulmonary hypertension [32, 33]. Hypoxic vasoconstriction is intrinsic
to the pulmonary vasculature smooth muscle cells and is initiated by the inhibition
of K* channels which set the membrane potential [34]. This process will lead to
depolarization, activation of Ca®* channels as a result of the electrical impulse and,
as a consequence, an increase in cytosolic calcium levels and therefore constriction
of the myocytes [31]. Pulmonary hypertension might help to match ventilation
and perfusion within the lungs. However, pulmonary hypertension can also lead to
severe pathological situations (e.g., altitude-related right heart failure).

Carotid bodies, sensitive to monitoring a drop in arterial O, levels, and neu-
roepithelial bodies, detecting changes in inspired O,, respond immediately to
decreased O, supply [35]. Both respond by activating efferent chemosensory fibers
to produce cardiorespiratory adjustments during hypoxic exposures [36, 37]. When
low arterial PO, is detected, the carotid body signals the central respiratory center
to increase the (minute) ventilation. The increased ventilation of the respiratory
tract can be primarily associated with an elevated tidal volume and an even greater
elevation in respiratory rate [38]. This hypoxic ventilatory response counteracts the
hypoxic environment by decreasing PACO,, increasing P,O, and therefore improv-
ing oxygen delivery. Genetical determinants, as well as various external factors
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(metabolic and respiratory stimulants), lead to wide inter-individual variety of
ventilatory response intensity [39]. The increased ventilatory response demon-
strates that adaptive processes are taking place and a “good” ventilatory response is
known to enhance acclimatization and performance and that a very low response
may contribute to the formation of illness [39, 40]. However, hyperventilation will
subsequently lead to hypocapnia (increased pH) known as respiratory alkalosis by
reducing the amount of carbon dioxide in the alveoli [41]. This condition will cause
the oxygen dissociation curve to shift to the left and to further keep respiratory
ventilation high. However, hypocapnia will also counteract the central respiratory
center activation and thus limit further ventilatory increases [40, 42]. On the other
hand, to reduce respiratory alkalosis, more bicarbonate will be produced from

the kidneys to decrease the pH toward normal levels. This means that pulmonary
ventilation is driven by low arterial PO, and limited due to hypocapnia-induced
alkalosis at the same time. This becomes clear when looking into Eq. (3), defining
the alveolar ventilation as follows:

V, =0.863x VCO, /P,CO, 3)

V, is the alveolar ventilation, 0.863 is a constant, VCO, is the CO, output and
P,CO; is the alveolar CO,. The ability to maintain oxygen homeostasis is essential
and the physiological systems compete against each other to provide enough tissue
O, but also to maintain pH-homeostasis.

3.2 Cardiovascular system

To compensate for tissue hypoxaemia, the cardiovascular system must respond
to maintain body functions. This is accomplished by increasing cardiac output,
which is the product of stroke volume and heart rate [43]. Consequently, an increase
in one of these variables will also lead to an increased volumetric flow rate. Upon
ascent to hypoxic environments, the sympathetic nervous system activation leads
to an initial increase in heart rate, cardiac output and blood pressure via the release
of stress hormones [40, 44]. Stroke volume remains low in the first hours which is a
consequence of reduced blood plasma volume because of bicarbonate diuresis. This
occurs as a result of the fluid shift from the intravascular space and the suppres-
sion of aldosterone [40]. Interestingly, the sympathetic nervous system activation
remains increased even if one is well acclimatized to altitude [45]. In contrast to
sympathetic activation, cardiac output decrease once a certain level of hypoxia
is reached after several days [46]. After a few days, e.g., muscle tissue adapts and
extracts more O, from the circulating blood by increasing the arterial-venous
oxygen difference. This reduces the demand for higher cardiac output. Reductions
in stroke volume can be attributed due to decreased plasma volume as well as the
above-mentioned increased pulmonary vascular resistance. From the systemic
circulation perspective, the endothelial autocoids nitric oxide and prostaglandins
have received more attention as they are potentially mediating hypoxic vasodilation
in the vessels [47]. Hypoxic-induced vasodilation will therefor quickly increase the
blood flow to O,-deprived tissues. Low P,0; levels will increase Ca* concentra-
tion inside the endothelial wall which might lead to increased synthetization of
vasodilating endothelial factors [48]. The smooth muscle cells of the blood vessels
also have K* ATP-channels, that are activated once the ATP/ADP quotient drops
due to hypoxia. As a result of the increased conductivity of K, the cell membrane
is hyperpolarized, followed by relaxation of the vascular muscle cells and vasodila-
tion. This is especially well evoked in coronary and vertebral vessels [49].
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PO, is, as mentioned earlier, at sea level around 100 mmHg and will decrease
at altitude. At sea level, around 96% of haemoglobin is bound to O, which can be
seen in Figure 2. The oxyhaemoglobin dissociation curve plays a crucial role in O,
transport and demonstrates the interaction between the oxygen carrying capacity
of haemoglobin and changes in partial pressure of oxygen [50]. When P,O, drops
to 50 mmHg at altitude, only about 80% of haemoglobin sites are bound to O,.
The sigmoidal shape of the curve minimizes an abrupt decline in oxygen-carrying
capacity of the blood. Another crucial adaptive process is, that the dissociation
curve will shift to the left [51]. This is mediated by respiratory alkalosis and there-
fore rise in blood pH. This left shift causes that at a PO, of 50 mmHg, instead
of 80%, around 90% of haemoglobin is bound to O,. As a result, more oxygen is
bound on haemoglobin and more oxygen can be unloaded to the tissues [52].

3.3 Cerebral system

The brain consumes around 20% of the available oxygen at rest and is very sensitive
to insufficient O, supply [53]. The ability to process large amounts of oxygen (over a
relatively small tissue mass) is necessary to support the high rate of ATP production to
maintain an electrically active for the continual transmission of neuronal signals [54].
From this perspective, it is clear that hypoxia can have negative effects on cognitive
function [55]. From the literature, it is well known that various factors have an impor-
tant influence on cognitive impairment during hypoxia, in case they occur. These
include the grade of hypoxia (e.g. altitude height), ambient temperatures, performing
exercise tasks, individual physiological responses and the influence of Py [56].

One of the most sensitive regions of the central nervous system is the cerebral
cortex. However, acute exposure to extreme hypoxia can also cause changes within
wide regions of the brain. Subtle changes in the white and gray matter were already
observed during ascending Mt. Everest and K2, reducing movement control and
planning [57]. Motor speed and precision are also negatively affected in altitude
compared to sea level performance [58, 59]. The complexity of central execution
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Figure 2.

S-shaped oxyhaemoglobin dissociation curve at sea level (solid black line). The curve is shifted left due to
respivatory alkalosis under acute hypoxic exposure (broken gray line).
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tasks seems to play an important role when cognitive impairment is evaluated.
Cognitive impairment seems to be more prominent when complex tasks must be
solved rather than simple tasks [60, 61]. Indeed, altitude accidents that occur under
hypoxia might be more related to poor judgment of complex situations as a conse-
quence of hypoxic depression of cerebral function. However, also small mistakes or
even small increases in reaction time [62] can also have fatal consequences.

However, the underlying mechanisms, why cognitive performance can be
impaired during hypoxia are not fully understood [61]. Cerebral circulation, which
is the product of arterial oxygen content and cerebral blood flow, is dependent on
the net balance between hypoxic vasodilation and hypocapnia-induced vasocon-
striction. It is well documented, that cerebral blood flow is increased under acute
hypoxia to maintain cerebral O,-supply [54]. Cerebral blood flow increases, despite
the hypocapnia, when arterial PO, is less than 60 mmHg (altitude greater than
2800 m). Although, interindividual varieties in cerebral blood are linked to individ-
ual variations in the ventilatory response to hypoxia [63], cerebral oxygen delivery
and global cerebral metabolism are well maintained under moderate hypoxia. If
cerebral oxygen consumption is constant, the question arises of what causes the
cognitive impairment at altitude. Cognitive changes might be related to specific
neurotransmitters that are affected by mild hypoxia (e.g., serotonin, dopamine).
Furthermore, alterations in blood flow and sensory displeasure, hyperhomocyste-
inemia and potential neuronal damage, and a decrease in catecholamine availability
combined with psychological factors appear to play a key role for reduction in
cognitive function during hypoxia [61]. In case cerebral tissue oxygenation is not
maintained, brain injury will occur with fatal consequences [35]. Compensatory
hyperventilation, tachycardia and increased cerebral blood flow can partially main-
tain cerebral oxygen delivery, however, if these mechanisms work inadequately, the
brain will be the first organ to be compromised.

4. Clinical consequences

This chapter aimed to give an overview of the main hypoxia types and the main
physiological consequences. Hypoxia can occur due to occupational responsibili-
ties, recreationally but also under pathological conditions. Ascend to altitude or
exposure to environments that lower the P;O, will have direct consequences to
the entire body systems, however various modulators such as Pg, the severity of
hypoxia, interindividual variability, health condition and others determine the
physiological consequences and adaption processes. Exposing the body specifi-
cally to hypoxic environments can be used as a therapeutic tool, to increase sports
performance or to achieve other goals [64]. However, it is important to precisely
understand the different types of hypoxia and what consequences they have on the
human body. Clinical manifestations of hypoxia underly inter-individual varia-
tions of cardiorespiratory and other physiological responses as well as the origin of
hypoxia. In general, there are two major causes of hypoxia at the tissue level which
are reduced blood flow to the tissues or reduced O, content in the blood itself [65,
66]. As a result, four main types of hypoxia arise. First, hypoxaemic hypoxia, where
the O, transport to or through the alveoli is impaired [6]. Second, anemic hypoxia
where the oxygen-carrying capacity is reduced due to e.g., severe blood loss, iron
and folate deficiency, haemoglobin pathologies or functional insufficiency to carry
0, [10, 12, 14]. Third, stagnant hypoxia where the transport of O, to the tissue is
impaired while the blood may be sufficiently oxygenated [6]. Finally, histotoxic
hypoxia exists, where the O, is delivered to the tissues but they are unable to utilize
oxygen effectively [12].
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It is important to understand, how these types influence oxygen delivery to the
tissues. The product of O, content and blood flow is considered to reflect the oxygen
delivery for the whole body (or to the individual organ system). As oxygen con-
tent is the sum of dissolved oxygen and that bound to haemoglobin, total oxygen
delivery can be calculated according to Eq. (4):

DO, =(Sa0, /100x[Hb]x1.34 + P,0, x0.023) x blood flow (4)

DO, is the O, delivery (ml min™); P,0, is the partial pressure of oxygen (kPa);
S.0; is the arterial oxygen saturation in percentage; Hb is the haemoglobin content
(g dl™); 0.023 is the solubility of oxygen (in ml dl"* kPa™!); 1.34 is Hiifner’s con-
stant, the oxygen-carrying capacity of saturated haemoglobin (ml g‘l); and blood
flow (i.e., cardiac output) in dl min~* [67]. From this equation, it can be seen that
hypoxaemic hypoxia (via reduced P,0, and S,0,), stagnant hypoxia (via reduced
blood flow) and anemic hypoxia (via reduced haemoglobin content) may cause
tissue hypoxia, as these three types reduce oxygen delivery. In contrast, there is no
oxygen delivery deficiency in histotoxic hypoxia but rather an impairment of the
tissue to use O, [35]. Reduced oxygen tension, hypoventilation, ventilation-perfu-
sion mismatch, right to left shunt and impaired diffusion of oxygen can all lead to
hypoxia in the body [12].

The primary measurement to evaluate the hypoxic disease state is the analysis of
arterial blood gas. Using this measurement, important parameters such as partial
pressure of oxygen, partial pressure of carbon dioxide, acidity (pH), oxyhaemo-
globin saturation and bicarbonate concentration in arterial blood can be assessed
[68]. Management and treatment of persons under hypoxia should be started as
soon as the evaluation has been successfully finished, and follows three categories:
maintaining patent airways, increasing the oxygen content of the inspired air and
improving the diffusion capacity [69-71]. Without adequate adaption processes
and management, an imbalance between oxygen demand and oxygen delivery will
occur leading to impaired homeostasis within the body. Therefore, healthcare prac-
titioners (e.g., physiotherapists, sports scientists, exercise physiologists and others)
should be able to understand the causes, types and consequences of hypoxia.

5. Conclusion

In this chapter, an overview is presented on the main types of hypoxia and the
physiological consequences of the main systems. Hypoxaemic, anemic, stagnant
and histotoxic hypoxia originate from different etiologies. Hypoxia to the tissues
can be caused by any obstacle in the oxygen cascade, beginning from the O, mole-
cule in the atmosphere, until being the final electron acceptor within the mitochon-
dria to generate ATP. However, the adult compensatory mechanisms to counteract
the acute hypoxic state are mainly based on our ability to hyperventilate, adequately
adapt the cardiovascular response and to increase oxygen uptake to provide enough
tissue O,. This chapter might contribute to improving the understanding of the
different types of hypoxia and to understand the physiological responses.
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