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Digital reconstruction  by m eans of sk in  and bone p lastics was perform ed, 
fo r the firs t tim e, by N icoladoni in 1903. A ccording to lite ra ry  da ta  N icoladoni’s 
m ethod  w as used by num erous au thors during the la s t decades. On the accu
m ulation  of clin ical da ta  and experience some insufficiencies of th is method 
have becom e obvious, such as: —
1. inadequate  trophism  of the reco n stru c ted  digit,
2. im possibility  to  resto re  deep sensitivity ,
3. difficulty  in  grasp ing  tiny  objects by the reconstructed  digit owing to  in 

creased  m otility  of the sk in  of its tac tile  surface.
In connection w ith  these draw backs som e au thors have abandoned the use 

of th is m ethod a ltogether, while o thers use it only in a very lim ited  num ber of 
cases.

In cases w here the thumb has been lost, Gillies suggests the  prolongation of 
the  stum p by m eans of local and free skin p lastics. A sim ilar operation  was 
perform ed by H ilgenfeldt. By these m ethods, however, the thumb cannot be p ro 
longed m ore than  l 1̂  to 2 cm. The application  of a free  skin graft, in addition 
to a bone graft, involves a certa in  danger because of the possible in fection  of 
the bone graft. All these  facts justify  the search  for new  m ethods of sk in  and 
bone d ig ita l reconstruction . We trea ted  two patien ts  by a new  m ethod. A Filatov 
flap  is form ed on the abdom inal w all of the pa tien t from  a strip  of sk in  tw ice 
as  long as the  d igit to be reconstructed . Sim ultaneously w ith the form ation of 
the  abdom inal flap, an o th er flap w ith  an in sertion  3 to 4 cm. w ide and 6 to 
8 cm. long is form ed on the dorsal p a rt of the hand  along the base of the  am 
pu ta ted  finger. The flap is form ed in such a way th a t its  insertion  is based 
in  the healthy  p a rt of the sk in  beyond the scar a fte r  the am putation  of the 
finger. This flap is subjected to biological tra in in g  in th ree phases: in the  first 
phase the flap is sectioned on tw o sides only, a fte r 10 to  15 days the p re 
p a ra tio n  of the th ird  side is perform ed and, finally , in the th ird  phase, the w hole 
flap  is elevated in situ  and then  sutured back again. F ifteen  days a fte r the last 
phase of the biological tra in in g  the shaping of the new finger is in itia ted . For
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Fig. 1. Fig. 2. Fig. 3.

Fig. 1. Sectioning of the skin flap. — Fig. 2. T urning of the skin flap  by 180°. — 
Fig. 3. Shaping of the  po ste rio r su rface  of th e  d ig it by th e  tissues of th e  Filatov flap .

th is purpose the flap on the dorsal p a rt of the hand  is firs t ro ta ted  180 degrees, 
so as to  obtain the in tegum entary  p a rt of the vo lar surface of the  finger under 
reconstruction . A fter th a t, one of the pedicles of the Filatov flap  is cut through, 
an  incision is m ade a t the  site  of the  old scar and  the  flap  is applied  to the  
wound on the surface of the  h and ; thus form ing the dorsal surface of the new 
finger (Fig. 1, 2, 3). After 18 to 20 days the o ther pedicle of the flap is cut 
through and the d ista l p a r t of the finger is defin itively  shaped. A fter w aiting

Fig. 4. O steosynthesis a fte r the “Russian lock”.

two to th ree  m onths, the p a tien t is readm itted  for a bone p lastic  of the reco n 
structed  finger. For th is purpose a bone au to tran sp lan t of corresponding length  
from  the rib is used. A g ra ft of s ligh tly  curved profile  is in troduced through an 
opening form ed for th is purpose in one of the la te ra l scars of the finger. During 
th is  operation  a part of the  subcutaneous connective tissue and the superfluous 
p a rt of the skin  of the  F ilatov flap  a re  rem oved so as to  im prove the shape 
of the  finger. The proxim al p a rt of the  g raft is w edged into the bone of the
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Fig. 7.

Fig. 5. Left hand of the p a tien t J. E. K. before trea tm en t. — Fig. 6, 7. The 
sam e hand a fte r  treatm ent.

Fig. 9. Fig. 11. Fig. 12.
Fig. 9. Left hand  of p a tien t V. K. K. before  operation . — Fig. 11, 12. Left 

hand of p a tien t V. K. K. a fte r operation.

83



stum p (by the m ethod of “Russian lodk” ) and in  th is way good osteosynthesis 
is a tta ined  by w ide con tac t of the bone surfaces (Fig. 4). Im m obilization w ith 
p laste r is used un til the  bone tran sp lan t has com pletely taken . The follow ing 
are  the  case repo rts:

1. Patien t J. E. K., 12 years old, Reg. No. 1255/25. 3. 1958, hom e injury. 
Condition on adm ission: 3 digits of the  left hand  lost, deform ity  of the fourth 
d ig it w ith  ankylosis of the  phalangeal jo in ts, lim ited  m otility  of the  fifth  digit 
(Fig. 5). Thumb of the  left hand  w as reconstructed  by the m ethod described. 
Fig. 6, 7, 8 show  the resu lt of trea tm en t.

2. Woman, pa tien t V. K. K., aged 20, Reg. No. 5984/1958. Diagnosis on ad 
m ission: A m putation digitorum  II—V m anus sin. Industria l injury. Four fin 
gers w ere am putated  toge ther w ith the respective m e ta ta rsa l joints. Only the 
thumb w as preserved on th e  left hand  (Fig. 9—10). A finger in  opposition  to 
the thumb w as reconstructed  by the described m ethod. Figs. 11, 12, 13 show 
the resu lt of bone and sk in  reconstruction  of the digit. The advantages of the 
described m ethod are  as follow s:

1. Good trophism  of the d ig it is secured.
2. The sk in  of the  vo lar su rface of the  d ig it is no t very d iffe ren t from 

norm al skin.
3. Sensitivity  of the  digit is resto red  m ore rapidly .
4. There are  b e tte r  conditions for the  resto ra tio n  of deep sensitivity . Fur

th e r observations should be carried  out in  th is  direction.
It m ust be m entioned tha t, in  the described m ethod of d ig ita l reconstruction , 

the  to ta l dura tion  of trea tm en t is prolonged as com pared w ith  N icoladoni’s 
m ethod. Our m ethod of trea tm en t is indicated , in the  firs t place, in  cases of 
to ta l loss of the  thum b or of 4 fingers, if the  thum b is a t least p a rtia lly  p re 
served. The length  of the  reconstructed  d ig it does not usually  exceed 6 cm. The 
m ain purpose of the operation  is im provem ent of the grasp and, to a lim ited 
ex ten t only, cosm etic effect.
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REPAIR OF A LARGE DEFECT OF THE HARD AND SOFT 
PALATE BY MEANS OF A FILATOV FLAP

V .  S .  I O V T C H E F F

In a num ber of p a tien ts  w ith  congenita l c lefts of hard  and soft pa la te  u ran o 
p lasty  proves absolutely unsuccessful, irrespective of the m ethod and tim e of 
its  perform ance. R epeated a ttem p ts  to  correc t the  existing defect by th e  use 
of local tissues do no t m eet w ith  success either, in  som e cases. The p a tien t not 
only continues to suffer from  the  c left but th is cleft becom es w ider in  the  course 
of tim e. Under these  conditions it  is possible to perform  reconstruc tion  of the 
soft p a la te  and closing of the  defect of the  hard  p a la te  by m eans of a Filatov 
flap, using various m ethods.

In a p a tien t w ith  an  extensive defect of the hard  and soft pa la te  the authors 
achieved not only a good anatom ical resu lt, but also, if it m ay be expressed so, 
a quite  prom ising resu lt as to the  functional capacity  in  the  reconstructed  
so ft palate.

P atien t S., aged 22, w as born w ith  a congenita l cleft of the upper lip, the 
alveolar process, the  hard  and soft p a la te  on the  left side. In early  childhood 
cheilop lasty  w as perform ed w ith  subsequent a ttem pts a t u ranoplasty , w hich w ere 
never successful. Up to the age of 12 the  p a tien t w as repeated ly  operated  on 
for th is reason. Later, he w as advised to  use an  ob tu rato r because of lack 
of local tissue. He w as adm itted  to our In stitu te  fo r a la s t a ttem p t at operative 
trea tm en t for the defect of the  palate .

On adm ission (January  1957): a large defect to the  a lveolar p rocess of the 
m axilla, the  h a rd  and soft p a la te  w as p resen t (Fig. 1). The pa la ta l and  alveolar 
p rocesses of the m axilla w ere covered w ith scar tissue. The soft p a la te  was 
absent a ltogether.

In  view of the size of the  defect a Filatov flap w as used for repair. The 
flap  w as form ed on the  righ t abdom inal w all, sized 16X 8 cm.

After the form ation  and p rep ara tio n  of the  flap its  m edial pedicle was 
tran sp lan ted  to the dorsal surface of the  left hand. At the sam e tim e a sm all 
protective rec tan g u lar p rosthesis w as constructed  to enable one end of the flap 
to be tran sp lan ted  into the oral cavity (Fig. 2). The end of the  flap  w as sutured 
into the posterio r w all of the  pharynx in the  region above P assavan t’s bar. The
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F ig . 1. F ig . 2.
Fig. 1. D efect of alveo lar process, hard  and so ft p a la te  in p a tien t S. — pig. 2. 
P lastic p ro sthesis  by m eans of w hich the bite is k ep t open and the flap p ro 

tec ted  w hen tran sp lan ted  in to  the oral cavity.

yF'ftti

F ig . 3. F ig . 4.
Fig. 3. P atien t S. a fte r  tran sp lan ta tio n  of ped icle  of flap in to  poste rio r wall of 
pharynx. — Fig. 4. Suturing of flap to  an te rio r m argin  of d efec t in hard  pa la te .



bed into w hich the  pedicle  of the flap  w as su tured  w as prepared  by elevating  
a flap  from  the posterio r w all of the pharynx, w ith a caudal pedicle.

It m ust be m entioned th a t, in  sp ite  of the  large size of the flap  and the 
narrow  operative field, th is  operation  ended successfully  in com plete tak ing  
of the  pedicle of the flap  (Fig. 3).

Fig. 5. P atien t S. before opera tion  for closing gap betw een the tissue of the flap and 
righ t m argin  of defect in hard  pala te .

The next operation  w as perform ed follow ing the p rep ara tio n  of the flap  
and  consisted  in  section ing  the  d ista l pedicle of the flap  so th a t it had the re 
quired  length  and suturing it  to  the  an te rio r m argin  of th e  defect in  the  hard

Fig. 6. P atien t S. w ith his m outh open. Fig. 7. P atien t S. w ith  open m outh w hile
sw allow ing.
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pala te  in the region of the alveolar process of the  m axilla (Fig. 4). The la te ra l 
su rfaces of the pedicle flap w ere then  su tured  to the  m argins of the defect on 
the righ t and left side, w here the a lveolar process of the m ailla  ends; th is 
operation  was perform ed in two stages. During these operations the fa tty  tissue 
of the flap w as elim inated , as necessary. Fig. 5 show s the p a tien t before the  
closure of the  gap betw een the tissue of the flap  and the left m argin  of the  
defect of the  hard  palate .

A fter th is local p las tic  by m eans of a pedicle flap the en tire  defect betw een 
the tissues of the  flap  and the  nasa l cavity, in the region of the fron t tee th  
of the m axilla, w as covered.

As a resu lt of trea tm en t the  defect of the a lveolar process of the  m axilla and 
of the hard  and soft p a la te  w as com pletely repaired . In addition to the  im prove
m ent in  nu trition  and resp ira tio n  an  evident am elioration  of speech w as observed 
which becam e especially  obvious a fte r som e logopedie tra in ing .

At the p resen t tim e, nasa l b reath ing  is effected  by m eans of the fissures at 
both ends of the posterio r part of the  tissues of the flap  (Fig. 6 ) .. During 
sw allow ing these  apertu res are  com pletely closed by the activ ity  of the tra ined  
m uscles of the posterio r and la te ra l w alls of the  pharynx as can be seen in 
Fig. 7.

W ith regard  to the  good anatom ical and functional resu lts it  is justified  to 
consider the  use of a F ilatov flap  suggested in  princip le  by Gillies, as practicab le  
and  quite suitable for the  rep a ir of extensive p a la ta l defects follow ing unsuc
cessful a ttem p ts a t u ranoplasty , w hen the local tissues of the  soft and hard  
p a la te  are  reduced to scarred  rem nan ts the use of which, for the reconstruction  
of the  soft p a la te  by the  m ethod of one-stage rad ica l u ranoplasty , becomes very 
doubtful or even impossible.
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ONE-STAGE FLAP
V .  K A R F Í K

In the h istory  of p lastic  surgery  the  deep loss of sk in  w as prim arily  rep laced  
sim ply by sh ifting  sk in  from  the  im m ediate vicinity. G radually, w ith bolder inci
sions of the  sk in  and undercu tting  from  its bed and surroundings, the  m obilized 
sk in  w hich w as to  be tran sfe rred  w as left connected to the  donor bed by only 
a th in  pedicle serving fo r nourishm ent. I t w as th en  possible to  ro ta te  the m obi
lized sk in  around the pedicle and  advance it  in to  the defect in  various ways. 
Thus, the sk in  flap  orig inated , and its  tran sfe r is called  pedicle flap  technique. 
Skin tran sfe r w as used p a rticu la rly  on the face, and the  m ost fam ous and  one 
of the  o ldest m ethods is the  Ind ian  flap  from' the forehead  w ith  a nourishing 
pedicle over the g labella. It w as used to  close defects of the  nose. This type of 
flap, w hich m ay be designated  as a single-pedicle, one-stage Ind ian  flap, could, 
in a sim ilar m anner, be excised and tran sfe rred  to any place on the  body to 
cover the  defect in  the im m ediate neighbourhood.

Lack of m ateria l in  the  region around the defect and  the subsequent deform 
ing scar on the secondary  defect logically  led to a ttem pts to  obtain a flap from  
a d istan t place. The donor areas had  to be approxim ated to the defect w hich 
w as to  be covered and held  in  th is  position  un til healing  took place. The Ita lian  
flap  technique, the o ldest exam ple of th is  type dating  to the  15th century, was 
used to rep lace  the lost sk in  on the  nose w ith  an  arm  flap, thus circum venting 
the  form ation  of ugly scars on the  forehead. This flap  technique rep resen ts  the 
firs t exam ple of the  :one-stage, single-pedicle flap  from  a d istan t s ite  and, by 
right, all flap  procedures from  a d istan t s ite  should bear the nam e Ita lian  
technique.

Prim itive operative technique, operations w ithout asepsis and anaesthesia , 
led to frequen t failures, to  sclerosis of the pedicle, and  con trac tu re  of the 
tran sp lan ted  skin, a ll of w hich ham pered  the  developm ent of the  old flap 
procedures. However, even in  the Middle Ages, the  p lastic  surgeon of the fam ous 
Branca fam ily, w hich w as in te rested  in the p lastic  surgery  of the  nose, a ttem pted  
to insure the success of his operations by delaying the  im m ediate tran sfe r of 
the  excised sk in  from  the  arm . He left the sk in  for a tim e sim ply ra ised  from 
the bed but connected w ith it by one or two pedicles. This resu lted  in the
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principle of delayed tran sfe r w hich w as to insure be tte r nourishm ent of the 
sk in  flap  by accustom ing it firs t to nourishm ent from  the pedicles only.

The g rea test success in  m odern p lastic  surgery, w hich utilized the advances 
of asep tic  surgery  in sk in  tran sp lan ta tio n , w as the developm ent of the tubed flap 
w hich elim inated  a ll of the  d isadvantages of the  one-stage, single-pedicle' flap 
from  a d istan t site. It rep resen ted  a conscious tw o-stage procedure for tran sfe r 
of a flap  of sk in  folded into a tube on a d istan t site, m aking it possible, a fte r 
healing, to se lect a suitable pedicle for the nourishm ent of the flap. The tw o-stage 
tubed flap  of Gillies-Filatov entered , a fte r the firs t w orld war, a victorious Stage 
in  the trea tm en t of extensive, p rac tica lly  un lim ited  loss of skin in any p a rt of 
the  body and serves today principally  for complex reconstruction  procedures.

The success of the tw o-stage tubed flap w hich m ade p lastic  operations safe 
canno t be doubted or m inim ized. I t has extended the dom ain of p lastic  recon
struction  and perm itted  the  achievem ent of excellent results. N evertheless, the 
qu icker one-stage flap  from  a d istan t site  has not lost its  value, especially  w hen 
it  m akes use of p rogress in  g ra fting  technique. The surgeon is often confronted 
w ith a num ber of situa tions w here he m ust decide w hether to use the one or 
m ultip le-stage flap.

The m ain fac to rs w hich are  of decisive im portance in th is connection  are 
the  extent of the  sk in  defect, the tim e during w hich suitable skin  m ust be tra n s 
plan ted , and fina lly  the  accessibility  of sk in  w hich can be tran sfe rred  into the 
defect by the flap m ethod. There are  m any defects, w hich in th e ir size and 
localization, are  of :such an  id e a l ;n a tu re  th a t they  can be closed by using  the 
sk in  flap w ithout danger of the pedicle being unable to provide nourishm ent 
tem porarily . Form ing a sep ara te  chapter, one-stage flaps on the face have been 
developed up to the  type of a rte ria l flaps, in w hich the pedicle is reduced to 
a narrow  pedicle contain ing  the reg ional blood vessels or the  subcutaneous 
pedicle. All of the flap  procedures in the face are characterized  by the ir re la ti
vely lim ited use and the troublesom e scar in  the donor site. For these  reasons, the 
one-stage flap  cannot com pete w ith the tubed flap  in extensive, defects and de
form ities and, therefo re , has its defin ite  ind ications and uses. N either has the 
one-stage Josef flap from  the arm  to the to ta l defect of the nose proven to  be 
effective.

The one-stage flap  com petes w ith the tubed flap  in  those cases Where the 
availability  of app rop ria te  donor site  perm its the  tran sfe r of m ore sizeable flaps 
in a sho rte r period. The best s ite  for the  tran sfe r of one-stage flaps in  large 
defects is the abdom inal wall. The m ost common deform ities w hich can be 
covered in th is  way are  traum atic  defects and sm all deep sk in  defects in recon
struction  procedures in  the  hand  or upper limb.

In few  areas of the body surface the vascular supply for the  skin  is insured 
by a defin ite  group of vessels w hich nourish the excised skin. However, w ith 
proper operative techn ique it is possible to increase the safety  of the tran sfe r 
by careful excision and p repara tion  by the delayed m ethod. The delayed raising  
and the su ture  of the flap  back into the bed, of course, prolongs the tim e of 
trea tm ent and, in reality , m akes the procedure tw o-staged. But in con trast to the
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Fig. 2d .



F ig . 4.

Fig. la .  Lupus carcinom a of the face. — Fig. lb . O ne-stage, p a rtia lly  tubed single- 
ped icle  flap  on the arm . Secondary  d e fec t covered w ith  a derm atom e g raft. — 
Fig. 1c. F lap im plan ted  in to  a d efec t a f te r  rad ica l excision. — Fig. Id . Five 
years w ithou t recu rrence . — Fig. 2a. R adiation u lcer of the fo rearm , delayed flap 
tran sfe r. — Fig. 2b. Flap ra ised  on a broad pedicle, secondary  defect covered w ith 
a  derm atom e g raft. — Fig. 2c. Flap im plan ted  in to  a defec t on the forearm . — 
Fig. 2d. A fter severance of pedicle. — Fig. 3a. Chronic rad ia tion  u lcer. — Fig. 3b. 
Double-pedicle, one-stage, bridge flap. — iFig. 3c. A fter su ture  of pedicles. — 

Fig. 4. C losure of defect accord ing  to  Kholevich.
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tubed flap , w hose sho rtest period of p rep ara tio n  is th ree  weeks, the delay  of the  
defin itive im p lan ta tion  of the  one-pedicle flap m eans a loss of only one week.

There are  num erous th erapeu tic  ind ications w here delayed single-pedicle 
flaps can be used but w here the na tu re  of /ithe pathological lesion, ywhich is to  
be rad ica lly  rem oved, does no t perm it a prolonged procedure, such being the 
case in  cancer of the  skin, chronic rad ia tion  u lcers, lupus and so on (Fig. 1).

Recent advances in  free sk in  g rafting  and  its com bination fu rth er increase 
the versa tility  of the one-stage flap. The chief objection to the  one-stage flap 
was the  danger of sclerosis of the flap  from  infection  of the  pedicle or secondary 
defect w hich could not be closed because of tension. The severing and closure 
of the pedicle of the one-stage flap  w as tak en  over from  the  techn ique of tube 
flaps. This m ethod of p a rtia l tubing is again  m ost often  possible w ith sm aller 
flaps from  the  abdom inal w all used for covering traum atic  defects in  the hand. 
The one-stage flap has become the m ethod of choice no t only in  to ta l loss of skin 
on the  im portan t fingers, such as the  thum b and  index finger, but also in  the  
reconstruction  of the  en tire  thumb. The one-stage bridge flap is som ew hat of 
a com prom ise betw een the one-stage, single-pedicle flap  and the double-pedicle 
tube flap, w herein  both pedicles are  tubed and the m iddle section  im m ediately 

■placed in  the defect. G radual circum cision of th e  pedicle insures, as in  tube 
flaps, nourishm ent for the tran sp lan ted  sk in  and also considerable m ateria l from 
the  orig inal donor site  is thereby  acquired (Fig. 2).

The im provem ent in  sk in  grafting , m ainly the  derm atom e technique, w hich 
m akes it possible to  obtain extensive sk in  g rafts, rem oves the danger of in fec
tion  in  the  flap, a fte r it  is raised, by safely  closing the secondary defect and raw  
surface of the pedicle (Fig. 3). Thus, the  tran sp lan ta tio n  of a one-stage flap w ith 
a broad pedicle becom es successful and a t the  sam e tim e the size and shape of 
the flap  can be m ade so th a t it fits  d irec tly  in to  the  defect. The m ethod saves 
m ateria l since it is unnecessary  to excise the  flap in excess as is custom ary in 
p a rtia l tubing of the pedicle. O therwise, it is,-also possible to close the defect, 
a fte r ra ising  the  flap, by various sk in  sh ifting  m anoeuvers, such as the Kholevich 
procedure w hich is especially  app rop ria te  (Fig. 4).

The one-stage flap , p a rticu la rly  in th e  limbs, often  fu lfils the requirem ent 
of a biological flap  g raft. It has been observed th a t tran sp lan ta tio n  from  an 
iden tical sym m etrical region leads to b e tte r healing, b e tte r quality  of skin, m ore 
adequate  th ickness, b e tte r d istribution  of the nerve supply and sk in  adnexa. The 
one-stage flap  from  a sym m etrical region is therefo re  better th an  sk in  from 
a d istan t tubed flap. Most commonly th is type of skin flap  is used for m any de
fects on the low er limbs (cross leg flap ). F laps from  a neighbouring digit, which 
are  the  sm allest flaps possible and biologically w ell feuited, are  also such cross 
flap. A greem ent is expressed w ith Doc. Demjen th a t a flap  tran sp lan ted  from  
the forearm  or arm  to the fingers and hand, although aesthetically  less pleasing, 
is m uch better, p articu larly  on the  tac tile  surfaces, th an  a flap  from  the  abdo
m inal w all.

In answ er to  the  question w hen to use one-stage or tw o-stage tube flaps, 
it m ay be said  th a t the  form er as w ell as the la tte r  have th e ir  exact indications 
in presen t-day  reconstructive surgery. A fter a period of suspicion when the  tubed
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flap dom inated the field, the use of the direct, one-stage flap  is once again 
com ing into favour. The tubed flap  is le ft for m ore com plicated  situations w hich 
require  g rea te r possibilities of m odelling, re la tively  g rea te r supply of m ateria l 
th an  can be supplied by a one-stage flap. The possibilities of the  one stage  flap, 
however, are  constan tly  being increased  w ith  the  perfecting  of g rafting  tech n i
ques, p articu larly  free sk in  tran sfe r, and  the use of delayed ra ising  of the flap  
and  p a rtia l tubing of the pedicle. The use of the qu icker one-stage flap  perm its 
the  p lastic  surgeon to in tervene in an ever g rea te r num ber of deep prim ary  skin 
defec ts and  m uch m ore safely  th an  w as the  case before the era  of tubed flaps. 
O ne-stage flap  from  a sym m etrical reg ion  tran sp lan ted  to an opposite limb has 
the value of a true  biological g ra ft w hich surpasses skin  from  a d is tan t site.

S U M M A R Y

The com bination of one-stage flap  and free sk in  tran sp lan ta tio n , delayed 
ra is in g  of the  flap  and p a rtia l tubing of the  pedicle, rem oves the form er d is
advantages of d irect flap surgery. The one-stage im proved sk in  flap extends the 
fie ld  of p lastic  surgery, especially  in traum ato logy  and oncology.

B H B O H H 

O f lH O M O M e H T H M H  JIO C K yT

B. K a p $ h  k

Co-ii'TaKiK: TexHHKH cwHOMOMeHTHoro o c ky ra  KO/Ki; c m cto;u :kom  nepeM erneH H a cbodo;ikM X 
KoacHbix jiocKyTOB, OTK jia su B a e M o ro  npnno,HHHM aHHS h  aacT H iH o ro  caepT binaH H a hoxckh  
yC TpanaeT n p ex cm ie  H esb iro sM  npaM bix  JiocKyxHbix nxacTH K . OflHOMOMeHTHbiii, ycoBepmencTBO- 
BaHHbiii TaKHM o6pa30M  JIOCKyT KO/KH pacu iH paeT  H cno jib  sOBaHHe iiJiacTH aecK oii XHpyprHH, 
rjiaBHbiM  o6pa30M , b  TpaBM aTOjioriiK h  b o h k o j io th h .

R É S U M É  

L am beau en  un  tem p s

V. K a r f i k

La com binaison de la technique du lam beau ču tané en  un tem ps avec la  m éthode 
des tran sp lan ta ts  cu tanés libres, du soulěvem ent d ifféré  et de la  tubulisation  p artle lle  
du pédicule écarte  les désavan tages a n té r ie u rs  des p lastiques d irec tes  du lam beau. 
Le lam beau ču tané  en  un  tem ps, a insi am élioré, perm et ď é la rg ir  T utilité de la 
ch iru rg ie  p lastique spécialem ent en  traum ato log ie  e t oncologie.

Z U S A M M E N F A S S U N G  

E in ze itig e  S tie lla p p en b ild u n g

V.,  K a r f i k

Durch V erbindung der Technik d e r einzeitigen  S tiellappenbildung  m it der M ethodik 
d e r  fre ien  H au ttran sp lan ta te , der abgelehn ten  S tie llappenhebung  und te ilw eisen  Tubuli
sa tion  des S tiels w erden  die friiheren  N achteile  der lokalen  L appenplastiken  beseitigt. 
Die einzeitige, in  d ieser Form  vervollkom m nete S tiellappenbildung  e rw e ite rt die Geltend- 
m achung der p las tischen  Chirurgie besonders in  d e r T raum atologie und Onkologie.

(Doz. V. K a rf ik ) : Berkova 34, Brno-Královo Pole, Czechoslovakia
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Ja. Kholevich

N E W  M E T H O D  OF  S K I N  A N D  B O N E  D I G I T A L  R E C O N S T R U C T I O N

F ig . 8. F ig . 10. F ig . 13.

Fig. 8. X-ray of the hand of the patien t J. E. K. — Fig. 10. X-ray of the hand of pa tien t 
V. K. K. before trea tm en t. — Fig. 13. X-ray of the hand of p a tien t V. K. K. a fte r  operation.



R. Kluzák

A M A N O M E T R I C  S T U D Y  OF  T H E  V I A B I L I T Y  OF  C A R T I L A G E  G R A F T S

Fig. 4. A hom otransp lan t of auricle cartilage  of a rabbit tran sp lan ted  w ith the perichon
drium  113 days a fter tran sp lan ta tion . The surface of the cartilage  is sm ooth, w ithout 
signs of vascular or lacunar resorp tion . The chondrocytes are  enlarged, contain vacuoles 
and all around them  p erice llu lar spaces are form ing. Contact. Heam atoxylin. M agnified

200 tim es.



A C T A  C H I R U R G I A E  P L A S T I C A E  — 1, 2, 1 9 5 9

Clinic of P lastic Surgery, C harles U niversity, Prague (C zechoslovakia)
D irector: A cadem ician F. Burian

FLAP VERSUS GRAFT
F .  B U R I A N

It is one of the w eaknesses of the hum an race to wax en thusiastic  over some 
object, idea or m ethod and  then  to apply it  indiscrim ately . This is w hat is know n 
as  “fash ion” and even surgeons are  not exempt.

Fashions also appear in  p lastic  surgery , including such curiosities as the 
in jec tion  of p ara ffin  to  fill out- a w ithered  face, or the insertion  of p lastic  ap 
pliances in to  flabby breasts. These are  natu ra lly  extrem e exam ples, but it is 
nevertheless a fac t th a t good operative techniques, w hich are  excellent for certa in  
specific  purposes, have become the fashion and been used in  cases in  w hich o ther 
m ethods would have achieved fa r be tte r results.

This has alw ays been so. As fa r as we know, the  Indians w ere the firs t to 
ca rry  out p lastic  operations, m any centuries before Christ. They conducted 
a  flourishing line in  noses and ears, since these parts  w ere curren tly  cut off 
as a form  of punishm ent of crim inals and p risoners of w ar. In the  case of the 
nose, the  cartilag inous p a rt suffered, som etim es w ith  a piece or the  w hole of 
the upper lip, according to the ch arac ter and  caprice of the executioner. As fa r 
as is known, in  ancien t tim es it w as the fashion to carry  out rep lacem ent by free 
sk in  g rafts  from  the buttocks. The sk in  w as beaten  into a m ore suitable biological 
s ta te  w ith a slipper. In  the days of Celsus, i. e. a t the beginning of our own era, 
sk in  defects w ere covered by sh ifting  strip s from  the adjoining parts. During 
the Middle Ages, the Ita lians carried  out p lastic  surgery  of the  nose and ears 
by m eans of flaps from  the arm  only; these  w ere p repared  in  successive stages, 
using a special cerem onial.

In the m eantim e the Indians abandoned free tran sp lan ta tio n  and carried  out 
p lastic  operations on the nose by m eans of flaps from  the forehead only. This 
m ethod w as in troduced into Europe by English doctors a t the beginning of the 
n ine teen th  century. It led in  tu rn  to the reb irth  of the Ita lian  m ethod, w hich 
the German surgeons Grafe and Dieffenbach im proved and set up in rivalry  
against the  Ind ian  m ethod as a German m ethod.

Free sk in  g ra fts  w ere no t revived un til about 1868 by the Swiss surgeon 
Reverdin. Reverdin tran sfe rred  m inute slips of sk in  about 2 mm. square from  the 
surface of the  skin  to a g ranu la ting  wound on the thumb w hich refused to heal. The 
slips of sk in  took, epithelium  grew  out from  th e ir edges and the wound healed
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fa r sooner th an  had been an tic ipated . This operation  w as repeated  several tim es 
and w as frequently  used during the Franco-Prussian  war.

O ilier a ttem pted  to use la rg e r sheets of epithelium , w hich he sliced off w ith  
a razor. This m ethod w as extended and techn ically  im proved by the  German 
surgeon Thiersch. A nother German, Wolffe, who w as a na tu ra lized  British subject, 
succeeded in  tran sp lan tin g  fu ll-th ickness sk in  grafts, thus reviving the o ldest 
Indian m ethod of tran sp lan ta tion .

All these  m ethods of free tran sp lan ta tio n  and flap  tran sfe rs  and sh ifts w ere 
first used sporadically , opportun ities being com paratively  few, since g rea t cu l
tu ra l progress had been made, noses and ears w ere no longer cut off and the 
m otor-car had not yet been invented.

It was not un til the F irst W orld War, w ith  its perfected  technique, caused 
innum erable in juries requiring  rep lacem ent of the sk in  of the face in p articu la r, 
th a t the dem and for p lastic  operations suddenly and unexpectedly increased. 
Old m ethods often reappeared  in new  guises and m any com pletely new operative 
m ethods w ere elaborated.

One of these w as the tubed flap, in troduced alm ost sim ultaneously  by Filatov 
in Russia and Gillies in  Britain. This m ethod com pletely dom inated the field of 
p lastic  surgery  at the  end of the  w ar and during the ensuing years. It w as adopted 
by every surgeon who w anted  to keep up w ith the  tim es. It w as natu ra lly  used 
on every possible occasion,- even w hen a d ifferen t m ethod would have produced 
quicker and be tte r results.

In 1939, the A m ericans Padgett and  Hood devised a derm atom e for cu tting  
sheets of epithelium  to rep lace Thiersch’s m ethod of razor cutting. This in s tru 
m ent g rea tly  sim plified m atte rs  and m ade it possible to cut large g rafts  of even 
th ickness throughout and to determ ine the th ickness of the g ra ft in  advance, 
w ith an ad lib. th ick  layer of corium  and auxiliary g landu lar form ations and 
cap illary  and p recap illa ry  netw ork if required , so th a t the covering obtained by 
this m ethod w as of fa r  g rea te r value than  th a t obtained by the Ollier-Tiersch 
m ethod. For a long tim e th is  m ethod pushed flap p lastic  surgery  in to  the back
ground and w as used p a rticu la rly  w idely during the Second W orld War.

It was a long tim e before it w as realized  th a t one m ethod is not suitable for 
every type of case and th a t exact indications m ust be w orked out.

One of the basic princip les in the  evaluation of transfe rred  tissue is re 
cognition of the fact th a t full biological quality  cannot be expected from  any 
tissue, including skin, w hich has once been com pletely separa ted  from  its bed. 
Even in a 100% take, m arked  changes occur in the g ra ft; a large p art of its  
substance undergoes degeneration  and destruction  and regeneration  is no t abso
lutely com plete, irrespective of the fact tha t a skin g raft is not a whole biological 
unit like in tac t skin.

The quality  of the covering obtained by free tran sp lan ta tio n  is dependent 
on a num ber of circum stances, chief am ong w hich is the  genera l s ta te  of the 
patien t a t the  m om ent w hen the g raft is taken  and transfe rred . M etabolic balance 
is a basic condition. If th is in disturbed in some way, if the ra tio  of the blood 
pro teins is altered , if acidosis of the  tissues is p resent, the  biological quality  of
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the sk in  itse lf is dim inished. The wound to w hich the g raft is applied is also 
in an  unfavourable s ta te  and has less of the  constructive energy required  for 
the g raft to take. This accounts for the failure of au toplasty  in  p a tien ts  w ith 
very severe burns. Much research  w ill be required  before determ ining w hether 
“au toaggression” p a rtic ipa tes in such cases, as assum ed by Chytilová et al.

In an otherw ise healthy  subject, the  biological quality  of the site  to which 
the g ra ft is applied  may also be dim inished if th a t particu la r p a rt of the body 
is diseased, e. g. in chronic varicose ulcers.

A g raft com pletely sep ara ted  from  its  vital environm ent undergoes basic 
changes even w hen tran sfe rred  to an absolutely healthy  fresh  wound in a healthy  
subject. A certa in  degree of inflam m ation develops in every case, w ith all the 
a tten d an t signs, i. e. sm all cell in filtra tion , exudation into the tissues, activation 
of fibroblasts producing collagen fibres. The exudate is slowly organized, the 
collagen fibres are  converted in to  connective tissue fibrils, all of which resu lts 
in sh rink ing  of the  tissue of the  bed. The g ra ft itself also shrivels as a resu lt 
of regeneration  and of invasion by inflam m atory  changes from  the bed, including 
exudation and sm all cell in filtra tion , w ith  the form ation of sclerosis.

A fu rth er deficiency of free sk in  g ra fts  is th a t they  do no t contain  a ll the auxi
liary  sk in  form ations. The th in n er the  graft, the  few er th ere  are. Purely ep ithelial 
g rafts  do not exist, since all contain  at least the tips of the papillae. Even 
fu ll-th ickness g rafts  do not contain  a ll g landu lar and sensitive form ations, 
however.

Free sk in  g rafts  are very d ifferen tly  denom inated. There are th ree  m ain 
types. One is the epiderm al graft, i. e. a th in  g raft com prising the whole ep ithelial 
layer and the tips of the tac tile  papillae. This is applied as one coherent g ra ft or 
in portions about the size of a postage stam p. D erm oepiderm al g rafts contain  
a m ore or less th ick  layer of corium, while a fu ll-th ickness g ra ft lacks part of the 
sk in  adnexa w hich extend into the subcutaneous tissue. There are also the corium 
g rafts  w hich can be used for rep lac ing  skin by m eans of the  epithelial elem ents, 
i. e. fa t glands, sw eat g lands and the ep ithe lia l coverings of the ha ir follicles, 
the corium contains.

Grafts of Reverdin’s type are  equally  unsatisfac to ry  w hether applied super
ficially  or deep in  the  g ranu la ting  tissue. This is a purely em ergency m easure, 
w hen there  is no hope of any other m ethod succeeding.

The value of sk in  g rafts  is also based on th e ir m icroanatom ical s tructure  not 
sim ply on the ir th ickness. Grafts of equal th ickness from d ifferen t p arts  of the 
body surface can have quite d ifferen t ch aracteristics and physiological value. 
A g raft 0.1 mm. th ick  from  the g lu teal region w ill consist of epithelum  only, 
w hereas a g raft of the  sam e th ickness from  the volar surface of the forearm  will 
p rac tica lly  constitu te  a fu ll-th ickness graft. Such a g raft from the g lu teal region 
m ainly com prises the  superficial ep ithelial layers, w hich are  not capable of any 
g rea t productive activity.

Dermic g rafts  w ere firs t used by Lowe in  1918 and w ere system atically  
elaborated  by Rehn. They are  used much oftener, and on a much la rger scale, 
for deep reconstruction  than  fo r surface grafts.
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It is obvious th a t the use of free g rafts  on any and  every occasion is insuitable 
and  non-physiological. These g ra fts  have th e ir  own special ind ications and are  
very often be used as an em ergency m easure to close an  open wound.

It is extrem ely im portan t to hand le  g ra fts  w ith  the g rea tes t care. They m ust 
no t be im m ersed in  a bath  of physiological saline, w hich ex trac ts im portan t p a rts  
essen tia l for a p rim ary  take. They m ust likew ise no t be allow ed to  dry. They 
should be folded w ith  th e ir  cut surfaces to g e th er and  w rapped in  gauze m oistened 
w ith  physiological saline un til they can be applied  to  the  new  bed, or re tu rned  
to the site  from  w hich they  w ere tak en  and covered w ith gauze m oistened w ith 
physiological saline.

It is commonly assum ed th a t cold reduces the m etabolism  of the  g raft and 
it is therefo re  recom m ended th a t no dressing  should be applied  to  the operation  
site, so th a t the  tem pera tu re  of the g raft should be low er th an  th a t of the  body. 
This conflicts w ith  the experience th a t skin-in lays, i. e. g ra fts  in serted  deep into 
the tissue, in  a tem pera tu re  h igher th an  th a t of the body surface, tak e  best. The 
m ost im portan t fac to r is undoubtedly p e rfec t con tac t w ith the  w hole su rface  of 
the  bed a t even, e lastic  pressure. This is best obtained by a gauze pad fixed in 
place by the su ture-threads, and by an elastic  bandage.

A nother im portan t fac to r in  selection  of the g raft is the question of ap p ear
ance, p a rticu la rly  w here the  face is involved. Only sm all defects can be covered 
w ith sk in  from  behind the  p inna  or from  the base of the  neck, w here the sk in  
is sim ilar in  s truc tu re  and appearance  to the  sk in  of the  face. G rafts from  any 
o ther p a rt of the body differ considerably and usually  perm anen tly  from  the 
surrounding  tissue a t the new  site. These circum stances associated  w ith  free  skin 
g ra fts  should all receive carefu ll consideration  before deciding to  adopt th is 
m ethod.

W hat is the s itua tion  w ith  regard  to flap  g ra fts?
F irst consider the tubed flap, w hich for a long tim e held  the  field. This type 

tran sfe rs  the  full th ickness of the  sk in  toge ther w ith  an  adequate layer of sub
cutaneous tissue contain ing  a ll the  accessory  parts . It rem ains a ttached  to the 
m aterna l s ite  a t both ends u n til the  blood c ircu lation  is organized in  a longitudinal 
direction , so th a t the  n u trien t tubing of the  flap  is ready  for connecting  up w ith 
the  vascular netw ork of the fu ture bed. Theoretically  the tran sfe rred  tissue ought 
to  be com pletely unchanged  at the  new  site. That is no t the  case, however. The 
p rep ara tio n  of a tubed flap involves serious in te rfe rence  in  the life of the  tissue. 
Two deep p a ra lle l incisions are  m ade and the sk in  is cut aw ay from  the  base 
th roughout its  full ex ten t th rough the  layer of the  subcutaneous fat. This involves 
considerable in jury  to the  tissue, w hich is m anifested  in an  inflam m atory  reaction  
and subsequent fibrosis. Som etim es sim ultaneously  reflex  vasoconstriction  of 
a group of blood vessels occurs, w ith  nu tritio n a l d isturbance of p a rt of the  flap, 
the  consequences of w hich are  som etim es not m anifested  for tw o or th ree  days. 
In case of doubt the operation  m ust be in terrup ted , the  s trip  m ust be resu tured  
to its  o rig inal s ite  and  tran sfe r delayed. This m eans one m ore operation  and 
a  fu rth er degree of sclerosis.

In cases in  w hich a suffic ien t am ount of tissue for form ing a flap for a certa in  
defec t cannot be obtained from  a neighbouring p a rt of the  body, the  flap  m ust
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be form ed elsew here and tran sfe rred  by m eans of a tem porary  bearer. This m eans 
yet ano ther operation , w ith fu rth er sclerosis. In p lastic  operations of the face, 
in w hich a sa tisfac to ry  appearance  m ust be achieved, the tubed flap requires 
a la rge  num ber of add itional m odellings, each of w hich resu lts  in  fresh  sclerosis. 
This is m anifested  in  th icken ing  and harden ing  of the  flap, w ith a d isastrous 
decrease in  the m ass of tran sfe rred  tissue. For p lastic  operations on the nose, 
the  flap  m ust be p repared  from  an a rea  tw ice the  size of the  final nose, even 
w hen th ere  are  no com plications - w hich is not, un fortunately , the  general rule, 
even w ith  the  m ost sk illed  p lastic  surgeons.

A nother d isadvantage of the  tubed flap on the  face is the sam e as for free 
g ra fts  tran sfe rred  from  o ther sites of the body to  the  face, i. e. d ifferences in  the 
p roperties of the  skin, w hich are  often no t equalized fo r years.

In p lastic  surgery  of the  nose these  circum stances constitu te  a considerable 
draw back for the  Ita lian  m ethod, e ither in the d irect form  or on using the tubed 
flap. P lastic  surgery  of the nose n ecessita tes a firm  underly ing  support, w hich 
is provided by inserting  sm all pieces of bone or cartilage. As the flap  shrinks, 
it som etim es presses against the end of the  re sis tan t rod, w ith  the resu lt th a t 
a t th is s ite  the skin  becom es th in , the end of the  support shows through, necrosis 
of the sk in  m ay occur and the w hole operation  m ay be ruined.

The Ind ian  m ethod of p lastic  surgery  of the nose has the  advantage or reduc
ing the  num ber of stages of the operation . It uses sk in  w ith  basically  very sim ilar 
p roperties to  those of the  norm al sk in  of the  nose. The abundance of blood 
vessels and  g rea t v ita lity  of the sk in  of the  forehead  substan tia lly  dim inishes 
secondary  sh rink ing  of the  fron ta l flap. One unp leasan t aspect of th is m ethod 
is th a t it  leaves a perm anen t m ark on the  forehead. The secondary defect is 
covered by a free g raft, w hich is alw ays ra th e r  conspicuous, chiefly because of the 
absence of the  m ovem ent of the fro n ta l m uscles th roughout its  full extent. For 
this reason  m any people p refer to undergo the fa r g rea te r suffering of the  Ita lian  
m ethod.

Sm all fac ia l defects do not cause any g rea t difficulty  and there  are  m any 
w ays of trea tin g  them  w ithout leaving noticeable traces.

In p lastic  surgery  of the trunk  m any of the considerations w hich com plicate 
fac ia l p lastic  surgery  can be dispensed w ith. Large portions of skin can be tra n s
ferred , e ither a t once or in  stages, and free g ra fts  also have a w ide range of 
application.

In the upper limbs con tractu res of the large jo in ts are  a frequent problem , 
p articu la rly  a fte r burns, as for exam ple in scars in the  axillary  folds, w ith 
m arked  restric tion  of the  m ovem ent of the shoulders, or the congenital con trac t
ures associated  to defects of the  large pectoral m uscles. In such cases, local 
exchange of w edge-shaped flaps, e laborated  geom etrically  by the Leningrad 
surgeon Limberg, produces excellent results. The sam e applies to acquired and 
congenita l con trac tu re  of the knee.

The conditions for tran sp lan ta tio n  on the back of the hand vary according 
to the depth  of the injury. If the  tendons of the  extensors are  in tact, th ick  derm o- 
epiderm al g rafts  or fu ll-th ickness g ra fts  are  the  m ost satisfactory . If the tendons 
a re  destroyed or severely injured, a flap  g ra ft m ust be used. The sam e m ethod
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should also be used on the forearm  if rep lacem ent operations on the m uscles 
and tendons are necessary . In th is case d irec t flaps are very sa tisfacto ry , while 
the raw  surface of the pedicles of these  flaps can be covered w ith epithelial 
g rafts, thus preventing  infection  and its  re su ltan t com plications.

On the low er limbs flaps can som etim es be tran sfe rred  from  one limb to the 
o ther (cross-leg flaps), if the rec ip ien t and donor limb are  both in  biologically 
good condition. O therw ise the  only a lternative  is the tubed flap, w hich is e ither 
m igrated  successively or tran sfe rred  via a tem porary  bearer.

The exact therapeu tic  p lan  m ust be based on careful study of the task  in 
hand, on an analysis of all the  a tten d an t c ircum stances and on thorough know 
ledge of the p a tien t and his social background. The individual operations and 
trea tm en t betw een operations m ust be based on careful study of the  physiological 
requirem ents of the tissue.

S UMMAR Y

The au thor ind icates on the basis of an  h isto rica l survey of the developm ent 
of skin tran sp lan ta tio n  th a t in p lastic  surgery  fash ion  plays a ro le in influencing 
the preference for certa in  m ethods of operation . This has been show n m ost con
spicuously in the  p reference  for t h e  t u b u l a t e d  f l a p  g r a f t  a f t e r  
W o r l d  W a r  I a n d  f o r  t h e  d e r m a t o m e  s k i n  s p l i t  g r a f t  
a f t e r  W o r l d  W a r  II. The artic le  deals w ith ;the biological value of the 
individual types of sk in  g ra fts  and w ith th e ir ind ication  determ ined a fte r careful 
consideration  of both the p a tie n t’s general condition and the  condition p i  the  
tisue a t the  site  from  w hich the g raft is to be tak en  as w ell as the  site  w here 
it is to  be im planted. The decision is m ade according to the purpose the tra n s 
p lan t is to serve.

The a rtic le  also deals w ith techn ica l de ta ils  w hich m ust be observed if the 
operation  is to be successful. The trea tm en t m ust be p lanned  p recisely  and c a r
ried  out w ith every consideration  for the  physio logical needs of the tissue.

B H B O H H  

C r e S e j i f c t i a T M H  j i o c K y x  h j i h  x p a H c n j i a H x a T

<t>. E y  p  h  a  H

H a  0CH0B3HHH HCTopHqecKoro o S ao p a  p a s s im tH  nepecaflK H  k o j k h  a s j o p  jjOKaatiBaeT, q io  
H b  njiaCTHqecKOii x n p y p rH H  ř íp u  rrpnMCHeHHH H eK oxoptix cnoco6oB  on ep ap H H  n r p a e x  p o jib  M oaa. 
H a n S o jie e  apK o  axo BBipaaHJiocb b  npHMeneHHH x p y S q a x o r o  J i o c K y x a  n o c a e  H  e p-  
b  o m M H p O B O H  B O H H b i  h  x p a H c n j i a H x a x a ,  o x a e j i a e M o r o  c n o M O n j b i o  
a e p M a x o M a ,  b o  s p ě n a  B x o p o ň  m h  p o b  o ii b o h h h .  B paSoxe p a s o d p a n  B onpoc 
o ĎHoaornaecKOM  3 h a a e n h h  o x aea b H b ix  BHaOB nepecaaK H  k o h c h  h  o  n o K a a a H n a x  k  Heft, ycxa- 
HOBaeHHbix n a  ocHOsaHHH noapoĎ H O ro oG cyataeH H a o S m e ro  c o c t o h h h h  6 o a b H o ro  h  cocxoaH H a 
k o j k h  Ha necxe, oxK yaa Syaex  s a a x  x p a H c n a a n x a x , h  Ha necxe, Ha Koxopoe o h  Syaex  n epecaacen . 
Pem aiom HM  a s a a e x c a  saaaH H e, Koxopoe x p a H cn jia iix a x  a o a a ie n  h c t i o j i h h t l ,

P aaoS paH bi xexHHqecKHe a e x a a a ,  Koxopbie neofíxoaHM o co S a m aax b  a a a  aocxH/KCHHa y c n ex a . 
JleaeH H e HeoSxoaHMO t o h h o  naaH H poB axb  h  n p o s o a n x b ,  npuH H M aa b o  BHHMaHne $H 3H oaorH - 

qecKHe noxpeSnocxH  xKaHH.
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R É S U M É

Lambeau contre transplantát
F. B u r i a n  I

L’au teu r déduit de 1’évolution h is to rique de la tran sp lan ta tio n  cutanée, que méme 
en chirurg ie  p lastique , la  m ode partic ipe  á jťemploi de certa in es  m éthodes chirurgt- 
cales. Ceci a é té le p lus flag ran t dans le lam beau tubulé ap rěs  la  p rem iere  guerre  
m ondiale e t le tra n sp la n tá t de derm atom e pendan t la seconde. Dans ce travail, 1’au teu r 
tra ite  de la  va leu r biologique des d iffé ren tes  espěces de tran sp lan ta tio n s  cu tanées e t de 
leu rs  indications, dé term inées ď a p rě s  de so igneuses investigations su r 1’é ta t généra l 
du m alade e t sur 1’é ta t du tissu  é 1’em placem ent duquel le tra n sp la n tá t se ra  prélevé de 
méme que 1’é ta t de 1’end ro it oú il sera  p lacé . La ro le que doit rem plir le tran sp lan tá t 
e s t dé term inan t.

L’au teu r tra ite  égalem en t des d é ta ils  techn iques qui doivent é tre  respectés >!pour 
a tte in d re  au succěs. Le tra item en t doit é tre  p lan ifié  avec exactitude e t p ra tique  en 
te n a n t com pte de tous les besoins physio logiques du itissu.

Z U S A M M E N F A S S U N G

Lappen versus Transplantát
F. B u r i a n

An Hand e iner h is to rischen  O bersicht der E ntw icklung der H au ttran sp lan ta tion  
zeig t der V erfasser, dass auch in der p las tischen  Chirurgie die Mode eine bestim m te 
Rolle bei der A nw endung m ancher opera tiver M ethoden spielt. Am auffa lendsten  tra t 
d ies beim tubu laren  Lappen nach  dem  ers ten  W eltkrieg  und beim D erm atom transp lan tat 
w dhrend des zw eiten  W eltkrieges in  É rscheinung. Die vorliegende A rbeit befasst sich 
m it dem biologischen W ert der e inze lnen  A rten der H au ttran sp lan ta tion ; die Indika- 
tionen  d ieser O perationsarten  sind auf Grund e iner sorgfd ltigen  Erw agung des Gesamt- 
zustandes d es Patien ten , des G ew ebezustandes am O rt, an  dem  das T ransp lan tá t ent- 
nom m en w erden  soli, sow ie des Z ustandes des Gewebes dort, w ohin es iibertragen 
w erden  soli, zu ste llen . Von en tsche idender Bedeutung ist die /Aufgabe, dle dem T rans
p la n tá t zufallt.

Dle A rbeit befasst sich auch m it techn ischen  ,E inzelheiten, die e ingeha lten  w erden  
miissen,- soil die O peration von Erfolg gekron t sein. Die B ehandlung m uss einem  ge- 
nauen  P lan en tsp rechen  und is t m it Rucksicht auf dle physiologischen B edurfnisse des 
Gewebes durchzufuhren. ,

(A cadem ician F. B urian ): Skřetova 8 , P raha 12, Czechoslovakia

103



A C T A  C H I R U R G I A E  P L A S T I C A E  — I,  2, 1 9 5 9

D epartm ent of P lastic  Surgery, U niversity  H ospital Košice (C zechoslovakia) 
D irector: Dr. R. Erdélyi, Cand. Med. Sci.

LOCAL SKIN TRANSFERS
R . E R D É L Y I

Local sk in  tran sfe rs  are of the  g rea tes t assistance  in local p lastic  p ro 
cedures, denoting  closure of ,'a sk in  defect w ith sk in  .tran sfe rred  from  the  im 
m ediate vicinity  w ithout d isturbing the  vascu lar and nervous connections. As 
opposed to techniques w hich use sk in  from  d istan t sites of the body [free skin 
grafting , flap  m ethods), in local p lastic  p rocedures the  ad jacen t sk in  is utilized.

This type of p lastic  surgery  has perhaps the o ldest h isto ry  in  surgery. 
H istorical records from  the  era  before Christ show  the  technique of Egyptian, 
Indian, Arabian and Greek surgeons who even th en  used sk in  shifting . About 
800 A.D. in his w ork Sam hitá, the  Ind ian  Susrut described the  local tra n sfe r  
of sk in  on the face. This m ethod w as la te r  called the French technique.

Galenos (about 30 A.D.) and  Celsus of the  A lexandrian school should be 
xegarded as am ong the orig inato rs of local p lastic  p rocedures on various p arts  
of the  body. The detailed  elaboration  of the  individual m ethods of th is type, 
however, w as no t u n dertaken  un til the 19th cen tury  by D upuytren, D enonvilliers, 
Szym anowski, Graefe, Langenbeck, Blaskovics and Imre. D enonviliers w as the 
firs t to describe, in  1847, the  Z incision, indispensable in  p lastic  surgery.

Skin tra n sfe r  m ay be called the  queen of p lastic  surgery, fo r its  in fin ite  
num ber of varia tions and possib ilities in  any p a rt of the body crea tes an  alm ost 
unlim ited field of action. Although techniques of th is type have th e ir  firm  basic 
features, new  com binations are forever being crea ted  in  p lastic  operations, 
com binations w hich the surgeon th rough  his inventiveness m ust be able to u tilize 
correctly . The Leningrad surgeon Limberg dem onstrated , in  h is studies in  1929 
and 1935, the m athem atical trea tm en t of the  use of wedge flaps.

Local sk in  tra n sfe r  is ind icated  w henever it is necessary  to rep lace  a defect 
w ith fu ll-th ickness skin, i.e . sk in  with; subcutaneous fat, and w henever the size of 
the defect does not require  g ra fting  from  a d istan t site. The condition for success 
w ith th is  procedure is a sufficient quantity  of sk in  w ith  a layer of fa t w hich can 
be advanced into the defect w ithout im pairing the v ita lity  of the im plan ted  
skin. At the sam e time, the  secondary defect should not deform  the neighbouring 
area.

It is, therefore , necessary  to  observe carefully  the  tran sp lan tab ility  of the
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skin, its  physio logical tex ture  and possible changes in  the  surroundings. The basis 
for carry ing  out sk in  sh ifting  is healthy  tissue around the  defect w hich m ust be 
p resen t in  su ffic ien t am ount and which, to  a ce rta in  degree, m ust also be mobile. 
The sh ifting  of sk in  and closure of the defect should no t cause any m arked 
changes in  the surroundings or any undue tension  and vascular im pairm ent. It is

b

D iagram  1. M ethod of w ound closure w ith  D iagram  2. Closure of defect by m eans of 
incisions on one side of the defect. incisions on both sides.

necessary  th a t the operative procedure be p lanned  beforehand, but it often 
happens th a t the  exact m anner of closure m ust be decided;upon during operation.

The m ost frequen tly  used types of local sk in  tran sfe r are  the follow ing: — 
The sim plest and basic type of sk in  sh ifting  is m obilization and approxim ation 
of the  edges of the  wound, usually  spindle shaped, w ith subsequent linear suture. 
Celsus had already  thought of the  idea of closing the triangu la r defect by first 
su tu ring  the corners of the  triang le  gradually  tow ard the centre. O ther w orkers 
describe — and we still find the descrip tions in  some textbooks — the closure 
of oval, rec tan g u la r and o ther defects by m eans of num erous, often  unphysio- 
logical, supplem entary  incisions. These m ethods are generally  no t used today 
since defects of a precisely  trian g u la r or rec tangu lar shape hard ly  ever occur. 
Even if they  are  encountered, a m ore sim ple shape can be obtained requiring  
less supplem entary  incisions. For exam ple, the tr iang le  can be transform ed into 
a rec tang le  w hich is then  su tured  linearly  a fte r underm ining the edges. The sam e 
may be done for oval defects. The closure of spindle-shaped defects appears to 
us to be very sim ple and usefull (D iagram  1): one of the longer sides of the  defect 
is converted in to  a half-m oon band of skin, the apex of which, as is seen in the 
draw ing, is d raw n in to  one corner of the  defect. Then a second band of skin 
sim ilar in  shape and next to the  firs t is mobilized, and the apex is sutured  into 
the opposite corner of the defect. The advantage of th is m ethod is th a t the slight
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tension  is equally d istributed betw een the two bands of sk in  — betw een a la rger 
surface of sk in  — so th a t healing  takes p lace under b e tte r conditions.

A lternatively, sim ilar “flap s” may be produced (D iagram  2), but one from  
above and the  o ther from  below. The edges of the  ad jacen t sk in  next to the 
incisions, how ever, m ust be thoroughly  undercu t (Fig. 1, 2, 3). Fig. 4 and 5

t oDMI HOvANA

‘o  a  last- “

D iagram  3. Pick technique in  c ircu lar sk in  loss.

show  a pa tien t w ith  a rad ia tion  u lcer a t the corner of his m outh w hich was 
trea ted  by th is m ethod, but the  sk in  flap  w as transposed  from  one side of the 
defect only, th e  sam e applies for Fig. 6 and 7.

The closure of c ircu lar defects, for example, follow ing excision of benign 
and m alignan t tum ours, rep resen ted  the m ost d ifficult problem  in p lastic  surgery. 
Their regu lar shape, however, is som ew hat of an  advantage in  sp ite  of the fact 
th a t previous m ethods (Szym anow ski, K irschner, Lexer, H adjistam off and others) 
trea ted  these defects by sacrific ing  tissues and increasing  th e ir  size. In addition, 
all of these m ethods have one d isadvantage in common: a ll resu lt in secondary 
defects of various shapes w hich are  genera lly  d ifficult to close e ither because 
of the shape or num ber. This difficulty  is uniquely solved by the Pick technique: 
the  edges of the c ircu lar defect (D iagram  3) a re  undercu t in a c ircu lar m anner 
for an adequate d istance. S ingle-pronged hooks w hich are  p laced in the  edges 
of the wound d irectly  opposite each o ther are  used to ra ise  the  skin in the  form 
of a duplicature  (c). The “pedicle” of one fold is severed by an  incision in the 
skin  so tha t a w edge-shaped flap is form ed (D). The sam e procedure is repeated  
w ith the second hook, the incision, however, being m ade in  an  opposite d irection  
to the first. After su ture of the wound a zig-zag wound is form ed (e).
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An indispensable m ethod for rem oving w rinkles or scar con trac tu res in 
p lastic  surgery  is rep resen ted  by the so-called Z incision or exchange of wedge 
flaps. Its p rincip le  consists in the  fact th a t the stra igh t-line  scar is transform ed 
in to  a prolonged and zig-zag one w hich is deprived of the  ability to contract. 
The incision is m ade d irectly  in  the scar (if possible it is b e tte r to ex tirpate  it) .

D iagram  4. Skin transposition  w ith a proxim al pedicle to  the belly  of a finger defect.

Both flaps of the m obilized sk in  are  raised  and freed by oblique incisions so 
th a t a trian g u la r flap is form ed on each side, resem bling the le tte r Z (or reversed 
Z). A fter the flaps are  ra ised  they are ro ta ted  and placed into the bed in such 
a m anner th a t the apex of each triang le  fa lls into the angle of the  oblique incision. 
Thus a shape opposite to the  orig inal incision is obtained (Fig. 8, 9 ,10). By placing 
the flap on the level of the defect there  is a sh ifting  of skin from  sites w here 
there  is an  excess to sites w here there  is a shortage, but m ost im portan t an ex
tension of the en tire  section of the  sk in  closure is thereby achieved. The size 
of the angle and the length  of the sides of the trian g u la r flap m ust alw ays be 
m odified in accordance w ith the conditions obtaining at the  site.

The size of the  angle which is form ed betw een the m iddle and la te ra l sides 
of the  Z incision (or reversed Z) depends on the condition of the ad jacent tissue 
and  on the blood supply. The best angle is one of 60°. The two angles being of 
the sam e size. But th is is p ractically  im possible to  achieve. In spite  of the fact 
tha t the resu lt could be satisfactory , the size of the angle should not be less 
th an  30°. At tim es it is necessary  to transpose several pairs of wedge flaps, 
giving rise to saw -shaped scars. But the flaps and the ir sides are less draw n and 
sho rte r than  in sim ple transposition  of wedge flaps.

The purpose of flap transposition  is briefly the follow ing:

1. remove scar con trac tu res (over joints, in the neck and so fo rth );
2. sh ift a d islocated  section of sk in  into an anatom ically  correct site 

ieyebrow s, corners of the m outh or eyes);
3. rem ove am niotic deform ities;
4. perform  Z incisions in those cases w here the resu lting  increased tension 

could cause con trac tu res at sensitive sites.
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F ig . 14. F ig . 15.

Fig. 1. Third degree e lec tric  burn  on the an tithenar. — 
Fig. 2. Closure by local skin sh ifting  a fte r  p rim ary 
excision of skin necrosis. — Fig. 3. Same w ound as in 
Fig. 2, healed . — Fig. 4. R adiation u lcer In the le ft corner 
of the m outh w ith  sk in  p repared  for ro ta tion . — Fig. 5. 
Im m ediate resu lt. — Fig. 6 . Skin d efec t on the cheek 
resu lting  from  a horse kick. — Fig. 7. Shifting  of ad 
jacen t skin by m eans of an inc ision  in  the w ound edge. 
10 days a f te r  acciden t. — Fig. 8 . C ontracting  scar on 
the neck . — Fig. 9. Side view. — Fig. 10. Z incision. — 
Fig. 11. Ectropium  and d e fec t of the  low er eyelid  due 
to osteom yelitis. — Fig. 12. Bridge flap from  the upper 
eyelid  tran sfe rred  to the low er. — Fig. 13. Im m ediate 
resu lt. — Fig. 14. Shot-gun wound. — Fig. 15. Healed 
double-bridge flap  w here the secondary  ^defect w as 

covered w ith  a free skin graft.
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It is possible to use bridge flaps for the closure of la rger defects in  certa in  
regions of the body (Fig. 11, 12, 13). The bridge flap  is a band of sk in  which 
is ra ised  from  the donor bed and nourished by two pedicles. It is necessary  to 
prepare  it in  the im m ediate vicinity  of the  defect and, usually, to cover the 
secondary defect w ith  a free derm oepiderm al g raft. Double bridge flap is also 
useful (Fig. 14, 15).

Local sk in  tran sfe r on in jured  fingers is of pa rticu la r and invaluable 
assistance. This applies especially  to defects on the belly of the  fingers w here 
in  deeper wounds free  skin g ra fting  is con tra ind ica ted  and w here it is necessary  
to im plant sk in  w ith a (layer of fa tty  tissue. T ransposition of sk in  w ith a p ro 
ximal or d istal pedicle from  the dorsodatera l surface of the finger to  the defect 
offers com plete rep lacem ent, from  a qualitative point of view, so th a t com 
p licated  flap transposition  from  a d istan t site  is unnecessary. Im m obilization of 
the finger is sim ple and does not trouble the  pa tien t in  the  least. The resu lting  
secondary  defect m ust alw ays be covered w ith a free skin  g ra ft (D iagram  IV).

From the preceding discussion it follow s th a t the reason for closure of defects 
by local sk in  tran sfe r is m ost frequen tly  loss of skin, a fte r traum a, tum our re 
section or a fte r X-ray rad iation ., All these types of defects cause functional 
d isorders of the affec ted  region and not sim ply cosm etic deform ities. The skin 
defects should alw ays be covered w ith fu ll-th ickness skin since the defects are 
dangerous in  th a t the  pathological changes extend fa r  beyond the visible area  
of the  deform ity and the ir typ ical endarte ritic  processes are  progressive and 
lead, a fte r tran sito ry  im provem ent and healing, to d isin tegration . In 'th is  century 
of radioisotopes it is also to be expected th a t even g rea te r sequelae w ill occur 
from  rad ia tion  on the  surface and deeper p arts  of the  body. This m eans tha t 
the num ber of in juries from  isotopes w ill be substan tia lly  h igher ten  years 
hence th an  it is now. The local conditions in fresh  loss of sk in  are  som ew hat 
d ifferen t from  those obtaining a fte r rem oval of m ore extensive blocks of scar 
tissue. Here the surroundings are  not pathologically  a lte red  and the resu lts are 
therefo re  very favourable.

It is possible, in  general, to  close defects of a m ore lim ited size by local 
flap  transfer. Its use is d ic tated  solely by local conditions, th a t is, on the pos
sibility  of sk in  tran sfe r by m eans of variously shaped incisions.

Although th is  type of p lastic  procedure may be used anyw here on the body, 
it is of the  g rea test im portance in  p lastic  surgery  of the  face, for sk in  lying in 
the im m ediate vicinity, w hich fa r surpasses sk in  from other p arts  of the body 
in regard  to quality  and colour, is used to rep a ir the  deform ity. The closer the 
sk in  used is to the  defect, the  m ore sa tisfac to ry  is the  functional and esthetic  
effect. Consequently, the  necessity  is alw ays stressed  of perform ing skin tran sfe r 
on the face even if it is very com plicated, in  order to re fra in  from  grafting  skin 
of a d ifferen t ch arac ter from  m ore d istan t p arts  of the body.

The m obility of the sk in  is dependent on its  flexibility and thickness, on 
the th ickness of the fa tty  tissue and, to a considerable extent, on the age of the 
individual. The sk in  of children  and old people show s ex traord inary  good 
mobility. In ch ildren  th is is due to the th in  sk in  and the th ick  layer of fat, out



of p roportion  to  the  skele ton  and m uscle. In o lder persons the sk in  is flaccid 
due to the  loss of elasticity .

If the incisions on the body are m ade in  the d irection  of the Langer lines, 
th a t is, in  the d irection  of sk in  tension, the  edges of the  wound m ay be approx
im ated to each o ther w ithout tension  or pressure. However, th is does no t apply 
on the face since here  it is necessary  to be guided by the physiological w rinkles 
and grooves which, fo r the  m ost part, run  a t rig h t angles to  the  d irec tion  of 
m uscular pull.

The advantages of sk in  tra n sfe r  over the  free  sk in  g rafting  consists m ainly 
in  the  fac t th a t in  the fo rm er case  sk in  is used  w ith  a lay er of fa tty  tissue w hich 
p rac tica lly  never succumbs to con trac tu res and has a substan tia lly  b e tte r esthetic  
appearance. Full rep lacem en t of sk in  from  the  im m ediate v icinity  of the  defect 
w ith p reservation  of vascular and  nervous continu ity  guaran tees favourable 
conditions for healing  and form ation  of sa tisfac to ry  surfaces. In con trast to 
d istan t tran sp lan ted  skin, local tran sfe r is less tim e consum ing, m ore sa tisfac to ry  
w ith  regard  to  sk in  colour, does no t requ ire  any im m obilization in  the  necessary  
position, and, above all, does no t requ ire  m odelling w hich in  flap  procedures 
considerably prolongs the  period of trea tm en t. As w ith every operative m ethod 
local sk in  sh ifting  has its  shortcom ings also. Its g rea te s t d isadvantage is th a t 
it m ay be used only for sm aller defects, as adherence to the  princip le  of p reserva
tion  of vascular and  nervous connection  of the sh ifted  sk in  w ith  the  surroundings 
is possible only in sm aller deform ities. In certa in  p a rts  of the body (soles of the 
fee t) w here the sk in  is only sligh tly  mobile and not in  any abundance, th is 
p rocedure is difficult. The need to  close the  resu lting  secondary defect in  some 
cases (bridge flap) w ith free  sk in  g ra fts  is its  fu rth er disadvantage. But in  spite  
of these shortcom ings it may be said  th a t the unquestionable advantages of local 
sk in  sh ifting  exceeds the disadvantages.

C O N C L U S I O N

On the basis of an  analysis of the possibilities of sk in  tran sfe r is should be 
em phasized th a t it is one of the  m ost versatile  operative techniques in p lastic  
surgery. Skin sh ifting  can be used for defects of the  sk in  of various etiology, 
of lim ited ex ten t anyw here in  the body, and guaran tees a good functional and 
esthetic  resu lt. The techn ica l sim plicity  and the fac t th a t it  is no t tim e consum ing 
exceed certa in  d isadvantages of the  p lastic  procedure.

S U M M A R Y

Local tran sfe r of sk in  is the  m ost commonly used in  local p lastic  procedures 
w hich denote the rep a ir of defects w ith sk in  from  the im m ediate vicinity  w ithout 
disturbing the vascular and nervous connection. This m ethod is ind icated  w her
ever it is necessary  to rep lace  the  sk in  defect w ith  skin  contain ing  a layer of 
subcutaneous (fa t and w herever the  size of the defect does not require the use 
of sk in  from  a d istan t site . Various types of surg ical techniques are  explained 
and docum ented: m obilization of the  edges and suture of the wound, m obilization
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of the edges w ith relaxing incisions around the defect and beyond. Transposition 
of wedge flaps is also discussed.

The advantages of local p lastic  procedures consist m ainly in the fact that 
the  sh ifted  sk in  p rac tica lly  never con tracts, it is m ore suitable in colour and 
texture, and it does not requ ire  m odelling so th a t the  period of trea tm en t is 
considerable shortened. Its d isadvantage is th a t it cannot be used for large 
defects and in regions w ith very little  mobile skin.

B H  B O H

MecTHBie m em eHHH kohkh ua  pejroM rejie

P. 3  p s  e ji h

MecTHHe CMemeHHíi koíkh hbjihiotcíi cbmlim nacTHM mctobom npn x. Has. mbcthoh njiacxHKe, 
Koxopaa oana'iaeT saKpHTHe KCHCHoro ae^eKxa KroKeii c řienocPÍ' cTB eH H o6jih3qcth  Sea napy- 
ineHHa cocy£HCTOH h HepaHoii cbh3h. Ona  noKasaHa eeajte xaM, m e  HeoSxoaHMO kojkhbih jtefieKT 
saKptixb koaten c noaKoatHbiM atnpoM h rs e  oSninpHocxb nejieKTa He xpeSyei npoHSBecxn nepe- 
ca£Ky KoatH c oxaajieHHbix Mecx xeaa. B cxaxbe oSbacneHbi H paccMOxpeHbi pasnbie b h a m  MecxHon 
njiacxHKH; moohjiH3aiiHH Kpaes h  ciiiHBaHHe paHbi, Mo6HJiH3apHii KpaeB c paspesOM Ha Kpaio 
jie$eKxa h  c paspeaoM b oxAajieHHbix Mecxax. JiojiatHoe b HMManiie nocBameHO ran  ate njiacxHKe 
npn homoihh nepeMemeHHH scxpeiHbix xpeyrojibHbix aocKyxoB.

IIpeH M ym ecxBa MecxHoii m iacxH K n saKjiEoxatoxcH, rJiasH biM  oSpaaoM , b  x o m ,  h t o  CMemeHHaa 
K oata npaKTHnecKH He CMopmn b  a e x c a ; OH a a y q m e  s c e ro  n o a x o f lH T  b  o x h o u i c h h h  p s e x a , n e  xpe- 
Syex npHMeneHHH MOaejiHpoBOHHoň naacxH K H , b  b  H ay H ero cpoK jieneHHB 3HaHHxejibHO 
coK partjaexca . IleB biroaO H  ee a s a a e x c a  xo, h x o  ee h g j i l s h  npHMeHHXb n p n  S o h b u i h x  ae^eK x ax  
H b o S jiac x a x  c m a o n o ;;ba>Ki:o ;Í kohcch.

R É S U M É

Béplacement čutané local sur le corps entier

R. E r  d  é 1 y i

Les d é p la c e m e n ts  c u ta n é s  lo cau x  so n t le s  a u x ill ia ire s  le s  p lu s  f re q u e n ts  d a n s  la  
„ p la s tlq u e  lo c a le "  qu i c o n s is te  á  m asq u e r  un  d é fa u t č u ta n é  av ec  le s  e n v iro n s  im m éd ia ts , 
s a n s  in te r ro m p re  le s  l ia iso n s  n e rv e u se s  e t  v a sc u la ire s . II y a  in d ic a tio n  p a r to u t  oů 11 
fa u t re m p la c e r  u n  d é fa u t č u ta n é  p a r  de la  p e a u  avec  de la  g ra is se  so u s -cu ta n ée  e t  ou 

1’é te n d u e  du d é fa u t  n e  ré c la m e  p a s  la  t r a n s p la n ta t io n  c u ta n é e  ď u n  e n d ro it  du  co rp s  
é lo ig n é . L’a u te u r  ex p liq u e  e t  d o cu m en te  d iv e rse s  so r te s  de  p la s tiq u e s  lo c a le s :  m ob ili
s a tio n  d es  b o rd s  e t su tu re  de  la  p la ie , m o b ilisa tio n  d es  b o rd s  av ec  in c is io n  au  b o rd  du 
d é fa u t e t in c is io n  á  d e s  e n d ro its  p lu s  é lo ig n és . L’a u te u r  a tta c h e  é g a le m e n t so n  a tte n tio n  
á la  p la s tiq u e  av ec  lam b e au x  tr ia n g u la in e s  (z e t-p la s tiq u e ) .

L es a v a n ta g e s  de  la  p la s tiq u e  lo ca le  re p o s e n t  d a n s  le  fa it  que  la  p e a u  d é p la c é e  
ne  r id e  p ra tiq u e m s n t  p as , c o n v ie n t le m iex  du  p o in t de  v u e  de c o lo ra tio n  e t n e  n éces- 
s ite  p a s  de  m o d e lag e  p la s tiq u e , de so r tě  que  la  p é rio d e  de  tra i te m e n t e s t  n o to ire m e n t 
ré d u ite . Ses d é sa v a n ta g e s  so n t  le s  su iv a n ts :  e lle  n ’e s t p a s  e m p lo y ab le  d a n s  le s  d é fa u ts  
c u ta n é s  é te n d u s  e t  d a n s  le s  ré g io n s  oú la  p e au  e s t  peu  d ép lag ab le .

113



Z U S A M M E N F A S S U N G

Lokále Hautverschiebungen am ganzen Korper
R. E r d é 1 y i

Lokale H autverschiebungen sind das haufigste  H ilfsm ittel bei der sog. L okalplastik , 
die eine Deckung des H autdefek tes aus der unm itte lbaren  Umgebung ohne U nterbre- 
chung des Gefdss- und N ervenbahnen bedeuten. Sie sind ůbera ll d o rt ind iziert, wo es 
notw endig  1st den .H autdefekt durch H aut und subcutanes Fettgew ebe zu e rse tzen  und 
wo die A usdehnung des D efektes ke ine  H au ttran sp lan ta tio n  aus en tfe rn te ren  Korper- 
ste llen  e rfo rdert. Es w erden  versch iedene A rten von P lastiken  e rk la r t und dokum entiert: 
M obilisation der R ander und W undnaht, M obilisation der R ander m it E inschn itt am 
D efektrand E inschn itt an e n tfe rn te ren  S tellen. Der Plastik  du rch  A ustausch von Z-Lappen 
w ird ebenfa lls  eine en tsp rechende A ufm erksam keit gew idm et.

Die Vorzuge d e r L okalplastik  beruhen haup tsach lich  darin , dass die verschobene 
H aut n ich t schrum pft, am besten  der Farbe nach en tsp rich t, ke ine  M odellationstechnik  
benotig t, sodass die B ehandlungsdauer w esen tlich  verk iirz t w ird. Ihre N achteile : Un- 
brauchbarkeit bei grossen  D efekten und in  Teilen m it w enig versch iebbaren  Haut.
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M edical D epartm ent, G eneral H ospital in  O strava (C zechoslovakia)
D irector: J. Černý, M. D.

The B urns U nit of th e  D epartm ent of Surgery. G eneral H ospital in O strava 
D irector: K. Typovský, M. D.

NEUROPLEGICS AND HORMONES 
IN THE TREATMENT OF BURNS

R.  D O L E Č E K ,  J .  K A L I N A ,  L .  K L A B U S A Y

In addition  to local changes, every serious case of burns can also produce 
extensive genera l reactions, w hich are  often exaggerated  and d isproportionate  
and m ay cause considerable harm  or even death . There are  m any d ifferen t in 
d icato rs of these reactions (blood pressure, pulse, ionic changes in  the  urine 
or serum , changes in  the ery th rocy te  or leucocyte count or the haem atocrit, 
the  behaviour of eosinophils, s tero id  excretion, ADH values in the  serum , e tc .).

If the  cen tra l nervous system  — hypothalam us — p itu itary  — adrenal cortex 
system  reac ts  norm ally, s tero id  excretion values, p articu larly  of glucocorticoid 
catabolites, are  an alm ost d irect in d ica to r of the action  of the  stress. The sam e 
also applies, w ith certa in  reservations, to eosinophil (EO) values and also p er
haps, to some extent, to an tid iu re tic  horm one values (ADH). Under the action 
of stress, the  am ount of ADH in the serum  appears to increase before normovo- 
laem ia and isoionia are  disturbed (Charvát 1956).

E arlier studies by the p resen t au thors (Doleček 1956, 1958) and by o thers 
Sevitt 1951, 1954, Wight et al. 1953, W ilson et al. 1955, Hume et al. 1956, 
Moore 1957) show th a t functional hypercorticalism  of varying duration  develops 
in m ost cases of burns. The level of 17-hydroxycorticoids (17-OH) usually  re 
m ains raised fo r a p articu larly  long time, occasionally  for as long as several 
m onths. Values of 17-ketosteroids (17-KS) are  not genera lly  raised  for as long 
as 17-OH values. An increase in  the  a ldosterone level in the  urine was found on 
some occasions (maximum 20 gam m a/day), but low values w ere also found 
(Doleček et al., in p ress). Raised ADH values were; likew ise found in the serum  
of all p a tien ts  w ith burns, during the first days and w eeks (maximum 110 m icro
units/m l.) — see table 13. In the papers cited above (Doleček 1956,1958) m ention 
w as m ade of the  possible harm  caused by exaggerated, d isproportionate  reactions 
to burns on the p a rt of the ad renal cortex (osteoporosis, poor healing  of th e  
w ounds, the  developm ent of psychotic reactions, w orsening of diabetes, u lcer
ation of the a lim entary  trac t, etc .). High ADH values could have an adverse 
effect by w orsening oliguria; they m ight also endanger the p atien t ind irectly
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by causing re ten tio n  of a large p a rt of infusions of e lectro ly te-free  w a te r (e .g . 
5% glucose), resu lting  in an increase in  the  to ta l am ount of w ate r in the  body, 
w ith a consequent decrease in  ion concentration . The experim ents of Dudley 
et al. (1954) and of Moore (1957) on th is subject are  p articu larly  in teresting .

For the inhibition  of exaggerated  reactions by the  organism  afte r burns, 
the authors, since 1956, have begun using the  m odified m ixture M2 (C aitham l),

116



w hich contains H ydergine ( =  DH-Ergotoxin-Spofa), Sandosten-calcium  andP an- 
thesine (the  H ydergine, Sandosten-calcium  and Panthesine w ere kindly supplied 
by Sandoz, the DH-Ergotoxine by OIS Spofa). In order to verify the success 
of inhibition  of the  reaction  of the ad renal cortex a fte r burns, and henjce, to

B.K

Fig. 1. P atien t B. K., aged 43. Burns involving 65% of body surface (45% th ird  degree, 
20% second d eg ree). T reated  w ith neuropleg ics (N P). Also given horm ones.

some extent, the  reaction  of th e  organism  as a whole, ind icato rs of the function 
of the  ad renal cortex and o ther tests  w ere studied  over long periods in alm ost 
ha lf the  patien ts  tre a te d  w ith the above neuroplegics. Excretion of 17-KS, 17-OH, 
Na, Ca and K in the urine  and EO values w ere studied  daily. Recently, a ldoste
rone has also been determ ined in the urine and ADH in the serum. In some 
p atien ts  w ith  burns, free and conjugated  17-OH w ere also determ ined in  the 
plasm a.

The patien ts  w ere na tu ra lly  trea ted  a t th e  salne tim e in  the classic m anner 
(local trea tm en t, infusions, antibiotics, nu trition , etc.).

The use of neuroplegics and h ibernation  in  the  trea tm en t of severe burns 
has been described by Chippaux (1954), H uguenard (1956), S tiittgen (1955, 1957),

T a b . 1. S u rv e y  o f  a ll b u rn e d  p a t ie n ts  t r e a te d  w ith  n eu ro p leg ic s  in  1956— 1959.

P e rc e n ta g e  o f  
b o d y  su rface  

in v o lv ed

N u m b e r  o f  
p a t ie n ts

N u m b e r  o f  
d e a th s

M o rta lity
0/Zo

1 0 - 1 9 8 0 0
2 0 - 2 9 0 0
3 0 - 3 9 17 0 0
4 0 - 4 9 11 4 36
5 0 - 5 9 9 4 44
6 0 - 6 9 8 2 25
7 0 - 7 9 3 2 67
8 0 - 4 4 100

67 16

T h e  p a t ie n ts  in c lu d ed  47 a d u l ts  a n d  20 c h ild re n . A ll w ere  fro m  seco n d  to  fo u r th  d eg ree .
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Kaloud (1958) and others. The V ishnevsky block and m orphine are  also in tended  
to serve a sim ilar purpose. An accoun t of laboratory  experiences in  the long
term  study of stero id  excretion in  the  urine  of pa tien ts  suffering  from  burns 
trea ted  w ith neuroplegics has a lready  been given elsew here (Doleček 1958, 
1958a).

The use of cortisone and ACTH in the trea tm en t of burns has been discussed 
by a num ber of authors, w hose resu lts  are  not, however, alw ays in  agreem ent 
(C rassw eller 1950, W hitelaw  1951, Adam et lal. 1951, Olsen 1952, Heinzel 1953, 
M artin 1955, F rank  1957 and o th e rs ). In the course of th e ir  investigations, the 
p resen t authors a ttem pted  to elaborate  ra tio n a l indications fo r the  adm in istra
tion  of these  substances in cases of burns and also to determ ine ind ications for 
^he adm in istra tion  of o ther horm one p rep ara tio n s during d ifferen t phases of the 
illness. Longterm  study  of the  function  of the ad rena l cortex in patients' w ith 
burns enabled these ind ications to be established.

M E T H O D S

The neuropleg ic  m ixture w as adm in istered  to p a tie n ts  w ith  burns over a period of 
severa l days. The dura tion  of th is  trea tm en t and the daily  num ber of doses w ere d e 
term ined  by the clin ical condition  and labora to ry  findings.

One dose con tained  0.6 mg. H ypergine, 5 ml. 5%' P an thesine and 10 ml. Sandosten- 
calcium . For the f irs t tw o to th ree  jdays the p a tie n t usually  received  tw o to  four doses 
daily . In m ost cases the average period  of tre a tm en t w as five to  six  days.

A fter the p a tie n t w as adm itted , the saphenous vein w as usually  exposed 10—15 cm. 
from  the inguinal ligam ent, a po lyethy lene tube w as in serted  and one dose of neurop leg ic  
m ixture in  5% glucose and physio log ical sa line  w as adm inistered  in travenously . One 
dose d ilu ted  w ith  th e  sam e am ount ;of physio logical sa line  w as usually  adm inistered

T a b . 2. S u rv e y  o f  a ll b u rn e d  c h ild re n  t r e a te d  w ith  n e u ro p le g ic s  in  1956— 1958.

P e rc e n ta g e  o f  
b o d y  su rface  

in v o lv ed

N u m b e r  o f  
p a tie n ts

N u m b e r  o f  
d e a th s

1 0 - 1 9 7 0
2 0 - 2 9 4 0
3 0 - 3 9 2 0
4 0 - 4 9 3 2
50 — 59 1 0
6 0 - 6 9 3 1

20 3

in tram uscu larly  a t the sam e tim e. The doses for ch ild ren  w ere sm aller, com prising 0.1 
mg. H ydelrgine, 0.8 ml. 5% P anthesine and 1.6 ml. Sandosten-calcium  per 10 kg. body 
w eight. W hen “stepp ing  ou t” of neuroplegia, H ydergine linguets or DH-Ergotoxine in 
d rops w ere used. No side-effects from  the neuroplegic m ixture w ere observed.

K etosteroids w ere determ ined  in  the  urine by a m odification  of M atys’ method 
(M atys 1951), to ta l 17-OH w ere determ ined  in the urine by Reddy’s m ethod (Reddy 1954, 
Doleček and Novák 1956), free  p lasm a 17-OH by the P orter-S ilber m ethod (1954) and 
conjugated  17-OH by the m ethods of Reddy (1956) and of D oleček and E ndryáš (1959).
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M oolenaar’s m ethod (1957) w as used for a ldosterone  estim ation  and  ADH in the serum  
w as determ ined  by the m ethod of H oleček e t al. (1954). N orm al urine 17-KS values are 
15 ±  5 m g./day for m en and 10 ;±  5 m g./day for w om en. A verage urine 17-OH values 
a re  5—6 m g./day, the upper lim its of norm al values being 10—12 m g./day. ADH in the 
serum  of norm al subjects, w ithout an  osm otic load or exposure to  stress, should be below 
15 m icrounits/m l. serum .
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Fig. 3. P atien t B. V., aged 50. Burns involving 69% of body surface (39% th ird  degree, 
30% second d eg ree). T reated  w ith neuroplegics. D ischarged cured, a fte r  67 days.

R E S U L T S

To date, 67 patien ts  w ith burns (adults of both sexes and children) have 
been trea ted  w ith neuroplegics in  addition to the  norm al treatm en t. Tab. 1 gives 
deta ils  on the extent of the burns and on survival in all the patien ts concerned.
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while Tab. 2 gives the sam e deta ils  for ch ildren  only. Of the  67 p a tien ts  trea ted  
w ith neuroplegics, a long-term  study w as m ade of 17-KS, 17-OH, sodium, p o tas
sium and  calcium  values in the  urine (for a maximum of 10 m onths) in 25 p a 
tients. Tab. 3 and 4 com pare the  resu lts  w ith the resu lts  obtained in an  English 
burns un it (Evans 1957) and in a ch ild ren ’s un iversity  clinic in A ustria (Kaloud 
1958).

T a b . 3. R e su lts  o f  t r e a tm e n t  o f  b u rn e d  p a t ie n ts  in  a n  E n g lish  U n it  
(A. J .  E v a n s , B r i t .  M ed. J .  1957, 5018, 547 — 551).

P e rc e n ta g e  o f  
in v o lv e m e n t

N u m b e r  o f  
p a t ie n ts

N u m b e r  o f  
d e a th s

M o r ta l i ty
p e rc e n t

1 0 - 1 9 98 0 0
2 0 - 2 9 40 0 0
3 0 - 3 9 21 5 23.8
4 0 - 4 9 9 2 22.2
5 0 - 5 9 9 4 44.4
6 0 - 7 6 85.7

T h e  p a t ie n ts  in  th is  ta b le  w ere  a ll u n d e r  60.

Tab. 5 and  6 give the averages of the lenght of s tay  in hospital, the  num ber 
of doses of neuroplegics and the am ount of infusion solutions in adults and 
children  who survived. The am ount of infusion solutions required  for pa tien ts  
trea ted  w ith neuroplegics is strik ing ly  sm all. For pursposes of com parison. Tab. 7 
show s the schem e of Baxter Lab. Inc., copyright 1954, fo r fluid consum ption.

Tab. 8 and 9 show th e  doses of neuroplegics used fo r one adult p a tien t (B.
S., 25 years, burns over 63% of the  body surface (20% second degree, 43% th ird  
degree) and in one child [P. G., 2 years, burns over 60% of the  body surface 
(50% second degree, 10% th ird  d e g re e )].

The neuroplegic m ixture used by the au thors inhibits ADH secretion . This 
was verified experim entally . A fter in travenous adm in istra tion  of 20 ml. 10% 
NaCl, ADH values in the  serum  of the 16 subjects investigated  rose in  the course 
of one hour to 28.4 m icrounits/1  ml. If the experim ental subjects received a dose 
of the given neuroplegics one day and IV2 hours before adm in istra tion  of the 
sam e dose of NaCl, ADH values rose only to  22.2 m icrounits/1  ml. serum . The 
d ifference is s ta tis tica lly  s ign ifican t (p betw een 0.05 and 0.02).

T a b . 4. S u rv e y  o f  a ll  p a t ie n ts  t r e a te d  fo r  b u rn s  a t  C h ild ren ’s U n iv e r s i ty  C lin ic, G raz . 1950— 1955
(H . K a lo u d  1958).

A re a  o f  b u rn s  a s  a  p e rc e n ta g e

- 1 0

O

2 1 - 3 0 3 1 - 4 0 4 1 - 5 0 5 1 - 6 0 o v e r  60

C ured 163 40 1
D ied 12 17 14 5 1 1 1
N u m b e r  o f  d e a th s

as a  p e rc e n ta g e 6.8 29.8 93.3 100 100 100 100

N eu ro p leg ics w ere  n o t  u se d  in th e  t r e a tm e n t  o f  th e se  p a tie n ts .
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Tab. 10 and 11 give the absolute and re la tive  ind ications for the adm in istra
tion  of cortisone or cortisol during the firs t days a fte r susta in ing  burns. Tab. 12 
gives the ind ications for the  adm in istra tion  of horm one p repara tions during 
d iffe ren t phases of the  illness.

Fig. 1 illu stra tes  the resu lts  of long-term  observation of 17-KS, 17-OH, so 
dium, potassium  and calcium  in the urine and of EO in  a fem ale p atien t with

BV

Fig. 4. See fig. 3.

severe burns, who in addition  to classic surgical trea tm en t w as also trea ted  w ith 
neuroplegics and horm ones.

The p a tien t, B. K., aged 43, suffered  burns of the face, both upper and lower 
extrem ities and the back, involving 65% of the  body surface, 20% being second 
degree and 45% th ird  degree burns [Fig. 2). The .burns w ere caused by ex
ploding benzine. Prior to the accident the pa tien t had been trea ted  for anaem ia.

On the firs t four days the p a tien t received a to ta l of 8,000 ml. fluid, adm i
n istered  p aren terally , including 6,300 m l. blood and plasm a. Intensive neuro
plegic trea tm en t w as given on the f irs t six days. In view of h er extrem ely 
serious condition, in  addition  to the  usual trea tm en t and adm in istra tion  of 
neuroplegics, the  p a tie n t w as also given cortisone, adm inistered  intram uscularly  
in am ounts of 100—50 mg. daily, and Agovirin (testosterone  p rop ionate), adm i
n istered  in tram uscularly  in am ounts of 25 mg. daily, for the first four days (Fig. 
1). The rap id  appearance  of EO, norm al 17-KS values and, except for one day, 
p rac tica lly  norm al 17-OH values in  the  urine  w ere strik ing . These was m arked 
sodium re ten tion  (functional hypera ldosteron ism ?). After six w eeks a m arked 
increase occurred in the  17-OH level in the urine, w ith a subsequent decrease 
in EO to low and alm ost zero values; the ery throcyte  count w as sligh tly  over
1,000,000 and considerable resp ira to ry  d ifficulties developed. M arked sodium re 
ten tion  was again  observed. At th is stage, osteom yelitis of the sternum , which 
developed during the firs t days a fte r adm ission, becam e worse. An a ttem pt was 
m ade to block catabolic reactions by prednisone and Agovirin. As seen  from 
Fig. 1, the  17-OH level in the urine decreased, EO increased  and the urine  flow 
dim inished. In view of presum ed inhibition of the o ther endocrine glands 
possibly as a resu lt of a p itu itary  “sh ift” (Selye 1949, 1950), sm all doses of Ago-
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T ab . 5. Survey of a d u lt b u rn ed  p a tie n ts  tre a te d  w ith  neuroplegics.

E x te n t
oy/o

T o ta l
n u m b e r S u rv iv e d D ied

N e u ro p le g ia A d m in . m  4 d a y s A v . no . 
o f  d a y s  
in  ho sp .D a y s D o se /d a y P la sm a ,

b lo o d
c ry s ta -

lo ids

1 0 - 1 9 1 1 0 3 1 500 950 52
2 0 - 2 9 3 3 0 1.5 1.5 690 400 23.5
3 0 - 3 9 15 15 0 3.8 2.7 1,789 1,350 54
4 0 - 4 9 8 6 2 5 2.8 3,118 3,158 103
5 0 —59 8 4 4 4.6 2.4 2,474 2,610 86
6 0 - 12 5 7 6 2.4 3,278 2,940 119

*) P atien ts w ho died no t included.

follin (oestrad io l-benzoate) and  of dessicated  thyroid  w ere adm inistered. The 
p a tien t’s condition  show ed m arked  im provem ent (healing, a m ore cheerful mood, 
appetite , blood p ic tu re ); 17-KS and 17-OH values rem ained  perm anen tly  norm al 
or even low. Slight m enstruation  occurred twice.

It is now m ore th an  tw o years since the acciden t and  the p a tien t feels well. 
In the  in terval she has had  repea ted  a ttack s of cholelith iasis, from  w hich she 
did no t suffer previously. M etastatic  calc ifications appeared  in  the axillae at 
the site  of previous abscesses. O steoporosis w as found in  som e bones, as a con
sequence of increased  m obilization of calcium  during prolonged stress. Bone 
changes in burned patien ts have been described in o ther com m unications (Š těp á
nek and Doleček 1959, Doleček and Š těpánek 1959).

See also fig. 3, 4, 5 and 6. On figures M m eans: u rine  in m l./day, D m eans 
days. Na,K and Ca are  given in  m g./day in  urine. On figures 2, 4 ad 6 the black 
areas m ean the III0 burns, th e  do tted  areas the II0 burns.

D I S C U S S I O N

Although the 67 p a tien ts  w ith burns who w ere trea ted  w ith neuroplegics 
in addition to the classic trea tm en t do no t constitu te  a very large series, the 
au thors are  of the opinion th a t th is series is not too sm all. They particu larly  
s tre ss  the fact th a t m ore th an  50 of these  p a tie n ts  had severe burns involving 
over 30% of the body surface, th a t the p a tie n ts  w ere kep t under observation

T a b . 6. S u rv e y  o f  b u rn e d  c h ild re n  t r e a te d  w ith  n eu ro p leg ic s.

E x te n t
o/

T o ta l
n u m b e r S u rv iv e d D ied

N eu ro p le g ia A d m in , in  4 d a y s A v . no

D a y s D o se /d ay P la sm a ,
b lo o d

c ry s ta -
lo id s

o f  d a y s  
in  ho sp .

1 0 - 1 9 7 7 0 2.1 1.2 256 183 32.5
2 0 - 2 9 4 4 0 2.0 1 690 510 61
3 0 - 3 9 2 o 0 3.0 1 670 300 67
4 0 —49 3 1 2 4.0 2 2,145 3,650 74
5 0 — 59 1 1 0 4.0 2 1,000 800 61
6 0 - 3 2 1 3.0 2 810 600 61

*) P atien ts w ho died no t included.
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T ab. 7. F lu id  consum ption  for second degree bu rns in ml. (according to  A m erican au thors).

E x te n t
%

P la sm a  a n d  
b lood E le c tro ly te s G lucose

2 0 - 2 9 2,500 2,000
3 0 - 3 9 500 3,500 2,000
4 0 - 4 9 1,000 4 ,500 1,500
5 0 - 5 9 1,250 6,000 1,500

F lu id  c o n su m p tio n  fo r  th i rd  d e g re e  b u rn s  in  m l.

2 0 - 2 9 500 2,000 2,000
3 0 - 3 9 1,000 3,000 2,000
4 0 - 4 9 1,500 4,000 1,500
5 0 — 59 1,500 6,000 1,000

T h e  a m o u n ts  a re  c a lc u la te d  fo r  a  b o d y  w e ig h t o f  70 k g ., fro m  th e  sch em e o f  B a x te r  L a b o ra to r ie s  
I n c .,  C o p y rig h t 1054.

for long periods and th a t num erous tests  w ere carried  out in the course of t re a t
m ent. In the discussion the au thors w ish to reem phasize some of the ir observa
tions and to a ttem p t to explain some of the results.

Some of the clin ical signs in  burned patien ts  trea ted  w ith neuroplegics are 
w orth  m entioning. One fea tu re  w as the relatively  quiet course of stages w hich 
are  norm ally storm y. The p atien t was quiet and cooperated  better, the usual 
vom iting was absent, the care of such patien ts  was generally  easier than 
of pa tien ts  not trea ted  w ith neuroplegics and rehab ilita tion  could be com 
m enced sooner. A  favourable effect on tachycard ia  w as often  observed. The 
blood pressure could be m easured in a few  cases only, since in m ost cases the 
upper extrem ities w ere also burned. During the  firs t days, tem pera tu res were 
alm ost alw ays below or about 36° C; the toxaem ia phase was m ostly free  from 
septic sw inging of the tem perature, rigors and profuse sw eating  and the tem 
pera tu re  ra re ly  exceeded 38° C.

Sixteen of the  patien ts  trea ted  w ith neuroplegics died. Most of these were 
cases of very severe burns, usually  involving m ore th an  50% of the body surface

T a b . 8. A v e rag e  doses o f  n eu ro p leg ic s  fo r one  p a t ie n t  (T he g iv e n  doses a re  fo r th e  w ho le  d a y .
(See te x t) .

D a y s H y d e rg in e  in  
m g.

S an d o ste n - 
ca lc iu m  in  m l.

5 %  p a n th e s in e  
in  m l. R e m a rk s

1 1.8 30 15 I n  th r e e  doses 
( 2 x  i. v ., 1 x  i. m .)

2 \̂

;)
1.2 20 10 I n  tw o  doses

(1 x  i. v ., 1 X i. m .)

3 0.6 10 5 I. m . in  o n e  dose
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{Tab. 1 and 2). Encouraging resu lts  w ere obtained in children. Of a to ta l of 20 
ch ildren  trea ted  w ith  neuroplegics, only th ree  ch ild ren  w ith  severe burns died. 
On com paring these resu lts  w ith o ther series of cases of burns no t trea ted  w ith
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Fig. 5. P atien t S. aged 59. Burns involving 65,% of body surface  (55% th ird  degree, 
10% second d eg ree). T rea ted  w ith  neurop leg ics for f i rs t  th ree  days; in tensive n eu ro 
plegic trea tm en t repea ted  during toxaem ic phase because of high tem pera tu res  not 
responding  to an tipy re tics. It is in te restin g  to no te  steady  decrease  in 17-KS and 17-OH, 
desp ite  the adm in istra tion  of cortisone and tes to ste ro n e  prop ionate , .with constan t zero 

eosinophil values. The p a tien t d ied on the 22nd day.

neuroplegics (Tab. 3 and 4), they are  seen  to  be very favourable. No neurop le
gic-treated  p atien ts  in  w hich the burns involved less th an  40% of the  body 
surface died in th is series. The som ew hat h igher percen tage  of deaths in the
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40—49% group in the p resen t series as com pared w ith the English series can be 
explained on the basis of the p articu larly  severe degree of burns in th is group. 
A nother s trik ing  fea tu re  is the  m uch low er consum ption of infusion solutions 
in  the patien ts  of the p resen t series. This is best seen  from  a com parison of 
Tab. 5 and  6, w hich show  the average consum ption of infusion solutions accord
ing to the degree of the burns in the p resen t series, w ith Tab. 7, w hich shows 
the schem e of an  Am erican firm . H ealing takes place much m ore rapidly  in 
patien ts  trea ted  w ith  neuroplegics (better blood supply? decrease in  hyper
secre tion  of glucocorticoids? action  via the  cen tra l nervous system ?), as seen 
from  the re la tive ly  sho rt s tay  in  hosp ita l (Tab. 5 .and 6).

The influence of pro longed adm in istra tion  of neuroplegics on the function 
of the  ad renal cortex is quite  m arked. It resu lts  no t only in the early  appearance 
of EO, but also in a pronounced decrease in  stero id  excretion (firs t p a rt of Fig. 
1, Fig. 3 and papers from  Doleček 1958, '1958a). Extensive burns are  often 
accom panied by alm ost norm al (no t ra ised ) 17-KS and 17-OH values, w ithout 
any signs of hypocorticism  (e. g. Fig. 3). Such s ta te s  w ere observed repeatedly . 
It thus seem s th a t increased  excretion of 17-KS and 17-OH in the urine is not 
essen tia l to  sa tisfac to ry  recovery even in  p a tien ts  w ith  very severe burns. P las
m a 17-OH values likew ise need not alw ays be g rea tly  raised . Although the possi
bility  of increased  u tilization  of cortical horm ones m ust be borne in mind, it is 
nevertheless also im portan t, in th is  connection, to take  into account the  con
ception of the  perm issive role of cortical horm ones (Ingle 1951).

In patien ts  w ith  severe burns it w as som etim es necessary  to com bine neuro
plegic trea tm en t w ith  cortisone, so as to inhibit hyperpyrexia, w hich cannot be 
contro lled  by any o ther m eans. In such cases prednisone is a satisfac to ry  sub
stitu te  fo r cortisone. Fig. 5 illu stra tes the  case of S. J., who suffered severe 
burns, and in  whom toxaem ia w as accom panied by m arked  hyperpyrexia. It 
show s a pronounced decrease in 17-KS and  17-OH to low values, w ith perm anent 
aneosinophilia . The 17-KS and 17-OH level fell despite  the adm in istra tion  of 
cortisone and Agovirine. This is ano ther in teresting  exam ple of the  in te rre la tio n 
sh ips and differences in the regulation  of EO and the cortical horm ones.

It is im possible to s ta te  exactly by w hat m echanism  neuroplegics in terfere  
in  neuroendocrine reactions, but it is alm ost certa in ly  a m echanism  which 
a ffec ts  no t only the p itu itary -ad renal system , but also o ther organs, via the

T a b . 9. D o ses o f  n eu ro p leg ic s  u se d  in  th e  case  o f  a  tw o -y e a r-o ld  c h ild  (v . te x t) ,  w h ich  c a n  b e  
re g a rd e d  a s  a v e ra g e  (in  r e la t io n  to  w eig h t).

D a y s H y d e rg in e  in  
m g.

S an d o ste n - 
c a lc iu m  in  m l.

5 %  p a n th e s in e  
in  m l. R e m a rk s

1 0.2 3.2 1.6 I n  tw o  doses
(1 X i. v ., 1 X i. m .)

i }
0.1 1.6 0.8 I n  o n e  d o se  i. m .

T h e  g iv e n  doses a re  fo r  th e  w ho le  d a y .
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cen tra l nervous system . Under the  influence of the  neuroplegic, the  organism  
becam e less storm ily  “percep tive” of the  stress, if such an  expression can be 
used, and its exaggerated  reaction  ceased. In the  given doses, the  neuroplegic  
mixture dam ps  dow n  adap ta tion  m echanism s before  the p itu itary .  This explains 
why it is possib le  to  b lock  the reactio  to  s tress ,  but not to  the adm in istra tion

Fig. 6. See fig. 5.

of ACTH (Doleček 1958, 1958a). Sim ilar resu lts  w ere obtained by Am erican 
authors (Christy et al. 1956, Ohler 1956, etc.).

It is very probable th a t in the p resen t case the neuroplegics in terfered  
successfully in the exaggerated  catabolic reaction  of the  organism , w hich under 
th e ir  influence did not reac t d isp roportionately  to the  severe stress. A very fa 
vourable ind ica to r in  th is association  is the  early , g radual increase in  EO, w hich 
usually  appeared  sooner In p a tien ts  trea ted  w ith neuroplegics th an  in  others. 
The au thors do no t claim  th a t the early  appearance  of EO is alw ays a sign th a t 
all is well, but prolonged low and zero EO values w ere alw ays an  ind ication  of 
a grave condition (e .g . Fig. 5).

N europlegia also seem ed to  have a favourable effect on th e  urine  flow  in 
patien ts  w ith burns. It is possible tha t, in  addition  to o ther functions (e. g. the  
renal blood flow ), the neuroplegics also in te rfe red  in  hypersecretion  of ADH, 
excretion of w hich w as ra ised  a fte r burns (Tab. 13).

A part from  selection  of the  p repara tion  (e. g. m ixture or M2), an im 
p o rtan t question  in the  adm in istra tion  of neuroplegics is the dosage and the  
duration  of trea tm ent. In the  au tho rs’ view, the Modified M3 m ixture, i. e. Hyder- 
gine ( =  DH-Ergotoxine), Sandosten and  Panthesine, is more sa tisfac to ry  than  
m ixture H ydergine is not know n to produce unp leasan t side effects like 
chlorprom azine (tachycard ia , liver involvem ent, e tc .). P a tien ts are not so sleepy 
a fte r M2 as they  are  a fte r  — a very im portan t condition fo r cooperation.

The au tho rs’ own experim ental resu lts  in ra ts  (K labusay), w hich w ere re 
la ted  d irectly  to the problem  of clin ical observations, and the  experim ental re 
sults of o ther au thors (Špaček et al. 1957) confirm  these views. As a resu lt of 
the ir experiences, the au thors have ceased in the m ain to use m ixture and
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T a b .  10. I n d ic a t io n s  fo r  th e  a d m in is t r a t io n  o f  c o r tiso n e  o r  co rtiso l in  th e  t r e a tm e n t  o f  b u r n s  
d u r in g  th e  f irs t  d a y s  a f te r  th e  a c c id e n t. — I .

A b so lu te  in d ic a tio n s T im e  o f  
a d m in is tr a t io n D oses

P a t ie n ts  t r e a te d  fo r p r im a ry  o r  s e 
c o n d a ry  h y p o c o rtic ism

T h ro u g h o u t 100 — 200 m g ./d a y , acco rd in g  to  
e x te n t  o f  b u rn s , c lin . s t a te  an d  
lab . f ind ings

P o te n t ia l  h y p o c o r tic ism  (if  d iag n o sed  
p rev io u sly )

T h ro u g h o u t 5 0 — 100 m g ./d a y  a n d  m o re , a s  
re q u ire d

P a t ie n ts  ta k in g  a d re n a l  h o rm o n e s  
(g lu co co rtico id s) fo r  a  lo n g  t im e  p r e 
v io u sly

P re fe ra b ly
th ro u g h o u t* )

5 0 — 100 m g ./d a y  a n d  m o re , acc . 
to  c lin ica l s ta te

A d re n o g e n ita l sy n d ro m e  w ith  low  
17 — O H

T h ro u g h o u t 5 0 — 100 m g ./d a y  a n d  m o re

V e ry  low  s te ro id  e x c re tio n  v a lu e s  
a f te r  in ju ry , w ith  g e n e ra lly  n o rm a l 
u r in e  flow . C o n s id e rab le  so d iu m  loss 
v ia  u r in e  (p e rh a p s  b e t te r  to  g iv e  a ld o 
s te ro n e  o r  d eo x y c o rtic o s te ro n e )

A cc. to  c lin . s ta te  a n d  
lab . f ind ings

5 0 — 100 m g ./d a y , a c c o rd in g  to  
c lin ica l s ta te  a n d  la b o ra to ry  
find ings**)

*) G ra d u a lly  re d u c e  doses i f  re q u ire d , o ccas io n a lly  a d m in is te r  A C T H  (e ith e r  b y  i. v . in fu sio n  
o r  lo n g -a c tin g  i. m .)

**) T h is  m a y  b e  a  fu n c tio n a l  o r o rg an ic  d is tu rb a n c e  o r  o n ly  a  te m p o ra ry  c o n d itio n  a t  a d re n a l  
lev e l o r  h ig h e r. P re fe ra b ly  g iv e  c o r tiso n e  o r  co rtiso l a n d  g ra d u a lly  re d u c e  d oses, occasio n a lly  
a d m in is te r in g  A C T H .
T h e  doses a re  a p p ro x im a te  a n d  i t  is  im p o r ta n t  a lw a y s  to  fo llow  th e  p a t ie n ts ’ g e n e ra l c o n d itio n  
a n d  th e  la b o ra to ry  find ings. I n  sev ere  cases i t  is  p re fe ra b le  to  a d m in is te r  c o r tiso l in tra v e n o u s ly  
(100 m g . co rtiso l in  5 %  g lucose  fo r  2 — 4 h o u rs) . T h e  doses a re  g iv e n  fo r  c o r tiso n e ; 25 m g . 
co rtiso n e  =  a p p ro x . 20 m g . co rtiso l.

even in  anim al experim ents they found th a t chlorprom azine did not favourably 
influence survival of anim als w ith burns or hasten  the healing  of skin  burns. 
In large doses it has an  unfavourable stresso r effect on the p itu itary -adrenal 
regulatory  system . Small doses of M2, w hich proved m ore sa tisfac to ry  in  clin ical 
p ractice, also proved sa tisfac to ry  in experim ents. They gave the h ighest survival 
resu lts  and healing was also more rap id  (see Doleček et al. — in p ress). In cases 
of extensive burns, over-large doses of M2 are  harm ful, as the authors found from 
th e ir own expericence and as s ta ted  in  the lite ra tu re . Over-inhibition of defence 
reactions does not have a good effect either. All th a t is n ecessary  is to  inhibit 
“overshooting” of th ese  reactions.  S im ultaneous experim ental trea tm en t w ith 
h ibernation  and neuroplegics did no t produce good resu lts ; on the contrary , the 
condition tended  to d e terio ra te  (K ochetygoff 1957).

The duration  of trea tm en t and gradual “stepping  out” of neuroplegia are 
also very im portan t, so as to avoid “overshooting” of the reaction  follow ing 
sudden in te rrup tion  of the adm in istra tion  of neuroplegics.

The use of neuroplegics in  the prevention of the  consequences of severe 
shock and in  the trea tm en t of shock due to burns is im portan t not only for in 
dividual cases, but also when  dealing  w ith  m ass burns  (e. g. low er consum ption
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of infusion so lu tions). The adm in istra tion  of a suitable neuroplegic m ixture at 
the outset of trea tm en t could be of g rea t sign ificance for the  fu rth e r fa te  of the 
p atien t. The au thors them selves use neuropleg ia  w hen tran sfe rrin g  p a tien ts  w ith 
burns to hosp ital. N europleg ics  are natura l ly  not a pan acea  for th e  trea tm en t  
of burns as a w h ole  and th e  usual form s of trea tm en t  must also be u sed  a t  the  
sam e t im e  (local trea tm en t, infusions, antibiotics, vitam ins, nu trition , etc.), but 
the au thors found from  th e ir own p ractice  th a t neuroplegics im prove the course 
and prognosis of cases of burns. T rea tm en t m ust be com preh en s ive  and must be 
d ire c ted  not on ly  against the  spec if ic  e f fec t  of th e  pa th ogen ic  agent,  but m ust  
also  be a im ed  a t  con tro l l in g  an y  m ore or le ss  n onspecif ic  re sponses  of the  
organism.

On the basis of experiences gained  h ith erto  it  can  be said  th a t neuroplegia 
is a good and useful m ethod for the trea tm en t of bum s. It helps to s teer the  
p a tien t over the  reefs of the  illness in  an  incom parably be tte r s ta te  th an  would 
o therw ise  be possible. It perm its the infusion of sm aller am ounts of fluid and 
the p a tien t is able to eat. It has a m arked  effect on tem pera tu re  and  on the 
p a tie n t’s genera l m enta l s ta te . S tates of delirium , restlessness and anxiety do 
no t occur in  pa tien ts  to whom neuroplegics are  adm inistered . Tachycardia is 
o ften  abolished. All these  fac to rs ensure b e tte r cooperation , w hich is so im port
an t for the healing  process.

N europlegia can therefo re  be recom m ended as a useful m ethod in the  tre a t
m ent of severe burns. A ttention is draw n, how ever, to the  g rea t im portance of 
carefu l c lin ical and laboratory  contro l and to the  need fo r dea ling  w ith  each  
case  on a s t r ic t l y  individual basis.

If d isturbances in the  production  of d ifferen t “p e rip h era l” horm ones (e. g. 
adrenals, gonads, thyroid, etc.) la s t fo r a p a rticu la rly  long time, they can have 
d iffe ren t consequences for the organism  as a w hole (resistance  to  infection, fa t 
deposits, grow th, stim ula tion  of a rte rio sc le ro tic  changes, healing  of wounds, 
e tc .). On undertak ing  com prehensive trea tm en t of a p a tien t in  whom these nu
m erous d isturbances may be p resen t, it is im portant, therefore , to determ ine 
th e ir extent and to abolish them, for instance, by adm inistering  for some tim e 
p rep ara tio n s of the d ifferen t horm ones of w hich there  is an  absolute or relative 
deficiency.

U nfortunately  it is no t know n exactly w hat can be regarded  as a norm al 
reaction  (e. g. a fte r a burn) and it is thus n o t know n w hat constitu tes an ex
aggera ted  and a low ered reaction . If th is w ere know n, it would be fa r easier 
to ta lk , for example, of substitution. In patien ts  w ith burns, th is applies m ainly 
to the excretion of ad renal steroids, w hich w ere studied in the p resen t series 
of experim ents for d ifferen t periods. It is possible th a t an  exaggerated  reaction 
m ay som etim es have beneficial resu lts. Extensive in jury and destruction  of the 
Skin as a resu lt of burns m ay give rise  to the  developm ent of d ifferen t an tibo
dies, including non-specific antibodies, w hich can have an adverse effect on the 
tak in g  of sk in  g rafts, It is possible th a t a m arked  increase in  glucocorticoid 
production, while harm ful in  o ther respects, may reduce and re s tric t th is  an ti
body form ation. It is also possible th a t ra ised  glucocorticoid values may have
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T ab. 11. In d ica tio n s for th e  a d m in is tra tio n  of cortisone or cortiso l in  th e  tre a tm e n t o f burns
d u r in g  th e  f ir s t  d a y s  a f te r  th e  a c c id e n t. — I I .

R e la tiv e  in d ic a tio n s T im e  o f 
a d m in is t r a t io n D oses

M e n s tru a tio n  p e r io d  (p o ss ib ility  o f  
p o te n t ia l  fu n c tio n a l  h y p o c o rtic ism )

3 — 4  d a y s , u n d e r  c a 
re fu l  o b se rv a tio n

5 0 — 100 m g ./d a y

S om e a lle rg ic  p a t ie n ts  w ith  h ig h  
e o s in o p h ilia  (p o ss ib ility  o f  p a r t ia l  
g lu c o c o r tic o id  h y p o c o rtic ism )

3 — 4 d a y s , u n d e r  
c a re fu l o b se rv a tio n

50 — 100 m g ./d a y

S u d d e n  in c rease  in  E O 3 — 4 d a y s , u n d e r  
c a re fu l o b se rv a tio n

5 0 — 100 m g /d a y /

M a rk e d  o ligu ria* ) 1 — 2 d a y s 100 — 200 m g /.d a y

A f te r  se v e re  in ju rie s  o r  in fe c tio u s  
d ise ases

3 — 4 d a y s , k e e p in g  
c h eck  o n  c o n d itio n ; 
lo n g e r i f  r e q u ire d

5 0 — 100 m g ./d a y  o r  m o re

S ev e re  c o n d itio n s  n o t  c o n tro lle d  b y  
u s u a l  t r e a tm e n t  a n d  n eu ro p leg ic s , th e  
s e v e r i ty  o f  w h ic h  d o es n o t  a b so lu te ly  
c o rre sp o n d  to  th e  d eg ree  o f  b u rn in g  
(c a n  in c lu d e  p a t ie n ts  w ith  p o te n t ia l  
h y p o c o r tic ism  o r in a d e q u a te ly  r e a c t 
in g  d efen ce  m ech an ism s)* * )

3 —4 d a y s , k e ep in g  
c h e c k  o n  c o n d itio n ; 
lo n g e r i f  re q u ire d

100 — 200 m g ./d a y

*) 100 m g . c o r tiso l in  5 %  g lucose  a d m in is te re d  in tra v e n o u s ly  in  a n  a t t e m p t  to  im p ro v e  th e  
u r in e  flow  w h e n  o th e r  m e th o d s  fa ile d  (n o v o ca in e  b lo ck , n eu ro p leg ic s, n o v o c a in e  i. v ., a d e q u a te  
su p p ly  o f  flu ids).

**) I .  v . a d m in is tr a t io n  o f  c o r tiso l m o s t  s a t is fa c to ry  in  se v e re  cases.
I f  th e  a d re n a ls  a re  n o t  se v e re ly  affec ted , th e  doses c a n  g ra d u a lly  b e  re d u c e d . W ith  largo  
d oses, o n  th e  la s t  tw o  d a y s , 4 0 —80 u n its  o f  lo n g -a c tin g  A C T H  a re  g iv e n  d a ily , d iv id e d  in to  
tw o  doses. A f te r  c o m p le tin g  lo n g - te rm  a d m in is tr a t io n  o f  co rtico id s , i t  is  n e c e ssa ry  to  p a y  
th e  p a t i e n t  in c rease d  a t t e n t io n  fo r  a  few  d a y s . T h e  sa m e  a p p lie s  to  ta b .  10. T h e  doses a re  
g iv e n  fo r  c o r tiso n e ; 25 m g . co rtiso n e  =  a p p ro x . 20 m g  co rtiso l.

a  favourable effect on certa in  processes in  the cen tra l nervous system  (the de
velopm ent of phase s ta te s ) . As already  m entioned, m any au thors have already 
discussed the use of cortisone and ACTH in the trea tm en t of burns, no t alw ays 
w ith the sam e resu lts. This is because the type of p repara tion , and possibly the 
d u ra tion  of adm inistra tion , w ere not alw ays correctly  indicated . It is also pos
sible th a t m ore w as expected of cortisone than  it was capable of accom plishing.

A very im portan t ro le in  the  developm ent of post-traum atic reactions a fte r 
burns is played by the  cen tra l nervous system  — hypothalam us — pitu itary  — 
adrenal system . W ithout accurate  and prom pt in terven tion  by th is system  the 
p a tien t soon dies. Many d ifferen t loca liza t ions of d isturbance  are possible — at 
the level of the cen tra l nervous system  (? ), hypothalam us (? ), p itu ita ry  or 
ad renals. There are  also tw o  possib le  t y p e s  of in vo lvem en t  — organic or functio
nal. D isturbances of th is system  resu lt in deficient production of corticoids — 
chiefly  glucocorticoids and possibly m ineralocorticoids — essen tia l to a favour
able course of defence reactions. It is therefo re  logical to adm inister these 
“periphera l horm ones” w here necessary, since there  is usually  too little  tim e to 
determ ine the site  of the disturbance. In patien ts  w ith burns, a m arked increase
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in the activ ity  of the  ad ren a l cortex, i. e. functional hypercorticism , i alm ost 
alw ays occurs a t the  outset. F u rther stim ulation  by the adm in istra tion  of exo
genous ACTH m ight in jure  the  a lready  fully stim ulated  ad renal cortex (e. g. by 
the developm ent of tubular necrosis). On the  o ther hand, excessive doses of 
exogenous cortisone, adm inistered  over a long period, m ight lead  by a backfeed 
m echanism  to a blocking of ACTH production, the cessation  of w hich could 
resu lt in m an ifesta tion  of hypocorticism . It is know n, however, th a t back-feed 
re la tionsh ips are  som ew hat d iffe ren t under the action  of s tress th an  under 
resting  conditions.

The adm in istra tion  of cor tison e  or cor tiso l  has tw o  ty p e s  of action: spec if ic  
(substitu tional) and non-specific.  In hypocorticism  its  specific action consists 
in  rep len ishm ent of endogenous production, w hile if the  function  of the adrenal 
cortex is norm al, it acts non-specifically  on the g enera l reac tion  of the  organism . 
This non-specific activ ity  may be m anifested  against shock, possibly by fa 
vourably influencing, or lim iting, the  developm ent of phase s ta te s  (V vedenskij) 
in neuroendocrine reactions, by increasing  glom erular filtra tion , probably by 
stim ulating  ADH break-dow n, by influencing  the reac tion  of the  m esenchym a. 
The im portance of the  tim e fac to r in  the adm in istra tion  of ad rena l horm ones can 
be seen from  a study of som e of the graphs from  the  au th o rs’ previous studies. 
On the  firs t tw o to th ree  days, 17-KS and 17-OH values (especially  the  la tte r)  
w ere usually raised, although som etim es they w ere norm al and occasionally  
low. This w as follow ed by a period som etim es lasting  several w eeks, during 
w hich 17-KS and 17-OH values w ere ra ised : th is applied  especially  to 17-OH 
values, since 17-KS values w ere som etim es low ered. During the  phase of toxic 
cachexia, both 17-OH and 17-KS values w ere low, p articu larly  the '’la t te r ; 17-OH 
values rose only as a resu lt of some com plication or follow ing stim ulation  by 
ACTH. In patien ts  w ith  burns, therefore , 17-OH values in the urine  are m ainly 
raised, i. e. m etabolites of g lucocorticoids (catabolic “horm ones” ) ; 17-KS values 
a re  som etim es low ered for long periods, so th a t i t  is possible to speak  of partia l 
hypocorticism  of th e ir precursors, i. e. anabolic horm ones.

D eterm ination of a ldosterone was in troduced only recen tly  and it is not 
possible, from  the firs t resu lts, to venture an  opinion on th e ir behaviour and 
therapeu tic  use for cases of burns. (A ldosterone fo r in tram uscu lar adm in istra tion  
was supplied kindly  by Ciba.) (Tab. 13.) The firs t results, how ever, show  tha t 
a ldosterone values are  som etim es raised . Llaurado (1957) also recorded raised 
a ldosterone values in  surg ical pa tien ts. In two p a tien ts  w ith severe burns, low to 
zero aldosterone values and re latively  very low sodium  re ten tio n  w ere found. 
The possibility  of fm ictional hypoaldosteronism  can therefo re  no t be excluded. 
In addition  to  th e ir  effect on electro ly tes and w ater, low a ldosterone values 
could also have an  unfavourable influence on vascular reactions (Raab et al. 
1950, 1956). In the au tho rs’ view, the therapeu tic  adm in istra tion  of a ldosterone 
would be fully justified  in  such cases. As yet, little  is know n of the therapeu tic  
adm in istra tion  of a ldosterone in  cases of burns. In the  au tho rs’ opinion, however, 
it has a p lace in  the trea tm en t of selected  cases, w ith special reference  to the 
large  sh ifts and losses of w ater and electro ly tes w hich take  place in the organ
ism afte r susta in ing  burns.
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T ab. 12. Survey  of a d m in is tra tio n  of horm one p rep ara tio n s in different phases o f th e  bu rns illness

H o rm o n e
p re p a ra tio n

P h a se  o f  shock , 
o n se t o f  to x a e m ia T o x a e m ia T ox ic  cac h e x ia

C ortiso n e 50 — 200 m g ./d a y  an d  
m o re , re d u c e d  a s  r e 
q u ire d . I n d ic a tio n s  as 
in  ta b . 10 a n d  11

V. ta b . 10 a n d  11. I n
h y p e rp y re tic  re a c tio n s , 
poss. to g e th e r  w ith  
n eu ro p leg ics

S m all d oses: 12.5 to  
25 m g ./d a y , e x c e p t 
w h ere  la rg e r  doses a re  
in d ic a te d  o r w h ere  co n 
tra in d ic a te d

A n ab o lic
h o rm o n es

T e s to s te ro n e  p ro p io n a 
te , 25 m g ./d a y  o r a l t e r 
n a te  d a y s . M e th y l an- 
d ro s te n e d io l 25 to  50 
m g ./d a y

2 —3 tim e s  w eek ly  in 
sa m e doses a s  fo r p r e 
v io u s p h ase

2 — 3 tim e s  w eek ly , as 
before

A ld o ste ro n e M a rk ed  e x c re tio n  o f 
so d iu m  in  u r in e  a n d  
low  se ru m  so d iu m  level 
on f irs t  d a y s  a f te r  
b u rn in g  (?)

?

T h y ro id
p re p a ra tio n s

T h y re o g lo b u lin  m ite , 
1 d ra g e e  d a ily , acc . to  
to le ra n c e

T h e  a d m in is t r a t io n  o f  th e  ab o v e  p re p a ra t io n s  is a lw a y s  d e te rm in e d  b y  th e  clin ica l c o n d itio n  
a n d  la b o ra to ry  fin d in g s  a n d  can, b e  u se d  o n ly  in  a lim ite d  n u m b e r  o f  cases.

In Tab. ip  and 11 the  authors a ttem pt to determ ine the indications for the  
use of cor tison e  or cor tiso l during the  f irs t  f e w  d a ys  after  the accident.  On the 
firs t days it is p referable to adm in ister cortisone or cortisol in tram uscularly  
ra th e r  than  perorally . In s ta te s  of shock, however, the  best m ethod is by in tra 
venous infusion (e .g . cortisol — free alcohol). Synthetic p repara tions like 
prednisone or prednisol one w ere not used on the first days.

The authors em phasize th a t the tables and schem es are  only a p a rtia l guide. 
It is essen tia l alw ays to proceed according to the  given situation  and to follow 
carefully  the  clin ical condition and the  laboratory  findings.

As already  sta ted , it is be tter to adm inister cortisone or cortisol during the 
early  phase ra th e r  than  ACTH. ACTH requires a norm ally functioning adrenal 
cortex, not overloaded by its own endogenous stim ulation. In the  presence of de
fic ien t activity  of the adrenal cortex (organic or functional d isturbance), or of 
overstim ulation by endogenous ACTH, the adm inistra tion  of exogenous ACTH 
has no or little  effect and under unfavourable conditions can even be injurious 
by causing over-stim ulation. ACTH is ind icated  in cases of fa ilu re  of the adeno
hypophysis or of higher situa ted  trig g er m echanism s (e .g . the  corticotropin- 
re leasing  fa c to r ) ; in pa tien ts  w ith severe burns, however, there  is no tim e to 
diagnose th is s ta te . The adm inistra tion  of cortisone or cortisol, in su itable doses, 
circum vents the danger of blocking endogenous production. It is true th a t ACTH 
has a w ider action than  cortisone (or co rtiso l), since it increases production 
of N -horm ones as well, but in  severe cases it is necessary  to ind icate  the  “peri
p h e ra l” horm one, if it is not know n how  the g land concerned will react. In the 
au tho rs’ opinion, th is view is absolutely correct.
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The adm in istra tion  of anabolic horm ones to p a tien ts  w ith  burns on the  firs t 
days is en tire ly  justified . The au thors know  from  th e ir  own experience th a t the 
doses used (25 mg. testo ste rone  prop ionate  daily  or on a lte rn a te  days, or 50 mg. 
m ethy landrostend io l daily  or on a lte rn a te  days) do no t cause b locking of the 
ad rena l cortex, and in  view of occasional p a rtia l hypocorticism  of 17-KS p re 
cursors, i. e. m ainly  of androgens (N -horm ones), they  ac t as a k ind  of substi
tu tion , p a rticu la rly  if the m assive production  of catabolic glucocorticoids is 
tak en  in to  account.

The s itua tion  during the phase of toxic cachexia,  w hich often  develops a fte r 
extensive burns, is quite d ifferen t. This phase is characterized  to some extent 
by inhibition  — usually  functional — a fte r  exhaustion during th e  catabolic 
phase. Values of 17-OH and 17-KS are usually  low, especially  the la tte r, but 
genera lly  rise  a f te r  stim ula tion  by ACTH. EO values can be ra ised  or norm al; 
in cases in  w hich some com plication is p resen t they  m ay be low (Fig. 1). In this 
phase, w hich is frequen tly  accom panied by poor healing , the  fo rm ation  of w eak 
g ranulation , poor tak in g  of sk in  g ra fts  (increase  in  antibodies again st the  p a 
tie n t’s own sk in ? ), d e te rio ra tion  of d igestion, progressive cachexia and anaem ia, 
substitu tion  by horm one p repara tions is com pletely justified. During th is  phase, 
therefo re , d ifferen t “p e rip h era l” horm ones are  adm inistered  (glucocorticoids, 
anabolic horm ones, oestrogens, thyro id  ex trac t), k eep ing  a carefu l check on the 
p a tie n t’s g enera l condition. Sm all doses are  th erefo re  recom m ended, especially  
in  the  case of glucocorticoids, since they probably also have a stim ula ting  effect 
on trop ic  horm ones. The au thors have not as yet any w ide experience of the 
ad m in istra tion  of trop ic  horm ones, although they  m ay w ell be sa tisfac to ry . As 
m entioned above, the phase of toxic cachexia is characterized  by poor healing 
and  poor tak ing  of g rafts. A “loss of p rio rity ” seem s to occur in  the  supply of 
substances necessary  for healing. The adm in istra tion  of ACTH or cortisone 
som etim es resu lted  in  recovery of th is  p rio rity  (v. also Moore 1957).

During th is phase anabolic horm ones w ere adm inistered  over long periods 
in  the  form  of te to s te ro n e -p ro p io n a te  (2—3 tim es w eekly, in tram uscularly , in 
am ounts of 25 mg.) or of m ethylandrostenedio l (25 mg. daily  or on a lte rn a te  
d a y s); glucocorticoids w ere adm inistered  as cortisone in  daily  doses of 
12.5—25 mg., except w here there  w ere special con tra ind ica tions or w here it 
was no t necessary , for o ther reasons, to increase the dose. In such cases it w as 
som etim es an  advantage to give prednisone. Thyroid ex tracts w ere adm inistered 
in  the  form  of Thyreodin (dessicated  thyro id ), in  am ounts of 0.3 g. (0.18 mg. 
iodine), or of Thyreoglobulin m ite ( thyroglobulin  w ith  0.2 mg. iod ine), in  doses 
of one dragee daily, according to  to lerance. This trea tm en t frequen tly  led to 
a s trik ing  im provem ent in the  p a tie n t’s condition. Tab. 12 gives a concise survey 
of the doses and tim es of adm in istra tion  of the  various horm ones. The sim ulta
neous adm in istra tion  of several types of horm ones cannot be regarded  as poly- 
p ragm asia; it m erely rep len ishes absent, “sluggish” or re la tive ly  defic ien t p ro 
duction  in  the phase of toxic cachexia in  selected  cases.

The use of horm one p repara tions in the trea tm en t of burns is justifiable. It is 
necessary, how ever, to be fim iliar w ith  the pathophysiological processes of the 
illness and to  use these highly  effective substances correctly , i. e. no t to give
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T ab. 13. A ldosterone and  an tid iu re tic  honnone  (ADH) values in some b u rned  p a tien ts .

N am e E x te n t  a n d  d eg ree  
o f  b u rn s

A ld o ste ro n e  
in  g a m m a /d a y

A D H  in  m ic ro u n its /  
1 m l. se ru m

Č. J . 9 0 % , m a in ly  I I P 0 34
D . K . 5 1 %  I I P 4 26
B . A. 10% , m a in ly  I I P 8 20
B . O. 3 0 % , I I - I I P 9 26
P . L . 3 0 % , I I - I I P 20 24
N . M. 3 9 % , I I - I I P 12 7* 28 36*
V. L . 3 5 % , I I - I I P — 48
J .  J . 6 3 % , m a in ly  I I I 0 18 16* 110 54*

* T h e  v a lu e s  a re  fo r  tw o  c o n se c u tiv e  d a y s .

them  superfluously and to adm inister them  at the  proper tim e and in the p roper 
dose. Only in  th is way can unnecessary  or harm ful consequences be avoided.

As w ith  neuroplegia, the au thors again  em phasize th a t suitable horm one 
trea tm en t in cases of burns pa rtia lly  im proves the course and prognosis of the 
illness, shortens the stay  in  hosp ita l and may som etim es even save life. It only 
form s p a rt of the  trea tm en t, however. Local trea tm en t, infusions and antib io tics 
are  still the m ain part.

S U M M A R Y

The au thors discuss th e ir m ore th an  th ree  years’ clinical and experim ental 
experiences w ith burns. They concen tra ted  m ainly on the study and therapeu tic  
control of the m ore or less non-specific response of the organism  (reaction  
signs) to burns. Their chief object of study was the function of the  adrenal 
cortex, w hich is of p rim ary  im portance in adap ta tion  m echanism s. A ttention 
was repeated ly  draw n to the g rea t im portance of the cen tra l nervous system  
as the con tro lling  organ in  these ad ap ta tio n  m echanism s.

The s tress effect of burns on the organism  evokes d ifferen t types of re 
actions, w hich are often  exaggerated  and d isp roportionate  and may be very 
harm ful to the patien t. The inhibitory effect of a neuroplegic m ixture on d iffer
en t levels of the  nervous system  som etim es depresses these  exaggerated re 
actions.

The neuroplegics selected  w ere H ydergine (DH-Ergotoxine), Sandosten and 
Panthesine, i. e. a m odification of m ixture M2. The need fo r individual d e te r
m ination  of the dosage is stressed  and the  doses for adults and children are 
given. N europlegics w ere adm inistered for several days, in  com bination w ith 
classic m ethods of trea tm en t (local trea tm en t, infussions, antibiotics, etc.).

From 1956 to 1959, the au thors trea ted  67 patien ts  suffering  from  burns 
(adults and ch ildren) w ith neuroplegics; in over 50 of these second and th ird  
degree burns involved m ore than  30% of the body surface. Sixteen of these 
patien ts  died. Not one death  occurred am ong cases in w hich less th an  40% of 
the body surface w as involved (second and th ird  degree burns). Among eight 
pa tien ts  in w hich second and th ird  reg ree  burns covered 60—69% of the  body
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surface, only two died. S trik ing ly  low consum ption of infusion solu tions was 
found in  p a tien ts  trea ted  w ith  neuroplegics, as seen from  the re lev an t tables. 
The stay  in  hosp ita l was also shorter. The illness took a q u ie te r course w ithout 
hyperpyrexia, eosinophils appeared  sooner and 17-ketosteroid (17-KS) and 17- 
hydroxycorticoid (17 OH] values in  the urine w ere low er th an  in  p a tien ts  not 
trea ted  w ith neuroplegics. Severe burns w ere often accom panied by alm ost 
norm al 17-KS and 17-OH values. Tables of resu lts  from  other p laces are  given 
for com parison. The resu lts  of trea tm en t w ith  neuroplegics are  seen to be sub
stan tia lly  m ore favourable. The neuroplegic m ix ture used by the  au thors also 
inhibits secre tion  of the an tid iu re tic  horm one.

The discussion again  gives the  advantages of the  use of neuroplegics in  the 
trea tm en t of burns and analyses a num ber of in terestin g  observations, such as 
the  lack  of ag reem ent betw een the behaviour of eosinophils and 17-KS and 
17-OH. N europlegic m ixtures have an  inhib itory  effect before the  p itu itary . Ex
cessive inhibition  of defence reactions has an  adverse effect. The im portance 
of the  co rrect se lection  of the prepara tion , dosage and dura tion  of adm in istra 
tion  is stressed . N europlegics could be p articu larly  im portan t in  the  trea tm en t 
of m ass burns. They do not resolve the problem  of the  trea tm en t of burns as 
a whole, and  m ust be com bined w ith the usual form s of trea tm en t, but they 
im prove the course and prognosis of the illness. The authors em phasize the 
need for individual trea tm en t, based on the clin ical s ta te  and laboratory  findings.

In th ree  of the  tables the  au thors give the absolute and re la tive  ind ications 
for the adm in istra tion  of stero id  horm ones (cortisone, testosterone , aldosterone) 
and other horm one p rep ara tio n s in the trea tm en t of burns. The com prehensive 
trea tm en t of burns by neuroplegics and horm one p rep ara tio n s is illu stra ted  from 
the  case of one fem ale p a tie n t w ith severe burns. The advantages of the ad 
m in istra tion  of a “p e rip h era l” horm one (cortisone, cortisol) as com pared w ith 
ACTH, in some phases of the  illness, are  explained. S teroids have a “specific” 
(substitu tional) action  and a “non-specific” action, m odifying the reactions of 
the organism . The sign ificance of the  tim e in the adm in istra tion  of d ifferen t 
horm one p rep ara tio n s is stressed .

Special a tten tio n  w as paid  to the phase of toxic cachexia, in w hich cor
rec tly  ind ica ted  horm one trea tm en t frequen tly  im proves a serious condition.

Like neuroplegics, horm one therapy  also im proves the course and prognosis 
of the  burns illness, but it is necessary  to be fam iliar w ith the pathophysiological 
processes w hich occur in  the course of the illness, so as to avoid doing more 
harm  than  good by incorrec t treatm en t.

B BI B O a  LI

IlpHMeHeHHe HeňponjierHuecKHX cpeRCxs n  ropMonos npn jieuemiH >■ 
nocTpaaaBiirax ox ohcoxob

P. a  o j i  e  e k , H. K a  j i  h h  a, a .  K j i a S y c a n

A n i o p b i  a o K j ia f lu B a io T  o  c ro c m  6 o jx e e , h c m  T p e x j ie x n e M  K jin H H ^ e c K O M  h  R K c i ie p n M e i r r a j i lh o m  

o n M T e  c n o c T p a n a s r a H M H  o t  O/KOi'Ob P a S o x a  H a n p a B J ie n a ,  r a a s H b iM  o 6 p a a o M , H a  H c c jie a o s a H H e  

h  J ie q e H n e  H e c n e iin (j> H < ie c K o ro \ o x s e x a  o p r a H H S M a  (x .  H a s .  n p n a n a K O B , B b ia a a H H b ix  p e a K i jH e i i )  

H a  o a c o r . B n e p s y io  o n e p e f lb  H c c J ie a o B a jia c b  a e a x e jib H O c x b  K o p b i H a n n o x e H H H K o s , k o x o p b ic  b  n p n -
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cnocoÓHxejibHbix MexannaMax h m c i o t  nepBocxeneHHoe sHaqeHHe. rioBxopno yKasbiBajioct na 
6ojibmoe anaqeHHe U,HC, Kan Bbicmero oprana s x h x  npHcnocoÓHxejibh h x  MexannsMOB.

J l e ň c x B H e  S a j u i a c x H O H  H a r p y a K H  o > K o r a  n a  o p r a H H S M  B b i a b i s a e x  p a s H b i e  b h a b i  p e a K i^ H H ,  

K o x o p b i e  q a c x o  M o r y x  6 b i x b  n p e y B e j i H y e H b í ,  h c c o o x b e x c x B e H H b í  h  M o r y x  n p H H H H H X b  m h o x o  s p e f l a  

y  n o c x p a f l a B u i H x .  H e ň p o n j i e r H q e c K H e  c m c c h  c b o h m  y r n e x a i o m H M  b j i h h h h c m  n a  p a s H b i e  p a c -  

c x p o ň c x B a  H e p B H O H  c H C x e M b i M o r y x  H H o r & a  x o p M O B H X b  s x h  n p e y B e j i H q e H H b i e  p e a n i ^ H H .

B K a n e c x B e  H e ň p o n j i e r H q e c K H x  c p e z t c x B  Ó b i j i h  H a ó p a H b í  r H ^ e p r H H  ( f l H r n ^ p o a p r o x o K C H H ) ,  

c a H ^ o c x e H  h  n a n x e s H H ,  c j i e j i o B a x e j i b H O ,  M O f l H ^ H í í H p o B a H H a a  C M e c b  M 2. E b i J i a  n o ^ q e p K H y x a  

H e o 6xO A H M O C X b H H f lH B H J ty a J I H 3 a U ;H H  A C 3 H p O B K H  H  n p H B e ^ e H b l  f l 0 3 b l  f lJ IH  B 3 p O C JIb IX  H  f l e x e ň .  

H e n p o n j i e r H H e c K H e  n p e n a p a x b i  H a s n a n a J i H C b  b  x e q e n n e  H e c K O J ib K H x  a h c h .  K p o w e  H e ň p o n j i e r H -  

n e c K H x  n p e n a p a x o B  ó b u i H 1) n o c x p a j t a B u i H e  o x  o > K o r a  J i e q e n b i  K J i a c c H ^ e c K H M  c n o c o S o M  j i e n e H H a  

( n p H M e H H J i o c b  M e c x H o e  J i e n e H n e ,  B ^ H B a H H R ,  a n x H Ó H O X H K H  h  x .  n . ) .

C 1 9 5 6  r .  f l o  n a q a j i a  1 9 5 9  r .  6h j i o  j i e q e H o  n p n  n o M o m n  H e ň p o n j i e r H q e c K H x  n p e n a p a x o B  6 7  

o 6o x < H (e H H b ix  B s p o c J i b i x  h  a e x e ň ,  H 3 K o x o p b i x  6b i j i o  6o j i e e  5 0  c  n j i o m a j i b i o  o > K o ro B  I I  — I I I  c x e -  

n e H e ň ,  s a H H M a i o m e ň  6o j i e e  3 0  %  n o s e p x H o c x H  x e j i a .  H s  o 6m e r o  q H C J ia  6o j i b H b i x ,  j i e q e H H b i x  n p n  

n o M o i i j H  H e ň p o n j i e r H q e c K H x  n p e n a p a x o B ,  y w e p j i o  1 6  j n o j t e n .  H h  o j i n o r o  C M e p x n o r o  c j i y n a a  n e  

6b i J io  n p n  o ^ c o r a x  I I  — I I I  c x e n e n e n ,  s a n H M a i o m n x  M e n e e  4 0  %  n o B e p x n o c x n  x e j i a .  H s  B O C b M n  

6o j i b H b i x  c  o > K o ra M H  I I — I I I  c x e n e n e n ,  s a n n M a i o n t n x  6 0  —  6 9  %  n o B e p x n o c x n  x e j i a ,  y n e p j i n  

x o j i b K o  A B o e . y  H e n p o n j i e r n p o B a n H b i x  6o j i b H b i x .  6b i J io  s n a n n x e j i b n o  n o n n x c e n o  n o x p e ó j i e n n e  

p a c x B o p o B  j u i h  B J i H B a n n n ,  n a n  a x o  b h a h o  h 3  n p n J i a r a e M b i x  x a ó j i n i t .  B b i j i  x a K ) K e  c o K p a m e n  c p o n  

r o c n n x a j i n s a u H H .  H a 6j n o f l a j i o c b  6o j i e e  n o K o n n o e  x e n e n n e  6e 3 b b i c o k h x  x e n n e p a x y p ,  s o a n n o ^ H J i b i  

n o H B J i H j i n c b  p a n b u i e ,  B e j i n n n n b i  1 7 - -k e x o c x e p o n a o B  n  1 7 - r n j ip o K C H K o p x H K O H A O B  b  M o n e  6hiJiu 
M e n b n i H M H , n e w  y n o c x p a j i a B m n x  o x  o x c o x o b ,  y  K o x o p b i x  n e  n p n  M e n  a  j i h c b  H e n p o n j i e r n q e c K n e  

n p e n a p a x b i .  H a c x o  x a a c e j i b i e  o a c o r n  c o n p o B o a c a a j i h c b  n o n x n  n o p M a j i b H b i M H  B e j i n a n n a M H  1 7 -  

K e x o c x e p o n s o B  n  1 7 - r H a p o K C H K o p x H K o n a o B .  Rjix c p a B n e n n a  p e s y a b x a x o s  6b i a n  n p n B e ^ e n b i  

x a n a c e  x a 6a n i i b i  p e a y a b x a x o B ,  f l o c x n r n y x b i x  b  j x p y r n x  a e n e O n b i x  y q p e a c a e n n a x .  P e a y a b x a x b i ,  

n o a y n e n n b i e  n p n  n o M o m n  n e n p o n a e r n q e c K H X  c p e j i c x B  6b i a n  r o p a s a o ,  60a e e  d a a r o n p n a x n b i M n .  

T l p n M e n a e M a a  a B x o p a w n  n e n p o n a e r n q e c K a a  c m c c b  x o p M O s n a a  x a n a c e  c e K p e i x n i o  a n x n a n y p e x n -  

n e c K o r o  r o p M o n a .

B o d c y ac a e n n n  6 b iao  cnoB a y K a aa n o  n a  n p en M y m ecx sa  n p H M en en n a  H e n p o n a e r n n  y n o cx p a- 
jxaBuinx ox oacoroB n  p a 3 o 6 p a n b i neK oxopbie n n x ep ec n b ie  n a S a io a c n n a ,  K an, n an p n M e p , n e c o ra a c n e  
Meacay noB eaenneM  d o s n n o ý n a o B  n  B e a n a n n a M n  17-K exocxeponaoB  h  17-rHapoKCHKopxnKonaoB. 
H e n p o n a e rn a e c K n e  c m c c h  onasb iB aiox  y rn e x a io m e e  a e n c x s n e  n e p e a  rn n o ^ n s o M . CanniKOM  6 o a b - 
m oe xopM oacenne s a m n x n b ix  p e aK itn n  oK asbiB aex n e ó a a r o n p n a x n o e  a e n c x s n e . IloanepK H yxo 
eaacnoe  a n a n e n n e  n p a B n a b n o r o  Bbi6opa n p e n a p a x a , a o an p o B K n  n  a a n x e a b n o c x n  npH M enennH  
n p e n a p a x a . H e n p o n a e rn a e c K n e  c m c c h  M o ra n  6bi h m c x b  S o ab m o e  s n a a e n H e  o co ó en n o  b  a e a e n n n  
MaccoBbix oacoroB. H e n p o n a e rn f l  n e  p em aex  a e a e n n a  n o c x p aaaB m n x  ox oaco ro s  b  ijeaoM , neo6xo- 
a n w o  o a n o sp e M e n n o  a e a n x b  n x  n  o 6 b iq n o  npnM enfleM biM  a o  cn x  n o p  cnoco6oM , o a n a a o ,  n e n p o -  
n a e r n a  y a y a m a e x  x e a e n n e  n  n p o r n o s  oacoroB on ó o a e s n n .  H o an ep K n y x a  Heo6xoanMOCXb 
H H aH BH ayaanaaEtH H  b  a e a e n n n ,  c o ra a c n o  K annnaecK O M y c o c x o h h h i o  h  aan n b iM  aad o p a x o p n b ix  
H C caeaoB annn .

A B x o p b i  n p n B e a n  n a  x p e x  x a 6a n u a x  a ó c o a i o x H b i e  n  o x n o c n x e a b H b i e  n o K a a a n n a  k  n a s n a a e -  

h h k )  y  o 6o a c a c e H H b ix  c x e p o n a n b i x  r o p M o n o B  ( K o p x n a o n a ,  x e c x o c x e p o n a ,  a a b a o c x e p o n a )  n  a p y r n x  

r o p M o n a a b H b i x  n p e n a p a x o B .  Ha n p n w e p e  60a b n o n  c  x a a c e a b i M H  o a c o r a M n  n o K a s a n o  K O M n a e K c n o e  

a e a e n n e  o a c o r o s  n p n  n o M o n ^ n  n e n p o n a e r n a e c K H x  n  r o p M o n a a b H b i x  n p e n a p a x o B .  O d - b a c n e n o  

n p e n M y m e c x B O  a a a n  ( c n e p n ý e p n a e c K o r o ) )  r o p n o n a  ( K o p x n a o n a ,  K o p x n a o a a )  b  c p a B n e n n n  c  AKTF 
b  n e K o x o p b i x  ý a s a x  o a c o r o B o ň  ó o a e s n n .  C x e p o n a b i  o n a a b i B a i o x  « c n e ix n 4 > H a e c K o e » ,  a a M e c x n x e a b n o e  

a e n c x B n e  n  « H e c n e i tH 4 > H a e c K o e » ,  n o x o p o e  M o a n ^ n n n p y e x  p e a K X H s n o c x b  o p r a n n s M a .  F I o a a e p K H y x o  

a n a a e n n e  ý a n x o p a  s p e M e n n  b  a a a e  p a s n b i x  r o p M o n a a b H b i x  n p e n a p a x o B .
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E o j ib in o e  B H H M a H n e  n o c s a n te H o  ý a a e  T O K C H ie c K o ro  H C T o m e H H H  o p r a H H S M a ,  r a e  n p a B H J ib H o  

H a a n a q c H i io e  j i e i e H H e  n p H  n o M o ii íH  r o p M o n o s  l a c x o  c M o a c e r i ia j ie q H T B  T H )K e jio e  c o c io a H H e .

K a n  n p H M e H C H H e  H e n p o n J ie r H q e c K H x  n p e n a p a x O B , x a K  h  r o p M O H a .a b H o e  j ic x e i iH e ,  y j iy q m a io x  

x e y e n H e  h  n p o r H o a  O /K o x o b o h  G o J ie a H H , O H H aK O , HeoĎxoanMo s c e r j ia  x o p o r a o  a n a x L  n a x o - $ H 3 H O -  

j io r H ie c K H e  n p o i ie c c H ,  n p o n c x o j ia m H e  b  x e q e n n e  ee, 1 x 0 61.1  H e n p a B H jiB H B íM  ae ien n eM  n e  6 b ia o  

n p m H H e H O  Ď o a b r a e  B p e jta , i b m  n o jiB 3 B i.

R É S U M É

Neuroplégiques et hormones dans le traitement des brulures
R. D o l e č e k ,  J. K a l i n a ,  L. K l a b u s a y

Les au teu rs exposent leu rs expérineces c lin iques e t expérim en ta les sur les bru lures, 
acquises pen d an t p lu s de tre n te  ans. Le trav a il est d irigé su rtou t vers 1’exam en e t la  
m aitrise  thérapeu tique  des réac tio n s non-spéclfiques de ťo rgan ism e (appelés sym ptom es 
de la  réaction ) á la brfllure. En p rem ier lieu, les au teu rs on t suivi 1’activ ité  des cortico- 
su rrén a le s  qui p ré sen ten t un in té re t de p rem ier o rd re  dans les m écanism es ď adap ta tion . 
Ils a tt ire n t á nouveau 1’a tten tio n  su r la g rande im portance du systém e nerveux  cen tra l 
en ta n t qu ’organe ir r ité  dans ces m écanism es ď ad ap ta tio n .

L’action  de la su rch a rg e  de la brfllu re  su r 1’organism e provoque d iverses so rte s  de 
réac tio n s qui peuven t souvent é tre  exagérées, non-p roportionnelles e t p rovoquer de 
nom breux dom m ages au  su je t a tte in t. Les m élanges neurop lég iques, avec leu r effet 
am ortisseu r á d ivers é tages du systém e nerveux, peuvent quelqueío is am oindrir ces ré 
ac tions exagérées.

Comme neuroplég ique, les au teu rs ont choisi 1’hyderg ine (DH ergo toxine), le san- 
dostěne e t  la  pan thésine , done le cock ta il M2 m odifié. Ils sou lignen t la necéssité  qu’il 
y a á ind iv idualiser la  posologie e t m diquen t les doses pour adu ltés et pour enfants. 
Les neurop lég iques on t é té  appliqués pen d an t p lu s ieu r jours. Outre les neuroplégiques, 
les b rtilu res on t é té  soignées de fagon classique (so ins locaux, infusions, an tib itoques 
e tc ) . De 1956 jusqu’au début de 1959, 67 brtilés, adu ltes  e t en fan ts  on t é té so ignés aux 
neuroplég iques; dans ce groupe, p lus de 50 su je ts ont sou ffert de p lus de 30 % de surface 
brfllée au Ile e t IIIe degré. Du nom bre to ta l des m alades tra ité s  aux neuroplégiques, 
16 son t m orts. 11 n ’y a p as  eu une selue m ort chez les brfllés ju squ ’a 40 % de surface au 
IIe e t IIÍe degré. De 8  su je ts  a tte in ts  sur 60—69 % de la  su rface  du corps p a r  des brfilures 
du IIe e t I l le degré, deux seu lem ent son t m orts. Chez les m alades tra ité s  aux neurop lég i
ques, la  q u an tité  de liquide nécessa ire  aux infusions a été n e ttem en t d im inuée, comme 
on le voit sur les tableaux. La durée ď hosp ita lisa tion  a égalem en t é té  dim inuée. Le cours 
du tra item en t a é té  n e ttem en t p lu s calm e, sans hyperpyrexie, le s éosinophiles son t 
apparus plus tó t e t les v a leu rs  des 17-cétostéroides e t 17-hydroxycorticoides dans Vurine 
ont é té  p lus basses que chez les su je ts  brfllés e t sans neuroplég ie . Les au teu rs ont souvent 
observé de graves brfllures accom pagnées de va leu rs p resque norm ales de 17-CS e t 17-HO. 
Pour com parer les ré su lta ts , les au teu rs p ré sen ten t égalem en t les tableaux de ré su lta ts  
ď au tre s  cen tres  de travail. Les ré su lta ts  obtenus avec les neurop lég iques on t é té de lo in  
p lus favorables. Le cockta il neurop lég ique em ployé p a r les au teu rs réu ss it á inhiber 
mém e la sécré tion  ď horm one an tid iurétique.

Dans la discussion, les au teu rs p ré sen ten t fl nouveau les avan tages de 1’em ploi de 
neuroplég ie  chez les brfllés e t analy sen t ce rta in es  observations in té ressan tes , te lle  que 
la dissociation  en tre  1’a ttitude  des éosinophiles e t des 17-CS e t 17-OH.

Le cocktail neuroplég ique a une action  inhib itrice  avan t I’hypophyse. Une inhibition  
trop  g rande des réac tions de défense ag it défavorablem ent. Les au teu rs in s is ten t sur le  
choix adéquat des p rodu its  em ployés, sur la posologie e t la  du rée ď app lica tion . Les
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cock ta ils  neurop lég iques au ra ien t une grande im portance spécialem ent dans le tra item en t 
de brú lu res en m asse. La neuroplég ie  ne résou t pas le tra item en t des brfllures en  general 
e t il fau t con tinuer ď ap p liq u e r le  tra item en t habituel m ais celle am éliore le  cours et 
le p ronostic  de ces brúlures.

Les au teu rs in s is ten t sur la nécessité  ď une  ind iv idualisation  du tra item en t ď ap rěs  
1’é ta t clinique e t les ré su lta ts  de laborato ire . Les au teu rs p roposen t en tro is  tableaux 
I’ind ication  absolue e t re la tive  de 1’app lica tion  ď horm ones s téro ides (cortisone, testo- 
stérone , a ldosterone) et ď au tre s  p rodu its  horm onaux chez les brúlés. Dans les cas de 
b rú lures graves, les au teu rs p roposen t le tra item en t com plexe aux neurop lég iques e t aux 
horm ones. Ils exp liquen t 1’avantage qu’il y a á app liquer une horm one „périphérique" 
(cortisone, cortiso l) p a r rap p o rt a i’ACTH, dans certa ines phases de la  m aladie. Les s té 
ro ides on t un e ffe t „spécifique", de substitu tion , „non-spécifique“ qui m odifie la  réacti- 
b ilité  de I’organism e. Les au teu rs  sou lignent 1’im portance du fac teu r tem ps dans I’appli- 
cation  de d iverses horm ones.

Ils a tta ch en t une grande a tten tio n  á la phase  de cachexie toxiue ou un tra item en t 
horm onal adéquat peu t souvent guérir un é ta t grave. De měm e que la neuroplégie, le  
tra item en t horm onal am éliore le cours e t le p ronostic  des b rú lu res; il fau t toutefois 
tou jours é tre  pa rfa item en t au  couran t des p rocessus pathophysiologiques afin  de ne pas 
provoquer p a r  le tra item en t, plus de m al que de bien.

Z U S A M M E N F A S S U N G  

Neuroplegica und Hormone bei der Behandlung von Verbrennungen
R. D o l e č e k ,  J. K a l i n a ,  L. K l a b u s a y

Die V erfasser berich ten  uber ihre m ehr als dreij'Shrigen k lin ischen  und experim en- 
te llen  E rfah rungen  m it V erbrennungen. Die vorliegende A rbeit befasst sich  hauptsach lich  
m it der U ntersuchung und B ehandlung der unspezifischen  R eaktion des O rganism us auf 
die V erbrennung (den  sogenann ten  R eaktionssym ptom en). In e rs te r  Reihe w urde die 
T atigkeit der N ebennierenrinde, die bei A dapatationsm echanism en eine e rstrang ige  Be- 
deu tung  ha t, verfolgt. W iederholt w ird  auf die grosse Bedeutung des Z entralnervensy- 
stem s als ubergeordneten  O rgans bei d iesen  A daptationsm echanism en hingew iesen.

Die S tress-W irkung der V erbrennung auf den  O rganism us ru ft versch iedene A rten 
von R eaktionen hervor, die oftm als u bertrieben  und unangem essen  sein  und viel Schaden 
bei den  B etroffenen bew irken kdnnen. Durch ih ren  hem m enden E influss auf versch iedene 
E tagen  des N ervensystem s konnen  neurop leg ische K om binationen diese ubertriebenen  
R eaktionen m anchm al dam pfen.

Als N europlegica w urden  H ydergin (D ihydroergotoxin), Sandosten  und P anthesin  
gew ahlt, also  eine m odifizierte Kombination M2. Die V erfasser betonen die N otw endigkeit 
e iner ind iv iduellen  D osierung und fuhren  die en tsp rechenden  Dosen fu r E rw achsene und 
K inder an. Die N europlegica w urden m ehrere  Tage h indurch  verabreicht. A tigesehen von 
der V erw endung neuropleg ischer P rapara te  w urden die V erbrennungen auf k lassische 
Weise behande lt (lokale  B ehandlung, Infusionen, A ntibiotica und so w elte r).

Von 1956 bis A nfang 1959 w urden m it neurop leg ischen  M edikam enten 67 Erw achsene 
und K inder m it V erbrennungen behandelt, davon m ehr a ls  50 m it uber 30 % verb rann ter 
Oberflache und V erbrennungen II.—III. Grads. Von a lien  m it N europlegicis behandelten  
sta rben  insgesam t 16 Patien ten . N icht ein  einziger T odesfall en tfie l auf V erbrennungen 
bis zu 40 % der K drperoberflache II.—III. Grads. Von 8  P atien ten  m it V erbrennungen 
von 60—69 % der K drperoberflache II.—III. Grads sta rben  bloss 2. Bei den m it neurop le
gischen P rapara ten  behandelten  P atien ten  w ar der B edarf an  Infusionsltisungen auf- 
fa llend  verm indert, w ie aus den beigeftigten Tabellen hervorgeh t; auch die Dauer des
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K rankenhausaufen thalts  w ar kurzer. Der V erlauf d e r K rankheit w ar w eniger d ram atisch , 
en tbehrte  der H yperpyrexie, die E osinophilen  tra te n  fruher auf, dle W erte fiir 17-Keto- 
stero ide  und 17-H ydroxykortikoide im E arn  w aren  n ied rig er a is  bei V erbrennungen ohne 
neurop leg ische B ehandlung. O ftm als w aren  schw ere V erbrennungen von ía s t  norm alen  
W erten fiir 17-K etosteroide und 17-H ydroxykortikoide beg ietet. Zum V ergleich der Ergeb- 
nisse w erden  auch  Tabellen  m it an  anderen  A rbe itss ta tten  e rz ie lten  R esu lta ten  angefuhrt. 
Die E rgebnisse bei neurop leg ischer B ehandlung sind bedeutend  gunstiger. Die von den 
V erfassern  bentitzte neuropleg ische K om bination verm ag sogar die S ekretion  des anti- 
d iu re tisch en  H orm ons zu hem m en.

In der D iskussion w erden  nochm als die Vorzuge der V erw endung neurop leg ischer 
P rapara te  bei V erbrennungen hervorgehoben und einige in te ressan te  B eobachtungen ana- 
lysiert, w ie zum  Beispiel der W iederspruch  zw ischen dem  V erhalten  d e r E osinophilen und 
dem  der 17-K etosteroide und 17-H ydroxykortikoide. N europlegische K om binationen b ringen  
ih re  hem m ende W irkung be re its  vor der Hypophyse zu r G eltung. Eine úberm assige Hem- 
mung der Schutzreak tionen  w irk t ungůnstig . Die V erfasser betonen  dle W ichtigkeit e iner 
rich tigen  W ahl der P rapara te , deren  D osierung und V erabreichungsdauer. N europlegi- 
schen K om binationen fa llt eine hervorragende Bedeutung besonders bei der B ehandlung 
m assenm assiger V erbrennungen zu. Die neuropleg ische T herapie lost n ich t d ie gesam te 
P roblem atik der B ehandlung von V erbrennungen — es 1st unerlasslich , dle B ehandlung 
auch auf b isher ubliche W eise durchzuftlhren  — sie e rle ich te rt jedoch den  V erlauf und 
bessert die Prognose der V erb rennungskrankheit.

Die N otw endigkeit e iner ind iv iduellen  B ehandlung je nach  k lin ischen  und Laborato- 
rium sbefunden w ird un terstrichen .

An H and von 3 Tabellen ftihren die V erfasser dle abso lu ten  und re la tiven  Indika- 
tioneň  fiir die V erabreichung s te ro ider Horm one (C ortison, T estosteron, A ldosteron) und 
an d ere r ho rm onaler P rapara te  bei V erbrennungen an. Am F alle  e iner schw er verb rann ten  
P atien tin  w ird dle kom plexe B ehandlungen der V erbrennungen m it neurop leg ischen  und 
horm onalen  P rap a ra ten  dem onstriert. Die Vorzuge der V erabreichung eines „peripheren" 
Horm ons (Cortison, C ortisol) gegentiber der von ACTH w ahrend  m ancher Phasen der 
V erbrennungskrankheit w erden  aufgezeigt. Die S teroide haben einen  „spezifischen", das 
he iss t S ubstitu tionseffek t und eine „unspezifische 11 W irkung, die die R eaktiv itat des O rga
nism us m odifiziert. Die Bedeutung des Z eitfak tors bei der V erabreichung der verschiede- 
nen horm onalen  P rapara te  w ird betont.

E rhohte A ufm erksam keit w idm en die V erfasser der Phase der toxischen Kachexie. 
bei der eine rich tig  ind iz ierte  horm onale  B ehandlung oftm als den schw eren  Zustand 
beheben kann.

Gerade so w ie die neuroplegische, verm ag auch die horm onale B ehandlung den V er
lauf und die Prognose der V erbrennungskrankheit zu bessern ; es ist jedoch im m er not- 
wendig, m it den pathophysio log ischen  V organgen im V erlaufe d ieser K rankheit v ertrau t 
zu sein, dam it durch  eine unrich tige B ehandlung n ich t m ehr Schaden ais N utzen ge- 
s t if te t wird.
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A MANOMETRIC STUDY OF THE VIABILITY 
OF CARTILAGE GRAFTS

R . K L U Z Á K

In p lastic  surgery  increasin g  use is m ade of ca rtilage  g rafts. That w as one 
of the reasons w hy we decided to m ake a c loser study of the v iability  of im 
p lan ts  p a rticu la rly  of th is tissue. The second and m ain  reason  for the investiga
tion w as the ac tual na tu re  of the  tissue, nam ely its  re la tive ly  sim ple structu re  
and its  hom ogenity  (it does no t con ta in  any connective tissue, vessels or n e r
ves). It consists m erely  of its  own parenchym atous cells and  of the in te rce llu la r 
substance. It takes, therefore , a cha rac teris tic  p lace am ong o ther tissues and is 
p articu larly  suitable for biochem ical investigations, since erro rs in m easurem ent 
deriving from  the presence of o ther elem ents are  excluded.

Among the m ultitude of h isto log ical studies on th e  tran sp lan ta tio n  of ca r
tilage  th ere  are only a few  w hich deal in  m ore deta il w ith  the  problem  of the 
viability of g rafts. Thus Leopold (1881) and D upertuis (1941) assessed  the grow th 
of young g rafts  in  experim ental anim als as a m anifesta tion  of th e ir  viability. 
Peer observed unfixed, unsta ined  sections of cartilage  g rafts, and a fte r trea tin g  
them  w ith  suprav ita l dyes.

Burian and Soraluce (1937) investigated  the fa te  of viable au to tran sp lan ts  
of cartilage  in m an from  the aspect of the  physiological changes as described 
by Wolf, changes w hich the  cartilage  undergoes in situ  during  the m aturing  and 
aging of the individual. Sam ples and contro ls w ere obtained by operation  m ainly 
during subsequent surgical ad justm ents of the  g ra fts  from  p a tien ts  under long 
clin ical observation. The authors ascerta ined  th a t a fte r au to tran sp lan ta tio n  the 
cartilage  rem ains viable in 97.5% and una lte red  in  quality . Only the  physio
logical m anifesta tions of aging are accelera ted : a g rea te r  num ber of cartilage 
cells perishes, m ore asbestos foci and fissures as w ell as m ore clustres w ith 
less sta ined  basic substance and groups of lacunae w ithout cells appear. These 
are signs of the  stage preceding  arrosion  w hich can also be found beneath  the 
perihondrium  in aging, not tran sp lan ted  cartilage . Part of the  g ra ft covered 
w ith perichondrium  fuses w ith  the connective tissue of the bed w hich itse lf 
takes on the ch a rac ter of perichondrium . A g raft from , rib cartilage  rem ains, 
therefore, viable, and only the  degenerative processes of aging are  accelerated .
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Any im pedim ent to  the  n u trition  of the g raft (e. g. a haem atom a of the  toed) 
gives rise  to a fu rth e r series of degenerative changes.

In o rder to  study th e  viability of a cartilage  g ra ft by m ethods o ther than  
h isto logical, the  know ledge of the m etabolism  of th is tissue is a necessary  p re 
requ isite : th a t know ledge has long been neglected  and becam e im portan t only 
w ith  the developm ent of p lastic  surgery. By w aters (1936), Dickens and Weil- 
M alherbe (1936) firs t investigated  the  m etabolism  of cartilagenous tissue by 
a m anom etric m ethod. They found a predom inantly  anaerobic type of m etabo
lism  w ith  a com paratively  low oxygen consum ption. H ills (1940) in  h is detailed  
paper arrives a t a sim ilar conclusion. Lutwak-M ann (1940) carried  out a detailed  
study of the enzym atic system  of young beef cartilage, dealing  w ith glycolysis 
and oxidoreductive processes. Laskin, S arnat and Bain (1952) com pared the 
m etabolic activ ity  of fresh  auto- and hom otransp lan ts of cartilage in  rabbits 
m anom etrically .

In o rd er to gain  an  insigh t into the  m etabolism  of cartilage, both fresh  and 
transp lan ted , a num ber of au thors (Bostrom  and M anson 1952, Pelc and Glticks- 
m ann 1955, W yburn and Bascich 1955 and o thers) also used isotopes, m ainly 
sulphur S35 as sulphate. Musil and Kluzák (1959) used labelled phosphorus for 
studying the m etabolism  of cartilage  and investigated  above a ll the  m etabolic 
re la tionsh ip  betw een the g ra ft and its  bed (K luzák and Musil 1959).

In th is  w ork the au thor has used a m anom etric m ethod supplem ented by 
h isto log ical and m acroscopic observations to deal m ainly w ith the follow ing 
problem s: a) the influence of tran sp lan ta tio n  on the m etabolic activ ity  of the 
tissue in  its aerobic as w ell as anaerobic com ponent a fte r auto- and hom otrans
p lan ta tio n ; b) the  change in  the level of m etabolism  of the g rafts  in  the course 
of a long-term  experim ent and w ith  regard  to th is  — the difference betw een 
an auto- and a h om otransp lan t; c) the  influence of p reservation  or rem oval of 
the perichondrium  on the m etabolic activ ity  of the g ra ft; d) the influence of the 
quality  of the blood supply to  the bed.

M A T E R I A L  A N D  M E T H O D S

In 26 C hinchilla rabbits, of the sam e age (6 m onths a t the s ta r t of the experim ent) 
and approxim ately  of th e  sam e w eight, a study w as m ade of the follow ing m ain types 
of g ra fts : auto- and hom otransp lan ts of cartilage  from  th e  ribs or au ric les g ra fted  under 
the skin w ith  and  w ithout perichondrium . A sm aller series of g ra fts  im plan ted  in to  
m uscle w as a lso  observed. Each anim al w as used as donor as w ell as rec ip ien t. Each 
rec ip ien t received a la rge  num ber of g ra fts  (of course, from  the sam e donor) so th a t it 
could becom e the source of several sam ples. C ontrols of fresh , no t tran sp lan ted , c a rti
lage w ere tak en  from  the sam e anim al.

O n  t a k i n g  t h e  s a m p l e s  the g ra fts  w ere easily  found by palpation , ex tracted  
from  a sm all incision  and trea ted  im m ediately. H om otransp lan ts w ere sam pled for m eas
urem ent of resp ira tion  a t  in te rva ls  of 26,48 hours, 8, 14, 61, 113,127 and  282 days; for 
m easurem ent of anaerob ic  glycolysis a t  un iversa ls of 26,48 hours, 5, 19, 61, 127, 190 and 
382 days a fte r  tran sp lan ta tio n . In the sam ples of rib cartilage  — because of shortage 
of m ateria l one of the p a ir  of in tervals, linked  by a bracket, w as som etim es le ft out. Main 
a tten tio n  w as paid  to  hom otransp lan ts; sam ples of au to tran sp lan ts  — because survival
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w as taken  for g ran ted  — w ere tak en  for aerobic and anaerobic  m easurem ents only a t 
in te rva ls of 26 hours, 19, 61 and 190 days.

P r e p a r a t i o n s  o f  t h e  t i s s u e :  Im m ediately  a f te r  rem oval the sam ples 
w ere rin sed  w ith physio logical sa line , a ll ad h eren t tissue, the rem nan ts  of the bed and 
the perichondrium  carefu lly  cut off so as to  e lim inate  an  e rro r of m easurem en t deriving 
from  th e  p resence  of ano ther k ind  of tissue. T ransverse slices 0.3 mm th ick  w ere cut 
w ith a m icrotom e of our own design. A fter w iping th e  slices dry  they  w ere w eighed 
on a to rsion  balance and p laced  a t once in to  the m anom etric  con ta iners filled  w ith  the 
p ipe tted  medium . A pproxim ately 200 mg. of slices w ere  p laced  in to  each con tainer.

M e d i a :  a) The liquid  phase: The suspension m edium  fo r tissue slices under 
aerobic m easurem en t w as 2 ml. of K rebs-Ringer phosphate  physio log ical so lu tion , pH 7.4,
0.2 ml. of 10% glucose and  0.2 ml. 0.001 M aqueous solu tion  of m ethylene blue in  each 
container. 0.2 ml. of 2N KOH w ere p ip e tted  in to  the abso rp tion  cup to absorb the freed  
CO2 , the  surface  of absorption  being increased  by a fo lded  p iece of f ilte r  paper. M ethy
lene blue w as added  on account of its  constan t ca ta ly tic  in fluence  on the consum ption 
of oxygen as confirm ed by a ll authors. The suspension  m edium  fo r anaerobic  m easu re
m ent consisted  of 2 ml. of Krebs-Ringer b icarbonate  physio logical so lu tion  (pH 7.4) and
0.2 ml. of 10% glucose.

b) The gaseous phase: For aerobic m easurem ents the m anom etres w ere filled  w ith 
pure oxygen bubbling up th rough  w ater. For anaerobic  m easurem en ts a m ixture of 95% 
nitrogen  and 5% CO2 w as p rep a red  by m ixing the gases in  a cylinder. The in troduction  
of the gaseous phase in to  th e  m anom eter w as rea lized  by m eans of pack ing , using 
a d is tribu tion  system  of tubes and a safe ty  valve.

A c t u a l  m e a s u r e m e n t :  A fter connecting  them  to th e  m anom eters the m ano
m etric con ta iners w ere pu t in to  a w ate r bath  w hose tem p era tu re  w as k ep t a t 38° C; the 
speed of shak ing  (of the system ) w as 140 sw ings p e r  m inute, the am plitude 40. The 
m anom eters w ere considered  balanced  15 m inutes a fte r  having been p laced  in to  the 
w ater bath. Individual read ings w ere th en  tak en  a t in te rva ls of 10 to  15 m inutes for 2 
to 7 hours. A fter respective ca lcu lation  the re su lts  w ere expressed by the m etabolic 
quotien t Qq" for resp ira tion  — in m icro litres of consum ed oxygen p e r hour, and by Qy 
for anaerobic g lycolysis — in m icro litres of freed  CO2 p e r  hour. One g. of the m oist 
w eight of the fresh  slices w as considered  as the basis.

M e t h o d  o f  h i s t o l o g i c a l  c o n t r o l s :  S im ultaneous h isto log ical exam ina
tions had only the sign ificance of contro ls, e. g. to find  out w hether any transfo rm ation  
from  the bed had  taken  place . Sections for h isto log ical investigation  w ere m ade only 
of some sam ples and the g ra fts  w ere tre a ted  to g e th e r w ith  th e ir  beds. The tissue w as 
fixed w ith  G endre solu tion  or 10% form ol. S tain ing of the sections w as carried  out with 
haem atoxylin-eosin for o rien tation , co n tac t haem atoxylin  according to  Wolf, haem ato- 
xylin-Sudan for fat, M asson’s sta in  for collagen and by the m ethod Hale-PAS according 
to R itter-O leson for m ucopolysaccharides and glycogen.

R E S U L T S  A N D  D I S C U S S I O N

M a c r o s c o p i c  f i n d i n g s :  It w as alw ays possible to recover each 
g ra ft; none underw ent com plete resorp tion . The g rafts  w ere p laced  into the 
subcutaneous tissue, i. e. w ithout functional s tra in  and w ithout con tact w ith  
hom ologous tissue. The transfo rm ation  of the bed during long-term  observation, 
as ascerta ined  m acroscopically , corresponds to the  h isto log ical findings of Peer 
(1955). Arrosions, though found histo log ically  in older hom otransp lan ts, w ere
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not visible m acroscopically . The adherence of the g raft to the  bed w as firm er 
in those w ith perichondrium  than  w ithout.

The findings on g ra fts  w ith perichondrium  127 days and m ore a fte r tra n s 
p lan ta tio n  w ere in te restin g ; w hereas the tran sp lan ted  perichondrium  adhered 
firm ly to the  bed so th a t the  border betw een both w as m acroscopically  ind istin 
guishable, the  connection  of the  perichondrium  to its own cartilage  was m ar
kedly loosened. On p repara tion  for m easurem ent the cartilage  freely  slipped 
out of its  perichondrium , w hereas p repara tion  of fresh or recen tly  transp lan ted  
cartilage  required  considerable force and sharp  raspato ries.

In the  sparse  subcutaneous tissue the g rafts  often m igrated : w hen im planted  
in the flank  of the anim al the g rafts  w ere frequently  found in the  v en tro la teral 
inguinal fold of skin, a num ber close toge ther but each w ith  its  own bed. This 
w as obviously due to  the uniform  m ovem ent of the hind limbs causing continual 
sh ifting  of the  skin.

After tran sp lan ta tio n  of pure perichondrium  no regeneration  of cartilage 
w as ever observed. This confirm s the sta tem en ts of o ther au thors (Craigm yle 
1955, Bisgard already  in 1934, in dogs). Peer (1955) found th a t cartilage  does 
not regenera te  even from  the perichondrium  sheath  left in situ. D upertuis (1941) 
on the con trary  m ain ta ins th a t young g rafts  of perichondrium  do produce ca r
tilage. The m ajority  of authors, however, denies regeneration  of cartilage from 
perichondrium . It is m ore likely  th a t m etap lasia  takes p lace as described by 
Knobloch (1934) or in  regeneration  of th e  m eniscus a fte r m eniscectom y as de
scribed by Becker and Stieve (cit. Schaefer, 1953).

The im portance of the perichondrium  for the firm  union of the  g raft w ith 
its bed in hum an au to tran sp lan ts  w as stressed  by Burian (1937); a sim ilar fa 
vourable in fluence of the perichondrium  w as observed in the  anim als of the  
above experim ents. The loosening of the connection of the  perichondrium  to its  
own cartilage  in the la te r  stages a fte r tran sp lan ta tio n  as m ainly  observed in 
hom otransp lan ts  cannot yet be explained w ith ce rta in ty ; probably a gradual 
substitu tion  of the  hom ologous perichondrium  by the  connective tissue of the 
bed takes place.

T h e  m e t a b o l i c  a c t i v i t y  o f  t h e  t r a n s p l a n t s :  During the 
first hours and days a fte r im plan tation  m arked changes in the m etabolic activity  
of the  g ra fts  w ere observed. In the m ajority  a substan tia l decrease took p lace  
so th a t the average read ings of in g ra fts  of au ricu lar cartilage decreased 
from  the orig inal —168 p i  0 2/g /hour to —148 down to —88;  in g rafts  of rib  
cartilage  from  the orig inal —60 to —44;  otherw ise (in  g ra fts  w ithout perichon
drium ) the level of m etabolism  rem ained approxim ately unaltered .

The m ain read ings of Qq‘ — the sam e as fresh  tissue — w ere constan tly  
h igher th an  the corresponding read ings of Q®; They did, however, change 
m arkedly  a fte r tran sp lan ta tio n . In the m ajority  a decrease took place from  the 
orig inal +231 ^1 C02/g /hour in 'a u ric u la r  cartilage  to  +151, from  the original 
+  70 in rib cartilage  down to +51.

The in tensity  of the changes varied in  d ifferen t types of grafts. The 
m ost evident decrease w as reg istered  in hom otransp lan ts w ith perichondrium .

143



A sm aller decrease could be seen in bare hom otransp lan ts and  in au to tran sp lan ts  
w ith perichondrium . An exception w as form ed by the  anaerobic phase of the 
m etabolism  of au to tran sp lan ts  w ithout perichondrium  w hich in  the firs t hours 
and  days a fte r tran sp lan ta tio n  show ed an  increase of m etabolic activ ity  (from  
the orig inal +231 ^1. C02/g /hour up to  +273 in au ricu la r cartilage  and from 
the  orig inal +70 up to  +93 in  rib cartilag e).
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Fig. 1. Course of aerobic phase  of m etabolic activ ity  of hom otransp lan ts of auricle 
ca rtilag e  (curves I and II) and of rib  ca rtilage  (curves III and  IV). The fu ll line  In 
d ica te s  g ra fts  tran sp lan ted  w ith  perichondrium , the dashed  line g ra fts  tran sp lan ted  
w ithout perichondrium , x num ber of days a fte r  tran sp lan ta tio n , y  num ber of <ul Ch/g hours.

In the fu rth er course of the  long-term  experim ent levelling  of the readings, 
w hich deviated im m ediately a fte r tran sp lan ta tio n , w as observed. The m etabolic 
activ ity  of au to tran sp lan ts  a t the  period around 61 days and th a t of hom otrans
p lan ts  from  the period of around 127 days did no t show any m arked  deviation. 
The m etabolic quotient again  rose slightly , but never reached  the level of activ ity  
p rio r to  tran sp lan ta tio n . In the  aerobic phase it rem ained  a t —120 to —150 in 
auricu lar cartilage  and a t +45 to + 60  in  rib cartilage ; in  the anaerobic phase 
a t  +160 to +210 in  au ricu lar and a t +45 to + 60  in  rib cartilage.

Because of the large num bers of figures graphs w ere used  for the  detailed  
an a ly sis  in the  reg is tra tio n  of a ll resu lts (see Fig. 1, a and 3).

T ransp lan ta tion  is a sign ifican t in te rfe rence  into the life of a tissue. In this 
the rem oval of the tissue from  its n a tu ra l environm ent and the surgical p re 
para tion  play a certa in  part. This, how ever, is decidedly not the  m ain part, as 
Laskin et al. assert, because before m easurem ent the sam e surgical trea tm en t 
is suffered  by the fresh  tissue serving as con tro l; th e  tissue m ust alw ays be 
excised, freed from  its perichondrium , cut into slices and pu t into the in s tru 
m ent for m easurem ent. All sam ples w ere tak en  and p repared  in the sam e way 
an d  by the sam e person. Im portan t d iferences w ere no ted  in the  type of tra n s 
p lan ts  as w ell as in the  m ethod of tran sp lan ta tio n .

In nearly  every case a m arked decrease in m etabolic activ ity  w as reg istered  
in  hom otransp lan ts w ith in  the firs t hours or days of im plan ta tion , w hereas in 
au to tran sp lan ts  th is decrease w as alw ays sm aller, or p rac tica lly  nil, or even — 
in sam ples im planted  w ithout perichondrium  — a sligh t increase could be ob
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served (see Fig. 1, 2 and 3). The effect of the  tran sp lan ta tio n  on the m etabolic 
activ ity  of hom otransp lan ts as com pared w ith au to tran sp lan ts  is best show n in 
g ra fts  of au ricu lar cartilage  w ith perichondrium  (curve I) : the decrease in  the 
aerobic phase of m etabolism  in the firs t days a fte r tran sp lan ta tio n  am ounted 
in  hom otransp lan ts to 47.6%, in  au to tran sp lan ts  only to 17.8% ; in  the  anaerobic 
phase the decrease in hom otransp lan ts was 34.6%, in au to tran sp lan ts  only 
21.6 %.
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Fig. 2. Course of anaerobic  phase  of m etabolism  in hom otransp lan ts. D etailed specifica
tion  a s  in  Fig. 1 [ y  num ber of jul C02/g /hou r).

Regarding the resu lts  it seem s th a t the biochem ical ch arac ter of the  new 
environm ent in to  w hich the tissue w as im planted has an influence on the m eta
bolism  of the  graft. The d ifferences, as described above, w ere observed already 
in the  firs t hours and days a fte r tran sp lan ta tio n ; therefore , it is im possible to 
ascribe th e ir  cause to im m unological processes.

The decrease in  the m etabolic activ ity  of the g rafts  is no t to be regarded 
as an  irreversib le dam age to the tissue. It is ra th e r a m anifesta tion  of the varying 
changes in  the re la tionsh ip  betw een the g ra ft and its new  environm ent. Borst 
(a lready  in  1913) assum ed th a t each individual is to be regarded  as a specific 
biochem ical system . Later Loeb (1945) based on th is conception, elaborated  his 
broad theory  of the  individuality  of tissue. In line w ith these theories the 
apparen t d ifferences in  the m etabolic activity  of the various types of transp lan ts  
can be taken  as m anifestations of the a lte red  condition under which m etabolites 
reach  the g rafts  and under w hich they  are m etabolized by its  tissue. A more 
detailed  analysis of th is  problem  is given elsew here (Kluzák and Musil, 1959).

From th e  m anom etric resu lts  it is evident th a t the viability of g ra fts  is 
affected  no t only by the surg ical trea tm en t of the  tissue, but also by the circum 
stance  th a t the tissue is p laced into auto- or hom oplastic bed; both being valid 
for the firs t days a fte r transp lan ta tion .

A fu rth e r im portan t fac to r having an  influence on the m etabolic activity 
of the  g raft in the firs t days a fte r tran sp lan ta tio n  is the preservation  or rem oval 
of the perichondrium  before im plantation . This influence of the  perichondrium  
has not h itherto  been described in world lite ra tu re .
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It w as ascerta ined  th a t in  g rafts  im plan ted  toge ther w ith  th e ir perichon
drium  a m arked  decrease in the m etabolic activ ity  a l w a y s  occurs a fte r tra n s 
plan ta tion . In g rafts  w ithout perichondrium  th is  decrease w as considerably 
sm aller, in au to tran sp lan ts  w ithout perichondrium  even an increase  in  the  an ae 
robic phase w as reg istered . As can be seen  from  Figs. 1, 2 and 3 th is influence 
of the presence of the  perichondrium  on the level of m etabolic activ ity  is clearly  
show n in all observed tran sp lan ts  (fu ll line — curves I, III — tran sp lan ts  w ith
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Fig. 3. Course of anaerobic  phase  of m etabolism  of au to transp lan ts . D etailed specifica
tion as in  Fig. 1 and  2.

perichondrium ; dashed line — curves II, IV — tran sp lan ts  w ithout perichon
drium  ).

Table 1 com pares the  changes in  the  m etabolic activ ity  of g ra fts  w ith peri
chondrium  and w ithout perichondrium  during the firs t 48 hours a fte r tran sp lan 
tation . The figures give the p ercen tage  of the o rig inal readings. The symbol 
— (m inus) stand  for decrease, +  (p lus) for increase in the m etabolic activity  
as com pared w ith  contro ls of fresh  tissue. The com parison betw een the two was 
alw ays carried  out in tissue of the  sam e doon tran sp lan ted  into the sam e 
recip ient.

The resu lts  a tta ined  prove th a t the p reservation  of the perichondrium  low ers 
the m etabolic activ ity  of g ra fts  in  the  firs t hours and days a fte r tran sp la ta tio n .

Table 1.

Transplant 
of cartilage

Aerobic phase Anaerobic phase

with w ithout with w ithout
perichondrium perichondrium

Auricle homotr. 
Rib homotr. 
Auricle autotr. 
Rib autotr.

-4 7 .6 %  
-1 3 .3 %  
-1 7 .8 %  
-  io.o%

-1 1 .9 %
-5 .0 %  
-6 .5 %  

+18.3%

-3 4 .6 %
-2 7 .1 %
-2 1 .6 %

-2 .8 %

-1 1 .2 %  
-4 .3 %  

+  18.1% 
+  4.2%
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It seem s th a t in these  firs t stages a fte r tran sp lan ta tio n , w hen the  nu trition  of the 
g ra ft is guaran teed  by diffusion from  the bed and not — as in situ  — by diffusion 
from  the perichondrium  norm ally  supplied w ith blood, the sim ultaneously  tra n s
p lan ted  perichondrium  has tu rned  into a so rt of ba rrie r against the  osm otic 
forces.

A fu rth e r fac to r having an  influence on the degree of change follow ing 
tran sp lan ta tio n , is the orig inal m etabolic activity  of the  tran sp lan ted  tissue. On 
com paring curves I, II (upper p a rt of figs. 1, 2 and 3) w ith curves III, IV (low er 
p a rt of the  figs.) the d ifferen t in tensity  of the changes in  auricle and rib ca r
tilage  becom es clear w hen expressed by absolute figures. This is quite under
standab le  since rib cartilage  shows a low  degree of m etabolism  already  in situ. 
However, if re la tive  figures, i. e. percen tage  in re la tio n  to the orig inal readings 
of th e  no t tran sp lan ted  tissue is used (separa te ly  for auricle and for rib ca rti
lage, th e  deviation in  auric le  ca rtilage  is h igher th an  in rib cartilage  (see table 
1 and com pare pairs vertica lly ). These reg istered  d ifferences support the view 
th a t the  shock to a  tissue on free g rafting  is the m ore in tense  the h igher its  
o rig inal m etabolism .

M easurem ents of la te r  and the la te s t stages of the g ra fts  (up to 382 days) 
did no t show  any m arked  deviation. A levelling of the  curves takes p lace; the  
read ings w hich had  show n a m arked decrease, have som ew hat increased. The 
m etabolic activ ity  of the  g rafts  never reaches the level of fresh  tissue, but the 
percen tage  decrease is not exceedingly high even in tran sp lan ts  under observa
tion  for long periods. This ind ica tes th a t cartilage  g rafts  rem ain  perm anently  
viable as a biologically  active tissue.

In old g rafts  — from  120 days a fte r im plantation, — no m arked d ifferences 
betw een auto- and hom otransp lan ts could be detected. The h isto logical contro ls 
(see below ), however, show ed early  absorption from  the periphery  in o lder homo
tran sp lan ts . It seems, therefore, th a t the  im m unological reaction , commonly 
regarded  as the  cause of absorption from  w ithout, has no influence on the m e
tabolic activ ity  and, because of tha t, on the viability of the  rem ain ing  tissue. 
This would ind icate  th a t hum oral antibodies — if there  are  any at all — do not 
cause dam age to the g ra ft as a whole. They only ac t on the surface of the  g ra ft 
and do no t p en e tra te  by diffusion into the  depth  of the  tissue of the  transp lan t.

In te resting  is the  gradual equalizing of the  read ings of the m etabolic 
quotient in old tran sp lan ts  w ith and w ithout perichondrium . As can be seen from 
the figs. 1, 2 and 3 th is levelling takes p lace to the detrim en t of the m etabolic 
activ ity  of the  g ra fts  w ithout perichondrium  as well as by a sligh t increase 
in the  read ings in  g ra fts  w ith perichondrium , considerably low ered before. In 
the m ajority  of hom otransp lan ts  the approxim ate equalizing is reached in the 
period about 127 to 190 days a fte r tran sp lan ta tio n  (figs. 1 and 2), in au to tran s
p lan ts  earlie r, i. e. in  the period about 19 to  61 days (fig. 3). This would ind icate  
tha t the  perichondrium  of au to transp lan ts in teg ra tes com paratively earlie r with 
the m etabolic condition of the bed (probably by the jo in ing up of vessels of the 
perichondrium  w ith those of the bed or by revascularization  of the perichon
drium ), and in th is way the  inhibitory effect of the perichondrium  on the m eta
bolism of the tissue is annulled. In hom otransp lan ts the equalizing of the curves
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takes place much la te r; here  it is necessary  to take  in to  consideration  the 
gradual absorption  of the tran sp lan ted  perichondrium  and its substitu tion  by the 
connective tissue of the bed. This in te rp re ta tio n  coincides w ith the m acroscopic 
findings in sam ples of hom otransp lan ts w hich long a fte r  im plan ta tion  alm ost 
spontanously  “slipped” out of th e ir  own perichondrium  — or ra th e r  of the con
nective tissue of the bed. The connective tissue of the bed had probably already  
absorbed the tran sp lan ted  perichondrium  and w as now  im m itating it m acro- 
scopically . It rem ains, however, unexplainable why a la te  decrease in the m eta
bolic activ ity  occurs in  g ra fts  w ithout perichondrium  m ainly  during the period 
betw een 19 and 69 days a fte r tran sp lan ta tio n . May be th is  is due to  the  con
nective tissue capsule around the tran sp lan t w hich just a t th a t tim e reaches the 
height of its developm ent.

It rem ains to deal w ith  the influence of the  blood supply of the bed on the 
m etabolic activ ity  of the  g rafts. Only a few experim ents devoted to th is problem  
w ere carried  out in  order to obtain  a g enera l survey. No d ifference in the m e
tabolism  of tran sp lan ts  w as observed w hether im plan ted  into m uscle (i. e. in to  
a bed w ith  a very good blood supply) or into the sparse  subcutaneous tissue 
(i. e. in to  a bed w ith a poor blood supply). It seem s th a t cartilage  w ith  its  low 
level of m etabolism , p redom inan tly  of an anaerobic type, does no t requ ire  a bed 
w ell supplied w ith  jblood. It should, however, be stressed  th a t th is conclusion 
does not apply to a bed form ed of pa thologically  a lte red  tissue, such as scar 
tissue. It is a w ell-know n clin ical experience th a t g ra fts  of hum an cartilage  
im plan ted  into sca r tissue decrease in  size and  as a w hole and by absorption  
from  w ithout, w hereas the  sam e g rafts , w hen im plan ted  into healthy  tissue, 
m ain ta in  th e ir  volume (P eer). No sa tisfac to ry  exp lan tation  of these observations 
has h itherto  been offered. From the  im m unolog ica l!point of view just the  con
tra ry  would be expected: a bed w ell supplied w ith blood should a ttack  the g raft 
by ce llu lar in filtra tion , p ro lifera tion  of absorbing tissue and also by the richer 
supply of antigens, beter th an  the  scar. The author, however, explains th is 
find ing  on the  basis of his own m etabolim etric  experim ents — including those 
described elsew here (Kluzák and Musil, 1959) — by the theory  of au to reso rp 
tion : If p laced into the scar tissue  the g rafts  — in the  m ajo rity  of cases they 
w ere au to tran sp lan ts  under clin ical observation — are no t sufficien tly  supplied 
w ith  nu trien ts . A sim ilar situation  arises as in  he tero - or hom otransp lan ts, w here 
the  insuffic ien t or low ered supply of n u trien ts  is obviously caused by the d is
harm ony betw een  the biochem ical system s of the  g ra ft and  the bed. The cells 
of the tran sp lan t, w hile on the w hole preserv ing  th e ir m etabolic activ ity  u n 
changed, consum e th e ir own in te rce llu la r substance. A g ra ft thus debased can 
then  easily  be liquidated  even by the  in ferio r sca r tissue of the bed.

H i s t o l o g i c a l  c o n t r o l s :  These contro ls w ere of secondary  im 
portance  for the  experim ents repo rted  above, since these  w ere cen tred  mainly 
on m etabolism . They w ere, nevertheless, necessary  fo r the  m orphological 
evaluation  of the biochem ical exam ination  m ainly in order to estim ate  the  degree 
of surface arrosion, to exclude substitu tion from  the bed, and, finally , to 
asce rta in  the m orphological changes w hich had  tak en  place in  the  g ra ft itself.

The m ajority  of the  h isto log ical findings m ade by the au thor during his
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experim ents do no t d iffer a t a ll from  the resu lts  of the detailed  histo logical 
stud ies (Craigmyle, Burian, Peer and o thers). They will, therefo re , no t by an a 
lysed here  in  detail. A tten tion  is d raw n only to the  m ore in te resting  changes 
w hich take  place w ith in  the hom otransp lan ts and w hich have no t h itherto  been 
described.

In o lder hom otransp lan ts  changes w ere observed w ith in  the tissue w hich 
w ere alm ost ind istinguishable  two m onths a fte r im plan tation , but a lready  well 
m arked  a fte r four m onths and w hich w ere as follow s: en largem ent of chondro
cytes w ith  the  fo rm ation  of large cen tra l vacuoles, w idening of lacunae, fo r
m ation  of p ro jections by the cartilage cells, and the appearance  of a space 
betw een the cell and its  capsule filled w ith a PAS positive substance w ithout 
defin ite  s truc tu re  (fig. 4). A series of sim ilar phenom ena w as described recen tly  
by Zástava and Titlbach (1957) in the en largem ent of cells of ossifying hyaline 
cartilag e  (no t tran sp lan ted ) and term ed endogenous resorption.

This endogenous resorp tion  ind icates th a t chondrocytes them selves can 
dissolve and  consum e the basic substance. The sim ilarity  betw een these changes 
and those found in  o lder hom otranp lan ts m ay support the opinion th a t the su r
viving cells of the  g ra ft consum e th e ir own in te rce llu la r substance.

In view of the fac t th a t th is paper w as not concerned w ith h isto logical 
research  it is perhaps understandab le  th a t the histo logical m ateria l produced 
here  is ra th e r  m eagre and cannot be regarded, therefore , as reliab le evidence. 
Work continues on th is subject. The actual purpose of the h isto logical study in 
th is w ork w as m uch m ore sim ple: to m ake quite certa in  th a t the tissue taken  
for m anom etric m easurem ent w as th a t of the  tran sp lan t and not tissue from  the 
bed.

C O N C L U S I O N

By rep ea ted  and sim ultaneous m anom etric and histo log ical exam inations 
of tran sp lan ts  observed for long periods it w as proved th a t the cartilage  rem ains 
a viable and biologically active tissue a fte r auto- and hom otransp lan tation . The 
g ra fts  survive w ithout con tac t w ith hom ologous tissue or the need for functional 
use. It seem s th a t survival depends neither on the blood supply of the  bed so 
long as the  bed does no t consist of pathologically  a lte red  tissue, nor does it 
depend on the presence of fac to rs causing absorption from  w ithout. On the 
o ther hand  the viability of the g ra ft is evidently  affected  by the tran sp lan ta tio n  
itself, the  degree of these changes depending on the p reservation  or the  rem oval 
of the perichondrium , on the ch arac ter of the  new environm ents (auto- or 
hom o-), and on the orig inal m etabolic activ ity  of the tran sp lan ted  tisteue.

S UMMARY

1. A long-term  observation of auto- and hom otransp lan ts of rib and auricle 
ca rtilage  in rabbits, w ith and w ithout perichondrium , by a m anom etric m ethod 
supplem ented by m acroscopic and  histo log ical exam inations, w as carried  out. 
These g rafts  rem ained  viable and biologically active w ithout con tac t w ith hom o
logous tissue in  the bed and  w ithout necessity  for functional loading. Survival
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of the g raft is evidently  not affected  by the blood supply of the  bed so long as 
the la tte r  is no t form ed by pathologically  a lte red  tissue.

2. From the  analysis of the  changes in  the m etabolic activ ity  of the g rafts  
during the firs t hours and days a fte r tran sp lan ta tio n  it follow s th a t:

a) the  sim ultaneously  tran sp lan ted  perichondrium  low ers the  m etabolic activ ity  
of the g ra ft probably acting  as a ba rrie r to the osm otic forces;

b) the  biochem ical ch a rac te r of the  new  (au to -o r homo-) environm ent exercises 
an  in fluence on the  m etabolism  of the graft. This influence is already 
noticeable a t a period w hen no im m unological processes can be taken  in to  
account;

cj the  h igher the  orig inal m etabolism  of tran sp lan ted  tissue, the m ore in tense  
is the  shock to  the  tissue a fte r free  tran sp lan ta tio n .
3. From  the analysis of the changes in  the  m etabolic activ ity  a long period 

a fte r  tran sp lan ta tio n  it can be deduced th a t
a) the  g ra fts  rem ain  a biologically  active tissue w ith a sligh tly  low ered m eta

bolic level;
b) the perichondrium  of au to tran sp lan ts  re la tive ly  soon in teg ra tes  w ith the 

nu tritive  source of the bed w hereas the  perichondrium  of hom otransp lan ts  
is evidently  rep laced  by the connective tissue  of the  bed;

c) fac to rs effecting  absorption from  w ithou t do no t cause dam age to the 
viability of the g ra ft as a whole, but act only on its  surface.
4. No cartilage  tissue regenera tes from  tran sp lan ted  pure perichondrium . •
5. The resu lts of the  h isto log ical contro ls of cartilage  hom otransp lan ts  sup

port the assum ption of au to resorp tion  (described elsew here), i .e .  th a t the  cells 
of these  g ra fts  consum e their own in te rce llu la r substance.

R É S U M É

Etude manométrique de la viabilité des greffes de cartilagineux
R. K l u z á k

1. Par m éthode m anom étrique com plétée d ’observations m icroscopiques e t histologi- 
ques, F au teu r a é tud ié  pen d an t une longue période, les auto- e t  hom ogreffes de 
cartilage  costal e t du pavilion  de I’o reille  chez le s  lapins, d ’une p a r t avec périchondre, 
d’au tre  p a rt sans. Ces g reffes re s ten t tin tissu  v ivant, bio logiquem ent ac tif sans q u ’il 
y a it nécessité  de con tac t avec un tissu  hom ologue dans le lit e t de surcharge  fonction- 
nelle. Sur la  viabilité, le  degré d ’irriga tion  sanguine n ’a apparem en t pas d ’in fluence, pour 
au tan t qu ’il ne s ’agisse pas d ’un lit form é d ’un changem ent pathologique de tissu.

2. II découle de 1’analyse  des changem ents dans 1’activ ité  m étabolique des g reffes 
au  cours des p rem ieres h eu res  e t jou rnées ap rěs  tran sp lan ta tio n  que:

a) le  périchondre tran sp lan té  en mem e tem ps dim inue 1’activ ité  m étabolique des 
greffes, ag issan t v raisem blab lem ent comme une d igue aux forces osm otiques;

b) le ca rac tě re  biochim ique du nouveau m ilieu  (auto- ou homo-) influence le m éta- 
bolism e des tra n sp la n ta ts  e t ce, déjá  á la période oú on ne peu t com pter sur des p ro 
cessus im m unologiques;

c) p lu s le  m étabolism e du greffe  est élevé, p lus est g rand  le choc que le tissu 
re ssen t ap rěs  tran sp lan ta tio n  libre;

3. II découle de 1’analyse des changem ents dans 1’activ ité  m étabolique des greffes 
ap rěs  une période plus longue su ivan t la  tran sp lan ta tio n  que:
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a) les g reffes re s ten t un tissu  biologiquem ent actif avec un m etabolism e légěre- 
m ent dim inué;

b) dans les au tog reffes avec périchondre, les foyers se re lien t relative m en t rapide- 
m en t á la source nu tritive  a lo rs  que dans les hom ogreffes on observe apparam m ent 
un rem placem en t du périchondre  tran sp lan té  p a r  le tissu  conjonctif du lit;

c) le s  fac teu rs, p rovoquant 1’abso rp tion  de 1’ex térieu r ne lěsen t pas le greffe 
dans son en tité  m ais ont tou t au p lus une action  sur sa surface.

4. Le tissu  cartilag ineux  de périchondre tran sp lan té  seul ne régéněre  pas.
5. Les ré su lta ts  des con tró les h is to logiques des hom ogreffes de cartilage  appuien t 

la conception  ď au to réso rp tio n  (développée dans ď a u tre s  travaux) c’est á d ire que les 
ce llu les de ces g reffes em ploient leu r p ropre s tru c tu re  in te rce llu la ire .

Z U S A M M E N F A S S U N G  

Manometrische Sfudien uber die Lebensfahigkeit von Knochentransplantaten
R. K l u z á k

1. M ittels m anom etrischer M ethodik, e rganzt durch m akroskopische und histologische 
Beobachtungen, w urden Auto- und H om otransp lan tate  von Rippen- und O hrm uschelknor- 
pe ln  bei K aninchen, e inerse its  m it Perichondrium , anderse its  ohne Perichondrium  lang- 
fristig  verfolgt. Diese T ransp lan tá te  bleiben ein lebendes, biologisch aktives Gewebe ohne 
N otw endigkeit e ines K ontaktes m it g le ichgearte tem  Gewebe in  der E m pfangsstelle und 
ohne N otw endigkeit e iner Funktionsbelastung . Auf das O berleben h a t der Durchblutungs- 
g rad  der E m pfangsstelle  w ahrschein lich  keinen  E influss, sow eit es sich n ich t um eine 
E m pfangsstelle  m it pa tho log ischen  G ew ebsverandem ngen handelt.

2. Aus der A nalyse von V eranderungen jn  der Stoffw fechselaktivitat in den e rsten  
S tunden und Tagen der O berpflanzung geh t hervor, dass

a) das m ittiberp flanzte  Perichondrium  die S to ffw echselak tiv ita t des T ransp lan ta tes 
herabsetzt, w ahrschein lich  a is  Schutzw all gegen osm otische K ráfte;

b) der biochem ische C harak te r des neuen  Mediums (Auto- oder Homo-) den Stoff- 
w echsel des T ransp lan ta tes beein flusst und d ies bereits im Zeitabschnitt, wo m it immu- 
no logischen Prozessen n ich t zu rechnen  is t;

c) je  hoher der S toffw echsel des uberpflanzen  Gewebes 1st, desto  grosser, 1st die 
G ew ebserschutterung nach  der fre ien  T ransp lan tation .

3. Aus der A nalyse von G ew ebsveranderungen ISngere Zeit nach der O berfplanzung 
kann  gesch lossen  w erden, dass

a) T ransp lan tá te  biologisch aktives Gewebe m it einem  m assig herabgesetzten  Stoff- 
w echselgrad  b leiben;

b) bei A u to transp lan ta ten  sich das Perichondrium  re la tiv  rasch  in die ErnShrungs- 
quellen  der E m pfangsstelle  e inschalte t, w ogegen es bei H om otransp lan ta ten  w ah r
schein lich  zu einem  E rsatz des iiberpflanzten  Perichondrium s durch Bindegew ebe der 
E m pfangsstelle  kom m t;

c) Faktoren , die eine Absorption aus dem Á usseren verursachen , die Lebensfahigkeit 
des T ransp lan ta tes  a is  Ganzes n ich t schadigen, sie w irken  dem nach hBchstens an  der 
O berflache.

4. Aus dem tran sp lan tie r ten  Perichondrium  allein , w ird das K norpelgew ebe nicht 
regeneriert.

5. Die E rgebnisse der h isto log ischen  K ontrollen von K norpel-H om otrarisplantaten 
un terstiitzen  die V erm utung e iner A utoresorption (in e iner anderen  A rbeit ausfuhrlich  
behandelt) — dass Zellen d ieser T ransp lan tá te  ihre e igenen in te rce llu la ren  S truk turen  
verbrauchen.
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ELECTRIC CONDUCTIVITY AS A MEASURE 
OF THE VITALITY OF TISSUE

J .  K R Y Š P Í N ,  Z . H A E A N T O V Á

At the  p resen t stage of developm ent of tran sp lan ta tion , a quantita tive  c ri
te rion  for evaluating the v ita lity  of tissue would be no t only of theore tica l im 
portance, but also of p rac tica l value, e. g. for determ ining the effect of p reserva
tion  m ethods or changes in  tran sp lan ted  tissues. P resent c rite ria  are  of a m ainly 
qualita tive ch arac ter and in the given situation  they cannot be expected to 
maUce any basic contribution to resolving the involved problem  of tissue vitality. 
The au thors th erefo re  consider it  righ t th a t new m ethods should be introduced 
in clin ical research  on tran sp lan ta tion .

One m ethod w hich fulfils requirem ents of accuracy is the determ ination  of 
the elec tric  conductivity  of tissue. Experim ents a ttem pting  quan tita tive evalua
tion  of tissue and cell perm eability , as a te s t of v itality , by m easuring e lec tric  
conductivity  have been carried  out by a num ber of authors (G aleotti 1901, Kodis 
1901, Osterhout 1922, Brooks 1923, Tarusov 1938, Vávra and Mělká 1942, Kryšpín 
and Klen 1956). Their resu lts  can be summed up as follow s: 1. The norm al cell 
(i. e. the  cell m em brane) possesses m arked specific resistance, w hich is re la ted  
to its selective perm eability  for certa in  ions. 2. S tim ulation causes a decrease 
in resistance  of the m em brane. 3. Injury to the  tissue is m anifested  in a de
crease in resistence to very low values, w hich is first reversible, but a fte r death 
is irreversible.

It is no longer possible to in te rp re t some of these changes as changes in 
the sta te  of the cell m em brane. The la te s t research  shows th a t the conduction 
of an elec tric  cu rren t in  tissue is influenced by po lar m acrom olecules and by 
changes in th e ir  physical and chem ical s tructure . These findings can, however, 
provide a good basis for dynam ic research  on the m olecular s truc tu re  of living 
m atter in re la tion  to survival and death.

On the basis of these findings the authors evolved a m ethod of the ir own 
and m odified m easuring m ethods in  curren t use today w ith regard  to the re 
quirem ents of tran sp lan ta tion , p articu la rly  in p lastic  surgery.
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M E T H O D

The e lec tric  conductiv ity  of g ra fts  w as m easured  in a res is tance  vessel, in  w hich 
th e  tissue w as fixed by tw o contiguous rings. This form ed a p a rtitio n  betw een  the two 
sections con tain ing  the conduction m edium  and the non-polarizab le  e lec trodes. The 
cu rren t passing  betw een the e lec trodes w as thus obliged to  p ass  th rough  the tissue. 
This m ethod perm its the m easurem en t of the e lec tric  p ro p ertie s  of any tissue, e. g. skin,

3000 ̂

2000 -

1000-

Fig. 1. C hanges in ohmic res is tance  of tissue during survival, x: tim e from  com m encem ent 
of survival in a rb itra ry  un its ; y: tissue res istance  values in ohms. 0  — beginning 
of survival (in m ost cases th e  m om ent of ex tirpa tion  of th e  tissu e). A — approxim ate 

com m encem ent and B — end of steady  state .

cornea, k idney and liver sections, etc. The res is tance  of the tissues w as m easured  by 
constan t d irec t cu rren t ( tran s ien t phenom enon m ethod, Vogel and Kryšpín 1956, Kryšpín 
and Klen 1958) and  by a lte rn a tin g  c u rre n t w ith a frequency  of 500 to 50.000 Hz, using 
a W heatstone bridge.

R E S U L T S

Under constan t conditions (the sam e m ethod of tissue prepara tion , medium, 
tem pera tu re), the  au thors found th a t changes in the e lec tric  conductivity  of 
surviving skin, cornea, liver, k idney  and  bra in  took a sim ilar course. For each 
tissue it w as b iphasic (Fig. 1). R esistance firs t increased ; a steady  s ta te  then 
developed, i.e. a period during w hich tissue resistance  rem ained  constan t, fo l
lowed by an  irreversib le decrease in resistance . This decrease is regarded  as the 
m an ifesta tion  of an irreversib le d isturbance of tissue perm eability  and hence 
of death  of the tissue. The ascending curve and the steady  s ta te , w hich can be 
of varying duration , are the m an ifesta tion  of a s till active reac tio n  of surviving 
tissue. The duration  of the steady s ta te  depends on the type of tissue. In the 
p resen t experim ents it was sho rtest for liver tissue (m inutes) and longest for 
Skin (up to several dozen hours). It also depends on a ll the fac to rs know n to 
influence tissue vitality . Exchanging the medium  and provision of an  oxygen
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supply prolonged the duration  of the  steady sta te , while a reduction  in the pH 
of the medium, irrad ia tio n  of the tissue w ith  X-rays or the  addition  of m etabolic 
poisons shortened  it.

The changes described w ere m ost m arked  w hen m easuring w ith d irect cu r
ren t. W hen the frequency was raised  they decreased  in extent and from  fre 
quencies of 50.000 Hz upw ards they  could not be dem onstrated  a t all under the 
given experim ental conditions.

k  D I S C U S S I O N

Most of the o lder au thors only describe a decrease in  the  resistance 
of surviving tissue; in the p resen t experim ents a biphasic reaction  w ith a steady 
s ta te  of varying duration  was observed. In tissue w ith active m etabolism  the 
steady  s ta te  w as of re la tively  short duration  and an  irreversible decrease in 
resistance  soon occurred. In the  case of skin, cornea and cartilage, i. e. tissues 
im portan t from  the aspect of tran sp lan ta tio n , the steady  s ta te  usually  lasted  for 
hours. The authors assum e th a t the  steady  sta te  w hich precedes an irreversib le 
d ecrease rep resen t the borderline w here the decisive changes resu lting  in death  
of the tissue tak e  place. Its duration  in  surviving tissue can therefo re  be regarded  
as a m easure of its vitality . The advantage of this m ethod is th a t the tissue is 
not dam aged by m easuring.

S U M M A R Y

Using a precise electrophysiological m ethod, the authors follow ed on from 
earlie r find ings and studied  the re la tionsh ip  betw een the elec tric  conductivity 
of tissue and its  v itality . The norm al cell m em brane possesses high resistance, 
w hich on death  of the tissue fa lls to the  values of physiological saline. Before 
th is  occurs, however, a steady  s ta te  of varying dura tion  is observed in every 
type of tissue, during w hich e lec trical resistance  is h igher than  under physiol
ogical conditions, and during w hich the processes leading d irectly  to death  of 
the tissue probably tak e  place. R esistance changes a re  m ost m arked  w hen m eas
ured by m eans of d irect current.

B H B O bl

S jIC K T p O n p O B O flH O C T B  B K a u e C T B C  n O K a S a x e j I H  H C H S H eC nO C O Ď H O C T H  X K a H H

H .  K p  bi in  n  h  h ,  3 .  F a p a H T O B a

H p n  n o M o n j H  t o i h o f o  3 J i e K T p o ý H 3 H O J i o r n i e c K o r o  M e r o s a  m o > k h o ,  n p o f l o a j K a a  n p e a c H H e  

H C C J ie f lO B a H H H , H 3 H T H  O O 'i,iiC H C K H i; B 3 a H M O C B H 3 H  B Jie K T p O n p O B O X H O C T H  T K a K B ií C H X  > K H 3 H e C n 0 C 0 6 -  

H O C T b m . H o p M a j i B H a a  K J ie r O H H a a  M e M S p a n a  o S j i a a a e x  b h c o k h m  c o n p o T H B J i e H H e M ,  K o x o p o e  n p a  

o x M n p a H H H  r r o H H ® a e x c H  a a a t e  k  B e j i n r a H a M  ( J u s n o j i o r H q e c K o r o  p a c x s o p a .  f l e p e j t  3 x h m  h o h h -  

a te H H C M , O R H a K O , b  K a H f l o ň  X K a H H  H a d j n o j i a e x c a  n e p a o a  y c x o ň i H B o r o  c o c x o a H H a ,  p a a n o H  

n p o a o j i j K H x e j i b H o c x H ,  K o r a a  c o n p o x H B a e H H e  X K a n n  n o  c p a B H e H H K )  c $ H 3 H O J io r n t i e c K H M  c o c x o a H H e M  
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p e H H H  nO C X O H H H M M  XOKOM.
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R É S U M É

Conductibilité électrique comme critěre de la viabilité des tissus
J. K r y š p í n ,  Z. H a r a n t o v á

A 1’aide ď une m éthode électrophysio log ique p récise , il e st possib le de se ra tta ch e r 
á certa in s ré su lta ts  an té rieu rs  et ď éc la irc ir  le  rap p o rt de la  conductib ilité  é lec trique des 
tissus et de leur viabilité. Une m em brane ce llu la ire  norm ále p résen te  une fo rte  rés istance  
qui en m ouran t dim inue jusqu’a des valeu rs de so lu tion  physiologique. A vant ce tte  d im i
nution, nous observons tou tefo is sur chaque tissu  une période de stab ilisa tion  de durée 
d ifférem m ent longue, p ré sen tan t une rés istance  tissu la ire  augm entée con tre  1’é ta t 
physiologique e t pen d an t laquelle  on t vraisem blablem ent lieu  des processus qui con- 
du isen t d irec tem en t á la  m ort du tissu . Les changem ents de la  rés is tan ce  son t les plus 
accen tués avec des m ensura tions au couran t continu.

Z U S A M M E N F A S S U N G  

Die elektrische Leitfahigkeit ais Mafistab der Gewebsvitalitat
J. K r y š p í n ,  Z. H a r a n t o v á

Mit Hilfe e iner genauen  elek trophysio log ischen  M ethode 1st es m oglich, in An- 
knupfung an  einige fruhere  Befunde den Zusam m enhang zw ischen d e r e lek trischen  Leit
fah igkeit der Gewebe m it deren  V ita lita t w eite rh in  zu erhellen . Die norm ále Zellm em bran 
b ietet einen  hohen W iderstand, der beim A bsterben der Zellen bis auf W erte, die physio- 
logischer K ochsalzldsung zukom m en, absinkt. Vor diesem  A bsinken kann  m an jedoch bei 
jedem  Gewebe eln versch ieden  lange dauerndes S tadium  eines ausgeglichenen  Z ustandes 
beobachten, wo der G ew ebew iderstand gegenuber den  physio log ischen  V erhaltn issen  
e rh o h t is t und wo sich w ahrschein lich  jene Processe abspielen , die unm itte lbar zur Ge- 
w ebsnekrose ftihren. Die V eranderungen  des W iderstands sind am deu tlich s ten  bei 
M essung m it G leichstrom  zu verzeichnen.
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