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Since the 18" century, when Galvani introduced the
concept of “animal electricity”, eectric potentialshavebeen
observed and recorded in different nerves and muscles,
including heartsandisolated preparationsof cardiactissue.

It was observed that, when measuring the difference
of potential between asmall macerated cardiac areaand an
intact one, theinjured region showed negativity inrelation
totheintact one (Fig. 1-A). The potential observed was
named “injury potential”. The existence of a cellular
potential wasinferred by measuring thisinjury potential.
The probableexplanation for theexistenceof thispotential
isthat injury destroys the selective permeability of the
cellular membrane, reducing the membrane’ s electrical
resistance, allowingthat an electrode placed intheinjured
region contacts the cellular cytoplasm through a fluid
pathway of relatively low resistance?. Thissametermwas
later used in el ectrocardiography to designate atype of
upslope of the ST segment, which referred, however, toa
distinct phenomenon.

Using theinjury potential method, researchersfound
that certain cells, classified asexcitable, suffered sudden and
transitory aterationsinresting potential, withlater returnto
theinitial value (Fig. 1-B). Thiscyclewasnamed cellular
action potential.

In 1883, Burdon-Sanderson and Page 2 obtai ned
continuous recordings of the potentials generated by frog
cardiac beats. In one of their observations, when an
electrode was placed on theintact surface of the heart and
another on an injured region, transitory monophasic
potential (only onepolarity) wasrecordedin oppositionto
the known transitory multiphase recordings (positive and
negative polarities). Thiswas the origin of the term
monophasi ¢ action potential (MAP), whoseformwasvery
similar tothecellular action potential later obtained by the
cellular impalement techniquewith microelectrodes(I T).

Inthelate 19" century, it was already known that the
electric currents generated in each cardiac beat could be
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detected onthe surface of thebody. Thisfact alongwiththe
discovery of the string galvanometer by Einthoven?
established, inthebeginning of thiscentury, el ectrocardio-
graphy asaviableclinical application. With the ability to
measure the cardiac potentials on the surface of the body,
el ectrophysiology was no longer practiced only in the
laboratories, but began to have significant clinical appli-
cations. Theserecordingswereusually multiphasic. In 1920,
Mann 4introduced vectorcardiography (VCG), whichwasa
two-dimensional vector loop. Thisinvention extended to
space the concepts of electrocardiography, which were
thenlimitedtotheplane. Paralel tothediscovery and useof
surfacemultiphasic potentials, research oninjury potentials
for the study of the compl ete depol arization-repol arization
(monophasic) cycleof thecardiac cell continued.

Inthelate 1930s, impaling the giant axon of the squid
with electrodes became a powerful experimental resource
providing thedirect measurement of theelectrical potential
differencebetween theinterior and theexterior of onesingle
cell. In 1949, thecellular impal ement techniquewasapplied
to the cardiac cell by Coraboeuf and Wiedmann® and, in
1950, by Woodbury et a 6. Many of thetheories devel oped
for the giant axon of the squid could be applied to cardiac
cells, elucidating the role of sodium 5, potassium?, and
calcium?®in heart function.

The significant theoretical findings provided by the
cellular impalement method caused research on cardiac
cellular potentialsto focus on transmembrane measure-
ments, thusinterest inthe ol d technique of themonophasic
injury potential diminished.

In 1966, Korsgren et a ° used theworks of Schutz °
(1931) to introduce a suction electrode that captured
monophasi ¢ potential swith great simplicity, not requiring
the production of a specific myocardial lesion, because
thiswas already caused by the suctionitself. Inthisway,
the right ventricle MAP of apatient could be recorded,
which revealed aclinical application for thetechnique of
MAP recording. This pioneering work was improved by
Olsson, Olsson et a 2, aswell asby other researchers®®14,
who refined the technique of the suction electrode and
showed the usefulness of MAP recording in cardiac
electrophysiology. Suction, however, presented therisks
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Fig. 1- A) Sketch of theinjury potential; B) Sketch of the action potential obtained
through the injury technique.

of air embolism and irreversible mechanical myocardial
lesion®.1n 1986, Franz et al ¢, based on the observations
of Jochim et al ¥ from 1934, produced an electrode-
catheter (Fig. 2), which, withjust simple contact with the
myocardium, obtained a stable and high-quality MAP,
eliminating the risks of suction. The MAP technique,
which had been forgotten because of the impact of the
transcellular measures, was once again considered a
useful tool for experimental and clinical cardiac electro-

physiology.

Moﬁophasic action potentials compared to
transmembrane potentials and electrograms

Briefly, in the second half of this century, cardiac
electrophysiology depended on latu sensu electrograms,
oninvitrotransmembrane measurementstakeninisolated
cellsand in thetissue of live animals, using monophasic
injury potentials.

The latu sensu electrograms, which include the
surfacee ectrocardiogram (ECG) indl itsvariationsandthe
intracavitary el ectrographicrecordings, provideadistance
view of the cardiac electric phenomena, because they
represent the summation of thecellular electric activity of a
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Fig. 2- MAP catheter inright ventricle and sketch of the situation of the electrodes
inrelation to the myocardium.
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bigger or smaller cardiac area, depending on thetechnique
used. What is actually obtained is the picture of action
potentialsdistorted by their algebraic sum, dispersedintime
and space and modified by the capacitances and resis-
tances found in the way 8. Electrograms hide cellular
electrical phenomena during agreat part of the cardiac
cycle, whentheabsence of el ectrical gradientsintheorgan
createsarea “electric silence” from adistance (Fig. 3).
Mathematical models with dipoles and multipoles have
been devel oped?®; however, awell-defined rel ation between
action potentials and electrograms lacks scientific basis.
What we have are useful, but not so scientific, didactic
attemptsto relate action potentialsto ECG in some situa-
tions?2, Inthediagnosisof anatomical, metabolic, ionic,
and hemodynamic alterations, the use of electrogramswas
only possible because of innumerableempiric correl ations.
However, in regard to the moment of the occurrence of
electrical eventsof thecardiac cycle, electrogramsprovide
very preciseand useful data, henceitsfundamental impor-
tanceinthediagnosisof arrhythmias.

Vectorcardiography, or smply VCG, isbased on the
simple dipole model, represented by avector, using a
system of three orthogonal axesthat definethree mutually
perpendicular planes. The projection of the trgjectory of
thisvector isdrawninrelationtothoseaxes, formingaloop
display onan oscilloscope, inacardiac cycle??. InECGthe
important informationistimeand amplitude, inVCGitis
magnitude and direction of propagation of the electromo-
tiveforces of the heart. In VCG, the relation between the
graphic recordings and the action potentialsiseven more
distant thanin ECG.

Inmany situations, itisimportant toknow in detail the
entiretemporal extension of cellular action potential . Insuch
situations, two methods are left: the cellular impalement
techniqueand theM AP method. For example, if wewant to
classify or study the action mechanism of anantiarrhythmic
agent 4%, it isimportant to know theaction potential inits
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Fig. 3 - Sketch of thetemporal relation between the electrocardiogram (ECG), the
electrogram (EG) and the atrial and ventricular monophasic action potential (MAP).
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whole extension. In thisand in many other cases, use of
one of the above cited techniquesis necessary.

Themain advantage of MAPinrelationto I T®isthe
possibility of invivoandinvitroendocardial and epicardia
recordingsin the intact heart, facilitating the exchange
betweentheresearchlaboratory and theclinical scenario. It
alsodocumentsregional el ectrophysiol ogical phenomena
of the heart without i nterrupting theintrinsic organi zation of
thetissue, and a so documentsthe normal or pathological
interrel ations between the heart and the body.

Aswill beseen below, many timesitistheonly method
for visualization of theaction potential in situationswhere
theobservation must be madein anintact beating heart, in
Vivo or ex Vivo.

Nevertheless, there are some disadvantages: MAP
does not visualize the magnitude of the action and resting
potentials, being useful only for morphological charac-
terization and evolutional follow-up of the potentials; it
doesnot provide accurateinformation about therisingtime
of thecellular action potential. Therising speed of MAPis
around 10V/s, whilethat measured by I T isaround 200 V/s,

showing that MAP consistently reflects the shape of
phases 2, 3, and 4 of the cellular action potential, but not
that of phasesOand 172, Unlikel T, MAPisamulticelular
recording, providing agraphic recording that isamean of
the action potentials of many cells, covering aregion of
approximately 5mmin diameter centered ontheelectrode.
Therefore, itisnot possibleto guaranteethat the measure-
mentsreflect homogeneouscell populations.

Obtainment of the monophasic action potential

TheMAPsignal isobtained by electrodesthat should
bein contact withthemyocardium. Therefore, therearetwo
typesof electrodes. theepicardial and theendocardial. The
application of theepicardial electrode (Fig. 4) requiresdirect
contact with the epicardium and, consequently, needs a
surgical incisionfor heart exposition. However, the endo-
cardia electrode (Fig. 2) can befixed tothe extremity of a
catheter and extended to the endocardium through vascul ar
vig, enablingitsclinicd utilizationwithaminimumrisk tothe
patient.

The MAP signal captured by the electrode catheter
should be amplified on a polygraph compatible with physio-
logical signalsand recorded for further analysisinasigna
goring system, either analogicd or digita (Fig. 5and6).

The MAP quantitative description can be performed
through alarge number of parameters. Themost commonly
adoptedareVm, t,,,t. andt, , asshowninFigure7.

Unlike ECG, MAP isasigna whose morphological
alterations are frequently not very evident at visual exami-
nation. Only in certain casesdoesthisexamination provide
evident data. Oneof theoptionsisto measuretheparameters
above defined with aruler and compassin order to charac-
terizethemeasured potential, which canturnthemethodinto
anot sopractical tool. Tofacilitateitsapplication, wecanuse
a specific software so MAP quantitative analysis can be
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automaticaly performed, providing several timesand ampli-
tudes. Figure 6 showsaseriesof MAPsafter theana ogical-
digital conversion using the acquisition and processing
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Fig. 4 - Sketch of the epicardial electrode for the MAP detection.
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Fig. 5- Analogical record of MAP obtained in apolygraph.
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Fig. 6 - lllustration of the monophasic action potential after analogical-digital
conversion.
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Fig. 7 - Explicatory diagram of thedefinitionsof t,,, t, . t, . Thereferenceamplitudeis
represented by Vm.

system developed at the Instituto do Coracdo, FMUSP
(Medica School of S8o Paulo University) 2. Tablel shows
the data automatically provided by the software after the
analysisof theMAPsof figure6.

Some examples of the use of the monophasic
action potential method

The following examples were chosen from among
many existing reportsinalargeliteraturebaseand provide
the researcher with applications of the method. Many
applications will obviously be missing; however, they
follow thebasic principlescited bel ow.

Relation between action potentials and electro-
cardiogram - The relations between action potentials
and surface ECGs can be studied. Leirner 2° experi-
mentally determined a correction coefficient of the QT
interval based on RR (dQT/dRR) usingthe MAP method
andtheobservationsof Franz et al * that related the ECG
T wave characteristics to repolarization through the t
measurement.

Table I - Data resulting from the analysis of
monophasic potentials.

Filee MAP

P(n°) RR(ms) dv/dt(V/s) TO(ms) T (m9 T,(ms)
1 283,0 5,44 167,0 132,8 94,80
2 305,4 5,56 164,6 132,2 89,80
3 307,2 5,56 164,6 130,8 92,80
4 289,0 5,69 164,8 132,6 95,00
5 297,6 5,44 165,4 131,0 89,80
6 303,2 5,62 163,8 131,4 90,20
7 320,0 5,62 165,2 130,2 91,00
8 287,6 5,56 165,8 131,6 95,00
9 273,4 5,56 163,8 129,8 86,20
10 305,0 5,44 165,2 131,4 91,40

Mean 297,1 5,50 165,0 131,4 91,60

Standard 13,1 0,1 0,9 0,9 2,7

deviation
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Electrophysiology of the atrial muscle - Pwave, which
represents atrial contraction in ECG, provides poor
information because it has a small amplitude and its
repolarizationismixedinwiththe QRScomplex. WithMAP
wecanexaminetheatria muscleaction potentid initsentire
extension. Several aspects of the relation between atrial
fibrillation (AF) and the action potential of the atrial cell
were studied by Olsson et al . These authors observed a
short MAP in the atrium of patients with atendency to
repeated AFsafter cardioversion. Olsson ' alsoobserved a
short atrial MAPIn patientswith hypothyroidism.

Arrhythmia - By the use of MAP, an association
between thearrhythmiasoccurringin patientswiththelong
QT syndromeand theanomaliesof duration and temporal
dispersion of their MAPs, as well as the presence of
postpotentials ¥, was found. The possibility of post-
potentials causing cardiac arrhythmias, aswell astheir
appearance mechanisms, waslargely studied with theaid of
MAPsand summarized by Zipes=.

Antiarrhythmic drugs - The action of thesedrugsis
related to the aterationsthey causein theaction potential of
the cardiac cell, on which their classification is based 245,
Innumerable studies used the MAPto observethese dltera
tions. Tocitejust oneexample, inastudy of classl | antiarrhy-
thmic drugs, ami odarone showed the property of increasing
theMAPduration of atria cells*. Thesametypeof reasoning
can be used to study the action of el ectrolytic and acid-base
imbal ancesin cardiacfiber andthegenesisof arrhythmia.

Ischemia - MAP shapeis much more sensitive than
that of the electrogram in the detection of ischemia®.
Considering this, several applicationswere proposed. In
revascularization surgeries, Taggart et al * evaluated the
functional efficiency of by-passes using epicardial
electrodes and detecting theischemic alterations of MAPR,
whentheby-passhblood flow wasinterrupted. Donal dson et
al ¥ showed the great sensitivity of MAP to ischemic
alterationsduring angioplasties.

Interaction between cardiac mechanics and action
potential - Weusually think of the electrical activity of the
cardiac cell triggering the mechanical activity inasingle
direction. However, thereisevidenceof aninversepathway;
in other words, the mechanical activity could also cause
changesintheelectrical potential of the cells. Thisprocess
was called excitation-contraction coupling or mechano-
electrical feedback®. Figure8 showstheappearanceof action
potentials with early postpotentialsin extrasystoles corres
ponding to cardiac beats, wherethe arterial pressure curve
shows there was no significant gjection #. They can be
considered asisovolumetric contractionsagainst aninfinite
afterload, causing evident changesin theaction potential.

Drug assessment and action mechanisms - Thishas
been one of the most frequent uses of the MAP method. For
example, Donadson et a * compared theeffect of nitroglycerin
onmyocardia ischemia, throughitssystemicandlocd actions,
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Fig. 8 - Alteration of the action potential due to mechanical solicitation (mecha-
noelectrical feedback). The arrows indicate the ateration of the repolarization curve
inisovolumetric extrasystolic beats (modified from Leirner 2°).
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showing theimportance of thefirst. Thiskind of experiment
would never bepossiblein anisolated tissueor organ.

Conclusion

Themonophasic action potential method representsa
very useful and agiletool for theresearcher incardiology. Its
main quality liesin thefact that it enablesthe study of the
action potential of thecardiacfiberinvivoand, therefore, the
study of the dynamic relation of this potential with all the
organismvariables. Moreover, itisof smpleapplicationand
not expensive. Thecatheterscan becommercially obtained
or even manufactured in the laboratories without much
difficulty. The captureand recording system doesnot differ
fromthose used in the el ectrophysiology |aboratories.

Among us, the application and interest inthe MAP
technique are only beginning 244, MAP represents a
valuable addition to the methodological set of tools
availableto those dedicated to research in cardiol ogy.
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