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THE ELECTROCARDI OGRAPH MAY BE CLI NICALLY HELPFUL ALONG ) MAIN 
~INES, LISTED IN ORDER OF IMP ORTANCE: 

I. IT D I STINGU I SHES ~ USUALLY IF NOT ALWAYS ~ BE TW EE N TYPES OF 
CARDIAC ARRHYTHM IAS . 

2. IT PROV I DES REASO NABLY REL IABLE INFORMATION CONCERNING VEN
TRICULAR OVER LOA D, USUALLY DISTINGUI SH I NG BETWEE N RIGHT AND LEFT 
VENTRICULAR INVOLVEMENT. 

). IT FU RNISHES DIA GNOSTIC INFORMATI ON CONCERNING ACUTE MYO
CARDIAL DAMA GE , ESPECIALLY IF USED SE RIALL Y. 

4. IT YIE LDS INF ORMATION OF QUESTI ONAB LE VALI DITY CONCERNING 
CHRONIC MYOCARDI AL DI SEASE . 

THE SECOND TOPIC IS OF GREA T CLINI CAL IMPORTANC E AND IS A FOCAL 
POI NT ABOUT WHICH A GREAT DEAL OF CONFUS ION . REVOLVES . 

IT WAS EINTHOVEN HIMSELF (1906) WHO ORIG INALLY SET UP ELECTRO
CARDIOGRAPHIC CRITERIONS FOR LEFT AND RIGHT AXIS DEVIA T ION . HE BUI LT 
THE FIRST STRING GALVANOMETER IN 190) AND , ALONG WITH FAHR AND DEWAART, 
PUBLISHED THE EINTHOVEN TR IANGLE CONCEPT IN 191). THI S VERY BA S IC 
ARTICLE WAS TRANSLATED I N 1950 BY HOFF AND SEKELY; FROM IT COME ALL 
OUR CONCEPTS CONCERNING DETERMINATI ON OF ELECTRICAL POS IT ION AND VEN
TRICULAR PREPONDERANC E, AS WELL AS THE BASI C THEORY UND ERLYING VECTOR
CARDIOGRAPHY. TH E AUTHORS POI NT OUT VERY CLEA ij LY THAT ECG CHANGES DU E 
TO CHANGE I N POS ITI ON OF THE HEART MAY RE SEMB LE THOSE DUE TO VE NTRICULAR 
HYP ERTROPHY. TH E MEA N QRS VECTOR (-1 ~ THE FRONTAL PLANE) IN THE NORMAL 
SUBJECT, ACC ORD ING TO EINTHOVEN, ET AL 1 WA S FROM +40 TO +90 DEGREES ~ 
WHILE IN 11 SEVERAL CAS ES OF LEF T VENTRIC ULAR HYPERTROP HY" IT WAS MARKEDLY 
NEGATIVE (uP TO -40 DEGREES) . PRESENT DAY ELE CTROCARD IOGRAPHERS MI GHT 
CONSIDER TH E NORMA L RAN GE AS GIVEN BY E INTHOVEN A BIT TOO BROAD (IN 
ADULTS) AND A QRS AXIS OF -40 DEGREES WOULD USUALLY BE CONS IDERED TO 
REPRESENT EXTREME LEFT AXIS DEVIAT ION ( AND PROBABLY HYPERTROPHY) . THE 
METHOD OF UTILIZING A TRIANGULAR F IGURE FOR THE GEOMETRIC C~STRUCT ION 

OF A TRUE EL ECTRICAL VEC TOR , POS SESS I NG DIRECTION, S IZE AND SENSE , IS 
E1NTHOVEN 1S. IT PROV IDED A BASIS FOR THE LOGICAL DE VELOPMENT OF E~ECTRO
CARDIOGRAPHY ALONG VECTO RIAL LINES; INSTEAD OF THI S , HOWEVE R, THE TECH
NIQUE CAME l INTO CLINICAL USE AS AN EMP IRICAL TOOL IN WHICH STATE iT 
ST ILL REMAINS. DETERMINATI ON OF MEA N QRS, ST , AND TAXES I S SELDOM 
CARRIED OUT CLINICALLY ~ ALTHOUGH THE PROCE SS IS NOT DIFF ICULT, WHETHER 
THE ORIGINAL EINTHOVEN TRIANGLE OR TH E MODI FIED TRAXIAL SYSTEM OF 
BAYLEY IS USED. 

FOLLOWING EINTHOVEN , LEWIS AND HIS COLLA BORATORS IN ENGLA ND CAME 
POWERFULLY ON THE SCENE . I N 1914, LEW IS NOTED THE FUNDAMENTAL FACT 
THAT STRONG RI GHT-S I DED PA TT ERNS ARE NORMALLY PR ESE NT IN THE NEWB ORN 
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AND DO NOT BECOME MODIFI ED TOWARD THE AOULT PATT ERN FOR SEVERAL MONTHS. 
HE ALSO NOTED THAT SOME ADU LTS WITH LEFT VENTRICULAR OVERLOAD DO NOT 
sHOW CLEARCUT LEFT-SIDED ECG PATTERNS BUT TH OUGHT THAT THE DIFFERENCE 
MIGHT BE MORE APPARENT THAN REAL. IT WOULD SEEM THAT LEWIS, AND CER
TAIN AUTHORS WHO FOLLOWED HIM (COTTON, 1917), WER E EMPIRICALLY OBSERV
ING THE SIGNS OF AXIS DEVIATION IN TH E STANDARD LIMB LEADS AND DID NOT, 
INITIALLY, DISTINGUISH BETWEE N SIMPLE AXIS DEVIATION AND A MORE SEVERE 
cHANGE. LEWIS DID, HOWEVER, MAKE REFERE NC E TO THE RELATION BETWEEN 
INCREASED VOLTAGE AND VENTRtCULAR HYPERT ROPHY . VALUABLE THOUGH LEWIS 1 

CONTRIBUTIONS UNDOUBTEDLY WERE , HE AND HI S PUPILS WERE LARGELY RESPON
SIBLE FOR STEERING ELECTROCAR DIOGRAPHY AWAY FROM THE SOUND LINES IN
DICATED BY EINTHOVEN AND COLLEAGUES IN 191). PATTERN ELECTROCARDIOG
RAPHY HAD IT S ORIGIN IN THE WRIT INGS OF LEW IS AND OTHERS , AND SO GREAT 
WAS LEWIS 1 INFLU ENCE THAT ANY ATTEMPT TO RE TU RN THE FI ELD TO ITS 
BASICALLY SCIENTIF IC NATU RE IS STILL LOOKED ON WITH SUSP IC ION. THE 
TOOL IS CAPABLE OF BEING USED AS A QUANTITATI VE A·ID TO DIAGNOSIS, WELL 
PROTECTED FROM THE FLABBINESS THAT IS PART AND PARCEL OF ANY TECHNIQUE 
WHICH IS OPEN TO SUBJ ECTIVE, NON-QUANTITATIVE INTERPRETATION. LEWIS 
AND THOSE WHO IMMEDIATE LY FOLLOWED HIM EXPLO ITED THIS NEW TWENTIETH 
CENTURY METHOD ALONG THE LINES LAID DOWN BY EIGHTEENTH CENTURY EM
PIRICISTS AND THEIR EXPLOITATION WAS VERY WELL RECEIVED. WHITE AND 
SOCK (1918) IN FACT UTILIZED A MODIFI ED LEWIS EMPIRICAL FORMtJ.LATION 
FOR THE RECOGNITION OF VENTRICULAR HYPERTROPH~. THE DEV\CE SIMPLY ADDS 
TH E AMPL ITUDE OF R1 AND 8? (IGNORING TH EIR NATURAL SIGNS), THEN SUB
TRACTS THE SUM OF 81 AND R) TO OBTAIN AN INDE~. A HI GH INDEX INDICATES 
A LEFT PATTERN, POSSIBLY LEFT VENTRICULAR HYPERTROPHY. FAIRLY HIGH 
VALUES IN SHORT, FAT PEOPLE INDICA TE - A HOR IZONTAL HEART. 

OTHER C ONTRIBUTI ~NS WERE MADE BY CARTER AND GREE NE (1919) AND BY 
FAHR (1920). THE LATTER MAD E THE S IGNIFI CANT OBSERVATION THAT IN MANY 
PATIENTS WITH HIGH VOLTA GE R WAVES IN LEAD I fiND VERY DEEPS WAVES IN 
LEAD I I I, THE T WAVE IN LEAD I WA S OFTEN INVERTED. THIS IS A VERY 
EARLY, IF NOT THE F IRST, INTIMATI ON OF AN ELECTROCARDI OGRAPHYC PATTERN 
THAT GOES BEYOND S IMP LE AXIS DEVIATION MORPHO LOGICALLY AND THAT HAS A 
MORE SERIOUS CLINICAL IMPLICATION . fAH R, INCIDENTALLY, WSED SIMPLE 
VECTORIAL ANALYS IS AND WAS AMONG THOSE WHO BROU GHT OROER INTO CHAOS 
WITH REGARD TO TH E DIAGNOSIS OF BUNDLE BRANCH BLOCK. HE WAS EMPHAT IC 
(1921) IN OBSERVING THAT THE ELECTROCARD IOGRAM "G IVES NO DI RECT ANSWER 
TO THE QUEST I ON OF THE CONTRACTILE EFF I c·l ENC Y OF THE HEART MUSCLE. 11 

THROUGH THE 1920' s AND 19)0 1s, A CONCEPT WA S GRADUALLY EVOLVED, 
THE END RESULT OF WHICH WAS THE ECG PA TTE RN WE NOW SOMETIMES REFER TO 
AS VENTRICULAR STRAINo WILLIU S (1922) RELATED NEGATIVITY OF THE T WAVE 
IN LIMB LEAD I TO MORTALITY AND, IN THE PROCESS, CONFIRMED THE OBSERVA
TION OR IGINALLY MADE BY CARTER AND GREEN (LAD AND INV ERS ION OF Tl IN 
ASSOC IATI ON WITH ARTE RIAL HYPERTENS ION). LUTEN AND GROVE (1928) OBSERVED 
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WHAT THEY THOUGHT WAS THE SAME PATTERN BUT CONSIDERED THAT IT (LAD, 
QRS OF NORMAL DURATI ON, INVERTED Tl AND UPRIGHT T)) INDICATED THE 
PRESENCE OF CORONARY DISEASE, NOT ARTERIAL HYPERTENS ION. BAaNES AND 
WHITTEN (1929) AGAIN EMPHASIZED THE ASSOCIATION OF NEGATIVITY OF Tl 
WITH HYPERTENSION AND OTHER TYPES OF DISEASE PRODUCING LEFT VENTRIC
ULAR OVERLOAD. THEY SEEM TO HAVE BEEN TH E FIRST WHO ACTUALLY USED 
THE TERM VENTRICULAR STRAIN. IT WAS RYKERT AND HEPBURN (19)5), HOW
EVER, WHO COMPLETED THE PICTURE BY ADDING DEVIAT ION OF THE ST SEGMENT 
TO THE OTHER ELECTROCARDIOGRAPHIC FEATURES THAT HAD BEEN PREVIOUSLY 
ASSOCIATED WITH VENTRICULAR HYPERTROPHY AND STRA IN OR BOTH. THEIR 
PAPER IS IMPORTANT IN THAT IT ASSOC IAT ES THE FOLLOW ING W.ITH MARKED 
LEFT VENTRICULAR DOMINANC E: 

I. QRSI NORMAL IN DURATION BUT INCREASED IN AMPLITUDE; 

2. LAD; 

). INVERTED Tl 1 UPRIGHT T2; 

4. DEP RESSED STI, ELEVATED ST)• 

THEY NOTED THAT TH E ST SEGMENT DISPLACEMENT IS NOT USUALLY AS MARKED 
AS IN MYOCARDIAL INFARCTION AND STRESSED THE RELATIVE SPECIFICITY OF 
THE MORPHOLOGIC COMBINATION. 

MEANWHILE, WILSON AND COLLEAGUES HAD BEauN STUD I ES ON WHAT WE NOW 
CALL THE UNIPOLAR ELECTRODE. WITH MAcLEOD AND BARKER, WILSON DEFINED 
THE INTRINSICOID DEFLECTION (19)0) AND PROCEEDED (19)2) TO LAY DOWN 
THE TECHNIQUE AND SIGNIFICANCE OF UNIPOLAR ELECTROCARDIOGRAP HY (WILSON, 
JoHNSTON, MAcLE OD AND BARKER, 19)4). IN ACTUAL FAcT, WILS0N 1s coN
TRIBUTIONs REINSTATED THE VECTOR CONCEPT AND GAVE IT ANOTHER DIMENSION. 
AT THE SAME TIME, THE AUTHORS RECOGNIZED THAT ELECTROCARD IOGRAP HY HAD 
DEVELOPED ALONG PURELY :EMP IRICAL LINES AND, FOR THIS REASON, HAD TO 
PRESERVE THE EMPIRICAL APPROACH IN THEIR LATER DESCRIPTIONS OF UNIPOLAR 
ELECTROCARDIOGRAPHIC PATTERNS. IN THEIR FIRST FULL-LENGTH PAPER ON 
UNIPOLAR ELECTROCARDIOGRAPHY (19;4) TH EY DESCR IBE THE CHANGES PRODWCED 
BY AXIS DEVIATION ON UNIPOLAR LIMB LEADS (ALTHOUGH THE PO~A~ITY OF 
THEIR INSTRUMENT WAS THE REVERSE OF THAT NOW IN USE). SUBSEQUENTLY, 
THEY PUBLISHED VECTORGRAPHIC LOOPS ILLUST RATING CHANGES INDUCED BY 
VENTRICULA R HYPERTROPHY (19)8). 

THE GRADUAL ACCEPTANCE OF PRECORDIAL LEADS AND, SOMEWHAT LATER, 
OF UNIPOLAR LIMB AND PRECORDIAL LEADS PRODUCED FURTHER DEFINITIONS OF 
HYPERTROPHY AND STRA IN PATTERNS . SIMPLE LEFT AXIS DEVIATION WAS NOW 
KNOWN TO BE OF LITTLE S IGNIF ICANC E BY ITSELF • . THE SEQUENCE LEADING 
FROM LAD, THRO~H LV STRA IN AND HYPERTROPHY TO LBBB WAS DESCRIBED IN 
19)4 BY GUBNER AND UNGELEIDER. To THEM, THE OLD LEWIS CRITERIONS 
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(RI + S3 = 2.5 MV., OR MORE ) WE RE ADEQUATE FOR THE REC OGN ITI ON OF LEFT 
VENTRICULAR HYPERTROPHY. THEY ALSO THOUGHT THAT THE SAME INTERPRETA
TION WAS INDICATED IF R1 WAS GREATER THA N lo6 MV., OR S3 DEEPER THAN 
- 1.6 MV. WHEN_2lj BECAME ELEVA TED AND T I I NV RTED (W ITH RE C I'"PROCAL 
CHANGES IN LL lllJ, THEY C NSIDE RED LV STRA IN TO BE PRESENT BUT THOUGHT 
THAT ST-T CHANGES WERE LESS SPEC IFIC THAN HI GH VOLTAGE Rl OR S3. THEY 
AT TRIBUT ED THE INCREA SED VOLTA GE TO INC REASE IN LV MYOCAR DIAL MASS AND 
ST-T CHANGES TO ISCHEMIA OF THE SU BENDOCARDIA L LEFT VENTRICULAR MYO
CARDIUM. IF THE PROCESS CONT I NUED LONG ENOUGH , THEY BELIEVED, SUBENDO
CARDIAL FIBROSIS AND INTRAVENTRICULAR CONDUC TI ON DEFECTS MIGHT APPEAR. 
THE IRS WAS THE FIRST SYST EMAT IC EXPOS ITI ON OF THE POSS IBILITY THAT LAD 
MIGHT BE REPLACED IN THE COU RSE OF PROGRESSIVE LEFT VENTRICULAR OVER
LOAD BY THE HYPERTROPHY ( OR STRA IN) PATTE RN AND THAT THE END RESULT 
MI GHT BE BUNDLE BRANCH BLOCK. KAPLAN AND KATZ (1941) MADE A FURTHER 
CONTRIBUTION BY EMP HA SIZ I NG THAT THE CHANGES IN ST-T IN LIMB LEAD I, 
AND NOT AXIS DEV IAT ION , WERE FUNDAMENTAL TO THE DIAGNOS IS OF LEFT VEN
TR 1 cuLAR STRA 1 N. THEY NOTED ABSENCE OF LAD C' co,NC ORDANT LVS") 1 N 19 
PER CENT OF THEIR PROVED CASES. ABOUT THE SAME TIME, ROBB AND ROBB 
(1942) MAD E THE F I RST PHYS IOLOGIC STUDY OF LVS (IN ANIMALS) AND SHOWED 
THAT WH EN THE LEFT VENTRICLE IS ACUTELY OVERLOADED, THE AMPL ITUDE OF 
R1 INCREASES FIRST; THEN ST SEGMENTS TEND TO RISE BRIEFLY BUT AS PRES
SURE IS FURTHER INCREA SE D, ST I FALLS. THESE CHA NG ES, THEY INDICATED, . 
CAN NOT BE DUE TO HYPERTROP HY AND ARE RAP I DLY REVERS IB LE. 

WITH THE ADVENT OF UNIPOLAR ELECTROCARD IOG RAPHY , AND ESPEC IALLY 
WITH THE FA NF ARE SURROUND ING THE INTRODUCTION OF THE GOLDBERGER AUG
MENTED UNIPOLAR EXTREM IT Y LEADS, AN OLDER POINT OF VIEW AGAIN RECEIVED 
EMPHAS I S. SPECIFIC ELECT ROD ES WERE C NSIDERED TO " LOOK AT 11 SPECIFIC 
PORTI ONS OF THE VENTRICLE ( EP l CARD I AL O.R CAVITY SURFACES) . GOLDBERGER 
(1944) REDEFINED THE ELECTROCARD IOGRAPHIC CRITER IONS FO~ LEFT VENTRIC
ULAR HYPERTROPHY BY NOTING THAT THE LEAD S THAT FACE THE HYPERTROPHIED 
LV EP ICARDIUM (AVL, V4 -6) SHOW HI GH R WAV ES , WHILE Vl-2 AND AVR, SINCE 
THEY FACE THE LV CAVITY, SHOW DOWNWARD DEF LECTI ONS. STAND T C~ANGES 
ARE USUALLY OPPOS ITE TO QRSo RIGHT VENTRI CULAR HYPERTROPHY WAS SAID 
TO SHOW ROUGHLY OPPOSITE CHANGES. GOLDBE GE R1S MAIN PURPOSE WAS TO 
PROVIDE 11 A NONMATHEMATICAL APPROACH TO TH E PROBLEM OF AXIS DEVIAT ION ••• "* 
FU RTH ER DESCRIPTI ONS , LARGELY ALONG PATT ERN LINES , WERE PROVIDED ~ BY 
MYERS AND ASSOC IAT ES (1948, 1950). THEY EMPHASIZED THE USEFULNESS OF 

*WHICH IS ACTUALLY NOT VERY SOUN D. DEFLECTI ONS AND THEIR MAGN·ITUDES 
ARE DETERMINED BY THE AX I S OF A PARTICULA R LEAD IN RELATION TO AN 
I NSTA NTANEOUS VEC TOR . ALso , 0UCHOSAL SHOWED THAT LEADS TAKEN ON 
EXACTLY OPPOSITE S IDES OF THE CHEST SHOW EXACTLY REVERSE CONFIGURATIONS, 
SOMETH ING WHICH DOES NOT FIT THE NOTI ON THAT A SPEC IFIC ELECTRODE 11 LOOKS 
AT 11 A SPEC IFIC PART OF THE HEART. . 
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DELAY IN ONSET OF THE INT RI NS ICOID DEFLECTI ON (IN UNI POLAR PRE CORDIAL 
LEADS) FOR THE DIAGNOSI S OF VENTRICULAR HYPERTROP HY. IN THE CASE OF 
LVH, MYERS FOUND (1950) THAT THE PEAK S 0~ THE R WAV E WERE DELA YED IN 
V4-6 (.05 TO .07 SEC .), AND THAT THE DE SCENDI NG LIMB OF THE S WAVE IN 
V1-h WA S SLOW IN REACHING ITS -NADIR . DEPRESSE D ST AND INVERSION OF T 
IN V4- 6 WERE ALSO CHARACTERI ST c, AS WAS A SLURR ING OF THE R UPSTRO KE 
IN PRECORDIAL LEADS NEAR THE TRA NSIT ION ZONE ( USUALLY V? OR V4). 

THESE, THEN ARE THE CRI TER IONS DEVELOP ED IN PATTERN ELECTROCARDIOG
RAPHY FOR THE DI AGNOS IS OF VENTRIC ULAR D~M INA NCE . I N VERY GE NERAL 
TERMS, SIMPLE AXIS DEV IAT ION I S NOT, OF i TSELF , ABNORMAL. THE DIAG
NOSIS OF VENTRICULAR HYPERTROPHY IS USUAL LY HELD TO REQU I RE INCREASED 
VOLTAGE IN APPROPRIATE LEADS. FOR LVH, R! AND S 1 ARE INCREASED, AS 
ARE R WAVE S IN V4-6. QRS IS NOT PROLONGE D BUT THE INTRINSICO ID DEFLEC
TION MAY BE DELAYED . FOR RVH, Sl AND R,, AS WELL AS R1 IN Vl - 4 ARE 
ORDINARILY ABNORMALLY LARGE . THE DIAGNOSIS OF VENTRICULAR STRAIN RE
QUIRES THE PR ESENCE OF ST AND T WAVE CHANGES OF ,APPROPR IATE NATURE. 
THEY ARE OFT EN , BUT NOT ALWAYS , ASSOCIAT ED WITH THE ELECTROCARDIO
GRAPHIC PATTERNS OF HYPERTROPHY. 

BUNDLE BRANCH BLOCK REQUIRES THAT QRS BE PROLONGED ( 0 .10 SE C. OR 
GREATER) AND IS BEYOND THE SCOPE OF THIS DISCUSSI ON. IN PASS ING, ONE 
SHOULD NOTE THAT 888 IS NOT NECESSARILY A SI GN OF V~TRICULAR HYPER
TROPHY. IT SOMETIMES REPRESENTS A VERY LATE STAGE OF VENTRI CULAR 
HYPERTROPHY, BUT MORE OFTEN IS ASSOCIATED WITH CORONARY DISEASE . A 
CARE FULLY CONTROLLED STUDY OF PROLONGA TI ON OF QRS IN PAT IENTS WITH 
AND WITHOUT LVH WAS DONE BY GRANT AND DODGE (1956). THEY SHOW THAT 
WSR I-INFARCTI ON BLOCK AND LVH MAY PRODUCE VERY SIMILAR LENGTHENING OF 
QRS WITHOUT DISTURBING IT S .0? OR .04 SECOND VECTOR COMP ONENTS . TRUE 
LBBB, ON TH E OTH ER ~No, ALWAYS AFFECTS THE SE EARL I ER ~ECTOR COMPO NENTS 
OF QRS. 

' 
TH E ONLY SERIOUS ATTEMPT TO INTRODUCE SPAT IA L (? DIMENS IONAh ) VECTOR 

CONCEPTS INTO CLINICA L PRACTICE IS THAT OF GRANT (1951, 1957 ) . WHOSE 
METHOD . STEMS ENT I RELY FROM W1LSON1S CONCEPTS . USING LIMB. AND UNIPOLAR 
PRECORDIAL LEADS, GRANT PLOTS MEAN QRS , ST $ AND T VECT ORS IN WHAT AMOUNTS 
TO' PLANES, (F RONTAL , SA GGITAL , AND HORIZONTAL) . VENTRIC ULAR HYPER
TROPHY ALTERS THE DI RECT IONS OF THE VECTORS IN A CHARACTERISTIC MANNER 
AND THIS TYPE OF ANALYSI S PERMIT S IDENTIFICATI ONS THAT ARE NOT POSSIBLE 
BY USUAL TECHNI QUES . I N THE CASE OF LVH, THE MEAN QRS VECTOR IS IN
CREASED IN AMPL ITUDE BUT MAY BE NORMAL I N DIRECTION (ESPECIALLY IN YOUNG 
ADULTS), OR MAY BE DIRECTED HORIZONTALLY. HYPERTROPHY IS SAID TO AFFECT 
THE EPICARDIAL LAYERS OF THE MYOCARD IUM RATHER THAN THE INTERNAL FIBERS. 
SINCE THE MI DDLE AND LATER PORTI ~NS OF THE QRS COMPLEX ARE GENERA TED 
WITHIN TH E EP ICARD IAL LAYERS, INCREASED AMPLITUDE AND DELAY IN THE IN
TRINSIC OID DEFLECTI ONS NATURAL LY RESULT. SINCE THE QRS MEAN VECTOR IS 
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OFTEN DIRECTED POSTERI ORLY, AS THE LV HYPE RTROPH IE S ~ INCREASED AMPLI
TUDE OF THE R WAVE MAY BE MORE APPARENT IN THE LAT ERAL PRECORDIAL LEADS 
THAN IN LL :r. THIS, PL US THE FACT THAT ·AMP U TUDE VARIE S INV ERSE LY AS 
THE SQUARE OF THE DISTANCE OF THE ELECTRODE FROM THE CURRENT SOU RCE, 
MAV LEAD TO DIA GNOST IC ERROR. VERY THIN-CHE STED PEOPLE 0FTEN SHOW R 
R~PEITUDES THAT WOULD INDICATE VENTR I CULAR HYP ERTROPHY IF JUDGED BY THE 
OLD LEWIS-WHITE CRITER IONS . A VERY FAT-CHESTED PE RSON, ON THE OTHER 
HAND, MAY SHOW NORMAL R WAV ES IN SPI TE OF CONSID ERABLE VENTRI CULAR 
HYPERTROPHY. VEC TOR ANALYSIS MAY HELP IN AVOI DING SUCH ERRORS . THE 
MOST IMPORTANT VECTORGRAPH IC CRIT ERION FOR VE NTRI CU LAR DOMINANCE, AND 
VENTRICULAR STRAIN IN PARTIC ULAR , IS THE ANG LE F ORM~ D BY THE QRS VECTOR, 
ON THE ONE HAND, AND THE ST-T VECTORS ON THE OTHER. NORMALLY, MEAN QRS 
AND T VECTORS POINT IN THE SAME GENE RAL DIRECT ION; ' IN LVS$ THEY POINT IN 
NEARLY OPPO SI TE DIRECTI ONS , FORMING AN ANGLE OF ABOUT ISO DEGREES. THE 
RELATIONSHIP REQUIRES )-DIMENSIONAL REPRES ENTAT ION FOR ITS RE COG NITION 
BUT IS QUITE SPEC IFI C. IT SERVES TO DISTINGU I SH THE LVS PATTERNS FROM 
THOSE DUE TO DI GITALI S EFFECT, CORONA RY INVOLVE~ENT, AND OTHER ABNORMAL 
STATES. DIGITALI S , FOR EXAMPLE , MAY SHI FT THE ST VECTOR NEARLY ISO DE
GREES BUT DO ES NOT ALT ER THE T VECIOR UNT I L QUIT E LA TE. PERICARDITIS 
DOES JUST THE OPPOS ITE. SUBENDOCARD IAL OR SU BEPICARDIAL DAMAGE ARE 
ALSO SEPARABLE FROM STRAIN PATTERNS BY MEANS OF THE VECTOR APPROACH. 
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(A) AXIS DEV. 
ALONE 
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StlMMARY 

u m TIL 

(A) SIMPLE HYPER- (A) STRA N, WITH (A) BBB* 
TROPHY PATTERNS OR WITHOU T 

HYPERTROPHY 

(c) REVERSIBLE 

(B) SIMPLE HYPER
TROP HY WITH 
SL IGHT ST-T 
CHANGE 

(AND REVERSED) 
1) STRAI N11

1 WITH 
OR WITHOU T IN
CREASED AMPL ITUD 

(B} STRAIN OR HYPER
TROP HY WITH SL IGHT 
PROLONGATION OF 
QRS 

I. No CLINICAL SIGNIFICANCE. 
II. VENTRICULAR OVERLOAD. 
ffi. SEVERE. VENTR ICULAR OVERLOAD. 
J]l. SAME AS ..ill: 1 WITH SUBENDOCARD-1 AL DAMAGE. 

* NoT TRUE BBB, WHI CH IS EITHER CONG EN TAL OR DUE TO 90RONARY DISEASE. 

B. THE HYP ERTROPHY AND STRAIN CONCEPT S SERVE VERY USEFUL CL INICAL CON
CEPTS BOT NEED TO BE DEFINED MOR E UNIF OP.MLY. 

C. THE VECTOR APPROACH IS THE BEST MEANS GF PROPE RLY IDENT IFYI~G 
QUESTIONABLE CASES. 
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