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A s ta t i s t i ca l  ana lys i s  was made  of  long continuous r e c o r d s  of  l~B in terva ls  of the ECG of  64 
pat ients  with pyogenic surg ica l  infections.  The following indices were  examined:  the mean  
l~B in terva l  ~--B), s tandard  deviat ion (~), range  of var ia t ion  (V), f i r s t  and third co r r e l a t i on  
coeff ic ients ,  e x c e s s ,  a s y m m e t r y ,  B'-B/cr ra t io ,  and the fo rm of the a u t o r e g r e s s i o n  c lus te r .  
In th ree  groups  of pat ients  di f fer ing in the s e v e r i t y  of  the i r  condition, the values  of  e ,  BB/cr, 
and V were  found to di f fer  s t a t i s t i ca l ly  s ignif icant ly.  These  d i f fe rences  were  c l e a r l y  r e -  
f lected in the s ize  and shape  of the a u t o r e g r e s s i o n  c lus te r .  The r e su l t s  sugges t  that the 
s ta t i s t i ca l  c h r a c t e r i s t i c s  of  long r e c o r d s  of the card iac  rhythm can be used for the object ive 
a s s e s s m e n t  of  the s eve r i t y  of  the pa t ien t ' s  condition and the eff icacy of  his t r e a tmen t .  
KEY WOBDS: ca rd iac  rhythm; s ta t i s t i ca l  ana lys i s  of the card iac  rhythm.  

Phys ic ians  and phys io logis t s  a r e  paying e v e r - i n c r e a s i n g  attention to the ana lys i s  of  the pr inc ip les  gov -  
erning the ca rd iac  rhythm.  During long record ings  of I~B in te rva ls  of the ECG, this type of ana lys i s ,  with the 
use of  s ta t i s t i ca l  me thods ,  has  r evea led  a number  of h i ther to  unknown pr inc ip les .  In p a r t i c u l a r ,  definite d i f -  
f e rences  have been found in the c h a r a c t e r i s t i c s  of the sinus rhythm which the physic ian cannot detect  by p h y s i -  
cal o r  the o rd ina ry  e l ec t roca rd iog raph ic  invest igat ion.  These  findings have proved  v e r y  informat ive  for the 
a s s e s s m e n t  of the s t a te  of heal thy subjec ts  and pat ients  in widely di f ferent  s i tuat ions:  during t ra ining and flights 
of  a s t ronau t s  [1, 4], dur ing de te rmina t ion  of the level  of t ra in ing of a th le tes  [2, 5, 7], a s s e s s m e n t  of  the degree  
of  emotional  and men ta l  loading [12, 13, 14], pos topera t ive  obse rva t ion  of pat ients  [3, 8, 9, 11], in pat ients  with 
c a r d i o v a s c u l a r  d i s ea s e s  and neu roe i r cu l a t o ry  dystonia [6], and so on. 

No r e f e r e n c e  could be found in the l i t e r a t u r e  to the study of the card iac  rhythm of pat ients  with pyogenic 
surg ica l  infections.  Yet such invest igat ions could be of g r ea t  i n t e re s t  i f  they helped to obtain object ive  data r e -  
f leet ing the s eve r i t y  of the pa t i en t s '  condition. This  was the main  purpose  of the invest igat ion desc r ibed  below. 

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

The s ta t i s t i ca l  indices of  the ca rd iac  rhythm of 64 pat ients  with surg ica l  infections were  studied. 

Depending on the s eve r i t y  of the suppura t ive  p roce s s  the pat ients  were  divided into three  groups :  group 
1) pat ients  with acute pyogenic infections with no m a r k e d  toxic symp toms  (25); group 2) pat ients  with m a r k e d  
p y o g e n i c - r e s o r p t i v e  fever  (19); group 3) pat ients  with sep t icemia  (20). 

The EKG was r e c o r d e d  continuously for  2 rain,  a f t e r  which the following s ta t i s t i ca l  indices were  calcula ted 
by c o m p u t e r .  ~ the mean  value of the BB inferval  ~--B), the s tandard  deviat ion (~), the min ima l  and max ima l  v a l -  
ues of  BB, the range  of var ia t ion  (V = BBmax-RRmin)  , the f i r s t  and thi rd  coeff ic ients  of  co r r e l a t i on  (ACF-1, 
ACF-3) ,  the exce s s ,  a s y m m e t r y ,  and B--B/a ra t io .  The a u t o r e g r e s s i o n  c lus te r  a lso  was examined as  an integral  
graphic  index, incorpora t ing  the f i r s t  s ixth of  the s ta t i s t i ca l  indices l i s ted  above. To plot the au to reg re s s ion  
c lu s t e r ,  values  of  BB i were  plotted along the ord ina te  and RRi+ ~ along the a b s c i s s a ,  where  i is the s e r i a l  n u m -  
ber  of  the BB in terva l .  The advantage of the au to r eg re s s ion  c lu s t e r  ove r  the other  indices ment ioned above l ies  
in its c l ea r  ref lec t ion  of the in ternal  in terdependence of the p r o c e s s .  If internal  in terdependence  is s t rong  its 
Shape is that  of  an e l l ipse  with a long axis  along the b i sec t r ix  of  the angle of coord ina tes ,  whe reas  if  it is weak,  
the c lu s t e r  is e i ther  highly diffuse o r  highly c o m p r e s s e d  [10]. 
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TABLE I .  Statist ical  Cha rac t e r i s t i c s  of Cardiac  Rhythm (M • m) 

Group of 
subjects 

Healthy persons, 

RR 

0,809-----0,113 

0,690-----0,112 

0,626=t-0,087 

3,909~0,151 

0,032-----0,010 

0,021-----0,008 

0,009-----0,003 

0,069---+0,033 

Range of 
variation Asymmetry 

0,179-----0,055 0,032-----0,359 

0,129-----0,066 --0,126-----1,996 

0,045-----0,017 0,065-----0,584 

0,302----0,I05 ] 

Excess 

1,263-----5,606 

7,363~22,7 

0,493-----1,460 

ACF 

0,512---+0,229 

0,656-----0,221 

0,274~0,342 

ACF-3 

0,377--0,256 

0,450--0,208 

0,385-----0,221 

Data for healthy pe r sons  taken f rom Voskresensk i i  and Vent t se t '  [4] 

RR/(~ 

27,156-----7,064 

35,60--11,502 

78,05----18,465 
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Appearance  of a u t o r e g r e s s i o n  c lu s t e r  of d i f ferent  pat ients  (in each ca se  obtained by ana l -  
y s i s  of a continuous 2-ra in  EKG record ) ,  a) Heal thy subject;  b) pat ient  with mas t i t i s  but with no 
m a r k e d  toxic mani fes ta t ions ;  c) patient  with p y o g e n i c - r e s p o r t i v e  f eve r ;  d-f) patient  with s ep t i ce -  
m i a  over  a per iod of 6 months  f r o m  admiss ion  until death; g-i)  patient  with s e p t i c e m i a  during 3 
months  f r o m  admiss ion  until r e c o v e r y .  

Fig.  2. Values of s t a t i s t i ca l  c h a r a c t e r i s t i c s  for  pat ients  with conditions of different  s eve r i ty .  
Cross -ha tch ing)  group 1; oblique shading) group 2; unshaded columns) group 3. 

EXPERIMENTAL RESULTS 

The a u t o r e g r e s s i o n  c l u s t e r  c h a r a c t e r i z i n g  the sequence of RR in te rva l s  of the  heal thy subject  at r e s t  is 
shaped l ike  an e l l ipse  (Fig. l a ) .  

In the pat ients  of group 1 the au t o r eg re s s ion  c lu s t e r  in m o s t  c a s e s ,  jus t  as with heal thy sub jec t s ,  r e -  
mained  el l ipt ical  in shape (Fig. lb) .  The s ta t i s t i ca l  indices of  the card iac  rhy thm of the pat ients  of this group 
a r e  given in Table 1. Compar i son  of the r e su l t s  of  s ta t i s t i ca l  ana lys i s  of the card iac  rhythm of the pat ients  of 
this group with the cor responding  indices for  heal thy subjects  shows ve ry  l i t t le  d i f ference .  

In the pat ients  of group 2 a m a r k e d  d e c r e a s e  in PR,  ~ ,  the range of va r ia t ion ,  and the s ize  of  the au to-  
r e g r e s s i o n  c lus t e r  was obse rved  (Fig. lc ) .  The h-B/(r ra t io  was i n c r e a s e d ( T a b l e 1 ) .  In m o s t  pa t ien ts  the c l u s -  
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t e r  los t  the el l ipt ical  shape c h a r a c t e r i s t i c  of heal thy sub jec t s ,  re f lec t ing  a d e c r e a s e  in in ternal  in terdependence 
of the consecut ive  values  of  the BB in te rva l s  as  obse rved  in heal thy subjec ts .  With an i m p r o v e m e n t  in the p a -  
t i e n t s '  condition a d is t inc t  tendency was obse rved  for these  indices to r e tu rn  to no rma l  (an i nc r ea se  in s ize  of  
the c lu s t e r ,  i ts  r e tu rn  to an el l ipt ical  shape ,  normal iza t ion  of the s ta t i s t i ca l  indices) .  

Compar i son  of the r e su l t s  of  s ta t i s t i ca l  ana lys i s  of  consecut ive  RI~ in te rva ls  of the pat ients  of this group 
with the cor responding  indices for  heal thy subjec ts  r evea led  m o r e  m a r k e d  changes In the ca rd iac  rhythm than 
in the pat ients  of  group 1. 

In the pat ients  of group 3 the changes  were  s e v e r e s t  of  all .  Definite s tabi l izat ion of the rhy thm,  c o m p r e s -  
sion of the a u t o r e g r e s s i o n  c l u s t e r ,  a d e c r e a s e  in RB, a ,  and the range  of var ia t ion ,  and an i n c r e a s e  in the RB/  
(r ra t io  we re  obse rved  (Table 1, Fig. ld - f ) .  The dynamics  of  changes in the a u t o r e g r e s s i o n  c lus t e r  of  pat ient  
L. during t r e a t m e n t  is i l lus t ra ted  in Fig. l g - i .  This pat ient  was admit ted in a se r ious  condition with suppura -  
t ive m a s t i t i s ,  s ep t i c emia ,  and mul t ip le  m e t a s t a t i c  a b s c e s s e s  and sept ic  endomyocard i t i s .  Her  condition on 
d i scha rge  was good. The  c lu s t e r  i l lus t ra ted  in Fig. l g  c o r r e s p o n d s  to the pa t i en t ' s  s e r ious  condition on ad -  
m i s s i o n ,  the c lu s t e r  in Fig. lh  to an i m p r o v e m e n t  in he r  s ta te ,  and the c lu s t e r  in Fig. l i  to he r  condition on 
d i scha rge .  A u t o r e g r e s s i o n  c l u s t e r s  plotted f rom the ECG of  pat ient  B., with suppura t ive  m a s t i t i s ,  s ep t i c emia ,  
and sept ic  endomyoca rd i t i s ,  a r e  i l lus t ra ted  in Fig. l d - f .  This pa t ien t ' s  condition r ema ined  se r ious  throughout 
he r  s tay  in the Inst i tute ,  and her  i l lness  ended fatal ly.  The au to r eg re s s ion  c lus t e r  r ema ined  highly c o m p r e s s e d  
all the t ime .  

Within each group,  the changes  desc r ibed  above were  m o r e  m a r k e d  in the m o r e  s e r ious ly  ill pa t ients .  
As the r e su l t s  given in Table  1 and Fig. 1 show, with an i nc rea se  in the s eve r i t y  of  the pa t i en t ' s  condition f rom 
group 1 to group 3, the values  of  RB, (r, the range  of va r ia t ion ,  and s ize  of  the a u t o r e g r e s s i o n  s t r u c t u r e  all  d e -  
c r ea sed .  The R'-B/~ ra t io  inc reased .  I m p r o v e m e n t s  in the pa t i en t s '  condition was re f lec ted  quant i ta t ively by 
r e s to ra t ion  of the no rm a l  s ta t i s t i ca l  indices of  the ca rd iac  rhythm (Fig. lg-iT. 

The s e v e r i t y  of  the s ta te  of  the pat ients  studied was de te rmined  not only by the s e v e r i t y  of  the s u p p u r a -  
t ive p r o c e s s  but a l so  by the concomitant  d i s e a s e s .  This fact  was evidently re f l ec ted  in the values  of the s t a t i s -  
t ical  indices and was one r eason  for the i r  s c a t t e r  within each group.  Never the le s s ,  when the pat ients  were  d i s -  
t r ibuted by groups  accord ing  to the s e v e r i t y  of the suppurat ive  condition, indices such as ~ ,  V, and I~B ~ in 
these  groups  d i f fered  s t a t i s t i ca l ly  s ignif icant ly  (Fig. 2). They di f fered  pa r t i cu l a r ly  c l e a r l y  in the pat ients  of 
groups  2 and 3, and this is of cons ide rab le  i n t e r e s t  because  when the o rd ina ry  signs a r e  used to decide to which 
of these  groups  a p a r t i c u l a r  pat ient  be longs ,  the p rob lem is f requent ly  ve ry  difficult .  

The s ta t i s t i ca l  c h a r a c t e r i s t i c s  of the sinus rhythm thus va r i ed  with the s eve r i t y  of the pa t i en t s '  condition 
and they were  connected with the deve lopment  of the i r  underlying d i sease .  These  genera l  p r inc ip les  were  r e -  
f lected m o s t  c lose ly  by the RI~/(~ ra t io ,  whereas  the range  of var ia t ion  and ACF-1 were  l e s s  sens i t ive  c h a r a c -  
t e r i s t i c s .  Indices such as exce s s ,  a s y m m e t r y ,  and ACF-3  w e r e  uninformat ive .  The d i f fe rences  in the c h a r a c -  
t e r  of  the sinus rhythm desc r ibed  above were  d i scove red  both by compar ing  the pat ients  of the th ree  groups ,  
d i f fer ing in the s e v e r i t y  of  the i r  condition, and a lso  in all  c a se s  of dynamic obse rva t ion  of individual pat ients .  
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Dependence of the hel ium mixing t ime  in the l u n g - s p i r o g r a p h  s y s t e m  of f ac to r s  influencing 
i ts  value was analyzed.  In the case  of uni form venti lat ion of the lungs graphs  were  plotted by 
means  of which the "ideal"  mixing t ime was de termined.  It i s  suggested that nonuniformity 
of lung venti lat ion be judged by the amount  by which the mixing t ime  obtained during inves t iga-  
tion of the pa t i en t ' s  r e sp i r a t ion  exceeds  the  " ideal"  t ime found for  the same  pat ient  f rom the 
graph.  
KEY WORDS: venti lat ion of the lungs; hel ium method; res idual  lung volume.  

The hel ium method is usual ly  used to de te rmine  the r e s idua l  lung volume.  In the course  of this inves t i -  
gation data a re  obtained on the t ime  during which a lmos t  uni form mixing of hel ium takes  place  in the l ung -  
sp i rograph  sys t em.  At tempts  a r e  often made to judge the nonuniformity of the lung venti lat ion by the mixing 
t ime  without allowing for  how it  depends on o ther  fac to rs :  the longer  the mixing t ime ,  the g r e a t e r  the non- 
uni formi ty  of venti lat ion.  However ,  the mixing t ime  depends not only on the nonuniformity of lung venti lat ion,  
but also on indices such as the minute a lveo la r  venti lat ion,  the functional r e s e r v e  capaci ty ,  the volume of the 
sp i rograph  and init ial  hel ium concentra t ion in it ,  and a lso  on the exper imen ta l  conditions. The p rob l em thus 
a r i s e s  of allowing for the dependence of the hel ium mixing t ime in the sy s t em on the f ac to r s  l i s ted above,  so 
that  the nonuniformity of a lveo la r  venti lat ion can be es t imated  on the bas i s  of this p a r a m e t e r .  

The mixing t ime which the pat ient  should have if  his lungs were  uni formly  vent i la ted may  be called the 
"ideal"  mixing t ime.  Clear ly ,  the g r e a t e r  the nonuniformity of the pa t i en t ' s  pu lmonary  venti lat ion,  the m o r e  
the mixing t ime  will exceed the " ideal"  value found for  the s a m e  pat ient ,  o ther  conditions being the s ame .  

An equation was obtained for  de te rmin ing  the "ideal" mixing t ime  t: 

/ cou ht~ 
t = iv~v~ In ~~7-,): [" (v, + v~)], (1) 

where V 1 is  the volume of the sp i rograph  (the bell  and dead space of the ins t rument)  before  the beginning of 
the test;  c o the init ial  f rac t ional  hel ium concentra t ion in the sp i rograph;  V 2 the functional res idua l  capaci ty  
(FRC) of the pa t i en t ' s  lungs de te rmined  during the invest igation;  u the minute  a lveo la r  venti lat ion (MAV); At  
and A C p a r a m e t e r s  cha rac te r i z ing  the conditions fo r  stopping the invest igat ion.  

The t ime  of stopping the invest igat ion can be chosen in different  ways by different  inves t iga tors  for  this 
gives different  in te rpre ta t ions  of the degree  of uni formi ty  of mixing.  In the genera l  sense  the conditions of 
stopping the invest igat ion can be defined as follows: The invest igat ion is  s topped when changes in the hel ium 
concentra t ion in the sp i rograph  dec r ea s e  to a ce r ta in  smal l  value A c at t ime  in te rva l s  A t chosen for  the ob- 
se rva t ion .  Since the a im of the invest igat ion is  to compare  resu l t s  obtained in p r ac t i ce  with those calculated 
theore t ica l ly ,  i t  is impor tan t  that during theore t ica l  ca lcu la t ion  the values  of A t and A c be chosen to be the 
s ame  as the conditions of stopping the invest igat ion during expe r imen ta l  de terminat ion  of the mixing t ime.  
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