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ABSTRACT

This study examived the relationship between expired wom—
metabolic CO2 (EXCOZ) armd the accumulation of blood lactate,
while emphasis was placed on the ventilatory (EXCOZ2 and VE/VESD
and lactate threshold relatiomship. Twenty—-ornme elite cyclists
(13 males, & females) performed a progressive internsity bicyels
ergometer test (PIT) during which vewtilatory‘;awameters were
menitored cn-line at 15 second intervals, amd blood lacitate
sampling cccured on each minute. Threshold values were
determined for each of the three indices: sxcess C0Z (EXTT),
QE/VOE (WTT), and blocd lactate (LATT). The three threshold
values (EXTT, VVTT, LATT) all correlated significantly {P(2. 2812
when each was expressed as an absclute VO2 (1/min). A
significant RM ANGVA (F=8.41, P(@.2@1) arnd pcost hoc correlated
t—tests demonstrated significant diferences between the EXTT and
LQTTV?D<®.®®1) and the EXTT ard VWTT values (P(2.225).

The LATT cccured at an average blaod lactate corcentration
of 3.35 mmal/l, while the mean expired excess COZ volume at the
EXTT was 14.84 ml/kg/min. Over an 11 mirnute rarge across the
threshold values (EXTT and LATT), which were used as relative
points of reference, the expired EXCOZ volume (ml/kg/miwm) and

blood lactate cancentration (mmol/1) correlated significantly
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(r=20.63, BP@.0A1). Higher individual correlations aover the same
periacd of time (r=0.82 - 2.96, P(@.281) stress the individual
nature of this relationmship. Expired EXCOZ volume appeared to
track blood lactate levels aver this 11 mirnute pericd whewn the
significant‘threshold difference (1.35 min.) was taken intc
caﬂsidération. These results indicate a stromg relationship
between the three threshold values, altﬁaugh chariges and expired
EXCOZ precede éhangeé in blood lactate cqncentvation and the
venyiiatpry-equivalant (VE/VDE). Although chaﬁges in expired
EXCDE.volume”éppeér to track charnges in blood lactaté
cancentration@.blood‘lactaté concentratian,can not be accurately
predicted froh expired EXCO2 volume as theﬁnature.of_this
reiationship vafies betweeﬁ individuals and aﬁpeavs t§ be‘

influenced by gender.
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INTRODUCTION

fs early as 1338 W.H. Owles recoccwized that there was a
eritical exercise internsity level above which the working
nuscles ‘produced lactic acid. Owies alsc abserved that
accompanying an accumulation of blood lactate was an increase in
CO2 exeretionm anmd ventilation. Harrison and Pilicher (1938)
reascred that lthe excess CO2 being praduced was the result of
bicarbonate buffering of acids beirg produced during anaercbic
metaboliém. Recernt studies suggest that as much és 3% of the
hydrogen ion produced during anaercbic metabolism is in Fact
immediately buffered by the»bicarbqnate system (Wasserman et.al,
1386). »

In 1964 Wasserman and Whipp recognized that the ornset of
blocd lactate accumulation correlated highly with break points
in ventilation (VE), carbon dioxide excretion (VCO2), and the
respiratary exchange ratioc (R), parameters which could be
monitored wnoninvasively. It was suggested that the imitial onset
af blocd lactate accumulétion reflected a shift from aerchic to
anaerobic metabolism, a shift in the use of ernergy pathwéys, arnd
that this point of transition could be accurately determined
through the ronirnvasive measures investigated. It was at this
time that they defined that point imnmediately preceding the
norn—1inear iﬁcreaée in VE, VCO2, or the suddern increase in R as

the "araercbic threshald."‘ This "threshold" point appears to



represent a coritical intermsity above which endurance gerformarnce
is severely limited (Rhodes et al, 1381) and is opostulated to
represent a transition point in ernergy metabolism: a tramsition
threshald.

Siﬁce its time of conceptiorn the "arnaercbic threshald” (AT)
has been put to many uses. In the past this ‘tramsition
threshald? has been used clinically in assessing exercise
tolerarmce (Wasserman et. al, 1564), i exercise presc#iptioh
(Davis et. al, 1981, Tanaka et. al, 13981), to characterize
endurance athletes (Ruska et. al, 198@), arnd to predict
endurance performance (Rhodes. et al, 1381). The AT has- been
described as a key parameter which defires the ability to
maintain high—-intensity exercise (Whipp et. al, 1381), vyet the
concept of the AT is still extremely controversial. Althcocugh
there doces appear to be .a "eritical intensity" abave which
endurance performance is severely limited, and this inmtensity is
concomitant with anm  increase inm bloocd lactate accumulation,
vCoz, EXCO0z2, VE, VE/VO2, amd R, there is no coﬁclusive eviderce
supporting. the theory of the anaercbic threshold. It appears it
is in the mechanisms of such irncreases, the rnomenclature, and
the original assumptions that the explanation for the AT is
failing.

Marny of the original ideas and assumptions of the AT are
being challenrged. It was origimally surmised that the lactate
tﬁreéhold and ventilatory threshald were syrnonymous (Wasserman
et al, 1964), and believed that only under hypoxic conditions do

the tissues produce lactic acid (Margaria et al, 1333). The
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appearanceé of lactate in the blaoodstream was thought to reflect
the production of lactic acid within the muscle celi, yet this
idea 1is beirng challenged by many investigators whao are finding
lactate to be released under what they believe to be adecuate
tissue oxygenation (Commett et a1, 13984, Jaobsis et al, 1368),
and finding that the lactate and verntilatory thresholds can be
uricoupled (Segal et al, 13979). 0Other investigators believe that
bloocd lactate levels doa not accurétely represent the cellular
lactate production or concentration. Investigators are finding
that &a considerable portion of the lactate formed within the
muscle may be oxidized within the active muscle tissue {(Brooks,
1986), and that a transloccation hinderance to the lactate
molecule may be present (Stainsby, 1386). These findings sugpest
that the appeararce of blood lactate may be delayed, not
represent ing an ihcreaséd reliance ui'y) anéerobic energy
praduction or the cellular lactate comcentration.

The relationship  between blood lactate accumulaticon and
EXCO2, or non—-metabolic C0O2 [VCO2 - (RQ x VvO2)1, has rnot yet
beenn determined, although early research by Clocde, Clark and
Campbell (1961) and Issekutz and Rodahl (1361) reported high
correlations betweenn the lactate thresheld amd EXCO2. The
gearlier investigations suggest that EXCO2 ﬁermits changes in
blood lactate concentration to be detected with reasonable
accuracy. W.E. Hearst (1982, unpublisﬁed thesis) found that
EXCO02 correlated highly with bloocd lactate at four specific
rurming speeds (r=@.87%3). It has been postulated that expired

EXCO2 wvolume may reflect intracellular production of lactic



acid. Recernt studies suggest that as much as 3@ - 34% of the
lactic acid produced is immediately bﬁffered by the bicarbonate
buffering system (Wasserman et al, 1386). EXEOZ is thern produced
during periocods when the rate of lactic acid is iwcreasing, such
as in a progressive intensity test. This stuay will examine the
vrelationship betweenn EXCOZ2 and blocd lactate at all points
during a progressive intensity test while examining the
relationship betweern the EXCO2, blood lactate, and the VE/VOZ
thresholds, their egquality or differerce, and the consisterncy of
any discreparcies which may cccur. This investigation will, in
part, exaﬁine the corcepts of both lactate and ventilatory
fhréshold equality, and the reflection of cellular lactate

producticon by blood lactate accumulatior.

JUSTIFICATION

The use of the AT hés becohe'widesprgad in the field of
exercise physiclagy 7as is thought to reflect ocre’s aerchic work
capacity. This transifion threshold (TT) represents that
critical intensity above which work capacity is severely
limited. Examination 0% noninvasive measures at the TT allaws
one to examine the person’s ability to trarnmsport oxygen to,
extract and utilize axygen in the working muscle mass. The work
intensity at the TT is thought to represent a person’s endurance
capacity, and EXCO2 has been correlated highly with marathon
performance times. The mechanisms underlying the TT are also

mechanisms which will limit aercobic performance and induce
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fatigue. Defermining the TT accurately allows anme to study
limiting factors in a patient and athletic noxpulation, determine
aerabic capacify, .monitar trainming adaptations, anmd orescribe
exercisé that will stress the desired energy systems.

Mcst researchers opt fto use monirnvasive ventilatory and/cr
gpas exchange vériables inm detecting the TT7. Although scome
researchers have claimed to have validated the use of
noninvasive measures and have found fhem to be reliable indices
{Fowers et.al. 1984, Caiozzo et.al. 1982, Davis et. al. 1378),
many researchers still question the practice {(Simon et.al. 1983,
Hughes et.al. 1382, Hagberd et.al. 13282). Research on the topic
has failed to investigate the felationship betweern blacocd lactate
 dccumulation and the noninvasive ventilatory and gas exchange
variables at points other than thaose of the th;eshald or
"breakaway"” points. The discussion of EXCD2 has been restricted
ta the relétianship between EXCOZ and performarnce (Valkav et él,
1974, Rhodes et. al, 13284, Hearst, 1382 unpublisﬁed thesis).

This study is jJustified in that it examirnes the relationship
betweer EXCOZ and blocod lactate at all points during a
progressive intensity test. This study will also examine the
relationship betweenn the lactate and ventilatory thresholdé,
their eguality or differernce, and the caﬁsistenéy of any

discrepancies which may occur.

DEFINITIONS

Tramsition Threshold (TT) - that point where the aerobic
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grergy pathways cam no  longer mainmtain the tissues metaboclic
level and the increasing demands of the tissues are met through
arn  irnoreased reliance on anaercobic metabolism, with lactate
accumulation exceding its remaval.

Lactate Threshold (LATT) - that work rate just belicow the
soint at which there is an  abrupt incorease in vencus Blood
lactate; that wdrk rate ‘belaw the breakaway point on  the
lactate/time curve.

Ventilatory Threshold (VT) - that work rate just below the
paint where there is a rnan lirear increase in EXCOZ (EXTT), and
éﬂ abrupt increase in the ratiac VE/VOZ (WTT).

Excess CO2 (EXCO2) - the narmetabealic C02 produced through
the buffering of acids by the bicarbonate bufferinmg system.
EXCD2 can be calculated by comparing the COZ2 produced and the 02

consumed. It is commonly calculated by the following equation:

EXCO2

VCO2 - {(resting RG x VO2)

HYPOTHESIS

——— s s et e e S S

1. there will be a significant correlation betweern EXTT and

LATT.

ro

. there will be a significant difference betweern EXTT and
LATT.
3. EXCO2 1levels will parallel blood lactate levels through

all stages of the progressive intensity test.



1. there will be a significant correlation betweer EXTT and

VWTT.

iy

there will be a significant difference betweern EXTT and
VVTT.

there will be a sigrnificant correlation between WTT and

2

LATT.
4., there will be a significant differernce between VWTT and

LATT.

RATIONALE
, Approximately 3@ - 94% of the hydrogen ion produced in the
working muscle mass from the dissociation of lactic acid will be
buffered immediately by the bicarbonate system producing
non—metabolic {(excess) C€CO2 and water (Wasserman et.al. 1986).
EXCO2 will be geverated as long as the:rate aof lactic acid
production is  increasing as  there will be additiornal hydrogen
icn ta buffer (Wasserman et.al. 1986). In a oprogressive
intensity test (PIT) wi%h increasing worklaoads lactic acid
production will contirnuwe to rise, slowly at first and then
rapidly in a curvilinear fashiﬁn throughaout the duratiorm of the
test producing a relative increase in EXCOZ2.
The hydrogen ion and COZ2 produced within the muscle readily
move across the muscle membrarne into the blood stream, ewharnced

by the presance aof carbonic arnhydrase 1inm the capillary
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endathelial cells. The lactate malecule is nat, however, readily
diffusable across the muscle membrare (Stainsby 1986)'aﬂd may be
remaoved by the oxidaitve fibers within the active muscle bed
{Erccks 13986). Because of lactate’'s delayed release into the
bload stream EXCOZ2 will precede the'accumulatian of lactate in
the blocd and may offer a more accurate prediction of cellualar
lactate pfoductioh and accumulation (Issekutz and Rodahl 1961).
The ventilatory parameters mast aften used in the
determinaticon of the tranmsition threshold, VE and VE/VDOZ2, are
directly linked to the production and Peleasé of CO2 ahd H+ from
the active mnuscle méss. The prime driving forces for increases
1w vehtilation‘-are arn increase in the PCOZ2 and decrease in the
pH of the blood. Because the release of CO2 and H+ provide the
driving force for ventilation, increases in expired CO2 will
precede an increase in ventilation with the VE and VE/VO2
threshold points overestimating the oriset of anaercbic
metabolism and lactate accumulation within the working muscle

Mass.

DELIMITATIONS

This study is delimited by:
a) This subject sample size (N=21).
b) The sample type, cohsistinghaf elite cyclists.
c) The sampling rate of COZ2 (15 s intervals) and blood

lactate (1 min. intervals).



LIMITATIONS
This study’s results are limited by:

a) Data collection capabilities of the Heckman Metabolic
Measurement Cért and interfaced Hewlett Packard Data
Acguisition system..

"b) The individual’s metabolic response to the praotocol.
c) The blocd lactate sampling and measurement technigue.
d) The determination of the transition threshold through

visual. inspection.
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A CRITICAL REVIEW OF BLOOD LACTATE AND VENTILATORY
METHODS OF DETECTING THE TRANSITION THRESHOLD

INTRODUCTION

As early as 133@ W.H. Owles recognized that there was a
critical exercise intensity level above: which the working
muscles produced lactic acid. QAccompanying an accumulation of
blood lactafe Owles observed an increase in CO2 excretion and
ventilation. -Harrison and Pilcher (193@) reasoned that the
excess. CO2. being produced was a result of"bicarbonateubuffering
of - 4aéidsi being produced: during anaerobic metabolism. This
criticél . intensity, dubﬁed the. ‘anaerobiec threshold? by
Nassermanb énd. Whipp in A1964, appears to‘ represent a work
intensity above which endurance performaﬁce.is severely limited,
and is postulated to represent a transition point in energy
metabolism — a ‘transition threshold'.

Physical exercise requires a balance between the production
andf consumption of energy within the working musculature. The
coupling of these two elements depends on the individual’s
limited response of the cardiovaécular‘ahd respiratory systems
tao exercise. There seems tao be a ‘critical intensity* above
which the cardiovascular and/or respiratory response is of an
insufficient magnitude, failing 'to supply the energy demanded
through the aerobic pathways, and work capacity is severely
limited (Knuttgen, 1962). HWork perfaormed below this critical
inteﬁsity may be performed  for indefinite durations as the

energy required for muscular contraction is being supplied
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predominately through unlimited aerobic erergy sources while
waste products are being adequately femoved. Work internsities
above this critical intensity result in rapid fatigue due to a
reliance on limited anaercbic energy sources and an accumulation
of inhibitory wéste products.

fhe:_detefminafion of this transition point has been the
subject of many investigations and has found mixed reviews., The
object. of this review will be to present previous research
findings pertaining to the aercbic-anaercbic transition, the
acéumulation_ of blood and__m&scle Iactate; and the subsequent
release;:df non—metabolic:cérﬁon dioxide. Emphasis will be placed
on fhe;deferhinafiqn §f"thé-critical intenéityvat‘which there is.
a,sﬁar§=ihcfeéée‘in intrace11u1ér }actic acid formation.

1.@ MODELS_OF TRANSITION

o e s G e o T s s S Spae it S S St e attn o o s e o

The: concept of a critical intensity above which there is an-
increase‘-in- blood lactate was introduced in the early 13@@'s by
Christiansen et'al (1914) and later by Owles (193@). It was also
recognized at fhis time that changes in ventilation accompanied
this phenomena (Douglas, 1327). It was long believed that these
changes were aséociated‘ with a relative shortage of oxygen at
the muscular level (Hill et al, 1924) which lead to the concept
of the;.“anaerobic thresho1dP‘forwarded by Wasserman and Mcllroy
{1964) (Davis, 1985). In more recent years the concept of a
transition threshoeld has been under close scrutiny and the
controversy arcund the concept has lead to the formulationm of

three separate models of aerobic—-anaerobic transition.
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1.1 _ SINGLE EREAKAWAY MODEL

The: classical model of aercbic-anaercbic transition during
progressive~'intensity testing is the single breakaway model
stemming from early work which identify az"critical intensity"
abovef,whicﬁ thereiwaS'am accumulation of blood lactate.. Margaria
and. colleagues :(1933 and others) greatly influenced the 1n1t1a1
model in that theyi establlshed the idea that lactic acid was
formedc and blood 1actate~ accumulated during times of local
musciem hypcxia! Aatlbfmef onset of‘exerclse and during times of

'oxygen def1c1t.3,(ﬁ_” ;dea questloned to date, first refuted by

Hubbard, 1973)
'_ffI’ 1964 wasserman-and Mcliroy>dntroduced the term ”anaerobzcm
threshold"vetc. denote that work rate at which the txssues oxygen
supply:vfxrsf fell below- demand and the. "excess” energy needs
were 'sdpported 4thrdugh'anaefcbic metabclism. They first defined
this point‘aS“that-poinffimmediately ckeceding a discroportional
increase. din plasma‘ lactatef leveIS' above resting levels. They
also suggested that th1s poxnt could be determined by decreases
in blood b1carbonate- of' pH, or an abrupt increase in the
respiratory exchamge. ratio'(R); It was Wasserman and colleagues
that. later further investigated and refined the non—invasive
ventilatory measures of the anaerobic threshold. They more
recently ‘supeorfed the. single threshold phenomena by emplaying a
log—-log transformation of lactate concentration and V02 (Beavec
et al, 198%5).

1.2 DOUBLE BREAKAWAY_ MODEL

- - T~ 1t e B L R A e g o Pt

A three phase, double breakaway model was forwarded by



Kindermann, Simom and Keul (1979) in respornse ta reported
threshold lactate values of both 2 and 4 mmol/l. These authors
found. thét exercise - couid- be maintained at high 1load
intensities, prodﬁcjng a steady-state lactate con:entration of
approkimatély; 4v mmol/l, for prolonged durations. These authors
suggeéted» that .the‘anaefobic-threshold proposed by Wasserman et
al (1954), wﬁich‘ occured in the range of 2 mmol of lactate per
liter of’ b1ood\ volume, reflected‘the upper limit of exclusive
aerob,iij:;:"' me‘t"iébbl is{n,’"" and suggested that this ‘threshold’ should
be: féférééité a§:the;}§er6bié:thresholdfm In.theirdfrémework the
{aefogi;;éggéfbbié ‘ £;;ﬁsi€i6n;: ﬁéfiod' oécured -between blood
lacf;fgéréggééﬁfrétioﬁs' §F; 2rrand ‘4»_mmdi/lv »éndnthat a blocd
lactéfé{‘léaﬁcé;tfafioﬁ;' of 4- -mmﬁlll represenfed the true
‘anaérbbié- thréshoid’ - a: value above thch'lactate produc{ian
exceeds:its~removal and endurénce exercise is severely limited.
The; m6dél and terminolégy 'proposed by. Kindermarm et al
(1979i‘_wa§{ furthér .deyeloped. byASkinner~and,McLellan in 1981%1.
Thése~:§dfh6Féf' dbaﬁiﬁ§ infoﬂmatioh fr§m §ast Eesearch articles,
atteﬁpééd'1tq ekplain each .stage- of fhe three phase double
breakaway":ﬁodel and the physioclogical mechanisms underlying the
events: which occured. |
Skinner‘Aand Melellan (1981) described the initial phase, the
aerobic pﬁase, as being predominahtly- aerobic with a heavy
feliance on type I (ST or SO) muscle fibers and free fatty acids
{FFA) as the metabolic subétrate. The aerobie threshold, .
following, leads intoc the aerocbic—arnaercbic transition phase

which involves the recruitment of type I1la (FOG) fibers and the
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appearance of lactate in the blood. Lactic acid in turn
decreases blood and intracellular pH and causes an increase in
excess C0O2, ventilation (VE), R and a disproporticnal increase.
in VE/VO2. There is an iﬁcfease in the fractional concentration
of: ekbi?ed 02 .(FeO2) and a contirued rise in the.fractioﬁai
co%cenffafign”‘of"éxpiﬁed"CUE:'(FECDE). The: aerobic-anaérobié
transition phase ends af.thEvanaérobic threshold where lactate
productioﬁ equals its removal capaczty. The anaerobic phase, the
_third; phase; follows. ThlS phase involves the recruitment of
;type ,.Ifb:i (FG) flbers with‘>a‘ rapid rise in lactic acid;_
product1on.; Lactate productzon ekceeds its removal w1th a Qapxd
1ncrease 1n blood lactate and VE, and a deprease~1n~FeCDa.
;_é_;_gxegmgmzleg_mgggg | | | |

Thé. exponentlalv modél vaeécfiﬁed .by. Yéh‘ et él (1993) and
Hagan. and  Smith (1984)  has. ﬁad breif appearances iﬁ the
Iiteratuke;.éince ;it 'wa5  first; deséribed by Jervell in 1929..
Hugh56n 'e£:‘aI (1987) fsuﬁd‘ ﬂhat blocd Iacfate-concpntratioﬁ
1ncreased {ésﬂ a cont1nuous functxon dur1ng progressxve 9xerc1se.'
In contras£1ngv the contlnuqus function model. and the sxngle
breakaway model (the log—log:model of thresheld determination)
described by Beaver et al (138%5) Hughsonvet al (1987) found that
the mean sguare error was approximately 3.5 times larger
(P,G-@Gi) when the single breakaway model was used as compared
to the contin&ous function plus constant model they employed.
The authors suggested that a lactate slope index wcould be a
prefered indicator of 'fitress' replacing the previously applied

threshold concept. Their model suggests that there 1s no
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"breakaway" point at which there is an increased reliance on
anaerobic metabolism, but that there is an exporential ircrease
in the production of energy through the anaercbic ernergy
pathways>'from the onset of_incremental exercise. In this modél
‘iall paréMEtEfsf—iﬁiood;iactate, VE, VCDE,;and R - are thought to
iﬁcréégeﬁ:£ni”a Cufvi1ihear'fashion f%dm thé-ohset af iﬁcremental
exerciée.‘ fhiS' model challenges the very exsistenée of critical
intéﬂsitigs,' 1aététéﬂ andi,Qentiiatory thresholds, upholding a
belief tﬁatfiaﬁaerobidv énérgy soufcéé;éuppiy an evér iﬁcreasing
proportionv‘bf  thé;Etota1  energy ekaﬁQitufe fPGM’thE‘GhSEfiaf

incremental exercise.

L T T A

2.0 __TH ESHDLDS -

bqriﬁ§:,¥gé.;tféﬁsitidn from‘aerﬁbié £0vénaerobic metaboiisﬁ
an abrupf‘ incréése! in Bl&od'laétate coﬁcen£ration, expired‘CDE
(VCDE),.‘éﬁd ventilaﬁion:may'bé observed,. aﬁd have-been reported
throughdﬁf»Ithe; Iést..éeﬁturyf Thei_critiéalvintensity at. which
fhis trénéiffoﬁlﬂﬁééﬁ;sfigés beeﬁ.widelyﬁfeséarcﬁed appearing:in
the- literaturé"undér a wde' variety ‘df nomehclature. This
“transition threshold’ has. beeh‘ refered to as the ‘anaercbic
thresheold? {(Wasserman et al, 1964), the ‘aérobic thréshold?
(Kindermann et: al, 1979), and the ‘aerobiCranaerqbic threshold?
by. Madef' et al (1976) (Jacobs, 1986).vThis transition threshold
represents a combinati&n of‘ both a lactate and a ventilatory
"threshold. "

The use of the transition, or ‘anaerocobic? threshold has

become widespread in the field of sport science and exercise
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physiology. The trarmsition threshold represents that critical
intensity above which work capacity is severely limited.
Examination of the transition threshold = has enabled
inyestigators' to examine a person s ablllty to traﬁsport oxygen
to, exﬁractr aﬂQ’ utilize oxygern in the work1ng muscle mass. The
work"intensity iat' ither tran51t10n threshold is thought to be
representatlve of a ﬁerson’s endurance capacity {Ruskos et al;
i%8), and has been correlated h1gh1y with marathon performance
timeéf.(Rhodes, et i 1981). The proposed mechanlsms underlyxﬂg
the: fransifioﬁ threshold are. mechan1sms 'wh1ch limit aerobic
peﬁfoﬁﬁaﬁcé .andt 1nduce fatzgue. Determ1n1ng thé vtran5ition'
thféshoidg accurately would allow 1n995t1gators to study 11m1t1hg
factGPS-ign both patxent and athlet1c populatxons (wasserman et
al, 19645, determlneixaerob1c capac1ty ‘(Farrell et al, 1979),
monitof training. adaptatlons (Ready et al, 1982), and prescribe
exercise which ﬁ1ll stress the-desxred.energy systems.(Da§is et
al, 1981; fanaka et: ;1? 19813 kindermén_ et al,‘1979). The
‘anaerobic  £hre§hold’ has  been déécfibed as  é key paramete%
which defines 'thé* ébility to maintaiﬁ high—intensity exercise
(Whipp et al, 1981),4 yet the concept of the 4‘anaerobic
threshold?, or any combination of the lactate arnd ventilatory
thresholds, remainS'axtremely controversial. It appears it is in
the mechénisms of such incréases; the ndmenclature, and the
original assumptions.that the transition threshold is failing.

Many of the original ideas and assumptions of the 'anaerobic
threshold? are being challenged. It was originally surmised that

the lactate threshold and ventilatory threshold were syrnonymous
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(Wasserman et al, 1964), and believed that only under hypoxic
conditions did the tissues produce lactic acid (Margaria et al,
1333). The appearance of lactate in the blocod stream was thoupght
ta reflect the production of lactic acid within the muscle cell.
These ideas are 5eing challenged by investigators who are
_findiﬁg lactate to be released under what they believe to be
adequate tissue oxygenation {(Connett et al, 19843 Jobis et al,
1368), and .finding that the lactate and ventilatory threshaolds
. can be uncoupled (Segal et al, 1979). Other investigators are
finding that blood lactate levels do not éccurately reoresent
the cellular lactate production or concentration. Investigators
are finding that a considerable portion of the lactate formed
within the muscle may be. oxidized within the active muscle
tissues (Brooks, 1986), and that a translocation hinderance to
the lactate molecule may be present_ (Stainsby, 1986). These
findings suggest that the appearance of blood lactate may be
delayed, not representing an increased reliance on the anaerobic
energy production or the cellular lactate concentration.
2.1___LACTATE THRESHOLD

Almost all tissues of the body can produce lactic acid, but
the best example is the exercising skeletal muscle. Lactate is
praoduced in order to supplement aerobic energy supply. The
presence of lactate in the blood stream is believed to represent
an increased reliance on glycalytic pathways of energy
production (Jormes et al, 13981). Pyruvate is the key intermediary
(Jobis et al, 1368; Wasserman et al, 1386). An imbalarice between

pyruvate formation and its oxidation 1in the Krebs cycle will
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cause pyruvate accumulation anmd its subsequent conmversion to
lactate. The conversion of pyruvate to lactic acid allows the
oxidation of NADH and the contirnuation of glycolysis (Stainsby,
13863 Jones, 138@). Lactic acid will immediately disscciate in
the physiological pH range (pKa=3.9) forming twe lactate and two
hydrogen ions. The lactate which is formed may then be
transported to, and takewm up by other tissues with adeguate
oxygen supply -and utilized as a source of fuel (Brooks, 1986;
Stainsby, 1986). |

The iactatEr threshold, representing tﬁe aercobic—anaercbic
transition threshold, has been observed since the early 1982's
and has bEEﬁ defined in many ways since its introduction. The
lactate threshold has been set as an absolute blood lactate
concentration éuch as ‘EmM (Hughsdn et al, 1982) or 4mim (S3jodin
et al, 1981; Kinderman et al, 1979), at the imnitial inecrease in
blcod lactate above Pésting levels (WHassermarn et al, 1373; Davis
et al, 1976), at that point where there is an abrupt increase in
lactate accumulation (Aurcla et al, 1984), at that point where
there 1is a systematic increase in blood lactate concentration
{Ciaczzo et al, 1i982), or at a set slope value such as 5S1 or 435
degrees (Jones et al, 1382). Brooks (1985) defined the iactate
threshold as that workload at which there was an abrupt increase
in, or disproportionally high, non—-linear increase in blood
lactate concentratior. Davis {1386) defined the lactate
threshald as that workload immediately proceding a orogressive
ircrease in blood lactate concentration. It aopears that the

later definitions best apply as account forr inter—subject
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variability, although may be criticized as having a wide margin
of inter—-cbserver error in threshald determination.

At the onset of a progressive intensity test there is a
slight initial increase in blood lactate (Brocks, 1986) which
should rot be mistaken as the transition threshaold. This level
wiil be maintained, or increase very little, uo to a critical
workload which varies between individuals. At this coritical
point there will be a disproportional or abrupt increase in tha
bloocd lactate concentration. During progressive increéses in
intensity of exercise a stage is reached at which there is an
ever increasing reliance on anaerobic metabolism and the release
of lactate into the bload (Davis et al, 1383). A gradual'
increase in blood lactate may be noted prior to an abrupt‘
increase in blood lactate which occurs at a peoint representing
the lactate threshald (Davis et al, 19833 Brooks, 1985;
Wasserman, 1986). |

It was initially believed that lactate was produced during
periods of insufficient oxygen supply (Hill et al, 1924;
Margaria et al, 1933). If there is an inappropriate response teo
the level of muscular activity by either the cardiovascular or
respiratory system and the o*ygen supply of the muscle is noé
met, ‘the deficit in energy demand is met through anaerochbic
energy production (Alpert, 1965; Jornes, 138@) with the breakdoﬁn
of glucose and/or glycogen ending with the formation of lactic
acid. Dill et al (1332) warned, however, that the accumulation

of lactic acid alone was inconclusive evidence of an oxyoen
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deficit (Ballnick, 13986). Research has taken many directions in
the quest for conclusive evidernce supporting either adequate or
inadegquate oxygen supply. |

Jobis and Stainsby (1968) loocked toward NAD/NADH levels for
an answer and concluded that the high NAD levels during lactic
acid formation indicated adegquate oxvgen supply. Graham (1378),
however, found no relationship betweenn NAD concentration and
blocd 1lactate 1levels. Stainsby later concluded (1986) that
lactate production without hypoxia was related to the more rapid
activation of glycolysis over oxidative phosﬁhorylation.

Holloszy (1976) 1looked at: changes in blood lactate levels
and oxyger utilizatioﬁi at subméximal worklocads in order to
determine the: presencé or absence of' logcal tissue hypoxia.
Holloszy found that after traiﬁing there was allawer blood
lactate content at the same submaximal worklcocad while the oxygen
utilization did not change. It was concluded that muséle hyﬁoxia
could not be present as changes in blood lactate could not bé
attributed to increases in VOR2. Davis (1985) suggested that this

was a correct assumption for submaximal workloads where adeqguate

oxygen supply is undisputed but did not however reveal
information regarding axygen 'supply above the anaercbic
threshold.

Much controversy still exsists around the hypothesis that
hypoxié conditions are present when lactic acid is being
produced in the working tissues. Recent articles by Brooks
{198%), Davis (13985, Gollnick et al (1386), and Wasserman et al

(1386) reitterate the concern. Production of lactate does
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augment the cellular supply of ATR, but BErooks (1383) and
Gollnick et al (1986) are firm believers that this cccurs in the
presence or absence of adequate oxypern supply while Wasserman
and cclleagues (1386) are firm believers that lactate
accumuelation is oxygewn dependent and reguires a change in the
redox state of the cell.
2. 1.2 Lactate Producticn vs. Removal

Cohen ef al (13976) suggested that lactate accumulation was
not only due to local tissue hypoxia but to an imbalance befweén
the rate of lactate production ard its removal. The fate of the
lactate moclecule has been a topic of investigation since the
early 19@22's. Recent research suggests that as much as 75% of
the lactate produced is removed within thé\working muscle mass
(Braaks, 1986; Hermansenn et -al, 1976). Earlier research found
that the lactate released into the blood stream could be removed
by well oxygenated skeletal muscle (Jorfeldt, 137@), by the
liyer {Cori and Cori, 1329) or kidney (Yudkin et al, 19735) via
gluconeogeresis, by the heart (Carlsten, 1361), or the brain
(Belcastro et al, 1375). Recogniziﬁg the importance of the liver
in the removal of blood lactate Donovan and Brooks (19283)
suggested that reduced hepatic blood flow, and hence hepatic
clearance of lactate, may play an important role in the lactate
threshold. Whichever mechanisms 1limit lactate removal, the
conseguernce of an imbalance between lactate production and its
removal is an increase in both muscle andbblood lactate levels
{(Skirmer et al, 19813 Brooks, 1985; Davis, 1385: Wasserman,

1386), both having major physiclogical implications.
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Muscle fiber type and fiber type recruitment patterns may be
important factors which comtribute to the lactate thresnold
{(Skirmer et al, 13981). Jorfeldt (137@) sunpested that type II
fibers are net producers of lactate while type I fibers are net
consumers, therefore lactate accumulation would depend on muscle
fiber type and recruitment patterns. Type 11 fibers have an
abundarce of M-LDH which favors the reduction of pyruvate to
lactate (5jodin, 1376) and are more likely to become hypoxic as
have a low capillary density, mitochondrial concentration and
rate of oxidative phosphorylation (Tesch et al, 1981). Type 1
fibers favor the oxidation of lactate to pyruvate having an
abundance of H-LDH (S3cdin, 1376). Graham (1978) fourd type I
fibers to have three times the amount of lactate as compared to

type I1 fibers.

Lactic acid produced during anaerabic plycclysis immediately
dissociates producing two hydrogen ions and two lactate
molecules. The hydrogen ion liberated from lactic acid formation
is predominately buffered by the bicarbomnate bufferirip system,
while the lactate mcoclecule is an importamt form of stored fuel
for energy production, and supplies precursors for blood plucose
{Cori et al, 19293; Brooks, 1386). If, however, the biorcducts of
lactic acid are allowed to accumulate within the workirng tissue
there will be a rapid onset of fatigue. Increased lactate
oroduction will cause increased H+ release and a subsecuent

decrease in muscle arnd blocod pH (Wenger et al, 1976). A decrease
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im muscle and blocod pH will limit the praduction of energy
through anaerobic glycolysis through the inhibitiorn of the rate
limiting ewnzymes PFFK (phospho—fructokinase) (Danforth, 1963),
and phosphorvlase {(Hultman et al, 13982). A decreased cellular oH
may also cause fatigue by altering membrarne permeability (Wenger
et al, 1976 or interfering with the Ca++ binding at the
actomyosin binding sites (Wenger et al, 1976). Increased lactate
production may play a role in impairing the aerobic enernpy
supply by inhibiting FFA mobilization from the adipose tissue,
limiting the supply of fuel for aerobic' energy oproduction
(Issekutz et al, 1962).

Noninvasive measures of the onset of metabolic acidosis, the
transition threshold, have allowed wide use of the concept. The
refinement of wnoninvasive measures to determive the transition
threshold has been an ongoing process since the 183@8's when
Owles (13932) recognized that expired volume (Ve) and volume of
expired CO0O2 (VCO2) increased disproportionally above a coritical
intensity at which plasma lactate tegan to rise. Turrell and
Robinson (1942) believed that the increase in COZ2 oroduction was
the result of bicarborate buffering of the metabolic acids being
produced (R.), with the rapid disscciation of the rewly formed

carbonic acid (B.):

A. Hi.a + NaHCO3 = nNaLa + H2C03 {(carbonic acid)
B. H2C03 = H20 + COZ

The increased CO2 production, an associated fall in blood

bicarbonate, and a rise irn arterial pH are now believed to be
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prime stimulators of ventilation, accounting for the rise in
expired volume observed by Owles in 1932.

Under normal conditions changes in metabolic demand are met
with changes in minute ventilation of a magnitude which will
maintain the arterial oxygeynr and carbon dioxide partial
pressures at relatively constant values. Charpes in the rate and
depth of breathing are made in order to allow a matching of
aveclar ventilation to blood perfusion, and allow for the
correction of venous PO2 (Sutton et al, 1973). This verntilatory
control is. accomplished through the central nervous systemn.
Input to the central nervous system through neurcpenic and
humoral stimuli allow sernsitive control of the véﬂti}atory
response.

At the onset of exercise verntilation increases on the first
full respiratory cycle due to a neurcgenic compornent involving
cerebral irradiation and reflexive stimuli from mecharoreceptors
in the 1limbs (Powers et al, 1985). Humoval stimuli work above
this initial increase and allow sensitive respiratory control
ensuring approapriate aveolar ventilaticonm. The humoral stimuli,
PDE,' PCOz, and pH, cause a gradual increase in reaoiration
although their exact values do not increase significantlys; the
ventilatory response prevents wide fluctuations in the humoral
variables from occuring. |

It appears ventilatiorn is more closely linked to CO2 cutput
than arny other variable (Suttorn et al, 1973, Wasserman 2t al,

197%). Arterial pLoz is regulated by ventilation, with
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ventilation increasing in proportion to CO2 oroduction (Swarnson,
1977, a fact that has lead some to believe that PCO2 is not a
primary regulating factor (Asmussen, 1983). The CO2 oraduction
will i1increase during exercise due to aercbic metabolism of fats
and carbohydrates up to the "amaercbic threshold” after which an
additional CO02 lecad will be intrcduced due to the production and
buffering of lactic acid by bicarbonate. Up to the "arnaerobic
threshold"” ventilation will ircrease in proportion to the
increases in COZ2 production, however, above this point increases
in ventilation above those respornsible for PéCDE compensation do
not allow for thevcomplete compernsation for the pursuing lactic
acidosis (Wasserman et al, 1373). The hydrogen ion entering the
bBlood stream will have an additiOﬂal independent ventilatory
stimulus stimuiatihg the central chemoreceptors (Sutton et al,
1979), and ventilation increases in an attempt to 1ower the
hydrogen ion content of the blood. Hyperpriea will drive PaC02
lower than normal constraining the bufferimg capacity of the
blood, and pH will drop (Whipp et al, 138@).

Increased CDZ production at high internsity exercise lead
researchers to 1lock toward the respiratory guotient (VCDO2/V02)
ta answer guestions in regards tc exercise capacity and
accumulation of lactate in the bloodsiream. Balke et al {(13354)
observed comparible increases in VCO2 arnd VOZ up to a specific
noint at which VCOZ2 exceded VO02. They took this point, wnere R
was greater than 1.@, as indicating the upper limits of aerabic

metabolism. Inm 1961 and 1362 Issekutz and Rodahl investipated
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charnges in RE arnd related them back to aercbic work capacity and
maxVo2. They corncluded that charnpes in R best represented the
degree to which anaercbic glycolysis participated im the total
production of energy -~ its contribution to the total ernerpoy
expenditure. They cornsidered charnges in RQ above @.75 to be an
index of inadequate oXygen supply to the working MUsculature,
which was later supported by Naimark et al (1364). Wasserman and
Mcllray {13964) concluded that the threshcld of araercbic
metabolism could be observed without invasive measures or
maximal effort in cardiac _patiemts whern R was measured
cbntinuously during a progressive intensity test, represernted by
an abrupt ircrease in R. The rnomenclature, threshaold of
anaerobic metabolism, was soon kriowrnn and refered to as the
*anaeracbic threshold.”

Wassermar and colleagues (Naimark et al, 1964) fournd changes
in R at different workloads to reflect the balarnce between
okygen supply and oxygen demand at the level of the waorking
musculature. They recognized that R rose aporeciably at the
onset of bload lactate accumulation, and that the fall iw blocod
bhicarbomate was highly correlated with the production of
non—-metabolic COZ2 (r = @.98). Issekutz and Roadahl (13961) had
suggested that the production and displacement of bicarbaonate
{(nonmmetabaolic) CO2 reflects anaercbic metabolism more closely
than blood lactate due to its rapid diffusion from the muscle
cell. Usinmg a restivig RQ betweern @.73 and @.824 thev calculated
the normetabolic COZ,

Excess Clz = VCOZ - (RGrest * VO2)
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which highly correlated (v = @.92) with charnpes in blood lactate
levels, and increased in proportion to increases in ventilation.
The results indicated that ventilatiorn was highly influenced by
the accumulation of metabolic acids and the oroguction of excess
CO2 (Issekutz et al, 1961).

Using healthy trained and untrained males Bouhuys et al
(1966) cauld nrnot duplicate the excellent correlatiorns found by
Issekutz and Rodahl iw 19&1. Their investigationm fournd that the
increase in lactic acid was of a greater magmitude than the

decrease in standard bicarbonate, with the differerces beinc

intensified with increasing waorkload. They concluded that
increases in both R and excess COZ2 were asscciated with
increases inm lactic acid accumulatiom (r = @.622 ard r = Q.796)

but the reverse was not always true. They supggested that R and
excess CO2 only provided a rough estimation of the degree of
exercise induced acidosis while direct lactate determination was
sti1ll preferable.

It ﬁad beernn suggested that venmtlatory and gas exchanne
variables measured in volumes (ie. VEOZ and Ve) rather than
" those presented as ratiocs (ie. R and WVe/Vi2) would be more
oraportional ta blood lactate levels (Naimark et al, 13964, and
Hasserman et al, 15364). Clode and Campbell {1363) provided
supporting evidernce for this hypothesis whern investigating CO2
balarnce imw the body and found that blood lactate could be
estimated accurately by VCO2 whern charnges in tissue PCD2 are
takern intc consideration. They concluded that using a CO2

balancing technigue changes in blood lactate concentration could



be estimated with reasonable accuracy.

In 1973 Wasserman et al defirned the anaercobic threshold as
"the 1level of work or 02 consumption just beiow that at whiqh
metabolic acidosis arnd the associated charnpes in pas exchange
occur {pg. 236)." In comparing noninvassive gas exchange
variables using breath—-to-breath gas arnalysis during incremertal
exerciée these irnvestigators fournd that the tranmsition threshold
could be determived as that work rate or VOzZ immediately
preceding a wnonlinear increase in Ve o VCUE, an increase in R,
or that point where end—tidal 02 ircreases without a
corresponding decrease in end-tidal CO2. 0Of these measures R was
found to be the least sensitive as the metabolic RQ inebeases
during incremental tests at increased workloads oroducing
increasing amounts of métabalic CO2. The metabolic producticon of
CO2 1is much greater thawn the procuction of excess CO2 in normeal
subjects with changes in R being overshadowed.

J. A, Davis et al (1976) investigated the validity anrd
feasability of using roninvasive laboratory measures in the
detection af the ‘'anaercbic threshold? inm three modes aaf
exercise. RAs Wasserman et al (1973) these investigatoys fournd R
to be the least sensitive measure. Using Ve alone to oredict the
lactate threshold point produced a correlation coefficient of
@2.88, and when all gas parameters were used in correlating both
lactate and gas analysis transition thresholds a correlation
coefficient of @.95% was found. They sugcested that the major

limitation inm detecting the trarsition threshold from changes in
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cas exchanpe variables 1s the subective cdetermination of tne
threshold point from a time-based plot, although cuestioned the
use of increased blood lactate levels above resting values as
the criterion measure, being an indirect index of muscle lactic
acid production.

The common ventiiatory and pas exchaﬁge measures used in
‘anaercbic threshold? detection were studied in 1982 by Caioczzo
et al to détermine which indices provided the most accurate and
reliable determination of the lactate transition threshold. The
investigators used four separate noninvasivevmeasures {(Ve, vCOz,
R, and Ves/V0O2) to determine the ventilatory threshold point and

each was correlated to the criterion measure, the lactate

threshold. It was found that Ve/V0Z orovided the hiqhest
correlation (r = @,93, P ( @.221) and pravided the best test -
retest correlation ((r = 0.93,' P ( @.@81). R was tne least
sensitive measure (r = @.39) while VCO2 and Ve aopeared to

provide excellent predictions of the léctate threshold (r =
2.83, r = 3.88). Multiple correlational analysis did not
significantly improve the threshold detection over Ve/V02
values, while the threshold points exoressed as a *V0dmax
produced lower correlation cocefficients than did expressing the
threshold point as an absalute VOz2 (1/min).

Powers et al (13984) were not able to reproduce the high
correlations fournd earlier and concluded that the lactate
thresnocld can wnwot be accurately determined by pas exchance
indices 1in all subjects. Using a sliphtly different ocrotoccoil,

with work ircrements of three mirnutes, and a blocod lactate



sampling rate of aornce évery three minutes (their criterion
reference), these investigators found a poor correlation {(r =
@.63) betweenn the transition threshold whern determined through
vVe/vV02 and through blocd lactate.

Za 2.4 Now—Metabolic LOZ _and Performance

Approximately 390 - 34 % of the hydogen ion oroduced within
the working muscle mass from the dissociationm of lactic acid
will be immediately buffered by the bicarbomate buffering system
producing non-metabolic (excess) COZ and water (Wasserman et al,
1386). Excess CO2 (EXCO2) will be gernerated as lomp as the rate
of 1lactic acid production is increasing as there will be
additional hydrogen 1on to buffer (Wasserman et al, 1386). In a
progressive intensity test (PIT) with increasing wargloads
lactic acid production will contirnue to rise, siowly at Tirst
and then rapidly after the tramsition threshold in a curvilinear
fashion producing a relative increase in excess COz2 (EXCG2 =
VCO2 - (ROGrest # VO2)1].

The relationship between blocod lactate accumulation and
EXCO2 has nrnot yet been determined, althouch early research by
Clocde, Clark and Campbell (1361) and Issekutz and Rodanl {(1361)
reported high correlations between the lactate thresnbld and
EXCO2. "~ These earlier investigations suggest that the calculation
of EXCO2 permits charnges in blood lactate toc be detected with
reasoﬁable accuracy. The hydrogen 1onm and COZ2 oroduced within
the muscle cell readily diffuse across the muscle membrarme into
the blood stream, enharnced by the presence of carbowic anhyorase

i the capillary endothelial celis. The lactate moleculs,



howeveyr, may be removed by the‘ axidative Tibers within the
active muscle bed (Brooks, 1386) and has & transiccation
hinderance (Stainsby, 1386) te movement acroés the cell
memnbrane. RBecause of these mechanisms increases in expired EXCO2
may be detected before a significamt rise in bicod lactate is
detected; EXCOZ may offer a more accurate predictionm of cellular
lactate production and accumulation (Issekutz et al, 1961).

In 1975 Volkov et al suggested that the ﬁeasuwement af
excess COZ during a maximal oxygen consumption test allows
accurate noninvasive determination of a éubgect's anaerobic
power. The investigators thought that the excess CO0Z2 index is
directly related to the magnitude of lactate productionm through
the glycolytic pathways aﬁd the organism’s buffering caoacity.
They found that there ‘is a consistent increase in excess CO2
when a critical intensity, or the thresncla of anaerocbic
metabol ism, is surpassed, and that this transition thresholid
point depends on the subject?s state of trainino.

In 1981 Rhodes and McKernzie found tﬁat the rumming speed at
which a breakaway point in expired EXCO2 cccured could be used
to predict marathon rumming performance. These authors found a
highly significant correlation (r=.94, P(2.@1) between predicted
arnd actual marathorn times suggesting that the rapid increase in
expired EXCOZ2  may be an indication of the critical intensity at
which the onset of anaercbisis occurs. TheseA results were
éuuported by Hearst (1382, urpublished tnesis) who found that
expired EXCOZ2 correlated highly (r=,89) ‘with blocd lactate

accumulation at four specific runming speeds.
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Underlying investigations of the transition threshold are
progressive  intensity tests (PIT)., In 19735 Wasserman and Wnioo
described the  responses one could expect to obtain when using
different forcing furctions. In gerneral, at work rates below the
transitian thbeshold mean arterial pH and PCOZ are maintained by
increases in alveclar ventilationm which are praporticonal to the
increases 1n  CO2 pfoduction. At worrk racves above the transition
threshaold the compensat ion far metabalic acidosis is
accomplished through a disproprtionally 'high increases  in
ventilation over those mediated by' increased CO2 production
causing arterial PCO2 to fall while pH remains unchanged. At
evern greater work rates yet (8@% max +) increases in ventilation
are unable to compensate for increases in blocod pH due to the
lass of blood bicarbonate and bload pH falls. (Wasserman and
Whipp, 19735) |

During a progressive intensity test with 1 - 4 minute
increments the following trends may be observed:

i. V02 irncreases lirnearly throughout the test umtil a

‘maximal value is‘reached‘at which VD2 will plateau.

= Ve and VCOZ2 will increase lirnearly with V02 up toc a
oritical intensity, the anaercbic threshaold, at which lactic
acid is preduced causing VCO2 to increase faster than VEG2.

3. Ve will ircrease in prooortion to VCO2, therefore
increases 1inm Ve egual irncreases in VCOZ2 whicn are poth
greater than increases in VOI.

4, R ivmcreases since increases in VOOZ are greater than



increases irn VOZ.

The difference between the two different forcing functions, 1 or
4 minutes, is that while using 1 minute increments end-tidal PO2
will increase at the anaerobic threshold while end-tigal BCD2
remains constant, while using 4 minute increments end-tidal PO2
irncreases at the anaerocobic threshold while end-tidal PCO2
decreases. (Wasserman and Whipp, 1975)

Wasserman and Whipp (13973) concluded that. orogressive
intensity tests using one minute increments nad several
advantages over using four minute increments when nominvasive
determination af the ‘anaerobic threshald? was a major
cbjective. This conclusion was based on five majior points:

1. 1 mirnute increments allocwed a more specific
definition of the anaercbic threshold.

2. the test is much shorter.

3. lactate values da not reach such high values
allowing guicker recovery from exhaustive exercise.

4, 1is easier to reach and determine the maxviz if so
desived.

5. the ‘anaerocbic threshold! can be exoressed as either

a vz or wark rate without large errors in estimation.

It appears that the transiticw thresncld can be ciscerned
readily from tests using 1 or 4 minute workload increments, ar
values inbetween, as lonp as one ryecoonizes that different
responses occur. Similar fransitian threshold vaiues have besn

reported during tests using 1 and 4 minute workload ivcrements

{Wasserman et al, 13975; Yashida, 13983). pMetellan (1987)
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attributes much of the conflicting data to methodoicgical ervrors
in threshaold detection, using chanpes 1in ventilatory anmd pas
exchange parameters observed 1inwm a ' fast? increment test to
determine the anaerabic threshold during a ‘slow! increment test

arnd visa—versa.



4.2

CONCLUSIONS

Amidst the controversy surrounding the equality and cause-
and-effect relationshin of the ventilatary and lactate
transition thresholds there are still many firm believers in the
phenomena (MclLellan, 1987 ; Wasserman et al, 1986; Davis, 1983).
Many reviewers (Hughson et al, 1987 Brocks, 1985; Stainsby
1385), however, still question the relationship. It aopears that
there 1is inconclusive evidence supporting either position, in a
large part due to an insufficient method of determining
intracellular events, suggesting a rneed for further research in

the area utilizing some of the rew technolonies.
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CHAPTER THREE

METHOD AND PROCEDURES



Subjects

2 and & fEmaies)

(o)

Twenty—one national team oyclists (1 ma
sarticipated in the study. The subjlects were tested aver & fnres
cay pericd just orior to the naticnal team time frisis: all
sunjects were 1w a highly iraimed state. The sublects were askad
to refrain from heavy exercise 34 bours afior to the test arnd
zerform on an empty stomach.

The baseline measures of height arnd weight were taksn orior
tz testing.

Testing was nerformed at U.B.C. 1m the J.M. Huchanan Fitness
ard Researcn Center. Subjects were asked to warm up 135 minutas
oiory to bBeinc tested, arnd were allowed onmly a limited warmus
with the testinmg apparatus in slace.

The test orotocoal comsisted of a cortinuous DPQ:“ESEiVE.
internsity +test on a Monarcen stationary Dicvele. Foliliowirns & twé
mivute warmup at a work rate of S8 or 189w (female/smalz) tne
oyclists pedalled agaiwmst arm initial resistarce of 189 or (1S3W
(female/male) with increases of 20W every second mirnute (figure
i.2). A cadence o«f 9@ ypm was maintaimed tnrouchout tne test.
h2 test was terminated U valiitionai Fatigue: thnat soint
whisre the athlete was uracle to maintalnm oy regain o= 92 HemM

fracuercy.
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Table 1.8 The oyopressive loading scoheme.
stage time work rate (W) freguency
——————tT1AT) male Tewmale  (REM)
wmuo g - 2 1 S8
1 2 - 4 158 104 = 10i]
2 4 - & 175 125 =1
3 & — 8 2B 15a =y
4 8 - 1@ 225 175 =
S 1 - 12 259 T =1
5 12 - 14 2735 oS 28
O S 5. SO0 § -~ T L' U 5= L. S
OO -1 = SO
Testing measures included VOz, VE, VLOL2, #. =ZXCI2, oplocd
lgctate and HR. Resoiratory pas exchange variables were
monitored onlive using a Beckman Metapolic Cart interefaced with
a Hewlett DPackard Data AReoouislitiom System. Variabies were
ceternined or calculated over 15 second time intervals.
HR was manitored 11 the last 1@ seconds of eacn mivute
through the use of a tnree lead VS ECS recorcing.

Hicod sampies were taden via finger tio venrnous
mimate iwtervals throughout the duration of the
intensity test. The bloocd samples were takern,
Apancliyvsed using cooled serchloric  acid, and ansl
S5locd  lactate was determined using & Hontron Mecs

Bralyzer 548,

Samallins at

orooressive



fhe  breakawav  thireshocld ooints wers  cetermined oy thves

ingesendant observers through visual irspecticnm of tne

YVTT and LATT curves. fach set of curves weare arnaivzed
senarately wnile the subjects identity was withnelc. Tne

aroposed  oreakaway ooints, oy tranmsition thresholcs, weres than
discussed by the group of three observers arng awm 2Xact Drsaxaway
oIttt was agreec upon.

Experimental Design_and Data Amnalysis

There were three denendent variables {(bilood lactate., =XCOZ
and VE/VO2) and one independant variaple (orooressive intemsity

test).

A regression arnalysis was performed comparing EXTT ang LS

T

iy

EXTT arnd VYWTT, LATT and WTT. Correlation coefficients arc arm r+
value were obtaimed for the data.

Sigmificant differences were determined using a ressatec
neasures ANOVA. A significarnt F value was further investicated
using post.hoc procedures. )

The degree to which the curves parallelied epach otner was
investigated by oraphing average absoclute EXCG2 and lacitate
values for five minutes pre and post threshold. A correlazion
coefficient was determnined for ali, data points ove/ocst

threshald.
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CHAPTER FOUR

RESULTS AND DISCUSSION



RESULTS

Twenty—are LCarnadian National caliger covoliists particioated
in this stugy Just pricr to  the Canadianm Matiomal team tims
trials. The descriptive subject cata is oresentec in Taplis 1.

TABLE 1. Descriptive supbject data for
all subjects grouped, males and females

: GROUP = mMOLE FEMQLE =
N =21 2 n =15 . N = 6 1
Age : 23.19 + o 23.26 + S3.0E +
eeweadyrdoz  3.34 2 2,73 . 1.85 2
Weight : 7@.1@ + 3 73.57 + Bl.43 +
ceees (RO B.46 o  7.38 . 2.34 __:
Height : 1785.5 + @ 177.39 + 163.6 + =
ceecsfome: 1.37  : 6.99 . 1.33 ___:
Maxvo: : 63.41 + 3 £5.38 + 58.54 + 2
Smixko¥min) 5.3 5.9 . _S.1_ =
Aercbic - arnaerobic transiticon  threshold values were

determined by usirng each of three single indices {(ies. LATT -
53lcad  lactate, EXTT - excess CC2, and WTT - the vermtilatory
2cuivalent for V02, VE/VO2). The mean tnresholid VIO2 values
(+5.D.) feoor each method of AT detectiorw, reported in 1/min, were
3.65% + @.57, 3.46 + Q.&62, and 3.38 + @2.51 for each of LATT,
=XT7T, and WVIT respectively. Table 2 oresents a correlation
matrix for the reported indices. Diagrams i thyouch 3

TABLE 2. A correlation matrix between absolute VD2
AnT values as determined through different metncds

e BT e EXTT e MMET
LATT . i.a .
EXTT : @, 95 * 1.@
VWTT : .31 * . @, B3 ® ., i.4



redresent oSlcts comoaring the

regression ecuaticons. The higheast

thresholds determined throucpn
between LATT and EXTT (r =

corvelation between two measures

(r = 2.91, P(2.0201).
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4.5: *  FIGURE_3. EXVT
\ : ¢ (ml/wg/min) vs WWTT
V 4.2: . (VE/VT2)
T : [ X} * 0
T 3.9: N o= 28

: . . 2 = @.32

V 3.6: . P(R) (B, 21
E :
/ 3.3 . Y = [ 7462%X + 3974
V- : *
g 3.a: .

.73 . .

C.b

2.9 2.8 3.6 4.4

EXTT (ml/&co/mir)

The eguality of the three transition thresncid V02 values
{l/min) was determined through the use of a repeated measufss
ANOVA wnich revealed a sizgnificamt differewce setweern ceil means
{F = 8.41, P{(2.221). Post hoac comsoarisicons revealed sigpmificanmt
differences between LATT arnd EXTT means (t = 4,287, 3dd.281) anc
Setweenn EXTT and VdfT means (vt = 2.2i2, Pla. Ba25), 3ut  a
nonsignificant difference between the LATT amc WTT means (see
TABLE 3). There was a general trend for the EXiT to orececec the
VUTT,  which orececed the LATT. Althaounn the trernds Tor tnz YVIT

were inconsistent, the trend Tfor the EXT7T to orecece Th2 AT
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cetweenr V02 mearns represent differences beiween the meEarns whan
represented as a time {(minutes). The mean times (min? at wnich
the transition thresholds coccoured were aporoximately 18 + 2
mirnutes (LATT), 1.5 + 3 minutes (EXTT), armd 1.3 + E.3 miﬂufes
(WTT). Using correlated t-Tests significarnt citfferernces were
found between both LATT and EXTT mears (¢ = .01, AL 8RL1) anc
ZXTT ard WTT means (¥ = 2,98, ?,2.8358). The biocd lactate
fransition threshaold (LATT) was significantly delayec, as
compared to the vewtilatowy trarnsition threshald detectead
tnrouqhb the increased reléase of EXCO2 in expired air, with an

averapge time delay of 1.4 minutes.

IQ§L§_§; RM ANOVA anmd Post Hoo comparisicoms of the

threshold VYO2 values {(l1/min) as detected through
gifferent means

T . POST HOLZ CORRELATED T-TESTS. N . mEQN VOE
INDEX_ . LATT ._-___EZII__-___!"_{II___;;_-:_____(_11_3.11’_1)_ AAAAA
LARTT . - LE=4.29 .t=1.38 21 . 3.85 +3.57
EXTT .PJ(a.aal . - LE=2.21 21 . 3046 +2.83

WWIT WP @Sk LPA@.@025 . oo .21 . 3.358 +2.351 .
ANOVA .F=8.41 .P(a.@@dl . dgf = & .

¥ rnonsignificant differernce

Individual sub3ects were compared aover a relative sericd of

time pre and zost thresnolds, using the EXCOZ and blocod lactate
threshaold paints as relative points of comparision. This

srocedure also aliowed for the significant time delay in the
appearance of blood lactate to be accounted for. The subzect’s
exdired EXCOZ2 wvoiume and bloocd lactate CcovmcanIPyaticons Were

pompared over a fFive miruite ore fhreshcid and five minute sost

threghold Dericd, Tor a total of elsven mirwites. #Aonsciute valiuss



of lactate (mmoi/l)  and excess CC2 (mil/«z/minm)  corwslizcsc
siznificantiv (» = @A.69, 3{(2.201) {(s== DIREIAM &) over t-is i:

minute range. With an v*  of 2,48, aparoximataly S84 of the

variance im blood lactate levels rcam b2 accounmted for oy oharnces

in exoired excess CO2 when using the 77 as a relative 2oirnt for
comparision. Individual correlaticons over the same tims oericd

argQuced highly significant corrvelations (ranging from 82 to
.35, B{A.0@!), with asproximately 8@ - 3% of the variation in
5iocd lactate beiwg accounted far through chances in SXCO2. The

influences of both individual differervces anc cencder diffeorerces

may account for the lower orouped correlaticon ostained.

1 3
) v
28 o
. EIBURE_4. Lactate
= : {mmxl/1) vs expired
X 2 ! ! " excess COZ (ml/kg)
C iy : aver an 11 miruute
3 : range (S min. ore &
2 X past AT) using the
® : AT as a relative
m : pocint of reference
/ : ni= 224
X " : R = @.69
2 : pP(a. @21
/ :
moo 1, : X = .4331%Y — 1.7855
: 1 :
n re rY Py A A A Py )
; ; ; : ; : 7 . 9 10 1 '2 13 e 15

LACTARATE (mmcl/1)
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Charces irn EXC0O2 appear fo track charmges in biood lactats

[

levelis when the thresholds are usef as reiative points, althouzh

<t

the nature of his relationship varies Detweesr indivicuals anc
gender. Both averace male and femalg lactate values wers similar
ove threshold after which the female's blood lactate arnd ZACOZ
increased at  an increased rate aover the male’s. The sicnificant

irndividual correlations of blood lactate ard EX00Z over this

gerict of time suggest the two are interreliated.



Whnile previous ;tudies {(Caiczza et al, 12825 Davis &t al,
19763 lWasserman et al, 1973; lWasserman 2%t ai, 15964) have
demonstrated a relaticonship between veﬁtilitary arnd biaocd
lactate thresholids, arnd earlier tudies have suopeEsted that
=XC02 may reflect chanpes 1w bloocd lactate (Issekutz et al,
19581 ; lode et al, 1961), the exact relationshis between BRCESS,
non—metabalic L£O0Z2 and blood lactate accumulation has yvet to be

2lucidated. The purpese of this study was to determine the

relationship petweerrr blood lactate amd EXCOZ  throuchout a

-

arocressive intensity test  in twenty—one elite level cocyel

)]

5,

b

while particular emphasis was placed onm the relationshios betwesn

the blocd lactate and the ventilatory (EXCG2, and VE/NVEDD

thresholds. Rlthaough many studies have gxamined the

(33

izing & Bpigycele

'™
P
¥

aerchic—anaerabic transitiom threshole o
grzometer grogressive intensity test, an extensive reviegw of the

literature has nat revealed any oreviouws studies investigatinrg

these specific ventilétowy measures or wtiliziwg such an sliie
level subject pool.

The results of this study demonstrated sigmificant
correlations Detween gach of the threse 1ndicsEs usad ¢
determining  the transitiaon hAreshold (EXC0E, VE/MOEZ, and olood
lactate). A correlation of vr=@,31 was fournd Detween thos lagtats

i o 4 -, T 4 1= p. P . 1 5 i D) ik
=t  al, 198&: Davise st al, 13753 Wassewrmarn st al, 1373). Thess
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sernsitive measurs of thsa

This study found the EXCCZ threshold to correlate oe2st wiitns
the lactate threshold (r=0.93), although tne EXACOE threshold cid
ot represent  the actual occourarnce of the lactate thresnold, A

gignificant {(3(2.@%1) difference was found between the averace

]
3
bae
s
bt
ot
11
ot
X
-
wd
1]

ZXC0E  and laétate thresholds, represernted by a 1.3
delay in the appearance of bloog Iactate. (s the VE/NVOZ
threshold point did wot significartly differ from the laciate
threshold point  (8Y@.85), VE/VEE may be ufilized, as orevicus

researchers have sugpested, to reflect the zoint at which there

is an abrupt ircrease iwm bloocd lactate (Caiczzo et al, 19833

I

Davis et zl, 13763 Wassermarn et al, 1373).

Studies which have used blood lactate as their coriterion
mEasuwre must be interoreted with caution. FAecent studies have
sugcested that blood lactate may wmot reflect  intracelliuviar
lactate production or concentration  (Stainsby, 139853 Braoaks,
1386). Althcough VE/VOZ and load lactate have been fourd to
oreakaway at similar points, these similarities may in nc way
reflect the accumulation of intracellular lactate. In this study
the non—-significanmt VE/VO2 and lactate turrnpocint difference may
he due to the erratic VE/VOZ2 and lactate turmpoint relatiornmship.
In 13 of 21 cases the VE/VO2 turnpoint was egual to or oreceded
the lactate turwnpoint, while im 8 of &1 rcases the VE/VO2
turnpoint occured after the lactate turnpoint (a range qf 3 miv.
e to & mirn. post  lactate turnpoint). Qlthough'the average

vE/NVOS turripoint was rnot  sigrnificanmtly different from  the



|
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average lactate turnpoint, the wide range of VE/VOZ turnpoint
values, spanning the lactate turvpoint, may be largely
responsible for this Finding.

EXCO2 turnpoints were found to be more comsistentiy related
ta the lactéte turhpdiﬂts; preceding the lactate turnpaoint in 19
of - 21 cases. Not only were the EXCO2 and lactate turnooints
signifi:antly correlated (r=0.93) a significant differerce was
Fourid between tﬁem (P(Q.B@l). This data sugoests that =XCO2
diffuses across the muscle membrare moreA readily than the
lactate mdlecule 'isV&reXea5ed frdm within the cell, suoporting
evidence of..a trénsiécatiah 'méchaﬂism (Stainsby; 1386). This
ﬁypothééis is 'fﬁfther' suppdrted' by »thé résults éaéumented by
Caiozzo ef alr(ié885 who fouﬁd the VCO2 tﬁwﬂgoint was ecual o,
or  precedced tﬁe lactéte turmpoint in 13 of 16 subjects, althouch
the sigrnificance of such aldiffEPEﬂéE was not investigatec.

The mean aﬁsalute lactate vélue was Tournd ta be 3.35 mmol/l
{(+@,823), occcuring over a .72 - S5.32 mmol/l range. These
results would sugpest that individual differ;ﬂces must Se
recogrnizec {Stegmann et al, 1881), ard that indiviZuzal
cetermimation of the lactate threshold at a set valus of 2 or &
mcl/1 (Kirndermarnn et al, 19789 Saaodinm e%  al, 13281) is rat
nossible, being subject to large factors of error.

The relaticonship betweer blood lactats ard  IXCOZ  was

imvestigated over an eleven mirnute rance (S min. 2 ant zost

-

turnooint) inn  the present study. In order tTo Compars susiscts
- Dot 3 = - H . - 3 . . ‘ - T W ; - o

the EXCDR2 anmc lactatez turrnpoints were used as relative soinds
For comparisicon.  ¥Whgn  the Twa curves wWers inm this




marnner 1t was fournd that o
chariges ir blocd lactate,

gifferent for both males and

variance ivn bloocd lactate corncentra
by changes in expired excess CO8Z whers using the turnooints as
elative vpﬁintsv of referernce (r=@.59, R{R.@ELY. .fﬂdiviﬁual
correlatioﬁs ~aver the same pericd of time ramged from @ B2 So
2.96 (P(@.221). This data is in apreement with the eariisr
findings ﬁf 1Bouhuy5 et al (13866) who fournd & correlation
ccefficient:' df.. r=2. 808 between charncges in bleoocd Iactate
concentra£i§ﬁ  and changes in excess C02, although the grouned
corvelation ;é{,much lawer than those results fournd by Issekutz
and Rodahi’ kﬁ¥@.93, 1961). Tﬁe -JWEPYDUP“E lation cocefficient

csund for the group in this study was largely influernc by the

~h

combination of the two sexes (male »=8.72, female r=8.78), while
Bouhuys et al {(1966) found age to be am influercing factor. The
reflection of intracellular lactate concentratiorns by scoied

vernous. blocd lactate levels must be acRNuw;eG ed as a source of

[ (R]

errar (Brooks, 18388), while the C02 storage caspacity of the
irdividual must alsc be acknowleé;eﬁ {(Cicde et &l, 18957,
Yrevious studies have suggested however, that the uss a? a Loz
halancing technigue does allow changes in bioog lactate to Se
determined with reasonable accuracy (Clode et al, 1969;.Clode st
al, 19673 Bouhuys et al, 1366; Iséexutz et al, 13961). This study
suscests that exoired EXDOS may bde reflecting intracelliular

lactate oroductiorn, as sugpestec by Volkov et al (1373,

sigrnificant cdifferance betwessrn an increase iv exoirsd EXLCE and



plocd lactate accumulaticn may veflect the delaved relsasz of
lactate intoc the blocd siream. While éXCDE is freely giffusabie
acrass the cell membrane a tramslocation Binderahce may osrevent
the rapid diffusionm of lactate across the ce2ll memdrans as
suggested by Stainsby (13986). Althcugh the blood transit time %o
the collection site must be cornsidered as caertributing to the
deiay, during strencus exercise the transit time is decreased
and would only account for a very small portion of the abserved
differencef

The avehage excess. [02 threhold value was 14.24 ml/ko/min

n

(+2. 7).  THéf _mean‘i.ébsoiute ‘lactate cdﬁCEHtratian' at the
threshald Apoint .wés .3.35 mmcl /1 (1@.539>,4in close agreement
with Heérét (1982 urnpublished data). The Wice range of threshald
vaiues, 1.7E - 5.32 mmal/l, suggests that this point is highiy
dependent upon the individual and the setting of predetermined
threshoid values would not llaw  for this inter-individual
variation.

Previocus studies invéétigating the relationshio between.
EXCCz production and performance  {(Hearst, unpublished 1382;
Rhodes et al, 19813 Volkov et al, 1373) have found that a
significant relationshio does exsist Detween these two -
variables. The previous studies have suggested that the index of
ZXC02 is directl related *to the magnitude of lactic acid
production  through the plycolytic zathways and the ovrganism’s
Huffering capacity. The EXCDZ2 turnpoint may reoresewnt tne onsat
of metabolic acidosis, as sugoestsd by the relaticrmshis Detweewn

ionshio

ot

th turnpoint  anc zerformance variables, while tns rela

1]
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setween metabolic acidosis and fatigue.has beern well documsniasd
(Wenger et al, 1978).

FVE/VOE threshold points are harder to discewrn than those
threshold baiﬂts in the exsired EXC0O2 arnd bHloocd laciate
accumuliation. ‘The VE/VOZ threshold poinfs do, however, allilow the
bldud> lactate threshold peoints to be predicted with a high
degree of accuracy. EXCO2 may offer a valuable raninvasive
methed of determining the point where intracellular lactate
aroduction  and consumption aﬁe unbalanced and the ragid oﬂsetlof
metabolic acidosis".occurs; Further inveétigation int0 fthe
relatioﬁshipv Befﬁéen intra-cellular 'lactic acid production>éné;
the féieasev of EXCO=2 may allow perférmaﬁce variables to be
determined witﬁ‘V greater:_ care ahd éccdracy. New reseéféﬁ
techﬁologies .wili. ‘allﬁw: lfhis relatioﬂéhio‘ to be 5ettér

documerted in the future.



. CHAPTER FIVE:

SUMMARY AND CONCLUSIONS



SUMMARY

Significant correlations were found between the tnreshold
points as determined through three independent indices (biccd
lactate, excess €02, and the ratioc VE/VO2). The best correlaticn
betweern any twoc of the threshold points was found betweern the
threshold pﬁints as determinea through the blocd lactate iﬂdex
arnid the excess COZ @ index (r=@.95). A correlation was fourd of
yr=@.91 betwgeﬁ the;_threshold paints as determined through.the
blcod lactafé.index’and tﬁe VE/VDE index, while a corrélation 0%
r=0.92 was fbghd' befween  the VE/VDZ index and the excess coz
index. - | | -'

A -sign;fiqant % ratioc was found whew comparing the fhresﬁold
points as détérmined through the three indeperdent indices
(F=8.41, P(Q.0@a1). Post hoco tesis revealed a significant
cdifference between the thrésﬁold points as determined through
blaod lactaté and through excess C02 (P(a.8@l1), and between the
excess (02 index arnd the VE)VOE iﬁdex (P{@.223). There was ﬁc
significant differerce found betweern the bliood lactate and
VE/VO2 indices (PY@.235).

The mean absclute lactate concentration at the threshold
paint was  3.35 wmmol/1l  (+0.823), while the range of threshald

vaiues varied from 1.72 - 5.32 mmal/1l. The averages excess [LO2

(4]

threshold value was 14.@4 ml/kg/min (+2.72).

I

Riood iactate corncentration corvelated sicrnificantiy

(r=2.63, B@.281) with exsired excess [02 wvolume over an 1t



]
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minute range across the threshald points., Higher (G832 -

.

carrelation ceoefficients obtained for each irndividual sxor

11]
th

1=

>
1

the independent nature of the relatiomship between EXCOZ2 and
bload lactate. Excess COZ2 valume appeared to track blood lactate
levels tﬁroughout the progressive intensity test, althouch
excess CO2 volume increased at a significantly lower level
(D(B. 00B1) tﬁan did bleood lactate, with an average time cdelay in
the appearaﬁce’ of blood lactate of 1.30 minutes (VO2 difference
of @.1933 1/miﬁ),,'

The“ relatioﬁsﬁib Béfﬁééﬂ ekpired excess CO2 vo}umé and blocod
lactate concentration ‘appearéd to be sex deperndant. The females
(n=6) had a 'lowéf"excess £z volume Tor eacﬁ unit of lacfate
concentration as ‘CAmQaréd to the males (n=135). Whern combared on
a relative scale, with the zero point at the threshold ooint as
detérmined thrcugh .each of the twq indices, the relationship
between blcéd.lactate concertration and excess CO2 volume can be

visualized.

Table 1.
Hypotheses:
variables sig. correlation sig. difference

L e A a2 — 1 T~ NY

i___sig./yven i P___: __sig./mon i P i

significant :P(@.801: significant :P{Q.2ai:

significant :P{(B.@8B81: significant :P<@.025:
hs

sigrnificant_ :P(@A. 8@01: worn-signif. :P)@.BS

—— R L A LR SR 0. R o S S LA JI0 0 - AL A0 .. ... A

LATT vs EXAT
EXTT vs WTT
VWITT vs LATT

Charges 1w  expired excess CO2 volume appear to track charnges in
blocd lactate concentration (r=8.69) when the two variaples are
nut on a relative scale (accounting for the sigrificant time
gifference between the two threshold points), altnougn there is
a wide variation.between irdividuals in the exact mature of this
elationship ie. Bblood lactate can not be predicted from sxcess
COZ2 with reasonable acouracy.



CONCLUSIONS

i. There 1is a sfroﬂg relatianshio (r=@.91 - @&.95) betwesn the
transition thresﬁolds as determined through the threg inmgices.

2. Changes in Expireﬁ excess COZ2 volume precede charnges iv blood
lactate concentration and the ventilatory ecuivalent (VE/VIZ).

3. Changes in expired excess C02 volume appear to track charnges
i bBlood lactate concentration (r=2.69, P(a.0@1), althcugh the
exact  wmature -oé'this rélatioﬂship cepends aﬁ the individual and
apoears to be‘infiueced by gender. |

4. Blood lactate concentration can not be accurateiy oredicted
fromzekpired éxceés.CdE.voiume.

S. Further iﬂveétigation is required ta determine the

relationship betweern intra-cellular lactate corncenmtratiorn and

gxpired excess L0O2 volume.

6. The bloocd lactate concentration at the transition threshold
may vary widely between individuals (3.35 mmaol/1 +@.823), and
should rnot be set at a predetermined value.

7. Changes in bloocd lactate corncerntraticorn may not be reflecting

n

changes in  intra-cellular lactate concentration, with bloo
lactate thresholds not reflecting the rapid omset of metabolic
acidosis., Excess COzZ may reflect irncreased intra-—-cellular
lactate orcecduction with oreater accuracy, making studies using

Hlocd lactate threshold points as - their coriterion reference

suspect to wide margins of error.
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LACTATE THRESHOLDS:

A SUMMARY OF OBSERVER ESTIMATES
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THRESHOLDS:

A SUMMARY OF OBSERVER ESTIMATES
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THRESHOLDS:

A SUMMARY OF OBSERVER ESTIMRTES
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VCO2 (ml/min)

VO2 (ml/ min)
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ExCO, (ml/kg)
blood lactate (mM/1)
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excess
CO5

blood
lactate
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BLOOD LACTATE (mmol/I)
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EXCESS COZ PROFILE
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