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I t  w as during  th e  f i r s t  th ree  decades o f  th e  p re se n t cen tu ry  t h a t  in v e s t i
ga tions in to  th e  h e a r t’s conduction  sy s te m  w ere  m o st num erous a n d  m ade 
th e  g re a te s t  progress. R e c e n tly  A b r a h a m  a n d  E r d é l y i  [1] h a v e  s tu d ie d  
th e  s t ru c tu re  and  in n e rv a tio n  of the c o n d u c tio n  sy s tem  in m am m als. W hile 
th e  a n a to m ic a l d iscoveries were follow ed b y  h u n d re d s  of re p o rts  d ea lin g  
w ith  p a th o lo g ica l and  physio logical p ro b lem s, th e  few m orphological s tu d ies  
p u b lish ed  h a v e  been r e s tr ic te d  to  the  d e sc r ip tio n  of ju s t  a few, o r ev en  of 
iso la ted , cases. E spec ia lly  scarce are th e  s tu d ie s  based  on th e  c o n c u rre n t 
ev idence o f  clinical d a ta  a n d  m orphological ex am in a tio n s .

T h e  f i r s t  detailed  s tu d ie s  of the su b je c t a t  issue are  n a tu ra lly  a sso c ia ted  
w ith  th e  n am es of K e i t h , F l a c k , As c h o f f , T a w a r a  an d  H is , as w ell as w ith  
th a t  o f  M ö n c k e b e r g . T h e  subsequen t w o rk s o f  G r o s s  and  F r i e d  [4 ],  M a h a i m  
[7] an d  th e n  ZaNCHi a n d  L e n e g r e  [10], b a se d  on a la rger m a te r ia l, h av e  
co n sid e rab ly  c o n tr ib u te d  to  our present k n o w led g e . L e v  e t al. [5] e s ta b lish e d  
a close p a ra lle lism  b e tw een  th e  ECG a n d  th e  m orphological f in d in g s , an d  
em phasized  th a t  th e ir w o rk  w as the  firs t to  a p p ro a c h  th e  sub jec t from  th is  an g le .

T h e  increase in  th e  n u m b er of h y p e r te n s iv e  p a tie n ts  suffering  d is tu rb 
ances o f  ca rd iac  co n d u c tio n  has p rom pted  us to  u n d e rta k e  th e  p re se n t s tu d y .

Material and m ethods

The resu lts o f 24 post-m ortem  exam inations w ill be d icussed. Their grouping is show n  
in Table I, w hile the essential d a ta  in  Table II.

The cases were selected on  th e  evidence o f  c lin ica l and anatom ical data. T h ey  all d is
played the three m orphological m anifestations o f  hypertension, i.e. arteriosclerosis, 
nephrosclerosis, and cardiac hypertrophy. We endeavoured  so to  select the m ateria l as to  
survey the w idest range o f condu ction  disturbances, heart w eights, coronary and m yocard ial 
lesions. The control cases represent the vascular d iseases usua l in each of the age groups.

The conduction  system  w as worked up according to M a h a im  and L e v , excep t ex trem ely  
dilated hearts, when the lower fourth  of the branches o f H is’ bundle was excised in  a horizontal 
block. From  150 to 200 sections were made in each case. T hey  were stained w ith  B öhm er’s 
haem atoxylin -eosin , iron h aem atoxylin , Crossmon’s tr ichrom e, van  Gieson’s stain, v a n  Gieson  
+  orcein, G öm öri’s silver im pregnation , Sudan III and O il R ed 0.
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Table 1

No. of cases Sex Average age 
(years)

Malignant and essential benign

Cases o f h y p er ten sio n .................................... 6

Secondary hypertension 2 18 (9<J, 9?) 64.1
hyp ertension Diabetes m ellitus 4

Arteriosclerotic hypertension 6

Arteriosclerosis 3]
C ontrol cases Cor pulmonale and arteriosclerosis 2 6 ( 4 < í ,2 $ ) 64.0

No vascular lesion 1

Clinical diagnoses o f  conduction tissue lesions

No. of cases

Atrioventricular block affecting both  bundle branches l
A lternating atrioventricular block l
B lock  of right bundle branch 2

B lock  of left bundle branch 3

Table 2

Case No. Age.
years Clinical diagnosis ECG findings

Blood 
pressure 
mm Hg

Hearf
weight,

g
Autopsy findings

Aut
opsy
after
hours

l
10/58

con tro l
80

Cardiorespiratory
decom pensation,
arteriosclerosis

Right branch 
block 150/90 450

N ephrosclerosis, ar
teriosclerosis w ith  
dilatation o f heart

28

2
19/58

contro l
54 Lung tum our 140/90 390 Bronchial cancer 4

3
23/58 60

Chronic
pyelonephritis,
hypertension

Left ventricle 
hypertrophy 250/130 650

Chronic pyelonephri
tis, generalised ar
teriosclerosis

15

4
25/58 68 Diabetes Left branch 

block 160/90 535 Arteriosclerosis,
nephrosclerosis 16

5
39/58 79 Hypertension, 

cardiac infarction
Myocardial

lesion 190/100 500
Benign hyp erten 

sion, m yocardial 
infarct

24

6
41/58 74

Cardiorespiratory 
decom pensation, 
W PW  syndrom e

Shorter PQ  
interval, W PW  
syndrome

155/80 420
Nephrosclerosis, ar

teriosclerosis, car
diac hypertrophy

15
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Case No. Age,
years Clinical diagnosis ECG findings

Blood 
pressure 
mm Hg

Heart
weight,

g
Autopsy findings

Aut
opsy
after
hours

7
42/58 71

H ypertension, co
ronary sclerosis, 
pulmonary em bo
lism

Absolute ar
rhythmia 150/110 540

Nephrosclerosis, ar
teriosclerosis, d ila 
tation of heart

8

8
129/58

control
27 Acute leucosis Right deviation  

of R  axis 135/70 285

Acute leucaem ic  
myelosis, sub
endocardial 
heamorrhage in  
Tawara node

6

9
152/58

53 Periarteritis nodosa, 
hypertension

Left deviation  
of R axis, repo
larisation dis
turbance

230/120 450
Polyarteritis n od o

sa, dilatation o f  
heart

20

10
166/58 60 Diabetes, coronary 

occlusion
Grave repolar
isation d isturb

ance
180/100 560

Diabetes, grave g en 
eralised arterio
sclerosis

7

11
184/58 68

Diabetes, repeated  
m yocardial infarc
tion

Previous infarct 
in posterior 
wall, left 
branch block

150/90 500

Diabetes, grave gen 
eral arterioscle
rosis, coronary  
sclerosis

13

12
319/58 64

Diabetes, general
ised arteriosclero
sis

Grave m yocard
ial lesion 160/10 360

Grave generalised  
arteriosclerosis 
chiefly in coronary  
and cerebral 
vessels

5i/ 2

13
322/58 59

Coronary sclerosis, 
chronic cor pulm o
nale, decom pen
sation

Grave m yocar
dial lesion 160/10 505

Nephrosclerosis, ar
teriosclerosis, 
dilatation o f heart  
ventricles

12

14
336/58 59

Cardiom yopathy, 
cardiac decom pen
sation, pulm onary  
embolism

Disturbed re
polarisation 165/100 465

Hypertension o f  
arteriosclerotic 
origin

24

15
370/58 73

Coronary occlusion, 
generalised arterio
sclerosis

3 mm elevation  
of ST 120/80 500

Hypertension o f  
arteriosclerotic 
origin. Infarction  
of septum and  
anterior w all

5

16
7/59 68

Pulm onary tbc, 
haem optysis, 
heart insufficiency

140/70 275

Pulmonary haem or
rhage of bron- 
chiectasic origin, 
brown atrophy of  
myocardium

5
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Case No. Age,
years Clinical diagnosis ECG findings

Blood 
pressure 
mm Hg

Heart
weight,

g
Autopsy findings

Aut
opsy
after
hours

17
373/58 63

Essential hyperten
sion decom pensa
tion, cerebral 
em bolism

Disturbed repo
larisation 180/140 600

E ssential hyp erten 
sion, septal in 
farcts, bovine  
heart

18
434/58 72

Arteriosclerosis, 
m yocardial in 
farction

Myocardial in 
farction, coron

ary lesion
110/80 410

Grave general ar
teriosclerosis, 
aneurysm o f right 
ventricle

5

19
445/58 68

Sudden death.
A —V block, pu l
m onary em bolism

Alternatives 
A —Y, left and 
right branch 
block

190/90 475

Arteriosclerotic 
nephrosclerosis, 
moderate general 
arteriosclerosis

23

20
457/58 57

Essential hyper
tension, absolute  
arrhythm ia, cor 
bovinum

Absolute ta 
chyarrhythmia  
elevated ST

240/150 800 E ssential h yp erten 
sion, bovine heart 6 У2

21
40/59 83

General arterio
sclerosis, positive  
com plem ent f ix a 
tion

Myocardial le 
sion, left 
branch block

180/90 520

Grave aortic and 
coronary sclerosis, 
recent infarction  
of posterior w all

8

22
250/59 58

H ypertension, 
chronic circula
tory failure

Grave m yocar
dial lesion, 
right branch 
block

190/100 640

Benign hyperten
sion, arterioloscle
rotic nephroscle
rosis, bovine heart

23
604/59 56

E ssential hyperten
sion, m yocardial 
infarction

Left deviation  
of R-axis, d is
turbed repolar
isation

240/140 550
Essential h yp er

tension, coronary  
stenosis

4

24
638/59 73

Total A —Y block, 
general arterio
sclerosis, cardiac 
decom pensation

A —V block, in 
farct in an
terior wall

200/90 390

E ssential hyper
tension, arteriolo
sclerotic nephro
sclerosis

18

Results

I .  A trioven tricu lar node ; A trioven tricu lar bundle

T h e  ram us se p ti f ib ro s i w hich supp lies th e  a trio v en tricu la r n o d e  s ta r ts ,  
a c c o rd in g  to  M a h a im  [7],  im m ed ia te ly  in  f ro n t  o f  th e  ram us descendens p o ste rio r; 
i t  o rig in a te s  from  th e  r ig h t  co ronary  t r u n k  in  90 per cent an d  fro m  th e  left 
one  in  10 per cen t o f  th e  cases. The a r te ry  o f  th e  node trav e rses  th e  b u n d le  
o f  H is  a n d  supplies th e  in it ia l  p o rtion  of th e  b ra n c h e s  of the la t te r  to o . M ö n c k e 
b e r g  [8] found an asto m o ses betw een th e  r a m u s  sep ti fibrosi a n d  th e  ram u s 
d escen d en s  an te rio r .
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1. Changes o f  vascular origin

T he p a th o m ech an ism  of th e  v a sc u la rly  co n d itio n ed  lesions o f  th e  h o ri
z o n ta l p a r t  of th e  co n d u c tio n  sy s tem  is d iffe ren t acco rd in g  to  w h e th e r  th e y  
a re  due  to  benign h y p e rten s io n  w h ich  affects also  th e  la rg e r co ro n ary  
b ran ch es  or w h e th e r th e y  consist in  a rte rio lo sce ro tic  changes ch a ra c te ris tic  
o f  m a lig n an t h y p e rte n s io n . In  cases o f a rte rio sc le ro tic  co ro n a ry  stenosis 
anasto m o ses are fo rm ed  in  w hich th e  ram u s sep ti f ib ro s i an d  its  s ide b ran ch es 
a re  read ily  p a r tic ip a tin g . F o r in s ta n c e , occlusion w as observed  in  th e  r ig h t 
c o ro n a ry  tru n k  in  Cases 12, 14 an d  15, w ith o u t c o n c o m ita n t necrosis in  the  
co rresp o n d in g  p a r t  o f  th e  co n d u c tio n  system . T h en  w as necrosis a ro u n d  
a tr io v e n tr ic u la r  node in  Case 12, b u t  th e  node its e lf  seem ed  to  be u n im p a ired . 
A th e ro m a to u s  occlusion a t  th e  orig in  o f  th e  ram u s se p ti fib rosi w as observed  
in  Case 23, and  i t  w as on ly  the  b u n d le  of H is w hich  show ed signs o f  focal 
necrosis. In  associa tion  w ith  v a scu la r  changes c h a ra c te r is tic  o f m a lig n an t 
h y p e rten s io n  we fo u n d , on th e  o th e r  h an d , focal necrosis in  th e  a tr io v e n tr i
c u la r  node w hich d id  n o t  ex ten d  to  th e  b u n d le  o f H is (Case 20). A considerab le  
d e s tru c tio n  of fib res w as observab le  a ro u n d  th e  sm all vessels in  a su b jec t 
w ith  p e ria rte ritis  n o d o sa  (Case 9).

O th e r lesions o f  v a scu la r  origin w ere as follow s:

a )  P ro life ra tio n  o f  in te rs ti t ia l  co nnec tive  tissu e . T h is is due to  ischaem ia  
ev en  i f  i t  is a p rim a ry  phenom enon  in  persons o f a d v an ced  age (Zanchi and  
L e n e g r e , 10), i. e. w h en  th e  d eg en era tio n  o f th e  co n d u c tio n  f ib re s  is no t 
p ro n o u n ced . C onsiderab le differences in  th e  size o f co n d u c tio n  fib res  develop 
h a n d  in  h a n d  w ith  th e  accu m u la tio n  o f  connective  tissu e , an d  th e  con n ec tio n  
o f  th e  fib res w ith  th e  a tr ia l  m uscles is g rad u a lly  lessened . T he re la tiv e  increase  
in  th e  n u m b er of nuclei, to o , po in ts to  a d e s tru c tio n  o f th e  fib res. T h e  su b stan ce  
o f  a tr io v e n tr ic u la r  n ode  becom es less (Cases 1, 4, 5, 6, 10, 14, 19, 21, 23) 
a n d  i t  is only a t  th e  co m m encem en t o f  H is b u n d le  t h a t  co n d u c tio n  fib res 
c a n  be found  in  g ra v e  cases (Case 7).

b) A tro p h y  o f th e  co n d u c tio n  f ib re s . W ith  th e  g rad u a l a c c u m u la 
tio n  o f  in te rs ti t ia l  co n n ec tiv e  t is su e , blood su p p ly  becom es in su ffic ie n t 
a n d  th e  fib res  o f  b o th  th e  a tr io v e n tr ic u la r  n ode  an d  b u n d le  o f  H is 
u n d e rg o  d eg en era tio n . D eg en era tio n  in  H is’ b u n d le  is m o st p ro n o u n ced  
in  i ts  p e rip h era l p a r t s ,  a phenom enon  w hich  is d u e  also to  d ila ta tio n  
a n d  en v iro n m en ta l fa c to rs . The b row n  a tro p h y  o f th e  m u sc u la tu re  invo lves 
th e  conduction  fib res as well (Case 16).

c) D ila ta tio n  o f  th e  ram u s se p ti fib rosi an d  its  s ide b ran ch es, caused 
b y  th e  fo rm atio n  of anasto m o ses, has a lre a d y  been m en tio n ed . I f  th e  sclerosis 
o f  th e  co ronary  tru n k  assum es grave p ro p o rtio n s , th e  d ila te d  to r tu o u s  vessels
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F ig .  1. Case 15. Effect o f card iac and vascular d ila tation  on A schoff’s node. F rontal section. 
C on du ction  fibres extending over  large area; reduced connection  betw een m uscles o f the node 

and atrium. N o te  fib rosis around distended vessels. H aem atoxylin -eosin

in  th e  a tr io v en tr icu la r  n o d e  an d  H is’ b u n d le  m ay  p a r tia lly  ru p tu re  or even 
d e s tro y  th e  rem ain ing  f ib re s  (F ig . 1).

T h e  sm all vessels b eco m e stenosed or o b s tru c te d  in  m a lig n a n t hyper- 
te n s ic n  so th a t  n e c ro b io tic  a n d  necrosed areas w ill a p p ea r in  th e  node (Case 
2 0 , F ig . 2), to g e th e r w ith  a reac tiv e  p ro life ra tio n  o f th e  in te r s t i t ia l  tissu e .

F ig .  2.  Case 20. Fresh foca l necrosis in  Aschoff’s node. M any of the necrosed and swollen  
m u scle  fibres are depleted o f  cy top lasm ; they  resem ble fa t cells. No in filtration  w ith  granulo

cy tes. H aem atoxylin-eosin
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I t  accu m u la tes  in  isle ts an d  fre q u e n tly  in  th e  fo rm  o f a p e r iv a sc u la r  ring. 
W e saw  few g ranu locy tes in  th e  focal necrosis o f  th e  co n d u c tio n  tis su e  while 
th e  ap p earan ce  o f ly m p h o cy tes  seem ed  to  be reg u la r, an d  th e ir  n u m b e r  g rea t, 
d u rin g  fib rosis.

2. Changes o f  environm ental origin

W ith  adv an c in g  age an d  th e  p rog ress o f h y p e rten s io n  an d  a rte rio sc le ro s is , 
m ore or less in p ro p o rtio n  w ith  ca rd ia c  d ila ta tio n , a ccu m u la tio n  —  som etim es 
even hyaline  d egenera tion  —  o f th e  connective tissu e  a ro u n d  th e  annu lus

Fig. 3. Case 14. The unevenly  enlarged annulus fibrosus and trigonium  m ediale com pressing  
the fibres o f the atrophied A sch off’s node. H aem atoxylin-eosin

fib ro su s can be observed . T he g row ing  m ass o f coarse-fib red  co n n ec tiv e  
tis su e  invades th e  a tr io v e n tr ic u la r  n ode  an d  te a rs  sm aller or la rg e r  pieces 
o ff  th e  specific m u scu la tu re  w hich ta k e s  a v e r ita b ly  p inched  a p p e a ra n ce  
(F ig . 3). P e rin o d a l fib rosis often a ffec ts  th e  node itse lf  (Cases 9, 12, 19). T he 
co n n ec tiv e  tissu e  o f th e  in te rv e n tr ic u la r  sep tu m  an d  th e  co llagenous f ib re s  of 
th e  m em branaceous se p tu m  un d erg o  h y a lin e  d eg en era tio n . T he co n n ec tiv e  
tis su e  m ay  ex ten d  to  th e  in te rsp aces  o f  H is ’ b u n d le  an d  b reak  up th e  c o n c u rre n t 
fib res  in to  frag m en ts  (F ig . 4). T he cap illa ries m ay  also suffer d a m a g e , and  
lo ca l ischaem ia  will induce  d eg en era tio n  of th e  co n d u c tio n  fib res . S u ch  lesions 
a ffec t th e  b ifu rca tio n  o f H is’ b u n d le  as well, a lth o u g h  genera lly  to  a lesser
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F ig .  4.  Case 17. H is’ bundle fra gm en ted  by fibrosis exten d in g  to  the left bundle branch. Frontal
section . H aem atoxylin-eosin

F ig .  5. Case 20. M yxom atous t issu e , destruction of sp ec ific  m uscles at the bifurcation of the
H is ’ bundle. H aem atoxylin-eosin
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e x te n t. S ep ta l fibrosis m o stly  reach es  th is  area an d  affec ts th e  b u n d le  b ra n c h e s . 
T h e  p e riv a lv u la r  connective tis su e  m a y  show  signs o f m y x o m ato u s d e g en e ra tio n  
(Case 12). T he m y xom atous tis su e  in  th e  m u scu la tu re  o f  th e  b ifu rc a tin g  p o rtio n  
m a y  give rise  to  grave d e s tru c tio n  (F ig . 5).

3. Changes due to dilatation

O w ing to  th e  d ila ta tio n  o f  th e  h e a r t an d  th e  d e s tru c tio n  o f th e  f ib re s , 
th e  connection  betw een  th e  a tr io v e n tr ic u la r  node a n d  th e  a tr ia l  m uscles is 
in te r ru p te d  (F ig . 1), H is’ b u n d le  becom es th in n e r, an d  its  fib res  are e lo n g a ted . 
S ince th e  m ass o f  m uscles re m a in s  unchanged , th e  gap  due to  th e  d ila ta t io n  
is filled  w ith  adipose tissue . C ard iac  d ila ta tio n  u su a lly  d iv ides th e  a tr io v e n tr i 
cu la r  node in to  several p a r ts  a n d  changes its  shape . I f  th e re  e x is t ea rlie r 
adhesions betw een  th e  a tr io v e n tr ic u la r  connective tissu e  an d  th e  su b s ta n c e  
o f th e  a tr io v e n tr ic u la r  node th e  conduction  fib res  w ill fo rm  a w id esp read  
loose p lexus (Cases 5, 11, 14, 22, 23). If , how ever, th e  adhesions a re  less close, 
th e  o rig inal p a tte rn  of th e  f ib re s  w ill rem ain  u n ch an g ed  b u t  lim ited  to  a re la 
tiv e ly  sm all a rea  (Cases 4, 6, 7, 12, 15). F a t ty  in f il tra tio n  in  I l i s ’ b u n d le , as 
o b served  in  Cases 10, 12 a n d  13 an d  —  to  som e e x te n t —  th e  a tro p h y  of 
f ib re s , a re  also due to  th e  d ila ta t io n . F a t ty  in f iltra tio n  is som etim es d u e  to  
ca rd iac  lipom atosis  (Case 10).

Comment

D estru c tio n  of fib res in  th e  h o rizo n ta l p a r t  o f th e  co n d u c tio n  sy s te m  is a 
u su a l co n co m itan t o f h y p e rte n s io n . T he connection  be tw een  th e  co n d u c tio n  
tissu e  an d  th e  o th e r m y o ca rd ia l fib res  m ay  be d am aged  even  w ith o u t g rav e  
d eg en era tio n  o f th e  co n d u c tio n  fib res . E ach  o f  th e  changes m en tio n ed  causes 
m ore  or less dam age to  th e  f ib re s , b u t  w ith o u t sim u ltan eo u s v a sc u la r  lesions 
none o f th em  seem s to  b rin g  a b o u t such  d estru c tio n  as to  p re v e n t th e  t r a n s 
ference o f  im pulses. On th e  o th e r  h an d , a s im u ltaneous occurrence  o f  th e  said  
changes involves f ib re -d e s tru c tio n  on a large scale. T he th in n e d  H is ’ b u n d le  
is easily  d estro y ed  in  cases o f  v a sc u la r  lesions, w hile th e  e x te n d e d  a tr io 
v e n tr ic u la r  node is m ore re s is ta n t .

I I .  L e ft  bundle branch

T he com m encem ent o f th e  le f t b ran ch  of H is ’ b u n d le  is su p p lied  b y  th e  
te rm in a l b ranches o f th e  ra m u s  se p ti fib rosi. O f its  tw o  bu n d les , th e  a n te r io r  
is s i tu a te d  in  th e  area su p p lied  b y  th e  left, th e  p o ste rio r in  th e  a rea  su p p lied  
b y  th e  r ig h t co ronary  a r te ry .  T h e  fib res ru n n in g  on th e  in te rv e n tr ic u la r  
se p tu m  receive blood th ro u g h  th e  endocard ium  an d  th e  T h eb esian  veins. 
T h e re  are  few capillaries am o n g  P u rk in je ’s fib res.

6  Acta Morphologic« XI/2.
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1. Changes o f  vascular origin

I t  is due to  th e  p e c u lia r  m etabolism  o f th e  le f t b u n d le  b ra n c h  th a t  sep ta l 
in fa rc tio n s  of lesser e x te n t  a re , as a rule, n o t acco m p an ied  b y  th e  d is in teg ra tio n  
o f  th e  conduction  f ib re s  a t  th e  in itia l s ta g e  o f  necrosis. Such d is in teg ra tio n  
m a y , how ever, occu r w h e n  th e  in fa rc t becom es o rgan ized . A tro p h y  o f th e  
f ib re s  m ay  be p re v e n te d  b y  certa in  c o m p e n sa to ry  fac to rs . A  change in  
c o ro n a ry  c ircu la tion  a n d  m yocard ia l b lo o d  su p p ly  is th e  m ost s ign ifican t

F ig .  6. Case 4. D ilated subendocardial artery; atrophied le ft bundle branch in scar tissue.
Crossm on’s tr ic h ro m e

c o m p en sa to ry  fa c to r . T h e se  factors are  m a n ife s te d  d iffe ren tly  in  cases of 
m a lig n a n t and  in  th o se  o f  b en ig n  h y p erten s io n . D ifferences in  th is  re sp ec t m ay  
b e  sum m ed  up as fo llow s:

a)  Sclerosis a n d  s ten o sis  o f the  la rg e r  c o ro n a ry  b ran ch es  cause th e  
su b en d o ca rd ia l vessels to  d is te n d  (Fig. 6). G ra d u a lly  develop ing  co n stric tio n  
goes h a n d  in  h an d  w ith  th e  fo rm ation  of an as to m o ses . O ur h isto log ica l obser
v a tio n s  in  th is re sp e c t a re  su p p o rted  b y  F u l t o n ’s [3] a u to rad io g rap h ic  in 
v e s tig a tio n s .

b)  Owing to  c h a n g e s  in  blood su p p ly  th e  m u sc u la tu re  be tw een  th e  
o rg an iz in g  in fa rc ts  a n d  th e  endocard ium , a n d  also  th e  fib res  o f th e  bund le  
b ra n c h , m ay be p re se rv e d  fo r long (Cases 13, 14).
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c) In  cases o f  m a lig n a n t h y p e rten s io n  th e  organizing  in fa rc tio n  w ill 
soon e x te n d  to  th e  co n d u c tio n  fib res (Case 17). T h e  constric tion  o f  th e  la rg e r 
vessel b ran ch es is n o t com pensa ted  by  a d i la ta tio n  o f  sm all vessels a n d  ca p illa 
ries in  th e  su b en d o card ia l zone (Case 14).

Irre sp ec tiv e  o f  th e  necrosis due to  m a lig n a n t or benign h y p e rte n s io n  
th e  co n d u c tio n  fib res  are  d estro y ed  if  th e  s e p ta l  in fa rc t ex tends to  a su rface  
la rg e r th a n  2 cm 2.

2. Changes o f  environm enta l origin

O u r o b se rv a tio n s h av e  confirm ed  th e  s ta te m e n t of M a h a i m  [7], an d  
Z a n c h i  an d  L e n é g r e  [10] th a t  th e  w eak est sp o t o f le ft bund le  b ra n c h  is in  
its  u p p e r  th ird , im m ed ia te ly  a t  its beg inn ing . T h e  fib res of th e  le f t  b u n d le  
b ra n c h  m ay , how ever, be exposed to  nox ious in fluences from  tw o  d irec tio n s  
in  its  low er p o rtio n  a lso : m ore com m only  fro m  th e  m yocard ium  an d  less o ften  
from  th e  en d o card iu m . S ub en d o card ia l fib ro sis  an d  in fa rc tion  h a v e  a lre a d y  
been  m en tio n ed . T h e y  are o f im p o rtan ce , since th e  conduction  f ib re s  m a y  be 
in v a d e d  b y  connective  tissue , an d  im p en d ed  d iffusion  will induce  a d e te r io 
ra tio n  o f th e  fib res. A m u ra l th ro m b u s, due  to  w idespread  in fa rc tio n  im p a irs  
th e  b lood  supp ly  o f th e  bund le  b ran ch  (Case 14). I t  is, how ever, n o t o n ly  ow ing 
to  m u ra l th ro m b i b u t  also b y  th e  m ech an ica l a c tio n  of th e  b lo o d  s tre a m  
(especially  in  cases o f  reg u rg ita tio n ) th a t  th e  end o card iu m  th ick en s. W e o b 
se rv ed  i t  in  7 cases o f  h y p e rten s io n  an d  in  a co n tro l case. R u p tu re  o f  th e  left 
b u n d le  b ra n c h  in  Case 4 seem ed to  h av e  been  p a r tia lly  due to  a d eg en e ra tiv e  
a tro p h y  o f th e  c o n d u c tio n  fib res be tw een  tw o  fib ro sed  layers. B lo ck  o f th e  
le ft b u n d le  b ran ch  in  Cases 11 an d  14 h ad  been  cau sed  b y  a ru p tu re  o f  th e  in it ia l  
p o rtio n  w here th e  b u n d le  b ran ch  was v e r ita b ly  a m p u te d  by  th e  f ib ro sed  m uscle 
tissu e  a n d  th e  th ick en ed  endocard ium . F ig . 4 i l lu s tra te s  a sim ilar, th o u g h  n o t 
so com ple te , d e s tru c tio n  o f th e  fibres.

3. Changes due to d ila ta tion

T h e bund le  b ran ch es  have  to  a d a p t  th em se lv es  to  th e  s e p ta l  ch an g es 
caused  b y  card iac d ila ta tio n . The co n d u ctio n  fib re s  do no t perform  c o n tra c tio n s  
a n d  a re , th ere fo re , sa v e d  from  becom ing  h y p e r tro p h ic  [7]. C ard iac d i la ta tio n  
causes th e  fib res to  a t te n u a te . H ow ever th e  p a r ts  o f th e  left b u n d le  b ra n c h  
w ere n o t un ifo rm ly  a ffec ted  b y  sep ta l d ila ta t io n  in  our cases of h y p e rte n s io n . 
A tte n u a tio n  of th e  f ib re s  w as m ost fre q u e n t in  th e  p rox im al th ird  o f th e  b u n d le  
b ra n c h , b u t  it  m u s t be rem em bered  th a t  fib re s  in  th is  segm ent a re  th in  even  
u n d e r physio logical cond itions. T he a t te n u a t io n  in  th is  segm en t m ig h t be 
one o f th e  follow ing fac to rs.

a)  Ow ing to  è n v iro n m en ta l changes, b u n d le  branches a re  “ f ix e d ”  
in  th is  a re a ; since th e y  are ru n n in g  a lm o st v e r tic a lly  (the  sep tu m  is m o stly

6*
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Fig.  7. Case 14. A trophy o f le ft bundle branch due to  card iac dilatation and fibrosis. H aem a-
toxylin -eosin

e lo n g a te d  in  a v e r tic a l d irec tio n  a t  th is  p o in t) , d ila ta tio n  affects th e  fib res  
sev ere ly .

b)  T he  se p tu m  becom es n o t only d ila te d  b u t  h y p ertro p h ic  as w ell; its  
c re s t on  th e  a tr io v e n tr ic u la r  b o u n d a ry  fo rm s n o t  an  acu te  b u t  a n  o b tu se  
an g le , a v e ritab le  sh o u ld e r. T he conduction  f ib re s  are  th e n  so m uch  s tre tc h e d  
b y  d ila ta t io n  th a t  th e y  becom e a tro p h ied  (F ig . 7). The effect o f  env iron -

Fig. 8.  Case 1. D ilated and ruptured vein  in right bund le  branch. Horizontal section . H aem a-
toxylin -eosin
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m e n ta l fac to rs being m o s t m ark ed  p recisely  in  th e  u p p er th ird  o f  th e  bundle  
b ra n c h , i t  appears d o u b tfu l w h e th e r a tro p h y  is rea lly  due  to  d ila ta tio n . 
H o w ev er, in  four of o u r c a se s—in w hich ca rd iac  d ila ta tio n  w as p ro n o u n c e d  — we 
fo u n d  a tro p h y  a sso c ia ted  w ith  f a t ty  d eg en era tio n  in  all p o rtio n s  o f  th e  left 
b u n d le  b ranch .

Comment

T he m ost v u ln e ra b le  p o in t of th e  le ft b u n d le  b ran ch  is in  i ts  u p p e r  th ird . 
C onduction  fibres in  th is  segm en t are  effec ted  b y  sep ta l f ib ro sis , th ick en in g , 
fib rosis , an d  h y a lin iz a tio n  o f th e  sep tu m  m em b ran aceu m , fu r th e r  b y  a tro p h y  
due  to  sep ta l d ila ta tio n , a n d  h y p e rtro p h y . T h e  low er p o rtio n  o f th e  le f t  bundle  
b ra n c h  m ay  be d am ag ed  from  tw o d irec tio n s: th e  fibrosis o f o rg an iz in g  in fa rc 
tio n s m a y  spread f ro m  th e  m y o card iu m  to  th e  su b en d o ca rd ia l connective 
tissue , w hile — from  th e  o th e r side —  tra n se n d o c a rd ia l d iffu sio n  m ay  be 
im p ed ed  b y  a th ick en in g  o f  th e  en d o card iu m , th e  degenera tion  o f  i ts  connective 
tissu e , as well as b y  m u ra l th ro m b i. Serious ca rd iac  d ila ta tio n  in d u c e s  degener
a tiv e  a tro p h y  in  th e  low er p o rtio n  o f th e  b u n d le  b ran ch . I f  c o ro n a ry  lesions 
e x te n d  to  th e  larger b ra n c h e s , and  if  cond itions are  fav o u rab le  fo r th e  fo rm atio n  
o f  co lla te ra ls , th e  fib re s  o f  th e  bund le  b ra n c h  are p ro tec ted  a g a in s t p rem a tu re  
d eg en era tio n  by  th e  new ly-fo rm ed  su b en d o card ia l v a scu la r n e tw o rk . M yo
ca rd ia l in farc tions cau sin g  EC G -changes ach ieve im p o rtan ce  i f  th e  necrotic  
a rea  lies below  th e  u p p e r  or m iddle th ird  o f  th e  le ft bund le  b ra n c h  w here  the 
fib res  still form  c ircu m scrib ed  bund les.

I I I .  R igh t bundle branch

I ts  u p p er th ird  is supp lied  b y  th e  ram u s sep ti fib rosi, w h ile  th e  vessels 
in  th e  tw o lower th ird s  o rig in a te  from  th e  ram u s descendens a n te r io r . One or 
tw o  sm all arteries a n d  vein s  ru n  along th e  co nduc tion  fib res . C e rta in  au tho rs 
d is tin g u ish  the  sm all a r te ry  in  th e  m o d e ra to r b an d  b y  a specia l te rm : ram us 
lim b i d ex tr i.

1. Changes o f  vascular origin

I t  follows fro m  its  a n a to m y  and  localiza tion  th a t  th e  r ig h t  b ra n c h  of 
H is ’ b u n d le  is m ore ex p o sed  to  th e  in fluence  o f a rte ria l an d  e sp ec ia lly  a rte rio la r 
changes th a n  o th e r p a r ts  o f th e  conduction  system . E ven  sm all necroses a t  any  
p o in t o f th e  rig h t b u n d le  b ra n c h  m ay  cause ru p tu re  w ith o u t b e in g  accom pa
n ied  b y  serious a lte ra tio n s  in  th e  su rro u n d in g  m uscles (Case 22). F o rm atio n  
o f co lla tera ls m ay p re v e n t  th e  d eg en era tio n  o f  th e  fib res ev en  i f  th e  ram us
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d e sc e n d e n s  an terio r is o c c lu d e d  (Case 5). V a sc u la r  d ila ta tio n  is nevertheless 
a c c o m p a n ied  by som e n e c ro s is  o f the fib res, a n d  d is te n d e d  veins m ay  b u rs t
(F ig . 5).

2. C hanges o f  environm ental orig in

F ibrosis of th e  m u sc le s  a round  th e  u p p e r  th i r d  o f th e  r ig h t bu n d le  
b r a n c h  is a frequen t o c c u rre n c e  (Cases 4, 6, 13, 15, 19, 24) an d  i t  sp reads to  th e  
b u n d le  b ran ch  itse lf  w h ic h  is anyhow  th in  in  th is  segm ent. P rogressive  
f ib ro s is  o f the  sep tu m  f ib ro s u m  m ay inv ad e  in  th e  sam e  w ay  as i t  does th e  
le f t  b u n d le  branch .

I n  tw o cases (8 a n d  9) th e  arising o f  f ib ro u s  connective tissue  w as 
o b s e rv e d  around th e  r ig h t  b u n d le  branch beside th e  base  of th e  m iddle cusp 
o f  t h e  tricu sp id  valve. T h e  p e r ip h e ra l conduction  f ib re s  o f th is  annu lus show ed 
s ig n s  o f  degeneration , a p h en o m en o n  no t p e c u lia r  to  h y p erten sio n  since it  
o c c u rs  in  norm al h e a rts  as w ell.

T h e  frequency o f in f a r c ts  increases to w ard s  th e  ap ex  of the  h e a r t w hich 
o ffe rs  a w ider scope fo r a d e s tru c tio n  of th e  low er th ird  o f th e  r ig h t bund le  
b r a n c h .

I n  th ree  cases o f h y p e r te n s io n , w here also  th e  r ig h t side of th e  h e a r t  
w as  d ila te d , we observed  w ith  th e  naked eye d ep o sits  o f fa t  in  th e  m o d e ra to r 
b a n d  (Cases 3, 7, 14). T h e re  w a s  f a t ty  degeneration  in  th e  conduction  fib res  and  
f a t t y  in f iltra tio n  a ro u n d  th e m . W e a ttr ib u te d  th e se  a lte ra tio n s  to  th e  m ech an 
ic a l  a c tio n  of the  a n te r io r  p ap illa ry  m uscle: th e  tw o  m uscles m u st h av e  
c o llid e d  during  the  h e a r t  c o n tra c tio n s .

3. C hanges due to d ila ta tion

T h e  num ber o f f ib re s  in  th e  righ t b u n d le  b ra n c h  varies, accord ing  to  
M ö n c k e b e r g  [8], no t o n ly  f ro m  indiv idual to  in d iv id u a l b u t  also from  one 
s e g m e n t of the b ran ch  to  th e  n ex t. Our o b se rv a tio n s , on th e  o th e r h a n d , 
sh o w e d  th a t  great se g m e n ta l differences in  th e  n u m b e r  o f fib res are alw ays a 
p a th o lo g ic a l sign. I f  th e  r ig h t  h a lf  of the h e a r t d ila te s  (Cases 12, 13, 17, 19), 
a t t e n u a t io n  and a tro p h y  o f  th e  fibres are m ore p ro n o u n ced  and  (as in  th e  
le f t  b u n d le  branch) e sp ec ia lly  so in  the upper th ird .

Comment

T h e  rig h t bundle  b ra n c h  form s a tenuous b a n d  w hich  can be ru p tu re d  
b y  n ec ro ses  of m icroscopic  size  caused b y  a r te r io la r  occlusion. C olla teral 
c i r c u la t io n  m ay ensure th e  b lo o d  supply of th e  r ig h t  b u n d le  b ran ch  u n d e r 
f a v o u ra b le  conditions. V a s c u la r  lesions are n o t n ecessa rily  lim ited  to  th e
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a rte rie s : r ig h t b u n d le  b ra n c h  block w as due in  one o f ou r cases to  th e  ru p tu r e  
o f a vein . T he u p p e r  th ird  o f th e  r ig h t b u n d le  b ra n c h  becom es te n u o u s  an d  
its  fib res  un d erg o  a tro p h y  in  consequence o f d ila ta tio n . F ibrosis a ro u n d  th is  
segm en t w as fo u n d  to  be m ore p ro nounced . A. r in g  o f  connective tissu e  a ro u n d  
th e  b u n d le  b ra n c h , in  th e  v ic in ity  o f th e  tr ic u sp id  v a lv e , was o b serv ed  in  a 
case o f h y p e rten s io n , as well as in  a con tro l case. T h e  m echanic ac tio n  o f  th e  
a n te rio r  p a p illa ry  m uscle m ay  induce  f a t ty  d eg en e ra tio n  in  th e  low er th i rd  
o f th e  r ig h t b u n d le  b ra n c h .

ECG an d  m orphological changes

I t  follow s from  th e  above th a t  cond itions o f  h y p erten sio n  are u su a lly  a c 
com pan ied  b y  in ju ry  to  th e  sep ta l co n d u c tio n  sy s tem . H ow ever, p a r tia l  lesions 
o f th e  co n d u c tio n  sy s tem  are  n o t in d ica ted  b y  th e  e lec trocard iog ram . A lth o u g h  
i t  is genera lly  recognized  th a t  a b u n d le  b ran ch  b lock  is p receded  by  th e  d e s tru c 
tio n  o f  all fib res in  th e  affec ted  a rea , we h av e  fo u n d , th a t  block m a y  o ccu r 
in  cases o f acu te  d am ag e  even i f  th e  d e s tru c tio n  of fib res is n o t c o m p le te  
(Cases 1, 22). B lock m ay  be c lin ically  d iagnosed  w hen  th e  m uscles cease  to  
fu nc tion  even  if  th e  co nduc tion  fib res are  m ore or less un im p aired  in th e  a ffe c ted  
a rea . T he fib res above th e  in fa rc t in  th e  p o ste rio r  w all h ad  no t been d a m a g e d  
in  Case 21, w hereas th e  fib res ru n n in g  to  th e  in ta c t  m uscles were d e s tro y e d  
b y  fib rosis . T his o b se rv a tio n  agrees w ith  th a t  o f  L u m b  e t  al. [6 ]  m ad e  in  th e  
course o f ex p e rim en ts  in  dogs. O ur Case 19 ju s tif ie s  th e  a ssu m p tio n  th a t  
a tr io v e n tr ic u la r  d issoc ia tion  an d  a lte rn a tin g  b ra n c h  block m ay be  cau sed  
by  co ro n a ry  sclerosis (in su ffic ien t b lood su p p ly ), m yocard ia l fib rosis, o r  th e  
o rgan iz ing  in fa rc t o f  th e  s in o a tr ia l node. I t  is e v id e n t from  Case 14 t h a t  ev en  
m u ltip le  d am ages o f th e  co n d u c tio n  system  are  in d ic a te d  b y  p record ia l e le c tro 
ca rd io g ram s.

O ur in v e s tig a tio n s  h av e  failed  to  p ro v e  conv incing ly  th a t  a p a r t ia l  
in te r ru p tio n  of th e  connec tion  betw een  c o n d u c tio n  fib res and  a tr ia l m uscle- 
fib res p rovokes a change in  th e  P  Q in te rv a l. I t  m ay  rem ain  n o rm a l (C ases 
22 an d  24) or becom e sh o rte r  (Case 9) in  a sso c ia tio n  w ith  focal n ecro ses , or 
w ith  a fib rosis an d  v ascu la r d ila ta tio n  in  H is ’ b u n d le . W e observed  th e  sa id  
p a r tia l  in te r ru p tio n  an d  a serious in ju ry  to  H is ’ b u n d le  in  8 cases; in  3 on ly  
d id  th e  P  Q in te rv a l exceed 0.20 sec. We do n o t  a t t r ib u te  th e  e x is te n c e  o f 
accessory  m u scu la r b ridges for a tr io v e n tr ic u la r  tran sm ission  (W o lff-P a rk - 
in so n -W h ite  sy n d ro m e , Case 6) to  th e  p resence  o f  th e  bundle  of K e n t  b u t  
to  fib rosis  a ffec tin g  th e  r ig h t b u n d le  b ra n c h . A lth o u g h  th e  a b e r ra n t f ib re s  
know n as th e  b u n d le  o f  K e n t occurred  in  sev era l su b jec ts  (Cases 1, 4, 17, 23), 
th e ir  presence w as associa ted  w ith  th e  W olff-P ark in so n -W h ite  sy n d ro m e  
in  a single case on ly . I t  shou ld  be n o ted  th a t  th e  b u n d le  of K en t m ay  b eco m e 
d isab led  b y  th e  la y e r  o f connective  tissue  beside th e  m iddle cusp o f  th e  t r i 
cusp id  v a lv e  w hich  sep a ra te s  i t  from  th e  v e n tr ic u la r  m uscles.



2 5 4 SZ. VIRÁGH and J . VIRÁGH-KISS

W e h av e  ex am in ed  o u r m a te ria l also w ith  a  view  to  a sce rta in in g  th e  m ost 
se v e re ly  affec ted  p o in t o f  th e  conduction  s y s te m  in  cases o f c o ro n a ry  lesions 
o r  re p o la r iz a tio n  d is tu rb a n c e s  in d ica ted  b y  th e  ECG. Such changes o ccu rred  
in  a ll o f  ou r 18 cases w ith  hyperten sio n . I t  is th e  left b u n d le  b ra n c h  w hich 
sh o u ld  be  reg a rd ed  as th e  m ost v u ln e ra b le  in  conditions o f h y p e rte n s io n . 
W e h a d  8 such  cases (one o f  th em  am ong th e  6 con tro ls); th e y  in c lu d e d  2 cases 
w h e re  th e  r ig h t b u n d le  b ra n c h  was s im ila r ly  affected  (33— 34 p e r  cen t). 
T h e  n e x t  f re q u e n t d am ag e  w as th a t  o f th e  r ig h t  bundle  b ran ch  w ith  5 cases, 
in c lu d in g  one w here also  th e  left bund le  b ra n c h  was d estro y ed  (22—-27 p er 
c e n t) .  D am age o f th e  H is ’ b u n d le  was fo u n d  in  4 cases, inc lud ing  one in  w hich 
a lso  th e  a tr io v e n tr ic u la r  n ode  and  one in  w h ic h  also th e  le ft bu n d le  b ra n c h  was 
s im ila r ly  im p aired  (11— 22 p er cent). A d v a n c e d  degenera tion  o f th e  fib res  o f 
th e  a tr io v e n tr ic u la r  n ode  w as observed in  2 cases, in  one o f w hich  H is ’ bund le  
se e m e d  to  be sim ila rly  d am ag ed  (5— 11 p e r  ce n t) .

S ince ou r m a te r ia l  consisted  of se le c te d  cases th e  re su lts  p re se n te d  do 
n o t  ju s t i fy  d e fin ite  conclusions. F rom  th e  p o in t  of view  o f e v e ry d a y  p rac tice  
i t  is nev erth e less  safe to  sa y  th a t ,  in  cases o f  hy p erten sio n  th e  a tr io v e n tr i
c u la r  n ode  an d  H is ’ b u n d le  show  th e  g re a te s t  resistance  to  in ju ry  w hile a 
se rio u s  lesion o f th e  b u n d le  branches h as  a lw ay s  to  be reckoned  w ith , even 
i f  c lin ica l m ethods do n o t rev ea l d is tu rb an ces  in  th e  conduction  sy s tem .

Summary

T he m orphological changes in  the septal con d u ctio n  tissue of the heart have been  studied  
in  su b jects died of hypertension , and 6 non-hypertensive control cases (selected  according to  
age groups). The m aterial included  1 case of a ltern atin g  atrioventricular b lock, perm anent 
atrioventricu lar block and W olff-Parkinson-W hite syndrom e, 3 cases o f  left and 2 cases o f  
r ig h t bundle-branch block. E sp ecia l attention has b een  paid  to the role o f vascu lar, environ
m e n ta l and m echanical factors in  the developm ent o f  m orphological changes.

Changes observed in  Aschoff-Tawara’s nod e, in  H is’ bundle and the bundle branches 
h a v e  been  separately discussed.

A  com parison has been m ade between clin ical and  m orphological changes and th e  pos
sib le  conclusions have been discussed.

*  *  *

W e are indebted to  Dr. R . Szabó for his a ssistan ce  in  the evaluation o f  electrocardio
gram s, and to Miss S tefánia F rankl for the perform ance o f  histological tech n iq u es.
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ДАННЫЕ К ПАТОМЕХАНИЗМУ НАРУШЕНИЙ ПРОВОДИМОСТИ СЕРДЦА ПРИ 
ГИПЕРТОНИЧЕСКИХ СОСТОЯНИЯХ

С. ВИРАГ и И. ВИРАГ-КИШ

У 18 больных, страдающих гипертонией, и у 6 лиц различных возрастных групп 
без гипертонии, исследовалось развитие морфологических изменений при нарушении 
межжелудочковой проводимости. В материале обсуждается только один случай переход
ной атриовентрикулярной блокады сердца, сопровождающейся перемежающей блока
дой правой и левой ножек Т., один случай постоянной атриовентрикулярной или дву
сторонней блокады ножек, один синдром WPW, 3 случая блокады левой ножки Т, и 2 
случая блокады правой ножки Т. При изложении развития морфологических изменений 
авторы уделяют особое внимание роли изменений сосудистой системы и окружающей 
среды, а также роли механических факторов. После описания отдельных деталей вкратце 
резюмируются изменения узла Ашофф—Тавара и гисового пучка, и наблюдаемые в пра
вой ножке Т. альтерации. Сопоставляются клинические и патогистологические измене
ния, и по мере возможности извлекаются из них клинические и морфологические выводы.

B E IT R Ä G E  ZUM Р ATHOM ECHANISM US D E R  H YPE R T O N ISC H E N  Ü B E R L E IT U N G  S
ST Ö R U N G E N

SZ. VmACH und J. VIRAGH-KISS

B ei 18 hypertonischen und 6 nicht hypertonischen, zu verschiedenen A ltersk lassen  gehö
renden Personen wurde die E ntw icklung der m orphologischen Veränderungen b e i septalen  
Ü berleitungsstörungen untersucht. Neben einem  F a ll von  vorübergehenden atrio-ventrikulä-  
ren B lock m it weschselndem  rechten und linken T-Schenkelblock wurden ein F a ll v o n  konstan
ten  atrio-ventrikularem  bzw. bilateralem  Schenkelblock, ein Fall von W P W -Syndrom , 3 Fälle 
von  linken  T-Schenkelblock und 2 Fälle von  rechten T-Schenkelblock un tersu ch t.

Der R olle der vaskulären und U m gebungsveränderungen, sowie der m ech an ischen  F ak
toren wurde besondere A ufm erksam keit gew idm et. D ie  im  Aschoff-Tawaraschen K noten  im  
H isschen B ündel, sowie im  rechten T-Schenkel beobachteten  Veränderungen w urden im 
einzelnen besprochen, die k linischen und pathohisto logischen Veränderungen m iteinander  
verglichen , und m anche klinische und m orphologische Folgerungen gezogen.

D r. Szabolcs V i r á g h  

D r. J u lia  V i r Ág h - K i s s
Szeged, K o ssu th  L . s. u. 40. H u n g a ry
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