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E v a lu a tio n  o f h isto log ica l changes in  th e  lungs a t  n ec ro p sy  m a y  be  in te r 
fe red  w ith  b y  p o s tm o rta l au to ly s is , changes in  th e  d is tr ib u tio n  o f  b lo o d  and  
b y  th e  effects e x e r te d  b y  th e  fa ta l  d isease. M oreover, a t  n ec ro p sy  we see th e  
f in a l stages o f th e  p a th o lo g ica l p rocess on ly , even  i f  som e p u lm o n a ry  cond ition  
h ad  been th e  basic  disease. M orphological s tu d ies  o f  lungs o p e ra te d  on in  
d iffe ren t phases o f  th e  diseases m a y  allow  som e in s ig h t in to  th e  v a r io u s  stages 
o f th e  p a tho log ica l process. B efore o p e ra tio n  th e  p a tie n t  is su b je c te d  to  deta iled  
clin ical s tu d y  an d  th u s  th e  clin ica l an d  pa th o lo g ica l find ings m a y  be  analysed  
to g e th e r. T he lungs rem oved  b y  su rg e ry  a n d  fix ed  w ith o u t d e la y  a re  m uch 
m ore su itab le  for s tu d y in g  th e ir  f in e  h isto logy  th a n  those  from  c a d a v e rs .

The p re sen t p a p e r is n o t in te n d e d  to  discuss th e  h isto log ic  ch an g es  occur
rin g  in  various p u lm o n a ry  d iseases, an d  o n ly  th e ir  o ften  closely s im ila r  effects 
on th e  b lood vessels, conn ec tiv e  tissu e , sm o o th  m uscle an d  b ro n c h i w ill he 
d e a lt w ith . B y p resen tin g  in d e ta il th e  case reco rd , show ing X - ra y  film s and 
describ ing  th e  gross changes, i t  w ould  be possib le to  d e te rm in e  th e  special 
m echan ical tra c tile  forces an d  th e ir  sequelae. T hese, how ever, a re  d ifferen t 
a lm o st from  p a tie n t  to  p a tie n t  a n d  th e re fo re  l i ttle  could be g a in e d  from  a 
d e ta iled  discussion o f a few cases. O n th e  o th e r  h an d , to  deal w ith  m a n y  cases 
in  d e ta il w ould exceed th e  scope o f  th e  p a p e r an d  for th is  rea so n  we sh a ll dis
cuss only  general law s and  conclusions. Som e o f th e  changes o u tlin e d  exceed 
th e  lim its  o f th e  w ell-know n q u a n ti ta t iv e  a d a p ta tio n  process a n d  fu lfill the  
req u irem en ts  o f q u a lita tiv e  a d a p ta t io n , o f n eo d iffe ren tia tio n . A m o re  de ta iled  
d esc rip tio n  an d  analysis  o f th e se  occurrences h as  been  m ade p o ssib le  b y  the  
s tu d ies  o f I . K r o m p e c h e r  on th e  ex p e rim en ta l in flu en c in g  o f tis su e  d ifferen
tia tio n . O ur resu lts  concern ing  th e  h u m an  lu n g  m ay  confirm  his d a ta  o b ta in ed  
in an im al ex p erim en ts .

Material and methods

The m aterial subjected to stu dy  w as obtained from  the 3rd D epartm ent o f  Surgery, 
U niversity M edical School, B udapest. O f the lungs operated on in  the period from  January 1, 
1954, to June, 1958, 285 were studied in detail.

* Now at the 1st D epartm ent o f G ynaecology, U niversity  M edical School, B udapest.
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In  the hilar area of the resected  lungs the branch o f th e  pulm onary artery was identified  
a n d  w as in jected  w ith 10 per cen t form aldehyde until th e  lu n g  was com pletely expanded. The 
prep a ra tio n  was then subm erged in  a 10 per cent form aldehyde bath . H istological sections were 
m a d e from  the wall o f cav ities, from  sm all and large bronchi, from  the junction  of the patholog
ica l an d  in tact areas, as w ell as from  the hilar and peripheral areas. H aem atoxylin-eosin , 
v a n  G ieson’s, resorcin-fuchsin, G iem sa’s and H eidenhain’s azan were the stains used. In  addi
t io n , lu n g s from 39 patients w h o h a d  died of various pu lm onary diseases were studied; 
th ese  specim ens originated from  th e  sam e period.

T he m aterial was d iv id ed  in to  3 groups, viz.
Group 1: tuberculous lun gs.
Group 2: bronchiectatic lu n gs.
Group 3: lungs rem oved  b ecau se  of chronic in fla m m a tio n  (chronic abscess, gangrene, 

pneum osclerosis, m ycosis, ech in ococcu s).
I t  w as som etim es d ifficu lt to  differentiate group 2 from  group 3, because bronchiectasis 

w as o ften  associated w ith abscess or pneumosclerosis and vice versa. The m aterial was analysed  
group  b y  group and in toto according to sex, age and  localisation . These data are pre
se n te d  in  Tables I, II and III. In  v ie w  of the small num ber o f autopsied cases it  is n o t really  
ju s t if ie d  to  present percentage d a ta ; th ey  are nevertheless g iv en , in  order to facilita te  eva lu 
a tio n  an d  to  point out the essen tia ls.

A s shown in the T ables, 59 per cent of the operated cases were m ales and 41 per cent 
w ere fem ales. Of the cases su b jected  to  autopsy, 66 per cen t w ere m ales and 33 were fem ales. 
T h u s, b o th  groups contained sig n ifica n tly  more males th a n  fem ales. E ighty  per cent o f  those  
op erated  on because of tuberculosis belonged to the age group o f 20 to 40 years. S ix ty -six  per 
cen t o f  th e  patients operated on becau se  of chronic in fla m m a tio n  were 40 to 60 years o ld , while 
55 per cen t o f those operated on  becau se  of bronchiectasis w ere 30 to 50 years of age. M ost of 
th e  p a tie n ts  w ith tuberculosis w ere 30 to  50 years old; 63 per cen t o f the cases autopsied  because  
o f tub ercu losis originated from  th o se  age groups. S ev en ty -sev en  per cent o f the patien ts who  
h ad  d ied  o f chronic in flam m ation  w ere 40 to 60 years o f  age. L ikew ise, bronchiectasis killed  
87 per c en t o f the patients in  th e  age group 40 to 60. For tuberculosis the right upper lobe  
w as resec ted  in  34 per cent and  th e  le ft  upper lobe in  21 per cent. Segm ental resection was 
perform ed in 36 per cent o f th e  cases. Because of chronic in flam m ation  the m iddle lobe was 
resec ted  in  21 per cent and th e  le ft  lu n g  also in 21 per cen t o f  the cases. Because of bronchiec
ta s is  th e  left lower lobe w as resected  in  27 per cent, the r igh t lower one in  20 per cent and the 
le ft  up p er  one in 22 per cent o f  th e  cases.

In  the following, the e ffec ts o f  th e  various pathological processes on the vascular system , 
bronch i lym phatic tissue, collagen  and elastic fibres w ill be dealt w ith.

1. V ascu lar changes

I n  each  of th e  th re e  g ro u p s  vascu lar changes w ere  com m on an d  ex ten siv e . 
T h e  la rg e  and  m edium  a r te r ie s  n ear th e  h ilu m  show ed  a th ick en in g  o f  th e  
e la s tic  in te rn a l m em b ran e  (F ig . 1). The lu m en  w as m a rk e d ly  n a rro w ed  b y  
th e  p ro life ra tin g  in tim a . C hanges of th e  m ed ia  w ere  less com m on a n d  less 
s e v e re . E x tre m e  h y p e r tro p h y  o f  th e  m edia w as fo u n d  p a r tic u la r ly  in  th e  a te 
le c ta t ic  in d u ra te d  p u lm o n a ry  a rea s . The m uscle f ib re s  w ere th ick en ed  a n d  in 
c re a se d  in  n u m b er (F ig . 2). H e re , too , th e  lu m en  w as n a rro w ed  b y  th e  g ra n u la 
t io n  t is s u e  in  th e  in tim a . I n  th e  m ed ia  of o th e r b lo o d  vessels diffuse o r sc a tte re d  
f ib ro s is  w ith  d e s tru c tio n  o f  th e  m uscular f ib re s  w as v isib le, th e  lu m en  was 
n a r ro w e d  or o b lite ra te d  b y  th ro m b i, fresh or sh o w in g  d iffe ren t g rades o f  o rg a 
n iz a tio n . Some areas w ere  so sev ere ly  affec ted  t h a t  re m n a n ts  o f  th e  v a scu la r  
w all co u ld  only  be fo u n d . S im ila r  changes o c c u rre d  in  th e  a d v e n titia . The 
s m a lle s t  a rte ries ex h ib ite d  th e  m ost severe ch an g es .

V ascu la r lesions o c c u rre d  n o t  only in  th e  d isea sed  areas, b u t  som etim es 
also  in  th e  collapsed or r e la t iv e ly  norm al tissu e . T h e y  w ere especia lly  f req u en t



HISTOLOGY O F SURGICALLY RESECTED  LUNGS 139

Fig. 1. Vascular lum en narrowed b y  tissue proliferating in the intim a. T hickened internal
lam ina elastica. H . E. X 48

Fig. 2. Marked increase in  the num ber and volum e of muscle fibres in the m edia . Narrowing
o f vascular lum ina. H . E. X 48

Fig. 3. Degeneration and central calcification  of the cartilage ground substance, surrounded by
in flam m atory elem ents. H . E. X 48

Fig. 4. Lym ph tissue hyperplasia w ith  germ inative centres around a sm all bronchus. II. E . X48
Fig.  5. Muscular hyperplasia and hypertrophy o f bronchial m uscle. H . E . X 4 8
Fig. 6. Cyst form ation in  cartilage, showing m ucous degeneration and ca lc ifica tion  in the right

upper portion. H . E . X 96
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in  th e  cases t re a te d  p re v io u s ly  b y  p n e u m o th o ra x . In  th e  p e rip h era l areas 
c h a n g e s  in  th e  a rte rio les  a n d  p recap illaries d o m in a te d  th e  p ic tu re . I n  som e 
ca se s  th e y  bore re sem b lan ce  to  th e  changes o c c u rr in g  in  h y p e rten s iv e  v ascu la r 
d is e a se . T he su b e n d o th e lia l tis su e  was im b ib ed  a n d  th ic k e n e d  c ircu la rly  b y  a 
h o m o g en eo u s  m a te ria l s ta in in g  red  w ith  eosin  a n d  p in k  w ith  azan  an d  s ta in in g  
a lso  w ith  Sudan, s im ila r to  th e  lipo-hyalinosis o c c u rrin g  in  th e  k id n ey . C hanges 
in  t h e  b ronch ia l a r te rie s  (s im ila r  to  those o u tlin e d  above) w ere found  ch ie fly  
in  th e  b ro n ch ia l vessels n e x t  to  th e  h ilum .

S im ilar, th o u g h  less co m m o n  and less sev e re  changes w ere found  in  th e  
v e in s .

2 . B ronchial ch an g es

W e do no t in te n d  to  d e a l w ith  th e  vario u s ty p e s  of b ro n ch ia l in flam m atio n  
a n d  th e  secondary  ch an g es  o f  th e  b ronch ia l m u co u s  g lands. F ro m  o u r p o in t 
o f  v ie w  i t  was of g re a t im p o r ta n c e  th a t  in  som e a re a s  th e  severe  in fla m m a tio n  
h a d  co m ple te ly  d e s tro y e d  th e  b ronch ia l w all a n d  a ll t h a t  could  be recognized  
b e tw e e n  th e  in f la m m a to ry  e lem en ts  were a few  iso la ted  isle ts  o f ca rtilag e  
(F ig . 3). The g ran u la tio n  t is s u e  h a d  a tta c k e d  also  th e  c a r tila g e ; its  g ro u n d  s u b 
s ta n c e  underw en t d e g e n e ra tio n , w ith  ca lc ific a tio n  o f th e  ce n tra l a reas . C ar
t i la g e  changes o f such  s e v e r i ty  occurred  in  3 o f  o u r  cases on ly . T here w as also 
d e g e n e ra tio n  and  a tro p h y  o f  th e  perich o n d riu m , o f te n  w ith  ro u n d  cell in f i l t r a 
t io n .  I t  has to  be em p h a s iz e d , how ever, th a t  i t  is n o t  th ese  in f la m m a to ry  c h a n 
ges le a d in g  to  d e s tru c tio n  o f  th e  cartilage t h a t  p la y  a ro le in  th e  ossifica tion  of 
th e  b ro n c h ia l cartilage , a  p ro cess  to  be d iscussed  la te r .

H y p e rtro p h y  o f  th e  ly m p h a tic  tissue w as esp ec ia lly  com m on in  cases o f 
c h ro n ic  b ronch iec tasis , in  t h e  carn ifica tio n s a ro u n d  chron ic  abscesses. G erm i
n a t iv e  cen tres h ad  fo rm ed  a ro u n d  sm all b ro n c h i (F ig . 4), in  o th e r  cases in d e 
p e n d e n t ly  of them .

H y p erp lasia  an d  h y p e r tro p h y  of the  b ro n c h ia l m uscles was ex trem e  in  
so m e  cases: even th e  s m a lle s t  bronchioles w ere em b raced  b y  th ic k  bun d les  of 
m u sc le . In  one case th e re  w as  ex tensive sm o o th  m uscle  h y p e r tro p h y  (F ig . 5). 
S o m e h y p e rtro p h ied  b u n d le s  w ere connected  w ith  th e  b ro n ch ia l m uscle, m ost 
o f  th e m , how ever, p ro life ra te d  in d ep en d en tly . T h e  single bund les o f m uscle 
w e re  su rro u n d ed  b y  c o n n e c tiv e  tissue  fib res; V an  G ieson’s s ta in  rev ea led  th e ir  
c o n n e c tio n  w ith  th e  p e r ib ro n c h ia l connective t is s u e  b u n d le s .

I n  som e cases th e  p e rib ro n c h ia l co nnec tive  tis su e  w as rep laced  b y  f a t ty  
t is s u e . L ike th e  a b o v e -d e sc rib ed  h yperp lasie  m usc le , th is  som etim es show ed 
e x c e ss iv e  p ro lifera tion . I t  c o n ta in e d  blood vessels a n d  n erves, w ith  is le ts  com 
p o se d  o f  lipoblasts.

T h e  carn ified  an d  in d u r a te d  areas, th e  p erifo ca l, p e rib ro n ch ia l p ro life ra 
t io n s  a ro u n d  the  cav itie s  sh o w ed  on s ta in in g  w ith  azan  g re a t m asses o f w av y
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Fig. 7. Fine calcium  granules in degenerated and necrosed cartilage. H. E. X 48 
Fig. 8. Gelatinous undifferentiated connective tissue conta in ing  fine fibres, replacing destroyed

cartilaginous tissue. H . E . X 48
Fig. 9. Upper peripheral part of bronchial cartilage converted  to bone tissue w ith fa tty  marrow.

Calcification of adjacent cartilage ground substance. H. E. X 48  
Fig. 10. Lacunar chondrolysis and bone formation from  undifferentiated granulation tissue, 
side by side in the cartilaginous tissue calcified in the shape of a two-tooth fork. H. E . X 48  
Fig. 11. E lastic fibres increased in num ber and vo lum e em bracing necrosed cartilage w ith

beginning calcification. II. E . X 48
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c o lla g e n  fib res  in  a h a p h a z a rd  d is tr ib u tio n , a n d  in  th e  in te rspaces e la s tic  fib res 
e x h ib i t in g  ram ifica tio n s a n d  fo rm in g  n e t- lik e  p lexuses, s ta in in g  d a rk  brow n 
w ith  reso rc in -fuchsin . I n  som e areas th e  e la s tic  n e tw o rk  o f  th e  lu n g  was 
d e s tro y e d , in  others i t  w as in c reased , fo rm in g  th ic k  bund les.

T h e  changes o f th e  b ro n c h ia l c a rtilag e  in  th e  areas free o f  in f la m m a tio n  
w ere  ch a rac te rized  in  som e a re a s  (especially  a t  th e  p erip h ery ) b y  th e  fo rm a
t io n  o f  t r u e  bone m arro w . T h e  cells an d  g ro u n d  su b s ta n c e  o f th e  c a r tila g e  ex h ib 
i te d  se v e re  degenera tion . P y c n o s is , k a ry o rrh e x is , kario lysis , f a t ty  d e g en e ra tio n , 
c a lc if ic a tio n , m ucous d e g e n e ra tio n  o f th e  g ro u n d  sub stan ce , v a c u o liz a tio n  
le a d in g  to  th e  fo rm atio n  o f  c y s ts  ap p ea red  side b y  side (F ig . 6). T h e  ac id o p h ilic  
h a lo  a ro u n d  th e  ca rtilag e  cells tu rn e d  b aso p h ilic , was calcified a n d  s ta in e d  red  
w ith  a z a n . F ine granu les o f  ca lc ium  a p p e a re d  in  th e  d estro y ed  c a r tila g e  cells 
a n d  d e g en e ra tin g  g ro u n d  su b s ta n c e  (F ig . 7). T h e  p lace  o f th e  d e s tro y e d  c a r t i
lag e  w as  occupied b y  a n  u n d iffe re n tia te d  je lly -lik e  connective  t is s u e  w ith  
f in e  f ib re s  (Fig. 8), w ith  p o s it iv e  m ucus s ta in in g s , b u t  no elastic  f ib re  s ta in in g . 
I n  th e  p e rip h e ra l areas t r u e  la m e lla r  an d  sp o n g ious bone tissue  a p p e a re d , w ith  
p a r t l y  h aem a to p ie tic  a n d  p a r t ly  f a t ty  b o n e  m arro w . In  F ig . 9 i t  is c learly  
v is ib le  t h a t  th e  p e rip h e ra l p a r t  o f  th e  b ro n c h ia l ca rtilag e  has been  tra n s fo rm e d  
in to  b o n e  con ta in ing  f a t t y  m a rro w  an d  th e  a d ja c e n t  cartilage  g ro u n d  su b stan ce  
is c a lc if ie d . O ssification  is r e s tr ic te d  a lm o st ex c lu siv e ly  to  th e  p e r ip h e ra l areas 
s u r ro u n d in g  fork-w ise th e  c e n tra l , s till in ta c t  c a rtilag e . C hondrolysis a n d  bone 
f o rm a tio n  go side b y  side  (F ig . 10).

T h is  in flam m atio n -free , reac tio n -free  b o n e  tissue  m e ta p la s ia  o ccu rred  
e x c lu s iv e ly  in  the  cases e x h ib itin g  ex ten siv e  p le u ra l adhesions. B one fo rm a tio n  
w as lo c a lise d  everyw here to  th e  ca rtilag e , o ss if ic a tio n  o f th e  m ucous m em b ran e  
s im ila r  to  th a t  observed  in  o s teo p la s tic  tra c h e o b ro n ch itis  d id  n o t o c c u r. M ost 
o f  th e  cartilag es  o f th e  p e r ih i la r  b ro n ch i o f  la rg e  a n d  m edium  size w ere  ossi
f ie d . T h e  bone trab ecu les  w ere  th in , w ith  a  few  o steob lasts  an d  no o s teo c la s ts . 
E la s t ic  s ta in in g  d e m o n s tra te d  c learly  how  th e  e la stic  fib res h a d  in c re a se d  in  
n u m b e r  a n d  th ickened  a ro u n d  th e  ca lc ified  a re a s  (F ig . 11), em b rac in g  th e  ca r
ti la g in o u s  and  ossifying p a r t s .  In  m an y  a rea s  th e  p ro life ra tin g  e la s tic  fib res 
h a d  in v a d e d  th e  ossify ing  focus an d  th e  g ro u n d  su b stan ce , b ra n c h in g  o ff in  
v a r io u s  d irec tions in  th e  a d ja c e n t  lu n g  tissu e . T h is  ossification  o f th e  b ro n ch ia l 
c a r t i la g e  occurred  in  25 p e r  c e n t o f th e  cases o p e ra te d  on for tu b e rc u lo s is , w ith  
80 p e r  c e n t freq u en cy  in  th e  20 to  40 years  age  g roup . I t  was p re se n t in  22 per 
c e n t  o f  a ll th e  au to p sied  cases , in  22 p e r c e n t o f  cases au to p sied  b e c a u se  of 
tu b e rc u lo s is  and  in  25 p e r  c e n t  o f  th e  lungs re m o v e d  because o f  ch ro n ic  in f la m 
m a tio n . T h e  age d is tr ib u tio n  w as sim ilar. O ssifica tio n  was re v e a le d  in  40 p er 
c e n t  o f  th e  lungs re m o v e d  b ecau se  o f b ro n c h ie c ta s is  (in 75 p e r c e n t  o f  th e  
p a t ie n ts  aged 20 to  40), in  50 p e r cen t o f th e  au to p sied  cases w ith  b ro n c h i
e c ta s is , in  27 per cen t o f  a ll th e  o p e ra ted , a n d  30 p e r cen t of all th e  a u to p s ied
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cases. T hus i t  w as m ore  com m on in associa tion  w ith  b ro n ch iec tasis  th a n  w ith  
tubercu losis  or ch ro n ic , non-specific  in fla m m a tio n .

1 4 3

D iscussion

S c h m id t m a n n  e t al. [37] w ere th e  f irs t to  p u b lish  a d e ta iled  d esc rip tio n  
o f  th e  pa tho log ica l changes in  su rg ica lly  rem o v ed  lu n g s. T h ey  la id  p a r tic u la r  
em phasis  on a co m p ariso n  of th e  changes o ccu rrin g  in  su b jec ts  t re a te d  w ith  
v a rio u s  a n titu b e rc u lo tic  drugs an d  tho se  in  u n tre a te d  su b je c ts . O l s o n  e t a l. [32] 
ex am in ed  602 re se c te d  p u lm o n a ry  specim ens a n d  s tu d ie d  th e  v a rio u s ty p e s  of 
b ro n ch itis  in  som e d e ta il. A n d r e w  e t al. [2] re p o r te d  on th e  p a th o lo g ica l 
changes in  100 resec ted  lungs (w ith  em phasis on  th e  bronch i) in  th e  period  
1951— 55. S w e a n n y  e t al. [39] ex am in ed  34 re sec ted  p re p a ra tio n s , A b e l l o  [1] 
pu b lish ed  a d e ta ile d  h isto log ic s tu d y  on th e  b ro n c h i o f  th e  lobectom ized  lu ng . 
All these  au th o rs  p re se n te d  a d e ta ile d  analysis  o f  th e  changes caused  b y  th e  
basic  illness.

N um erous re p o r ts  have d e a lt w ith  th e  v a sc u la r  changes in  th e  tu b e r 
cu lous lung [21, 8, 4, 5, 15, 34, 40, e tc .] . F ö l d e s  [13] fo u n d  f ra g m e n ta tio n  an d  
to ta l  d es tru c tio n  o f  e las tic  fib res in  th e  b lood  vessels in  areas a d ja c e n t to  o r 
d is ta n t  from  th e  tu b e rc u lo u s  focus. D e n s t  e t al. [9] d esc rib ed  v a sc u la r  changes 
in  lungs resec ted  b ecau se  o f tu b e rcu lo s is . A cco rd in g  to  T e r p l a n , th e  v a sc u la r  
changes need n o t be  o f tu b e rc u lo u s  orig in . T h e y  m a y  be  reac tiv e , re su ltin g  
from  th e  in c rea s in g  collapse, in d u ra tio n  an d  ch ro n ic  local c irc u la to ry  o v e r
s tra in . P a g e l  e t  a l. em phasized  th e  im p o rtan ce  o f  ch ro n ic  local tissu e  an o x ia , 
a ch ie f fac to r in  se c o n d a ry  in fec tio n s. S im ilar v a sc u la r  lesions w ere described  
in  acu te  and  ch ro n ic  a ty p ic a l p n eu m o n ia  b y  G r e v e r  e t al. [14].

T he m echan ica l fa c to r  also h as  a role o f  co n sid e rab le  im p o rtan ce . S tu d y in g  
th e  resected  lungs from  p a tie n ts  w ith  th e ra p e u tic a l p n e u m o th o ra x , D e n s t  
e t al. found  th e  p u lm o n a ry  sm all a r te rie s  f re q u e n tly  a ffec ted .

Co u r n a n d  [6], Co u r n a n d  e t al. [7], M e n d e l s o h n  e t al. [30], D r e s s l e r  
e t al. [11], H ú s t  e t  a l. [17] tr ie d  to  f in d  a c o rre la tio n  b e tw een  th e  p a th o lo g ica l 
v a sc u la r  changes a n d  th e  ev idence y ie lded  b y  c a rd ia c  c a th e te r iz a tio n . C ard iac 
c a th e te r iz a tio n  w as m ade b y  H u r s t  e t al. before  a n d  a f te r  lo b ec to m y  a n d  pul- 
m o n ec to m y  in  85 cases. T heir d a ta  m ake i t  c lea r t h a t  th e re  is l i t t le  re la tio n 
sh ip  betw een  th e  v a sc u la r  changes an d  th e  c a th e te r iz a tio n  fin d in g s. In  som e 
cases pressure w as h igh  an d  th e  b lood  vessels w ere n o rm a l or m in im ally  a ffec ted , 
a n d  vice versa. M e n d e l s o h n  e t al. s tu d ie d  p u lm o n a ry  h aem o d y n am ics d u rin g  
lu n g  resection  a n d  fo llow ing th e  lig a tio n  o f  m a jo r  b lo o d  vessels fo u n d  th a t  
a f te r  a tra n s ie n t rise  p u lm o n a ry  a r te r ia l p ressu re  w as soon no rm alized . T he 
p u lm o n a ry  b lood  vessels are  e x trem e ly  e la s tic ; th e y  can  a d a p t th em se lv es  to  
a th reefo ld  in c re a se  o f  blood vo lum e w ith o u t a n y  ap p rec iab le  e lev a tio n  o f  pul-
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m o n a ry  a r te r ia l  p ressu re . A cco rd in g  to  E u l e r  e t al. [12] an o x ia  le a d s  to  v aso 
c o n s tr ic tio n . Mo t l e y  e t  a l. [31] in d u ced  p u lm o n a ry  h y p e r te n s io n  b y  th e  
in h a la t io n  of a gas m ix tu re  c o n ta in in g  (10— 12 p e r  cen t 0 2— N ). T h e  above 
o b se rv a tio n s  in d ica te  th e  g re a t  im p o rta n c e  o f an o x ia ; th is  m ean s th a t  th e  
v a s c u la r  lesions rev ea led  a t  a u to p sy  do n o t allow  conclusions as to  th e  co n d i
tio n s  o f  p u lm o n ary  c irc u la tio n .

O u r observations, to o , h av e  p ro v e n  th a t  a t  le a s t th re e  ty p e s  o f  v ascu la r 
le sion  m a y  develop in  th e  b lo o d  vessels o f  th e  lu ng . 1. In f la m m a tio n  o f  th e  
p a re n c h y m a  m ay  d ire c tly  sp re a d  to  th e  b lo o d  vessels in  th e  a ffe c te d  reg io n : 
in  su c h  cases th e  in f la m m a to ry  (acu te  o r ch ron ic), in f il t ra t iv e  o r  p ro life ra tiv e  
p rocess is  in  th e  fo reg ro u n d ; su ch  a r te r it is  o r p h leb itis  is o ften  a sso c ia ted  w ith  
th ro m b o s is . This ty p e  is f re q u e n tly  e n c o u n te re d  in  tu b e rcu lo s is , e spec ia lly  
n e a r  to  th e  cav ities, b u t  i t  m a y  occur also w ith  b ro n ch iec tasic  c a v itie s , a n d  w ith  
o th e r  co n d itio n s. 2. D iffuse p ro d u c tiv e  a r te r it is ,  p re sen tin g  its e lf  m a in ly  in  th e  
fo rm  o f  in tim a i fibrosis a n d  fib ro e las to s is . In  its  deve lopm en t a sp re a d  o f  in fla m 
m a tio n  fro m  ad jacen t tis su e s  m a y  be ru le d  o u t. M echanical fa c to rs , b a c te ria l 
to x in s , lo ca l tissue an o x ia  m a y  p la y  a ro le ; a llerg ic  causes h av e  also  b een  m en 
tio n e d  in  th e  lite ra tu re . 3. T h e  a rte rio lo -h y a lin o sis , fib rosis, th e  la m e lla r  elas- 
to s is  o f  sm all a rteries, th e  co n se q u e n t m u scu la r h y p e r tro p h y  a p p e a r  to  be due 
to  h y p e rte n s io n ; in  o u r o p in io n , p u lm o n a ry  h y p e rte n s io n  cau sed  b y  anox ia  
m ig h t b e  invo lved  in  th e i r  d e v e lo p m e n t.

T h e  increase of b ro n c h ia l a n d  b ro n ch io la r  m uscu loelastic  tis su e  m ay  be 
c o n s id e re d  to  be a h y p e r tro p h y  o f e ffo rt; i t  is due to  an  in te rfe re n c e  w ith  
b re a th in g  an d  e x p e c to ra tio n  b y  th e  ex ten s iv e  p u lm o n a ry  an d  p le u ra l p rocess.

P e rib ro n ch ia l lip o m a to s is  is an  uncom m on  p henom enon , b u t  i t  in v a r ia b ly  
acco m p an ies  a tro p h y  o f th e  m uscles o f n o n -fu n c tio n in g  b ro n ch i a n d  th u s  m ay  
be  lo o k e d  upon as be ing  a n  in c rease  o f n o n -fu n c tio n in g  tissu e , in  a n a lo g y  to  
p a n c re a tic  lipom atosis, o r to  th e  lip o m a to u s  p se u d o h y p e rtro p h y  o f th e  m uscles.

T h e  often  qu ite  e x te n s iv e  in tra p u lm o n a ry  fib rosis  due to  v a r io u s  causes 
re p la c in g  th e  destroyed  lu n g  tissu e  is a re su lt o f  c ica tr iza tio n  in  th e  g ra n u la tio n  
tis su e .

I n  ad d itio n , ly m p h  co n g estio n  m ay  p la y  a ro le, giv ing a f te r  som e tim e  
rise  to  acellu lar fib rosis, esp ec ia lly  in  p e riv a sc u la r , p e rib ro n ch ia l an d  in te r 
lo b u la r  processes. T he o r ie n ta tio n  o f fib res  an d  th e  genesis o f  th e  new ly  p ro 
d u c e d  o f te n  very  dense n e tw o rk  o f  e las tic  fib res is governed  p a r t ly  b y  th e  
tra c ti le - te n s ile  forces o f  th e  re s p ira to ry  m o v em en ts  m odified  b y  th e  presence 
o f  p le u ra l  callus, r ig id ity  o f  lu n g  tissu e  a n d  f ix a tio n  o f th e  h ilu m . A ccording 
to  th e  in v es tig a tio n s  o f  K u r u c z  [27],  in p a r t  o f  th e  cases p le u ra l fib rosis  is 
c lo se ly  co rre la ted  w ith  th e  p e rilo b u la r  fib rosis  o f th e  p a re n c h y m a . P leu ra l 
ad h e s io n s  are responsible fo r th e  w idest v a r ie ty  o f  tra c tile  forces in  th e  lung  
a n d  th e  com pact, is le t-lik e  fib rosis  n e x t th e  cav itie s  is ir re g u la r , w hereas in 
f a r th e r  reg ions the  fib res  a re  ru n n in g  p a ra lle l a n d  are  o rien ted  ra d ia l ly .
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A ccording to  B r a u n  e t al. [3], o ssifica tion  o f th e  b ro n ch ia l c a r tila g e  is 
a v e ry  ra re  o ccu rrence  in  n o rm al su b je c ts ; in  H a y e k ’s la rg e  m a te r ia l  th e re  was 
o n ly  one single case o f  en ch o n d ra l o ssifica tion  o f th e  b ron ch ia l c a r tila g e  in  th e  
o therw ise  no rm al lu n g  of a y o u n g  m ale. L o e s c h  [29] could  n o t f in d  a single 
b ro n ch ia l ca rtilag e  ossifica tion  am ong  120 au topsies o f su b je c ts  from  
22 to  82 years o f  age, th o u g h  ca lc ifica tio n  w as com m on. T ru e  o ssifica tio n  of 
th e  b ronch ia l c a rtilag e  was o b serv ed  for th e  f ir s t  tim e  in  b ro n ch iec tas is  b y  
S i p p e l  [38] an d  in  a case o f  ch ro n ic  p u lm o n a ry  abscess b y  Sa t i n s k y  an d  
K r o n  [36]. In  sp ite  o f th e  te x t-b o o k s ’ m en tio n in g  b ro n ch ia l c a rtila g e  ossifica
tio n  as a change fre q u e n tly  m e t w ith  in  ch ron ic  p u lm o n a ry  p rocesses, few 
such  cases have b een  re p o rte d  in  th e  li te ra tu re . A ccord ing  to  T e u f l  [41] ossifi
ca tio n  occurs w hen  th e re  is (i) y o u n g , m ore or less u n d iffe re n tia ted  co nnective  
tis su e ; (ii) increased  calcium  c o n te n t a n d  ca lc ium  a v id ity  an d  (iii) a n  a d e q u a te  
fo rm in g  s tim u lu s (th is  m ay  be th e  m ost im p o r ta n t  fac to r). To th e se , K e r n a u  
[19] ad d ed  m echan ical s tim u la tio n : t ra c tio n  a n d  p ressu re . T he m echan ics of 
th e  b re a th in g  lu n g , th e  d is ta n t a c tio n  of th e  v a rio u s  p a th o lo g ica l changes, 
p leu ra l adhesions, sca r fo rm atio n s on th e  in ta c t  p a re n c h y m a  w ere s tu d ie d  in 
g rea t d e ta il by  P a r o d i  [33], D u m a r e s t  and  L e f è v r e  [10]. A m ong th e  in te r 
nal forces ac tive  w ith in  th e  lu ng , th e  tra c tio n  e x e rte d  b y  th e  re s p ira to ry  m ove
m en ts , th e  w eigh t, f ix a tio n  an d  ow n w eigh t o f  th e  lu n g  are  im p o r ta n t .  These 
forces a c t d iffe ren tly  in  th e  v a rio u s  d irec tions, because  th e  lu n g  is com posed 
o f  sm all p a rts  an d  co n ta in s  e lem en ts  o f d iffe ren t e la s tic ity . T hese p a t te rn s  are 
even  m ore co m plica ted  w hen th e  lu n g  is filled , for exam ple  w ith  in f la m m a to ry  
e x u d a te . Com plex tra c ti le  forces o rig in a te  from  p leu ra l adhesions o f  w hich 
th e re  are  th ree  d e te rm in a n ts , v iz . th e  low er v e r tic a l d o m in a n t, w h ich  is th e  
dow n w ard  tra c tio n  b y  th e  m o v em en ts  of th e  d ia p h ra g m ; th e  u p p e r v e rtic a l 
d o m in a n t, a tra c tio n  ac tin g  u p w ard s  as a re su lt o f  th e  re sp ira to ry  m o v em en ts  
o f  th e  superio r th o ra c ic  m uscles; a n d  th e  la te ra l  v e rtic a l d o m in a n t, s ta r t in g  
from  th e  area of m ax im u m  costa l excu rsion  d u rin g  re sp ira to n . W e fo u n d  ossi
fic a tio n  of th e  b ro n ch ia l ca rtilag e  ex c lusive ly  in  such  p u lm o n a ry  a reas  in  w hich 
p leu ra l adhesions w ere p resen t. T h e  s ite  o f th e  o ssifica tion  seem s to  be governed  
b y  c e r ta in  law s. T h e  ca rtilag e  fac in g  th e  apex  in  th e  b ro n ch i o f th e  u p p e r  lobe 
fix ed  b y  a th ick  p leu ra l callus w as th e  com m onest s ite . In  such  cases th e  low er 
v e r tic a l d o m in an t, dow nw ard  tr a c t io n  b y  th e  d iap h rag m , ac ts  s tro n g ly  on th e  
lung  fixed  b y  th e  p leu ra l callus a n d  su sp en d ed  a t  th e  u p p e rm o st p a r t  o f  th e  
chest. In  our op in ion , ossifica tion  in  th e  b ro n ch ia l ca rtilag e  ta k e s  p lace  in th e  
cen tre  o f g ra v ity . T h e  b ro n ch ia l c a rtilag e  is fix ed  p e rilo b u la rly  a n d  peri- 
b ro n ch ia lly  by  th ic k  scars to  th e  p le u ra l ca llu s, so th a t  in s te a d  o f  i ts  p h y sio 
log ical role it  a c ts  as a fix  p o in t o f  suspension , exposed  to  s tro n g  tra c tile - te n s ile  
forces. T his ta sk  is too  m uch  fo r th e  c a r tila g e ; ju s t  as th e  m uscles h a v e  th e ir  
s ite  o f in se rtio n  n o t  in  ca rtilag e  b u t  on bone, an d  on th e  m ost m assiv e  p a r t  
o f  th e  bone, on th e  tu b e ro s ity , th e  b ro n ch ia l c a rtilag e  is also tra n s fo rm e d  in to

1 0  A c t a  M o r p b o l o g i c a  X I / 1 .
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a f irm , h a rd  bone tissu e  to  m e e t th e  req u irem en ts  o f its  new  fu n c tio n . F rom  
th e  s i te  o f  ossification  we co u ld  o ften  re c o n s tru c t th e  m echan ism  o f th e  v a rio u s 
m a in  v e c to r ia l forces, v e r t ic a l  d o m in an ts . In  m o s t cases ossifica tion  re su lted  
in  th e  p a r t  of th e  b ro n c h ia l c a rtilag e  facing th e  p le u ra l ca llus; fo r exam ple , 
in  a  b ro n ch iec tasic  low er lo b e  m o stly  in  th e  a rea  fac in g  th e  adhesion . I n  o th e r 
in s ta n c e s  th e  d irec tion  o f  o ssific a tio n  d iffered fro m  th a t  of th e  m a in  v e rtic a l 
d o m in a n ts . In  such cases th e  ex tensive  in tra p u lm o n a ry  fib rosis  m ad e  th e  
p a t t e r n  o f forces even m ore  com plex . I t  w ou ld  ta k e  le n g th y  ca lcu la tio n s  to  
a n a ly se  th e  v ecto ria l c o m p o n e n ts  invo lved  in  such  processes. I t  is kn o w n  from  
R o u x ’ [35] doctrines c o n ce rn in g  fu n c tiona l a d a p ta t io n  th a t  th e  sh ap e  an d  
fu n c tio n  o f the tissues a re  c lose ly  in te rre la ted  in  th e  gross, m icroscopic  an d  
m o le c u la r  dim ensions a lik e . T h e  s tru c tu re  (shape) o f  th e  tissu es  co rresponds to  
th e  m ech an ica l forces to  w h ich  they ' are exposed : fu n c tio n  an d  an  in c rease  of 
fu n c t io n  carries w ith  i t  a n  a d a p ta t iv e  increase o f  th e  sh ap e . T he change in  
sh a p e  assoc ia ted  w ith  fu n c tio n a l a d a p ta tio n  is q u a n ti ta t iv e  in  n a tu re , consisting  
o f  a n  in crease  or decrease in  th e  am o u n t of th e  tis su e  e lem ents in  re sponse  to  
a n  in te n s if ic a tio n  or w eak en in g  o f  th e  usual s tim u la tio n , w ith o u t in v o lv em en t 
o f  a n e w  k ind  of effect. I f  a d iffe ren t new b io log ical ac tio n  ac ts  on th e  tissu e , 
th is  w ill d iffe ren tia te  in  a n ew  d irec tion , in  a d irec tio n  fo rm erly  u n e x is te n t in 
t h a t  a re a  o f th e  o rgan ism . T h is  process, th e  ex is ten ce  o f w hich in  an im als  has 
b een  p ro v e d  in num ero u s e x p e rim e n ts  by  K r o m p e c h e r  [22, 23, 24, 25, 26], is 
te rm e d  n eo d iffe ren tia tio n . K r o m p e c h e r  e x p e rim e n te d  f irs t  w ith  conn ec tiv e  
t is s u e  e lem ents and  b y  m e a n s  o f s tim u li succeeded  in  in d u c in g  fo rm a tio n  o f 
lo c a lly  new  collagen f ib ro u s  connective  tissu e , h y a lin e  ca rtilag e , ten d o n , 
f ib ro u s  cartilage , e las tic  f ib re s , a r t ic u la r  su rface , co m p le te ly  new  jo in ts , sy n o 
v ia l  tu f t s ,  special e p ith e lia l d iffe ren tia tio n , e tc . O n th e  basis of th e se  re su lts  
h a v e  b e e n  o u tlined  th e  p ro cess  o f new  tissue fo rm a tio n  an d  th e  causa l re la tio n 
sh ip s  p re su m ab ly  in v o lv ed . I n  th e  case of ca rtilag e  fo rm a tio n  th e  im p o rtan ce  
o f  b ra d y tro p h ism  has been  em p h asized .

I n  o u r m ateria l severe  v a sc u la r  changes w ere d em o n strab le  in  th e  b ro n 
ch ia l w a ll. The increasing  v a sc u la r  o b s tru c tio n  a n d  th e  b a c te riu m  to x in s  in te r 
fe re d  w ith  th e  m e tab o lism  o f  th e  bronch ial w all a n d  th e  cartilag e  in  i t .  F ine 
g ra n u le s  o f  calcium  h a d  b e e n  p re c ip ita te d  in to  th e  hy p o x ic , b ra d y tro p h ic , 
d e g e n e ra tin g  cartilage . T h e  calc ified , perish ing  c a rtilag in o u s  tissu e  w as th e n  
re p la c e d  b y  n o n -d iffe re n tia te d  connective  tissu e  (F ig . 8). C orresponding  to  the  
new  ty p e  o f exposure a n d  b y  using  up th e  p re c ip ita te d  calcium , la m e lla r  and 
sp o n g io u s  bone is th e n  fo rm ed , w ith  fa t ty  bone m arro w  in som e an d  h a e m a to 
p o ie tic  m arrow  in o th e r  a re a s . O ssification  is re s tr ic te d  a lm o st exc lusive ly  to  
th o s e  a rea s  of th e  b ro n c h ia l ca rtilag e  in  w hich  th e  m ech an ica l s tim u la tio n  
—  tr a c t io n  — takes th e  s tro n g e s t effect. I t  is c lea rly  v isib le  in  F ig . 11 th a t  th e  
e la s tic  fib res  have increased  in  n u m b er and  d ia m e te r  a ro u n d  th e  ossified  areas. 
A cco rd in g  to  K r o m p e c h e r , L e l k e s  and  K a r m a z s in  [28], th e  above described
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e lastic  fib re  fo rm atio n  is a lso  a re su lt o f exposure  to  a new  fo rm a tiv e  s tim u lu s . 
A p ro o f o f th e  im p o rtan ce  o f  m echan ical s tim u li in  b ro n ch ia l c a r tila g e  o ssifi
ca tio n  w as in  our m a te ria l th e  freq u en cy  o f  o ssifica tion  in  th e  b ro n ch iec tasic  
lungs (40 to  50 p er cen t). In tra p u lm o n a ry  c ic a tr iz a tio n  (tu b e rcu lo u s  scars, 
c a rn if ic a tio n , in d u ra tio n ) en h an ce  th e  dev e lo p m en t o f b ro n c h ie c ta s is ; th ey  
m ay  give rise  to  new  tr a c t i le  an d  tensile  forces w ith in  th e  lu n g .

T h e  clin ical s ign ificance  o f  b ro n ch ia l ca rtilag e  o ssific a tio n  is t h a t  it 
fu r th e r  d e te rio ra tes  b ro n ch iec ta s is , since th e  ossified c a r tila g e  is no  longer 
cap ab le  o f  fu lfilling  th e  ta s k  a llo tte d  to  i t .  T hese la te  co m p lica tio n s ca ll fo r an 
u p - to -d a te  and  effec tive  t r e a tm e n t  o f b ro n ch itis , le s t th e  co n d itio n  becom e 
chron ic  an d  rem ain  a p e rm a n e n t source of p e rib ro n c h itis , b ro n ch o p n eu m o n ia  
a n d  accom pany ing  p le u ritis . P e rib ro n ch ia l scars, th e  in d u ra tio n  follow ing 
b ro n ch o p n eu m o n ia  an d  th e  p le u ra l adhesions m a y  p ro d u ce  b ro n ch iec tasis . 
T h u s arises a vicious circle g iv ing  u ltim a te ly  rise to  cav itie s , a c u te  a n d  chronic 
abscesses.

T he above o b se rv a tio n s  m a y  prove he lp fu l for th e  th o ra c ic  su rg eo n  in 
ju d g in g  his cases. In  o u r o p in ion  i t  w ere for exam ple  ju s tif ie d  to  re sec t carn ified  
lu n g  a reas also because th e ir  p resence m ig h t lead  to  b ro n ch iec ta s is  in  th e  a d ja 
cen t lu n g  tissue . F in a lly  o u r o b serv a tio n s m a y  offer a n  e x p la n a tio n  fo r th e  
d ev e lo p m en t o f p o s to p e ra tiv e  b ro n ch iec tasis  in  cases in  w hich  re c o v e ry  was 
asso c ia ted  w ith  th e  fo rm a tio n  o f  ex tensive  p leu ra l adhesions.

Summary

A histological exam ination of 285 surgically resected lung specim ens and th e  lungs 
from cadavers o f 38 subjects has been m ade in order to establish the effects o f various pu l
m onary diseases on the blood vessels, connective tissue, sm ooth m uscle and bronchi o f the 
lungs. It has been found th at the different pathological processes usually  produce identical 
changes in the pulm onary elem ents. Am ong these, ossification  of bronchial cartilage exceeds 
the concept o f quantitative adap tation  and m eets the requirem ents o f neodifferentiation . 
O ssification of the bronchial cartilage was observed in 27 per cent o f all the cases and in 40 
to 50 per cent o f the cases w ith  bronchiectasis. New m echanical forces active  on  the area in 
question as a result of adhesions are thought to be responsible for the ossification . T he course 
and assum ed relationships o f bronchial cartilage ossification have been outlined in  the light 
o f K rom pecher’s experim ents for influencing tissue differentiation.
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ДАННЫ Е К ПАТОЛОГИЧЕСКОЙ АНАТОМИИ ОПЕРАТИВНО УДАЛЕННЫХ
ЛЕГКИХ 

ф . тот
На 285 иссеченных частях легких и на легких лиц, умерших вследствие различ

ных легочных заболеваний, проводились патологоанатомическое исследования. Иссле
довалось влияние различных легочных заболеваний на кровеносные сосуды, соедини
тельную ткань, гладкие мышцы и на бронхи легких. Было установлено, что различные
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патологические процессы в большинстве случаев вызывают на вышеуказанных элемен
тах легочной ткани одинаковую реакцию, одинаковые изменения. Среди этих изменений 
окостенение бронхиального хряща выходит за пределы понятия количественной адап
тации, и исчерпывает критерии новой дифференциации. В 27% случаев удалось выявить 
окостенение бронхиального хряща, а при расширении бронхов даже в значительно боль
шем проценте, а именно в 40 или же 50% случаев. За окостенение бронхиального хряща 
ответственным следует считат ь новые на данном месте, обусловленные сращениями ме
ханические воздействия. Течение и предположительные взаимосвязи окостенения брон
хиального хряща описываются на основании результатов, достигнутых Кромпехером 
в области экспериментального влияния на дифференциацию тканей.

B E IT R Ä G E  Z U R  PATHOHISTOLOGIE D E R  OPERATIV E N T F E R N T E N
L U N G E N T E IL E

F. TÓTH

An 285 resezierten Lungenteilen und der L unge von 39 infolge verschiedener L ungen
erkrankungen verstorbenen Personen wurden pathohisto logische U ntersuchungen zur K lärung  
der Frage vorgenom m en, welche W irkung die versch iedenen Lungenerkrankungen a u f die 
G efäße, das B indegew ebe, die glatte M uskulatur und die Bronchien ausüben. E s wurde fest- 
gestellt, daß die verschiedenen K rankheitsprozesse in  den m eisten Fällen die g leichen  R ea k 
tionen, die gleichen Veränderungen der obenangeführten  Lungengew ebselem ente hervorgerufen  
hatten . Unter diesen Veränderungen überschreitet die Verknöcherung des B ronchenknorpels  
den B egriff der qu antitativen  A daptation und erschöpft die Kriterien der N eodifferezierung. 
In 27% der Fälle gelang es eine Verknöcherung des Bronchusknorpels n ach zu w eisen . Bei 
Bronchiektasie sogar in  einem  viel höheren P rozen tsatz , und zwar in 40, bzw. 50%  der Fälle. 
Für die Verknöcherung des Bronchusknorpels sind an der betreffenden Stelle n eu e , durch Ver
w achsungen bedingte m echanische E inw irkungen verantw ortlich . Der Verlauf u n d  die verm ut
lichen Zusam m enhänge der Verknöcherung des Bronchusknorpcls werden a u f Grund der von  
K r o m p e c h e r  bei der experim entellen B eeinflussung der Gewebsdifferenzierung erzie lten  Ergeb
nisse skizziert.

D r. F erenc  T ó t h , B u d ap est, V III . B aross u . 27.
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