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C E N T E R S  

An investigation of the H-reflex of the solcus muscle and of the F-wave of the abductor hal-  
lucis muscle in patients in a var ied depth of coma revealed success ive  disappearance of the 
responses  of the a -mo toneu rons ,  initially to stretching of the corresponding muscle,  la ter  
to e lec t r ica l  st imulation of the Ia afferents,  and finally, to antidromic stimulation. 

Inhibition of the functions of the nonspecific s t ruc tures  of the bra in  stem, the basis of development of 
deep coma, leads to the gradual  disappearance of tendon ref lexes .  The mechanism of this aref lexia has not 
been adequately explained. 

The object of the present  investigation was to study reflex and antidromie excitability of the ~ - m o t o -  
neurons of the sacra l  segments  of the spinal cord  in patients in stage II-IV of coma, with deprivation of 
supraspinal  impulses [1]. 

E X P E R I M E N T A L  M E T H O D  

The investigation was ca r r i ed  out on 20 healthy subjects and 12 patients in coma of varied depth and 
e t io logy:  vascu la r  coma (7 patients),  t raumat ic  (3 patients), andtoxic (2 patients).  Reflex excitability of the ~ - 
motoneurons was de te rminedby  recording  the H-ref lex  [14, 16]. For  this purpose the tibial nerve was s t imu-  
lated in the popliteal fossa  with square pulses of increasing strength with a frequency of 0.1 Hz and dura-  
tion of 0.5 msec .  Potentials  of the central  and motor  responses  were recorded  by percutaneous e lec t rodes  
f rom the soleus muscle .  The rat io between the maximal amplitudes of these potentials (Hmax/Mmax), ex- 
p res sed  as a percentage,  was used as a measure  for quantitative a s sessment  of the monosynaptic excitabi-  
lity of the spinal center  [4, 8]. Antidromic excitabili ty of the ~-motoneurons  was judged f rom the charac te r  
of the F-wave [12, 17, 18] - t h e  centra l  response  of the abductor hallucis muscle,  recorded  by coaxial needle 
e lec t rodes .  The action potentials of the muscles  were  recorded  on a Medicor e lec t romyograph.  

E X P E R I M E N T A L  R E S U L T S  

Depending on the sever i ty  of the coma, the patients were divided into three groups.  Group 1 included 
three patients in stage II of coma.  Clinical picture was charac te r ized  by unconsciousness,  depress ion of 
the cutaneous ref lexes,  inhibition of tender ref lexes in the upper l imbs and their  absence in the lower limbs, 
although pyramidal  signs were  present  in the feet. Despite the absence of ankle jerks ,  all three patients 
had H-potentials of high amplitude in the soleus muscle and their  Hmax/Mma x rat io var ied f rom 47 to 67%. 
The mean value for  this rat io in healthy persons  was 68%, with variat ions ranging f rom 38 to 94%. Just  as 
in the control  group, the threshold of the H-reflex in every  case was below the threshold of the M-potential.  
The central  response  of the abductor haUucis muscle in these patients, by contras t  with the healthy sub- 
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Fig.  1. Centra l  and mo to r  r e s p o n s e s  of leg and foot musc l e s  of a pat ient  in stage H of coma.  
Pat ient  K-n,  aged 27 y e a r s .  Diagnosis:  concussion,  subarachnoid h e m o r r h a g e .  A) Dynamics  
of H- re f l ex  and M - r e s p o n s e  of soleus musc le  with increas ing  s t rength  of s t imulat ion;  ]3) motor  
and cent ra l  r e s p o n s e s  of abductor  hal lucis  musc le  to threshold;  C) submaximal ;  and D) s u p r a -  
maximal  s t imulat ion of moto r  axons.  

Fig.  2. H- re f l ex  and F - w a v e  of leg and foot musc les  in a pat ient  with stage III of coma.  Pat ient  
A - v a ,  aged 32 y e a r s .  Diagnosis :  epi lepsy with dement ia .  State a f t e r  cl inical  death as r e su l t  
of obs t ruc t ion  of the r e s p i r a t o r y  p a s s a g e s  by a foreign body. Legend as  in Fig.  1. 

F ig .  3. Motor r e s p o n s e s  of soleus and abductor  hallucis  musc les  in s tage IV of coma.  Pat ient  
I - v ,  aged 43 y e a r s .  Diagnosis :  symptomat i c  hyper tens ion  (anomaly of the kidneys).  Multiple 
subarachnoid and i n t r a c e r e b r a l  h e m o r r h a g e s .  A) Dynamics  of M- re sponse  of soleus musc le  
during inc rease  in s t imulus  intensi ty (H-ref lex  absent);  B) M- re sponse  of abductor  hal lucis  
muscle  to supra threshold ;  C) to s u p r a m a x i m a l  s t imulat ion (F-wave  absent) .  

jeers ,  was evoked r egu la r ly  and was constant  in ampli tude and shape, being inhibited by s u p r a m a x i m a l  
s t imulat ion (Fig. 1), showing that its re f lex  component  was predominant .  

Group 2 included five pat ients  in s t a g e  III of coma.  In these cases  complete  a r e f l ex i a  was observed,  
accompanied  by d is turbance  of ca rd iac  act ivi ty and seve re  d i s o r d e r s  of resp i ra t ion ,  as a r e su l t  of which the 
lungs were  a r t i f ic ia l ly  vent i la ted with the RO-2 appara tus .  The e lec t rophys io log ica l  c h a r a c t e r i s t i c s  in 
this case  were  a low ampli tude of the H- re f l ex  and a dec r ea se  in the g m a x / M m a  x ra t io  (10-37%). In four 
cases  the th resholds  of the H- and M-potent ia ls  were  equalized.  Although the F -wave  did not contain a 
ref lex  component,  it was r egu l a r .  Somet imes  in r e sponse  to a single s t imulus ,  a double an t id romic  d i s -  
charge of the a - m o t o n e u r o n s  was r eco rded  (Fig.  2). 

Group 3 inc luded four  pat ients  whose life had been ar t i f ic ia l ly  suppor ted  for  a day or  fo r  s e v e r a l  
hours  by ar t i f ic ia l  r e sp i r a t i on  and by drugs  acting on the ca rd iovascu la r  s y s t e m  (the t e rmina l  s tage of 
coma).  Cha rac t e r i s t i c  r e su l t s  of the e l ec t romyograph ic  invest igat ion of the pat ients  of this group were  
absence  of the H- re f l ex  and F -wave  of the leg and foot musc les  and p r e s e r v a t i o n  of the mo to r  r e s p o n s e s  
(Fig. 3). 

With deepening of coma,  the tendon r e f l exes  thus d i sappeared  consecut ively:  f i r s t  the knee and ankle 
j e rk s ,  then the H- re f l ex  of the soleus musc le  and, finally, the F -wave  of the abductor  hal lucis .  The same  
pa t t e rn  was obse rved  not only in pat ients  with coma  of di f ferent  seve r i ty ,  but a lso  in the same  pat ient  dur -  
ing worsening of his s ta te .  

Consequently,  despite  d i sappearance  of the ankle j e rks ,  in pat ients  in stage II of coma the ref lex  ex-  
citabil i ty of the s a c r a l  a -mo toneu rons  r e m a i n s  intact .  This is shown by the p r e sence  of an H-potent ia l  
and also by p redominance  of the ref lex  component  in the cent ra l  r e sponse  of the foot musc l e .  The same 
effect  has also been obse rved  in healthy subjec ts  under 20-22 y e a r s  of age [5]. 
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According to the l i t e r a tu re ,  compar i son  of the ankle j e r k  and H- re f l ex  of the soleus musc le  can p ro -  
vide ind i rec t  evidence of the act ivi ty of the ~ / - sys tem [9, 11, 15, 20]. Although act ivat ion of I a -a f fe ren t s  
during e l ec t r i ca l  s t imulat ion of a ne rve  and mechanica l  s t imulat ion of a tendon dif fers  in i ts  degree  of 
synchroniza t ion ,  and there  a re  technical  diff icult ies  in the way of compar ing  changes in the tendon ref lex  
and H-potent ia l  [2], i t  can neve r the l e s s  be supposed that  the loss  of the ankle j e r k  at a n e a r - n o r m a l  value 
of the H m a x / M m a  x ra t io  was  due to se lec t ive  inhibition of 7 - m o t o n e u r o n  function. 

During the development  of coma,  in the initial  pe r iod  of a dec r ea se  in suprasp ina l  influences the ex-  
citabil i ty of the 7 - n e u r o n s  and, in consequence,  of the in t rafusa l  spindles of the skeletal  musc le  probably  
fa l l s .  Only when the coma r eaches  s tage III-IV, does the re f lex  excitabil i ty,  followed by the an t id romic  
excitabil i ty,  of the r e s p i r a t o r y  cel ls  of the an t e r io r  horn diminish and d i sappear ,  i .e. ,  atony of the ent i re  
spinal cen ter  develops  [3]. 

Both a d e c r e a s e  in the influences a r r iv ing  via  the ~ - loop  and a g radua l  development  of spinal i s -  
chemia  a r e  evidently significant  f ac to r s  in the m e c h a n i s m  of the re la t ive ly  late inhibition of ~ -motoneuron  
function. The resul t ing  asphyxia ,  through d i s tu rbances  in the p resynap t i c  sys t em,  leads to the suppress ion  
of the re f lex  r e spons e  whe rea s  the an t id romic  r e sponse  sti l l  continues [10]. The mismatch ing  of the r e -  
sponses  of the spinal  cen ter  to s t re tching of the musc le  spindles and to e l ec t r i ca l  s t imulat ion of I a - a f f e ren t s  
is a lso obse rved  in o ther  les ions  of the CNS [6, 7, 11, 19]. 

The poss ib i l i ty  cannot be ruled out that these r e su l t s  may be of p rac t i ca l  impor tance  in a s se s s ing  the 
sever i ty  of coma,  evaluat ing the eff icacy of r e susc i t a t ion  m e a s u r e s ,  and in a s se s s ing  the pa t ien t ' s  p rog -  
n o s i s . .  
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