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Introduction 

The bundle of His and its branches have been 

the subject of considerable investigation and confu,sion, 

both in regard to their anatomy and function and the 

diagnosis of lesions affecting them. A consensus of 

what seem to be the most original and authoritative 

sources dealing with the subject will be presented. 

Bundle branch block is not to be thought of as 

a disease entity but merely as a manifestation of 

myocardial disease. Therefore the diagnosis bundle 

branch block should always be qualified by an evaluation 

of the myocardial condition., 
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natomy and Physiology of the Ventricular Gonduc~ion 

System 

~he development of our knowledge of the 

auriculoventricular bundle may be said to begin 

in 1883 when Ga skell proved that the auricular 

i mpul s e spread t o the ventricles by passing over 

the muscular connection which exists between these 

two parts of the heart . His work was done on the 

turtle heart but in 1893 Kent showed that it was 

applicable to the mammalian heart . 

In the same year as Kent a pplied raskell's 

concl~sions to the mammalian heart His was s t udying 

the acti on of the embryonic heart . He found that 

the auricular impulses passed ~o the ventricle be ­

fore nerves had reached or been developed within 

the heart. He demonstrL ted a muscular connec~ion 

between auricle anc ventr icle at only one point; 

the junction of the auricular and vent ri cular septa , 

the point at whi ch Kent had observed a connection. 

The Vlork of His and Kent was veri fi ed by a 

n~moer of workers, however, Tawara (1 90G ) made 

the next advance . He discovered that the bundle 

described by His desc end ea on the interventricular 
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septum and wes continued by ramifications to all 

pa rts of the ventricular wa lls; the ramifica tions of 

this system he found t o be made up of Purkinje f i bers. 

(Purkinje 1845) The following anatomical descri~tion 

is taken f rom Yater (1 968). 

The ventricular conduction system be~ins at 

the auriculoventricular node which lies close to the 

right side of the posterior portion of the central 

fib rous body , that is, in the right auricle a short 

distance anterior to the ori fice of the coronary 

sinus and jus t above th e attachment of the medial 

or s eptal cusp of the t~icuspid valve. A relatively 

large artery with branches usually runs throuph it. 

The node i s a b1.,;.ndl e of fibers v1hich are t'n i nner and 

smaller than myocardial fibars. ~hey are interlaced 

in a eroundwork of connective tissue and a~ranged in 

whorls. At the beginning of the node, that is, in 

its most posterior portion, its fibers are locser 

at the periphery and merge with th e auricular my- , 

ocardium. In older persons t here is often consider­

able ta ~ty connective tissu e adjacent to the node 

on its su~erficial surfaces. 

After a short distance, roufhly 0.5cm., the 

node invades t h e central fibrous body and becomes the 
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auriculoventric~lar b~ndle without any definite line 

of demarkation. The bundle runs obliquely dovmv,ard 

in the lower part of the central fibrous body to the 

lower edge of the membranous pcrtion of the inter­

ventricular septum, beinp often separated by some 

fibrous tissue in its anterior part fr0m the myocardium 

of the septum. It has no true sheath but is ccntained 

largely within the cent Ni. l fibrou s b oc y, which protects 

it. The fibers of t he bundle are lar~er than those of 

the auriculoventricular node and run in parallel 

bundles . They resemble more the ventricular fibers 

but do not contain so much myoplasm. The connective 

tissue framework is delicate , and there is no main 

artery but a number of arterioles and venules. 

Sometimes in older ,persons there is a fair amount of 

adipose connective tissue in the bundle. 

The auriculoventricular b-:.. ndle runs for about 

1 to 1. 2 cm. and divides into right and left branches. 

The right branch appears to be more a continuation of 

the bundle and passes downward beneath the juncture 

of the medial and anterior l r aflets of the tricuspid 

valve as a wh itish threadlike process, at first be­

ing beneath the endocardium and not always distinctly 
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separated from t he sur roundin~ cardiac muscle. A 

short diitance down, about 0.5 cm~, the bran ch comes 

to lie more deeply in the myocardium, where i t r uns 

i n a cleft of connective tis sue. Af t er a variabl e 

distance, roughly 1 cm., it g radually v10 rks its 

way out along a cleft in the myocardium t o +he sub­

endo cardium a gain. Here it continues f or about 1 cm. 

spreading out to become a thin sheath of Purkinje 

fi bers n ear the base o f the anterior pa pillary mu scle 

of the r i ght vent r icle, b~yond which point it can 

r c rely be r ec ognized microscopically in the human 

heart. In its course it passes _downward and nater-

iorly in the middle of the trabeculum of the ventricle, 

which corresponds to the moderato r band of t he beef heart. 

The fibers of the right branch are about th e same s i z e 

or a li t tle larger tha n those o:f the myocardium but 

they are u sually paler. They are parallel and close to­

e ether, and they often clo sely resemble the myocardial 

fi bers. On cross-section the br~nch is variable in 

shape, beinr fusi f orm, oval, r cund or t r iangular in 

different port lons. 

The left bundle branch spread s out from the 

auriculoventricular b~ndle on t r e left side of the 

interventricular s eptum, at first as a thin layer of 

fi bers. It is subendocardial throughout most of its 

course a nd oec ornes much thicker as it descends in the 

se ptum. • 
5 



It also gradually spreads out like a fan beneath the 

endocardium, and in the lower half of th·e septum it 

often divides into anterior and posterior divisions , 

one passing to the region of the base of the anterior 

papillary muscle and the other to the base of the post -

, erior papillary muscle . In this region the Purkinje 

fibers rapidly spread out subendocardial1y among 

the usually numerou s trabeculae and are no longer 

definitely recognizable. The endocardium i s usually 

thicker in the upper part of th e septum and contains 

de screte ero-c;. ps of smooth mu s cle fibers , vih ich 

should not be mistaken for Purkinje fibers. IJormally 

there is only a small amotint of loose areolar conn­

ective tissue separating the bundle branch from the 

endo cardium superficially and the myocardium deenly. 

The aouearance or the fibe r s of the left bran ch in 

horizontal sections d epends on the si ze of the heart 

and the degree of dilation, as well as on the portion 

of the septum being examined . These fib ers are larger 

and much paler than myocardial fibers, containing a 

much less dense myoplasm. The myofibrils are more 

peripheral and ·mo ~e prominent; the cross-striations 

are usua lly readily observed but not a s distinctly 

as in the myocardium. The Purkinje fibers become 

larger as the branch descends. Offshoots from the 
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branch into the myocardium are practically never 

recognized in the human heart . 

Contrary to the previous s t a tement Mahai~ in 

1932 desc ~ibed a branch off the posterior portion 

of the left bundle branch . It arises high up near 

the bifurcation of the bundle of Pis anc: passes 

directly in t o the septal myocardium . In a more 

r ecent report (1943) he states that t~e two branches 

of the bundl e of His are not isolated in their 

course alon~ the interventricular septum . ~onnecting 

branches as high as the top level of the musculature 

occur in hearts of men and animals . In most the 

cof'lmon trunk is connected to the vent r icular myo ­

cardium. 

The blood supply of the auriculoventricular 

node and bundle and of the posterior division of the 

left o~ndle brLnch comes mainly from the perforating 

septal arteries of the pos ~erior descending, or 

interventricular, _artery ( in 90 per cent of the 

cases a br~nch of the right coronary &rtery), 

whereas the blood sup~ly of the right bundle 

branch ant of the anterior division of the left 

branch is almost entirely deri~ed from the ne r ­

forating septal branches of th P anterior descending, 

or interventricular, artery . 
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Tawara's work wa s veri f ied and the embryological 

development of the auriculoventricular node and bun~le 

was give~ by Retzer {190G and 1908) and Keith ant 

Flack (1 906 and 1907). ~-Tuch v10:r>k has been done on the 

anatomy of the syst em the most important of which 

are Il e\':it -: in 1909 , Hahairi in 19 31, 'rodd in 19 '32 , 

Blair and Davies in 19 35, Abramson anfl r~rpol in in 

19 36 , Yater in 19 :38, Nonidez in 1934 , and 1."!alls in 

194 5. 
• 

In recent years Glomset and Glcm s et 1940, r.1omset 

Glomset and ~irge 1944 , and Glomset and Birge 1945 

have presented evidenc e contrary to the above works. 

To quote , "The evidence presented to prove the ex­

istance of a special conductinr system is irrelevant 

and inmaterial ••• '::'he ridge fasciculus ( the TTis bundle) 

is 8 s l ender muscle bundle in the u~per part of the 

interventricular se ptum ••• It c oes not bifurcat e, and 

therefore, has no left branch ••• rt is structurally 

id ent ic fal with the other muscle fa sc icul i of the 

heart . We have not found any muscle connection be­

tween the fibers of t he ridge fasciculus a nc those 

of the right atrium. We have found no anatomic 

evidence to support the myogenic theory of ca rdiac 

conduction. '' 
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The mode of transmission of ~he cardiac impulse 

has presented many problems . Two theories are fore­

most, the nyoeenic and the neurorenic. The first 

and second Stannius ligatures ( Best and Taylor 1945) 

showed that the auricles and ventricles possesed in­

herent power of rhythmical contraction when isolated 

and that their rates of contraction were different . 

Gaskell (1881) showed that by means of a specially 

devised clamp( Gaskell's clamp}, compression of the 

auricle anywhere between the sinus and the ventricle, 

in an area devoid of nervous elements , caused standstill 

of the heart below. Also, when muscle tissue below 

was pricked with a needle rhythmical Jeats followed. 

In the heart of the turtl e it is po8sible to separate 

the s inus and the ventricle, except for a narrow 

bridge of muscular tissue ano a sinEle nerve ( the 

coronary nerve). The only nervous communications 

between the t wo chambers is by means of this nerve. 

If iB a heart so preparec the coronary nerve be cut no 

change in the rhythms of sinus and ventricle occurs. 
.. 

rn the other hand, if the nerve trunk be left intact 

but the muscular connection severed, the two chfambers 

then beat cu.ite independently of one another . 

In addition to the evidence just F,iven the 
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fcllov1ing f acts in favor of the myogenic theory of 

the origin of the b ea t may be cited. The heart of 

the human fetus begins to beat after three weeks of 

gestation; nerv ous elements do not appear until 

t wo weeks later. 1he muscle tissue of the apex is 

said to be free from ganglion cells yet a strip 

excised from this region beats rhythmically. If 

zig-zag cuts be made in the ventricle so as to 

inte rr~pt any nervous path of transmission that might 

exist, the sequence of the beat is unaffected. The 

muscular elements of the conduction system have been 

shown to be capable of rhythmical contraction. Also 

if the ·continuity of the tissue be interrupted the 

gap is subsequently bridged with scar tissue. Re­

generation does not occur and conduction is nev er re­

stored; this i s contrary to what one would -ex,ect if 

the pathway of conduction were composed of nervous tissue. 

(Zrlanger anc 3lackman 1907 and 1910) 

Lewis, (1915) oy direct leads from the surface 

of a dogs heart and Barker, ~~acl t> ad and Alexander 

(1930) by direct leads from the human heart showed 

that the impulse first reache~ the ventricle over 

the auriculo-ventricular node and wa s transmitted 

thro1J.€h the conduction system at a rate of about 
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5000 mm. per second. The rate of transmission 

through ordinary ventricular myocardium is about 500 

to 1000 mm . per second . 

The neurogenic theory has been sunported by various 

owrkers. Wilson in 1909 noted an important nerve 

p&thway incorporated in the muscle bundle and suggested 

a nervous mechanism. TTollard ( 1925) showed that 

the nerve trunks break up i~to pericardial and en­

docardial nerve plexuses , both in the atria and in 

the ventricles. Glomset and Birge ( 1945) believe 

that the cardiac musculature is under a nervous control 

similar to that of other muscle tissue, and consider 

it physiologically unsound to draw conclusions concern­

ing cardia c conduction without takin~ cognizance of 

the .rich, intrinsic ner ve septem of the h eart. 

Ninidez (194 ~ ) recognized the nerve elements in the 

main bundle and the proximal parts of the brenches 

but said they were parasympathetic and of vagus origin . 

He suggested tha t they only influence the conducting 

system in this r egion as they do at the sinoauricular 

node . 

To sum up the more widely ac cepted theory of the 

origin and s pread of the excitation w&ve we may ~ay: 

The be&t is initiated in the tissue of the sinoauricular 

node. From here it is '1broa dcast 11 th1·ough the auricular 
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musculature ,;ri th pr~ctically ec;;.ual velocity in all 
, 

directions. The auriculoventricular node acting, 

so to speak, as a relay station, receives the iMpulse 

and transmitts it to the ventricle via the auriculoven­

tricular bundle. At the upper part cf the interven­

tricular system the p&thway forks and th e wnve of ex­

citation reaches each ventricle simultaneously. Its 

further course is th r ough the branches of the bundle 

and its terminal arborizations. 
• 
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Etiology 

.uundle branch block i s usually due to disease 

of the coronary arteries, either rheumatic or degenera­

tive, or to hypertens ion resulting in strain of the left 

ventricle and impairment of the nutrition of the end­

ocardium and bundle branch. (Yater 1938) With pro­

longed coronary insufficiency degeneration of cardiac 

muscle occurs, with replacement fibrosis. This is 

most marked in the subendocardial region of the l eft 

ventricle, where the metabolic strain is greatest. 

The fibrosis may involve the conduction system, which 

ramifies in the subendocardium, either directly or by 

impairing the blood supply . The ri~ht bundle branch 

may be involved by a simila r nrocess in lon~ standing 

right ventricular enlargement. (Gubner and TTngerleider 

1943). 

From the facts seen in the descriDtion of the 

vascular supply to the conductive system it may be 

deduced that since obliterating vascular disease 

affects most often and most severely the anterior 

descending artery, especially high in its course, the 

right bundle branch and the anterior division of the 

left branch are simultaneously affected, and more 

often than other parts of the conduction system , by 

the resulting reduction of blood supply. If the 
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posterior descending artery is mainly aff ected by 

obliterating vascular cisease, which is rare, only 

the posterior c ivision of the left bundle branch will 

be seriously undernourished . 

Wearn (1928} sho1ued ths t the number of cap ­

illaries per souare millimeter in the conduction is 

approximately only half of their nujber in the ventri­

cular myocardiUP1. This gives the system much less 

reserve blood supply and it will su f fer earlier . 

In cases studied histolop ically there seems to be 

a preponderant involvement of the conduction tissue 

over the myocardium. This suggests thE.t the conduction 

ti ssue, like nerve tissue, is more susceptible to re ­

duction of blood supply and anoxemia. The fact that 

there is a common vascular supply for thP. conduction 

system and the myocardium speaks for t h is conclusion . 

Perry (1934) reported a case in which he observed the 

onset of bundle branch block which was followed by 

frank coronary thrombosis 45 hours later . This may 

indicate that the conduction system is relatively 

more susceptable to decreased blood supply than the 

myocardium. 

In a large series of cases Willius , Dry, and 

Reeser f ound about 70 per cent to be fue to coronary 

sclerosis and/or hypertension . ( V✓illius, iJry and tteeser 

1941) 
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In a series of cases of acute coronary artery 

occlusion with b~nd le branch block lfuster, Dack and 

Jaffe ( 19 38) found that 51 per cent were left 

bundle branch block, 28 per cent V"J ere ri{;ht bundle 

branch ~lock and 21 per cent were int erventricular. 

At antopsy 80 per cent of the infarcts were septal. 

In a series of 700 cases of an~ina pectoris wit hout 

myocardial infa rction 7.7 per cent showed introven­

tricular block, while a~ong 328 cases of myocardial 

infarction there were 9.5 per cent with intraventricular 

block. On the other hand, among 181 cases of bundle 

branch block, 39.l per cent showed an~ina pectoris 

without myocardial infarction. (Salcedo-Salgar, and 

7,h ite 1935) 

A less common cause of bundle branch block is 

rheumatic heart disease. In 1906 Aschoff had noted 

rheumatic infiltrations along the bundles in the 

connective ti ssue sheaths. Butterfield ( 1912) 

found the left bundle branch, in a case of b~nd l e brancr 

bl ock, surrounded by rheumatic infiltrations throughout 

its length. Of the s ix cases Yater studied by serial 

sections (Yater 1938), three were rieht bundle branch 

olock. These three were all thou~ht to be due to 

rheumatic heart disea se and in t v10 rheumatic arteritis 

was found in or near the bundle . He suggests that 

since the right branch is surrounded by myo~ardium 
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in part of its course that rheumatic myocarditis and 

arteritis wculd be more apt to affect it. 

Vfuite (1944) notes that rheumatic myocarditis 

generally involves the right bundle branch. Cf a 

series of 52 cases of intraventricular block 5.8 

per cent were apparently rheumatic in origin. 

Willius (1941) found about 10 per cent of his series 

due to rheumatic heart disease. Bayley (1934) claims 

that when patients with rheumatic hesrt disease and 

mitral stenosis develop bundle branch block, the 

conduction defect is a l most invariably on the rirht 

side. 

Less common causes of organic intraventricular 

block a re syph ititic infection in the heart (gummatous 

or diffuse-) acute dintheria, rarely bacterial en­

docarditis ~nd very rarely tumors and traums. (,:fuite 

1944} 

Functional or transient bundle branch blo ck is 

relatively infrequent. Durinr, development of sclerosis 

ther e may b~ periods of anoxemia to the bundles which 

lift ant come &nd go, giving the nicture of transient 

recurrent bundle ' branch block. (~illius and Anderson 

19 35) It has also been noted as a toxic result of too 

much digitalis or quin i d ine or of other poisoning. It 
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may occur as the result of fatigue in very rapid heart 

action, as temporarily in auricular flutter without 

auriculoventricul a r block. (White 1944) Herrmann and 

Ashman ( 1931) note that the bundle branches may be 

the seat of functional disturbances the same as organic. 

Males show bundle branch block much more coramonly 

than do females, probably because of a higher incidence 

of serious coronary disease . The ratio of males to 

females varies from 4-1 (Willius 1941) to ~-2 (Freund 

and Sokolov 1939). 

80 per cent of cases are diagnosed in patients 

over 50 years old (White 1944 ) . The average age of 

diagnosis is about 59 years (Willius 1941) with the 

highest percentuge found in the seventh decs de . 

Glomset , Glomset and Birge (1944) believe that 

the same factors ~hich lead t o cardiac failure might 

bring about _bundle br~nch block complexes v,henever they 

produce failui~e _in one ventricle while the other is 

relatively normal . Therefore bundle br~nch block 

complexes are caused by (a) abnormal unilateral strain 

{b) unilateral ventricular coronary insufficiency and 

(c) a combination of a and b. 

17 



Pathology 

Serious damage of the conduction system may 

result from coronary arterial disease long before com­

plete occlusion, slow or sudden, produces a myocardial 

scar or infarct. The ultimate effect of progressive 

arterial disease on the conduction system is fibrous 

replacement, jus t as it is the ultimate result on the 

myocardium. Cppenheimer and ~othschild ( 191? 

noted that in cases of b~ndle branch olock there are 

widely disseminated areas of patchy sclerosis of the 

s u beneo cardial region. ~he sclerosis predominates in 

the endocardial and subendocardial layer, that i s , 

in the region of the b~nd le branche s , as compared 

with the other two-thirds of the vent "'' icular musculature . 

The coronary impairment may be caused two ways; 

athero-sclerosis or rheumatic arteritis. In case of 

acute coron&ry occlusion in which the bunf l e is in­

corporated in the infarc ~ it un~ergoes degeneration 

and scarring just as the myocardium does. 

.Aschoff (1906) and .3utterfield(l912) reported 

rheumatic infiltrations along the course of the bundle 

branches which might have impaired conduction mech­

anically. 

Syphilitic gummas are rarely found damag inF the 

bundles. Even more rarely congenital conditions such 
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as patent interventricular septuo may cause conduction 

defects. 

A source of confusion is that ~oth bundle branches 

are usually involved in the pathologic nrocess . Usually 

however one or the other can be seen to be more seriously 

affected. (Yater 1938) 
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Symptoms and Si ~ns 

There are no sym_p t cms of bundle bra nch block 

oth er t ha n tfo se of ca rdiac disea se . There are 

fre quently associated, however, the symptoms of ang ina 

pectoris a nd cong estive failure , and pal pitation due 

to various complicating arrhythmias . 

King and Mc Eachern (1932) f ound tha t in 50 

ca ses of bundle branch block e eneral phys ical ex ­

amination revealed visable apex reduplica ti on in 84 

per cent , and palpable a pex reduplication in 80 

per cent . Auscultation revealed reduplication of the first 

s ound at t he apex in 56 per cent , asynchronous sy s tolic 

murmur in 1 2 per c ent and a s ingle ! irst s ound with sep­

arated systolic murmur in 16 per cent . They stress 

t hat a combina tion of t hese f ind inrs shoul f be present 

in order to make a d i agnosi s of bundle bran ch block . 

Adams ( 1942 ) say s tha t bundle branch block can 

not be recoFnized clinically a lthough the presence of 

diastolic gallop rhythm or reduplicati on of the first 

heart s ounc is s uggestive. 
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Diagnosis 

The original concept of the electrocardiographic 

manifest a tions of bundle branch interruption, as 

developed by Eppinger and Rothberger (1910) and 

confirmed by 1iothberger and Vlinterberg (1913) Levris 

.-(1916) Smith (19 20 and 19 21) Wilson and Herrmann 

(1921) and others, has been attacked to the extent 

that the term right bundle branch block has been 

changed to left bundle branch block and vice versa. 

The main mass of evidence in favor of the orig inal 

concept was accumulated as a r esult of experiments 

on animals, ma inly dogs, in which interruption of 

part or all of one or the other bundle br a nch, 

usually by surg ical section, was produced in a normal 

heart. The diagnosis of bundle branch block was then 

a pplied to conditions stud,ied in the clinic in which 

the electrocardiograms resembled those made ex­

perimentally. 

In 1914 Garte r established certain criteria for 

diagnosis of bundle branch block in man. fhese were 

as follows: (1) widening of the ~RS com~lex beyond 

0.1 sec., with notching; (2) preponderance of the 

ventricle with a hes lthy bundle branch; (3) exaggera­

tion of the amplitude of the ventricular deflections 

(QR.Sand T}; (4) the T wave directed oppositely to 
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the main ventricular deflection. If the initial 

ventricular deflection was upright in lead I and 

downwardly directed in lead II, rirht bundle branch block 

was a s sumed to exist; if it was down in lead I and 

upright in lead III, left bundle branch block was 

predicted. 

As early as 1920, however,Fahr, on purely theoretic 

grounds, expressed doubt as to the validity of the 

interpretation of bundle branch block, as well as the 

curves indicating ventricular preponderance, and 

suggested that the terms right and left should 

probably be interchanged. The same year Oppenheimer 

and Pardee stated that they found the interru9ting 

1esion in the braneh opposite the one anticipated when 

they examined two hearts histologicsJly. !~nn (1920) 

also concluded that the original terminolopy for 

bundle branch block was incorrect. 

In (1930) more serious doubt began to develop 

regarding the accuracy of interpretation as to which 

is the levocardiagram and which is the dextrocardio­

gram in the case of humans. Barker, J:'l'acl eod and 

Alexander (1930) published curves exactly opposite 

to those previously obtained for animals. Wilson , 

!-lfacleod and Barker in 1 9 32 sugf'ested that the common 

type of bundle branch block (formerly called right 

bundle branch block) is really due to obstruction 
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of the excitation v:f ve along the left bundle branch, 

whereas the unusual variety is due to a block of 

the right bundle branch. 

Later Harvin and Oughterson (19 ~2 ) and Vander 

Veer (19 33) made similar observations on exposed human 

hearts and in g eneral confirmec the results. 

In human beings for whon a diagnosis of bundle 

bra nch 'J lock had been made, Nichol (1 932) found that 

in instances in which the chief initial deflection 

was up in lead I and down in lead III the subclavian 

pulse was definitely delayed. He concluded that the 

curves really signified left bundle branch block. 

By means of serial precordial leads Wilson, 

Johnston, Hill, Macleod and Barker,(1934 ) for patients 

who showed electrocardiographic curves which were 

formerly said to typify left bundle branch block, 

obtained curves in which the le ae from the right side 

of the precordium showed a late chief upstroke, 

whereas the lead from the left side of t he precordium 

showed an early chie f upstroke approximately syn­

chronous with the peak of Rina simultaneously run 

lead I. 

Since the symp toms and signs of bundle branch 

block are not definitely diagnostic the electro­

cardiog ram must be used. It i s the only method of 
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diagnosing bundle brancb block. There is only one 

criterion which is necessary to make the diaFnosis 

electrocardiographically and that is QP.S complexes 

with intervals that are gre3ter than 0.12 sec. 

(New York Heart .A.ssociation 1945 ) This does not 

include the syndrome of short P-R intervbl, less than 

0.1 see, and prolonged r.,RS , (Wolff, Parkinson, Vfuite 

1930) which is a lmost certainly not bundle branch 

block (White-Heart Disease 1944) In cases in which 

the ¼RS interval is slightly less than 0.12 sec. 

precordial leads should be taken to determine the 

presence or absence of bundle branch block. 

Wh en only limb leads are employed, there are only 

t wo criteria which are of val~e in differentiating 

right branch block from left branch block. ~he first 

of these concerns the presence or absence of a con­

s picuous S deflection in lead I. \7hen there is such 

a deflection, a nd t -he Q,RS interval mPasures 0.12 sec. 

or more, the precordial curves are, with rare ex­

ceptions, characteri s tic of complete right j ranch 

block. When no such deflection is present_, and the 

( RS interval measur es 0.12 sec. or more, the pre­

cordial leads very seldom fail to yield complexes 

of the kind characteristic of complete left bundle 

branch block. ~he second criterion is based upon 
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the reneral outline of the C:,RS complexes. If' these 

are definitely diphasic or triphasic in those leads 

in which the chief deflection is of at least moderate 

size 1 right branch block is probably present; if they 

are monophasic or essentially monophasic left branch 

block is probably present . These c~iteria are not 

infallible; the first is more reliable than the 

second. It was formerly thought that right bundle 

branch block was for less cor1mon than left. ', ihen 

the above criteria are used riFht branch block is nearly 

or quite as com'.Tion as left, but the classic curves v,hich 

have been considered characteristic . a~ right bundle 

branch block a.re very uncommon. ( \'lilson 1942) 

In both right and left branch block, the QRS 

complexes of the standard limb leads Gre f~r more varia­

ble in form than tho s e of the precordial leads. ~he 

chief reason seems to be that the more comn on variations 

in the position of ~he heart have a much greater effect 

upon the for~er than on the latter. 1n bunc le brEnch 

block, the human heart i s usually in such a position 

that the potential variations of the l eft a rm resenble 

those of the left vent ricular surface while the 

potential v&ria tions of the left leg a re either small 

or like those of the right vent r icula r surface. 

The po s ition of the h~art may vary to such an extent 

25 



that these relations are reversed , left bundle branch 

block may then be mist&ken for right bundle branch block 

and vice versa if precordial leads are not taken . 

(Wilson 1942) (Ackerman and Katz 1933) 

Burch and 1/indsor (1945) stress the fact that 

localization of the involved bundle is possible only 

if the block was present when lead I was recorded or 

during the recording of the precordial leads . w1hen 

the deflection of greatest duration of the QRS complex 

is up in lead I left bundle branch block is pr esent , 

when the deflection oi greatest duration is down in 

lead I right bundle branch block is present . Tge de ­

flection of greatest duration is not necessarily the 

deflection of greatest amplitude . 

In left bundle branch clock two types are re ­

cognized. Discordant is the most common and depends 

on the ~RS beinG principally below the isoelectric 

·1evel in lead III. Concordant depends on the CRS 

being principally above the isoelectirc level in lead 

III. (New York Heart Association 1945) 

In right bundle branch block many groupings have 

been advocnted, however they all have s imilarities and 

can be included in the following grouping, (a) the 

largest of the initial ventricular deflections in lead 

I is the S wave. In lead III the largest deflection 
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is usually the R wave. (b) Lead I consists of a tall 

narrow R wave, a broad shallow S wave, and a T wave 

usually upright. In lead II and III the (.RS deflections 

are variable. (c) An infre~uent form which resembles 

d iscordant left bundle branch block except for the 

presence of an S wave of vari&ble dimensions in lead 

I. ( New York Heart Association 1945) In regard to 

the last group above \1 ilson et al in 19 34 mentions three 

cases in which in lead I all the ventricular deflections 

were small and there was a conspicuous S wave . Leads 

II and III are similar to left bundle branch block . 

~recordial leads in these cases revealed curves similar 

to those found in rig ht bundle branch block in the dog 

and the more typical cases of right bundle branch block 

in man. 

Katz, LGndt and Bohning (1935) studying sub­

clavian pulse records concluded that the •~.RS deflections 

aren't diagnostic and that too many other factors 

enter. The position of the heart being one of the ~ost 

important of these. 

In 1939 Braun -Henendez and Solari made a study 

using simultaneously recorded electrocardiograms and 

venous and arterial pulse curves from v1hich they 

que stion the reliability of the electrocardiogram in · 
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diagnosis of com_pl ete bundle branch block and v1hich 

branch is involv~d. They studied patients whose 

electrocardiographic curves had all the characteristics 

of bundle branch block without there beinr any evidence 

of asynchronism and hence without there beinp com~lete 

block. 

As )reviously stated precordial lead•s v ive much 

more reliable informatjon as to the tr~e character of 

the bundle branch block . Not every case with the C,RS 

greater than 0.11 sec. is bundle branch block but may 

be du~ to hypertrophy of the myocardium. With a thicker 

myocardium .. the 'impulse takes a longer time to penetrate 

thus prolonging the (.RS cor.1plex. ( Goldberger 19_45) 

In 1930 Wilson and Herrmann concluded from a comparison 

o~ the ~RS interYal and the ventricular wei~ht that 

the length of the CRS interval increases in average 

value with the cube root 0 1 the v entricular weight . 

Comparison of the ( ~S interval and the thickness of 

the l eft ventricular wall shows a similar increase 

in the average valve of this interval with an increase 

in muscle thickness. However , c.RS intervals which 

exceed 0.10 sec . should not in general be ascribed 

to increased size of the heart or to increases thickness 

of the left ventricular wall alone, but to retarded 

intraventricular conduction. 
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The use of precordial leads in diagnosis of bundle 

branch block has been most adequately described by Wilson 

and his co-workers. Wilson (1944) believes that there 

can be no reasonable doubt that, in man as in the dog, 

the potential variations of the right side of the 

precordium (Vland V2) ordinarily resemble the pot ential 

variations of the anterior surface of the right ventricle, 

while the potential variations of the left side of the 

precordium (V5 and V6) ordinarily resemble potential 

variation of the anterolateral surface of the left 

ventricle. 

The character of the Q.RS deflections of the pre ­

cordium depends mainly on the ti~1e at which the muscle 

under the electrode becomes active in relation to the 

beginning and end · of the QfiS interval. If this muscle 

becomes active very early in this interval, the R 

deflection is narrow and usually small und the S wave 

broad and usually deep • . If it is activated very i&te 

in thi s interval, R is tall and broad, S small and 

narrow, and a ~ wave is often present . If it is activated 

at the very end of the ( RS interval, Sis absent but 

there may be a conspiquous Q. As the time of activation 

of the muscle beneath the exploring electrode approaches 

the beginni~~ of the C,RS _interval, R becomes small er, 

S larger and ~ less frequent. As it anoroacbes the 

end of the ( RS interval R becomes larger, S smaller 
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and Q more frequent. 

To be more specific in right bundle branch 

block leads Vl and V2 will shov1 a small R and small 

Sand a broad and large R'. Leads V5 and V6 will shovr 

a small (~ a larg e R and a rather small S or a large 

Rand large, bro&d, notched and slurred S which is 

not always deep. In left bundle branch block leads 

Vl and V2 will show a small Rand a broad S . Leads 

V5 and V6 will show a single broad notched R. 

(Wilson 1942) 

Goldberger (1945) describes the basic precordial 

patterns as follows: (1) an M shaped ~.RS in unipolar 

leads over or facing the affected ventricle and s ide 

of septum. (2) W shaped ( RS from uni~olars over the 

normal ventricle and side of septum. (3 ) ~RS interval 

19nger t han 0.11 sec. (4) a negative T wave -with Tu 

sha ped ( RS ,. and a positive T with W shaped QR.s, there 

are however fre quent exceptions to this last point . 

The method of interpretation which Pardee (1941) 

gives is slightly different . In right bundle branch 

block CFl and CF2 show the peak of the R wave delayed 

(0.08 to 0.10 sec.) After the beginning of the r RS . 

The wave is often notched, slurred or double . Over 

the left ventricle, CF5,CF6, and CF7 , the peak of the 

R is soon after the beginning of the r~S ,less than 
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0.04 sec. usually, then a broad slurred S VIave. In 

left bundle branch block CF1 and CF2 show a small or 

no R wave with a very large S wave . CF5 may show an M 

shaped ( RS • .Beyond the apex CF6 and CF7 show an R 

wave with the peak delayed after the onset of the 

C:.RS by 0.08 to 0.12 sec. There is often slurring 

or notching on the ascending limb. 

As formerly menticned lesions of the ventricul ur 

seJtum play a part in the cause of bundle )ranch block. 

An initial downward, or ( deflection in lead I is very 

uncommon in human left branch block . Wh en this com­

ponent occurs in an electrocardioFram otherwise 

characteristic of this conduction defect, a lesion 

of the ordinary muscle of the ventricular septum should 

be suspected, and· a full set of precordial leads should 

be taken . ( Sodeman Johnson and TTilson 1944) 

For many yecrs it has been reco~nized that bundle 

branch block is not alwnys a perrnenent phenomenon . 

Probably if electrocardiograms were made more frequently, . 

the transient or intermi t tent nature of the block would 

be evident more fr equently. It is probable that in 

most of these cases there are partial lesions of one 

or both bl~ndle branches v, i thout complete int erruption 

of function except when toxic or metabolic factors 

further compromise the conduction tissues or when 
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r elease of vagal tone increases the heart rate. The 

onset may be abrupt, as when due m&inly to a sudden 

insult, such as infarction, with ~radual disappearance 

of the block, during the latter part of which period 

there m&y be fre ruent trcns itions; or the ons et may 

be gr adual, with or without more or les s fre~uent trans­

itions due to progressive involvment of the branch, 

or the trans itions may occur with great frequency, 

regula rly or irregularly, in cases in which the 

pathologic processes may be relatively stationary , 

in which event the heart rate may be of gres test 

importance in the production of the trans ition. 

Bilateral bundle brunch block has been re-

cognized for some years al so. The . electrocardiogram 

is that of comple te heart block but it is associated 

with ventricular co~plexes of va rying form . (Wilson 

and Herrmann 1921) In comple t e bilateral bundl e 

branch block the impulses a re ventricular in origin 

and arise from different foci, t hus causing variation 

in the vent ricul& r complexes . (Bain 1941) Supraven­

tricular impulses may travel down ea ch branch alternately 

in some ca ses. This wr uld be bilaterial partial bundle 

branch block . Strauss and Langendorf (1943) d i d an 

autopsy and microscopic examina tion of th e septum 

of such a case whi ch revealed fibrosis of both branches. 
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Prognosis 

Many conflicting conclusions have been drawn in 

regard to the prognosis of bundle branch block . 

However, Carter, in 1914, very aptly summarized the 

matter . 11 J,:n organic lesion confined to one branch of 

the A-V bundle is hardly one which can be regarded 

as jeopardizing life. Vie find that a bundle branch 

lesion may be present for many years and th e heart 

still show general efficiency. But lesions of the 

conducting system probably are r arely confined to it 

but spread beyond it into the gfineral musculature to 

a lesser or greater extent • . Therefore, we must regard 

a bundle branch lesion as significant of an invasion 

of the heart muscle, and of considerable gravity in 

most cases.r' 

This st8tement has in general been upheld oy 

most men since. Probably the most important prognostic 

indication is the character of the underlying disease 

and the condition of the myocardium. {Kaplan and 

Katz 19 39, Bishop and Carden 19 39, and many others). 

That bundle branch block indicates serious cardiac 

disease is shown oy Comeau, Hamilton and White . (1938) 

Kaplan and Katz go even further and st&te that neither 

the configuration of the elect ~ocardiogram or the 
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duration of the QR S interval is of prognostic 

significance. Many series show that nearly 50 per 

cent of the cases are dead within one year after 

diagnosis . ( ITillius 1919, Herrick and Smith 192 ~, 

Willius, Dry and Reeser 1941, and m&ny others) 

In 1925 Oppenheimer, Rothschild and Mann called 

attention to the favorable course wh ich patients with 

an electrof'raphic pattern shov, ing a wide S wave run. 

This has oe en confirmed by Von Deesten and Dolganos 

(1934) and Wood, Jeffers and Wolferth (1935) . 

Willius, Dry and Reeser (1941) have divided 

bundle branch block tracings into three types of 

curves. (1) Curves in which the QRS is greater than 

0.10 sec. and the T waves directed opposite to the 

r.RS in leads I and III. (2) Any other type of curve. 

( 3) Curves v,h ich show a wide S wave. In group number 

1 43 percent die in the first year after diagnosis and 
' 

only 10 percent are alive at the end of 10 years . 

From group 2, 26 per cent are alive at t he end of 

10 years . In group 3 or the ones with wide S waves, 

only 20 percent die in the f irst year and 60 per cent 

are alive at the end of 10 years. The death rate of 

the group with wide S wave after the first year or 

t wo approximat ely parallels the normal death rate for 

that age group, the second group paral lels the normal 

a ft er 5 years but the rate of the first group remai ns 
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higher than normal . 

The presence of & ~a llop r hythm i s consid Pred 

a bad prognostic sipn . Frank coronary occlusion 

usually results in serious consequence s . Syphilitic 

h ear t d isea se usually means a poor proFnosis . Bundle 

br anch bl ock caused by congenital hea r t d i s ease or 

thyrotoxicosis carry a relatively good prognosis . 

Females seem to survive lon~er than mules . (Freund 

and Sokolov 1939) 
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Summary 

The anatomy and physiology of the conduction 

system is still being cuestioned, however the concepts 

of His, Tawara and Purkinje are probably correct. 

Bundle branch block is usually due to disease 

of the coronary arteries, either degenerative or 

rheumatic, or to hype rt ension resultirlf' in strain 

of the left ventricle and impairment of the nutrition 

of the endocardium and bundle br&nch. 

Bundle branch block is usually associated with 

bilateral bundle brunch lesions, although one branch 

is usually more seriously aff ected than the other 

and probably usually determines the essential form of the 

electrocardiographic curve. 

Right bundle br~nch olock is probably usually due 

to .rheumatic arteritis or rheumatic myocarditis. 

Left bundle branch block is probably usually cue 

to coronary arteriosclerosis or arterial hypertension 

or both resulting in fibrosis ,of the bundle. 

In noth right and left bundle br~nch block, 

the CRS complexes of the standa rd limb leads are far 

more variable in form then those of the precordial 

1 ead s. 

Wnen there is a conspiquous S deflection in 

lead I right branch block is probably present , ~hen 

there is no such deflection left branch block is probably 

present. 

36 



✓ 

Prognosis depends mainly on the character of 

the underlying disease and the cor.dition of the my­

ocardium. 

Patients whose curves show a broad S wave in 

lead I probably will run a more favora~le course than 

others. 
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