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ABSTRACT

This is the first of a two part series that discusses High Altitude acclimatization and pathogenesis.  Military operations at high altitudes have existed for centuries and are currently being conducted now in parts of the world. This paper reviews a brief history, physiological changes leading to acclimatization, types of injuries and the use of adjunctive treatment modalities to better conserve the human component combat weapons system.

OBJECTIVES (FOR PARTS 1 AND 2)

1. Explain the compensatory mechanisms that take place in the physiologic adaptation and acclimatization process as it relates to high altitude.

2. Be able to recognize the signs and symptoms of high altitude illness and render the appropriate treatment modalities.

3. Discuss indications and contraindications along with side effects of the Gamow Bag.

Completion of this article and test offers 1.25 CME. 

DISCLOSURE: The presenters have indicated that, within the past two years, they have had no significant financial relationship with a commercial entity whose products/services are related to the subject matter of the topic they will be addressing or a commercial supporter of this educational activity.

INTRODUCTION

The survival of a species primarily depends on its ability to adapt to acute and chronic stress.  Darwin elaborated on this concept when he described his principle of the survival of the fittest in The Origin of the Species by Means of Natural Selection.  The human body requires a constant supply of oxygen in order to survive. Decreased availability of oxygen in the ambient air (hypobaric hypoxia) is one of the environmental stresses unique to high terrestrial altitude. High altitude presents a natural stress where a concomitant decrease in atmospheric barometric pressure correlates directly with increasing altitude. Consequently, a decrease in the partial pressure of oxygen is present at each step of its transport from the inspired ambient air to the tissues where oxidative metabolism supports life. The partial pressure of this vital gas diminishes as the oxygen molecules move from air to blood to tissues. The decreased availability of oxygen causes a reduced partial pressure lowering the oxygen supply to the body tissues, which causes altitude illness and the decline in mental and physical performance.  Impairment of this process can arise from both environmental and pathologic causes, further contributing to the hypobaric hypoxic state.


Unique to this information article is a collaborative overview explaining the effects of hypoxic stress placed on the human body, which creates an acid-base metabolic and respiratory imbalance. If left uncorrected, this imbalance, coupled with prolonged hypoxemia, causes activation of the inflammatory cascade producing eicosanoids through arachidonic acid synthesis.  It is this inflammatory cascade which helps contribute to the edema seen in the brain and the lungs. Given its ubiquitous effects, a basic understanding of hypobaric hypoxia is essential for medical personnel who support military units operating in high mountainous regions.  The purpose of this article is to:

· Review the compensatory mechanisms that take place in the acclimatization process responsible for the transport of oxygen to the tissues when immersed in a hypobaric hypoxic environment. 

HISTORICAL BACKGROUND

For most of its approximate 4.6 billion years, the earth has maintained a very low-concentration oxygen environment. About a half billion years ago, photosynthetic activity increased, and about 100 million years ago the oxygen level was sufficient to permit life of multi-cellular organisms.1 Subsequently, the fraction of oxygen in the atmosphere up to 70 miles above the earth's surface is thought to have reached a plateau at a fraction 0.2093.2  The partial pressure of oxygen in the inspired ambient air, therefore, is simply 0.2093 x the barometric pressure.  Although it is possible for climatic conditions above 16,000 ft to sustain life, prolonged survival at this altitude is not likely. However, it is possible for humans to thrive at altitudes greater than 8,000 ft.  Nearly thirty million people live at these altitudes primarily in the Rocky Mountains of North America, the Andes of South America, the Ethiopian Highlands of East Africa, and the Himalayas of South-Central Asia.3  Speculation about the effects of altitude and the lack of oxygen in the air can be traced back to the late sixteenth century. Jose de Acosta, a Jesuit priest, who in 1590 accompanied the Spanish conquistadors during their exploration of Peru, first described the ailments of extreme altitude. He hypothesized that it was the "thin air" that was responsible for headache, dyspnea, and light-headedness that often occur upon acute ascent. John Mayow, a pioneer in the discovery of oxygen, conducted his well known sealed bell jar and mouse experiments in 1674. When he burned a candle in a jar with mice in it, he found the mice died when the candle burned out. One hundred years later, Lavoisier in France and Priestley in England were able to generate oxygen, which they determined makes up about 21% of the atmosphere.4  High-altitude physiology burgeoned in the latter half of the nineteenth century. A French physiologist, Paul Bert, is credited with being the father of high-altitude research. His steel bell chambers allowed ascent by decompression. A prodigious number of field studies were conducted on Pike's Peak and in the Andes. Landmark reviews by Schneider, Barcroft, and Haldane give an excellent perspective on the extraordinary work that was being done early in the 20th century.4  This article builds on the last 30 years of research that evolved from the important work of such pioneers. 

THE EFFECTS OF BAROMETRIC PRESSURE AND THE AVAILABILITY OF OXYGEN

There is a curvilinear reduction in the ambient barometric pressure with increasing altitude.  The exact magnitude of the reduction is determined by the gravitational distribution law. It states that there is a difference in barometric pressure for a given level of elevation, which is influenced by the combination of elevation, latitude, season, and weather. A concomitant reduction in the partial pressure of oxygen becomes physiologically significant due to the decreased barometric pressure in the ambient air. The progressive decrease in the partial pressure of oxygen means there is less actual oxygen available for respiration. The primary factor limiting the amount of oxygen supplied to the body tissues through respiration is the reduced partial pressure of atmospheric oxygen at high altitude.  The percentage of oxygen does not change. It remains a constant, which is approximately 21%.  It is the diminution of barometric pressure associated with increasing altitude that causes a reduction in alveolar oxygen and, consequently, a decrease in arterial oxygen content.

The U.S. Army Research Institute of Environmental Medicine explains the relationship of decreased ambient oxygen to altitude illness and performance decrements.

The relationship of decreased ambient oxygen to altitude illness and performance decrements provides a classification of altitude exposure based upon arterial oxygen content and its physiologic effects.  Sea level to 5,000 ft is considered low altitude.  Arterial hemoglobin saturations are generally above 96% in healthy people at these altitudes.  Moderate altitude extends from 5,000 to 8,000 ft where arterial hemoglobin saturation is normally above 92% and any effects of altitude are mild and temporary. High altitude extends from 8,000 to 14,000 ft. At these elevations arterial oxygen saturation is in the "knee" of the oxygen-hemoglobin saturation curve, ranging from approximately 92% down to about 80% saturation. Altitude illness and performance decrements are increasingly common in this range. Altitudes above 14,000 ft produce hemoglobin saturations that are on the "steep" portion of the oxygen-hemoglobin saturation curve where a small decrease in oxygen tension results in a relatively large drop in hemoglobin saturation. The region from 14,000 to 18,000 ft is classified as very high altitude. Altitude illness and performance decrements are the rule at these altitudes. Regions above

18,000 ft to 29,028 ft are classified as extreme altitude.5

HUMAN PHYSIOLOGIC ACCLIMATIZATION TO A

HYPOBARIC HYPOXIC ENVIRONMENT

Individuals who ascend from lower altitudes trigger a cascade of integrated physiologic responses when placed in a sustained hypobaric hypoxic environment at elevations over 6,000 ft. These changes function to increase oxygen supply to body tissues.  The body systems that are most noticeably affected are those related to oxygen delivery, i.e., the cardio-vascular and respiratory system. A number of different processes are involved in the body's oxygen delivery system: ventilation, matching of ventilation with adequate pulmonary perfusion, diffusion of oxygen from the gas to the blood phase, proper circulation, tissue diffusion, and oxidative metabolism in the cell. Many compensatory mechanisms improve oxygen delivery when its concentration is reduced in the air that we breathe at altitude.

Acclimatization occurs as a two-part process. An immediate response involves the heart, lungs, blood vessels, and kidneys.  Secondly, there is a delayed response involving the hematologic system and the tissues. This is characterized by increased erythropoiesis and increased oxygen delivery to the tissues.  Coupled with this increase in hematocrit are altitude-induced changes at the tissue level including an increase in capillary density and the number of mitochondria in the muscle.  Over time, the series of changes produce a state of physiologic adaptation termed acclimatization. Altitude acclimatization primarily involves submaximal aerobic performance. For example, if a person is capable of running a six-minute mile (max VO2) at sea level, that individual will not be able to reproduce that same effort at the summit of Pike's Peak at 14,100 ft.  However, if that same individual can jog an 8-minute mile at sea level, that person will eventually be able to jog an 8-minute mile at the summit of Pike's Peak after about one month of proper acclimatization.  Maher and associates, after conducting studies on eight well-conditioned athletes at exposure to 14,000 ft, suggested endurance exercise capacity improved over time due to improved tissue oxygenation and aerobic capacity as reflected by a diminution of anaerobic by-products, i.e., blood lactate concentrations.6 The body's ability to maintain an aerobic state at altitude under conditions of hypoxic stress enhances performance due to the greater yield of ATP produced via the glycolytic pathway.  There are 38 moles of ATP generated via aerobic metabolism as compared to only two moles of ATP generated via anaerobic metabolism. The time course and success of acclimatization is a function of the interaction between the unique physiologic characteristics of the individual and the magnitude of hypoxic stress as defined by the elevations gained in the speed of ascent. Once acquired, acclimatization is maintained as long as the individual remains at altitude, but is lost upon that person's return to lower elevations within three to seven days.

The sequence of physiologic changes that produces acclimatization to high altitude takes time to complete.  For most individuals at high to very high altitudes, 70% to 80% of the respiratory component of acclimatization occurs in a week to 10 days.  Approximately 80% to 90% of overall acclimatization is accomplished by three weeks to a month.5 It should be noted, however, that maximum acclimatization might take months to years.  There does not seem to be any way to accelerate this process. Some individuals acclimatize more rapidly than others; whereas, others appear not to acclimatize at all. Unfortunately, there is no reliable way to identify these individuals except by their experience during previous altitude exposures. As previously noted, the amount of time required for a person to become acclimatized is a function of that individual's physiology and the magnitude of the hypoxic challenge as defined by the rate of ascent and the altitude attained.

RESPIRATORY PHYSIOLOGY

The ventilatory response to high altitude is the most immediate and notable physiologic response to occur upon ascent. The oxygen and carbon dioxide concentrations in alveolar air are a direct reflection of barometric pressure and alveolar ventilation.  Rahn and Otis in 1946 clearly demonstrated that as barometric pressure decreases, ventilation increases to minimize a drop in alveolar oxygen pressure.7   This was evidenced by an increase in tidal volume and respiratory rate, increasing respiratory minute ventilation.  The increase in ventilation is achieved initially more by an increase in tidal volume than an increase in frequency, but over time, frequency also increases.8 This hyperventilation that ensues causes a respiratory hypocapnic alkalosis but also is an attempt to increase alveolar oxygen partial pressure.  The first consequence of the reduction in alveolar oxygen caused by the reduced partial pressure of oxygen at high altitudes stimulates peripheral chemoreceptors found adjacent to the aortic arch and in the carotid body at the bifurcation of the common carotid artery.  Carotid body output is inversely proportional to the decreased partial pressure of oxygen in the blood, which leads to hypertrophy of the glomus cells of the carotid body.9,10 Hornbein demonstrated that neural discharge from the carotid body had a hyperbolic relationship with decreasing partial pressure of oxygen in arterial blood; this relationship is similar to the ventilatory response to hypoxia.11
On ascent the lung undergoes a number of changes that affect pulmonary mechanics.  The changes include a decreased vital capacity, secondary to increased blood flow and central blood volume, an increase in residual volume, and decrease in lung compliance.12,13 These changes are ephemeral and usually resolve to leave the sojourner with normal lung function.

Upon ascent to high altitude, increased ventilation results in an increased alveolar oxygen partial pressure. The partial pressure of oxygen in the arterial blood (PO2) depends on an optimal matching of ventilation and perfusion (VA/Q) in the lung and diffusion of oxygen to the red blood cell. The initial increase in ventilation during acute exposure is matched by an increase in cardiac output and pulmonary perfusion.14 Hypoxic pulmonary vasoconstriction at the arteriolar level on ascent to high altitudes results in better perfusion to previously under-perfused areas.  Chronic constriction results in smooth muscle hypertrophy and pulmonary hypertension.15  A number of mediators such as histamine, prostaglandin, bradykinin, serotonin, angiotensin II, and the transport of calcium at the smooth muscle membranes may be responsible for the pulmonary vascular constriction.16 Schoene and Hornbein summarize the work of Rotta, Fishman, Dawson and Grover to explain the effects of ventilation-perfusion matching at altitude.

Hypoxia causes pulmonary artery constriction and pulmonary hypertension.  This response functions advantageously at rest by improving VA/Q matching and gas exchange. The increased pulmonary vascular resistance causes redistribution of blood flow such that areas of the lung that are usually poorly perfused at sea level, for example, the apices, gain perfusion under hypoxic conditions, resulting in greater homogeneity of VA/Q.  Using radionuclide scanning, Dawson and Grover found that healthy, long-term residents at an altitude of 3100 meters had a more uniform VA/Q distribution than residents at sea level.4
At extremely high altitude, diffusion of oxygen from the alveolus to the blood appears to be the rate-limiting step of oxygen transport.  Oxygen flux is dependent upon four variables: the pressure gradient for oxygen from the alveolus to the pulmonary capillary blood, the diffusion capacity of alveolar capillary membrane, capillary blood volume, and the surface area for gas exchange.  Several factors may result in an increased alveolar-arterial PO 2 difference at extreme altitude accentuated by extreme exercise impairing oxygen diffusion at the alveolar-capillary level. First, as one ascends, the decreasing partial pressure of oxygen due to the decreased ambient barometric pressure results in a decreasing alveolar to pulmonary capillary PO 2 gradient.  Second, at altitude, even the resting pulmonary transit time of 0.75 seconds may not be adequate for full equilibration of oxygen diffusion to take place at the alveolar-capillary junction.

CARDIOVASCULAR PHYSIOLOGY

The next aspect of oxygen delivery affected by sustained hypobaric hypoxia is the transport of oxygen from the lungs to the tissues.  Changes occur in both the oxygen carrying capacity and distribution of cardiac output. Upon acute exposure to hypoxia, an increase in cardiac output helps sustain oxygen delivery in spite of decreased arterial oxygen content. The increase in cardiac output (C.O. = heart rate [HR] x stroke volume [SV]) is the result of an increased heart rate with little change in stroke volume.17  The initial increase in cardiac output is driven by a hypoxia-stimulation of the sympathetic nervous system activity affecting the sino-atrial node of the heart. Sympathetic activity also causes increased systemic blood pressure, peripheral vasoconstriction, and an increased basal metabolic rate. The slight decrease in stroke volume is due to the loss in plasma volume caused by a movement of fluid out of the vascular compartment into the interstitial and intra-cellular compartments, diminishing preload to the right atrium of the heart.  Over the next few days at high altitude, cardiac output then decreases as a result of this decrease in stroke volume caused by a l0% to 20% loss of plasma volume.5  The result of the loss of plasma volume is a relative increase in hemoglobin concentration and an improved oxygen carrying capacity of the blood. With sustained altitude exposure, sympathetic activity decreases and plasma volume tends to recover, which causes a decrease in cardiac output over time. As acclimatization proceeds over the next few weeks, hemoglobin concentration and blood volume increase due to erythropoietin stimulation from the kidney, and oxygen transport is improved by an increase in stroke volume and arterial oxygen content.

At submaximal workloads, the relationship of cardiac output to work rate remains similar to that at sea level. With acclimatization, maximal cardiac output is decreased at high altitude due to a decrease in maximal heart rate and stroke volume.18 The lower maximum heart rate in sojourners is speculated to be due to a hypervagal tone, direct hypoxic myocardial depression, or an impairment of nodal or bundle branch conduction.

RENAL PHYSIOLOGY

Upon ascent to high altitude, a natural diuresis occurs due to an increased glomerular filtration rate that occurs from the increased cardiac output.

Within several days at altitude the kidneys compensate for the respiratory hypocapnic alkalosis by increasing excretion of bicarbonate in the urine. The purpose of this is to help correct the acid base imbalance and restore the pH of the blood closer to neutrality (7.35-7.45). The final effect the kidney has on improved acclimatization is one of hormonal influence.  The kidney secretes a hormone called erythropoietin, which causes the bone marrow to increase red blood cell production. Although erythropoetin stimulation occurs within hours from the start of sustained altitude exposure, the increase in red cell production it causes is not measurable for up to three to four weeks.5
HEMATOLOGIC ACCLIMATIZATION

The pulmonary and systemic vasculature is the conduit for transport of oxygen from lung to tissue, while the red blood cell and its hemoglobin molecule are the vehicles on which the oxygen rides.  Both hemoglobin and the red blood cell undergo changes that improve oxygen transport to the tissues.  The two basic adaptations are: 1) an increase in the number of red blood cells (polycythemia), which increases the oxygen carrying capacity of the blood, and 2) an altered affinity of hemoglobin for the oxygen molecule.4 Hemoglobin concentration increases within a day or two of ascent and continues to rise to a plateau in two or three weeks. This initial rise is due to hemoconcentration resulting from the diuresis that occurs upon acute ascent.  The continued increase results from bone marrow erythropoiesis secondary to hormonal stimulation from the kidney.  Hypoxia by itself is the primary stimulus for this hormonal release (erythropoietin) by the kidney.  The erythropoietic response to a given level of hypoxia is extremely variable among individuals.19
Serum erythropietin levels increase rapidly within the first day of ascent to high altitude, and then start to decline within a few days as acclimatization progresses.20 Both red blood cell volume and total blood cell volume increase with a decrease in plasma volume at high altitude.21 The changes increase oxygen content and oxygen delivery in the blood. The erythropoietic response quickly ceases upon descent and within three weeks returns to sea level values.

While the increase in hemoglobin concentration augments arterial oxygen content, a number of changes detrimental to oxygen delivery may also occur. As the hematocrit approaches 60% triggered by the erythropoietic response, the viscosity increases while cardiac output and oxygen delivery decrease. This decrease in oxygen delivery is thought to be due to an impairment of perfusion of the micro-circulation of the exercising muscles.22 In a study conducted by Schoene and Hackett on Mt. Everest in 1986, four climbers with hematocrits of 60% or greater underwent both psychometric and exercise testing before and after isovolumic hemodilution, which lowered hematocrits to 50%.  Psychometric test performance improved while maximum exercise performance did not change. The implication from these results is that cerebral perfusion may have been improved, and that the decrease in arterial oxygen content did not diminish overall oxygen delivery.23  The optimal hematocrit for high altitude acclimatization remains illusive, but clearly high-altitude survival and performance are impaired by an excessive polycythemic response.4

Schoene and Hornbein discuss the relationship that exists between oxygen and hemoglobin.  They explain that when hemoglobin is more than 90% saturated with oxygen, there is an adequate partial pressure of oxygen (PaO 2) to maintain aerobic metabolism.

The transfer of oxygen from ambient air to tissue mitochondria is also influenced by the ease with which it is taken up by hemoglobin in pulmonary capillaries and released from hemoglobin in tissue capillaries. A number of variables affect the process, one of which is the affinity of hemoglobin for oxygen, as defined by the oxygen-hemoglobin dissociation equilibrium curve. An important feature of the oxygen-hemoglobin relationship is that over a large range of oxygen partial pressures (PaO 2 60 to 100 torr), hemoglobin is more than 90% saturated with oxygen. Thus, a change in PO 2 within that range has only a modest effect on arterial oxygen content.  At PaO 2 less than 60 torr, hemoglobin saturation drops precipitously with small decreases in PaO 2; thus changes in PO 2 will result in relatively larger changes in blood oxygen content. At high altitude, certain adaptations of oxygen-hemoglobin affinity occur that may help facilitate oxygen transfer.4
Three substances in the blood influence the position of the oxygen-hemoglobin dissociation curve. These substances are H+, CO 2, and 2,3-diphosphoglycerate (2,3-DPG). Increasing levels of these substances cause a right shift in the curve, allowing unloading of oxygen from hemoglobin to the tissues more easily. 2,3-DPG is generated within the red blood cell and is stimulated both by hypoxia and a hypocapnic alkalosis. Of the three substances mentioned above, the production of carbon dioxide and the subsequent generation of hydrogen ions at the tissues result in a greater unloading of oxygen; this is known as the Bohr effect.24
At high to very high altitudes this rightward shift of the curve is counterbalanced by a respiratory alkalosis, which tends to shift the curve to the left, making it easier to load oxygen into the red blood cell in the pulmonary capillary of the lung. At extreme altitudes the effect of the severe respiratory alkalosis predominates, and a curve is shifted greater to the left. This left shift allows a significant increase in red blood cell hemoglobin-oxygen saturation for a given alveolar oxygen partial pressure.  Ultimately this would create higher arterial oxygen content. According to Schoene and Hornbein an ideal mechanism of adaptation was suggested by Reynafarge and colleagues in the alpacas and llamas of Peru, which possess hemoglobin with a high affinity for oxygen at the lung, but a low affinity at the tissues. This characteristic would appear to optimize both loading of oxygen in a hypobaric environment and

unloading at the tissue level.4
ADAPTATION AT THE TISSUE AND CELLULAR LEVEL

Although not well researched in humans, a number of altitude-induced changes probably occur at the tissue and cellular level. The final transfer of oxygen from ambient air to the mitochondria involves the removal of oxygen from blood to the tissues. Several conduits within this portion of the oxygen cascade are dependent on the driving pressure of oxygen. The driving pressure of oxygen is essential for proper diffusion to occur from the capillary blood, across the vascular endothelium, and through the cytoplasm to the mitochondria where oxidative phosphorylation occurs. The process depends largely on diffusion and distance.

Certain adaptive changes take place to optimize oxygen diffusion from blood to the tissue during extreme hypoxia. These adaptive changes include: 1) minimizing the distance of diffusion of oxygen from the blood vessel to the mitochondria and 2) improving biochemical pathways in the mitochondria.4 A decrease in diffusion distance can be achieved by increasing the concentration of blood vessels in the tissues. Banchero, after conducting his studies in dogs with a three-week exposure to simulated altitude, documented an increase in capillary density and a decrease in the skeletal muscle size.25
Some of the biochemical alterations that occur within the cell include elevated levels of myoglobin, which is an intracellular protein that binds with oxygen at very low tissue oxygen partial pressures.  Myoglobin helps to facilitate the diffusion of oxygen from the blood to the mitochondria.  Myoglobin concentration correlates quantitatively with the aerobic capacity of the muscle cell and is increased with training.26 In 1977, Gimenz and colleagues discovered that myoglobin concentrations were elevated in animals native to high altitude and increased in dogs exposed to 435 torr for three weeks.27 In addition to myoglobin, oxidative enzyme alterations during hypoxia have resulted in varied conclusions depending on the species, the tissue, and the stress. There appears to be an increase in the oxidative capacity of the enzymatic process (succinic dehydrogenase) enhancing long term adaptation to altitude. Schoene and Hornbein cite a number of studies that summarize these findings.4
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CONTINUING MEDICAL EDUCATION TEST

Going Beyond Thin Air: Part 1,  A Comprehensive Review for The Special Forces Dive Medical Technician

1) The reduction in partial pressure of oxygen becomes physiologically significant due to the increased barometric pressure in ambient air as you ascend in altitude.  T or F

2) Although altitude exposure can be classified into 5 types and differentiated by altitude itself, arterial hemoglobin saturation in a person’s body will remain relatively unchanged despite movement through out these ranges.  T or F

3) Acclimatization, a physiological adaptation to altitude includes the following:

A cardiovascular, respiratory, renal and blood vessel response

B. increased erythropoiesis and oxygen delivery to tissues

C. both a & b

D. only a

4) A greater yield of cellular ATP produced via the glycolic pathway enables the body to maintain an aerobic state under hypoxic stress at higher altitudes as the body acclimatizes. T or F

5) The general rate at which a person can acclimatize depends on:

A. rate of ascent and altitude attained

B. whether or not an individual had previously accelerated the acclimatization process

C. individual physiology of a person

D. both a &c

E. c only

F. all the above

6) The first consequence of the reduction in alveolar oxygen caused by the reduction of partial pressure of oxygen at high altitudes stimulates peripheral chemoreceptors adjacent to these structures:

A. aortic arch

B. carotid body at the bifurcation of common carotid artery

C. neither a or b

D. only a

E. both a & b

7) Oxygen flux is dependent upon several variables, these include:

A. pressure gradient for oxygen from the alveolus to the pulmonary capillary blood

B. surface area for the gas exchange

C transport of calcium at the smooth muscle membrane

D. only a

E. a & b

F.. all the above

8) As a compensatory action during the acclimatization process, loss of plasma volume is accompanied by a relative increase in hemoglobin concentration and an improved oxygen carrying capacity of the blood.  T or F

9) The basic hematological adaptations that occur during acclimatization are as follows:

A altered affinity of hemoglobin for the oxygen molecule

B erythropoetin stimulation

C polycythemia

D a & b

E. a & c

F. all the above

10) An adaptive change the body undergoes to optimize oxygen diffusion from the blood to the tissue, is increasing concentration of blood vessels in the tissue itself.  T or F

