
occur T he in teresting  th in g  is th a t all these abno rm alitie s  
can  re tu rn  to  n o rm al if the  p a tien t loses the  excess w eight. 

H ypoventilation Syndrom e:
1 P ickw ickian syndrom e. T h is is very sim ilar to  the  p a tte rn  

p roduced  by gross o besity  an d , in fact, g ross obesity  is 
one o f  the ch aracteristics o f  th is syndrom e. In  ad d itio n  
there is m arked  som nilence, cyanosis an d  po lycy thaem ia. 
T he syndrom e derives its nam e, o f  course , from  the  fat 
boy o f  ‘T he Pickw ick  P ap e rs’ (C harles D ickens).

2 D am age to  the  re sp ira to ry  cen tre . T h is m ay  o ccu r as a 
result o f  encepha litis  an d  these p a tien ts  m ay  presen t 
w ith no  p u lm o n ary  d isab ility  b u t w ith  po lycy thaem ia  and  
cyanosis. O nce again , the  charac te ris tic  find ing  is th a t 
o f  a lveo lar hypoven tila tion .

Polycythaem ia: T hese p a tien ts  a re  frequen tly  b ro u g h t fo r 
pu lm onary  function  tests w ith a  view to  decid ing  w hether 
this is a  p rim ary  dev ia tio n  o f  the  bone m arro w  o r secondary  
to  p u lm onary  p atho logy . F o r th e  m ost p a rt, a rte ria l oxygen 
levels are  norm al in p rim ary  po lycy thaem ia  an d  considerab ly  
reduced in po lycy thaem ia  d u e  to  p u lm o n ary  patho logy . 
A full range o f  pu lm o n ary  fu n c tio n  tests frequen tly  p rov ides 
the answ er in th is type o f  p rob lem .
Assessment o f  P rogress.

T he degree o f  b ro n ch o sp asm  is easily estim ated  using 
som e fo rm  o f  tim ed vital cap ac ity  o r  m axim um  b rea th in g  
capacity  and  then  co m p arin g  the  resu lts before and  a fte r  a 
b ro n ch o -d ila to r d rug . Period ic  es tim atio n s also  give a very 
good idea o f  long term  therapy .

Chronic Bronchitis and Emphysema
B y D r. L .D .  E R A S M U S , M .B .,B .C h . (R a n d )M .D . (P re to ria ) 
M em ber o f  th e  F acu lty  o f  M edicine, P re to ria  U niversity .

A Lecture given to D elegates a n d  M em bers o f  the South  
A frican Socie ty  o f  P hysio therapy on the f ir s t  day o f  the 
“Chest Course” , which was held  a t the P retoria H ospita l 
Physiotherapy School on M a y  27th and  28th, 1960.

A lthough  e ith er o f  these co n d itio n s m ay  o ccu r separa te ly  
they are  so frequen tly  associa ted  as a lm ost to  a p p e a r in 
separable . A n allerg ic  fac to r  o r  fran k  b ronch ia l a s th m a  is 
a  frequen t accom p an im en t. C h ro n ic  b ro n ch itis  and  
em physem a are  co n d itio n s o f  p a ra m o u n t im p o rtan c e  because 
o f  the high m o rb id ity  an d  even m o rta lity  b ro u g h t a b o u t by 
acu te  exacerbations an d  com plica tions. T hey  o ccu r fre 
quen tly  and  result in tens o f  th o u sa n d s  o f  lost m an -h o u rs 
every year and  trea tm en t is freq u en tly  expensive, d raw n  o u t 
and  usually  requ ires h osp ita liza tion .- 

linical H isto ry .
E stablished ch ro n ic  b ro n ch itis  an d  em physem a is usually  

preceded fo r several years by ch ro n ic  cough  w hich  is usually  
productive an d  fo r  several years befo re  the  p a tte rn  becom es 
established frequen t a ttack s  o f  acu te  w in ter b ron ch itis  occur. 
A ttacks o f  a s th m a a re  n o t in frequen t. L a te r  persisten t 
exertional dyspnoea  occurs an d  th is m ay  be in terspersed  
w ith m ore acu te  a tta c k s  o f  b ronchospasm .

T he a ttack s o f  b ron ch itis  m ay  be su p p u ra tiv e  in n a tu re  
due to  severe secondary  infection  and  especially  in the 
elderly disab ling  an d  even fa ta l a tta c k s  o f  b ro n ch o -p n eu m o n ia  
m ay occur. T hese a ttack s  freq u en tly  p rec ip ita te  congestive 
card iac failu re w hich  a lso  occurs p articu la rly  in the  o ld er 
age g roup  w hen a rterio sc lerosis an d  h y p ertension  have becom e 
established an d  have ad ded  a n o th e r  b u rd en . S econdary  
polycythaem ia freq u en tly  increases th e  b lood  v iscosity  and  
occasionally  p ap iloedem a an d  b lindness m ay follow . 
Aetiology.

E xternal fac to rs  -are freq u en tly  o f  the  g rea test im p o rtan ce  
and the incidence o f  ch ro n ic  b ro n ch itis  is highest in those 
areas w here there  is p o llu tio n  o f  the  a tm o sp h e re  by in 
dustria l gases an d  dust. C h ro n ic  b ro n ch itis  is also  m ore 
frequent in heavy sm okers. P o llu tio n  o f  the  a tm o sp h e re  is 
° f ° m i n g  a w orld  w ide p ro b lem . W e b rea th e  as m uch  as 
f  h a ' r  ^  w e‘g h t in 24 h o u rs , equ a l in w eight to  tin 
ood we consum e, b u t fo r m an y  years it has n o t occu rred  to
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E m physem a is usua lly  p erm an en t an d  freq u en tly  p ro 
gressive an d  it is freq u en tly  on ly  associa ted  b ronch o sp asm  
o r infection  th a t can  be influenced by trea tm en t. P u lm o n ary  
fu n c tio n  tests have been stud ied  before an d  a f te r  the  ap p li
ca tio n  o f  p h y sio th erap y  to  these p a tien ts  an d  it ap p ears 
th a t th e  degree o f  p u lm o n ary  function  dev ia tio n  is no t 
influenced by physio th erap y .

P a tien ts  w ith  p leurisy  an d  p leu ra l effusion show  co n sid er
ab le  im p ro v em en t in th e ir vital capac ity  as the  cond itio n  
im proves.

C ongestive ca rd iac  failu re. T h e  degree o f  p u lm o n ary  
oedem a is ind ica ted  by a  red u c tio n  in th e  vital capacity . 
In  som e instances p u lm o n ary  congestion  can  be determ ined  
a t an  early  stage by m easu rin g  the  vital capacity .

T he prog ress o f  p a tien ts  w ith  w eakness o f  the  re sp ira to ry  
m uscles can  som etim es be effectively fo llow ed by do in g  the 
m axim um  brea th in g  capac ity  test. T h is is repeated  a t 
sh o rt in tervals an d  fa tigu ab ility  will be ind ica ted  by p ro 
gressive red u c tio n  in subsequen t tests. A sim ilar c luster 
o f  tests can  be do n e  a t a n  in terval o f  days o r  even w eeks and  
p rog ress follow ed in th is fash ion .

In  conclusion  it m ay  be said  th a t p u lm o n ary  function  
tests d o  n o t rep lace  o th e r  m eth o d s o f  assessing  the  cond itio n  
o f  th e  p a tie n t’s lungs b u t they  a re  in m any  instances a  very 
v aluab le  ad ju n c t.
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m en to  be as fa stid io u s a b o u t th e  a ir  they b rea th e  as th e  food 
they  ea t. W e will p ro b a b ly  have to  p u t u p  w ith  grossly 
co n tam in a ted  a tm o sp h e res fo r m an y  years to  com e. I rr i
ta tio n  fro m  d u st in d u sty  o ccu p a tio n s such  as m in ing  is 
a lso  o f  co n siderab le  im portance .

A n  infective agency is im p o rtan t an d  th e  com m onest 
in fecting  o rgan ism  is H . influenzae b u t a  m ixed bacterial 
flo ra  is freq u en tly  fo u n d . Ind iv id u a l p red isposing  fac to rs  
include a hered ita ry  tendency  an d  allergy.
Basic P athology.

It is conven ien t to  consider th e  re sp ira to ry  un it as co n 
sisting  o f  a  te rm in a l a n d  a re sp ira to ry  b ronch io le  lead ing  
to  the  a lveo lar sacs. T h is  m ay be rep resen ted  in the  fo llow ing 
fash ion  in the  n o rm al

a n d  thus w hen there  is b ron ch ia l in flam ation  o r  spasm
i.e., w ith  an  o b stru c tiv e  fac to r  in troduced .

W ith  em phy sem ato u s d ila tio n , ru p tu re  a n d  coalescence o f  
a lv eo la r sacs o ccu r as th e  result o f  degenerative changes in 
the  elastic  fibres o f  the  a lveo lar walls. T he fa c to r  o f  b ronch ia l 
o b stru c tio n  an d  in fec tion  is freq u en tly  su p e rad d ed  an d  there 
m ay  be associa ted  in ter-a lveo lar fibrosis. T hese  changes 
resu lt in :—
1. A m echanical v en tila to ry  deficiency w here  exp ira tio n  

especially  is difficult d u e  to  b ro n ch io la r  o b stru c tio n , loss 
o f  elastic  tissue an d  the  p a tien t hav ing  to  exp ire  fro m  an 
in itia l level o f  hyperin flation .

2 . Inefficient d is tr ib u tio n  o f  the  a ir  w ith in  the  a lveo lar 
sacs occurs an d  th e  im paired  d iffusion o f  th e  gasses

■ occurs.
3. In  tu rn  an o x aem ia  an d  ca rb o n  d iox ide accu m u la tio n  

occurs in the  b lood  resu lting  in acidosis an d  in co m p en 
sa to ry  increase o f  the  b lood  b ica rb o n a te .

In  term s o f  p u lm o n ary  fu n c tio n  tests th e  lung  volum e 
m ay  rem ain  the  sam e (as will th e  v ital cap ac ity  in m any  
instances) b u t e x p ira to ry  difficulty resu lts in a ir  trap p in g ,

{Continued on Page  14).
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A S P E C T S  O F  R E S P IR A T IO N  (C ontinued fr o m  Page4).

(iii) S treng th  (size) o f  the resp ira to ry  m uscles— in sp ira to ry  
an d  e x p ira to ry  (cf. the resp ira to ry  m uscles o f  the 
tra ined  a th le te );

(iv) E lastic ity  o f  the lungs (cf. the reduced  vital c ap ac ity  in 
all fo rm s o f  fibrosis o f  the lungs);

(v) F u n c tio n a l efficiency o f  the n ervous s tru c tu res co n 
cerned :
(a) re sp ira to ry  cen tre ,
(b) a n te r io r  m o to r n eu rons (cf. poliom yelitis),
(c) p erip h era l efferent o r  m o to r  nerves to  the  resp i

ra to ry  m uscles.

W hy do the insp ira to ry  m uscles re lax?
B ecause they  receive no im pulses fro m  the sp inal cord  

m o to r neu rons, w hich  in tu rn  receive n o  im pulses fro m  the 
in sp ira to ry  cen tre . T hus, the  c o n tin u o u s  d ischarge o f  
repetitive im pulses by the  in sp ira to ry  n eu ro n s has tem porarily  
been stopped  o r  inh ib ited , o r  in sp ira tion  has been c u t sho rt 
to allow  e x p ira tio n  to  tak e  place.

T h e  responsib le  m echanism s fo r th is a re :
(i) pneu m o tax ic  centre ,

(ii) e x p ira to ry  cen tre ,
(iii) H erin g -B reu er reflex (vagal m echanism ).

P neum otax ic  C entre .
T h is  consists o f  re sp ira to ry  n eu ro n s  sca ttered  in the 

fo rm atio  re ticu laris o f  the pons. T hey  m ake synap tical 
co n tac t w ith  th o se  o f  th e  in sp ira to ry  an d  ex p ira to ry  centres.

A s th e  in sp ira to ry  n eu ro n s d ischarge  to th e  a n te rio r  
m o to r neu ro n s, the re  is a sim u ltan eo u s d ischarge to the 
pneu m o tax ic  neurons. T hese  in tu rn  d ischarge to  the 
e x p ira to ry  n eu rons. A t a ce rta in  critical level o f ex cita tion , 
the la tte r  em it a  b arrag e  o f  im pulses a t the  in sp ira to ry  
neu rons, w hich  fo r a sh o rt period , com plete ly  inh ib its their 
d ischarge.

H ering-B reuer reflex.
T h e  delicate  a lveo lar m em branes o f  the lung  co n ta in  

recep to rs sensitive to  the am o u n t o f  s tre tch  o f  infla tion  o f  
the  lu n g — stretch  receptors.

A s a lung  becom es progressively  m ore inflated du ring  
in sp ira tio n , these recep to rs a re  s tim u la ted  and  a  s tream  o f 
afferen t im pulses is cond u c ted  a lo n g  afferen t vagus fibres 
to  th e  e x p ira to ry  n eu rons, w hich  again  inh ib it the in sp ira to ry  
neu rons, a llow ing  ex p ira tio n  to  take  place.

T h e  rhy thm  o f  b rea th in g  is therefo re  the  result o f  the  in ter 
ac tio n  o f  the in sp ira to ry , e x p ira to ry  an d  p n eum otox ic  
cen tres an d  the  vagal m echanism .

W hereas the  depth  o f  an  in sp ira tio n  is de term ined  by the 
degree o f  d ischarge by the  in sp ira to ry  n eu rons th e  rate  o f  
re sp ira tio n  is d ependen t on  the ac tiv ity  o f  the  pneu m o tax ic  
an d  vagal m echanism s.

H ow  is resp iration  regulated?
T h e  re sp ira to ry  p a tte rn  (i.e. depth  an d  rate) is regu lated , 

via the re sp ira to ry  cen tre , by:
(i) chem ical substances, and

(ii) nerve im pulses.

C hem ical Substances.
U n d er all co n d itio n s o f  no rm al, eupneic  b rea th in g , the 

re sp ira to ry  p a tte rn  is regu la ted  a lm ost exclusively by the 
C 0 2 content o f  the A rteria l blood. T h is  is m ediated  th ro u g h  
a d irec t ac tio n  o f  the  H C 0 3 (b ica rb o n a te ) ions on  the  
resp ira to ry  n eu ro n s an d  changes in ac id ity  (pH ) caused by 
increased o r  decreased  C 0 2.

T h e  no rm al tension  o f  C 0 2 ( p C 0 2) in a rte ria l b lood  =  
40 m m . H g. Increasin g  th is volum e by as little  as 2 m m . Hg. 
is sufficient to d o u b le  p u lm o n ary  v en tila tion  (hyp erp n o ea); 
hence the h y p erpnoea  o f  acidosis. S im ilarly  a  slight 
decrease  o f  th is value causes a p n o e a ; hence the  slow  shallow  
b rea th in g  o f  alkalosis.

In certa in  cases o f  anox ia , the  re sp ira to ry  p a tte rn  is 
con tro lled  by the 0 2 co n ten t (p 0 2) o f  the a rte ria l b lood , via 
th e  chem o recep to rs  o f  th e  ao rtic  and  ca ro tid  bodies.

N erve Im pulses.
T hese have a lread y  been referred  to  elsew here.

T h e  h y p erpnoea  o f  m uscu la r ac tiv ity  is largely  the  effect 
o f  afferen t im pulses fro m  th e  co n trac tin g  m uscles and  m oving 
jo in ts  o f  the re sp ira to ry  cen tre .

D u rin g  o th e r  physio log ical activ ities, e.g. ta lk ing , sneezing, 
coughing , sw allow ing, etc., the basic re sp ira to ry  p a tte rn  
(as con tro lled  by the  C 0 2— co n ten t o f  the  a rte ria l b lood) is 
m odified  by nerve im pulses fro m  the respective nerve cen tres, 
ac tin g  on  the  neu ro n s o f  the  re sp ira to ry  cen tre .

P U L M O N A R Y  T E S T  (C ontinued fr o m  Page 1).

redu c tio n  o f  tim ed vital cap ac ity  an d  the m axim um  b rea th in g  
capac ity . R esidual vo lum e is u sua lly  co n s id erab ly  increased  
bo th  as an  ab so lu te  value an d  as a p ro p o rtio n  o f  the to tal 
lung  capacity .

C linical Featu res.
A n advanced  cause o f  em physem a will th en  be seen to 

have anox aem ia  w ith  cyanosis heightened freq u en tly  by 
secon d ary  p o lycy thaem ia  an d  show s the co n siderab le  
ven tila to ry  difficulty associa ted  w ith  h yperin fla tion  o f  the 
lungs an d  diffuse ex p ira to ry  o b stru c tio n . C lin ically  the 
pa tien t w heezes on  the  slightest exertion  o r  even a t rest and 
has to  use his accessory  m uscles o f  re sp ira tio n . T h e  chest 
becom es b arre l-shaped  an d  the  ribs h o rizo n ta lly  p laced. 
R e sp ira tio n  is carried  o u t p artia lly  by d iap h rag m atic  
excu rsion  an d  “ en b lo c” m ovem ent o f  th e  b arre l-shaped  
th o rac ic  cage. O n  au scu la tio n  the p ro lo n g ed  ex p ira to ry  
difficulty o f  a  forced  m axim al ex p ira tio n  is usually  qu ite  
easily  detected  an d  in m y o p in io n  th is is the  m ost valuab le  
single sign in th e  clin ical assessm ent o f  the patien t. F o r  the 
m o st p a rt a lso  there is redu c tio n  in a ir  e n try  as ju d g e d  by 
the  ste thoscope.

T reatm en t.
T rea tm en t is difficult an d  p ro longed  in m o st instances. 

I t  has to  be said a t the  o u tse t th a t  em physem a as such can n o t 
be influenced by trea tm en t an d  an y  th e rap eu tic  a ttack  is 
d irected  agains t b ro n ch o sp asm , infection  an d  viscid secre
tions w ith  a  varie ty  o f  agen ts includ ing  an tib io tics , an ti- 
spasm odics, ste ro ids, de tergen t an d  w etting  in h a lan t and  
enzym es (s trep to k in ase  and  trypsin).

A lth o u g h  there is n o t the slightest d o u b t in m y  m ind th a t 
P hysio therapy  is o f  co n siderab le  value in m ak ing  m ore 
efficient use o f  th e  p a tie n t’s n a tu ra l cap ac ity  fo r v en tila tion , 
the re  is n o  objective im provem en t in p u lm o n ary  fu n c tio n  
tests in con tro lled  series o f  p a tien ts  in w hom  th is has been 
m easured  before an d  a fte r  p hysio therapy .

C o m p lica tio n s (especially  b ro n ch o p n eu m o n ia  an d  cor- 
p u lm onale) a re  o f  a serious n a tu re  and  req u ire  v igorous 
trea tm en t in th e ir ow n righ t. F req u en tly  then  we have a 
p a tien t w ho is very ill w ith  grossly  reduced  resp ira to ry  
reserve an d  co n sid erab le  secon d ary  in fection  in the  lungs 
w ith  associa ted  ca rd iac  fa ilu re  and  a w ide, v igorous and  
p ersis ten t th e rap eu tic  a tta c k  is ind icated . A s fa r  as fu tu re  
developm ents a re  concerned , how ever, p rev en tio n  is likely 
to p rove  m o re  rew ard in g  th an  an  a tte m p t at cure.
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