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(57) ABSTRACT

A method for enhanced exercise training or performance
utilizing intentional controlled tachypnea and somatic sen-
sory alkalosis biofeedback training to maintain an essen-
tially non-acidic state during exercise. A trainee is instructed
to decrease measured transcutaneous CO, levels by
increased ventilation and to correlate measured transcuta-
neous CO, levels with subjective somatic symptoms. Stud-
ies under exercise conditions measure the intensity of exer-
cise correlating to an onset in blood lactate accumulation in
the trainee and such level of intensity is in turn correlated
with a predetermined heart rate. The trainee is then
instructed to use heart rate as a guide to the need for
increased ventilation to lower blood CO,. In another
embodiment, the method of the instant invention utilizes
intentional controlled tachypnea to increase maximum
breath holding time.
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METHOD FOR ENHANCED PERFORMANCE
TRAINING

TECHNICAL FIELD

[0001] The present invention relates to the field of perfor-
mance and exercise training, in particular, to a method of
improved performance and exercise training by utilization of
intentional controlled tachypnea and somatic sensory alka-
losis biofeedback training.

BACKGROUND OF THE INVENTION

[0002] During physical activity, the energy demand of the
human body greatly increases. Sustained exercise such as
marathon running increases the whole-body energy require-
ment by 20-30 times over resting levels. The energy utilized
to accommodate this demand, along with all other energy-
requiring systems in the human body, comes in large part
from the energy contained within ATP, adenosine triphos-
phate.

[0003] The most efficient, albeit slower, method of gen-
erating this ATP is under aerobic conditions, where oxygen
is present and consumed. This method is named oxidation,
or, the oxidative pathway. Different forms of fuel (e.g.
proteins, fat, and carbohydrate) can be metabolized by
oxidation to create ATP. The creation of ATP by aerobic
means is typically favored by physical performance efforts
of longer duration. The complete oxidation of one molecule
of glucose yields up to 36 ATP molecules for skeletal muscle
(38 for cardiac muscle).

[0004] As the intensity of effort increases, ATP is gener-
ated increasingly via another faster, but less efficient, path-
way, anaerobic glycolysis, where glucose is metabolized to
generate ATP (glycolysis) in the absence of oxygen (anaero-
bic). ATP is generated in the absence of oxygen only via
anaerobic glycolysis. Being less efficient than oxidation, one
molecule of glucose yields only 2 ATP molecules, far from
the 36 obtained through oxidation. In addition, anaerobic
glycolysis creates 2 lactic acid molecules for each glucose
molecule metabolized. Increased use of the glycolytic sys-
tem results in higher rates of glucose utilization, glycogen
depletion, and lactic acid production.

[0005] The state of lactic acid is such that it dissociates
almost totally into its ionized form resulting in lactate and a
proton, or H* (hydrogen ion). as follows:

TABLE 1

Lactate-H (lactic acid) +—>Lactate™+ H*

Lactate itself may be metabolized by oxidation or converted
to glucose or amino acids. In this way lactate may serve as
a fuel substrate for work done by cardiac and skeletal
muscle.

[0006] At lower levels of intensity and anaerobic glyco-
lysis, the generation of every lactate molecule is matched by
its removal/metabolism, and lactate does not tend to accu-
mulate. Lactate will begin to accumulate, though, in
untrained individuals when exercise reaches approximately
55 to 65% of their maximal capacity. Trained athletes, due
to a combination of factors, are able to exercise at a higher
intensity prior to the onset of lactate accumulation, at
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approximately 65 to 75% of maximal capacity. The intensity
of effort at which this occurs for any given individual is
designated that individual’s blood lactate threshold. Beyond
this limit, lactate begins to accumulate in the cellular envi-
ronment followed by the measurable accumulation in the
blood. The lactate threshold defines the onset of lactic
acidosis, and also the onset of significant anaerobic glyco-
lysis. The lactate threshold has been commonly defined as
the highest oxygen consumption or exercise intensity result-
ing in at leasta 1.0 millimolar (mM) increase in blood lactate
level above the pre-exercise level.

[0007] As lactic acid levels rise the equation in Table 1 is
directed to the right resulting in the generation of more H*,
or hydrogen ions. The concentration (expressed by use of the
common notation: []) of hydrogen ions in the blood, [H*],
determines whether the blood is acidic (pH<7.35), alkaline
(pH>7.45), or normal (pH 7.35-7.45). Therefore, as lactic
acid levels increase, [H+] increases, acidity increases, and
pH is lowered. Lactic acidosis is a specific and very common
pathologic acid/base disorder under the more general group-
ing of “metabolic acidosis” disorders. During intense physi-
cal exertion the accumulation of lactic acid, i.e., lactic
acidosis, is the major contributor to the development of a
metabolic acidosis. With regards to exercise and perfor-
mance, it is not lactate that impairs performance, but rather
the acidosis, or H", component.

[0008] The bicarbonate ion (HCO;™) which is present in
the blood is consumed as it buffers the lactic acid, or more
specifically, the H*, created during exercise producing lac-
tate, water and carbon dioxide as in the reaction of Table 2:

TABLE 2

Lactate-H + HCO; +— Lactate + H,CO; +—H,0 + CO, + lactate™

[0009] As a result, blood bicarbonate levels drop in the
presence of lactic (or metabolic) acidosis. This neutraliza-
tion process and state of equilibrium can be simplified as
seen in Table 3:

TABLE 3

H*(as in lactic acid) + HCO;~ 4+ H,0 + CO,(aqueous) +—>
CO,(gas
phase) — ventilated

[0010] As the bicarbonate buffers the lactic acid, CO, is
generated in the aqueous phase. Aqueous CO, dissolves
across the pulmonary alveolar capillary membrane into the
alveoli, which is then expired out through the lungs. The
process whereby CO, is expired and eliminated from the
body is termed ventilation. The diffusion and elimination of
CO, across the pulmonary capillary membrane into the
alveolus is very fast—at a rate approximately 20 times that
of oxygen, due to the significantly greater solubility of CO,.

[0011] Table 3, when directed to the right, illustrates how
blood acidity, or [H*], can be directly reduced by expiring,
or ventilating, more CO,. It is the most efficient method of
reducing hydrogen ions in the body. Increasing ventilation
will result in a decrease in acidosis, or alternatively, an
increase in alkalosis.

[0012] Using the current art, during exercise, absent the
appearance of lactic acid, ventilation would otherwise
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increase in a linear manner with increasing exercise in order
to provide normal oxidative cellular respiration, ie., to
supply needed oxygen and to clear metabolic waste prod-
ucts, including CO,. The excess CO, created as a result of
the buffering of lactic acid by bicarbonate is referred to as
“non-metabolic CO,.” This non-metabolic CO, represents
an additional CO, load imposed on the body beyond that of
normal cellular respiration. Rising CO, levels and acidosis
are both potent stimulants of the brain’s respiratory center
and the human body responds with an autonomic, or invol-
untary action—increasing ventilation. In response to the
appearance of lactic acid and new, non-metabolic, CO, there
is an involuntary, abrupt and measurable increase in venti-
lation over that which would be expected to satisfy normal
cellular respiration.

[0013] This increase in ventilation is termed compensa-
tory, as it represents a reflex physiologic adaptive response
to an acute acid/base disorder, specifically, lactic acidosis.
Its purpose is to maintain CO, and thus, pH values, at a
constant and normal level. The term ventilatory threshold
(VT) is used to describe the point at which pulmonary
ventilation begins to disproportionately increase in order to
maintain normal CO,, and thus, pH, levels. The ventilatory
threshold can be illustrated as seen in FIG. 1.

[0014] Ventilation may also be compared with corre-
sponding blood levels of arterial CO, and pH, as seen in
FIG. 2. As a result of the compensatory increase in venti-
lation, pH, and alveolar, or arterial CO, levels remain within
normal limits.

[0015] Indeed, multiple acid/base disorders commonly
co-exist. Most commonly, there is a single acid/base distur-
bance followed by a compensatory response. The final
acid/base status reflects where the net balance of the equa-
tion seen in Table 3 lies. If there is an increase in the [H*],
as would occur with lactic acidosis, the equation is directed
to the left. Compensation for any acid/base disturbance is
achieved by directing the equation in the opposite direction.
In the case where [H+] increases, compensation would be to
increase CO, output. In this fashion, if more CO, were
eliminated than H* generated, the net effect would be a net
decrease in the [H*). i.e., a decrease in acidosis, or, increase
in alkalosis. If this were achieved by respiratory means, e.g.,
by voluntarily and intentionally increasing ventilation, the
process would be summarized as a metabolic acidosis with
a compensatory respiratory alkalosis.

[0016] Thus, in exercise, the ventilatory threshold repre-
sents, in general, the onset of: 1) significant anaerobic
glycolysis, 2) decreasing bicarbonate levels, 3) lactate accu-
mulation, 4) metabolic, or, lactic acidosis, and 5) a com-
pensatory respiratory alkalosis. As at all times during exer-
cise or performance, the final pH of the blood will depend
on where the balance of Table 3 will lie, that is, where the
final balance between H* accumulation and CO, ventilation/
elimination lies. Using the current art, pH and CO, levels
remain unchanged as the ventilatory threshold is passed.

[0017] In exercise using the current art, as the intensity of
effort increases beyond the ventilatory threshold, the gen-
eration of lactic acid escalates. The generation of H* even-
tually overwhelms the ventilation of CO, and there is an
overall net increase in the [H"], i.e., Table 3 is directed to the
left. While up until this point blood pH has been normal,
when the balance tips to the extent such that the net increase
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in [H*] equates to a blood pH of 7.35, the blood finally
becomes, by definition, measurably acidic. In the current art,
the point where this measurable acidosis (pH<7.35) starts is
termed the Point of Metabolic Acidosis (PMA). Synony-
mous terms for this transition point are the Respiratory
Compensation Threshold (RCT) or the Onset of Blood
Lactate Accumulation (OBLA); however, PMA shall be
preferentially used throughout this specification. With the
onset of systemic acidosis, there is a cascade whereby any
further increase in effort is met with exponentially decreas-
ing efficiency. With increasing effort, lactic acid, and H*,
accumulate in an accelerating fashion and the blood
becomes increasingly more acidic. Concomitant with the
PMA is another disproportionate compensatory increase in
ventilation—with arterial CO, values becoming similar to
those values seen in hyperventilation.

[0018] At the PMA, increasing ventilation is done in an
effort to drive the balance seen in Table 3 to the right in the
face of a measurable acidosis. This is ineffectual and the
[H*] continues to increase. The net direction of the balance
seen in Table 3, despite maximum efforts in ventilation and
trying to direct the balance seen in Table 3 to the right, is to
the left. As the equation drives to the left, more CO, is
consumed in order to generate HCO,™ to buffer the H™ and
the end result is a net loss of CO,. A summary of these
changes can be illustrated as seen in FIG. 3.

[0019] To understand the instant invention, though, one
must look closer, specifically, to the area around the venti-
latory threshold and the PMA. While blood pH and arterial
CO, measurements may be stated to be normal up until the
PMA, there will still be measurable changes both in pH and
partial pressure of CO, (pCQO,) despite levels remaining in
established normal limits. Firstly, as it is known that venti-
lation was stimulated by a change in pCO, and/or pH, there
must have been a change to begin with. Secondly, there must
be some travel from a normal resting average for blood pH,
e.g. a pH of 7.4, down to the lower limits of normal, in the
case of blood pH, 7.35. Both of these factors lead to the
conclusion that there is a relative increase in acidosis, or
decrease in alkalosis, even prior to the onset of a measurable
abnormality. Indeed, it should be interpreted that there is a
net shift in Table 3 to the left and the net accumulation of HY,
ie., an increase in acidosis or a decrease in alkalosis,
following the ventilatory, or, lactate, threshold. Magnified,
pH and pCO, values between the ventilatory threshold and
the PMA of FIG. 3 would appear as seen in FIG. 4. It is
important to note that measurable changes in pH can occur
as a result of very small changes in pCO, levels.

[0020] The PMA is generally regarded as occurring
around a lactate concentration of 4 mmol/L. Following this,
there is a sharply decreasing ability to generate an increase
in performance. Although there is considerable variability
among individuals, the intensity of effort around the PMA is
also thought to approximate the maximum exercise intensity
that a person can sustain for a prolonged duration (in
general, though, higher lactate levels, in the range of 7 or 8
mmol/L, can be tolerated for varying periods of time). For
elite athletes, this lies around 75-90% of their maximum
heart rate or oxygen consumption, and less than these values
for more novice athletes and untrained individuals. Using
the current art of exercise training, the popular term given to
this approximate level, i.e., PMA, although possibly a mis-
nomer, is that athlete’s lactate, or anaerobic, threshold. This
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author intentionally excludes any reference to the PMA as
being approximate to an individual’s lactate or anaerobic
threshold. Lactate threshold will continue to be defined as
that level of oxygen consumption, heart rate, exercise inten-
sity etc. at which there is a measurable increase in systemic
lactic acid levels e.g. at least a 1.0 millimolar (mM) increase
in blood lactate level above the pre-exercise level Acidosis
is one of, if not the most important determinants of maximal
performance during intense athletic exercise. Acidosis is
well known to adversely affect immediate muscle perfor-
mance. Any systemic acidosis created by ineflicient venti-
lation negatively affects cellular metabolism and the con-
tractile capacity of active muscles. Deleterious effects of
acidosis can be cumulative and chronic, lasting days, weeks,
months etc.

[0021] In addition to the direct effects of acidosis on
physiological performance, indirect effects also occur. For
example, diaphragmatic function is impaired during acido-
sis, but not during alkalosis, leading to less efficient respi-
ration and ventilation. Acidosis can lead to higher intra-
muscular compartment pressures. This may be accompanied
by muscle soreness, with indices of muscle damage, such as
elevated CPK, LDH, and myoglobin, becoming measurable.
The mechanism of this acute and chronic muscle damage
phenomenon may be multi-factorial, but acidosis is likely a
significant contributor.

[0022] Acidosis also leads to impaired hemodynamics.
Indeed, macroscopic increases in muscle size following
exercise are measurable by ultrasound. As muscle groups are
typically bounded in closed compartments, an increase in
compartmental volume leads to an increase in compartment
pressure. Elevated compartment pressures will negatively
affect the smallest and weakest vascular beds such as the
smaller end-branch arterioles, arterio-venous capillaries, and
venules, i.e., those vascular beds already carrying the least
amount of oxygen. All of these mechanisms perpetuate and
exacerbate oxygen delivery, CO, clearance, and subse-
quently, acidosis.

[0023] Ventilation is an essential, but underutilized com-
ponent of exercise. There is evidence that humans possess
considerable respiratory, and hence, ventilatory reserve dur-
ing strenuous physical activity, with this reserve estimated to
be between 15% and 40% of a healthy person’s maximum
voluntary ventilation.

[0024] In the prior art, the control of respiration has been
left to a passive, intrinsic, and involuntary system that
operates through a number of reflex feedback mechanisms,
with CO, levels and pH being large determinants. However,
the considerable respiratory reserve available in most
instances indicates that there is physiological room for
considerable voluntary manipulation of respiration.

[0025] By utilizing the considerable respiratory reserve
presently unused, one can affect a net drop in CO, despite
rising lactic acid levels, that is, by increasing ventilation
relatively early during exercise, to create a systemic alka-
losis reserve. By these means, acidosis can be eliminated
along with its concomitant detrimental effects.

[0026] A systemic alkalosis is preferred or at least a
neutral systemic pH during exercise or performance as
alkalosis itself is known to enhance performance. There is
current evidence that performance is enhanced during the
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state of metabolic alkalosis. Instead of creating a systemic
alkalosis via compensatory ventilatory changes, buffering is
accomplished via metabolic means, that is, through inges-
tion of an alkaline drink such as sodium bicarbonate or
calcium citrate. The effects of such treatment are, unfortu-
nately, short lived and, contrary to its intent, may lead to a
paradoxical increase in cellular acidosis. This effect is not
surprising given the buffering equation of Table 3. With a net
increase in bicarbonate (ingested) the equation in Table 3 is
directed to the left leading to an increased production of free
hydrogen ions (H*), and therefore, more acidosis. This
paradoxical increase in acidosis is well known to those
medical personnel performing emergency resuscitation
using Advanced Cardiac Life Support (ACLS) guidelines.
Bicarbonate is no longer recommended as routine treatment
in cardiac arrest as it leads to the development of a para-
doxical acidosis.

[0027] In addition, it has also been reported that intracel-
lular pH is unaffected by ingesting HCO;™ and that its
benefits are obtained from the extracellular alkalosis alone.
This has lead to the hypothesis that the cellular membrane is
impermeable to HCO,™ molecule.

[0028] Ventilation of CO, is the single most effective way
of decreasing intracellular and mitochondrial levels of CO,,
with alveolar CO, levels being nearly equivalent to that of
the intracellular and mitochondrial CO, levels, where ATP is
generated. The greater the quantity of CO, ventilated, the
lesser the quantity of CO, remaining in cells and mitochon-
dria. This leads to a decrease in intra-cellular/intra-mito-
chondrial acidosis, or increase in alkalosis. In contrast to the
ingestion of HCO,~ and its resultant metabolic alkalosis, the
mitochondrial pH can be altered via ventilation, specifically
by maximizing CO, ventilation.

[0029] Until recent times, difficulties in obtaining real-
time measurement of blood CO, levels precluded effective
techniques in the management of respiration. Traditionally,
arterial CO, could only be measured after an invasive and
complicated procedure such as the collection of an arterial
blood sample by arterial puncture. Similarly complicated
and inconvenient efforts are required to approximate blood
CO, levels after collection of expired (alveolar) CO,. The
necessity for cumbersome or invasive equipment essentially
precluded regular or routine measurement in an exetcise
setting. However, the availability of transcutaneous CO,
monitoring allows direct real-time monitoring of blood CO,
levels, during exercise, and can be used to assist in creating
a feedback loop method of the instant invention that
instructs the athlete in means to maximize both the efficiency
of respiration and total amount of CO, expired both before
and during athletic performance.

SUMMARY OF INVENTION

[0030] Inits most general configuration, the present inven-
tion advances the state of the art with a variety of new
capabilities and overcomes many of the shortcomings of
prior methods in new and novel ways.

[0031] Prior art atterpts to improve athletic performance
focus on various training regimens geared to improving
skeletal muscle performance. It is presently thought that
present maximal athletic efforts are limited by muscular
exhaustion. Muscular exhaustion is typically heralded by the
interpretation or perception of a crescendo pattern in mus-
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cular pain and dysfimction. Maximal athletic efforts, though,
are also associated with respiratory fatigue and exhaustion
typically interpreted or perceived as uncontrolled exhaustive
hyperventilation. Both are related to the metabolic acidosis
caused by the accumulation of lactic acid generated from
exercising muscle. The instructional strategy and methods of
the instant invention show that the present limits in onset of
acidosis are not inevitable in human performance and that
muscular exhaustion does not exclusively limit maximal
performance. The results of these methods illustrate two
important shifts in the understanding of performance limi-
tations. First, is the discovery that acidosis is more prevent-
able during exercise than previously thought. The second is
the discovery that maximum efforts can be enhanced via
augmented respiratory methods.

[0032] Transcutaneous monitoring of carbon dioxide
(TCO,) is a novel and essential tool to enhance athletic
performance. TCO, levels are monitored as a feedback
mechanism for the athlete to induce an early and enhanced
respiratory alkalosis, which is created to compensate for the
metabolic acidosis caused by the unavoidable and progres-
sive accumulation of lactic acid generated by exercising
muscle. Using the TCO, monitor allows an effective focus to
be placed on ventilation—the elimination of CO,, to create
arelative systemic alkalosis. A systemic alkalosis, or at least
a neutral systemic pH, is preferable at all times during
exercise. Through further manipulation of an individual’s
CO, ventilation, the athlete also becomes capable of enhanc-
ing the body’s available alkaline reserve, in essence, ‘build-
ing® upon the state of alkalosis thereby enabling a greater
acid buffering capacity. Because greater lactic acid levels
become tolerable with the presence of an improved com-
pensatory systemic alkalosis (buffering this rise in lactic
acid), the individual is allowed to increase the intensity of
effort more efficiently compared to equivalent intensities in
the acidotic state. Performance efficiency declines rapidly in
an acidotic state.

[0033] This respiratory/ventilatory compensation is
directed not only to maximal efforts but also throughout a
broad spectrum of performance or activity intensities and
situations ranging from day-to-day training or activity,
immediate pre-performance preparation, or to efforts of
maximal intensities; be they of short or prolonged duration.

[0034] With the use of TCO, monitoring, the athlete is
taught to recognize the most subtle somatic sensations
associated with the onset of acidosis. Currently, the somatic
sensations of acidosis are most identifiable as the athlete
nears maximal efforts—hence the aphorism “No pain, no
gain.” The onset of acidosis, though, is much earlier and
correlates roughly with the lactate threshold. With the aid of
TCO, and heart rate monitoring, the athlete is enlightened to
recognize the benefit of a systemic alkalosis, even while at
the earliest onset of acidosis, 1.e., the lactate threshold, when
arterial and venous blood pH is neutral. In the instant
invention, no effort is made to alter lactate concentrations.
Rather, the goal is to eliminate acidosis.

[0035] Around the earliest stage of acidosis the athlete is
instructed to increase ventilation. From this point on, the
instant invention trains the athlete to progressively lower
TCO, levels as effort and intensity increases. This change in
ventilation results in a systemic alkalosis of varying degree.
The effect of ventilation is proportional to the athlete’s
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effort. The greater the ventilatory effort, the greater the
compensatory alkalosis. In this fashion, the individual is
able to ‘tap’ into an available ‘alkaline reserve’. The instant
invention teaches the athlete to realize the benefit of sys-
temic alkalosis throughout a broad spectrum of intensities,
from the lactate threshold, up to and including maximum
and supra-maximal efforts. The athlete maximizes his or her
ability to lower TCO, levels, i.e., to maximize the amount of
CO, expired, while performing maximum efforts for pro-
longed periods of time.

[0036] Another novel aspect of the instant invention is to
train individuals to optimize a systemic alkalosis or alkaline
reserve that would be used in anticipation of a known,
upcoming intense, maximal effort, for example, immediately
prior to the start of a race, or prior to an upcoming obstacle
during a race, such as a hill that must be climbed. In these
cases, the athlete is taught to increase and maintain maxi-
mum ventilation to a point just shy of hyperventilation to
create an optimum systemic alkalosis or alkaline reserve.
This alkalosis is then utilized to compensate for the sudden
surge of lactic acid, or acidosis, expected from the upcoming
intense effort.

[0037] This change in respiratory effort is correlated
closely with somatic muscular symptoms, such that pain,
swelling, and dysfunction are avoided. True maximal per-
formance is heralded by the precipitous appearance of
acidosis and its related symptoms, and a subsequent steep
and rapid decline in performance. In this fashion, in the
instant invention, maximum effort is limited by respiratory
ability, that is, when it is no longer able to buffer increasing
levels of lactic acid through maximum ventilation.

[0038] Another novel benefit of the instant invention is the
creation of a training system to prolong breath-holding while
performing strenuous exercise. The stimulus to breathe can
be blunted with the creation a systemic hypocarbic alkalotic
state, the inverse of the effect occurring with hypercarbic
acidosis and its stimulation of breathing. This technique
would be invaluable and potentially life-saving to an athlete
such as a kayaker or surfer who is required to breath-hold
following underwater immersion.

[0039] TCO, monitoring is also effective in monitoring
muscular fatigue and recovery from racing or training.
During the earliest stages of fatigue or overtraining, somatic
signals may not be detected by an individual. In this fashion
fatigue can be detected by higher resting TCO, levels.
Delayed lowering and diminished absolute drops in TCO,
during any performance intensity are additional indicators of
muscle fatigue and incomplete recovery. Appropriate mea-
sures can be made to alter training or performance intensity
so as to resolve this potentially detrimental and injurious
physiologic state.

[0040] These variations, modifications, alternatives, and
alterations of the various preferred embodiments may be
used alone or in combination with one another as will
become more readily apparent to those with skill in the art
with reference to the following detailed description of the
preferred embodiments and the accompanying figures and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] Without limiting the scope of the present invention
as claimed below and referring now to the drawings and
figures:
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[0042] FIG. 1 shows ventilation as a function of oxygen
consumption and intensity of effort, showing the increase in
non-metabolic CO, over that produced by normal cellular
respiration found at the ventilatory threshold;

[0043] FIG. 2 shows the relationship between ventilation,
alveolar PCO,, and blood pH, as oxygen consumption is
increased beyond the ventilatory threshold but before the
PMA.

[0044] FIG. 3 shows the relationship between ventilation,
arterial pCO,, and blood pH, as oxygen consumption is
further increased over that Shown in FIG. 2, as seen in
increased intensity exercise, particularly showing the fall in
arterial PCO,, and blood pH following the PMA;

[0045] FIG. 4 shows the relationships of FIG. 3 in greater
detail, illustrating the progress rise in arterial pCO,, and fall
in blood pH associated with exercise beyond the ventilatory
threshold followed by the simultaneous decline in both
arterial pCO, and pH following the PMA, representing the
progressive failure to respire sufficient CO,, to compensate
for increased H* production;

[0046] FIG. 5 shows ventilation as a function of oxygen
consumption and intensity of effort, showing how the early
increase of ventilation of the instant invention increases
CO,, ventilation to compensate for increased H* production
such that there is a net loss of H*;

[0047] FIG. 6 shows the relationships of FIG. 5 in greater
detail, illustrating how the early increase of ventilation of the
instant invention increases CQ,, ventilation and thereby
creates an enhanced alkaline reserve to compensate for
increased H* production;

[0048] FIG. 7 shows values of venous lactate as a function
of heart rate in two experimental subjects in one embodi-
ment of the instant invention;

[0049] FIG. 8 shows values of venous lactate as a function
of heart rate in an experimental subject in one embodiment
of the instant invention, illustrating PMA values as predicted
by the current art, as well as PMA values observed in the
instant invention;

[0050] FIG.9 shows values of venous lactate as a function
of heart rate in another experimental subject in one embodi-
ment of the instant invention, illustrating PMA values as
predicted by the current art, as well as PMA values observed
in the instant invention;

[0051] FIG. 10 shows venous pH as a function of heart
rate in two experimental subjects in an embodiment of the
instant invention;

[0052] FIG. 11 shows TCO, as a function of heart rate in
two experimental subjects in an embodiment of the instant
invention;

[0053] FIG. 12 shows venous bicarbonate (CO,) as a
function of heart rate in two experimental subjects in an
embodiment of the instant invention;

[0054] FIG. 13 shows heart rate as a function of time
under exercise in an experimental subject in an embodiment
of the instant invention;

[0055] FIG. 14 shows venous lactate and anion gap as a
function of time in an experimental subject in an embodi-
ment of the instant invention;
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[0056] FIG. 15 shows TCO, as a function of time in an
experimental subject in an embodiment of the instant inven-
tion;

[0057] FIG. 16 shows venous bicarbonate (CO,) as a

fanction of time in an experimental subject in an embodi-
ment of the instant invention;

[0058] FIG. 17 shows venous pH as a function of time in
an experimental subject in an embodiment of the instant
invention, further showing a calculated trend line for the
recorded values; and

[0059] FIG. 18 shows potassium levels as a function of
time in an experimental subject in an embodiment of the
instant invention, further showing a calculated trend line for
the recorded values

DETAILED DESCRIPTION OF THE
INVENTION

[0060] The method of the instant invention enables a
significant advance in the state of the art. The preferred
embodiments of the method accomplish this by new and
novel arrangements of elements and methods that are con-
figured in unique and novel ways and which demonstrate
previously unavailable but preferred and desirable capabili-
ties. The detailed description set forth below in connection
with the drawings is intended merely as a description of the
presently preferred embodiments of the invention, and is not
intended to represent the only form in which the present
invention may be practiced. The description sets forth the
designs, functions, means, and methods of implementing the
invention in connection with the illustrated embodiments. It
is to be understood, however, that the same or equivalent
functions and features may be accomplished by different
embodiments that are also intended to be encompassed
within the spirit and scope of the invention.

[0061] The present invention is a method for enhanced
transcutaneous carbon dioxide (TCO,) control exercise
training; including a controlled breathing method for
increasing an alkaline reserve of an individual, and a tech-
nique for teaching controlled breathing for maximizing
breath holding time of an individual; by utilization of
intentional controlled tachypnea and somatic sensory alka-
losis biofeedback training.

[0062] Respiration is delineated into two phases. The first
is the inhalation, or oxygenation, phase, which serves to
provide a sufficient quantity of oxygen to meet the metabolic
demands of the body. The second is the expiratory, or
ventilation, phase, whereby CO,, the metabolic waste prod-
uct of normal cellular function, is eliminated.

[0063] Hypoxia is defined as the presence of insufficient
amounts of oxygen in the blood or tissue. Typically, under
normal athletic performance conditions, arterial oxygen
saturation levels remain above 90% (Sa0,>90%) even at
maximal efforts. This amount of oxygen is sufficient even for
maximal performance. Therefore, hypoxia is not the limiting
factor in maximal performance. Regardless, the fractional
concentration of oxygen present in the atmosphere remains
fixed (approximately 21%), and there is a limited ability of
the pulmonary system to extract greater amounts of oxygen
into the systemic circulation. While certain physiologic
manipulations, such as the use of EPO (erythropoietin), a
hormone that stimulates the production of red blood cells by
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bone marrow, can increase oxygen content in the blood, such
manipulations are considered highly unethical in the sports
community.

[0064] Arterial blood gases, that is, the measurement of
gas levels in the blood as sampled in the arteries, do not
accurately reflect the cellular environment. The cellular
environment can be hypoxic despite normal arterial oxygen
partial pressures and saturation. McCardle estimates that the
partial pressure of oxygen in fluid around the muscle cell at
rest is around 40 mm Hg. With strenuous exercise, however,
the partial pressure of oxygen around muscle cells falls
toward 0 mm Hg. As a result, muscle will generate energy
in an anaerobic environment via anaerobic glycolysis with
the by-product of lactic acid. As intensity increases, the
balance between supply and demand is further altered. With
a limited supply of oxygen and progressively increasing
intensity of effort, more and more oxygen is extracted by the
demanding muscle tissue leaving less and less oxygen
available to those muscle cells most distant from the blood
supply. There exists a spectrum in the cellular environment
where, as intensity increases, oxygen extraction by the
muscles increases, thereby increasing the total hypoxic
environment. This leads to the generation and accumulation
of increasing amounts of lactic acid and non-metabolic CO,
into the systemic circulation. This cycle is illustrated in FIG.
4. The increasing CO, values seen in FIG. 4 are illustrative
only, intending to show a slight rise in CO, with exercise and
CO, levels remaining within normal range.

[0065] Under normal circumstances, arterial pCO, levels
are in the range of 36-44 mm Hg, and typically around 40
mm Hg in the resting state. Hypocapnia (or hypocarbia) is
defined as a pCO, level below that considered normal,
typically less than 36-40 mm Hg. The measurement of CO,
levels through the skin, that is, transcutaneous levels (TCO,)
are considered equivalent to arterial pCO, values during
exercise.

[0066] Respiratory alkalosis is defined as the presence of
an alkalemia (i.e., blood present in an alkaline pH, or
pH>7.45), due to respiratory changes, rather than metabolic
changes (as in the ingestion of sodium bicarbonate), with
subsequent hypocapnia. Indeed, a net drop in CO, levels
must be seen if an alkalosis is to be created via respiratory
means, with ventilation being increased and a dispropor-
tionate excess of CO, being ventilated and eliminated.

[0067] Using the training techniques of the instant inven-
tion, hypocapnia can be controlled to a degree that is
inversely proportional to the ventilatory effort. The resultant
alkalotic, or at least neutral, pH state is preferable to the
presence of acidosis which occurs in exercise using the
present art.

[0068] With the instant invention, respiratory “over-com-
pensation” to the point of alkalosis is attained prior to the
measured lactate threshold. This early compensatory effort is
in contrast to the late compensatory effort in the current art.
In the instant invention, the athlete must initiate an increase
in his breathing, or, more specifically, ventilation, to affect
an early drop in TCO, levels so that the end result is an
alkalosis. This is illustrated in FIG. 5.

[0069] The difference between the respiratory effort an
athlete uses at present to perform at a desired athletic level
and the maximum respiratory capability is the exertional
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respiratory reserve. Accessing this respiratory reserve using
the instant invention, can offer an additional 15-40%
improvement in performance, using essentially the maxi-
mum ventilation an individual is capable of. Using the
instant invention allows an athlete to expire greater quanti-
ties of CO, and reduce acidosis during any efort. A key
assumption underlying the accessing of this reserve is that
an athlete must no longer allow normal physiological res-
piratory reflexes to stimulate or control respiratory rate or
effort. In short, this passive, involuntary process is made to
become a voluntary, active, intentional process.

[0070] This intentional phenomenon is defined herein as
Intentional Controlled Tachypnea (ICT) during exercise.
The changes seen using the instant invention can be illus-
trated as seen in FIG. 6. As can be seen, increasing venti-
lation along the line labeled “Intentional Controlled Tachyp-
nea” (ICT) in FIG. 6, creates a lowering of TCO, levels and
an increase in alkalosis. Tachypnea is defined as rapid
breathing, or an increased rate of breathing. ICT during
exercise may focus on an infinite number of variations in
respiratory patterns. Each pattern must be individualized
through controlled experimentation. Strategies include com-
binations of, but are not limited to: Increasing respiratory
rate; increasing forced expiration so as to expire higher
concentrations of CO, present in the alveoli and pulmonary
physiologic dead space; and increasing inspiratory volume
so as to increase alveolar surface area. An increase in
alveolar surface area not only increases the surface area over
which oxygen may diffuse into the body (thus maximizing
the amount of oxygen that is delivered to the tissue), but it
also increases the surface area over which CO, may diffuse
into the airspace for expiration and elimination. In this
respect, deep inspiration should be considered essential not
only to maximize oxygen intake, but also to augment CO,
elimination.

[0071] Intentional controlled tachypnea must be differen-
tiated from hyperventilation syndrome. Hyperventilation
syndrome is a syndrome whereby ventilation, i.e., the elimi-
nation of CO, from the body. exceeds metabolic demands.
The end result is a constellation of symptoms, physical
findings, hemodynamic changes and metabolic derange-
ments that could adversely affect the immediate health of the
individual. This pathological process occurs secondary to
the creation of an acute and rapid uncompensated respiratory
alkalosis. Even while exercising near maximal efforts it is
still possible to develop this pathological syndrome, that is,
to hyperventilate near maximal effort. Care and supervision
must be undertaken so as not to push ventilation to the point
of inducing this syndrome and its accompanying problems
when performing ICT.

[0072] A useful exercise to assist a trainee in avoiding
hyperventilation syndrome is to give the trainee a brief
experience of the earliest symptoms of hyperventilation
syndrome in order that he or she will know what symptoms
herald the onset of hyperventilation syndrome. This may be
done by asking the trainee, while at rest, to take six quick,
deep breaths. This will often produce a slight dizziness, or
dissociated, dysphoric feeling due to the rapid loss of CO,.
The trainee will then know, that in the event of the occur-
rence of these symptoms, he or she should decrease their
ventilation.

[0073] Inthe exercising athlete, hyperventilation would be
differentiated as exertional hyperventilation where ventila-
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tion during exertion exceeds the metabolic demands
required by that given level of exertion. Hyperventilation
syndrome is typically referred to as a pathological state,
when it causes the development of adverse symptoms such
as those given above. It is characterized by respiratory
alkalosis. However, as will be shown, a slight respiratory
alkalosis during exercise can be tolerated and maintained
without the concomitant adverse effects of Hyperventilation
Syndrome.

[0074] In the prior art, no effort has been made to directly
correlate CO, levels, and thus pH levels, with detailed and
subtle somatic symptoms. However, broad and generalized
somatic symptoms have been described and measured dur-
ing experimentation in exercise using the current art, with
and without the ingestion of sodium bicarbonate, and the
subsequent creation of a metabolic alkalosis. In such experi-
mentation, not only was performance measurably enhanced
during alkalosis, it was also associated with a diminished
overall perception of exertion (PEO).

[0075] With the use of TCO, and heart rate monitoring, the
goal of controlled alkalosis can finally be accomplished.
While there are no presently documented objective measures
of somatic responses at the lactate threshold, the athlete can
utilize relative somatic sensations. The athlete can be taught
to realize the relative change in somatic sensation as TCO,
levels are intentionally dropped while around or above, the
lactate threshold. For example, the athlete is instructed to
increase intensity to a heart rate known (from previous blood
sampling) to approximate the lactate threshold. The TCO,
level is then intentionally dropped using ICT. The athlete is
asked to focus on the somatic changes perceived as a result
of this maneuver.

[0076] Certain symptoms are well known to be related to
the transition to, acquisition of, and maintenance of an
acidotic state including, but not limited to; loss of muscu-
loskeletal coordination, disproportionately high sensory
input from the working muscle(s), disproportionately high
mental focus on working muscle(s), increase in burning
sensation, and increase in pain in working muscle bed(s).
There may also be a sensation of swollen or swelling in
working muscle bed(s), an increase in overall sensation of
cranial pressure, an increase in air hunger, an increase in
anxiety, an increase in general irritability, an increase in
perception of difficulty in task being performed, and pro-
longed symptomatology of pain/injury lasting hours after the
performance or becoming chronic and long-lasting.

[0077] Other symptoms are known to be related to the
transition to, acquisition of, and maintenance of an alkalotic
state, including (but not limited to); improved musculosk-
eletal coordination, a decrease in sensory input from the
working muscle(s), absence of pain, shrinking of tissue
bed(s) in working muscle(s), cool temperature sensation
especially in working muscle(s), blunting of respiratory
drive, and a loss of air hunger. There may also be an increase
and/or improvement in ability for deep and focused concen-
tration, an increase and/or improvement in state of calmness,
an increase and/or improvement in perception of ease related
to task being performed, and an absence of or decrease in
duration of persisting pain/injury following performance/
training. Part of these benefits may be the result of an
enhanced response to catecholamines, the ‘fight or flight’
hormones, as it is known that catecholamine sensitivity is
impaired during acidosis and enhanced during alkalosis.
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[0078] Once the individual is able to correctly interpret
somatic sensations of acidosis versus alkalosis, he/she is
guided through the exercise of progressively lowering TCO,
levels as intensity of effort increases, at all times cognizant
of the presence or absence of somatic signals of acidosis or
alkalosis or hyperventilation syndrome, the goal being alka-
losis or at least neutral pH near maximal efforts. The
individual is then taught how to not only maintain a lowered
TCO, level for the purpose of performance enhancement but
also how to manipulate lowered TCO, levels to maximize
alkaline reserve by establishing the lowest beneficial TCO,
level for any given intensity. In this way, TCO, can serve as
atool for performance biofeedback during instruction and/or
training. Intensity of effort can be guided by the heart rate.
This improvement can be recognized at heart rates above
and below the lactate threshold. Thereafter, when TCO,
monitoring is not practical, the increase in ventilation
becomes proportional to the athlete’s perceived intensity of
somatic sensations of acidosis or alkalosis. One particularly
useful symptom that indicates the extent of a hypocarbic,
alkalotic state is the duration of breathe-holding during any
given level of performance intensity. One can assume that a
greater alkalosis will result in a longer duration of breathe-
holding.

[0079] The purpose of utilizing TCO, monitoring for the
purpose of performance enhancement, s, first, to instruct the
athlete on how to create an early and enhanced compensa-
tory respiratory alkalosis using intentional controlled tac-
hypnea and then, second, how to increase ventilation as
intensity of effort increases, building or maintaining alkaline
reserve. The goal is to guide the athlete to the point where
acidosis no longer exists at maximal and supra-maximal
efforts.

[0080] VO, is defined as the measurement of oxygen
uptake during any given level of performance intensity,
typically expressed in liters/minute, and VO,max as the
maximum amount of oxygen consumed during maximum
efforts. VO,max is often used as an indication of perfor-
mance ability with higher values indicating greater fitness.
With the aid of various methods of athletic training VO,max
can be increased, thereby allowing the athlete to sustain
higher workloads over a given period of time.

[0081] VCO, is defined as the measurement of CO,
expired during exertion at any given level of intensity and
VCO,max as the maximum volume of CO, expired during
maximal efforts. VCO, and VCO,max can be augmented
beyond current limits through ICT. While performing
VCO,max over a prolonged period of time the individual is
able to create a maximum compensatory respiratory alkalo-
sis. In this fashion, the athlete can continue to increase
intensity beyond currently established limits, as he or she
will be able to withstand and progress through higher levels
of intensity and lactic acidosis. Therefore, by tapping into a
previously unavailable Exertional Respiratory Reserve via
Intentional Controlled Tachypnea, VCO,max is optimized.
VCO,max is an essential measurement and tool to help
determine an athlete’s true performance limit.

[0082] TCO, monitoring can also be used to instruct the
athlete on how to maximize the systemic alkalosis that an
athlete would require immediately prior to the start of a race
or to an anticipated, upcoming intense physical effort. This
effort can be sporadic during an endurance race, as it is
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assumed that the athlete may not be ventilating near maxi-
mum values at all times, as such would require an unnec-
essary and inappropriately large amount of focus or concen-
tration. As the exercise duration shortens, though, maximum
ventilating efforts may be required for the entire duration of
the event. As mentioned above, there are no presently
documented symptoms known to correlate with progres-
sively declining arterial CO, concentrations and increas-
ingly alkaline blood pH in the absence of hyperventilation.
Using TCO, monitoring and ICT, an individual is instructed
on how to consciously and intentionally lower his'her TCO,
to minimum tolerable limits. This would also approximate
the maximum tolerable alkalotic pH. This equilibrium may
require several minutes depending on the preceding perfor-
mance intensity. Achieving minimum TCO, values are
essential in creating, or ‘building’, a maximum alkaline
reserve. This alkaline reserve is utilized specifically to offset
the anticipated surge of lactic acid caused by the upcoming
obstacle. The greater the anticipated effort or difficulty, the
greater the alkalosis that must be created. The athlete,
therefore, is now able to actively prepare for a race or
upcoming intensive effort by dropping TCO, levels to mini-
mums established using the training methods of the instant
invention.

[0083] Another novel benefit of this training system is the
ability to prolong breathe-holding while performing strenu-
ous exercise. While acidosis and hypercarbia are known
potent stimulants of breathing, the opposite also holds true,
i.e., the stimulus to breathe can be blunted by alkalosis and
hypocarbia. If ICT is used along with TCQO, biofeedback, the
maximum respiratory alkalosis that can be tolerated within
safe limits is established and the athlete or individual is able
to safely breathe-hold for more prolonged periods of time.
This technique would be invaluable and potentially life-
saving to an athlete such as a kayaker or surfer who is
required to breath-hold while underwater following sudden
loss of control in their activity. This technique would not be
appropriate for free-diving as shallow-water drowning is a
well-known risk and complication under these circum-
stances.

A. Training Protocol

[0084] Before any training using this system is performed,
baseline performance parameters are measured while the
subject is using the current art, i.c., exercising using the
athlete’s current respiratory and ventilatory patterns. Two
studies are performed: 1) Incremental Maximum Effort Test,
and 2) 20-30 Minute Maximum Effort Test. Protocols for
these two tests are detailed below.

[0085] Measurement of heart rate, transcutaneous CO,,
venous pH, and lactate can be used to illustrate comparative
trends between baseline performance and performance using
the training method of the instant invention. Electrolyte
measurements such as venous sodium, potassium, chloride,
CO, (bicarbonate), calcium, phosphate, and magnesium pro-
vide a more complete metabolic profile. These parameters
will also be essential to gauge the athlete’s progress and
fitness level over time as well as monitor for any significant
imbalances.

[0086] During instruction or performance using the
present invention, one possible scenario which may lead to
false and unsatisfactory results is if the subject takes rapid
but sufficiently shallow breathes such that, he or she can still
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expire adequate amounts of CO, that accumulate passively
into the lung space, but shallow enough that the alveoli will
not distend to an adequate volume over which optimal
oxygenation can take place. It is difficult to create a scenario
where an individual can create both a hypocarbic and
hypoxic environment, but it is possible to create a hypoc-
arbic environment where oxygen reserve is reduced and
ultimately insufficient for prolonged breath-holding, for
while there is significant hypocarbia, and hence alkalosis,
the athlete’s respiratory stimulus becomes driven by hypoxia
rather than hypercarbia. Inadequate respiration may create
inadequate oxygen stores. While the supply of oxygen is not
avariable that can be altered, and while endurance efforts are
not typically associated with hypoxia, the monitoring of
pulse oximetry may be particularly useful during instruction.
By monitoring pulse oximetry, oxygen saturation can be
kept at maximum values while the subject simultaneously
maximizes CO, ventilation. Therefore, one of the goals of
training is to allow an instructor to ascertain, by use of a
TCO, monitor, and, in some embodiments, with a pulse
oximeter, that a trainee has a sufficient balance in both the
rate and depth of respiration for proper results. This phe-
nomenon is more typically encountered and problematic
when training for breath-holding during exercise.

B. Somatic Sensory Alkalosis Biofeedback Training

[0087] Anintegral part of the training system of the instant
invention is Somatic Sensory Alkalosis Training. This step
focuses on an introduction to the phenomenon of somatic
sensory changes associated with the alkalotic state. TCO,
monitoring is utilized as a biofeedback tool to correlate
muscular sensory symptoms with increased ventilation and
the associated lowering of TCO, levels. It can provide
immediate feedback allowing the athlete to recognize the
new somatic sensations of the alkalotic state during perfor-
mance. A stationary bike is used during this author’s data
collection since this will minimize any artifact in TCO,
monitoring associated with motion. The following method-
ology is used:

[0088] 1) Maximum heart rate is estimated using the
formula (220-age) or by using the maximum heart rate
measured at the end of the Incremental Maximum Effort
Test, the protocol for which is discussed below as part
of “‘Study #1.”

[0089] 2) A constant cycling rpm (revolutions per minute)
must be maintained. This can be achieved through a
number of means including computerized methods or
from a metronome.

[0090] 3) The athlete is asked to warm-up and exercise at
avery light level of effort, e.g. at roughly 60 to 70% of the
maximum heart rate. At the chosen intensity, the trained
athlete must be exercising without any element of acido-
sis. Baseline TCO, is established at this level of effort.

[0091] Baseline TCO, levels can be used as a valuable tool
for training purposes. During an individual’s routine train-
ing, baseline TCO, at this level of effort (i.e., sub-lactate
threshold) is important as it may reflect recovery, or lack of,
from prior exhaustive training or racing. When the athlete
has not fully recovered, the muscle bed will have a reduced
capacity to eliminate the muscular by-product of its metabo-
lism, CO,. As a result, baseline TCO, will be higher in the
athlete who has not fully recovered from prior exhaustive
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racing or training. TCO, values need only rise 1 mm Hg
higher than the rested state baseline TCO, for delayed
recovery to be suspected. Higher elevations in baseline
TCO, are associated with increasing likelihood of fatigue
and delayed recovery. Fatigue may also be detected if there
is either a reduction in the absolute drop in TCO, expected
for a given level of intensity or if there is a reduced rate of
decline in TCO, for a given rise in performance intensity.

[0092] 4) The athlete is then asked to increase the intensity
of exercise such that a new heart rate of approximately
75-80% of the maximum heart rate is reached. This new
heart rate is maintained at a constant, stable level.

[0093] 5) The athlete is then asked to increase respiration/
ventilation so that TCQ, is reduced by an absolute amount
of approximately 5 mm Hg and down to a value no greater
than 38 mm Hg. The athlete is asked to focus on the
somatic changes during this transition. The lower the
TCO2 drops the greater the alkalotic state and hence its
accompanying improvement in perceived somatic sensa-
tion.

C. Measurement of Earliest Onset of Metabolic Acidosis

[0094] The principle benefit of this training method is the
elimination of acidosis at its earliest onset. The athlete must
create an alkalotic state as early as possible so as to avoid
any acidosis and its subsequent detrimental effects. There-
fore, one must determine the earliest onset of metabolic
acidosis in the exercising athlete. The onset of metabolic
acidosis may be detected in the blood through various
methods. For example, one can measure the earliest onset of
rise in lactic acids. Another method is to measure the earliest
drop below the resting baseline state in venous bicarbonate,
measured as venous CO,. Yet another method is via the
measurement of the earliest increase in the anion gap. This
is calculated using the formula of Table 4 and assumes that
the individual is completely healthy:

TABLE 4

Anijon Gap = [Na+] - (|CI-] - [CO,)])

[0095] Using the above example, the trained athlete is
instructed to start cycling at a resistance that correlates to
approx. 60-70% of the maximum heart rate. Once this has
been achieved, the following strategy is taken. Resistance is
increased incrementally such that the heart rate is increased
incrementally, no greater than 5 beats per minute per incre-
ment. At each incremental increase in heart rate, the athlete
maintains this heart rate for approximately 3-5 minutes.
Using a metronome ensures a constant, unchanging effort.

[0096] After 3-5 minutes at each plateau in heart rate, a
venous lactate and a blood chemistry panel (sodium, potas-
sium, chloride, and CO,) is obtained. The heart rate corre-
sponding to a rise in lactate greater than 50% of the baseline
value or a rise in lactate greater than 2 mmol/L (this may be
variable depending on the established norms in the assay),
whichever is smaller, is used as the systemic lactate thresh-
old. The systemic lactate threshold is differentiated from the
cellular acidosis threshold as it is assumed that cellular
acidosis occurs before systemic acidosis. Subtracting 5-10
beats per minute from the heart rate associated with the
systemic acidosis threshold approximates the heart rate at
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the onset of cellular lactic acidosis. It is at this heart rate
during training or racing that the athlete will require a
compensatory respiratory alkalosis utilizing somatic sensory
feedback. The athlete will increase ventilation at the cellular
acidosis threshold so that TCO, drops approximately at least
2 mm Hg below the baseline TCO, value, although this
value is a variable depending on the baseline status of the
individual being tested. In the instant invention, TCO, levels
should be no greater than approximately 38 mm Hg.

[0097] An embodiment of the instant invention is used to
maximize the athlete’s ventilatory capacity. Heart rate may
be used as an indicator of intensity of effort. As resistance
increases, heart rate increases. The athlete is motivated to
progressively lower TCO,, as heart rate and intensity
increases at all times, cognizant of somatic sensory input.
Through repeated practice, reproducible ideal TCO, values
are correlated with heart rate values and the athlete obtains
a personal profile for peak performance or motivational
training purposes. In this fashion, one can maximize the
benefits of training by avoiding the detrimental effects of
acidosis. Periodic testing using multiple physiologic param-
eters is performed to follow objective performance. These
include TCO,, venous pH, lactate, and electrolyte panels.
The ultimate goal is to perform maximal efforts without any
measurable systemic acidosis.

D. TCO, and Breath-Holding

[0098] In another embodiment of the instant invention,
this training system may be used to enhance the ability of the
athlete to breath-hold, when appropriate, during strenuous
efforts. The ability to breath-hold is proportional to the
extent that TCO, is lowered for any given level of exertion.

[0099] For example, a kayaker may typically exercise at a
heart rate of 85% of his or her maximum. A goal may be to
train this kayaker to breath-hold for the maximum amount of
time at this heart rate so that, in the event the kayak capsizes,
the kayaker will feel comfortable holding his or her breath
for prolonged periods of time in order to flip the boat back
to the upright position. The rationale behind the training,
physiologically, is twofold; 1) the kayaker can hold his or
her breath longer, and 2) if the kayaker feels less urge to take
in an exhaustive inspiration, anxiety will be lessened. With
less anxiety there is less of an adrenergic or panic response.
With less adrenaline circulating, oxygen consumption will
be lower. With less oxygen consumption, there will be less
CO, generated, and finally, with less CO, being generated,
there will be less stimulus to breathe. As previously men-
tioned, reduced anxiety is present during the general state of
alkalosis.

[0100] Achievement of maximal breath holding capacity
requires mastery of Somatic Sensory Alkalosis Biofeedback
Training according to the instant invention, including the
following steps:

[0101] 1) First, a target heart rate is determined. Unless
already known, this is achieved through repeated continu-
ous monitoring during performance of that sport over an
adequate period of time. Using the example above, the
kayaker goes out into his or her preferred watercourse that
exposes the kayaker to the typical hazards and stressors he
or she typically encounters. The kayaker performs his or
her sport with continuous heart rate monitoring. By study-
ing the trends associated with various efforts, a heart rate
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is chosen which safely approximates the typical demands
of this sport. This is the heart rate at which instruction is
ideally directed.

[0102] 2) Using the stationary ergometer or other appro-
priate device, the athlete is brought through an appropri-
ate warm-up.

[0103] 3) Resistance is increased to the point where the
target heart rate is reached and able to be maintained in a
constant and stable pattern.

[0104] 4) The athlete is then instructed to increase respi-
ration and ventilation such that TCO, is lowered. Care
must be undertaken to avoid Exertional Hyperventilation
Syndrome. Exertional Hyperventilation Syndrome is
likely to be more prevalent during this technique since the
intent is to lower CO, levels to the lowest beneficial
tolerable levels.

[0105] 5) It may be more useful to acquaint the athlete to
incrementally lower levels of TCO, and the associated
duration of breath-holding. For example, the subject
reaches the target heart rate and is then instructed to lower
TCO, by 4 mm Hg. Upon reaching this new TCO, level
the athlete then attempts to hold his or her breath as long
as possible, while at the same time continuing to exercise
maintaining the target heart rate. This process is repeated
at progressively lower TCO, levels, using the same target
heart rate, until the maximum duration of breath-holding
is achieved.

[0106] Incidentally, breathe-holding training also repre-
sents a unique biofeedback tool since the transition to and
subsequent development of acidosis following breathe-hold-
ing 1s achieved in seconds, allowing the individual to
identify more acutely the somatic symptoms of acidosis.

[0107] What is claimed, therefore, is a method for
enhanced transcutaneous carbon dioxide (TCO,) control
exercise training of a trainee, utilizing at least three training
sessions; a primary, a secondary, and a tertiary training
session. In a preferred embodiment, the secondary and
tertiary training sessions are repeated as necessary to effect
optimal results. Training begins with performing a first
exercise training session during which the trainee is moni-
tored with at least a cardiovascular characteristic monitor, a
metabolic characteristic monitor, and a TCO, monitor. Dur-
ing this primary session, the TCO, of the trainee at rest is
recorded, thereby establishing a first baseline TCO, value.
Exercise of the trainee is initiated at progressively increasing
intensity, while allowing the trainee to view the TCO,
monitor. Then, (i) at least one primary cardiovascular char-
acteristic value reflecting exercise intensity, (ii) at least one
primary metabolic characteristic value reflecting blood acid-
base balance, and (iii) at least one TCO, value; are moni-
tored and recorded at least at a first and a second time.

[0108] The exercise intensity of the trainee is progres-
sively increased, as measured by the primary cardiovascular
characteristic value, to a point of maximum effort, and a
measured maximum effort cardiovascular characteristic
value reflecting the primary cardiovascular characteristic
value at the point of maximum effort is both monitored and
recorded.

[0109] A maximum cardiovascular characteristic value
reflecting exercise intensity is then determined, selected
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from one of the group of values consisting of (i) an age
determined formula based maximum heart rate value for the
trainee and (ii) the recorded measured maximum effort
cardiovascular characteristic value. A correlation is then
made between the at least one primary cardiovascular char-
acteristic value and the at least one metabolic characteristic
value for each of the at least first and second times.

[0110] Next, a lactate threshold (LT) value selected from
a group of values consisting of the at least one primary
metabolic characteristic value is determined, by reference to
a predetermined reference criteria and then a determination
is made of the recorded primary cardiovascular character-
istic value at the LT value.

[0111] A target cardiovascular characteristic value is cal-
culated, less by a predetermined measure, than the recorded
primary cardiovascular characteristic value at the lactate
threshold (LT) value; and then the trainee is rested for a time
sufficient to attain a training baseline TCO, value not greater
than 110% of the first baseline TCO,.

[0112] In at least one secondary exercise training session,
which the trainee is monitored with at least a cardiovascular
characteristic monitor and a TCO, monitor, and performs the
following steps. Exercise of the trainee is initiated at pro-
gressively increasing intensity, as measured by the primary
cardiovascular characteristic value and monitoring and
recording TCO, values while the trainee is allowed to view
the TCO, monitor, to a steady state exercise intensity at
which the trainee attains the target cardiovascular charac-
teristic value.

[0113] Next, the trainee identifies a sensed somatic state
by instructing the trainee to increase ventilation to reduce
the monitored and recorded TCO, values to an at least one
predetermined TCO, value, while instructing the trainee to
identify and correlate at least one physiologic sensation with
the at least one predetermined TCO, value. The trainee is
then rested for a time suflicient to attain the training baseline
TCO, value; and the secondary exercise training session
may be repeated until the trainee is able to identify the
sensed somatic state without viewing the TCO, monitor.
Training success is monitored by verifying that the identi-
fication of the sensed somatic state by the trainee correlates
to within a first predetermined range above and below the at
least one predetermined TCQO, value. The secondary exetr-
cise training sessions end by resting the trainee for a time
sufficient to attain the training baseline TCO, value.

[0114] In at least one tertiary exercise training session, the
trainee is monitored with at least a cardiovascular charac-
teristic monitor and a TCO, monitor, and performs the
following steps. Exercise of the trainee is initiated at pro-
gressively increasing intensity as measured by the primary
cardiovascular characteristic value, while not allowing the
trainee to view the TCO, monitor. The primary cardiovas-
cular characteristic value is monitored while continuing to
progressively increase the exercise intensity of the trainee to
a point at which the trainee attains the target cardiovascular
characteristic value. The trainee is then instructed to adjust
ventilation to achieve an at least one predetermined TCO,
value based on the perception of the sensed somatic state.
Training success is monitored by verifying that the trainee
has adjusted ventilation so as to attain at least one of the
predetermined TCO, values within a second predetermined
range above and below the at least one predetermined TCO,
value.
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[0115] In embodiments of the method, the cardiovascular
characteristic monitor may further include at least a heart
rate monitor and may further include at least a pulse oxime-
ter. The metabolic characteristic monitor may further
include at least one laboratory measurement value derived
from a laboratory measurement performed on a quantity of
venous blood drawn from an indwelling venous catheter.
Alternatively, finger stick capillary blood may be utilized for
testing. The at least one laboratory measurement value may
include at least one laboratory measurement value selected
from a group of consisting of measurement of venous or
capillary lactate, venous CO,, pH, and bicarbonate (HCO;")
values.

[0116] The method may also include exercise at progres-
sively increasing intensity that further includes at least a first
level and a second level of exercise intensity performed at a
predetermined exercise intensity for a predetermined period
of time.

[0117] In embodiments of the method, the at least one
primary cardiovascular characteristic value reflecting exer-
cise intensity may be heart rate, and the at least one primary
metabolic characteristic value reflecting acid base balance
may be an acid base balance value selected from the group
of laboratory measurement values selected from the group
consisting of venous lactate, venous CO2, venous pH, and
venous bicarbonate (HCO;") values.

[0118] The age determined formula based maximum heart
rate value may be calculated by subtracting an age of the
trainee in years from 220. The predetermined measurement
criteria determining the LT value may be further determined
as a first occurring in time venous lactate value having a
value greater than 2.0 mmol/l during exercise of progres-
sively increasing intensity or, in a preferred embodiment, as
a first occurring in time primary metabolic characteristic
value selected from the group of values reflecting a rise in
value of at least 50% over baseline values and a value of
blood lactate greater than 2.0 mmol/l, and a laboratory
lactate level greater than the standardized normal values for
the assay, during exercise of progressively increasing inten-
sity.

[0119] The calculation of the target cardiovascular char-
acteristic value may be equal to or more than 0.80 of the
primary cardiovascular value at the LT value. The at least
one predetermined TCO, value may be equal to or more than
70% of the first baseline TCO, value. The first predeter-
mined range above and below the at least one predetermined
TCO, value may be a range of less than or equal to 5 mmHg
above and below the at least one predetermined TCO, value
and the second predetermined range above and below the at
least one predetermined TCO, value may be a range of less
than or equal to 5 mmHg above and below the at least one
predetermined TCO, value. While TCO, values may be
decreased by more than 50% (See FIG. 15), such intense
lowering may not be compatible with maximal performance.

[0120] In another embodiment, the instant invention sup-
plied a controlled breathing method for increasing an alka-
line reserve of an individual. The method includes the steps
of measuring a baseline respiratory status characteristic
value prior to exercise and then exercising in a progressively
graded manner. Before and during exercise; at least one
acid-base characteristic value; at least one exercising respi-
ratory status characteristic value; and at least one cardio-
vascular characteristic are all measured and recorded.
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[0121] An LT respiratory characteristic value is deter-
mined representing the at least one respiratory status char-
acteristic and an LT cardiovascular characteristic value is
determined representing the cardiovascular characteristic
value at a point at which measurement of the acid-base
characteristic value indicates a non-linear accumulation of
lactic acid.

[0122] A target cardiovascular characteristic value is
determined that is less than the LT cardiovascular charac-
teristic value by a predetermined amount, and the trainee
increases ventilation at a level of exercise intensity produc-
ing the target cardiovascular characteristic value, to achieve
a training respiratory characteristic value that is less than the
baseline respiratory status characteristic value.

[0123] In yet another embodiment of the method, a
method includes a breathing technique for increasing the
alkaline reserve of an individual, including the following
steps. Firstly, a respiratory excretion level of carbon dioxide
by the individual during ventilation is monitored. Next,
ventilation is increased to increase the respiratory excretion
level of carbon dioxide, while the respiratory excretion level
of carbon dioxide concurrent with increased ventilation is
monitored. Lastly, ventilation is modulated to produce a
predetermined target respiratory excretion level of carbon
dioxide as indicated by the monitored respiratory excretion
level.

[0124] In this, as well as other, embodiments, the steps of
monitoring a respiratory excretion level of carbon dioxide
further may further include the step of monitoring at least
one TCO, level.

[0125] In yet another embodiment, the method includes a
technique for teaching controlled breathing for maximizing
breath holding time of an individual, including the following
steps. At least one normal exercise heart rate value as
measured during predetermined exercise is determined and
then the trainee is rested for a predetermined time. While
monitoring at least one TCO, level, exercising is intensified
sufficiently to produce the normal exercise heart rate and
ventilation is increased sufficiently to lower the at least one
TCO, level to a predetermined TCO, level,

[0126] The trainee then suspends ventilation for a maxi-
mum amount of time physiologically possible while main-
taining exercise at the intensity sufficient to produce the
normal exercise heart rate. The steps of this embodiment
may then be repeated, decreasing with each repetition the
predetermined TCO, level achieved by increasing ventila-
tion, until a point is reached at which additional decreases in
the predetermined TCO, level achieved by increasing ven-
tilation do not increase the time possible to suspend venti-
lation for the maximum amount of time physiologically
possible while maintaining exercise at the intensity sufficient
to produce the normal exercise heart rate.

Studies

[0127] Two studies were performed to demonstrate the
benefit of training using TCO, monitoring. Two healthy
male subjects (Athlete A—age 43, and Athlete B—age 37)
with extensive athletic experience and training using this
technique. Both athletes performed the first phase of study
in the same test session. The most experienced athlete with
this training method (Athlete A) performed the second phase
of study.
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[0128] Both studies were undertaken at similar times and
identical locations. Prior to starting each test, a heparin lock
catheter was inserted into the antecubital vein through which
venous blood samples were collected. All blood specimens
were measured using standardized hospital analysis equip-
ment.

[0129] The heart rate was continuously monitored during
testing. A transcutaneous CO, monitor was attached to the
middle aspect of the deltoid muscle, considered one of the
optimum areas for TCO, monitoring. Response time (ty,) for
transcutaneous measurements of CQO, is calibrated at 45
seconds. The electrodes were heated to 45 degrees Celsius,
as this slightly elevated temperature is associated with
improved accuracy in measurement of gas exchange param-
eters. Estimation of gas exchange parameters using TCO,
monitoring during exercise testing has been validated pro-
vided the electrode is heated to 45 degrees Celsius and the
work load increments are gradual, allowing for the latency
in the response time of the system.

Study #1: Incremental Maximum Effort Test

[0130] The object of this test was to estimate maximum
heart rate, maximum intensity of effort levels and the
associated biochemical parameters. During this phase of
testing, both athletes were not allowed to view the TCO,
monitor. Being blinded to the TCO, monitor allowed a
demonstration of how an athlete can use somatic signals of
acidosis to adjust ventilation in order to create an early and
enhanced respiratory alkalosis. Not only should an early
alkalosis be created around the lactate threshold, there
should also be an absence of any acidosis, through the
spectrum of intensity up to and including maximum effort.
Test parameters included heart rate (heart rate), TCO,, and
venous blood sampling of lactate, pH, and CO, (bicarbon-
ate). Recently, it has been shown that venous pH estimation
shows a high degree of correlation and agreement with the
arterial value, with acceptably narrow (95%) limits of agree-
ment. Venous CO, is considered an indirect measure of
bicarbonate, the major buffering agent in the blood other
than hemoglobin. Venous CO, can be a more accurate
measurement of true blood bicarbonate, as arterial bicarbon-
ate levels are calculated, rather than measured, using other
arterial blood gas indices. Venous CQ, is not equivalent to
arterial CO,, the latter of which is measured via TCO,
monitoring. Venous pH, bicarbonate and TCO, give a useful
acid/base picture in the exercising athlete.

[0131] Following an ample warm-up, testing was initiated
at a heart rate known to be well below each athlete’s lactate
threshold. At this point, one and a half minute intervals were
performed at incrementally increasing workloads. At the end
of each interval, heart rate and TCO, were recorded, and
venous blood drawn for the measurement of CO,, lactate,
and pH.

[0132] A spinner was utilized where resistance was manu-
ally and incrementally increased every one and one half
minutes. Using a metronome, Athlete A performed the test
spinning at 108 revolutions per minute (rpm) and Athlete B
at 92 rpm. The final venous blood draw was taken at the time
of exhaustion. Exhaustion was defined as that point in time
when the athlete was unable to maintain the established rpm
with progressively increasing resistance at the established
one and one half minute intervals.
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Study #2: 20 Minute Maximum Effort Test

[0133] This test was performed approximately one month
following the Incremental Maximum Effort Test. There were
two significant changes in protocol. In contrast to the
Incremental Maximum Effort Test, resistance was increased
prior to onset of testing, following ample warm-up, to a level
where the maximum heart rate (180) was reached. In addi-
tion to this requirement, the athlete was allowed to view
TCo, levels, i.e., the athlete was not blinded to TCO, levels.
By being able to view TCO, values, the athlete is able to
view motivational biofeedback to create a maximum and
quantifiable alkaline reserve. The goal is to create and
maintain the lowest TCO, level during this maximal effort
without developing signs and symptoms of acidosis or
hyperventilation syndrome.

[0134] When these criteria were met, the testing was
initiated. In this arm of testing, resistance remained
unchanged for a 20-minute duration. The athlete performed
the test while cycling at a rate of 108 rpm. The final
recording and venous blood draw was taken at the 20 minute
mark. Heart rate and TCO, were monitored continuously.
Venous blood was withdrawn at regular one and one half
minute intervals. Baseline TCO, was 40 prior to initiation of
the warm-up.

[0135] Venous blood testing was expanded to include not
only CO,, lactate and pH, but also potassium and calcium,
as these are important electrolytes that can become acutely
altered with the metabolic state of acidosis or alkalosis.
Alkalotic states may induce hypokalemia and hypocalcemia,
respectively. The calcium level measured is representative of
the total serum calcium, as opposed to the ionized form.

Results
Study # 1: Incremental Maximum Effort Test

[0136] Results of venous lactate determinations gathered
were plotted against heart rate, as seen in FIG. 7. Heart rate
is considered an indicator of intensity. In the Incremental
Maximum Effort test a maximum heart rate of 180 was
accomplished for Athlete A and 181 for Athlete B. Venous
lactate values rose to a maximum of 11.3 and 11.1 for
Athlete A and B respectively. Lactate levels initially rose in
a linear fashion but then became noticeably steeper after
reaching levels of 5.1 at a heart rate of 171 for Athlete A and
7.2 at a heart rate of 176 for Athletes.

[0137] The term lactate threshold may be defined, as it is
by McCardle, as the highest oxygen consumption or exer-
cise intensity with less than a 1.0 mmol/L increase in blood
lactate concentration above the pre-exercise level. This often
correlates with a value of approximately 2.5 mmol/L.

[0138] A 1.0 mmol/L increase (using a baseline lactate of
1.2 mmol/L as obtained only in Athlete A and seen in FIG.
7) occurred approximately at a heart rate of 145 in Athlete
A. This heart rate represents approximately 80% of the
maximum heart rate for this athlete. As seen in FIG. 8, if the
lactate threshold is defined as the heart rate where lactate is
2.5 mmol/L, the lactate thresholds for Athlete A and B would
be 150 and 147 respectively, corresponding to 83 and 81%
of the maximum heart rate for these athletes. All these values
fall between narrow limits and the lactate threshold can be
considered in the two subject athletes to fall between
approximately 80% to 83% of the maximum heart rate. It is,
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however, probable that lactic acidosis at the cellular level
occurs earlier than that which is measurable in the systemic
circulation.

[0139] Athlete A’s lactate levels, seen in FIG. 8, do not
rise exponentially at 4 mmol/L using the training methods of
the instant invention because the athlete is actively main-
taining an alkalotic state, even beyond the 4 mmol/L. con-
centration level. The result is an ongping rise in lactate but
in a linear rather than exponentially increasing fashion.
Using prior art training methods, the point of metabolic
acidosis, or PMA, signals the beginning of an exponential
rise in lactate because performance continues in an acidotic
state.

[0140] Using the definition of OBLA as that of a lactate
level of approximately 4 mmol/L, OBLA correlated with an
approximate heart rate of 163 beats per minute for Athlete A
and 136 for Athlete B. These correspond to 91% and 86%
respectively of the maximum heart rate values. The onset of
OBLA at 91 and 86% of maximum heart rate is, in itself,
remarkable considering that the athletes tested would not be
considered elite athletes.

[0141] Using a more general definition of OBLA, i.e., the
heart rate at which lactate levels rise measurably steeper or
exponentially, OBL A was correlated using the instant inven-
tion with a lactate of 5 and 7 mmol/LL and an approximate
heart rate of 171 and 176 for Athlete A and B respectively
(FIG. 8 and 9). These heart rates represent 95% and 97% of
the maximum heart rate. OBLA, or rather, the maximum
intensity of effort that can be sustained, has been dramati-
cally raised demonstrating a clear improvement in perfor-
mance efficiency and improvement utilizing the instant
invention.

[0142] The difference in lactate values between OBLA as
defmed by McCardle and that of the instant invention allows
a 25 and 75% increase before lactate rises exponentially
using the instant invention. The difference in heart rate
between OBLA as defmed by McCardle and the instant
invention is 8 and 20 beats per minute. This represents an
allowable increase in heart rate of 4.4 and 11% for Athlete
A and B respectively before lactate concentrations rise
exponentially.

[0143] Venous pH values, seen in FIG. 10, trended in a
pyramidal pattern with a rise occurring around the lactate
threshold (heart rate 145 for both Athletes A and B), and then
a steep drop after heart rates of 175 and 176 for Athlete A
and B, respectively. Only a single pH was measured in the
neutral range and this was at a lighter effort. All other pH’s
were in the alkaline range. The point at which venous pH
drops steeply prior to exhaustion is the Peak Ventilatory
Compensation Threshold (PVCT). It is the point at which
the athlete is unable to match H* generation with CO,
ventilation. At this point the direction of the equation of
Table 3 is shifted to the left with hydrogen ions now spilling
over, unable to be matched by CQO, ventilation. The pH is
still alkalotic but there is a definite trend for a declining pH,
a sign of imminent failure. Venous pH at exhaustion was
7.489 and 7.471 for Athlete A and B.

[0144] Measurements of pH in this range are still consid-
ered to be alkaline, i.e., an alkaline pH is measured at the
point of exhaustion. With this alkalotic pH at exhaustion, it
is important to note that with the instant invention, acidosis
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does not represent the limiting factor in this maximum effort
test. At the point of exhaustion, the athlete is at his/her
ventilatory limit. Any attempt to increase or maintain inten-
sity will be met with a precipitous increase in acidosis and
near instantaneous performance failure. This titration of
ventilation against rise in lactic acid/CO, is indeed precari-
ous and represents the true limits of performance, i.e., where
the individual has truly exhausted his or her exertional
respiratory reserve and achieved maximum voluntary ven-
tilation during exercise.

[0145] Baseline TCO, started in the middle range of
normal values, approximately 40 mm Hg for both athletes,
as seen in FIG. 11. After the onset of testing, TCO, trended
to decrease immediately, even prior to the lactate threshold.
At a heart rate of 145 for both Athletes A and B, TCO, rose
slightly but noticeably, although not above baseline values.
This corresponds roughly to the generation of non-metabolic
CO,, or ventilatory threshold, where CO, rises as lactic acid
initially appears and is buffered by HCO,~. TCO, levels
drop thereafter as the athlete detects the acidosis and reacts
by actively ventilating and lowering arterial CO,. TCO,
levels drop sharply at heart rates of approximately 171 and
176 for Athlete A and B respectively. This point represents
a shift in balance and correlates with the Peak Ventilatory
Compensation Threshold (PVCT). This corresponds to the
point where ventilation is not matching the ongoing rise in
H* and the shift is towards decreasing alkalosis or increasing
acidosis. Lactic acid continues to rise as it is being generated
by exercising muscle exposed to increasing intensity. Nev-
ertheless, a sufficient buffering alkaline reserve has been
created and there is still an opportunity for the athlete to
increase the level of intensity, still efficiently. Any further
elevation of lactic acid is buffered by this alkaline reserve.

[0146] Following this PVCT, TCO, values once again
continue to show a progressive decline reaching identical
minimum values, 30, for both athletes at exhaustion. This
corresponds to 75% of baseline TCO, (baseline TCO, of 40
with drop to minimum of 30). TCO, did not rise above
baseline values throughout the duration of testing, indicating
a persistent over-compensation of ventilation. Over-com-
pensating ventilation will result in a respiratory alkalosis.

[0147] Venous bicarbonate (HCO,~ values for both Ath-
letes A and B started in the low normal range, seen in FIG.
12, with the trend correlating roughly with TCO, trends
(FIG. 11). While TCO, is indicative of ventilation, bicar-
bonate (HCO;"™) is more indicative of a metabolic acidosis,
whereby acid is neutralized by bicarbonate. Minimum
HCO;™ values converged on similar minimum values at
exhaustion, 16 and 17 mmol/L, for both athletes. Using a
baseline value of 26 (normal range=22-30 mmol/L), these
values represent a drop of 38% and 35% respectively.
Precipitous drops in venous bicarbonate occurred at heart
rates of 171 for Athlete A and 176 for Athlete B. These heart
rates again approximate the PVCT. These heart rates repre-
sent 95 and 97% of the maximum heart rate.

Study #2: 20 Minute Maximum Effort Test

[0148] Heart rate during the 20 minute maximum effort
test, seen in FIG. 13, remained relatively constant at
approximately 191 beats per minute. This value was 10 beats
per minute, or 5%, greater than the maximum heart rate
measured during the Incremental Maximum Effort Test.

[0149] Venous lactate, seen in FIG. 14, rose in a linear
fashion and then tapered to an average maximum lactate
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value of approximately 14 mmol/L, where it remained for
the duration of the test. Lactate levels did not reach this
maximum until approximately 12 minutes of maximum
effort. At this point a lactate steady state is achieved. This
level is termed the maximal lactate steady state (MLSS). The
maximal lactate steady state is defined as the highest blood
lactate concentration and workload that can be maintained
over time without a continual blood lactate accumulation. A
close relationship between endurance sport performance and
MLSS has been reported. MLSS has been reported to
demonstrate a great variability between individuals (from
2-8 mmol/L) in capillary blood and is not believed to be
related to workload. Trained endurance athletes can sustain
steady-rate exercise at intensities between 80 and 90% of
their maximum capacity.

[0150] Note, as seen in FIG. 14, that there is no exponen-
tial rise in lactate after a lactate concentration of 4-7 mmol/L
is reached. There is a linear rise in lactate to 11 mmol/L, over
6 minutes, followed by a decline in the rate of accumulation
over the next 6 minutes, followed by a plateau at a MLSS of
14 mmol/L, an extreme level well above that reported in the
prior art. It has been shown that there is an age-related
decline in MLSS, and therefore, a 14 mmol/L MLSS in 43
year old athlete is a dramatic testament to the buffering
reserve that TCO, monitoring and biofeedback of the instant
invention can provide.

[0151] The anion gap is a significant tool used in evalu-
ation acid-base disorders. With rare exceptions, an elevated
anion gap is indicative of metabolic acidosis. As seen in FIG.
14, the anion gap rises, 1.e., a metabolic acidosis is measured
from the start of exercise testing when the lactate level starts
at 2 mmol/L. A pure metabolic acidosis results in an equal
fall in HCO,. Any deviation from this relationship should be
viewed as a mixed acid-base disorder. Indeed, as observed in
FIG. 14, the anion gap increases by 14, which one would
expect with the elevation in lactate of 14, from 8 to 22, with
a fall in HCO,~ of 10, from 24 to 14. This discrepancy, as
one would expect an equal fall in HCO;™ of 14 from 24 to
10 in a pure metabolic acidosis, therefore represents a mixed
acid/base disorder known to be a metabolic acidosis with
compensatory respiratory alkalosis.

[0152] TCO, (FIG. 15) and venous bicarbonate (FIG. 16)
together trended in a similar pattern but for different reasons.
As stated above, TCO, was immediately, intentionally and
aggressively dropped to maximize the alkaline buffering
reserve. The drop in bicarbonate occurred at a later time
because it is also dependent on lactate levels. The bicarbon-
ate trend was inverse to that of lactate levels. The athlete
entered the testing near the low TCO, established by the
Incremental Maximum Effort Test. Within one and a half
minutes, TCO, had dropped to 26. The minimum TCO,
value was 23. This value also represented a steady-state
level for the maximum effort test. This represents a drop
(from baseline of 40) of 42%. Bicarbonate levels dropped to
alow of 13 mmol/L. with final steady-state levels of approxi-
mately 13-14 mmol/L. This level represents a decline of
46-50%, using reference resting levels of 26 mmol/L.

[0153] Venous pH, seen in FIG. 17, did not at any time
enter the range of acidosis (pH less than 7.35), for the entire
20-minute duration of maximum effort. The pH quickly rose
to an alkalotic range within the first one and a half minutes.
There was a steep drop in pH after 14 minutes down to a

Aug. 2, 2007

neutral pH. For the initial 14 minutes, maximum effort was
performed in an alkalotic pH environment as lactate slowly
accumulated, and again, not exponentially, as would be
predicted by the prior art. The final 6 minutes of maximum
effort was performed in a neutral pH environment. This may
reflect a failure of ventilatory endurance or mental alertness
or even a change in the cellular physiology.

[0154] Venous pH, seen in FIG. 17, shows the end-result
of the training methods of the instant invention and vividly
illustrates that at supra-maximum efforts, an athlete, using
the instant invention, can exercise without acidosis.

[0155] Alkaline pH’s are maintained up until lactate levels
reach approximately 14 mmol/L. At 14 mmol/L, pH drops to
no less than a neutral pH. Small incremental increases in
lactate at this level result in proportional decreases in HCO,
but disproportionately large drops in pH. The MLSS is
maintained in an alkalotic and at least neutral pH state. This
illustrates how close to true maximum effort the athlete is,
ie., if lactate levels continue to rise, even in very small
amounts, the athlete may develop a precipitous acidosis and
exhaustion. As alkalosis is known to promote hypokalemia,
and, in fact, an emergency treatment for hyperkalemia is
injection of bicarbonate, there was concern that the alkalosis
of the instant invention might adversely affect blood potas-
sium levels. This however, is not the case, as seen in FIG. 18.

[0156] Numerous alterations, modifications, and varia-
tions of the preferred embodiments disclosed herein will be
apparent to those skilled in the art and they are all antici-
pated and contemplated to be within the spirit and scope of
the instant invention. For example, although specific
embodiments have been described in detail, those with skill
in the art will understand that the preceding embodiments
and variations can be modified to incorporate various types
of substitute and or additional or alternative materials and
equipment, and relative arrangement of steps and elements.
Accordingly, even though only few variations of the present
invention are described herein, it is to be understood that the
practice of such additional modifications and variations and
the equivalents thereof, are within the spirit and scope of the
invention as defmed in the following claims. The corre-
sponding structures, materials, acts, and equivalents of all
means or step plus function elements in the claims below are
intended to include any structure, material, or acts for
performing the functions in combination with other claimed
elements as specifically claimed.

I claim:

1. A method for enhanced transcutaneous carbon dioxide
(TCO,) control exercise training of a trainee, comprising the
steps of:

a) performing a first exercise training session during
which the trainee is monitored with at least a cardio-
vascular characteristic monitor, a metabolic character-
istic monitor, and a TCO, monitor, further comprising
the steps of;

1) recording the TCO, of the trainee at rest, thereby
establishing a first baseline TCO, value;

2) initiating exercise of the trainee at progressively
increasing intensity, while allowing the trainee to
view the TCO, monitor, both monitoring and record-
ing, (i) at least one primary cardiovascular charac-
teristic value reflecting exercise intensity, (ii) at least
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one primary metabolic characteristic value reflecting
blood acid-base balance, and (iii) at least one TCO,
value; at least at a first and a second time;

3) continuing to progressively increase the exercise
intensity of the trainee, as measured by the primary
cardiovascular characteristic value, to a point of
maximum effort and both monitoring and recording
a measured maximum effort cardiovascular charac-
teristic value reflecting the primary cardiovascular
characteristic value at the point of maximum effort;

4) determining a maximum cardiovascular characteris-
tic value reflecting exercise intensity selected from
one of the group of values consisting of (i) an age
determined formula based maximum heart rate value
for the trainee and (ii) the recorded measured maxi-
mum effort cardiovascular characteristic value;

5) correlating the at least one primary cardiovascular
characteristic value with the at least one metabolic
characteristic value for each of the at least first and
second times;

6) determining, by reference to a predetermined refer-
ence criteria, a lactate threshold (LT) value selected
from a group of values consisting of the at least one
primary metabolic characteristic value;

7) determining the recorded primary cardiovascular
characteristic value at the LT value;

8) calculating a target cardiovascular characteristic
value, less by a predetermined measure, than the
recorded primary cardiovascular characteristic value
at the LT value; and

9) resting the trainee for a time sufficient to attain a
training baseline TCO, value not greater than 110%
of the first baseline TCO,; and

b) performing at least one secondary exercise training
session during which the trainee is monitored with at
least a cardiovascular characteristic monitor and a
TCO, monitor, further comprising the steps of;

1) initiating exercise of the trainee at progressively
increasing intensity, as measured by the primary
cardiovascular characteristic value and monitoring
and recording TCO, values while allowing the
trainee to view the TCO, monitor, to a steady state
exercise intensity at which the trainee attains the
target cardiovascular characteristic value;

2) identifying a sensed somatic state by instructing the
trainee to increase ventilation to reduce the moni-
tored and recorded TCO, values to an at least one
predetermined TCO, value, while instructing the
trainee to identify and correlate at least one physi-
ologic sensation with the at least one predetermined
TCO, value;

3) resting the trainee for a time sufficient to attain the
training baseline TCO, value; and

c) repeating the secondary exercise training session until
the trainee is able to identify the sensed somatic state
without viewing the TCO, monitor;

d) verifying that the identification of the sensed somatic
state by the trainee correlates to within a first prede-

15

Aug. 2, 2007

termined range above and below the at least one
predetermined TCO, value;

1) resting the trainee for a time sufficient to attain the
training baseline TCO, value; and

e) performing at least one tertiary exercise training ses-
sion during which the trainee is monitored with at least
a cardiovascular characteristic monitor and a TCO,
monitor, further comprising the steps of;

1) initiating exercise of the trainee at progressively
increasing intensity, as measured by the primary
cardiovascular characteristic value, while not allow-
ing the trainee to view the TCO, monitor;

2) monitoring the primary cardiovascular characteristic
value;

3) continuing to progressively increase the exercise
intensity of the trainee to a point at which the trainee
attains the target cardiovascular characteristic value;

4) instructing the trainee to adjust ventilation to achieve
an at least one predetermined TCO, value based on
the perception of the sensed somatic state; and

4) verifying that the trainee has adjusted ventilation so
as to attain at least one of the predetermined TCO,
values within a second predetermined range above
and below the at least one predetermined TCO,
value.

2. The method according to claim 1, wherein the cardio-
vascular characteristic monitor further includes at least a
heart rate monitor.

3. The method according to claim 2, wherein the cardio-
vascular characteristic monitor further includes at least a
pulse oximeter.

4. The method according to claim 1, wherein the meta-
bolic characteristic monitor further comprises at least one
laboratory measurement value derived from a laboratory
measurement performed on a quantity of blood selected
from the group of venous blood and capillary blood.

5. The method according to claim 4, wherein the at least
one laboratory measurement value includes at least one
laboratory measurement value selected from a group of
consisting of measurement of venous or capillary lactate,
venous or capillary CO, (bicarbonate (HCO, ™)), and venous
or capillary pH values.

6. The method according to claim 1, wherein exercise at
progressively increasing intensity further comprises at least
a first level and a second level of exercise intensity pet-
formed at a predetermined exercise intensity for a predeter-
mined period of time.

7. The method according to claim 1, wherein the at least
one primary cardiovascular characteristic value reflecting
exercise intensity is heart rate.

8. The method according to claim 5, wherein the at least
one primary metabolic characteristic value reflecting acid
base balance is an acid base balance value selected from the
group of laboratory measurement values selected from the
group consisting of venous or capillary lactate, venous or
capillary CO, (HCO,), and venous or capillary pH values.

9. The method according to claim 1, wherein the age
determined formula based maximum heart rate value is
calculated by subtracting an age of the trainee in years from
220.
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10. The method according to claim 1, wherein the pre-
determined measurement criteria determining the LT value
is further determined as a first occurring in time venous
lactate value having a value greater than 2.0 mmol/l during
exercise of progressively increasing intensity.

11. The method according to claim 1, wherein the prede-
termined measurement criteria determining the LT value is
further determined as a first occurring in time primary
metabolic characteristic value selected from the group of
values reflecting a rise in value of at least 50% over baseline
values and a value of blood lactate greater than 2.0 mmol/l,
and a laboratory lactate level greater than the standardized
normal values for the assay, during exercise of progressively
increasing intensity.

12. The method according to claim 1, wherein the calcu-
lation of the target cardiovascular characteristic value is
equal to or more than 0.95 of the primary cardiovascular
value at the LT value.

13. The method according to claim 1, wherein the calcu-
lation of the target cardiovascular characteristic value is
equal to or more than 0.90 of the primary cardiovascular
value at the LT Value.

14. The method according to claim 1, wherein the calcu-
lation of the target cardiovascular characteristic value is
equal to or more than 0.80 of the primary cardiovascular
value at the LT Value.

15. The method according to claim 1, wherein the at least
one predetermined TCO, value is equal to or more than 95%
of the first baseline TCO, value.

16. The method according to claim 1, wherein the at least
one predetermined TCO, value is equal to or more than 90%
of the first baseline TCO, value.

17. The method according to claim 1, wherein the at least
one predetermined TCO, value is equal to or more than 80%
of the first baseline TCO, value.

18. The method according to claim 1, wherein the at least
one predetermined TCO, value is equal to or more than 70%
of the first baseline TCO, value.

19. The method according to claim 1, wherein the first
predetermined range above and below the at least one
predetermined TCO, value is a range of less than or equal to
2 mmHg above and below the at least one predetermined
TCO, value.

20. The method according to claim 1, wherein the first
predetermined range above and below the at least one
predetermined TCO, value is a range of less than or equal to
5 mmHg above and below the at least one predetermined
TCO, value.

21. The method according to claim 1, wherein the second
predetermined range above and below the at least one
predetermined TCO, value is a range of less than or equal to
2 mmHg above and below the at least one predetermined
TCO, value.

22. The method according to claim 1, wherein the second
predetermined range above and below the at least one
predetermined TCO, value is a range of less than or equal to
5 mmHg above and below the at least one predetermined
TCO, value.

23. A controlled breathing method for increasing the
alkaline reserve of an individual, comprising the steps of:

1) measuring a baseline respiratory status characteristic
value prior to exercise;

2) exercising in a progressively graded manner;
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3) measuring and recording at least one acid-base char-
acteristic value;

4) measuring and recording at least one exercising respi-
ratory status characteristic value;

5) measuring and recording at least one cardiovascular
characteristic;

6) determining an LT respiratory characteristic value
representing the at least one respiratory status charac-
teristic value selected from the group of values reflect-
ing a rise in value of at least 50% over baseline values
and a value of blood lactate greater than 2.0 mmol/l,
and a laboratory lactate level greater than the standard-
ized normal values for the assay, during exercise of
progressively increasing intensity;

7) determining an LT cardiovascular characteristic value
representing the cardiovascular characteristic value at
the point at which measurement of the acid-base char-
acteristic value indicates a non-linear accumulation of
lactic acid;

8) determining a target cardiovascular characteristic value
that is less than the LT cardiovascular characteristic
value by a predetermined amount;

9) increasing ventilation at a level of exercise intensity
producing the target cardiovascular characteristic value
to achieve a training respiratory characteristic value
that is less than the baseline respiratory status charac-
teristic value.

24. A breathing technique for increasing the alkaline

reserve of an individual, comprising the steps of:

1) monitoring a respiratory excretion level of carbon
dioxide by the individual during ventilation;

2) increasing ventilation to increase the respiratory excre-
tion level of carbon dioxide;

3) monitoring the respiratory excretion level of carbon
dioxide concurrent with increased ventilation;

4) modulating ventilation to produce a predetermined
target respiratory excretion level of carbon dioxide as
indicated by the monitored respiratory excretion level.
25. The technique according to claim 24, wherein the
steps of monitoring a respiratory excretion level of carbon
dioxide further comprise the step of monitoring at least one
TCO, level.

26. A technique for teaching controlled breathing for
maximizing breath holding time of an individual, compris-
ing the steps of:

1) determining at least one normal exercise heart rate
value as measured during predetermined exercise;

2) resting for a predetermined time;
3) monitoring at least one TCO, level,

4) exercising at an intensity sufficient to produce the
normal eXercise heart rate;

5) increasing ventilation sufficient to lower the at least one
TCO, level to a predetermined TCO, level,

6) suspending ventilation for a maximum amount of time
physiologically possible while maintaining exercise at
the intensity sufficient to produce the normal exercise
heart rate; and
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7) repeating steps two through six above, decreasing with
each repetition the predetermined TCO, level achieved
by increasing ventilation, until a point is reached at
which additional decreases in the predetermined TCO,
level achieved by increasing ventilation do not increase
the time possible to suspend ventilation for the maxi-
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mum amount of time physiologically possible while
maintaining exercise at the intensity sufficient to pro-
duce the normal exercise heart rate.
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