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Evidence-Based Medicine.
A Lesson for Electrocardiography?

Ljuba Bacharova

Bratislava, Slovak Republic

Electrocardiography is an old diagnostic method,
introduced at the end of the 19th century. Now, at thebegin-
ning of the 21st century, one of the main concerns of elec-
trocardiol ogistsisadecreased interest in el ectrocardiogra-
phy ingeneral, particularly among young scientists?.

Naturally, electrocardiography has strengths and
weaknessesrelatedtoitsage. Ontheonehand, itisawell-
established, accepted, and respected clinical and experi-
mental method, based on a substantial body of knowledge
and experience, accumulated during thecentury of itsexis-
tence. Ontheother hand, limitationsal so exist relatedtothis
age: fixed out-of-dateideasand beliefs, modifications cau-
sed by rewriting and recitations, and agap between fixed
ideas about ECG and up-to-date nonel ectrocardiologic
knowledge.

Intermsof marketing, theinterestin electrocardiogra-
phy displaysthetypical curveof aproductlifecycle(fig. 1):
agradual introduction of clinical diagnostics at the begin-
ning of the 20th century, when thefirst experiencewascol-
lected, analyzed, and rel ated to physiol ogical and patholo-
gical processes; asteep growthininterest, whenthe added
valueof ECGtoclinical decisionmakingwasrecognized and
appliedinmany situations. Electrocardiography at that time
was one of few objective methods availablein cardiol ogy
and contributed substantially to theimprovement in diag-
nostics, ie, of myocardial infarctionsand hypertrophies, and
introduced new diagnostic categories, such as pre-excita-
tion or conduction defects, and adetail ed classification of
arrhythmias; the maturity of demand, when ECG was
already clinically well established, and other diagnostic
methodswerenot yet introduced; now, wearefacing adecli-
neininterest, with el ectrocardiography gradually beingre-
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placed by new imaging methodsin many applications. And
insomeapplications, ECGiseven considered obsol ete, eg,
inthediagnosticsof |eft ventricular hypertrophy (LVH).

Therational way to increasetheinterest of cardiolo-
gists, to attract young scientists, and to increase the value
of ECG, istoanalyze and consequently toreduceitslimita-
tions. Thismeans, first, to reevaluate the “old truths” and
“myths,” second, to focusattention on theuniqueinforma-
tion provided by electrocardiography, and third, to recogni-
zetheadded vaueof ECG inthecontext of other diagnostic
methods, such as echocardiography, scintigraphy, NMR,
and many others. | do not consider the frequently presen-
ted statement that ECG iseasily availableandinexpensive
to be asound argument.

Theneedto constantly reeval uate accumul ated know-
ledgeand evidenceisnot limited to electrocardiography. It
isanecessity for most fields of medical and professional
practice. Inthelast 2 decades, this need hasbeen formula
ted asevidence-based medicine(EBM) demanding thecriti-
cal appraisal of evidence. Sackett et al 2 defined evidence-
based medicineastheconscientious, explicit, and judicious
useof current best evidencein making decisionsabout the
careof individual patients. Thepracticeof EBM meansinte-
grating individual clinical expertisewiththebest available
externad clinical evidencefrom systematic research. Theevi-
dence-based approach includes 4 stages:. the formulation
of answerable questions; the search for the best evidence;
critical appraisal of the evidence; the decisionto apply the
conclusionsto patients’ health care.

EBM provides genera principlesand astandardized
way to reevaluate knowledge. Theaim of thisarticleisto
apply theprinciplesof evidence-based medicineto el ectro-
cardiography and to begin discussions about evidence-
based el ectrocardiography. An evidence-based medicine
approachisappliedtothe ECG diagnosticsof left ventricul ar
hypertrophy based on voltage criterianot currently consi-
dered a“hot topic” and oneinwhichadeclineininterestis
evident. Wewill assesswhether an EBM approachishelp-
ful inour effortsto reevaluatethe* old truths,” to definethe
unique information provided by electrocardiography and

Arq BrasCardiol, volume 81 (n° 1), 102-10, 2003

102



Arq Bras Cardiol
2003; 81: 102-10.

Introduction Growth Maturitv Decline r?

~

-—/

Fig.1- Theproduct lifecycle: amessagefor electrocardiography. T heintroduction of
electrocar diography to clinical diagnostics- the collection of thefirst experience,
analysis, and interpretation of electrocardiogramsin relation to physiologica and
pathological processes. Thegrowth of theinterest - electrocardiography, at that time
oneof afew objective methods availablein cardiology, contributed substantially to
theimprovement in diagnostics, introduced adetailed classification of arrhythmias
and new diagnostic categories, such as pre-excitation and conduction defects. The
maturity of demand - electrocardiography isclinically well established, and other
diagnostic methods are not yet introduced, or their clinical utilizationisat itsbegin-
ning. Thedecline of inter est - electrocardiography isgradually replaced by new
imaging methods in many applications. How to overcome the decline? What isthe
added value of electrocardiography for clinical diagnostics, prognosis, and research?

theroleand itsadded value per seof ECG, anditsvaluein
the context of other diagnostic methods.

L eft ventricular hypertrophy andtheECG
diagnosticsof LVH

Thebasic general definition of hypertrophy isan“in-
creaseinthesize of anorganor tissuewithout anincrease
in the number of its component units. Hypertrophy of the
heart may result in a several-fold increase of in sizeand
functional activity without a changein the number of mus-
clefibres. Oftenthetermisloosely used to meananincrea-
sein sizewithout regard to the unit of structure” 3. We can
defineLVH asanincreaseinLV sizeandfunctional activity.
Thisincreasein size of individual myocytesand of theleft
ventricle asawholeis conditioned and associated with
structural and functional changes, such asgeneexpression,
protein synthesis, intracellular morphology, gap junction
distribution, energy supply, oxygen consumption, structu-
ral rearrangement of myocardial tissue, contractility, apop-
tosis, etc. It needsto be stressed that LVH isnot astatic
phenomenon, but it devel ops and progresses over time, in
extreme cases, | eading to heart failure. Threedistinct stages
of experimental LV H with characteristic biochemicd, subcel-
[ular, cellular, tissue, and functional changeshavebeen des-
cribed*5: Thefirst stagerepresentsthe period of adaptation
and the rebuilding of myocardium to achieve adequate
performance, the second stage is defined as compensated
hypertrophy, and during thethird stage agradual develop-
ment of heart failure and degradation of the myocardium
occur. The complex rebuilding of structure is sometimes
referredtoasanatomical remodelingandinrelationtoelec-
trogenesisasel ectrophysiol ogical remodeling.

Therefore, in the case of LVH, we haveto consider:
increasein size, anatomical and €l ectrophysiological remo-
deling; progressand changes over time.
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However, probably dueto limited clinical diagnostic
possibilities, thedefinition of LVH isrestrictedtotheincrea
seinsizeor mass. For example: “ Themost valid definition of
hypertrophy is‘a demonstrableincreasein isolated LV
musclemass’ 6.

Theelectrocardiographicdiagnosisof LVH isprimarily
based on so-called voltagecriteria: theincreased amplitude
of theQRS complexin sel ected leads. Theincreased voltage
of the QRS complex isconsidered aspecificdiagnosticfin-
dingfor LVH™°,

Thecurrent underlying hypothesisexpressesthe per-
sistent belief that an increased myocardial mass should
produce astronger cardiac electric field and should be
reflected intheincreased voltage of the QRS complex. For
example: “The excitation of thelarger and thicker muscle
massresultsinlarger and longer living activation boun-
daries, whichinturn, result in the more than usual pre-
ponderance of the leftward and posteriorly oriented el ec-
trical forces” . Or: “The greater LV mass causesan in-
creasein QRSamplitude....” The electrocardiographic
diagnosis of LVH isbased mainly ontheincreasein QRS
voltage generated by theincreasein LV mass’ 2,

The generally accepted formulafor the magnitude of
the extracellularly recorded potential E isbased on the so-
lid-angletheory 3;

E= Q AVm* K
4r

whereQ isthesolid angle, relating theboundary geo-
metry to the electrode site. AVmisthe transmembrane
potential difference, K isaconstant rel ated to the conducti-
vity and anisotropy of the myocardium. Theoreticaly, the
potential at therecording siteisdetermined by the conduc-
tivity of themedium, the charge density per unit areaof the
polarized surface, and the solid angle subtended at the
recording site by thissurface.

However, using voltagecriteria, el ectrocardiography
detectsonly asmall percentage of the cases of LVH docu-
mented by the echocardiogram or by autopsy 5. Thelow
performance of voltage criteriaisasource of strong criti-
cismof ECGinLVH diagnosticsand hasbeenleading gra-
dually to decreased interest in el ectrocardiography among
cardiologists.

Thelesson tobelear ned from evidence-based
medicine

1) Theformulation of answer ablequestions- Curren-
tly, the continuouseffort of electrocardiol ogistsisdirected
towards the best estimate of left ventricular size or left
ventricular mass(LVM), tothedetection of increased LVM
or size. In other words, it meansthat we ask the following
questions: “How bigistheleft ventricle?’ or “Istheleft ven-
triclebigger than ahealthy one?’

However, electrocardiography does not primarily
providetheinformation onthesizeor mass. Theinformation
provided by electrocardiography is on the electric field
generated by the heart and recorded on the body surface.
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The magnitude of recorded potentials can, but does not
necessarily, reflect the size of the source (fig. 2). In other
words, sourcesof different size can exhibit thesamevolta-
ge, if they differintheir electrical properties. It follows, that
weareasking aquestion, whichisnot answerable.

Thequestions, which could beanswerableby electro-
cardiography, are: “How strongisthelV asasourceof car-
diaceectricfield?” Or morefocused: “How strongistheLV
asasourceof cardiacelectricfieldinrelationtoitssize?’

2) Thesearchfor thebest evidence- Therangeof pu-
blications on ECG diagnostics of LVH isextensive. The
increased QRS voltage was reported as early as 1906 by
Einthoven¢, ascharacteristic of LVH. Fromthistime, ava
riety of electrocardiographic criteriafor detection of LVH
haveemerged over theyearsand anumber of recommended
criteriahavebeen published. Thedevelopment of ECG vol-
tagecriteriahasfoll owed thedevel opment of ECG methods,
fromthestandard 12-lead ECG wherefrontal planeand hori-
zontal planeindividual leads, combined criteria, or thetotal
sum of the QRS have been used, through orthogonal elec-
trocardiography and vectorcardiography, to theeval uation
of body surface potential mapping.

A natural tendency isto read morerecent publications
that providethelatest evidence and opinion. Many histori-
cal publicationsarenot readily available. However, there-
cency of publications could lead to unexpected surprises,
as can be demonstrated by quotations about the Brody
effect.

Theoriginal text ¥': Therelatively large conductivity
of theintracavitary blood mass tends to short-circuit the
tangential components, but augmentsthe radial compo-
nents of myocardial doublets, reflected in the decrease of
tangentially oriented dipole moment and in theincrease of
radially oriented dipole moment.

A dlight shiftinterms- fromdipolemoment to el ectro-
cardiographic surfacepotential :

“Brody, using amathematical model, suggested that
intracardiac blood, ahighly conductive mass, augmentsthe
el ectrocardiographic surface potential if the progress of
myocardial excitationisradial totheblood mass. 18

source

Fig. 2 - Theinformation provided by electrocardiography ison the electric field
generated by theheart. Equal voltagescan berecorded at thebody surface, generated
by sourcesof different sizes, if they differ inelectrica properties. Therefore, theanswe-
rablequestionscan befor example: “How strongistheleft ventricleasasourceof the
cardiac electric field?” or more focused: “How strong isthe source of the cardiac
electricfieldinrelationtoitssize?’
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A shiftinmeaning- aconductivity-volumeshift: intra-
cavitary conductivity resulting fromincreased bloodvolume.

“ Bayley and Berry (1963) have suggested that in-
creased intracavitary conductivity resulting fromincrea-
sed blood volume will augment the QRS voltage by local
effectson thedipolesinthe cardiac muscle” *°.

Oneinterpretation of the Brody effect: Anincrease
in QRSamplitudewith decreasing volume:

“ Thisfinding would support the Brody effect, namely,
anincreasein QrRSamplitudewith afall in end diastolic
volume” 2.

And an oppositeinterpretation: Anincreasein QRS
amplitudewithincreasing volumeand areductionin QRS
amplitudewith adecreaseinvolume;

“Therefore, according tothe Brody effect, anincrease
in left ventricular volume should be accompanied by an
increase in surface QRS amplitude, and a decreasein
volume, by a reductionin amplitude” ; or “ According to
Bonoris, Rwaveincrease during exercise should beascri-
bed to anincrease in chamber sizein patientswith coro-
nary artery disease, whereas no change occursin normal
subjects: thisissocalled[the] ‘ Brody effect’ ” 2; or“ Brody
hasreasoned that a dilated ventricle will more effectively
augment radially directed dipolesbecause of theincrease
inintracavitary blood mass and thereby increase the vol -
tageinscribed at the body surface” .

Using suitabl e sel ected quotations, one can explain
both anincreaseand adecreasein QRSamplitudeduetoboth
changesin conductivity or inincreased or reduced volume,
respectively, simply by the application of the Brody effect.

In spite of thevariety of voltage criteria, onethemeis
common —the search for theincreased QRS amplitude,
exceeding the upper normal limits. Only valuesexceeding
theupper normal limitsare considered evidence. Itisreflec-
ted also in the terminology used; these results are called
“true-positive’. Theval ueswithinnormal limits- lower than
expected - areearmarked as*“ fa se-negative’ and areneglec-
tedin clinical diagnostic or prognostic decision making.
However, these so-called fal se- negative findings are the
dominant findingsinthe ECG diagnosticsof LVH. Inother
words, enough evidenceexiststhat thevoltagein LVH isin
themajority of caseslower than that expected according to
the classical hypothesis.

3) Critical appraisal of theevidence- Inthispart, the
focuswill beonthecritical appraisal of thecurrent classical
hypothesis, the application of the solid angle theory, the
design of studiesand of argumentation and derived conclu-
sionsin these studies.

Critical appraisal of thetested hypothesis

Asalready mentioned above, according to the classi-
cal hypothesiswe expect that theincreased mass of theleft
ventriclein LVH generatesastronger cardioelectric field.
Thisassumption israther straightforward: the bigger the
mass, the more severe the hypertrophy, the higher the am-
plitude of QRS should be.



Arq Bras Cardiol
2003; 81: 102-10.

Thishypothesiswasderived from thefollowing clini-
cal and experimental evidence: theincreased QRSamplitu-
deexceeding upper normal limitsisseeninaproportion of
patientswith LV H andishighly specificfor LVH; closecor-
relationsbetween QRS amplitude and hemodynamic dataof
patientswith left ventricul ar overload have been reported.

Moreover, theincreased voltage of the QRS complex
wasreveal ed asanindependent significant risk factor for car-
diovascular mortaity 2. Thesefindings stressthe prognos-
tic value of increased voltage and provide additional argu-
mentsinfavor of theimportanceof increased QRSamplitude.

However, enough evidenceexistsbiasingthevalidity
of thishypothesis. Of particular relevance hereisthe high
proportion of fal se-negatives, resultinginalow sensitivity
of voltagecriteriain LV H detection%. Reported sensitivities
aremoastly below 50%, ranging to 20%, or evenlower 28, |t
means, on the other hand, that the percentage of fal se-nega-
tiveresultsisover 50%, upto 80% and even more. Next, the
modest correl ation between QRSvoltageand left ventricu-
lar massresultsin an unsatisfactory estimation of LVM. In
spite of thefact that the proportion of patientswith increa-
sed QRSamplitudeisrdatively small, thesefindingsarege-
neralized anditisexpectedthat al patientsshould havein-
creasedvoltage. If not, itisconcluded, that ECGisof limited
valueor even obsolete.

Mashima? called hypertrophy causing the enlarge-
ment of the QRS amplitude as“ideal” hypertrophy. |deal
hypertrophy refersto a condition where the ventricular
muscleincreasesits volumewithout any alterationin the
activation sequence, and the strength of the double layer
andthevelocity of theactivation wavearethe sameasnor-
mal. In other words, the electrical properties of hypertro-
phied myocardium arethe same asthose of healthy tissue.

It followsthat the current hypothesishas 2 implica-
tionsandthereforeisvalid only if thefollowing 2 conditions
aretrue: nodifferenceexistsbetweentheel ectrical proper-
tiesof hypertrophied and healthy myocardium; the el ectri-
cal propertiesof hypertrophied myocardium do not change
during theevolution and progressof LV H.

Experimental and clinical cardiology provideenough
evidencethat these 2 conditions are not true. First, the pa-
thologically changed myocardiuminLVH differsfromthe
healthy one at molecular, subcellular, cellular, and tissue
levels. Structurally altered myocardiuminevitably changes
the conductivity properties of the tissue. Roberts et al *
showed that thewaveof activationisnot uniforminitsrate
of spread or itsdensity. Recently, these changes have been
extensively studied especially inrelationto arrhythmogene-
sis. Disease- (and arrhythmia-) induced changesin cardiac
electrical propertiesarereferredtoasel ectrophysiol ogical
remodeling 31%2. So, an interesting dissociationin clinical
thinking can beobserved. Inrelation to arrhythmogenesis,
both interrelated anatomical and el ectrogenic changesin
LVH aretaken into account, and the changesin el ectroge-
nesisare considered asubstrate for re-entry circuits, whe-
reasinthecaseof voltagecriteria, westill think only interms
of anatomical changes.
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Second, anatomical and related el ectrophysiol ogical
remodeling dependson theevolution and progressof LV H.
Asmentioned before, 3 distinct stagesof experimental LVH
have been described, with characteristic biochemical, sub-
cellular, cellular, tissue, and functional changes*®: Thefirst
stagerepresentsthe period of adaptation andtherebuilding
of myocardium to achieve adequate performance, the
second stageis defined as compensated hypertrophy, and
duringthethird stageagradual development of heart failure
and degradation of myocardium occur. However, we are
estimating only thelinear correl ation between | eft ventricu-
lar massand QRSamplitude.

Insummary, evidenceindicatesthat the hypertrophied
myocardiumispathol ogically changed and that these chan-
ges devel op/change over thetime.

Mashima? pointed out that discrepanciesin actual
casesindicatedeviationsfromtheided state. Till now, discre-
pancies have been attributed mainly to extracardiac factors
that influence physiological variability, such asage, gender,
race, anthropometricvariables, intracavitary blood volume,
conductivity properties of intrathoracic organs, location of
theheart within thethorax, and other such things®. Howe-
ver, eventhemost sophisticated ECG criteria, which combi-
neall knownfactorsinfluencing interindividual variability,
have nearly the samediscriminative power **. Or, thedevia
tions are attributed to the coincidence of pronounced car-
diac pathology: ischemia, edema, and heart failure. But, the
false-negativeresultsarea soseenininitial and mild hyper-
trophy 34%.

In summary, the gapsin our knowledge arerelated
mostly to these deviations: what isthe pathophysiological
backgroundfor thedeviationsfrom*“idea” hypertrophy, ie,
between the increased mass and QRS voltage lower than
expected? How do these deviations change over timewith
the progress of LVH?How do they change with therapy?
What istheir diagnostic and prognostic meaning?

Critical appraisal of theapplication of the
solid angletheory

The solid angle theory definesin biophysical terms
themagnitude of apotential detected at anextracellular site.

Part of theformul a% representsthe spatial determinant of

therecorded voltage. Itisdetermined by theactual geome-
try of the boundary and the electrode distance from the
boundary. Therest of the formularepresents nonspatial
determinants and characterizestheelectrical properties of
myocardium. The nonspatial determinantsinclude the
transmembrane voltage difference, the differencein con-
ductivity and in homogeneities within cardiac muscle.
However, intheapplication of thesolid angletheory inca-
sesof LVH, only spatial determinantsare considered. The
interplay of nonspatial determinantsisnot considered at
all. So, similarly tothehypothesis, in theapplication of the
solidangletheory toLVH, thefocusisonthesizeof theleft
ventricle.
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And consequently, the gapsin knowledge arising in
relationtotheappraisal of theapplication of thesolidangle
theory arerelated to the nonspatial determinants: are the
individual nonspatial determinants unchanged during the
progress of LVH? Arethey changed, but balanced with
others, sothat they ook unchanged asawhol eor at thema-
crolevel ? Arethey unchanged with therapy?

Critical appraisal of thedesign of thestudies

Inthedesign of the studies, several sources of poten-
tial biases can beidentified related to: the selection of the
gold standard; thecriteriaused for inclusion of the patients
into control/normal and LV H groups, respectively; theab-
sence of the control of patientsfor therapy; the absence of
thecontrol of patientsfor known extracardiac factorsinflu-
encing the QRS amplitude; timedifference between recor-
ded ECG and the gold standard method of measurement.

The gold standard method should allow distinction
between subjectswith or without acertain pathol ogy, in our
case subjectswith or without left ventricular hypertrophy.
Currently, echocardiography isconsidered theoptimal gold
standard (“the nonel ectrocardiographic independent me-
thod”), mainly for itsgood estimation of LV dimensionsand
mass, documented by aclose correlation with autopsy fin-
dings®*¥". Thefundamental gold standardisconsidered the
autopsy, where dimensions and mass can be directly mea-
sured. Theprimary information of both methodsistheinfor-
mation on sizeand mass, respectively, and so LV H diagnos-
ticsare often simplified at the detection of the increased
masy/size. However, using only size asameasure of LVH
could be misleading and asource of potential biases. Firs-
tly, theincreased mass/sizeisreally adominant characteris-
tic, but only ONE of the characteristics of LVH, not the
ONLY characteristic. Secondly, taking into account only the
mass/size, pathol ogical reasons for increased mass/size
other than LV H and associ ated di seases can be overl ooked.
And onthe other hand, theinitial stagesof LVH, when the
mass does not exceed thearbitrary upper normal limit, can
go unrecognized and therefore may be misclassified. And
finally, ECG doesnot provideinformation onsizeor mass. It
providesinformation on one of thefunctional characteris-
tics of the heart — electrogenesis. Therefore, it would be
more appropriateto usetermslikenormal function or ade-
quate functionin relation to the size, hypo- or hyperfunc-
tioninrelationtothesizeof LV (fig. 3). Theendlesscalcula-
tionsof specificity and sensitivity, or derived receiver ope-
rating characteristics curves, can only repeatedly confirm
the well-known fact that the size of an organ and itsfunc-
tion are not necessarily proportional .

The simplificationsin considering LVH asonly an
increase in mass/size arereflected in some studiesin the
criteriaused for inclusion of thepatientsinto control/normal
and LV H groups. For example, avariety of cardiovascular
pathologiesincluded both control and LVH groups®. An
unknown proportion of patientswith mild hypertensionis
included in the normal control group, and the LVH group
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containsan unknown proportion of “ normotensive patien-
ts” ®are they healthy subjects or hypertensive patientson
therapy?

In most of the studies, the groups are not controlled
for therapy. This study includes an unstated assumption
that therapy hasnoinfluence ontherecorded QRSvoltage.

Similarly, thegroupsarenot controlled for knownextra-
cardiacfactorsinfluencing the physiological variability of
QRSamplitude, suchasage, sex, anthropometric characte-
ristics, or race. Extracardiac factorsweredocumentedtoin-
fluencethe QRS amplitude >, But curioudly, intheinter-
pretationthey aremostly used to explainthelower amplitu-
de, thefalse-negative resultsin LV H patients. However,
they should influence both normal and LVH populationin
thesamedirections, if the studiesare properly randomized.

Thetime difference between recorded ECG and the
gold standard method of measurement canbeconsiderable,
especially in studies using the autopsy as areference me-
thod. Thereportedinterval sfromtheinterpreted el ectrocar-
diogramuntil death go upto 11 weeks*, or arenct precisely
defined 545, This study designh meansthat no changesin
QRSamplitudeareassumed over thetimeinterval between
therecordings of the 2 methods.

Sour cesof flawsin argumentation and
derived conclusions

The argumentation used in the ECG diagnostics of
LVH israther monotonous. It assumesthat the “ el ectrical
dominance” of theleft ventricleisenhanced in LVH. Soiit
searches for the evidence—for increased QRS amplitude
and only theseresultsare considered TRUE. Thiseffort is

LV size LV size
normal increased normal increased

5] 3 function

g FP TP % erfunction adequat_e
gb £ / . 2 tqfthe siz
= 3
S R R A Y/
% E g - ~——felati
o g =] N

) N FN g |yoltage

deficit

Fig.3- A: Theclassica contingency tablerelatesthesizeof theleft ventricleand QRS
amplitude. Theareaof thetabl eisdivided by theupper normal limitsof both methods
into4 areas: N: theareaof normal results; TP: true-positiveresults, where an agree-
ment between size and voltage is achieved; FP: false-positive results; FN: false-
negativeresults. Thearrow expressesthat alinear relationship betweenthesizeand
the voltageis expected, in other words, the bigger the | eft ventricle, the higher the
QRS voltage. Thisdesign of the contingency tableimplicitly meansthat the tested
method and the gold standard method are alternative or competing methods. B: Our
approach equally considers both function and size. The dominant findingsin left
ventricular hypertrophy, so-called fal se-negative results, those with increased
mass and QRS voltagewithin normal limits, are according to this approach defined
asthe“relativevoltagedeficit”. Inthisarrangement, echocardiography and el ectro-
cardiography are neither alternative nor competing methods, but complementary
methods, bearing different and complementary information ondiagnosis, prognosis,
andtheeffect of therapy. Therelationships between sizeand function during thepro-
gression of LVH arenot linear, but may follow different trajectories.
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theoretically supported by the partial application of the
solid angletheory, whereonly spatial determinantsaremen-
tioned. Findingswith QRS amplitudewithin normal limits
arefalse-negative. If theproportion of thesefal se-negative
resultsis*”acceptable” or thetested criteria“ significantly
improve” their sensitivity, which could bereally of low clini-
cal relevance, thetested ECG criteriaarerecommended as
suitablefor ECG diagnosticsof LV H. If theproportion of the
fal se-negativeresultsisnot acceptable, and the proportion
of thefal se-negativeresultswasdocumented ashigh, upto
90%, it isconcluded that ECG isof limited valuefor LVH
diagnostics or even an obsolete method.

A few wesk pointscan beidentified inthissequence of
reasoning. Oneof thepossibleflaws, thegenerdization, has
already been mentioned. If theincreased QRS amplitudeis
foundinaproportion of patients, it doesnot necessarily mean
thatitistruefor al patients. Themagjority of ECGfindingsin
LVH arewithinnormal limits,whichimpliesregularity.

Theapplication of the spatial angletheory isnot com-
plete, only partial, because only spatial determinantsare
mentioned. Nonspatial determinants are not considered,
evenwhenthechangesin conductivity areexplicitly discus-
sed in relation to the prolongation of QRS duration in the
same article, which can be seen in reports on the voltage-
duration product *. The negligence of nonspatial factorsis
based on the findings of studies where no changesin the
transmembraneaction potential sin myocytesof chronically
hypertrophied heartswerereported “-“¢. Consequently, it has
been concluded that the geometry of the ventricleplaysan
important role in determining the increased voltage .
However, enough experimental and clinical evidenceare
availableindicating that nonspatial determinantscan chan-
geduringtheprogressionof LVH. Theelectrical properties
of myocardium are extensively studied in relation to
arrhythmogenesis. A great amount of accumulated know-
ledge about the changesin active and passive electrical
properties of myocardium in LV H, such as heterogenous
changesin action potential duration and amplitude, lossor
thickening of gap junctions, expression and distribution of
connexin “, intercellular coupling, changesin conduction
velocity, interactions between ionic currents and cardiac
microstructure**%”, which aresometimesreferred to asel ec-
trophysiological remodeling.

Experimental and clinical evidenceexiststhat theuns-
tated assumpti ons mentioned previously are not necessari-
ly true. Theel ectrical propertiesof myocardium, which can
influence QRS amplitude, can change during the progres-
sionof LVH, withtherapy and over timeand can counterba-
lancetheinfluence of theincreased spatial angle.

Andfinally, theconclusionthat ECGisof limitedvalue
or even obsoletefor LVH detectionisnot true. Based onthe
fact that ECG doesnot estimate mass, wecometo thewrong
conclusion that ECG isnot suitablefor LVH diagnostics.
What could be more precisely concluded isthe statement
that ECG isnot suitablefor the estimation of sizeof theleft
ventricle. However, weknow that the primary information
given by electrocardiography isnot the information about
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size, but about el ectrical propertiesof themyocardium. So,
we are back at the point of asking unanswerable question,
andwearegoingaroundincircles.

Alternativeconclusions

Based on the recognition of the unstated assump-
tions, their re-evaluation, and ontheefforttoavoid possible
flaws, we have devel oped alternative conclusions:

Becausetheincreased amplitude of the QRS complex
isrecorded only in asmaller proportion of patientswith
anatomical LVH, thedominant proportion of patientswith
anatomical LVH deviatesfromthisexpectedincreasein QRS
amplitude. Inother words, their QRSamplitudeislower than
that expected. These findings are not “false”, they are
“true’, becausethey aretheresultsof an objectivediagnos-
ticmethod, andin our previousworkswecalledthesedevia-
tionsthe*relativevoltagedeficit” 8%, Takinginto account
the difference between the expected voltagerelated to in-
creased LV M and the actual recorded voltage, it would be
appropriatetocall thisdifferencea” relativevoltagedeficit”.
Thistermindicatesthat therecorded QRSvoltageinaparti-
cular patient with echocardiographically assessed LVH is
lower than expected. And, contrary totheterm“false-nega-
tive”, whichimplicitly neglectstheresultsof ECG evaua-
tionsby earmarkingthemas*false” itimposestheneed for
further diagnostic clarification.

Thisrelativevoltagedeficitisconditioned by changes
in nonspatial determinants, by changed active and passive
electrical properties of the hypertrophied myocardium as
compared to healthy tissue.

Thesechangesarenot linear during the progression of
LVH. They arenot proportional totheincreaseof LVM. In
other words, the QRSamplitudedoesnot follow the severity
of LVH andtheincreaseof LVM proportionaly.

Therelative voltage deficit can be enhanced by other
associated cardiac pathologies and can be modified by
therapy.

Therecognition and quantification of therelativevol-
tagedeficit asadeviationfromnorma could havediagnostic
and prognostic value and importance.

Toquantify therelativevoltage deficit, weused anew
parameter: aratio of QRSvoltagetoleft ventricular size®.
Thisratiowascalled the specific potential of myocardium
(SP). Usingleft ventricul ar sizeasadenominator, thevolta
geisindexed to aunit of myocardium and the influence of
left ventricular size on the voltage magnitudeistakeninto
account. In this manner, the relative voltages related to
equal unitsof myocardium can becompared. The SPvalue
can beunderstood asapotential contribution of oneunit of
myocardial tissueof theleft ventricletothetotal cardioel ec-
tricfield. Intermsof solid-angletheory, it can be considered
asummary parameter of nonspatial determinants.

In our previousworks, we found decreased val ues of
SPinhypertensive patientsascompared withthosein heal -
thy subjects®.. Decreased SPvalueswereobservedin expe-
rimental LVH dueto volumeoverloadinrabbits®. A maxi-

107



Bacharova L
Evidence-based medicine. A lesson for electrocardiography

mum decrease was recorded during thefirst and the third
stagesof experimental LVH. The SPvaluesdid not reachthe
control valuesevenin the second stagewhen the maximum
increasein QRSamplitudeswasobserved. Similarly, decrea
sed SP values were found in spontaneously hypertensive
ratsin the period of theinitial increasein blood pressure
when compared with age- and sex-matched healthy Wistar-
Kyoto rats®,

Thedecisiontoapply theconclusionsto
patients healthcare

ECGisaneasily available and affordable method and
providesalot of information onthestatusof theheart. Howe-
ver, theimpact of increased QRSamplitudeonclinical deci-
sion making with respect to diagnostic classification, selec-
tion of therapy and prognosisissurprisingly rather limited.

Asalready mentioned, only increased QRSamplitude
indefined leadsisconsidered a“ positive” finding, ie, evi-
denceof LVH, and only thesefindingsareused for clinical
decisionmaking. Theresultswithin normal limitsareconsi-
dered “negative” and are not taken into account. When
confronted with the gold standard, for examplewith echo-
cardiography, both positiveand negative ECG resultsare, in
cases of discrepancies between these 2 methods, conside-
red“false”, inother words“wrong”.

Electrocardiographically detected LVH has been
shownto beastrongindependent predictor of cardiac mor-
bidity and mortality both in patients with essentia hyper-
tension and inthe general population, aswell asin normo-
tensive adults 246465,

In hypertensive patients, the ECG signsof LVH are
considered an indicator of target organ damage and are
usedfor further diagnostic decisionmaking. TheWHO clas-
sification® of theseverity of hypertension usesthe presen-
ceor absenceof electrocardiographic LVH asacriterionfor
differentiating between stages 1 and 2 of established hy-
pertension, evenin caseswhereno signsof LVH arepresent
ontheechocardiogram. Similarly, itisincludedintherisk stra-
tification of hypertensivepatientsrecommended by INCV1 &
The practical consequence for anindividual patient isthe
recommendation to begin the pharmacotherapy without
waiting for theeffect of nonpharmacol ogical intervention.
However, the finding of an increased QRS voltage hasno
impact on the sel ection of therapy.

In spite of the evidence, the importance of the ECG
signsin patientswith mild to moderate essential hyperten-
sionismarginalized because of thelow incidence and low
sensitivity of ECG findings 5%, |nthe general popula-
tion, ECG signsof LVH arerarely seenincalculationsof risk
scoresin health promotion programs.

The so-called false-negative results, ie, those with
increased LVM and ECG amplitudewithin normal limits, are
not considered for further diagnostic or prognostic deci-
sion making and have no impact on the choice of therapy.
However, thesefal se-negativefindingsprevail . Heartswith
hypertrophied | eft ventriclesbut without the expected pro-
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portional increasein QRSamplitudearefrequent findingsin
clinical practice, and the high number of false-negative
resultsindicatesthe need for assessing the diagnostic and
prognostic significance of this phenomenon.

In summary, the following gapsin knowledge can be
identified with respect to the application of theincreased
QRS amplitudefor diagnostic decision making asregards
theindividual patient: what arethe diagnostic meaning and
the consequence of further diagnostic proceduresin cases
of anisolated increasein QRS amplitudein an eventually
healthy population, or in combinationwith cardiac pathol o-
giesother than hypertension? What is the consequence of
anisolated increasein QRS amplitude for the sel ection of
therapy and monitoring its effect on hypertension and
other cardiac pathologies? What are the diagnostic mea-
ning and the consequences of further diagnostic procedu-
resfor finding the discrepancy—increased LVM and low
voltage of therelative voltage deficit? What isthe conse-
guence of finding therel ative voltage deficit for the selec-
tion of therapy and monitoring the effect of therapy?1sthe
prognostic and diagnostic meaning of the voltage deficit
different fromtheso-calledtrue-positiveresults, whereECG
and echocardiographicfindingsarein agreement?

Conclusion

Thecurrent ECG diagnosticsof LV H based on voltage
criteriaaim to estimate LVM. Itsunderlying hypothesisin-
cludes unstated assumptions about the nonspatial deter-
minantsof QRSvoltage: Firgt, theedectricd propertiesof hy-
pertrophied myocardium do not differ from that in healthy
ones, and second, they do not change during the devel op-
ment and progression of LV H. Because these 2 conditions
arenot true, the performanceof thevoltagecriteriaislimited.

There-evaluation of the hypothesisisbased onacon-
tingency approach;and considersalsofindingsof relatively
lower (‘normal’) QRSvoltagein hypertrophied | eft ventri-
cles: so-called false-negativeresults, asaresult of therela-
tivevoltage deficit dueto complex changesintheelectrical
properties of hypertrophied myocardium. Hypertrophied
left ventricleswithrelativevoltagedeficits, and changesin
therelativevoltagedeficit over timeor withtreatment, seem
to have diagnostic and prognostic importance.

Finally, theresults of the application of EBM to elec-
trocardiography example of the ECG diagnostics of LVH
allows usto conclude that the application of the EBM ap-
proach hascontributedto revealing old habitsandinertiain
thinking fixed during the hundred yearsand of gapsin our
knowledge: an unanswerablequestionisasked; theeviden-
ceismodified dightly or considerably by re-quotations; the
validity of ECG asadiagnostic test istested in relation to
only 1 characteristicof LVH size. It followsthat thetraditio-
nally used gold standard methods are questionable or even
inappropriate. Sensitivity and specificity reflect theassocia-
tion with sizebut not the primary information provided by
electrocardiography; the evidenceisbiased by selection of
patients; the dominant findings, the still so-called false-
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negative results, are neglected in diagnostics; the applica
tion of thetheoretical background, thespatial angletheory,
isonly partial; gapsexist in our knowledge with respect to
theclinical meaning and importance of findings, whenthe
sizeand the electrical propertiesare not in accordance, to
thestill so-called fal se-negative and fal se-positive findin-
gs. Furthermore, wedo not know whether they differintheir
clinical importancefrom those designated astrue-positive;
gapsexist in our knowledge with respect to the changesin
therelationship between sizeand el ectrogenesisduring the
progression of LVH andwiththerapy.

The EBM approach has contributed to devel oping an
alternativeview of thepossibilitiesof electrocardiography

Bacharova L
Evidence-based medicine. A lesson for electrocardiography

inLVH diagnostics, and thisisthemainlessonwecanlearn
from EBM. It has been shown that the EBM approachisa
powerful tool for re-evaluation of old hypothesesin the
context of the contemporary knowledge, atool for genera-
ting new ideas and directionsfor research. Perhaps, inthe
caseof ECG, andnot only for LV H, it may contributetothe
identification of therole of ECG and to the added value of
ECGinclinicd diagnogtics.
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