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THE INFLUENCE OF SOME NON-CHEMICAL FACTORS ON BREATHING 

by Ana Maria B a p t i s t a Menezes 

The i n f l u e n c e of some n o n - c h e m i c a l f a c t o r s on b r e a t h i n g was 
s t u d i e d i n f i f t e e n n o r m a l s u b j e c t s , d u r i n g CO. 
r e b r e a t h i n g . The v a r i a b l e s VE, d P / d t max, f , VT, Ti and Te 
were p l o t t e d a g a i n s t PCO. and c o r r e l a t i o n c o e f f i c i e n t and 
s l o p e s were measured. 

A w i d e s c a t t e r of r e s u l t s was f o u n d m a i n l y f o r t h e 
r e s p o n s e s of f / P C O . and VT/PCO. and t o a l e s s e r e x t e n t 
f o r VE/PCOp. When f / P C O . was s t u d i e d in t e r m s of Ti and 
Te, t h e r e was a g r e a t e r v a r i a b i l i t y f o r Te t h a n t i . The 
v a r i a b l e d P / d t max was t h e m e a s u r e m e n t w i t h t h e l e a s t 
s c a t t e r in the r e s p o n s e . 

On t h e a s s u m p t i o n t h a t t h e i n f l u e n c e of p s y c h o l o g i c a l 
f a c t o r s such as a n x i e t y and u n f a m i l i a r i t y were r e s p o n s i b l e 
f o r t h e s c a t t e r of t h e r e s u l t s d e s c r i b e d a b o v e i t was 
dec ided to ( i ) r e p e a t t h e m e a s u r e m e n t on a second occas ion 
and ( i i ) a s s e s s t h e p e r s o n a l i t y of t h e s u b j e c t s through an 
e s t a b l i s h e d q u e s t i o n n a i r e . T h i s would be compared with the 
w r i t e r ' s own judgement of t h e p r e s e n c e or absence of anx ie ty 
du r ing the e x p e r i m e n t . 

The magnitude of t h e s e n o n - c h e m i c a l i n f l u e n c e s caus ing the 
s c a t t e r was q u a n t i f i e d by t h e r e s i d u a l v a r i a n c e ( 1 - r j . A 
s i g n i f i c a n t r e d u c t i o n of ( 1 - r ) was n o t f o u n d on t h e 
second occas ion of s t u d y . 

When the r e s i d u a l v a r i a n c e of d P / d t max/PCOg was compared 
w i t h t h e r e s i d u a l v a r i a n c e of t h e o t h e r m e a s u r e m e n t s , a 
s i g n i f i c a n t d i f f e r e n c e was f o u n d , d P / d t max/PCO. h a v i n g 
t h e J o w e s t ( 1 - r ) . I t i s i m p l i c i t i n t h e a n a f y s i s of 
( 1 - r ) t h a t t h e r e i s a l i n e a r r e l a t i o n s h i p be tween t h e 
v a r i a b l e s s t u d i e d . To t e s t t h i s , t h e D u r b i n - W a t s o n 
s t a t i s t i c was app l i ed and many a l i n e a r r e sponses were found . 
As t & e r e was no c o r r e l a t i o n b e t w e e n t h e m a g n i t u d e of 
( 1 - r ) and a l i n e a r r e s p o n s e s I a s sumed t h a t t ^ i s f a c t o r 
did not i n v a l i d a t e t h e u se of ( 1 - r ) . 

Seven s u b j e c t s were s t u d i e d when t he r e s p i r a t o r y f r equency 
was c o n t r o l l e d by a m e t r o n o m e and d P / d t max/PCO. was no 
l o n g e r the measurement with the s m a l l e s t r e s i d u a l v a r i a n c e . 

A model of b r e a t h i n g c o n t r o l i s p r o p o s e d t o a c c o u n t f o r 
t h e s e o b s e r v a t i o n s . 
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INTRODUCTION 

This t h e s i s d e s c r i b e s an a t t e m p t to q u a n t i f y some of 

t he non-chemical f a c t o r s which i n f l u e n c e the mechanisms of 

v e n t i l a t o r y c o n t r o l in man d u r i n g i n c r e a s e d v e n t i l a t i o n 

i n d u c e d by COg. 

I f i r s t became aware of the i n f l u e n c e of non-chemical 

f a c t o r s d u r i n g p i l o t measurements of r e s p i r a t o r y responses 

t o COg d u r i n g a s t a n d a r d r e b r e a t h i n g p r o c e d u r e . The problem 

which I encoun te red was one of a s c a t t e r of r e s u l t s , 

p a r t i c u l a r l y when u n t r a i n e d s u b j e c t s were used . This 

sugges ted t h a t non-chemical f a c t o r s were o v e r r i d i n g t he 

b a s i c r e s p i r a t o r y c o n t r o l mechanisms. Rather than d i s c a r d 

t h e s e d a t a , I dec ided t o a n a l y s e t h e s e va ry ing responses t o 

t r y and e s t i m a t e , or even measure , t he way and the e x t e n t to 

which non -chemica l , presumably l a r g e l y p s y c h o l o g i c a l , f a c t o r s 

can i n f l u e n c e b r e a t h i n g . 

The account which f o l l o w s i s o rgan i sed in VII c h a p t e r s 

in which I rev iew r e l e v a n t a s p e c t s of the h i s t o r y of 

r e s p i r a t o r y c o n t r o l , concep t s of t he " R e s p i r a t o r y Cen t re" 

and i t s o r g a n i s a t i o n and e x i s t i n g methods of measuring the 

r e s p i r a t o r y motor o u t p u t . The end of the h i s t o r i c a l review 

f i n i s h e s with a model of the c o n t r o l of b r e a t h i n g which 

i n c l u d e s much i n f o r m a t i o n about chemical c o n t r o l , some 

i n f o r m a t i o n about the r o l e of pulmonary a f f e r e n t n e r v e s , 

r a t h e r l e s s i n f o r m a t i o n about the r o l e of a f f e r e n t nerves 

from musc l e s , and very l i t t l e i n f o r m a t i o n about "psycho log ica l 
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f a c t o r s " . Most of t he remainder of t he t h e s i s concerns my 

a t t e m p t s to add t o our u n d e r s t a n d i n g of psycho log ica l f a c t o r s 



CHAPTER ONE 
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CHAPTER ONE 

HISTORY OF RESPIRATORY CONTROL 

The r e s p i r a t o r y c o n t r o l sys tem: 

- m a i n t a i n s a r e g u l a r rhythmic b r e a t h i n g p a t t e r n by 

means of i n v o l u n t a r y c o n t r o l mechanisms. 

- a d j u s t s the t i d a l volume and the f r equency of 

b r e a t h i n g , so t h a t the minute volume of v e n t i l a t i o n i s 

s u f f i c i e n t to meet the demands f o r gas exchange , with t he 

minimum r e s p i r a t o r y e f f o r t . 

- a d j u s t s b r e a t h i n g so t h a t o t h e r a c t i v i t i e s us ing t h e 

same musc l e s , such as speech and the c o n t r o l of p o s t u r e , can 

o c c u r . 

Under most normal c i r c u m s t a n c e s , b r e a t h i n g i s 

c o n t r o l l e d so well t h a t the a r t e r i a l p a r t i a l p r e s s u r e s of 

oxygen and COg remain v i r t u a l l y c o n s t a n t , d e s p i t e d i f f e r e n t 

l e v e l s of phys i ca l a c t i v i t y . 

The r e s p i r a t o r y system i s d i f f e r e n t from the o t h e r gas 

t r a n s p o r t i n g , i . e . , c i r c u l a t o r y sys tem, in two ways: f i r s t , 

b r e a t h i n g i s t o t a l l y dependent on i n t a c t nervous pathways and 

second, the r e s p i r a t o r y system i s under both v o l u n t a r y and 

au tomat i c c o n t r o l . The au tomat i c c o n t r o l c e n t r e i s thought 

of as o r i g i n a t i n g in the pons and medulla ( R e s p i r a t o r y 

Cen t r e " ) and t he descending axons a re c o n c e n t r a t e d in the 

v e n t r a l and l a t e r a l columns of the c o r d . The v o l u n t a r y and 

behav iou ra l c o n t r o l mechanisms a re though t of as s t a r t i n g in 

the f o r e b r a i n and descending via the c o r t i c o s p i n a l or 
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r u b r o s p i n a l t r a c t s in the d o r s i l a t e r a l c o r d . The importance 

of t h i s system should not be u n d e r e s t i m a t e d because many 

b e h a v i o u r a l - r e l a t e d a c t i v i t i e s i n v o l v i n g b r e a t h i n g cause 

marked changes in v e n t i l a t i o n t h a t may o v e r r i d e comple te ly 

t h e au tomat i c c o n t r o l s which respond c h i e f l y to chemical 

s t i m u l i . 

JL O r g a n i s a t i o n of t h e " R e s p i r a t o r y C e n t r e " 

The t h r e e b a s i c e lements of the r e s p i r a t o r y c o n t r o l 

system (see f i g . 1) a r e : 

s e n s o r s - which s e n s e t h e i n f o r m a t i o n and send i t to 

t h e 

centra l c o n t r o l l e r - p o n s , m e d u l l a and o t h e r p a r t s of 

t he b r a i n which c o - o r d i n a t e t he i n f o r m a t i o n and send 

impulses to t he 

e f f e c t o r s - t h e s e a r e t h e r e s p i r a t o r y muscles which 

cause v e n t i l a t i o n . 

I t was only in t he beg inn ing of the l a s t cen tu ry t h a t 

t he l o c a t i o n of the r e s p i r a t o r y c e n t r e was p laced in t he 

b r a i n s t e m . In 1812, LeGal lo i s (quoted by Mi tche l l and 

1975) , s t udy ing r a b b i t s r e p o r t e d t h a t when s e r i a l 

s l i c e s of t he b r a in s t em inc luded a p o r t i o n of the medulla 

c o n t a i n i n g the nerve r o o t s of the vagus r e s p i r a t i o n had stopped 

The " R e s p i r a t o r y Cen t re" in t he medulla has been 

s t u d i e d by many i n v e s t i g a t o r s s i n c e i t was shown t h a t t h i s 

c e n t r e was c r u c i a l f o r rhythmic b r e a t h i n g . 

The t e c h n i q u e of a b l a t i o n was subsequen t ly used 

e x t e n s i v e l y to s tudy t he components of the r e s p i r a t o r y 
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c e n t r e . In 1923, Lumsden, s t udy ing c a t s , r a b b i t s , dogs and 

monkeys us ing b r a i n s t e m t r a n s e c t i o n s , concluded t h a t the 

r e s p i r a t o r y c e n t r e could be d iv ided i n t o 3 c e n t r e s : 

pneumotaxic , a p n e u s t i c and medul la ry c e n t r e , the l a s t be ing 

d i v i d e d i n t o an e x p i r a t o r y and an i n s p i r a t o r y gasping 

c e n t r e . He a l s o concluded t h a t the pneumotaxic c e n t r e 

p e r i o d i c a l l y i n h i b i t e d the a p n e u s t i c c e n t r e l e ad ing to 

normal rhythmic b r e a t h i n g . 

A f t e r t h a t , many i n v e s t i g a t o r s have app l i ed a b l a t i o n and 

d e s t r u c t i o n t e c h n i q u e s and i t was shown t h a t the vagi must 

be cu t in o r d e r f o r apneus i s to occur and t h a t the medulla 

can g e n e r a t e a rhythmic r e s p i r a t o r y p a t t e r n (see f i g . 2 ) . 

Thus, t r a n s e c t i o n I a l o n e does not a l t e r the b r e a t h i n g 

p a t t e r n , however, wi th vagotomy, slow deep b r e a t h i n g r e s u l t s . 

T r a n s e c t i o n I I c a u s e s slow deep b r e a t h i n g with the vagi 

i n t a c t and e i t h e r apneus i s or a p n e u s t i c b r e a t h i n g when the 

vagi a r e c u t . T r a n s e c t i o n I I I r e s u l t s in a r e t u r n to 

rhythmic r e s p i r a t i o n , in most c a se s a r e g u l a r gasping type of 

r e s p i r a t o r y p a t t e r n . T r a n s e c t i o n IV r e s u l t s in r e p i r a t o r y 

a r r e s t . 

Pneumotaxic c e n t r e - S i n c e L u m s d e n ' s t i m e , many 

i n v e s t i g a t o r s have s t u d i e d the pneumotaxic c e n t r e . Cohen 

(1971) and B e r t r a n d and Huge!in (1971) , us ing e l e c t r i c a l 

s t i m u l a t i o n and neural r e c o r d i n g in c a t s , r e p o r t e d t h a t 

Lumsden's pneumotaxic c e n t r e r e s i d e s in the r eg ion of the 

nuc leus p a r a b r a c h i a l i s in the d o r s o l a t e r a l r o s t r a l pons. In 
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1974, B e r t r a n d , Huge!In and V i b e r t , us ing neural r e c o r d i n g s 

and h i s t o l o g i c marking t e c h n i q u e s , found s p a t i a l l y d i s c r e t e 

s u b p o p u l a t i o n s of i n s p i r a t o r y , phase- spanning and e x p i r a t o r y 

neurons in the pneumotaxic c e n t r e , and i t was sugges ted t h a t 

t he neurons of the pneumotaxic c e n t r e a re formed i n t o a 

s e l f - r e e x c i t i n g network t h a t a c t s as an o s c i l l a t o r . These 

a u t h o r s suppor ted Lumsden's c o n c l u s i o n t h a t the f u n c t i o n of 

the pneumotaxic c e n t r e i s to modulate the rhythmic 

r e s p i r a t o r y c e n t r e in the medu l l a . 

A p n e u s t j c c e n t r e - S e a r s ( 1 9 6 6 ) r e p o r t e d t h a t 

e l e c t r i c s t i m u l a t i o n of s i t e s in the medial r e t i c u l a r 

f o r m a t i o n c l o s e to the obex led to a t o n i c c o n t r a c t i o n of 

both diaphragm and e x t e r n a l i n t e r c o s t a l m u s c l e s . Andersen 

and Sea r s (1970) found t h a t dur ing apneus i s t h e r e was a 

t o n i c a c t i v a t i o n of both ct and % e x t e r n a l i n t e r c o s t a l 

motoneurons with i n h i b i t i o n of t he motoneurons of the 

a n t a g o n i s t I n t e r n a l I n t e r c o s t a l s . They concluded t h a t the 

a p n e u s t i c c e n t r e i s the s i t e of o r i g i n of the long 

r e t i c u l o s p i n a l f i b r e s and t h a t the f u n c t i o n of t h e s e neurons 

I s to s e t a b i a s upon the membrane p o t e n t i a l of the 

r e s p i r a t o r y motoneurons in the c o r d . 

B e r g e r , Mi tche l l and H e r b e r t (1976) sugges ted t h a t the 

a p n e u s t i c c e n t r e was the l o c a t i o n of the normal i n s p i r a t o r y 

c u t - o f f swi tch and the s i t e of p r o j e c t i o n of the v a r i o u s 

I n p u t s t h a t could t e r m i n a t e an i n s p i r a t o n . Apneusis would 

a r i s e from I n a c t l v a t i o n of t h i s i n s p i r a t o r y c u t - o f f 

mechanism. 
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Medul lary c e n t r e - I t i s now known t h a t the medulla 

has 2 a g g r e g a t i o n s of rhythmic r e s p i r a t o r y neurons : the 

do r sa l r e s p i r a t o r y group (ORG) which i s s i t u a t e d in the 

v e n t r o l a t e r a l p o r t i o n of the nuc leus of the t r a c t u s 

s o l i t a r i u s and a v e n t r a l r e s p i r a t o r y group (YRG) a s s o c i a t e d 

wi th nuc leus ambiguous and nuc leus r e t r o a m b i g u a l i s . The 

former c o n t a i n s c h i e f l y i n s p i r a t o r / neurons and the l a t t e r 

c o n t a i n s both i n s p i r a t o r y and e x p i r a t o r y neurons . The ORG 

d r i v e s the VRG but not v i c e - v e r s a , and axons from the VRG 

p r o j e c t to c e r t a i n sp ina l r e s p i r a t o r y motoneurons or to the 

a c c e s s o r y muscles of r e s p i r a t i o n . The i n s p i r a t o r y neurons 

from t h e ORG p r o j e c t p r i m a r i l y to the c o n t r a l a t e r a l sp ina l 

cord and p robab ly s e rve as t he p r i n c i p a l rhythmic 

r e s p i r a t o r y d r i v e to p h r e n i c motoneurons (Cohen, P i e r c e y , 

Gootman and WolotsKy, 1974) . More r e c e n t l y , however, 

r e c o r d i n g s in t h i s reg ion have r e v e a l e d the p resence of 

e x p i r a t o r y neurons from the VRG t h a t send axons to the 

c o n t r a l a t e r a l ORG ( M e r r i l l , 1981) . 

M i t c h e l l and Berger (1975) sugges t ed t h a t the ORG i s the 

s i t e of i n t e g r a t i o n and r e l a y f o r many r e f l e x r e s p o n s e s . The 

r e s p i r a t o r y r e f l e x a f f e r e n t s c a r r i e d in the IX and X c r a n i a l 

ne rves a r e f i r s t i n t e g r a t e d i n t o the r e s p i r a t o r / system in 

t h e ORG. F i g . 3 shows a schemat ic r e p r e s e n t a t i o n of the 

r e s p i r a t o r y c o n t r o l sys tem. 
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J[I. BEHAVIOURAL SYSTEM 

" B r e a t h i n g , the only autonomic f u n c t i o n r e g u l a t e d 

e n t i r e l y by s k e l e t a l musc le , s e r v e s two g r e a t homeos ta t i c 

sys t ems : metabol ism and behav iour" (Plum, 1970) . 

Evidence e x i s t s f o r s e p a r a t e n e u r o l o g i c a l s t r u c t u r e s 

m e d i a t i n g behav ioura l and m e t a b o l i c i n f l u e n c e s on the 

r e s p i r a t o r y a c t a t a lmost every l eve l of the b r a i n , from the 

c e r e b r a l hemispheres to the medulla and even the upper 

c e r v i c a l sp ina l c o r d . Evidence i n d i c a t e s t h a t the 

c o n t r o l l i n g mechanisms f o r behav iou ra l r e s p i r a t o r y f u n c t i o n 

a r e l o c a t e d l a r g e l y in the f o r e b r a i n and the c o n t r o l l i n g 

mechanisms f o r me tabo l i c r e s p i r a t o r y r e g u l a t i o n s l i e l a r g e l y 

in the h i n d b r a i n (Plum, 1970) . 

I n f l u e n c e from the c e r e b r a l hemispheres can p ro found ly 

i n h i b i t the behav ioura l f u n c t i o n s of the r e s p i r a t o r y a c t . 

The r e s u l t s of e l e c t r i c a l s t i m u l a t i o n of the hemispheres 

make a s t r o n g case f o r i n h i b i t o r y i n f l u e n c e s on r e s p i r a t i o n 

a r i s i n g a t t h i s l eve l (Kaada, 1960) . Only a l i m i t e d number 

of c e r e b r a l p o i n t s , l o c a t e d mainly in the c l a s s i c somatic 

motor and premotor a r e a s , f a c i l i t a t e r e s p i r a t i o n ; in c o n t r a s t 

to t h i s modest f a c i l i t a t o r / i n f l u e n c e , l a r g e a r e a s of the 

hemispheres i n h i b i t b r e a t h i n g . The s t i m u l a t i o n of some of 

t h e s e a r e a s in exper imen ta l an imals produces apnoea or 

r e s p i r a t o r y s u p p r e s s i o n t h a t l a s t s as long as the s t i m u l u s , 

even though accompanied by severe a s p h y x i a . Taken t o g e t h e r , 

t h e s e i n h i b i t o r y s t r u c t u r e s comprise most of the c o n t r i b u t i o n 

of the hemispheres to the l imb ic sys tem, which i s now be l i eved 
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to media te the main f o r e b r a i n c o n t r i b u t i o n to emotional and 

autonomic b e h a v i o u r . 

According to Kaada (1A60) and Nelson and Ray (196%), 

e l e c t r i c a l s t i m u l a t i o n of l imbic s t r u c t u r e s in man s t o p s 

b r e a t h i n g , u s u a l l y in q u i e t e x p i r a t i o n , with the l o n g e s t 

d u r a t i o n of a r r e s t thus f a r r e p o r t e d being 56s . 

A number of a u t h o r s , i n c l u d i n g Brown and Plum (1961) 

have demons t ra ted t h a t COg r e s p o n s i v e n e s s i s g r e a t e r in 

p a t i e n t s with b i l a t e r a l c e r e b r a l motor d y s f u n c t i o n than in 

c o n t r o l s , s u g g e s t i n g t h a t m e t a b o l i c r e s p i r a t o r y f u n c t i o n s 

could be enhanced by the removal of c e r e b r a l i n f l u e n c e s . 

However, t he c e r e b r a l hemispheres a l s o normally c o n t r i b u t e an 

i m p o r t a n t component to the volume of b r e a t h i n g du r ing 

w a k e f u l n e s s and in most h e a l t h y s u b j e c t s the c e r e b r a l d r i v e 

m a i n t a i n s a rhythm of r e s p i r a t i o n , even when me tabo l i c 

s t i m u l i a r e t e m p o r a r i l y removed. This i s i m p l i c i t in the 

s t u d i e s by F ink , 1961 (see page 2 5 ) . 

In summary, t he a c t of b r e a t h i n q s e rve s two f u n c t i o n s -

metabol ism and b e h a v i o u r , and the nervous system r e g u l a t e s 

t h e s e th rough d i f f e r e n t pa thways . The more p r i m i t i v e 

m e t a b o l i c system i s l o c a t e d in the r e t i c u l a r fo rmat ion of the 

lower pons and m e d u l l a , r e c e i v i n g i t s i npu t from 

c h e m o r e c e p t o r s , vagus nerves and p r o p r i o c e p t i v e r e f l e x e s , and 

i s r e s p o n s i b l e f o r blood gas and acid base h o m e o s t a s i s . I t 

a u t o m a t i c a l l y r e g u l a t e s i t s own i n t r i n s i c rhythm when 

s t i m u l a t e d and t r a n s m i t s i t s impulses to the sp ina l cord via 

v e n t r a l r e t i c u l o - s p i n a l pa thways . The behav ioura l system i s 
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l o c a t e d mainly in somatomotor and l imbic f o r e b r a i n s t r u c t u r e s , 

a d a p t s man to speech and complex behav iou ra l a c t s and c o n d i t i o n s 

him f o r t he expected me tabo l i c demands of a c t i v i t y and e x e r c i s e . 

This system i s comple te ly f u n c t i o n a l only when the f o r e b r a i n i s 

a c t i v a t e d by f u l l w a k e f u l n e s s and i t t r a n s m i t s i t s descending 

impu l se , a t l e a s t p a r t l y , to the medul la ry r e t i c u l u m , and a l s o 

p a r t l y to t h e sp ina l cord v ia d i r e c t c o r t i c o b u l b a r and c o r t i c o -

s p i n a l pathways (Mi t che l l and B e r g e r , 1975) . 

111 I n t e g r a t i o n of t h e b e h a v i o u r a l and m e t a b o l i c systems 

in r e s p i r a t o r y c o n t r o l 

P h i l l i p s o n (1978) , in h i s review of the con t ro l of 

b r e a t h i n g du r ing s l e e p , has modi f i ed the system p o s t u l a t e d by 

Berger e t al (1977) in showing how the behav ioura l and 

m e t a b o l i c systems may i n t e r a c t ( s e e f i g . 4 ) . 

During w a k e f u l n e s s , b r e a t h i n g i s governed by both the 

m e t a b o l i c and the behav ioura l r e s p i r a t o r y c o n t r o l system; 

du r ing non REM s l e e p , b r e a t h i n g i s r e g u l a t e d s o l e l y by the 

m e t a b o l i c c o n t r o l sys tem; and du r ing REM s l e e p , b r e a t h i n g 

f u n c t i o n s l a r g e l y i n d e p e n d e n t l y of the me tabo l i c system and 

may be c o n s i d e r a b l y i n f l u e n c e d by the behav ioura l system 

( P h i l l i p s o n , 1978) . 

F ink , in 1961, demons t ra t ed in h e a l t h y humans t h a t a f t e r 

a l v e o l a r h y p e r v e n t i 1 a t i o n ( s o as t o "remove" COg 

r e s p i r a t o r y d r i v e ) , rhythmic b r e a t h i n g con t inued i f the 

s u b j e c t s remained awake, but apnoea developed dur ing s l e e p or 

a n a e s t h e s i a . 

In 1978, P h i l l i p s o n and S u l l i v a n emphasised the importance 
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of a rousa l which may produce a fundamental change in the n a t u r e 

of the v e n t i l a t o r y response to a r e s p i r a t o r y s t i m u l u s ; a rousa l 

p e r m i t s the i n i t i a t i o n of a behav iou ra l and a v e n t i l a t o r y 

response to the s t i m u l u s and i t makes p o s s i b l e an a p p r o p r i a t e 

i n t e g r a t e d response to r e s p i r a t o r y s t i m u l i t h a t i n c l u d e s 

behav iou ra l as well as v e n t i l a t o r y , c a r d i o v a s c u l a r and o t h e r 

a d j u s t m e n t s . 

Phas ic behav ioura l a c t i v i t i e s t h a t i nvo lve t h e 

v e n t i l a t o r y a p p a r a t u s , such as p h o n a t i o n , c r y i n g , swallowing 

and l a u g h i n g , a l s o e x e r t a profound e f f e c t on v e n t i l a t i o n 

through the behav iou ra l r e s p i r a t o r y c o n t r o l system. Under 

such c o n d i t i o n s t h e r e a re marked changes in the p a t t e r n of 

b r e a t h i n g from the r e g u l a r , c y c l i c p a t t e r n s t y p i c a l of q u i e t 

b r e a t h i n g to h igh ly i r r e g u l a r p a t t e r n s t h a t a re d i c t a t e d by 

t h e r e q u i r e m e n t s f o r the behav iou ra l e v e n t . In a d d i t i o n , 

dur ing such a c t i v i t i e s , the behav ioura l c o n t r o l system i s 

c a p a b l e of o v e r r i d i n g comple te ly the m e t a b o l i c demand f o r 

v e n t i l a t i o n . 

R i g a t t o , K a l a p e s i , Leahy, Durand, MacCallum and C o t e s , 

in 1980, s t udy ing pre te rm i n f a n t s dur ing s l e e p , not 

only conf i rmed the o b s e r v a t i o n s of P h i l l i p s o n e t al (1978) 

who showed t h a t behav ioura l c o n t r o l can o v e r r i d e t he 

chemical c o n t r o l of b r e a t h i n g , but sugges ted t h a t the 

o p p o s i t e i s a l s o t r u e , i . e . the chemical c o n t r o l can a l s o 

o v e r r i d e the behav iou ra l c o n t r o l w i t h i n a c e r t a i n r ange . 

A d m i n i s t r a t i o n of 1 ow i n s p i r e d COg was enough to change 

the p a t t e r n of b r e a t h i n g of t h e s e i n f a n t s , but not enough to 
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produce a r o u s a l . He a l s o found t h a t , in pre te rm i n f a n t s , 

the hypercapn ic r e sponse i s prompt and e f f e c t i v e , both 

du r ing REM and non-REM s l e e p . 
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IV S E N S O R S 

A L u n g R e c e p t o r s 

a) Pulmonary s t r e t c h r e c e p t o r s - H e r i n g and Breuer (1A68) 

showed in the dog, c a t and r a b b i t , t h a t expansion of the lung 

r e f l e x l y i n h i b i t e d i n s p i r a t i o n and promoted e x p i r a t i o n ; t h i s 

e f f e c t depended on the i n t e g r i t y of the vagus n e r v e s . The 

s t r e t c h r e c e p t o r s b e l i e v e d to be r e s p o n s i b l e f o r t h i s r e f l e x 

l i e p redominan t ly in the bronchi and b r o n c h i o l e s . However, 

t h e r e f l e x in man i s r e l a t i v e l y weak, be ing e l i c i t e d only by 

i n f l a t i o n s c o n s i d e r a b l y l a r g e r than normal t i d a l volumes 

(Widdicombe, 19G1; D e j o u r s , 1962; Guz, Noble, Trenchard , 

Cochrane and Makey, 1964) . B i l a t e r a l vagal blockade in both 

a n a e s t h e t i s e d and u n a n a e s t h e t i s e d man does not change the 

p a t t e r n of b r e a t h i n g (Guz, e t a l , 1964) . I t has been 

sugges ted t h a t the a b i l i t y of heal thy s u b j e c t s to hold t h e i r 

b r e a t h f o r l onge r t imes a t h ighe r lung volumes with more 

a s p h y x i a ! a r t e r i a l gas t e n s i o n s i s due to the i n h i b i t o r y 

i n f l u e n c e of the i n f l a t i o n r e f l e x ( M i t h o e f e r , 1959) , but 

Guz 's r e s u l t s sugges t t h a t t h i s e x p l a n a t i o n i s i nadequa te 

s i n c e a b o l i t i o n of such a r e f l e x , e s p e c i a l l y a t the high 

lung volumes when i t i s a c t i v e in man, would be expected 

to s h o r t e n r a t h e r than l eng then b r e a t h - h o l d i n g t i m e . 

b) J r e c e p t o r s - P a i n t a l ( 1 9 5 5 ) has recorded a c t i o n 

p o t e n t i a l from vagal non-myel ina ted f i b r e s coming from 

" s p e c i f i c d e f l a t i o n r e c e p t o r s " in the l u n g s , the 

j u x t a - c a p i l l a r y pulmonary r e c e p t o r s o r J r e c e p t o r s . These 

r e c e p t o r s a re c l o s e to the pulmonary c a p i l l a r i e s and the 

p h y s i o l o g i c a l s t i m u l u s f o r t he endings i s be l i eved to be the 
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r i s e in pulmonary c a p i l l a r y p r e s s u r e t h a t occurs dur ing muscular 

e x e r c i s e . S t i m u l a t i o n of t ype J r e c e p t o r s was r epo r t ed to 

produce r e f l e x i n h i b i t i o n of limb m u s c l e s . In the c a t the 

r e f l e x e f f e c t s of such s t i m u l a t i o n a re apnoea, hypotens ion and 

b r a d y c a r d i a . This e f f e c t i s c a l l e d t he J r e f l e x and i nvo lves 

the p a r t i c i p a t i o n of c e r t a i n c e r e b r a l pathways l o c a t e d 

c e n t r a l l y . 

c) Lung i r r i t a n t r e c e p t o r s - have been s tud i ed in r a b b i t s 

by r e c o r d i n g a c t i o n p o t e n t i a l s from the r e c e p t o r s (Widdicombe, 

1954) . These r e c e p t o r s a r e s t i m u l a t e d by s t r o n g i n f l a t i o n s 

and d e f l a t i o n s of the l u n g s , pneumothorax, pulmonary 

c o n g e s t i o n , the i n h a l a t i o n of ammonia vapour or c i g a r e t t e 

smoke, pulmonary micro embolism, a n a p h y l a c t i c r e a c t i o n s , and 

b r o n c h o c o n s t r i c t i o n induced by i n j e c t i o n s of h i s t amine and 

phenyl d i g u a n i d e . I t was concluded t h a t the r e f l e x a c t i o n of 

t h e r e c e p t o r s i s to cause hyperpnoea and probably broncho-

c o n s t r i c t i o n and t h a t t he se r e c e p t o r s may c o n t r i b u t e to 

u n p l e a s a n t r e s p i r a t o r y s e n s a t i o n in human s u b j e c t s and 

p a t i e n t s . 

Nadel and Gold (1973) sugges ted t h a t h i s t amine r e l e a s e 

du r ing an a l l e r g i c a s t h m a t i c a t t a c k s t i m u l a t e s i r r i t a n t 

r e c e p t o r s , r e s u l t i n g in r e f l e x b r o n c h o c o n s t r i c t i o n and 

i n c r e a s e d v e n t i l a t i o n . 

B P e r i p h e r a l c h e m o r e c e p t o r s - t h e p e r i p h e r a l a r t e r i a l 

chemorecep to r s a re r e s p o n s i b l e f o r the immediate i n c r e a s e in 

b r e a t h i n g produced by lack of oxygen ( B i s c o e , 1971) . They 

a re l o c a t e d in the c a r o t i d bodies a t the b i f u r c a t i o n of the 
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common c a r o t i d a r t e r i e s and in t he a o r t i c bodies s c a t t e r e d 

about the ascend ing arch of t he a o r t a and i t s b r a n c h e s . 

T h e i r s e n s i t i v i t y to changes in a r t e r i a l p a r t i a l p r e s s u r e of 

oxygen (PaOgJ b e g i n s a round a PaOg of GOOmmHg, bu t the 

v e n t i l a t o r y r e sponses a re n e g l i g i b l e u n t i l a r t e r i a l 

u n s a t u r a t i o n d e v e l o p s . The r e l a t i o n s h i p between v e n t i l a t i o n 

and a r t e r i a l oxygen s a t u r a t i o n s i s l i n e a r (Rebuck and 

Campbel l , 1974) , 

Chemoreceptor d i s c h a r g e of the c a r o t i d s inus nerve i s 

i n c r e a s e d by d e c r e a s e d PaOg, d e c r e a s e d pH, or i nc rea sed 

a r t e r i a l carbon d i o x i d e p a r t i a l p r e s s u r e (PaCOgifLahir i 

and HeLaney, 1975) . The a o r t i c body chemorecep tors a l s o 

respond t o d e c r e a s e d PaOg and i n c r e a s e d PaCOg, b u t they 

a r e not s t i m u l a t e d and sometimes a re dep res sed by dec reased 

pH (Sampson and Hainswor th , 1972) . 

I n c r e a s e s in chemoreceptor a c t i v i t y in response t o 

d e c r e a s e d PaOg a r e p o t e n t i a t e d by i n c r e a s e s in PaCOg or 

in the c a r o t i d body by dec reased pH. This p o t e n t i a t i o n , 

which i s a l s o r e f l e c t e d in t he a m p l i f i e d v e n t i l a t o r y response 

t o combined hypoxia and h y p e r c a p n i a , does not exc lude t he 

p o s s i b i l i t y t h a t p a r t of t he v e n t i l a t o r y p o t e n t i a t i o n i s 

mediated by the r e s p i r a t o r y c e n t r e ( L a h i r i and DeLaney, 1975) 

^ C e n t r a l c h e m o r e c e p t o r s - t h e v e n t i 1 a t o r y r e s p o n s e s to 

i n c r e a s e s in a l v e o l a r carbon d i o x i d e remains almost u n a l t e r e d 

a f t e r d e n e r v a t i o n of t he p e r i p h e r a l chemorecep to r s . In 

r e c e n t y e a r s c o n s i d e r a b l e ev idence has accumulated t h a t 

c e n t r a l c h e m o s e n s i t i v i t y does not a r i s e from bra ins tem 

r e s p i r a t o r y neurons , but from s e p a r a t e chemoreceptor 
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s t r u c t u r e s l o c a t e d near the v e n t r a l medul la ry s u r f a c e . I t 

a c t s as the pr imary senso r of the l eve l of carbon d i o x i d e 

w i t h i n the body, through the a c i d i f i c a t i o n of b r a i n 

e x t r a c e l l j a r f l u i d by carbon d i o x i d e . The chemical 

environment about t he r e c e p t o r s i s governed by CSF, l oca l 

blood f low and metaboli&m (Mi t che l l and H e r b e r t , 1974) . 

n UPPER AIRWAYS RECEPTORS. 

The a i rways of the nose p o s s e s s r e c e p t o r s whose a f f e r e n t 

pathways l i e in the t r i g e m i n a l and o l f a c t o r y n e r v e s . These 

r e c e p t o r s a re s e n s i t i v e to v a r i o u s chemical agen t s and 

mechanical s t i m u l a t i o n . 

The t r a c h e a a l s o p o s s e s s e s i r r i t a n t r e c e p t o r s . As with 

laryngeal s t i m u l a t i o n , t r a c h e a l s t i m u l a t i o n r e s u l t s in 

cough ing , b r o n c h o c o n s t r i c t i o n and h y p e r t e n s i o n . 

V C o n t r o l of f r e q u e n c y and t i d a l volume - R o h r e r , in 

1925 (quoted by O t i s , Fenn and Rahn, 1950 and by Mead, 

1960)was t h e f i r s t t o show t h a t the r e s p i r a t o r y work 

would be l e a s t i f a p a r t i c u l a r f r equency of b r e a t h i n g was 

f o l l o w e d . This was redi scovered by Ot i s e t al in 

1950. Mead, in 1960, p r e s e n t e d ev idence t h a t the 

r e s p i r a t o r y f r equency of two s p e c i e s , g u i n e a - p i g and man, 

c o r r e s p o n d s more c l o s e l y to one a t which the average f o r c e 

or t e n s i o n developed by t he r e s p i r a t o r y muscles r a t h e r than 

the work done by them on the r e s p i r a t o r y sys tem, i s minimum. 

In 1966, Hey, Lloyd, Cunningham, Jukes and Bo l ton , 

s t u d i e d the e f f e c t s of v a r i o u s r e s p i r a t o r y s t i m u l i (changes 
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in PACOp and PAOg, m e t a b o l i c a c i d a e m i a , some d r u g s , and 

muscular e x e r c i s e ) on the depth and f r equency of b r e a t h i n g 

in man. The l i n e a r r e l a t i o n s h i p between pulmonary v e n t i l a t i o n 

(VE) and t i d a l volume (VT) up to a VT equal to about ha l f t he 

v i t a l c a p a c i t y was unchanged. When the s t i m u l u s was a r i s e 

in body t e m p e r a t u r e , however. Hey e t al found t h a t i t 

a f f e c t e d t he pa r ame te r s of t he VE-VT r e l a t i o n s h i p . 

This work f i t t e d well with the idea t h a t the b a l a n c e 

between t he depth and f r e q u e n c y of b r e a t h i n g i s geared to 

some p r i n c i p l e of minimum f o r c e or work. 

There a re two known mechanisms which de te rmine the 

t i d a l volume and f r e q u e n c y f o r a given v e n t i l a t i o n : one i s 

t h e b u l b o - p o n t i n e pacemaker ( t h e b u l b a r a p n e u s t i c and 

pneumotaxic c e n t r e s ) and the o t h e r i s the vagal mechanism. 

The f i r s t one seems to be t he main f r e q u e n c y g o v e r n o r , both 

in eupnoeic man and in v a r i o u s c o n d i t i o n s of polypnoea in 

a n i m a l s . The vagal mechanism i s governed by a f f e r e n t 

i n f o r m a t i o n on volume, r a t e of change of volume and 

t r ansmura l p r e s s u r e of t he lungs ( B r e u e r , 1868; Adr i an , 1933; 

Lar rabee and Knowlton, 1946; Davis , Fowler and Lambert , 

1956) . The i n t e g r i t y of the vagus ne rves has been r epo r t ed 

to be a p r e r e q u i s i t e f o r the i n c r e a s e in r e s p i r a t o r y 

f r e q u e n c y which normal ly occu r s both in man and in animals 

in r e sponse to i n c r e a s e d chemical d r i v e of r e s p i r a t i o n 

( S c o t t , 1908; Cohen, 1964; Nes land , Plum, Nelson an S i e d l e r , 

1966; Guz, Noble, Widdicombe, T rencha rd , Mushin and Makey, 

1966; Tang, 1967; Richardson and Widdicombe, 1969) . 
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The s t u d i e s of von E u l e r , Her re ro and WexTer (1970) 1n 

c a t s , showed t h a t the i n c r e a s e in v e n t i l a t i o n in response t o 

COg was achieved by an i n c r e a s e in b o t h t i d a l volume and 

f r e q u e n c y . In agreement wi th the s t u d i e s o b t a i n e d by Hey e t 

al (1966) , when v e n t i l a t i o n was p l o t t e d a g a i n s t VT, the 

r e l a t i o n was found to be roughly l i n e a r and above a va lue of 

app rox ima te ly ha l f the v i t a l c a p a c i t y a f u r t h e r i n c r e a s e in 

VE was a lmost e n t i r e l y accompl ished by an i n c r e a s e in 

f r e q u e n c y , wh i l e VT remained almost c o n s t a n t . 

When t h e VE-YT l i n e was e x t r a p o l a t e d to z e r o , the l i n e 

did not go through the o r i g i n but showed an i n t e r c e p t with 

t h e VT a x i s and t h e VE-VT r e l a t i o n s h i p was expres sed by t he 

e q u a t i o n : 

VE = k(VT-Vo), where K i s the s lope and Vo t h e 

i n t e r c e p t . 

A f t e r vagotomy the s lope was l e s s s t e e p , the i n t e r c e p t 

Vo became zero (f remained c o n s t a n t when Ve i n c r e a s e d ) and 

the f u r t h e r i n c r e a s e in f a t about ha l f v i t a l c a p a c i t y was 

a b o l i s h e d . 

When VE was p l o t t e d a g a i n s t f r e q u e n c y the r e l a t i o n was 

not l i n e a r ; on the lower p o r t i o n VE i n c r e a s e d f a s t e r than f 

and a t about ha l f v i t a l c a p a c i t y the curve suddenly changed. 

I t was concluded t h a t below t h i s bend a r i s e in VE was 

e f f e c t e d by i n c r e m e n t s , both in VT and in f , whi le a t t h e 

upper p a r t of the c u r v e , f u r t h e r i n c r e a s e s in VE were 

ach ieved by i n c r e a s i n g the f r e q u e n c y . 
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CHAPTER TWO 

I . EVALUATION OF THE RESPIRATORY CENTRE OUTPUT 

Since the e a r l y work of Haldane and P r i e s t l e y (1905) 

the most commonly used o u t p u t v a r i a b l e has been pulmonary 

v e n t i l a t i o n , but i t has long been r e c o g n i s e d t h a t t h e r e a re 

some l i m i t a t i o n s of v e n t i l a t i o n as a measure of the motor 

o u t p u t of the r e s p i r a t o r y c e n t r e which r e l a t e s to i t s 

dependence on lung and c h e s t wall mechan ic s . 

Because of t h i s problem o t h e r measurements have been 

used to e v a l u a t e the r e ^ i r a t o r y c e n t r e o u t p u t , such as the 

oxygen consumption of the r e s p i r a t o r y m u s c l e s , the mechanical 

work r a t e of the r e s p i r a t o r y muscles and the d i aph ragma t i c 

EMG. These methods w i l l be rev iewed: 

^ Oxygen c o s t of b r e a t h i n g - i f oxygen consumption i s 

measured a t r e s t and again a t i n c r e a s e d v e n t i l a t i o n the 

excess of oxygen consumed should be due to r e s p i r a t o r y 

muscular a c t i v i t y . R i c h a r d s , F r i t t s and Davis (1958) 

c a l c u l a t e d work ou tpu t by measur ing the oxygen uptake a t each 

l e v e l of v e n t i l a t i o n in r e s p o n s e t o d i f f e r e n t i nha l ed COg 

c o n c e n t r a t i o n s and they concluded t h a t the d imin i shed 

v e n t i l a t o r y r e s p o n s e in p a t i e n t s w i t h emphysema and COg 

r e t e n t i o n was l a r g e l y due to the i n c r e a s e d e f f o r t r e q u i r e d t o 

v e n t i l a t e the l u n g s . But they did not t ake i n t o account the 

mechanical e f f i c i e n c y of the r e s p i r a t o r y muscles and a 

r e d u c t i o n in e f f i c i e n c y would r e q u i r e i n c r e a s e d oxygen 



37 

consumption f o r the same workload and t h e r e f o r e i n c r e a s e d 

neural d r i v e . 

In 1960 Brodovsky, MacDonell and Cherniack c a l c u l a t e d 

t o t a l r e s p i r a t o r y muscle work from the oxygen uptake and t he 

mechanical e f f i c i e n c y of the r e s p i r a t o r y muscles measured 

s e p a r a t e l y . I n c r e a s e d l e v e l s of v e n t i l a t i o n were achieved hy 

i n t e r p o s i n g dead space c o n s i s t i n g of t h i c k - w a l l e d rubber 

t u b i n g . Measurements of v e n t i l a t i o n , oxygen consumption and 

PCO, were made a t r e s t and a t t h r e e l e v e l s of i n c r e a s e d 

v e n t i l a t i o n . The oxygen c o s t of i n c r e a s e d v e n t i l a t i o n was 

c a l c u l a t e d by p l o t t i n g oxygen consumption a g a i n s t minute 

v e n t i l a t i o n and drawing the b e s t f i t t i n g s t r a i g h t l i n e . The 

e f f i c i e n c y was ob t a ined by measur ing the i n c r e a s e in oxygen 

consumption a s s o c i a t e d with an added r e s p i r a t o r y work load 

of known magni tude . 

work done = e f f i c i e n c y X oxygen consumption 

(Campbel l , Westlake and Che rn i ack , 1959) . 

B. Mechanical work of b r e a t h i n g - a n o t h e r way of measuring 

work of b r e a t h i n g u n r e l a t e d to oxygen consumption i s by means 

of a diagram of p r e s su re -vo lume r e l a t i o n s h i p s of 

the r e s p i r a t o r y system ( see F i g . 5 ) . 

The work done i s the p roduc t of change in lung volume 

and the mean p r e s s u r e dur ing the b r e a t h . We have to c o n s i d e r the 

work done to overcome e l a s t i c f o r c e s and the work done in 

overcoming f low r e s i s t a n c e . 
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T L C 

FRC 

3 0 1 5 0 1 5 3 0 

Airway Pressure (cm H2O) 
Fig. 5 - Relaxation pressure curve of the whole r e sp i r a to ry system 
divided in to comoonents - re laxa t ion pressure curves of lung ( P ^ i ' ) 
and chest wall (Pe ic ) . The curve Pt^ i s a mirror image of P e l ' . 
The loop clbEc represents pressure and volume changes during 
in sp i r a t ion in overcoming flow res is tance, while the t r i a n g u l a r area 
abc represents work done by the in sp i r a to ry muscles on e l a s t i c 
res i s tance (modified from Campbell, 1958). 
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R e f e r r i n g to t he diagram ( F i g . 5 ) , t he work done by the 

c h e s t wall on the lung i s the a rea of the t r apez ium a , c , e , d . 

The work done to expand the lung i s the a rea of the 

t r apez ium d . e . f . g or e , d , c , b . The n e t t work done to overcome 

e l a s t i c r e c o i l dur ing i n s p i r a t i o n in t i d a l b r e a t h i n g i s the 

d i f f e r e n c e between the two t r a p e z i u m s , the t r i a n g l e a , b , c . 

But I a l r e a d y s a id t h a t we have to c o n s i d e r the work done in 

overcoming f low r e s i s t a n c e dur ing i n s p i r a t i o n and t h e r e f o r e 

a p r e s s u r e volume loop must be measured dynamica l ly = a r ea 

c , I , b . Now we can d e r i v e the t o t a l work done on i n s p i r a t i o n . 

This a n a l y s i s i s due to Campbell (1958) and was a p p l i e d 

f i r s t l y by E l d r i d g e and Davis (1959) , and f u r t h e r mod i f i ed 

by M i l i c - E m i l i and T y l e r (1963) , who c o n f i n e d t h e i r 

measurements to i n s p i r a t o r y work, s i n c e they found t h a t 

e x p i r a t o r y work was n o t c o r r e l a t e d w i t h a r t e r i a l PCOg ( see 

f i g u r e 5 ) . 

C Diaphragmat ic E.M.G. - L o u r e n g o and Miranda, in 1968, 

measured the e l e c t r o m y o g r a p h i c a c t i v i t y of the diaphragm. 

The ou tpu t from an oesophageal e l e c t r o d e a t the l eve l of the 

diaphragm was i n t e g r a t e d e l e c t r o n i c a l l y and the component 

d e r i v e d from c a r d i a c a c t i v i t y s u b t r a c t e d . Although t h i s 

t e c h n i q u e would seem to be independent of lung mechanics i t 

measures t he a c t i v i t y of only p a r t of one of the r e s p i r a t o r y 

muscles and uses compl ica ted e l e c t r o n i c a p p a r a t u s . I t i s a l s o 

a f f e c t e d in p r a c t i c e by problems of s i t i n g the oesophageal 

e l e c t r o d e . 
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D. 2^ 1 and d p / d t max - i n 1 9 7 3 , G r u n s t e i n , Younes and 

Mi l i c -EmiTi , occluded the airway of a n a e s t h e t i s e d c a t s a t PRC 

and measured the ampl i tude of t r a c h e a l p r e s s u r e gene ra t ed in 

the f o l l o w i n g i n s p i r a t o r y e f f o r t . The maximum i n s p i r a t o r y 

p r e s s u r e achieved dur ing i n s p i r a t i o n was r e l a t e d to t i d a l 

volume and s u b s e q u e n t l y was shown t h a t the maximum i n s p i r a t o r y 

p r e s s u r e on o c c l u s i o n of the t r a c h e a in c a t s was r e l a t e d to 

ph ren ic nerve d i s c h a r g e ( E l d r i d g e , 1975) . 

C l e a r l y , i t i s i m p o s s i b l e to apply t h i s t e chn ique 

d i r e c t l y to consc ious humans s i n c e v o l u n t a r y i n f l u e n c e 

i n t e r f e r e with the measurement . Whitelaw, Derenne and 

M i l i c - E m i l i (1975) argued t h a t t h e r e would be a de lay between 

t he o c c l u s i o n and the s u b j e c t ' s r e c o g n i t i o n and r e a c t i o n to 

i t . They sugges ted the o c c l u s i o n p r e s s u r e developed a t 0 . 1 

sec a f t e r the onse t of i n s p i r a t i o n (PO. l ) as an index of 

r e s p i r a t o r y c e n t r e o u t p u t . 

Because the airway i s occluded t h e r e i s no a i r f l o w and 

the o c c l u s i o n p r e s s u r e should be independen t of f low 

r e s i s t a n c e , and as t h e r e i s no change in lung volume i t 

should a l s o be independent of the compliance of the lungs 

and c h e s t w a l l . 

dP /d t max - Matthews and Howell (1975) in t h i s 

d e p a r t m e n t , measur ing from a Y-t record the r a t e of change 

of p r e s s u r e a t the mouth when the i n s p i r a t o r y limb of a 

r e b r e a t h i n g c i r c u i t was occ luded , a t random by a t a p , dur ing 

the p r ev ious e x p i r a t i o n , found t h a t the sp ike which 

r e p r e s e n t e d the d i f f e r e n t i a t e d p r e s s u r e s igna l ( d P / d t ) was 
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o c c u r r i n g with evsry brG3th , duG to th6 t r s n s i s n t o c c l u s i o n 

provided by the i n s p i r a t o r y v a l v e . I t was appa ren t t h a t 

t h i s sp ike i n c r e a s e d p r o g r e s s i v e l y in h e i g h t with i n c r e a s i n g 

i n s p i r a t o r y e f f o r t and t h a t the a lmost i m p e r c e p t i b l e t r a n s i e n t 

o c c l u s i o n of t he airway by the i n s p i r a t o r y va lve enabled d P / d t 

max to be recorded with every b r e a t h (Matthews, 1975) . 

d P / d t max r e p r e s e n t s the r a t e of i s o m e t r i c f o r c e 

development by the i n s p i r a t o r y muscles b e f o r e f low occurs 

and i s t h e r e f o r e u n a f f e c t e d by i n c r e a s e d f low r ^ ^ i s t a n c e , 

r e f l e x e s r e l a t e d to i n c r e a s i n g lung volume and p r o p r i o c e p t i v e 

feedback mechanisms. The r e s p o n s e of d P / d t max to COg 

c o r r e l a t e s well with the v e n t i l a t o r y r e s p o n s e , but i s not 

reduced by the a d d i t i o n of an e x t e r n a l f low r e s i s t a n c e 

(Matthews and Howell , 1975) . 

2 2 METHODS OF INCREASING RC OUTPUT 

A. Steady s t a t e method - t h e s u b j e c t b r e a t h e s a gas 

m i x t u r e c o n t a i n i n g d i f f e r e n t c o n c e n t r a t i o n s of COg t o ach ieve 

a s t eady s t a t e . A f t e r 10 t o 15 minutes v e n t i l a t i o n i s 

measured and a t the same t i m e PCOg i s measured in a r t e r i a l 

blood or a l v e o l a r a i r . The v e n t i l a t i o n and a r t e r i a l blood or 

a l v e o l a r PCOg a r e compared w i t h t h e v a l u e s ob ta ined a t r e s t . 

The r e l a t i o n s h i p between t h e s e v a r i a b l e s i s shown by 

curve B in f i g u r e 6 . Curve B i s t he t y p i c a l r e l a t i o n s h i p 

f o r a normal man b r e a t h i n g a i r c o n t a i n i n g 0%, 3%, 5% and 7% 

carbon d i o x i d e . Curve B e x p r e s s e s the s t e a d y - s t a t e 

r e l a t i o n s h i p between v e n t i 1 a t i on and PaCOg. Each carbon 

d i o x i d e mix tu re was i n s p i r e d f o r app rox ima te ly 10 minutes 



42 

h. 
L. 
0 

a 
OJ 

. L fD 0) 
I— O) O L -O (U L CO 
^ E 

4 -

U 
"f- C 
:— 3: O ro _a L 
fO "O 
4̂  (U 
I 

LO 

- E 



43 

b e f o r e the exper imen ta l da ta were t a k e n . This I s s u f f i c i e n t 

t ime to permi t carbon d i o x i d e to come to i t s new s t eady s t a t e 

v a l u e a t the s i t e of the c e n t r a l c h e m o r e c e p t o r s . I t i s the 

s lope of the v e n t i l a t o r y r e sponse in the 1 i n e a r p o r t i o n of 

cu rve B t h a t i s c o n v e n t i o n a l l y r e p o r t e d as the carbon d iox ide 

s e n s i t i v i t y . This s e n s i t i v i t y may be measured i f the s u b j e c t 

b r e a t h e s carbon d i o x i d e in a i r , but i t i s p robably b e s t to 

measure t h i s v a r i a b l e with carbon d i o x i d e in a hyperox ic 

m i x t u r e s i n c e the si ope of t he carbon d i o x i d e response curve 

i s i n c r e a s e d by hypoxi a a b o u t doubl i ng a t PaOg of 40 t o r r 

(Kronenberg , Hamil ton, Gabel , e t a l , 1 9 7 2 ) ( f i g 6 ) . 

B. Reb rea th ing Method - a r e b r e a t h i ng method has been 

developed by Read (1967) which overcomes many of t he 

d i s a d v a n t a g e s of the s t eady s t a t e method. 

Although r e b r e a t h i n g had been used by Haldane a t the end 

of t he l a s t c e n t u r y and has been used s p o r a d i c a l l y s i n c e t h e n , 

i t had not been accep ted as the method of cho ice because t he 

p a t i e n t i s not in a s t e a d y - s t a t e and the r e l a t i o n s h i p between 

t h e g a s , blood and r e c e p t o r PCn^ i s u n c e r t a i n . The 1 a t t e r 

o b j e c t i o n was overcome by Read (1967) who i n i t i a t e d 

r e b r e a t h i ng w i t h a gas c o n t a i n i n g COg a t a PCOg c l o s e to 

t h e PCOg of mixed venous b l o o d . He al so provided a small 

volume of gas ( l e s s than 10 1 i t r e s ) f o r r e b r e a t h i ng and, 

under t h e s e c o n d i t i o n s , PCOg e q u i 1 i b r i u m r a p i d l y develops 

between mixed venous, a l v e o l a r gas and r e b r e a t h i ng bag g a s . 

A high i n i t i a l c o n c e n t r a t i o n of oxygen in the r e b r e a t h i n g bag 
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p r o v i d e s oxygen f o r metabol ism and p r e v e n t s the development 

of any hypoxic s t imu lus to v e n t i l a t i o n . 

Both the end t i d a l PCOg and v e n t i l a t i o n i n c r e a s e c o n t i n u o u s l y 

and can be p l o t t e d a g a i n s t each o t h e r a t i n t e r v a l s dur ing 

r e b r e a t h i n g . This produces the conven t iona l p l o t of v e n t i l a t i o n 

a g a i n s t PCOg. 

The method i s r a p i d and s imp le , i t does not r e q u i r e 

a r t e r i a l samples and i s t h e r e f o r e s u i t a b l e f o r s t u d i e s made 

on p a t i e n t s . 

I t was shown by Read (1967) t h a t the v e n t i l a t o r y 

r e s p o n s e s o b t a i n e d by r e b r e a t h i n g and by the s teady s t a t e 

d i f f e r e d s i g n i f i c a n t l y in p o s i t i o n but not in s l o p e , and 

Clark (1968) conf i rmed the v a l i d i t y of t h i s method f o r 

p a t i e n t s wi th ch ron i c a i rways o b s t r u c t i o n . 

The r e b r e a t h i n g method r a p i d l y a t t a i n s "open loop" 

c o n d i t i o n s ; by t h i s i t i s meant t h a t t h e r e i s no feed-back 

from response to s t i m u l u s so t h a t t h e r a t e of r i s e of PCOg 

i s u n a f f e c t e d by the i n c r e a s e d v e n t i l a t i o n . On r e b r e a t h i n g 

v e n t i l a t i o n i s r esponding to a r a p i d l y and p r o g r e s s i v e l y 

changing inpu t s i g n a l , the magnitude of which i s c o n v e n i e n t l y 

p r o v i d e d by t h e end t i d a l PCOg. 
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I I I REPRODUCIBILITY OF VENTILATORY RESPONSE TO COp. 

D i f f s r e n c e s in op in ion on t h i s s u b j e c t a re expressed in 

t h e e a r l i e r l i t e r a t u r e . Peabody in 1915 (quoted by S&haefer , 

1958) and S c o t t (1920) found t h a t v a r i a t i o n s can be found in 

t h e r e s p i r a t o r y r e sponses in any given i n d i v i d u a l on d i f f e r e n t 

d a y s , not only between d i f f e r e n t i n d i v i d u a l s . Padget (1928) , 

however, found t h a t the same i n d i v i d u a l has the same r e a c t i o n 

when t e s t e d a t d i f f e r e n t t i m e s , but d i f f e r e n t i n d i v i d u a l s have 

q u i t e d i f f e r e n t r e s p o n s e s . 

H e l l e r , K i l l i c h e s and Dr inker (1929) suppor ted P a d g e t ' s 

s t a t e m e n t . The i r paper d e m o n s t r a t e s in seve ra l f i g u r e s the 

l a r g e d i f f e r e n c e s between "high l eve l p e r f o r m e r s " and "low 

l e v e l p e r f o r m e r s " . They conc lude in t h e i r paper t h a t " the 

c a u s e of d i f f e r e n c e ( i n t h e COg r e s p o n s e s ) r e s i d e s in some 

very fundamental f e a t u r e of the o r g a n i s a t i o n of t he 

i n d i v i d u a l " . 

S c h a e f e r (1958) showed t h a t the " fundamenta l 

f e a t u r e " r e l a t e d to the l a r g e i n d i v i d u a l d i f f e r e n c e s in the 

r e s p o n s e to CO^ i s t h e r e s p i r a t o r y p a t t e r n of the 

i n d i v i d u a l . The r e s p i r a t o r y p a t t e r n i s d e f i n e d as the 

r e l a t i o n s h i p between r e s p i r a t o r y r a t e and t i d a l volume. 

When t e s t s were r epea t ed on 8 s u b j e c t s under the same 

c o n d i t i o n s , a f t e r i n t e r v a l s of app rox ima te ly 4 weeks and 4 

months , S c h a e f e r found t h a t t h e r e s p i r a t o r y response to COg 

was f a i r l y c o n s t a n t du r ing t h i s t i m e . 

A f t e r t h a t he s t u d i e d seve ra l s u b j e c t s a f t e r an i n t e r v a l 

of 5 -6 y e a r s and found t h a t , in g e n e r a l , the s u b j e c t s remain 

in t h e i r g roups . 
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Read, in 1967, e s t a b l i s h e d the r e p r o d u c i b i l i t y of the 

v e n t i l a t o r y r e sponse t o COg. The r e p r o d u c i b i l i t y of s e r i a l 

r e sponse curves was compared f o r the r e b r e a t h i n g t e c h n i q u e and 

t h e t r a d i t i o n a l s t eady s t a t e method, us ing the da t a of 

Ander ton , H a r r i s and Slawson (1964) , and he found a s i m i l a r 

r e p r o d u c i b i l i t y between the two methods . 

C l a r k , in 1968, s t udy ing the v e n t i l a t o r y response t o 

Cn_ in c h r o n i c a i r w a y s o b s t r u c t i o n measured by the 
fWf Ik* -mfiW 

r e b r e a t h i n g method i s r e p e a t a b l e wi th a c o e f f i c i e n t of 

v a r i a t i o n of about 10% in p a t i e n t s . 

In view of the s u g g e s t i o n t h a t i n t e r - i n d i v i d u a l 

v a r i a b i l i t y in the v e n t i l a t o r y r e s p o n s e t o COg may be due to 

g e n e t i c d i f f e r e n c e s , A r k i n s t a l l , N i r m e l . K l i s s o u r a s and 

M i l i c - E m i l i , in 1974, s t u d i e d t h i r t y p a i r s of twins and he 

concluded t h a t the v a r i a b i l i t y in the v e n t i l a t o r y r e sponse 

t o i nha l ed COg can be a t t r i b u t e d t o env i ronmen ta l r a t h e r 

than g e n e t i c f a c t o r s . However, the v a r i a b i l i t y in t i d a l 

volume re sponse to COg was l a r g e l y d e t e r m i n e d by g e n e t i c 

f a c t o r s . The f r e q u e n c y r e s p o n s e t o COg appeared to be 

a f f e c t e d by the p e r s o n a l i t y of the s u b j e c t s . 

In 1976, I r s i g l e r , s t u d y i n g 126 normal young a d u l t s , 

found an e x c e l l e n t s h o r t - t e r m r e p r o d u c i b i l i t y of r e s u l t s in 

111 s u b j e c t s , and good l o n g e r - t e r m r e p r o d u c i b i l i t y in most 

of 10 s u b j e c t s r e t e s t e d 9 t o 27 months l a t e r . Rebuck, in 

1976, r ecogn i sed the v a r i a b i l i t y in the v e n t i l a t o r y response 

among normal human s u b j e c t s and sugges ted t h r e e f a c t o r s which 

could be r e s p o n s i b l e f o r t h i s : t h e f i r s t i s the s i z e of the 
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v e n t i l a t o r y pump, as expressed by the v i t a l c a p a c i t y . The 

second, and p o s s i b l y the most i m p o r t a n t , i s the p r o p o r t i o n of 

t h e a v a i l a b l e v i t a l c a p a c i t y which i s chosen by the 

r e s p i r a t o r y c o n t r o l system as t i d a l volume. T h i r d , t h e 

i n f l u e n c e of i n c r e a s i n g f r equency on the v e n t i l a t o r y response 

t o COg i s a l s o i m p o r t a n t . 

In view of the known i n f l u e n c e of w a k e f u l n e s s on 

r e s p i r a t o r y c o n t r o l mechanisms (Bulow, 1963) , Rigg, Inman, 

Saunders , Leeder and J o n e s , 1977, dec ided to t e s t t h e 

p o s s i b i l i t y t h a t mental f a c t o r s may a l t e r the v e n t i l a t o r y 

response to h y p e r c a p n i a . Mental a r i t h m e t i c t a s k s were 

performed by heal thy a d u l t s dur ing a i r b r e a t h i n g to i n v e s t i g a t e 

t h e i r e f f e c t s on v e n t i l a t i o n , and t he r e s u l t s showed t h a t t a s k 

per formance i n c r e a s e d v e n t i l a t i o n , both dur ing a i r b r e a t h i n g 

and r e b r e a t h i n g , by i n c r e a s i n g the f r equency of b r e a t h i n g . 
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CHAPTER THREE 

2 The A p p a r a t u s f o r m e a s u r i n g v e n t i l a t o r y and d P / d t max 

r e sponse t o CO^ d u r i n g r e b r e a t h i n g ( s e e f i g . 7 ) . 

A 6 l i t r e rubber r e b r e a t h i n g bag was suspended in a 

perspex chamber. The bag was connec ted by 1ow r e s i s t a n c e 

t u b i n g to a v a l v e and mouthpiece assembly ( s e e Appendix 1 -

R e s i s t a n c e of the c i r c u i t ) . A l i g h t s p r i n g 

loaded d i s c v a l v e (P.K. Morgan 71522) provided a b r i e f 

o c c l u s i o n t o each i n s p i r a t o r y and e x p i r a t o r y manoeuvre. The 

opening p r e s s u r e of t he i n s p i r a t o r y and e x p i r a t o r y d i s c 

v a l v e s was I cmHgO and 0 . 5 cmHgO r e s p e c t i v e l y . ( T h i s system 

was based on the a p p a r a t u s d e s c r i b e d by Matthews and Howell, 

1975) . 

Changes in mouth p r e s s u r e were measured us ing a UP2 

t r a n s d u c e r . This s i gna l was a m p l i f i e d and d i f f e r e n t i a t e d 

(Robec 7752 d P / d t A m p l i f i e r - Robec 7751 Pressure-DC 

A m p l i f i e r ) , in o rde r to o b t a i n r a t e of change of p r e s s u r e 

d u r i n g the t r a n s i e n t o c c l u s i o n . 

Carbon d i o x i d e (COg) l e v e l s a t t h e mouthpiece were 

c o n t i n u o u s l y sampled and e n d - t i d a l PCOg measured us ing a 

r a p i d r ead ing i n f r a - r e d COg a n a l y s e r (Capnograph LB-2 

Medical Gas A n a l y s e r ) . The sampled gas was r e t u r n e d from the 

Capnograph to t he r e b r e a t h i n g c i r c u i t to p reven t l o s s of 
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volume. The sampling f low r a t e used was 0 . 5 l i t r e s / m i n u t e . 

V e n t i l a t o r y f low was measured by means of a 

pneumotachograph f i t t e d i n t o one wal1 of the perspex chamber. 

I n f l a t i o n and d e f l a t i o n of the r e b r e a t h i n g bag i n s i d e t he 

chamber r e s u l t e d in movement of ambient a i r out of and i n t o 

the chamber r e s p e c t i v e l y . Tidal volume was ob ta ined by 

i n t e g r a t i o n of t h i s f low s i g n a l ( E l e c t r o s p i r o m e t e r CS5 

Mercury) . 

Data were recorded us ing a 4 channel Gould Brush 440 

Recorder a t a paper speed of Imm/sec. 

CALIBRATION 

The mouth p r e s s u r e t r a n s d u c e r was c a l i b r a t e d in cmHgO 

by means of an i n c l i n o m e t e r (wate r manometer) , b e f o r e each 

e x p e r i m e n t . 

A s i n u s o i d a l p r e s s u r e wave, gene ra t ed by a p i s t o n pump, 

was then app l i ed to the mouth p r e s s u r e t r a n s d u c e r and the 

r e s u l t a n t wave form was d i f f e r e n t i a t e d g iv ing a t r a c e of r a t e 

of change of p r e s s u r e . By c a l c u l a t i n g the r a t e of change of 

p r e s s u r e from the p r e s s u r e t r a c e i t was p o s s i b l e to c a l i b r a t e 

t he d i f f e r e n t i a t e d s igna l ( see f i g . 8 ) . 

The method of t h i s c a l i b r a t i o n was as f o l l o w s : from the 

p r e s s u r e wave form (a) the maximum r a t e of change of 

p r e s s u r e a t the p o i n t i n d i c a t e d by l i n e (x) can be r e l a t e d , 

having p r e v i o u s l y c a l i b r a t e d t he p r e s s u r e t r a n s d u c e r and 
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knowing t he speed of the paper d r i v e ( s e e Appendix 1 -

Frequency response of t r a n s d u c e r ) . The r e s u l t of t h i s 

c a l c u l a t i o n can then be app l i ed to the d e f l e c t i o n of the 

d i f f e r e n t i a t e d s igna l ( t r a c e b) and t h i s s igna l can then be 

c a l i b r a t e d in t e r m s of c m H g O / s e c " ^ . 

COg Analyser - t h e Capnograph was c a l i b r a t e d b e f o r e 

each e x p e r i m e n t u s i n g C O g - f r e e a i r and t h r e e COg 

c o n c e n t r a t i o n s (5%, 7 .07%, 9 . 7 3 % ) . The COg c o n c e n t r a t i o n s 

were ana lysed us ing t h e Lloyd Gas Analyser a p p a r a t u s . 

R e p l i c a t e measurements were r e q u i r e d to agree wi th in 0.05% 

of e r r o r . The r e sponse was not l i n e a r and f o r each exper iment 

a graph was p l o t t e d as shown below ( f i g . 9) from which the 

COg c o n c e n t r a t i o n c o r r e s p o n d i n g t o a d e f l e c t i o n could he 

d e t e r m i n e d . 

V e n t i l a t i o n - t he pneumotachograph was c a l i h r a t e d us ing 

a 1 l i t r e s y r i n g e , such t h a t the i n t e g r a t e d ou tpu t of f l o w , 

i . e . volume, gave a known d e f l e c t i o n on the c h a r t r e c o r d e r , 

( see Appendix 1 - C a l i b r a t i o n f o r Volume). 

11 D a t a A n a l y s i s 

V e n t i l a t i o n - was measu red a t a p p r o x i m a t e l y 15-20 second 

i n t e r v a l s by the s lope of the volume " s t a i r c a s e " . 

All r e s u l t s were c o r r e c t e d to body t empe ra tu r e accord ing 

to the da t a of C o t e s , 1979. 



54 

5 
o 

u 

2 ^ 

u 

c g 

(?) 
c 

"2 O U 

c 
fO 
0) 
(/) 
> ) 
fO 

c 

L.) 

O 
+3 
fO 
L. jO 

i 

m 

cn 

& 



55 

The mean d P / d t max - o v e r t h e same i n t e r v a l as used 

f o r the measurement of v e n t i l a t i o n ( u s u a l l y 15 t o 20 s e c ) , 

t h e mean d e f l e c t i o n of the t r a c e was c a l c u l a t e d by adding the 

i n d i v i d u a l d e f l e c t i o n s and d i v i d i n g by the number of d e f l e c t i o n s 

and the c a l i b r a t i o n f a c t o r was then a p p l i e d ( see page 5 3 ) . 

Carbon d i o x i d e - COg c o n c e n t r a t i o n was measured a t 

15-20 second i n t e r v a l s by measur ing the d e f l e c t i o n and 

r e a d i n g the c o r r e s p o n d i n g COg c o n c e n t r a t i o n from the 

c a l i b r a t i o n curve ( see f i g . 9 ) . This va lue was conver ted to 

p a r t i a l p r e s s u r e in mmHg and in kPa. 

R e s p i r a t o r y f r e q u e n c y - was c a l c u l a t e d by measuring 

the number of b r e a t h s t h a t occur red over the same t ime 

i n t e r v a l as f o r t he o t h e r mieasurements. 

Mean t i d a l volume - was c a l c u l a t e d by us ing the 

e q u a t i o n : 

v e n t i l a t i o n a l s o o v e r t h e same t ime i n t e r v a l 

frequency 

I n s p i r a t o r y and e x p i r a t o r y t i m e (Ti and Te) - was 

measured d i r e c t l y from the volume t r a c e in b r e a t h - b y - b r e a t h 

a n a l y s i s . 

I l l P r o c e d u r e . 

The s u b j e c t , wear ing a n o s e - c l i p and b r e a t h i n g through a 

mouthpiece to a i r , s a t q u i e t l y f o r ten minutes and was then 

swi tched i n t o the r e b r e a t i n g c i r c u i t which con ta ined 
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a p p r o x i m a t e l y 4 - 6 l i t r e s of 7% Og ( R ^ a d , 1967). 

I t i s known t h a t the bag s i z e i s not c r i t i c a l , but t h e r e 

a r e l i m i t s w i t h i n which i t s volume should range ( C l a r k , 

1968) . Too l a r g e a bag d e l a y s e q u i l i b r i u m as mixing between 

bag and lungs i s s low, and a too small bag causes the bag to 

empty du r ing i n s p i r a t i o n b e f o r e r e b r e a t h i n g f i n i s h e s . Four 

to s i x l i t r e s of t h e COg m i x t u r e i s found to r e p r e s e n t a 

r e a s o n a b l e compromise; the volume being s u f f i c i e n t to a l low 

r a p i d mixing and e q u i l i b r a t i o n w i t h o u t being exceeded by the 

t i d a l volume du r ing hypercapn ia ( C l a r k , 196*) . 

Also , t he i n i t i a l COg c o n c e n t r a t i o n in the bag i s not 

c r i t i c a l . A 7% c o n c e n t r a t i o n i s c l o s e to t h a t of mixed 

venous blood in normal r e s t i n g s u b j e c t s and a rap id 

e q u i l i b r i u m occur s f o l 1 owed by a c o n s t a n t r a t e of i n c r e a s e 

of PCOp (Fowle and C a m p b e l l , 1964) . 

Record ings were made of v e n t i l a t i o n , end t i d a l COg 

(PCOg) and d P / d t max as shown in f i g u r e 10. 

When the s u b j e c t s i n d i c a t e d d i s c o m f o r t or when the COg 

had reached 10%, the exper iment was t e r m i n a t e d . 

IV PRELIMINARY RESULTS AND THEIR CONSEOUENCES 

In t he i n i t i a l s t a g e of t h i s s t u d y , whi le becoming 

f a m i l i a r with the methodology in making measurements of t he 

v e n t i l a t o r y and o t h e r r e s p o n s e s t o COg, measurements were 

made on 4 s u b j e c t s : t h e s e cons i s ted of 4 i n d i v i d u a l s (1 



a. 57 

i — I ^ — • " #' - — 

$ = i = r n 

F-rnz:^-

.«— - * ( -"I i 

d) u 
fO 

CL 
O . 4-) (U U Lo m 

S E 
3 O 
r— 4-) 
%) 
(U (1) 
L. _C 
«r— CL (/) 
c 

(U OJ in (3 
'f— (_) 
CLi— O m +:» "O 

(/) "r-
4-) 

f . "O 4-> C C (1) ' (U 4̂  E "O 'r- c (7) 
d) L-O. (U X U O 
Oj ro 4-) 
cn+j 
C <4--r JZ :— r— 4̂  ~0 fO "O E 
L E L j3 4-
m 11 

-i-»-o 
OJ n) O (/I 01 

4- X Oj 

O S U 

L 4̂  
o -o u d) (1) a. ^ o: -o 
: 

o 

oi 



58 

f e m a l e , 3 male) who were u n f a m i l i a r with the p rocedures 

invo lved in r e s p i r a t o r y measurements . The r e s u l t s shown in 

f i g u r e s 1 1 , 1 2 , 1 3 and 14 were o b t a i n e d . 

Compared wi th r e s u l t s of p r e v i o u s s t u d i e s in t h i s 

l a b o r a t o r y , t h e r e was a wide s c a t t e r of the r e s u l t s r e l a t i n g 

PCOg and the v a r i a b l e s of VE, d P / d t max, VT and f . 

Because the same equipment was being used and the same 

p r o c e d u r e s were being fo l lowed as f o r the p r e v i o u s s t u d i e s , 

the most l i k e l y e x p l a n a t i o n was c o n s i d e r e d to be t h a t 

e x t e r n a l f a c t o r s such as a n x i e t y , u n f a m i l i a r i t y e t c , were 

i n f l u e n c i n g the r e s p o n s e s of the u n t r a i n e d s u b j e c t s . 

Because in t r a i n e d s u b j e c t s the c o r r e l a t i o n between 

t h e s e v a r i a b l e s was u s u a l l y much g r e a t e r , i t was h y p o t h e s i s e d 

t h a t measurement of the degree of s c a t t e r might p rov ide 

q u a n t i t a t i v e i n f o r m a t i o n about t h e s e e x t e r n a l i n f l u e n c e s . 

From i n s p e c t i o n of the r e s u l t s dP /d t max re sponse appeared 

to have l e s s v a r i a b i l i t y than t h e VE r e s p o n s e . 

I t was t h e r e f o r e planned to s tudy a l a r g e r number of 

s u b j e c t s and to r e p e a t the measurement in each s u b j e c t on a t 

l e a s t two o c c a s i o n s . 

I t had been noted t h a t t h e s e f o u r s u b j e c t s appeared t o 

be anxious to va ry ing degrees dur ing the p r o c e d u r e . I t was 

t h e r e f o r e p lanned to make an assessment of the mental s t a t e 

of the s u b j e c t , i . e . d id h e / s h e appear to be anxious or 

r e l a x e d dur ing each subsequen t p r o c e d u r e . Because of the 
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n e c e s s a r i l y s u b j e c t i v e n a t u r e of t h i s a ssessment i t was 

l a t e r dec ided to make an o b j e c t i v e a s ses smen t of the 

p e r s o n a l i t y of the s u b j e c t us ing an e s t a b l i s h e d 

q u e s t i o n n a i r e (Crown-Crisp Exper imenta l Index , 1979) 

(Appendix 2 ) , even though i t was r ecogn i sed t h a t t h i s would 

not n e c e s s a r i l y r e f l e c t the s t a t e of the s u b j e c t a t t he 

t ime of the expe r imen ta l p r o c e d u r e . 

V MAIN STUDY 

The same p r o c e d u r e , as d e s c r i b e d on page 55 f o r the 

p r e l i m i n a r y r e s u l t , was fo l lowed f o r a group of 15 s u b j e c t s 

which inc luded t he 4 whose r e s u l t s a re shown in the 

" P r e l i m i n a r y R e s u l t s " above. 

Each s u b j e c t underwent the exper iment e i t h e r on the same 

day or on d i f f e r e n t d a y s , a c c o r d i n g to the a v a i l a b i l i t y or 

pe r sona l convenience of the s u b j e c t . I t had been hoped t o 

s t a n d a r d i s e the r e p l i c a t i o n of t he mieasurements more c l o s e l y 

but t h i s proved to be i m p o s s i b l e . Table 1 g ives d e t a i l s of 

t he 15 s u b j e c t s s t u d i e d . 

Because of the h y p o t h e s i s t h a t a n x i e t y or o t h e r p sycho log i ca l 

f a c t o r s were i n f l u e n c i n g the r e s u l t s , an a t t empt was made to 

a s s e s s the mental s t a t e of the s u b j e c t s a t the time of the s t u d i e s 

Two types of a s sessment were a t t e m p t e d . F i r s t l y , my personal 

judgement of the degree of a n x i e t y or r e l a x a t i o n du r ing the 
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p rocedu re s and, s e c o n d l y , t h e o b j e c t i v e assessment of the 

p e r s o n a l i t y of the s u b j e c t us ing the q u e s t i o n n a i r e of Crown 

and C r i s p (CCEI, 1979) . This was a d m i n i s t e r e d some weeks 

a f t e r the exper imenta l p r o c e d u r e , by sending t h e 

q u e s t i o n n a i r e and i n s t r u c t i o n s f o r i t s comple t ion by pos t to 

the s u b j e c t s . 

A copy of t h i s q u e s t i o n n a i r e i s given in Appendix 2 . 

The q u e s t i o n n a i r e i s des igned to q u a n t i f y c e r t a i n b a s i c 

p e r s o n a l i t y t r a i t s which would not have been expec ted to 

change dur ing t h i s t i m e . 

The r e l i a b i l i t y and v a l i d i t y of t h i s q u e s t i o n n a i r e can be 

found in d e t a i l in the Manual of t he CCEI (pages 8 and 9 ) . 

My s u b j e c t s were al1 we l1 -educa t ed and w e l l - m o t i v a t e d 

and I c o n s i d e r i t r e a s o n a b l e to assume t h a t t h e i r 

r e l i a b i l i t y in comple t ing the q u e s t i o n n a i r e was not so 

d i f f e r e n t as to make them v a l u e l e s s . 

The s u b j e c t s were r e q u i r e d to read the 48 q u e s t i o n s in 

the CCEI, which a re expressed in every day, n o n - s p e c i a l i s t , 

i n f o r m a l , c o l l o q u i a l E n g l i s h , and to s e l e c t t hose answers 

which a re r e l e v a n t to t h e m s e l v e s . The q u e s t i o n s in the CCEI 

a r e pu rpose ly not s e t down in autonomous g roups , but s p l i t up 

wi th the wording and p r o f i l e on the page v a r i e d as much as 

p o s s i b l e , in o rde r to p r e v e n t the s u b j e c t s s ee ing them as 

b locks and skimming through r a t h e r than r e a l l y r ead ing them. 

This random e f f e c t i s des igned so t h a t each q u e s t i o n d i f f e r s . 
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a t l e a s t a p p a r e n t l y , from the o t h e r s to ensu re t h a t a l l of 

them a re read wi th a t t e n t i o n . R e s t r i c t i n g the answers to 

"yes" and "no" only has been avoided as f a r as p o s s i b l e , as 

i t has been found t h a t some people have a b i a s towards one or 

t he o t h e r (Crown and C r i s p , 1979) . As many m o d i f i c a t i o n s or 

deg rees of r e sponse as p o s s i b l e have t h e r e f o r e been 

i n t r o d u c e d i n t o the range of p o s s i b l e answers , such as 

" f r e q u e n t l y " , " somet imes" , " n e v e r " , " v e r y " , "a 1 i t t l e " , "not 

a t a l l " , or s imi1a r q u a l i f i e d r e s p o n s e s . The p rox imi ty of 

ex t remes i s c a r e f u l l y avoided so t h a t answers such as 

" f r e q u e n t l y " or "never" a r e r e p r e s e n t e d f a i r l y e q u a l l y on 

both 1 e f t and r i g h t . 

I t must be emphasised t h a t a cco rd ing to the a u t h o r s the 

CCEI should not be r ega rded as any th ing more s o p h i s t i c a t e d 

than a s imple measurement of p e r s o n a l i t y f o r use in r e s e a r c h 

and s c r e e n i n g . I t seemed to be an a p p r o p r i a t e t e s t to apply 

under t he c i r c u m s t a n c e s of t h i s s t u d y , compared with more 

complex t e s t s such as t he Minnesota M u l t i p h a s i c P e r s o n a l i t y 

Inven to ry (MMPI). 

The t o t a l s co re provided by the CCEI i s c o n s i d e r e d t o 

be a measure of t he s u b j e c t ' s emotional s t a t e , or "1evel of 

n e u r o t i c i s m " , and i n c l u d e s a p r o f i l e of s ix s u b - s c a l e 

s c o r e s . These measure , r e s p e c t i v e l y , f r e e - f l o a t i n g anx ie ty 

(FFA), phobic a n x i e t y (PHO), o b s e s s i o n a l i t y (OBS), somatic 

concomi t an t s of a n x i e t y (SOM), d e p r e s s i o n (DEP) and 
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h y s t e r i c a l p e r s o n a l i t y (HYS), and each of t h e s e s u b - s c a l e 

d imens ions i s d e f i n e d by 8 q u e s t i o n s . The q u e s t i o n s a r e 

a r r anged in such a way as to appear random to the s u b j e c t 

who i s t h e r e f o r e unable to ana ly se the aims of the t e s t e r to 

whom, in t u r n , t h e i r a r rangement i s s y s t e m a t i c and 

m e a n i n g f u l . 

The a c t u a l d e f i n i t i o n s of t he 6 s u b - s c a l e dimensions a re 

given as f o l l o w s (Crown and C r i s p , 1979) : 

Free f l o a t i n g a n x i e t y (FFA) - t h e p a t i e n t i s a f r a i d 

b u t , u n l i k e normal f e a r , t h e r e i s no d i s c e r n i b l e o b j e c t of 

which he i s a f r a i d . FFA c o n s i s t s , t h e r e f o r e , of d read , 

i n d e f i n a b l e t e r r o r , t e n s i o n w i t h o u t a c a u s e , or p a n i c . The 

CCEI a s k s q u e s t i o n s about f e e l i n g upse t f o r no obvious 

r e a s o n , f e e l i n g f a i n t , unease and r e s t l e s s n e s s , panicky 

f e e l i n g s , w o r r y i n g , be ing ' s t r u n g - u p ' , ' g o i n g to p i e c e s ' , 

having bad dreams. 

Phobic a n x i e t y (PHO) - t h e p a t i e n t f e e l s anxious in 

s p e c i f i c s i t u a t i o n s b u t , i f t h e s e a re avo ided , he does not 

f e e l a n x i o u s . In t he CCEI common phobias a r e asked a b o u t , 

such as of enc losed s p a c e s . I l l n e s s , going out a l o n e , 

h e i g h t s and crowds. 

Obsess iona l i t y (OBS) - by o b s e s s i o n a l i t y i s meant an 

e x c e s s i v e m e t i c u l o u s n e s s , adherence to r o u t i n e , p u n c t u a l i t y , 

d i s l i k e of sudden change , need to c o n t r o l the env i ronment , 

tendency to o v e r - c h e c k , d i s l i k e of d i r t . The CCEI asks 
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q u e s t i o n s about common o b s e s s i o n a l t r a i t s , such as over 

c o n s c i e n t i o u s n e s s , c l e a n l i n e s s , r e c u r r e n c e of s i l l y or 

u n r e a s o n a b l e t h o u g h t s , l ove of r o u t i n e , p e r f e c t i o n i s m , 

c h e c k i n g , worry about t h i n g s t h a t do not m a t t e r . 

Somatic a n x i e t y (SOM) - t h e s o m a t i c concomi tan t s of 

a n x i e t y i n c l u d e b r e a t h l e s s n e s s , headaches , o t h e r aches and 

p a i n s . The CCEI asks q u e s t i o n s about d i z z i n e s s , s h o r t n e s s 

of b r e a t h , d i g e s t i v e u p s e t s , b o d i l y t i n g l i n g or p r i c k i n g 

s e n s a t i o n s , a p p e t i t e l o s s , t i r e d n e s s and e x h a u s t i o n , s l eep 

d i s t u r b a n c e , sweat ing and p a l p i t a t i o n s , a l t e r a t i o n s of sexual 

i n t e r e s t . 

Depress ion (PEP) - d e p r e s s i o n means s adnes s of mood, 

d i f f i c u l t y of a c t i o n s and a c t i v i t y . The CCEI asks about 

s lowing of t h i n k i n g p r o c e s s , f e e l i n g t h a t l i f e i s an e f f o r t , 

r e g r e t about p a s t b e h a v i o u r , waking e a r l y in the morning, 

f e e l i n g sad , having to make a s p e c i a l e f f o r t to cope , the 

need to c r y , l o s s of i n t e r e s t and sympathy f o r o t h e r p e o p l e . 

H y s t e r i a (HYS) - by h y s t e r i c a l p e r s o n a l i t y t r a i t s the 

CCEI f o l l o w s the d e f i n i t i o n in t h e Glossa ry of Mental 

D i s o r d e r s (1968) - " i n d i v i d u a l s with s h a l l o w , l a b i l e , 

a f f e c t i v i t y and over -dependence on o t h e r s . These 

i n d i v i d u a l s c r ave love and a t t e n t i o n , though being 

u n r e l i a b l e and uns teady in t h e i r pe rsona l r e l a t i o n s h i p s . 

Under s t r e s s they may develop h y s t e r i c a l symptoms. They tend 

to o v e r - d r a m a t i s e s i t u a t i o n s " . CCEI q u e s t i o n s a re about 
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o p i n i o n s being e a s i l y i n f l u e n c e d , enjoyment of a c t i n g , 

e x c e s s i v e d i s p l a y s of emot ion , l i k i n g of being the c e n t r e of 

a t t e n t i o n , tendency to t ake advan tage of c i r c u m s t a n c e s f o r 

t h e i r own ends , e x c e s s i v e e x p e n d i t u r e on c l o t h e s , enjoyment 

of d r a m a t i c s i t u a t i o n s , tendency to pose or p re tend (Crown 

and C r i s p , 1979) . 

^ RESULTS OF PSYCHOLOGICAL ASSESSMENT 

The t a b l e below ( t a b l e 2) shows the r e s u l t s of my 

pe r sona l a s sessment of the degree of r e l a x a t i o n or a n x i e t y of 

the s u b j e c t s du r ing the exper iment and the r e s u l t s of t he 

Crown-Crisp Exper imenta l Index . 

I did not f i n d a c o r r e l a t i o n between my own judgement 

about t he p re sence or absence of a n x i e t y and the r e s u l t s 

ob t a ined by the q u e s t i o n n a i r e . This was conf i rmed by a 

C h i - s q u a r e t e s t which showed no s i g n i f i c a n t d i f f e r e n c e a t 

0.05%, j u s t a t 0.5% 

The s u b - s c a l e of t he q u e s t i o n n a i r e which should 

cor respond most c l o s e l y to my own assessmen t was the FFA 

( f r e e f l o a t i n g a n x i e t y ) . Only 3 of the 15 s u b j e c t s analysed 

by myself as anxious had FFA assessment in the q u e s t i o n n a i r e . 

Four s u b j e c t s ana lysed by myself as anxious did not 

have a high score f o r FFA in t he q u e s t i o n n a i r e . 

On the o t h e r hand, 4 s u b j e c t s whom I had cons ide red as 

r e l a x e d du r ing the exper iment had a high score on the FFA 
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s u b - s c a l e . 

RESULTS OF THE CO* REBREATHING 

Graphs of the r e s u l t s of I n d i v i d u a l s u b j e c t s a re 

c o n t a i n e d in Appendix 3 . Tab les 3 and 4 summarise the 

r e s u l t s ob ta ined in the f i r s t and second study r e s p e c t i v e l y . 

These r e s u l t s were ob ta ined by a v e r a g i n g i n d i v i d u a l 

b r e a t h s over 15-20 seconds . 

A n a l y s i s of s l o p e s - mos t of t h e a u t h o r s who have 

s t u d i e d v e n t i l a t o r y r e s p o n s e t o COg, and f r equency and t i d a l 

volume r e sponse to COg have assumed a normal d i s t r i b u t i o n 

f o r s l o p e s ( see r e f e r e n c e s on page 79) . On the same as sumpt ion , 

I a p p l i e d a p a i r e d t t e s t t o see i f t h e r e was any s i g n i f i c a n t 

d i f f e r e n c e between the s l o p e s of the f i r s t and second s t u d y . 

The r e s u l t s showed t h a t t h e r e was no s i g n i f i c a n t d i f f e r e n c e 

a t 0.05% l e v e l . For f / P C O , d P / d t max/PCOg and VT/PCOg 

t h e l eve l was: 0 . 5 > P > 0 , 1 , and f o r VE/PCOg the l eve l of 

s i g n i f i c a n c e was j u s t P>0.5 . 

I a l s o c a l c u l a t e d the mean ( x ) , s t anda rd d e v i a t i o n (SD) 

and c o e f f i c i e n t of v a r i a t i o n f o r t h e s e s l o p e s and the r e s u l t s 

can be seen in Table 5. 
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T a b l e 5 . 

R e s u l t s of sn, X and c o e f f i c i e n t of v a r i a t i o n f o r the s l o p e s 

of VE/PCOg, d P / d t m a x / P C O g , f / P C O g and VT/PCOg i n both 

s t u d i e s . — 

VE/PCO2 

L.m-l/kPa 
1 s t 2nd 

dP/dtmax/PC02 

kPa.s- l /kPa 
1 St 2nd 

f/PCOg 

b.m-l/kPa 
1 St 2nd 

VT/PCO2 

L/kPa 
1 s t 2nd 

X 

SD 

Coef. of var . 

8.87 9.05 

4.87 3.98 

54.9% 43.9% 

0.561 0.672 

0.264 0.339 

47% 50.4% 

1.744 2.085 

1.482 1.617 

84.9% 77.5% 

0.366 0.2871 

0.353 0.116 I 

96.4% 40.4%| 

VTT DISCUSSION OF PSYCHOLOGICAL ASSESSMENT 

As I mentioned b e f o r e , I did not f i n d any c o r r e l a t i o n 

between my own assessmen t of the s u b j e c t s as anxious or 

r e l axed du r ing the e x p e r i m e n t , and the r e s u l t s ob ta ined in 

t h e CCEI, in t he FFA s u b - s c a l e . One of the reasons f o r 

t he lack of c o r r e l a t i o n between the two methods of 

a s se s smen t may have been due to the f a c t t h a t the CCEI i s 

a n a l y s i n g genera l t r a i t s of p e r s o n a l i t y in day-to-d&y l i f e , 

and I was a s s e s s i n g my s u b j e c t s over a s h o r t per iod of t i m e , 

in the s p e c i f i c s i t u a t i o n of COg r e b r e a t h i n g . However, 

t h i s does not e x p l a i n the d i s c r e p a n c y between my persona l 

a s ses smen t of some s u b j e c t s as being r e l axed du r ing the 

e x p e r i m e n t , and t h e i r high score f o r a n x i e t y in t he 

q u e s t i o n n a i r e . The e x c e p t i o n i s s u b j e c t number 7 who had 
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e x p e r i e n c e of r e s p i r a t o r y measurements and d e s p i t e having an 

anxious p e r s o n a l i t y was ab le to be r e l axed du r ing the 

e x p e r i m e n t . 

I have to admit t h a t my own a s se s smen t was based on 

o v e r t anxious or r e l axed b e h a v i o u r , and hence my f i n d i n g s 

could be sa id to be , to some e x t e n t , s u b j e c t i v e . The 

e x p l a n a t i o n f o r the high s c o r e f o r h y s t e r i a in the 

q u e s t i o n n a i r e (8 s u b j e c t s ) i s p robab ly r e l a t e d to t he 

f a c t t h a t t h i s s u b - s c a l e a l s o measures t he s o c i a b i l i t y component 

of e x t r a v e r s i o n (Crown-Cr isp , 1979) . This was a l s o found by 

Howell , Crown and Howell (1973) when s t u d y i n g a normal con t ro l 

g roup , u n i v e r s i t y s t u d e n t s who had a h ighe r score f o r h y s t e r i a 

than i n d u s t r i a l s amples . 

DISCUSSION OF COg REBREATHING 

In Tab les 3 and 4, we can see t h a t d P / d t max was the 

measurement which had t he h i g h e s t c o r r e l a t i o n c o e f f i c i e n t of 

a l l t he v a r i a b l e s , VE, VT and f when p l o t t e d a g a i n s t PCOp. 

d P / d t max does not seem to be a f f e c t e d to the same degree 

as o t h e r v a r i a b l e s by lack of f a m i l i a r i t y with the equipment 

or by the a n x i e t y d i s p l a y e d by some of the s u b j e c t s . 

V e n t i l a t i o n / P C O g had h i g h v a l u e s of c o r r e l a t i o n 

c o e f f i c i e n t s , but seemed to be more a f f e c t e d by some 

e x t e r n a l f a c t o r s such as a n x i e t y and f a m i l i a r i t y . 
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There was c o n s i d e r a b l e v a r i a t i o n between s u b j e c t s in the 

f and Vt r e s p o n s e s but the body appeared to be ab le to 

" s t a b i l i s e " ' t he VE/PCOg r e s p o n s e s even though f and VT 

v a r i e d w i d e l y . 

When the s u b j e c t s performed the exper iment the second 

t i m e , t he VE/PCOg r e l a t i o n s h i p seemed to have h ighe r 

v a l u e s of c o r r e l a t i o n c o e f f i c i e n t . 

The high c o r r e l a t i o n c o e f f i c i e n t s which were found in 

the f i r s t s tudy f o r d P / d t max were aga in seen in the second 

s t u d y , and f o r f and VT aga in t h e r e was c o n s i d e r a b l e 

v a r i a t i o n . 

All of t h e s e comments a re based on an impress ion 

d e r i v e d from i n s p e c t i o n of t h e s e r e s u l t s . A s t a t i s t i c a l 

a n a l y s i s i s r e q u i r e d to q u a n t i f y t h e s e r e s u l t s and provide 

s u p p o r t or o t h e r w i s e f o r t h e s e i m p r e s s i o n s . 

STATISTICAL ANALYSIS 

I t was not known i f c o r r e l a t i o n c o e f f i c i e n t s were 

f o l l o w i n g a normal d i s t r i b u t i o n . Two p o s s i b l e non-

p a r a m e t r i c t e s t s of s i g n i f i c a n c e were c o n s i d e r e d , the 

Wilcoxon and the Mann-Whitney and the l a t t e r was chosen . 

Using t h i s t e s t I compared the " r" v a l u e s in my da t a in the 

f o l l o w i n g way: 

F i r s t s t u d i e s - t h e r e was a s i g n i f i c a n t d i f f e r e n c e a t 

0.01% leve l of p r o b a b i l i t y between the " r" v a l u e s of t he 

r e g r e s s i o n be tween VE/PCOg and d P / d t max/PCOg. This 
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r e s u l t suppor ted my i n i t i a l impress ion t h a t d P / d t max was 

the measurement with the l e a s t v a r i a b i l i t y . I a l s o found 

s i g n i f i c a n t r e s u l t s when I compared the " r " v a l u e s of dP /d t 

max/PCOp wi th the " r " v a l u e s of f r e q u e n c y and t i d a l volume 

on PCOp, the "p" v a l u e b e i n g 0 . 0 0 0 1 and 0 .001 r e s p e c t i v e l y . 

Comparing the " r " v a l u e s f o r the r e g r e s s i o n s of 

f r e q u e n c y and t i d a l volume upon PCO,, us ing the same 

s t a t i s t i c a l method, t h i s "p" va lue was j u s t over 0 . 1 . 

N e v e r t h e l e s s , i n s p e c t i o n of the two columns (Table 3) shows 

t h a t t h e r e were a g r e a t e r number of low " r " v a l u e s f o r f than 

f o r VT which might sugges t t h a t i f more da t a were a v a i 1 a b l e 

a s i g n i f i c a n t d i f f e r e n c e might emerge. 

Second s t u d i e s - a n a l y s i n g T a b l e 4 I found t h a t t h e r e 

was no s i g n i f i c a n t d i f f e r e n c e between the " r" v a l u e s of the 

r e g r e s s i o n of VE and d P / d t max on PCOg ( p = 0 . 1 2 ) . When the 

" r " v a l u e s of d P / d t max/PCOp w e r e compared with the " r" 

v a l u e s of f and Vt/PCOg t h e r e s u l t s were s i m i l a r to the 

f i r s t s tudy (p=0.0001 and p=0.0002 r e s p e c t i v e l y ) . I n s p e c t i o n 

of the t a b l e s (3 & 4) sugges ted t h a t t h i s was due to an 

i n c r e a s e in the " r" v a l u e s f o r VE/PCOp in the second s tudy 

and a d e c r e a s e in t h e " r " v a l u e s f o r d P / d t max/PCOg. These 

i m p r e s s i o n s were t h e r e f o r e t e s t e d by a s t a t i s t i c a l a n a l y s i s 

( s e e be low) . 

As in the f i r s t s t u d y , t h e r e was no s i g n i f i c a n t 

d i f f e r e n c e between the " r " v a l u e s f o r the r e g r e s s i o n of VT 
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and f on PCOg, ( p = 0 . 1 % ) . 

Comparison between t h e f i r s t and second s t u d i e s - t h e 

nex t comparison to be made was between " r" v a l u e s on t he 

f i r s t and second occas ion f o r each of the f o l l o w i n g 

r e g r e s s i o n s , VE/PCOg, d P / d t max /PCOg, VT/PCOg and 

f/PCOg. There was no s i g n i f i c a n t d i f f e r e n c e a t 0.05% 

l eve l between the " r " v a l u e s f o r any of t h e s e v a r i a b l e s . 

Although I had the impress ion t h a t VE was l e s s i n f l u e n c e d by 

e x t e r n a l f a c t o r s du r ing the second s tudy (page 76) , t h i s was 

not s t a t i s t i c a l l y s i g n i f i c a n t a t 0.05% l e v e l . S i m i l a r l y , the 

" r " v a l u e s of d P / d t max/PCOg w e r e no t s i g n i f i c a n t l y 

d i f f e r e n t in the two s t u d i e s (p=0.8%). 

There was an a p p a r e n t d i s c r e p a n c y in t h e s e r e s u l t s 

because one might have expec ted t h a t because t h e r e was a 

d i f f e r e n c e between t h e " r " v a l u e s of VE/PCO and dP /d t 

max/PCOg on the f i r s t o c c a s i o n and no t on the second, t h e r e 

would be a d i f f e r e n c e be tween t h e " r " v a l u e s of VE/PCOg on 

the f i r s t and second o c c a s i o n s or f o r the "r" v a l u e s of 

d P / d t max/ PCOg on t h e two o c c a s i o n s . That no such 

d i f f e r e n c e s were found i s p robab ly due to the s c a l e of the 

s tudy being too small to a l low d i f f e r e n c e s to emerge 

s t a t i s t i c a l l y . Although i t did not reach the leve l of 

s t a t i s t i c a l s i g n i f i c a n c e , a n a l y s i s of i n d i v i d u a l d a t a f o r 

VE/PCOg (Tab les 3 & 4 ) ) s u g g e s t s t h a t d i f f e r e n c e s did 

e x i S t . 
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V a r i a b i l i t y of f r e q u e n c y r e s p o n s e - The m a j o r i t y of 

p r e v i o u s s t u d i e s quoted in the l i t e r a t u r e ( see below) seems 

t o d e m o n s t r a t e t h a t f r equency i s t he most v a r i a b l e parameter 

of t he v e n t i l a t o r y r e s p o n s e t o CO,,, a l t h o u g h some a u t h o r s 

have found more v a r i a b i l i t y in t i d a l volume. For example, 

in 1974, A r k i n s t a l l e t a l , s t u d y i n g g e n e t i c d i f f e r e n c e in the 

v e n t i l a t o r y r e s p o n s e t o i n h a l e d COg c o n c l u d e d t h a t whi le 

the v a r i a b i l i t y in t h i s v e n t i l a t o r y r e sponse could be 

a t t r i b u t e d to env i ronmenta l r a t h e r than g e n e t i c f a c t o r s , the 

v a r i a b i l i t y in t h e t i d a l vo lume r e s p o n s e to COg was 

l a r g e l y de te rmined by g e n e t i c f a c t o r s . He concluded t h a t 

t h e v a r i a n c e in the f r e q u e n c y r e s p o n s e t o COp was s t r o n g l y 

i n f l u e n c e d by env i ronmenta l f a c t o r s and t h a t t h i s 

env i ronmenta l d i f f e r e n c e obscured t he g e n e t i c e f f e c t on the 

t i d a l volume r e s p o n s e t o COg. The f r e q u e n c y response to 

COg appeared to be a f f e c t e d by t h e p e r s o n a l i t y of the 

s u b j e c t s and t h i s e f f e c t of p e r s o n a l i t y , a t l e a s t p a r t i a l l y , 

would e x p l a i n the a p p a r e n t s t r o n g i n f l u e n c e of 

env i ronmenta l f a c t o r s on t h e f r e q u e n c y response to C O , , ' 

Rigg e t a l , in 1977, s t u d y i n g the i n t e r a c t i o n of mental 

s t r e s s (mental a r i t h m e t i c ) wi th hype rcapn ic v e n t i l a t o r y 

d r i v e in man, found t h a t t h e s e f a c t o r s caused an i n c r e a s e in 

v e n t i l a t i o n by i n c r e a s i n g the f r e q u e n c y of b r e a t h i n g . These 

c o n c l u s i o n s were s i m i l a r to t hose of G a u t i e r (1969) who 

found du r ing s t eady s t a t e measurements of v e n t i l a t i o n t h a t 
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changes in v e n t i l a t i o n a s s o c i a t e d wi th r e a d i n g t a s k s were 

due to changes in f . By c o n t r a s t , changes in v e n t i l a t i o n 

a s s o c i a t e d with chemical s t i m u l i were l a r g e l y due to changes 

in VT. 
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VIII. ASSESSMENT OF NON-CHEMICAL INFLUENCES ON THE 

RESPIRATORY RESPONSE TO CO, 

There a re two v a r i a b l e s In each of the i n d i c e s of 

s e n s i t i v i t y of r e s p o n s e t o COg - one i s the l eve l of 

PCOg and the o t h e r i s t h e m e a s u r e d r e s p o n s e VE, dP /d t max, 

VT and f . I t i s r e a s o n a b l e to assume t h a t t h e s e l a t t e r 

v a r i a b l e s a r e the d e p e n d e n t v a r i a b l e s and the PCOg t h e 

independen t v a r i a b l e because under the c i r c u m s t a n c e s of the 

e x p e r i m e n t , w h i l e c h a n g i n g PCOg w i l l i n f l u e n c e the 

r e s p o n s e , the r e sponse w i l l have minimal e f f e c t upon the 

P C 0 2 . 

When t h e Y v a l u e s (dependent v a r i a b l e ) ob t a ined 

in an exper iment a re p l o t t e d a g a i n s t t he co r r e spond ing X 

v a l u e s ( independen t v a r i a b l e s ) , the t r e n d of the p l o t t e d 

p o i n t s may be l i n e a r , but t he p l o t t e d p o i n t s w i l l not 

n e c e s s a r i l y f a l l p r e c i s e l y on any l i n e t h a t we might draw 

to r e p r e s e n t the t r e n d . The problem i s to f i n d a l i n e of 

b e s t f i t t h a t r e l a t e s t o Y and X. This l i n e i s c a l l e d the 

r e g r e s s i o n l i n e of Y and X. The method of c a l c u l a t i n g the 

r e g r e s s i o n l i n e e n s u r e s t h a t i t i s drawn through the p o i n t s 

in such a way as t o g ive t he s m a l l e s t p o s s i b l e va lue to the 

sum of the squa res of the d i f f e r e n c e between the ac tua l 

o b s e r v a t i o n s and the c o r r e s p o n d i n g v a l u e s p r e d i c t e d from 

the l i n e . No o t h e r l i n e drawn through the p o i n t s could 

make the sum of t h e squared e r r o r s of t he e s t i m a t e s 
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have a s m a l l e r v a l u e , so t h a t on t h i s c r i t e r i o n our 

e s t i m a t e s a re the b e s t p o s s i b l e ( t h e method of " l e a s t 

s q u a r e s " ) . The e q u a t i o n of t h i s l i n e i s : 

Y' = a + b.X ( r e g r e s s i o n e q u a t i o n ) 

where a = i n t e r c e p t ; b = r e g r e s s i o n c o e f f i c i e n t 

b may be c a l c u l a t e d from the formula 

(1) 

b = Zx 

Zx' I 

and 

Z(X-X)(Y-Y) 

Z(X-X)^ 

Y - b.X 

= ZXY-(ZX)(ZY)/n 

ZX̂  - (ZX)^ 

( 2 ) 

Then Y' = Y-b.X + b.X (by subsequent s u b s t i t u t i o n of a in (1)) 

Now, look ing a t the diagram below: 

y A 

The l i n e Y' w i l l no l o n g e r n e c e s s a r i l y be equal to the 

observed va lue of Y c o r r e s p o n d i n g to an observed value of X, 

i f t he r e l a t i o n s h i p between Y and X i s not p e r f e c t . The 

va lue of Y' can be regarded as a p r e d i c t i o n of the observed 

va lue of Y f o r t he c o r r e s p o n d i n g va lue of X. Then an e r r o r 

of p r e d i c t i o n wi l l be given by: 

Y - Y ' = Y - ( a + b X ) 

These d e v i a t i o n s of Y from Y' a re shown by the v e r t i c a l l i n e s 



in t he diagram above. 

The r e s i d u a l sum of squa res w i l l be : 

Z ( Y - Y ' ) 2 = Z { Y - ( a + b X ) } 2 

An e r r o r of p r e d i c t i o n w i l l a l s o be given by 

Y-Y' = (Y-Y) - b(X-X) 

s u b s t i t u t i n g y = Y-Y 

X = X-X in t he e q u a t i o n above we have: 

Y"Y ^ y b#x 

Squar ing and summing we have: 

2 ( Y - Y ' ) ^ = Zy^ - 2 b Z x y + b ^ Z x ^ 

But b = zxy ( 2 ) and s u b s t i t u t i n g in the equa t ion 

Zx2 
above we have 

Z ( Y - Y ' = Zy ^ ( 3 ) 
Zx'̂  

The r e s i d u a l sum of squa re s measures the v a r i a t i o n in Y 

t h a t cannot be accounted f o r by a l i n e a r r e l a t i o n s h i p . 

I n s t e a d of measur ing the v a r i a t i o n i n Y va lues in terms of 

t h e i r d e v i a t i o n s from the mean of t he Y v a l u e s , the r e s i d u a l 

sum of s q u a r e s measures the v a r i a t i o n of t h e Y va lues from 

the c o r r e s p o n d i n g p r e d i c t e d va lues given by the r e g r e s s i o n 

e q u a t i o n . The sum of squared d e v i a t i o n s from the r e g r e s s i o n 

l i n e z ( Y - Y ' ) ^ w i l l be s m a l 1 e r t h a n Z(Y-Y)^ i f t h e r e i s 

any l i n e a r r e l a t i o n s h i p between X and Y. I t i s the second 

v a r i a b l e X t h a t makes t h e r e g r e s s i o n l i n e and Z(Y-Y' )^ 

m e a n i n g f u l . 

If we d i v i d e the r e s i d u a l sum of squares by n-2 (degrees 



of freedom) we o b t a i n the r e s i d u a l v a r i a n c e : 

s fy X = Z(Y-Y')2 = 2y2 _ (zxy)2/zx2 (4) 

n-2 n-2 

The r e s i d u a l v a r i a n c e i s a measure of the s c a t t e r of the 

measured v a l u e s around the r e g r e s s i o n l i n e . The square 

roo t of the r e s i d u a l v a r i a n c e i s t he s t a n d a r d e r r o r of 

e s t i m a t e . This va lue i s a measure of the v a r i a b i l i t y of Y 

v a l u e s which a r e not e x p l a i n e d by the r e g r e s s i o n of Y and X. 

But the v a l u e s f o r PCOg a r e t h e m s e l v e s not f i x e d but 

s u b j e c t to v a r i a b i l i t y , l i k e l y to be of a normal 

d i s t r i b u t i o n , and under t h e s e c i r c u m s t a n c e s i t i s l e g i t i m a t e 

to e x p r e s s the r e l a t i o n s h i p between the two v a r i a b l e s in 

te rms of a c o r r e l a t i o n c o f f i c i e n t , assuming them to be 

l i n e a r l y r e l a t e d . I f PCOg i s p l o t t e d on the X a x i s 

o t h e r v a r i a b l e s always p l o t t e d on t h e Y a x i s , the 

r e l a t i o n s h i p in which we a re concerned i s t he r e g r e s s i o n of ' 

on X. I t can be shown t h a t the s t a n d a r d e r r o r of t he 

e s t i m a t e of the r e g r e s s i o n of Y on X 

n-2 

and X on Y = y Z ( X - X ' = Sy » 
n-2 

These two r e g r e s s i o n l i n e s a re not the same un le s s the means 

and s t a n d a r d d e v i a t i o n s of t h e X and Y v a r i a b l e s a r e 

i d e n t i c a l . The degree of r e l a t i o n s h i p which i s p r e s e n t i s 
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given by the co r re l a t ion c o e f f i c i e n t ( r ) . This r i s defined 

as the r a t i o of the covariance of X and Y (Z(X-X)(Y-Y)/n-l) 

and the product of the standard devia t ions of the X and Y 

var iab les 

Cyy /g\ where C = covariance 

X Y and S = standard deviat ion 

This can a l so be expressed by: 

r = Zxy 

or 
r = Z(X-X)(Y-Y)/(n-l) 

n-1 n-1 

or ZXY - (ZX)(ZY)/n 

i/zX^ - (ZX)2/n / z Y ^ (ZY) /n 

I t has a l ready been shown t h a t the regression c o e f f i c i e n t b can 

be expressed as 

Zx2 
( 2 ) 

and a lso by = CxY 

but 

Then 

CxY = r.Sx.Sy 

r.Sx-Sy = r 

S2, 

and r Sx 

That is why only i f the standard deviations of the X and Y var iab les 

are iden t ica l we a l so have by = bx and then both by and bx wil l be 

equal to r . 



When the two r e g r e s s i o n c o e f f i c i e n t s a re m u l t i p l i e d we 

o b t a i n 2 
bxW = r ^ r &Y = r 

W Sx 
and r = 

I t was shown b e f o r e t h a t 

Z(Y-Y')^ = (3) 

If we m u l t i p l y both the numerator and t he denominator of the 

l a s t term on t h e r i g h t by we o b t a i n : 

, (Y-Y')2 = Ey2 - (4) 

(zx ) {Sy ) 
We know t h a t (jixy)^ (5) 

r2- — 7 ? 

^ (Zxr)(Zy^) 

Then: zfY-Y')^ = %y2 - r^.syZ 

or Z(Y-Y')2 = zyZf l - r^ ) 

The r e s i d u a l v a r i a n c e wi l l be : 
S f y y : Zy2( l - r2) (6) 

n-2 

But Y may be regarded as made up of two components Y' 

( t h e p r e d i c t e d component) and Y-Y', t he e r r o r component. 

The v a r i a n c e of t he e r r o r component Y-Y' i s shown above 

(6) and f o r the p r e d i c t e d component Y ' : 
Y' = Y + byfX-X) 

But Y' = Y 

Then f o r the v a r i a n c e of Y' we have: 

E(Y'-Y)^ = by^Z(X-X)^ 

n-1 n-1 = b^yS^X 

or S^Y' = r^ . ^ . 

S X Y 
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Provided n i s s u f f i c i e n t l y l a r g e f o r n - l / n - 2 t o approach 1, 

then 

S^Y.X = S^Y ( 1 - r ? ) 

Thus, i f n i s l a r g e , v a r i a n c e of the observed Y va lues can be 

assumed to c o n s i s t of t he sum of v a r i a n c e of the two 

components Y' and Y=Y' or 

s \ . s'r * s^Y.% ^ g 

The sum of the two r a t i o s ^ 
S^Y Ŝ Y 

w i l l approach 1. 

i . e . S^Y' = r ^ = p r o p o r t i o n of v a r i a n c e p r e d i c t e d 

S Y from X 

2 
= i _ r ^ = p r o p o r t i on of v a r i a n c e 

independen t of X 

B e c a u s e r ^ y y = r ^ y x ^ , t h e v a l u e of r ^ may be 

i n t e r p r e t e d as the p r o p o r t i o n of the v a r i a n c e t h a t X and Y 

have in common and 1 - r a s t h e p r o p o r t i o n not shared by X 

and Y. 
p 

r i s sometimes known as the c o e f f i c i e n t of determination and 

1 - r ^ as the c o e f f i c i e n t of n o n - d e t e r m i n a t i o n (Edwards, 1976) 

1- r^ as a measure of external f a c t o r s would only give a 

proport ion. This would allow comparison of external f ac to r s 

inf luencing d i f f e r e n t types of response with d i f f e r e n t un i t s 

of measurement ( f o r example, comparison between VE/PCOg response 

with dP/dt max/PCOg response) . 



1 - r ^ g i v e s no I n d i c a t i o n of t h e magni tude of the 

i n f l u e n c e of e x t e r n a l f a c t o r s upon the v a r i a b l e s being 

s t u d i e d . This would r e q u i r e i n c l u s i o n of the ac tua l 

v a r i a n c e , i . e . ( l - r ^ ) . 2 y ^ . T a b l e s 6 & 7 g i v e s such an 

a n a l y s i s and whi le t h i s i s of i n t e r e s t when the i n f l u e n c e of 

e x t e r n a l f a c t o r i s being a s s e s s e d upon the same v a r i a b l e s t ud i ed 

on d i f f e r e n t o c c a s i o n s , i . e . VE/PCOy on f i r s t and second t ime , 

i t would not apply to t he comparison between d i f f e r e n t 

v a r i a b l e s and t h e r e f o r e I have r e s t r i c t e d the comparison to 

t h a t be tween 1 - r o n l y . 

A R E S U L T S 

2 

Table 8 shows the r e s u l t s of t h i s a n a l y s i s ( 1 - r ) f o r 

t h e v a r i a b l e s VE, d P / d t max, f and VT upon PCOg d u r i n g 

t h e f i r s t and second o c c a s i o n of t h e COg r e b r e a t h i n g . 

The d i f f e r e n c e s between the r e s u l t s may be a p p r e c i a t e d 

more e a s i l y when they a r e d i s p l a y e d as f r e q u e n c y - d i s t r i b u t i o n 

graphs (see f i g u r e s 15 & 16 ) . 

B D I S C U S S I O N 

My f i r s t h y p o t h e s i s was t h a t the r e l a t i o n s h i p of d P / d t 

max on PCCL was the l e a s t i n f l u e n c e d by non-chemical f a c t o r s . 

2 

This i s conf i rmed in t h i s a n a l y s i s of ( 1 - r ) s i n c e t h i s 

v a r i a b l e has the lowest p e r c e n t a g e not due to r e g r e s s i o n when 

compared with the o t h e r v a r i a b l e s , i . e . VE, f and VT. Applying 



Table 6. 

Results of res idual variance f o r VE, dP/dt max., f and Vt upon 

PCOg on the f i r s t occasion. 

Subjects VE/PCO? 
L.m-l/kPa 

dP/dt max/PC02 
kPa.s- l /kPa 

f/PC02 
b.mrl/kPa 

Vt/PCO-
L/kPa ^ 

1 16.42 0.009 5.4 0.036 

2 127.58 0.058 30.3 1.131 

3 246.43 0.242 19.5 1.558 

4 69.90 0.037 1.6 0.738 

5 37.83 0.119 22.5 1.453 

6 1232.30 0.473 90.4 5.063 

7 28.85 0.128 8.7 0.086 

8 108.43 0.141 33.5 0.085 

9 25.65 0.017 3.9 0.057 

10 369.32 0.621 78.2 1.281 

n 301.55 0.056 1.1 0.894 

12 151.05 0.370 16.0 0.268 

13 12.91 0.061 62.5 0.386 

14 216.48 0.211 57.9 0.230 

15 225.16 0.691 44.5 1.929 



Table 7. 

Results of res idual variance f o r VE, dP/dt max., f and VT 

upon PCOg on the second occasion. 

90 

Subjects VE/.PCO2 
L.m-l/kPa 

dP/dt max/PC02 
kPa.s- l /kPa 

f/PC02 
b.m-l/kPa 

Vt/PC02 
L/kPa 

1 26.53 0.161 17.7 0.223 

2 25.38 0.202 16.1 0.194 

3 432.43 2.708 198.3 1.424 

4 75.11 0.075 9 .8 1.712 

5 

6 401.30 0.002 4.7 0.879 

7 33.43 0.554 32.7 0.163 

8 33.87 0.052 21.3 0.145 

9 42.99 0.072 4 .3 0.181 

10 153.62 0.428 23.0 0.811 

n 106.79 0.066 8 .8 0.429 

12 270.54 0.072 36.7 0.199 

13 23.53 0.022 82.4 0.403 

14 39.87 0.098 10.9 0.242 

15 75.97 0.784 79.7 1.487 
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2 

t h e Mann-Whitney t e s t f o r t h e r e s u l t s of ( 1 - r ) , I found 

s i g n i f i c a n t r e s u l t s between d P / d t max and VE on the f i r s t 

o c c a s i o n and between d P / d t and f and VT on b o t h o c c a s i o n s * 

in the comparison of d P / d t and VE on the second occas ion the 

l e v e l of s i g n i f i c a n c e was found to be a t (1.1%. 

There was no s i g n i f i c a n t d i f f e r e n c e between the r e s u l t s 

of ( l - r ^ ) f o r d P / d t max/PCOg on t h e f i r s t and second 

o c c a s i o n . 

In the same way as d P / d t max/PCOg, t h e a n a l y s i s of 

( 1 - r ^ ) f o r VE, f r e q u e n c y and VT d i d not show any 

s i g n i f i c a n t d i f f e r e n c e between the f i r s t and second t i m e . 

The Mann-Whitney t e s t of s i g n i f i c a n c e had been app l i ed 

to the " r " v a l u e s of t h e s e e x p e r i m e n t s . I t was t h e r e f o r e 
2 

expec ted t h a t a s i m i l a r t e s t of t h e s i g n i f i c a n c e of ( 1 - r ) 
would give s i m i l a r r e s u l t s . 

My f i r s t h y p o t h e s i s was t h a t f a m i l i a r i t y with the 

exper iment would remove some of the e x t e r n a l i n f l u e n c e s 

o c c u r r i n g du r ing the f i r s t o c c a s i o n . But in view of the 

l ack of s i g n i f i c a n c e between the r e s u l t s of " r" f o r t he 

f i r s t and second s tudy and c o n s e q u e n t l y between the r e s u l t s 

of ( l - r ^ ) f o r both s t u d i e s i t was n o t p o s s i b l e to pursue 

the h y p o t h e s i s t h a t f a m i l i a r i t y with the exper iment would 

reduce the v a r i a b i l i t y of r e sponse on t he next o c c a s i o n . 

However, i t i s of i n t e r e s t to e x p l o r e the da ta to see 

i f any t r e n d s a re a p p a r e n t . The graphs below are the same 
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f r e q u e n c y d i s t r i b u t i o n as shown b e f o r e , bu t now paying 

s p e c i a l a t t e n t i o n t o the a s ses smen t of the s u b j e c t s by 

m y s e l f , as anxious or r e l axed d u r i n g the expe r imen t . The 

c r o s s - h a t c h e d symbols r e p r e s e n t t he anxious s u b j e c t s ( s ee 

f i g u r e s 17 & 1 8 ) . 

There i s no s u g g e s t i o n from t h e s e graphs t h a t anx i e ty i s 

c o r r e l a t e d with h i g h v a l u e s of ( l - r ^ ) and even i f t he 

s u b j e c t s a re 1 e s s anxious d u r i n g the second study t h i s was 

not fo l lowed by a d e c r e a s e in t he p r o p o r t i o n of the v a r i a n c e 

not accounted f o r by r e g r e s s i o n . 
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CHAPTER 4 

L i n e a r i t y o r n o n - l i n e a r i t y of r e g r e s s i o n . 

As p r e v i o u s l y mentioned (page 5%), the v a r i a t i o n in the 

s c a t t e r of the p o i n t s around the r e g r e s s i o n l i n e of the 

v a r i o u s i n d i c e s of r e s p o n s e t o COg w e r e a t t r i b u t e d , a t 

l e a s t in p a r t , to e x t e r n a l f a c t o r s of which p sycho log i ca l 

i n f l u e n c e s were c o n s i d e r e d l i k e l y to be p redominan t . We 

dec ided to ana lyse the v a r i a t i o n not due to r e g r e s s i o n 

( l - r ) as a measure of t h e s e e x t e r n a l i n f l u e n c e s , s i n c e 
p 

r ' measures t h e p a r t a c c o u n t e d f o r by r e g r e s s i o n . 

However, when two v a r i a b l e s , X and Y, have a c u r v i l i n e a r 

r e l a t i o n s h i p r a t h e r than a l i n e a r r e l a t i o n s h i p the c o r r e l a t i o n 

c o e f f i c i e n t may be low due to t h i s f a c t o r a l o n e . Thus, i f a 

1ow v a l u e of a c o r r e l a t i o n c o e f f i c i e n t i s ob ta ined and the 

p o s s i b i l i t y t h a t a c u r v i l i n e a r r e l a t i o n s h i p e x i s t s , i t i s 

n e c e s s a r y t o examine the p l o t of Y v a l u e s on X v a l u e s in order 

to de t e rmine whether t h e Y v a l u e s a re 1 i n e a r l y or c u r v i 1 i n e a r l y 

r e l a t e d to the X v a l u e s . 

As may be seen in f i g u r e 19, i f the p o i n t s f a l l on a 

s t r a i g h t l i n e , t h e r e wi l l be a p e r f e c t p o s i t i v e r e l a t i o n s h i p 

between the two v a r i a b l e s and in t h i s i n s t a n c e the c o r r e l a t i o n 

c o e f f i c i e n t i s equal to +1. This means t h a t every observed 

va lue of Y wi l l be given e x a c t l y by Y=a+bX (equa t ion of a 

s t r a i g h t l i n e ) . 

On the o t h e r hand, i f the p o i n t s f a l l on a c u r v e , as 
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shown in f i g u r e 19, and a l i n e a r r eg re s s i cm i s c a l c u l a t e d , 

i t i s c l e a r t h a t t h e r e wi l l be a s c a t t e r of p o i n t s r e s u l t i 

2 
in an ' r ' v a l u e l e s s t h a n 1 , t h e r e f o r e r w i l l be low 

p 

( 1 - r ) w i l l be h i g h , n o t b e c a u s e t h e v a r i a b l e s a re not 

c o r r e l a t e d or because t h e r e i s a big v a r i a t i o n not due t o 

r e g r e s s i o n , but only because the v a r i a b l e s a re not l i n e a r l y 

r e l a t e d . 

In o r d e r to de t e rmine whether a l i n e a r or an a l i n e a r 

r e l a t i o n s h i p e x i s t e d in the p r e s e n t s t u d y , I app l i ed t he 

Durbin-Watson s t a t i s t i c , f o r the 15 s u b j e c t s s tud ied du r ing 

t he r e b r e a t h i n g t e c h n i q u e on both o c c a s i o n s . 

I . The Durbin-Watson t e s t examines whether t h e r e i s 

any c o r r e l a t i o n between a d j a c e n t r e s i d u a l s which a re the 

d i f f e r e n c e s between the o b s e r v a t i o n s and the f i t t e d v a l u e s . 

If the model f i t s the da ta the r e s i d u a l s should be randomly 

d i s t r i b u t e d , independen t of each o t h e r , and so a d j a c e n t 

r e s i d u a l s would not be c o r r e l a t e d . If the model does not 

f i t t he da t a i t i s l i k e l y t h a t i t w i l l d e p a r t from the da ta 

in a s y s t e m a t i c manner, p roducing c o r r e l a t i o n s between a d j a c e n 

r e s i d u a l s ( C h a t f i e l d , 1975) . 

The r e s u l t s of t h i s t e s t a re shown in t a b l e 9. In the 

same t a b l e can be seen the r e s u l t s of t he s i g n i f i c a n c e of 

" r ^ " f o r each v a r i a b l e (VE, d P / d t m a x , f and YT upon PCOg) 

on the f i r s t and second o c c a s i o n s of the expe r imen t . This t e s t 
2 

of the s i g n i f i c a n c e of " r " i s t o see whether the r e s u l t of 

c o r r e l a t i o n c o e f f i c i e n t had a r i s e n by chance , and then the 

nu l l h y p o t h e s i s i s c o n f i r m e d , or whether t h e r e i s a t r u e 

c o r r e l a t i o n between the v a r i a b l e s Y and X and then the nu l l 
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h y p o t h e s i s can be r e j e c t e d . 

I I . RESULTS 

The Durbin-Watson t e s t shows t h a t 5 s u b j e c t s had an 

a l i n e a r r e sponse f o r VE/PCOg o n l y in t h e f i r s t s t udy , 4 

s u b j e c t s had an a l i n e a r r e sponse both in the f i r s t and second 

s t u d i e s , 5 s u b j e c t s had l i n e a r r e s p o n s e s in the f i r s t and secor 

s t u d i e s and none of the s u b j e c t s had an a l i n e a r response in 

t he second s tudy a l o n e . 

For d P / d t max/PCOg, 3 s u b j e c t s had an a l i n e a r 

r e sponse only in the f i r s t s t u d y , 4 s u b j e c t s had an a l i n e a r 

r e sponse in the f i r s t and second s t u d i e s and 2 s u b j e c t s had 

a l i n e a r r e sponses on the second s tudy a l o n e . 

For f/PCOg only 1 s u b j e c t had an a l i n e a r response in thi 

f i r s t and second s t u d y , 2 s u b j e c t s had an a l i n e a r r e s p o n s e s 

only in the second s tudy and 3 s u b j e c t s had an a l i n e a r 

r e sponse only in the f i r s t s t u d y . 

For VT/PCOg, 3 s u b j e c t s had an a l i n e a r response only 

in the f i r s t s t u d y , 1 s u b j e c t had an a l i n e a r response in the 

second s tudy a l o n e , and none of the s u b j e c t s had a l i n e a r 

r e s p o n s e s in both s t u d i e s . 
2 

F i g u r e s 20 and 21 show t h e r e s u l t s of ( 1 - r ) in a 

f r e q u e n c y d i s t r i b u t i o n curve when the s u b j e c t s performed the 

expe r imen t on the f i r s t and second occas ion and spec i a l symbol 

a r e used f o r the s u b j e c t s who had a l i n e a r r e sponses in the 

Durbin-Watson s t a t i s t i c ( s q u a r e with two d o t s ) . 
2 

Looking a t the r e s u l t s of s i g n i f i c a n c e of "r " in 
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i t can be seen t h a t f o r VE/PCOg two s u b j e c t s had a va lue of 

" r " l e s s s i g n i f i c a n t t h a n 0.05% l e v e l ( S u b j e c t 1 on the 

second occas ion and s u b j e c t 4 on the f i r s t o c c a s i o n ) . All t he 

s u b j e c t s on both o c c a s i o n s had very h i g h l y s i g n i f i c a n t r e s u l t s 

of " r " f o r d P / d t max/PCOg. As was e x p e c t e d , f o r f /PCOg 

and VT/PCOg many s u b j e c t s d i d n o t have s i g n i f i c a n t v a l u e s 

of " r ^ " a t 0.05% ( f o r f /PCOg - s u b j e c t 1 on both 

o c c a s i o n s , 2 on both o c c a s i o n s , 3 on second o c c a s i o n , 5 on 

f i r s t o c c a s i o n , 12 on second occas ion and 13 on second o c c a s i o n , 

o r f o r VT/PCOg - s u b j e c t 1 on f i r s t o c c a s i o n , 3 on f i r s t 

o c c a s i o n , 4 on both o c c a s i o n s , 6 on second o c c a s i o n , 11 on second 

o c c a s i o n and 14 on f i r s t o c c a s i o n ) . 

I I I . DISCUSSION 

We can see t h a t our p r e v i o u s a n a l y s i s of ( l - r ^ ) (page 

91) as a measure of e x t e r n a l f a c t o r s con ta ined a p o t e n t i a l l y 

m i s l e a d i n g e r r o r due to a l i n e a r i t y of some of the r e g r e s s i o n 

l i n e s . I t seems t h a t some high v a l u e s of the v a r i a t i o n not 

due to r e g r e s s i o n in our d a t a , which were a t t r i b u t e d to 

e x t e r n a l f a c t o r s b e f o r e , now can be a t t r i b u t e d to the f a c t 

t h a t t h e s e s u b j e c t s had an a l i n e a r and not l i n e a r r e l a t i o n s h i p 

in t h e i r e x p e r i m e n t s . 

In the diagram of VE/PCOg ( f i g . 2 0 ) , on the f i r s t 

occa s ion we can see t h a t 9 of t h e 15 s u b j e c t s had a l i n e a r 

r e s p o n s e s . T h e r e f o r e , ( 1 - r ) c a n n o t be app l i ed wi thou t 

q u a l i f i c a t i o n as a measure of e x t e r n a l f a c t o r s f o r t he se 

e x p e r i m e n t s , because i t may be h i g h , a t l e a s t p a r t l y , due to 

a l i n e a r i t y . 
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When VE was p l o t t e d a g a i n s t PCOg on t h e second 

o c c a s i o n , fewer s u b j e c t s had a l i n e a r r e s p o n s e s and t h i s 

a l i n e a r i t y was not c o n f i n e d to t h o s e with high v a l u e s of 

( 1 - r 2 ) . 

For d P / d t max/PCOg I a l s o found many a l i n e a r r e s p o n s e s 

and t h e s e were not c o n f i n e d to t h o s e s u b j e c t s with high 

( l - r ^ ) . I t i s i n t e r e s t i n g t o n o t e t h a t amongst a l l t he 

i n d i c e s of r e s p o n s e t o COg, dP /d tmax /PCOg was t h e r e sponse 

wi th the h i g h e s t c o r r e l a t i o n c o e f f i c e n t and the s m a l l e s t 

v a r i a t i o n not due to r e g r e s s i o n , but even so I found many 

a l i n e a r r e s p o n s e s f o r d P / d t max us ing t h e Durbin-Watson 

s t a t i s t i c . 

For f /PCOg and VT/PCOg, which were t h e most v a r i a b l e 

p a r a m e t e r s in our exper iment with the h i g h e s t v a r i a b i l i t y 

not due to r e g r e s s i o n , few a l i n e a r r eponses were found to be 

p r e s e n t in t he Durbin-Watson s t a t i s t i c . 

I t i s known t h a t when the p o i n t s in the da t a a re very 

s c a t t e r e d t h e Durbin-Watson t e s t i s l e s s s e n s i t i v e and t h i s 

could be t he e x p l a n a t i o n f o r t he low number of a l i n e a r 

r e s p o n s e s f o r f and VT upon PCOg i n my s t u d i e s , compared 

with the h ighe r numbers f o r VE and d P / d t max in which t he 

s c a t t e r of r e s u l t s i s s m a l l . d P / d t max/PCOg has been 

d e s c r i b e d as having a c u r v i l i n e a r r e l a t i o n s h i p mainly in 

t h e lower range of PCOg ( M a t t h e w s , 1975) and the Durbin-

Watson t e s t in t h i s s i t u a t i o n i s very s e n s i t i v e and would 

d e t e c t t h i s as an a l i n e a r i t y in the r e s p o n s e ; a l i n e a r response 

in t h i s t e s t d o e s n ' t mean t h a t the whole r e l a t i o n s h i p between 
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t h e X and Y v a l u e s i s a curve and not a s t r a i g h t l i n e . This 

t e s t does not i n d i c a t e where the a l i n e a r i t y i s o c c u r r i n g and, 

t h e r e f o r e , I c anno t conc lude t h a t t he a l i n e a r i t y in the 

VE/PCOg re sponse was due t o t h e s o - c a l l e d "dog leg" or 

any o t h e r r e a s o n . 

In summary, I t h i n k t h a t the v a r i a b i l i t y of some of the 

r e s p o n s e s in t h i s s tudy could be a t t r i b u t e d to the a l i n e a r 

r e l a t i o n s h i p between some of t he v a r i a b l e s , but in view of 

t he poor c o r r e l a t i o n between a l i n e a r i t y and the magnitude of 

( 1 - r ^ ) i t i s p r o b a b l e t h a t t h i s a l i n e a r i t y i s not the only 

e x p l a n a t i o n f o r the v a r i a b i l i t y found in my r e s u l t s and o t h e r 

c a u s e s of ( l - r ^ ) s h o u l d be looked f o r . 

In a d d i t i o n , the s i g n i f i c a n c e and c a u s e s of a l i n e a r i t y 

r e q u i r e s e x a m i n a t i o n . 
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IV. POSSIBLE CAUSES OF ALINEARITY 

Dur ing t h e r e b r e a t h i n g t e c h n i q u e , a PCOg e q u i l i b r i u m 

d e v e l o p s between mixed venous b l o o d , a r t e r i a l blood and gas 

in t h e l u n g s and r e b r e a t h i n g bag a f t e r abou t 15 s e c o n d s of 

r e b r e a t h i n g (Rebuck , 1 9 7 6 ) . S u b s e q u e n t l y , t h e r e i s a 

c o n s t a n t i n c r e a s e in e n d - t i d a l PCOg of a p p r o x i m a t e l y 6mmHg 

( 0 . 8 k P a ) , pe r m i n u t e . 

I f e q u i l i b r i u m i s a c h i e v e d t h e mixed venous PCOg r i s e s 

s t e a d i l y and t h e e n d - t i d a l r e c o r d i s v i r t u a l l y l i n e a r . An 

open loop s i t u a t i o n e x i s t s , in which t h e v e n t i l a t i o n r a t e i s 

no l o n g e r a b l e t o i n f l u e n c e t h e PCOg. I t i s t h e r e f o r e 

p o s s i b l e f o r non-chemica l i n f l u e n c e s t o i n c r e a s e v e n t i l a t i o n 

w i t h o u t i n d u c i n g an o p p o s i n g e f f e c t from h y p o c a p n i a . 

There a r e a number of p o s s i b l e c a u s e s f o r an a l i n e a r 

r e l a t i o n s h i p b e t w e e n VE and PCO^ d u r i n g r e b r e a t h i n g : 

A. F a i l u r e t o a c h i e v e COp e q u i l i b r i u m between t h e gas in 

t h e bag and t h e b l o o d . I t i s assumed t h a t i f t he d i f f e r e n c e 

between i n s p i r a t o r y and e x p i r a t o r y PCOg "in t h e r eco rd i s 

l e s s than 2mmHg t h e r e i s a CO^ e q u i l i b r i u m between the gas 

in t h e bag and l u n g s (Rebuck , 1 9 7 6 ) . To t e s t t h i s p o s s i b i l i t y 

I checked a l l my - r eco rds and I found t h a t many of my s u b j e c t s 

had more than 2mmHg v a r i a t i o n in i n s p i r a t o r y and e x p i r a t o r y 

PCOg when they were f i r s t s w i t c h e d i n t o t h e r e b r e a t h i n g 

c i r c u i t . 

Could t h i s be t h e r e a s o n f o r t h e a l i n e a r i t y of the 

r e s u l t s ? 

Two s u b j e c t s who had l e s s t han 2mmHg between i n s p i r a t o r y 

UBRARY 
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and e x p i r a t o r y PCOg had a l i n e a r r e s p o n s e s in the Durbin 

Watson t e s t and 6 s u b j e c t s who had a l i n e a r response had 

more than 2mmHg in the beg inn ing of t he expe r imen t . I do 

not t h i n k , t h e r e f o r e , t h a t t h i s i s the reason f o r the a l i n e a r i t y 

of some of t he r e s p o n s e s . 

B. D i f f e r e n c e s in p rocedure between s u b j e c t s - t h i s did not 

occur in my exper imen t s because I fo l lowed the same p rocedure 

f o r a l l s u b j e c t s with r e s p e c t t o : 

a) s i z e of the r e b r e a t h i n g bag - a 4 -6 l i t r e bag was chosen 

f o l l o w i n g Read ' s method ( see page 5 5 ) ; 

b) i n i t i a l c o n c e n t r a t i o n of COg in t h e r e b r e a t h i n g bag -

a 7% c o n c e n t r a t i o n of COg was used ( see page 55) ; 

c) i n i t i a l mixing of gas in bag and lungs - a l l t he 

s u b j e c t s were asked to t ake two deep b r e a t h s when 

connected t o the r e b r e a t h i n g c i r c u i t , in o rder to improve 

t h e mixing between lungs and bag; 

d) a n a l y s i s of d a t a - the same method of a n a l y s i s of d a t a 

was a p p l i e d . The f i r s t 30 seconds of the record a f t e r 

s w i t c h i n g the s u b j e c t i n t o the bag were d i s c a r d e d t o 

minimise the i n f l u e n c e of de layed e q u i l i b r a t i o n . 

e) a l l the exper iments were done in a q u i e t room and no 

c o f f e e or t ea was taken by the s u b j e c t s f o r two hours 

p r i o r to the e x p e r i m e n t , and no a t t emp t was made to r e l a x 

t he s u b j e c t s , o t h e r than to e x p l a i n the p rocedure which 

would be f o l l o w e d . 
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C. F a u l t y t e c h n i q u e s - i f t h e r e was any leak in the 

equipment which might de l ay gas mixing or i n t r o d u c e an e r r o r 

i n t o volume measurement our r e sponse might not be l i n e a r , 

bu t t h i s p o s s i b i l i t y was always checked by paying s p e c i a l 

a t t e n t i o n to t he wear ing of a nose c l i p and the p o s i t i o n of 

t he mou thp iece . Such f a u l t would be l i k e l y to produce a 

p e r s i s t e n t i n s p i r a t o r y - e x p i r a t o r y d i f f e r e n c e in PCOg 

th roughou t the s t u d y . Such a d i f f e r e n c e was not seen o t h e r 

than a t the beg inn ing of t he exper imen t ( p o i n t 4 a b o v e ) . 

D. D i f f e r e n c e s between s u b j e c t s - i t seems c l e a r t h a t 

some of t he v a r i a t i o n in v e n t i l a t o r y r e s p o n s e to COg i s 

a t t r i b u t a b l e to d i f f e r e n c e s in lung s i z e (Rebuck, 1976) . 

He showed t h a t when t i d a l volume was c o n s t r a i n e d to 

IL, the wide i n t e r - i n d i v i d u a l range in v e n t i l a t o r y r e sponse 

was c o n s i d e r a b l y narrowed (Rebuck, Rigg, Kangalee and 

P e n g e l l y , 1974) . 

Avery, C h e r n i a c k , But ton and Permut , (1963) showed t h a t 

t h e v e n t i l a t o r y r e s p o n s e t o CO., i s c o n s i d e r a b l y l e s s in 

i n f a n t s than in a d u l t s . In the p r e s e n t s tudy t h e r e was no 

a p p a r e n t c o r r e l a t i o n between lung s i z e ( a s r e f l e c t e d through 

body h e i g h t ) and a l i n e a r i t y of the r e s p o n s e s , which would 

have been expec ted had t h i s f a c t o r been s i g n i f i c a n t . 

E. I n i t i a l l e v e l of v e n t i l a t i o n - i f t he s u b j e c t had 

o v e r - v e n t i 1 a t e d p r i o r to be ing swi tched i n t o b r e a t h i n g from t h e 

bag, a pe r iod of i n i t i a l compensa t ion by u n d e r b r e a t h i n g might 

have f o l l o w e d . This would g ive the i n i t i a l p a r t of t he 
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r e sponse a f l a t t e r ( l o w e r ) s l o p e , u n t i l t he normal VE/PCOg 

r e l a t i o n s h i p had been r e s t o r e d . 

To e x p l o r e t h i s p o s s i b i l i t y , t h e i n i t i a l PCOg was 

p l o t t e d a g a i n s t r e sponse ( l i n e a r or a l i n e a r ) as shown in 

f i g u r e 22. The numbers w i t h o u t c i r c l e s mean the number of 

t he s u b j e c t when pe r fo rming the exper imen t on the f i r s t 

o c c a s i o n and the numbers with c i r c l e s mean the number of the 

s u b j e c t when the exper iment i s performed on the second 

o c c a s i o n . I t w i l l be seen t h a t t h e r e was no tendency f o r 

t h e a l i n e a r r e s p o n s e s t o have l o w e r i n i t i a l PCOp than the 

l i n e a r r e s p o n s e s . However, i t i s of i n t e r e s t t h a t the fewer 

s t u d i e s with h i g h e r i n i t i a l PCOg ( s u b j e c t s 7 , 4 , 1 ) were al 1 

l i n e a r , but the numbers involved a re too small to a t t a c h 

s i g n i f i c a n c e to t h i s o b s e r v a t i o n . I t i s not c l e a r why s u b j e c t 

no . 1 had such a h i g h PCOp on bo th o c c a s i o n s . 

F. A l i n e a r i t y may be a normal f e a t u r e of the VE/PCOp 

r e s p o n s e , i . e . , the "dog l e g " , which many a u t h o r s have 

r e p o r t e d . This "dog l eg" could be produced f o r one of the 

t h r e e f o l l o w i n g mechanisms: 

(a) Lack of e q u i l i b r i u m between bag, lungs and a r t e r i a l 

PCOg - in which c a s e t h e r e i s no a c h i e v e m e n t of an "open 

loop" s i t u a t i o n and t h e PCOg i s no l o n g e r s t i m u l a t i n g 

v e n t i l a t i o n . 

(b) Neuro log ica l mechanism - a rousa l may produce a 

fundamenta l change in the n a t u r e of the v e n t i l a t o r / r e sponse 

t o a r e s p i r a t o r y s t i m u l u s and p e r m i t s the i n i t i a t i o n of a 
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Fig. 22 - F r e q u e n c y - d i s t r i b u t i o n curve of i n i t i a l e n d - t i d a l PCOg va lues 

to show no s i g n i f i c a n t d i f f e r e n c e between those with l i n e a r 

and those with a l i n e a r r e s o o n s e s . 
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b e h a v i o u r a l and a v e n t i l a t o r y r e sponse to the s t imu lus 

( p h i l l i p s o n , 1978) . I t c o u l d be t h a t a t low l e v e l s of PCOg, 

e x t e r n a l i n f l u e n c e s would i n f l u e n c e the v e n t i l a t o r y r e s p o n s e . 

(c ) The "dog l eg" i s the n a t u r a l shape of the c u r v e . By 

a v o i d i n g the f i r s t 30 seconds of the record and having a 7% 

c o n c e n t r a t i o n f o r COg, t h e "dog l e g " should be l a r g e l y 

e l i m i n a t e d . 
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CHAPTER FIVE 
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CHAPTER 5 

METRONOME 

I . In t he p r e v i o u s s t u d i e s , t h e two i n d i c e s to COg 

r e b r e a t h i n g with t h e g r e a t e s t v a r i a b i l i t y ( h i g h e r 1 - r ) 

were f and t i d a l volume. Frequency was the t e c h n i c a l l y 

e a s i e r to c o n t r o l by i n s t r u c t i n g the s u b j e c t s to b r e a t h e 

a c c o r d i n g to the f r e q u e n c y s e t by a metronome. 

I I . P rocedure - Seven s u b j e c t s f rom t h e group of f i f t e e n 

s t u d i e d in c h a p t e r 3 were chosen a c c o r d i n g to t h e i r 

a v a i l a b i l i t y . The s u b j e c t , wear ing a n o s e - c l i p and b r e a t h i n g 

a i r through a mou thp iece , s a t q u i e t l y f o r ten m i n u t e s . 

In o rde r to f a m i 1 i a r i s e the s u b j e c t with the metronome 

s ( h e ) was given a p r e l i m i n a r y run in which s (he ) b r ea thed 

room a i r a t t he s e t f r e q u e n c y . The s u b j e c t was then switched 

i n t o a r e b r e a t h i n g c i r c u i t as d e s c r i b e d p r e v i o u s l y (page 49) 

and t he same measurements of VE, f , VT and d P / d t max. were 

made. The only d i f f e r e n c e from the e a r l i e r p ro toco l was t h a t 

t he s u b j e c t a t t empted to c o n t r o l the f r equency of b r e a t h i n g 

th roughou t a t t h a t s e t by the metronome. Three runs a t 

d i f f e r e n t f r e q u e n c i e s were then c a r r i e d out on s e p a r a t e days . 

These t h r e e d i f f e r e n t f r e q u e n c i e s were not e x a c t l y the same 

f o r a l l s u b j e c t s because I d id not s e t the metronome with 

the same f r equency f o r a l l s u b j e c t s . My i n t e r e s t was to have 

a c o n t r o l l e d f r equency d u r i n g the exper imen t and not e x a c t l y 

the same number of b r e a t h s / m i n u t e f o r every s u b j e c t . For 

c o n v e n i e n c e , when I ana lysed t h e s e d a t a , the s u b j e c t s were 

a l l o t t e d to one of the t h r e e f r e q u e n c y r a n g e s , a f r equency 
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c o n t r o l l e d by the metronome r a n g i n g f rom IR t o 17 b/m1n - f ^ , 

f g f rom 18 t o 19 b /min and f ^ f rom 20 t o 24 b / m i n . 

The same a n a l y s i s of da t a as 1n c h a p t e r 3 (page 53) was 

used in t h i s s tudy and c o r r e l a t i o n c o e f f i c i e n t s and s lopes 

were c a l c u l a t e d . 

I I I . RESULTS 

The r e s u l t s of c o r r e l a t i o n c o e f f i c i e n t and s l o p e s 

r e s p e c t i v e l y a re shown in t a b l e s 10 and 11. 

I t can be seen t h a t with c o n t r o l l e d f r equency d P / d t 

max/PCOg was no l o n g e r t h e p a r a m e t e r with the h i g h e s t 

c o r r e l a t i o n c o e f f i c i e n t ; on the c o n t r a r y , many of the dP /d t 

max/PCn. r e s u l t s had v e r y low v a l u e s of c o r r e l a t i o n 

c o e f f i c i e n t ( e . g . 0 . 4 6 , 0 . 1 8 , 0 . 3 1 ) . 

By c o n t r a s t , i t w i l l be noted t h a t v e n t i l a t i o n and t i d a l 

volume were the measurements with the h i g h e s t c o r r e l a t i o n 

c o e f f i c i e n t s . 

S t a t i s t i c a l A n a l y s i s - T a b l e s 12 and 13 show the 

r e s u l t s of " r" v a l u e s and s l o p e s r e s p e c t i v e l y f o r the c o n t r o l 

s tudy on f i r s t and second o c c a s i o n s and the mietronome study a t 

f fg and f ^ . The n e x t t a b l e s , 14 and 15 , show t h e 

r e s u l t s of the Mann-Whitney t e s t which was app l i ed f o r the 

comparison of both s t u d i e s . 

D e s c r i p t i o n of r e s u l t s 

(1) Comparison of r v a l u e s - in the comparison between 

" r" v a l u e s of VE/PCOg i n t h e c o n t r o l s tudy on the f i r s t 

o c c a s i o n (C^) and on t h e second o c c a s i o n (Cg) w i t h the 

met ronome s t u d y a t f^, f g and f ^ r e s p e c t i v e l y , I d i d not 
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Table 10 

Corre la t ion C o e f f i c i e n t Averaged 15-20 seconds iov coMtvoUei 

Subjec t Control led 
Frequency 

Ven t i l a t i on / 
PCOg 

dP/dt max/ 
PCOg 

Tidal V 
PCOg 

1 15 0 .93 0.87 0.93 
18 0.95 0.46 0.93 
22 0.97 0.83 0.97 

4 16 0.95 0.66 0.95 
18 0.91 0 .18 0.89 
20 0.90 0.76 0.88 

6 16 0.86 0 .83 0.86 
18 0.90 0 .88 0.90 
22 0.82 0.31 0 .90 

7 16 0.97 0.97 0.96 
18 0.97 0.92 0.97 
21 0.97 0.89 0.97 

8 17 0.97 0.95 0.90 
18 0 .88 0.86 0.90 
20 0.91 0 .88 0.96 

13 16 0.93 0.63 0 .93 
19 0.84 0.69 0.92 
20 0.90 0.65 0.90 

15 17 0.93 0.93 0 .93 
19 0 .97 0.92 0.96 
24 0.96 0.95 0.96 
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Table 11 

Slopes f o r \/F- d P / d t . f and VT/PCO? 6'OK love-atkifu^ ccnvilroUfi-ol ky 

S u b j e c t Con t ro l l ed 
f r equency 

VE/PCO. 
L .m 'VkF^ 

dP/dt/PCOg 
k P a . s - l / k P a 

VT/PCOg 
l / kPa 

1 15 
18 
22 

4.72 
7.69 

12.45 

0.32 
0.30 
0.72 

0.30 
0.43 
0.49 

4 16 
18 
20 

6.06 
7.74 
6.75 

0.12 
-0.05 

0.21 

0.36 
0.38 
0.35 

6 16 
18 
22 

12.26 
12.35 

8.50 

0.58 
1.09 
0.06 

0.78 
0.75 
0.36 

7 16 
18 
21 

14.60 
20.43 
16.68 

1.09 
1.57 
1.23 

0.81 
1.25 
0.72 

8 17 
18 
20 

4.69 
3.11 
4.90 

0.36 
0.23 
0.44 

0.20 
0.14 
0.23 

13 16 
19 
20 

& 5 8 
2.75 
5.61 

0.11 
0.11 
0.16 

0.42 
0.14 
0.32 

15 17 
19 
24 

11.31 
17.42 
20 .13 

1.06 
0.87 
1.28 

0.56 
0.79 
0.86 
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Table 12 

Results of co r re l a t ion c o e f f i c i e n t in the control study (experiment without 
the metronome) on the f i r s t and second occasion and in the metronome study 
a t f i , f2 and fg . 

Subject Variable 
C O N T R O L METRONOME 

Subject Variable 1s t occasion 2nd occasion f2 f3 

1 

VE/PC02 
VT/PCO2 
dP/dTmax/PC02 

0.89 
0.90 
0.89 

0.59 
0.60 
0.81 

0.93 
0.93 
0.87 

0.95 
0.93 
0.46 

0.97 
0.97 
0.83 

4 

VE/PCO; 
VT/PCO2 
dP/dtmax/PC02 

0.02 
0.58 
0.97 

0.88 
0.44 
0.97 

0.95 
0.95 
0.66 

0.91 
0.89 
0.18 

0.90 
0.88 
0.76 

6 

VE/PCO2 
VT/PCO2 
dP/dTmax/PC02 

0.88 
0.82 
0.82 

0.77 
0.50 
0.84 

0.86 
0.86 
0.83 

0.90 
0.90 
0.88 

0.82 
0.90 
0.31 

7 

VE/PCO2 
VT/PCO2 
dP/dtmax/PC02 

0.98 
0.91 
0.97 

0.97 
0.84 
0.92 

0.97 
0.96 
0.97 

0.97 
0.97 
0.92 

0.97 
0.97 
0.89 

8 

VE/PCO2 
VT/PCO2 
dP/dtmax/PC02 

0.93 
0.94 
0.99 

0.95 
0.70 
0.99 

0.97 
0.90 
0.95 

0.88 
0.90 
0.86 

0.91 
0.96 
0.88 

13 

VE/PCO, 
VT/PCO2 
dP/dtmax/PC02 

0.97 
0.64 
0.98 

0.96 
0.73 
0.99 

0.93 
0.93 
0.63 

0.84 
0.92 
0.69 

0.90 
0.90 
0.65 

15 

VE/PCO, 
VT/PCO2 
dP/dtmax/PC02 

0.80 
0.51 
0.89 

0.99 
0.83 
0.96 

0.93 
0.93 
0.93 

0.97 
0.96 
0.92 

0.96 
0.96 
0.95 
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Table 13. 

Result of slopes in the control study (experiment without the metronome) 
on the f i r s t and second occasion and in the metronome study a t f i , T2 
and f q . 

/ 
C O N T R O L M E T R O N O M E 

/ Variable 1s t occasion 2nd occasion f l f 2 f 3 

1 

VE/PCOg (L.m-l/kPa; 
VT/PCO2 (L/kPa) 
dP/dt max/PC02 

(kPa.s-T/kPa) 

6.59 
0.90 

0.38 

1.82 
0.19 

0.27 

4.72 
0.30 

0.32 

7.69 
0.43 

0.30 

12.45 
0.49 

0.72 

4 

VE/PC02(L.m-l/kPa) 
VT/PCO2 (L/kPa) 
dP/dt max/PC02 

(kPa .s - l /kPa) 

0.12 
-0.51 

0.57 

7.98 
0.33 

0.53 

6.06 
0.36 

0.12 

7.74 
0.38 

-0 .05 

6.75 
0.35 

0.21 

6 

VE/PC02(L.m-l/kPa) 
VT/PCO2 (L/kPa) 
dP/dtmax/PC02 
(kPa .s - l /kPa) 

16.87 
0.85 

0.90 

7.49 
0.19 

0.47 

12.26 
0.78 

0.58 

12.35 
0.75 

1.09 

8.50 
0.36 

0.06 

7 

VE/PC02(L.m-l/kPa) 
VT/PCO2 (L/kPa) 
dP/dtmax/PC02 
(kPa .s - l /kPa) 

12.95 
0.38 

0.72 

8.76 
0.27 

0.66 

14.60 
0.81 

1.09 

20.43 
1.25 

1.57 

16.68 
0.72 

1.23 

8 

VE/PC02(L.m-l/kPa) 
VT/PCO2 (L/kPa) 
dP/dtmax/PC02 
(kPa .s - l /kPa) 

6.57 
0.19 

0.56 

5.89 
0.14 

0.51 

4.69 
0.20 

0.36 

3.11 
0.14 

0.23 

4.90 
0.23 

0.44 

13 

V^/PC02(L.m-l/kPa) 
VT/PCO2 (L/kPa) 
dP/dtmax/PC02 
(kPa . s - l /kPa) 

5.45 
0.17 

0.37 

6.45 
0.22 

0.47 

8.58 
0.42 

0.11 

2.75 
0.14 

0.11 

5.61 
0.32 

0.16 

14 

VE/PC02(L.m-l/kPa) 
VT/PCO2 (L/kPa) 
dP/dtmax/PC02 
(kPa.s-T/kPa) 

4.77 
0.20 

0.38 

15.63 
0.29 

1.25 

11.31 
0.56 

1.06 

17.42 
0.79 

0.87 

20.13 
0.86 

1.28 
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Table 14. 

study and between control study on the second occasion, and f ] , 2 
and f 3 r e spec t ive ly in the metronome study. 

F i r s t occasion and Second occasion and 
Subject Variable f l ^2 ^3 f l +2 T3 

All group 
VE/PCOg N.S. N.S. N.S. N.S. N.S. N.S. 

of 
Subjects VT/PCO2 S. N.S. S. S. S. S. 

dP/dt max/PC02 N.S. S. S. S. S. S. 

Table 15. 

f l , f 2 and fg r e spec t ive ly in the metronome study. 

Subjects 

All group 

of 

Subjects 

Variable 

VE/PC02 
L.m-'/kPa 

VT/PCO2 
L/kPa 

dP/dtmax/PC02 
IkPa.s-l/kPa 

F i r s t occasion and 
f l f ? f 3 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

Second occasion and 
f l f 2 f 3 

N.S. 

S. 

N.S. 

N.S. 

N.S. 

N.S. 

N.S, 

S 

N.S 
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f i n d a s i g n i f i c a n t d i f f e r e n c e a t t he 0.05% l e v e l . The a c t u a l 

l e v e l s of p r o b a b i l i t y can be seen in t a b l e s 16 and 17. 

When t h e r e s u l t s of " r " v a l u e s f o r t i d a l volume/PCOg 

were compared in both s t u d i e s I found s i g n i f i c a n t r e s u l t s 

a t 0 .05% b e t w e e n and f ^ and f ^ r e s p e c t i v e l y 

and s i g n i f i c a n t r e s u l t s a t 0 .05% l e v e l b e t w e e n Cg and f ^ , 

f and f g r e s p e c t i v e l y ( s e e t a b l e 1 6 ) . 

The r e s u l t s f o r the compar ison of r v a l u e s f o r d P / d t 

max/PCOp w e r e s i g n i f i c a n t a t 0 .05% l e v e l f o r w i th 

f g a n d f g a n d f o r C g w i t h f ^ , f g a n d f g . 

(2) Comparison of s l o p e s - in t he compar ison of s l o p e s 

between t h e e x p e r i m e n t w i t h o u t c o n t r o l l e d f r e q u e n c y and t he 

e x p e r i m e n t wi th the metronome I found no s i g n i f i c a n t 

d i f f e r e n c e a t 0.05% l e v e l in t h e s l o p e s of VE/PCOg ( s e e 

t a b l e 1 7 ) . 

The same l ack of s i g n i f i c a n c e was found f o r d P / d t 

max/PCOg and f o r VT/PCOg I f o u n d o n l y s i g n i f i c a n t 

d i f f e r e n c e a t t he 0 .05% l e v e l in t h e c o m p a r i s o n between Cg 

( c o n t r o l s t u d y on t h e s e c o n d o c c a s i o n ) w i t h f ^ and f ^ . 

(3) Compari son of t h e v a r i a b i l i t y of f /PCOg between t he 

c o n t r o l s tudy and t he metronome s t u d y - as t h e r e was no 

r e g r e s s i o n f o r f/PCOg i n t h e m e t r o n o m e s t u d y I measured t he 

v a r i a n c e of f/PCOg i n t h e c o n t r o l s t u d y on both o c c a s i o n s , 

and in t h e m e t r o n o m e s t u d y a t f ^ , f g and f g . T h e s e 

v a r i a n c e s were then compared u s i n g a " p a i r e d t t e s t " and a 

l e v e l of s i gni f i cance of 0 .01> p<0.001 was found 

between c o n t r o l s t u d i e s on both o c c a s i o n s and metronome 

s t u d y a t f ^ , f g and f ^ . T h i s d i f f e r e n c e was t o be e x p e c t e d 
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Table 16. 

Levels of s ign i f i cance found by the Mann-Whitney t e s t f o r r 
values between control study on the f i r s t occasion and f l , f 2 
and f s r e spec t ive ly in the metronome study and between control 
study on the second occasion, and f i , fg and f s r e spec t ive ly in 
the metronome study. 

Subjects Variable 

— , 
F i r s t occasion and 
f l f 2 f 3 

Second occasion and i 
f l f z f 3 i 

VE/PCOg 0.4% 0.6% 0.5% 0.9% 0.9% 0.08% 1 
All group 

0.004% 
of 

VT/PCO2 0.04% 0.07% 0.04% 0.002% 0.004% 0.004% 

Subjects dP/dt max/PC02 0.15% 0.04% 0.02% 0.02% 
1 

0.05% 0.008% 

Table 17. 

Levels of s i gn i f i cance found by Mann-Whitney t e s t f o r "slope" values 
between control study on the f i r s t occasion and f-; , f z and fg 
respec t ive ly in the metronome study, and between control study on the 
second occasion, and f ^ , f2 and fg r e sepc t ive ly in the metronome study. 

Subjects 

\11 group 

of 

Subjects 

Variable 

VE/PCO? 
L.m-i/kPa 

dP/dt max/PC02 
kPa.s- l /kPa 

VT/PCCL 
L/kPa^ 

F i r s t occasion and 

f l f2 f s 

0.7% 0.4% 

0.5% 

0.2% 

0.6% 

Second occasion and 

0.3% 0.7% 

0.8% 0.5% 

0.6% I 0.3% I 0.01% 

0.5% 

0.6% 

0.15% 

0.5% 

0.6% 

0.01% 
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i f t h e r e was a c o r r e l a t i o n be tween f r e q u e n c y and PC02« 

IV. DISCUSSION 

In the p r e s e n t exper imen t I c o n t r o l l e d one of the 

v a r i a b l e s of t he f o l l o w i n g e q u a t i o n : VE=f x VT. Since I d id 

not f i n d a s i g n i f i c a n t d i f f e r e n c e f o r the " r" v a l u e s of 

VE/PCO^ between t h e c o n t r o l and t h e metronome exper iments 

i t f o l l o w s t h a t I should f i n d a s i g n i f i c a n t d i f f e r e n c e f o r 

" r " v a l u e s of VT/PCOg and such r e s u l t s were c o n f i r m e d . 

The most s u r p r i s i n g r e s u l t in t h i s exper iment was d P / d t 

max/PCOg which was t h e p a r a m e t e r l e a s t i n f l u e n c e d by 

e x t e r n a l f a c t o r s in the exper iment w i t h o u t c o n t r o l led 

f r e q u e n c y and in the p r e s e n t s tudy i s t he v a r i a b l e with the 

lowes t c o r r e l a t i o n c o e f f i c i e n t . This was conf i rmed by a 

s i g n i f i c a n t di f f e r e n c e between the c o n t r o l s tudy and 

metronome s t u d y , a l though such s i g n i f i c a n c e was not found 

f o r the comparison of s l o p e s . The p o s s i b l e s i g n i f i c a n c e of 

t h i s o b s e r v a t i o n in r e l a t i o n to the c o n t r o l of b r e a t h i n g wi l l 

be d i s c u s s e d in more d e t a i l in c h a p t e r 7 . 

What i s c l e a r from the r e s u l t s of t h i s s tudy i s t h a t 

when we c o n t r o l f t h e r e s u l t s of " r " v a l u e s f o r VE/pCOg and 

f o r VT/PCOg a r e much more c o n s i s t e n t ( p a g e 120) ; t h e range 

of t h e s e r e s u l t s i s very narrow, whi le in the exper iment 

w i t h o u t t he metronome I found more v a r i a b i l i t y from one 

to the o t h e r , and from one s u b j e c t to the o t h e r . 
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CHAPTER SIX 
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CHAPTER 6 

I n s p i r a t o r y and E x p i r a t o r y Time 

I . I mentioned p r e v i o u s l y (page 55) t h a t the a d d i t i o n a l 

v a r i a b l e s , i n s p i r a t o r y and e x p i r a t o r y t ime , would be measured in 

t h i s s t u d y . 

In view of my p r e v i o u s o b s e r v a t i o n s , t h a t f r equency was one 

of the most v a r i a b l e measurements I wished to know whether t h i s 

v a r i a b i l i t y was due to v a r i a t i o n o c c u r r i n g du r ing the i n s p i r a t o r y 

or e x p i r a t o r y phase of b r e a t h i n g . 

In o r d e r to avoid the l o s s of s e n s i t i v i t y which would r e s u l t 

from ave rag ing b r e a t h s over 15-20 s e c o n d s , I chose randomly a 

group of seven s u b j e c t s fk)m the group of 15 and analysed the r e s u l t s 

b r e a t h by b r e a t h . 

1 1 . RESULTS 

I n s p i r a t o r y t ime and e x p i r a t o r y t ime were p i o t t e d a g a i n s t 

PCOp and the c o r r e l a t i o n c o e f f i c i e n t s were determined 

( see a n a l y s i s of d a t a , page 55 ) . The graphs of i n d i v i d u a l 

s u b j e c t s f o r Ti and Te a r e shown in Appendix 4 . 

The r e s u l t s of c o r r e l a t i o n c o e f f i c i e n t a re shown in the 

t a b l e below: 
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T a b l e 18 

C o r r e l a t i o n C o e f f i c i e n t ll/PcOi ^^PcOt 

S u b j e c t s T i / P C O g Te/PCOg 

1 0 .69 n.OR 

4 0.67 0 .49 

6 0 .78 0 .49 

11 0 .49 0 .19 

12 0 .31 0 .18 

14 0 .74 0 .05 

15 0 .74 0 .39 

S t a t i s t i c a l A n a l y s i s of R e s u l t s 

I a p p l i e d the Mann-Whitney t e s t in o rder to compare the 

v a l u e s of ' r ' f o r i n s p i r a t o r y t ime and e x p i r a t o r y t ime and I 

found a s i g n i f i c a n t d i f f e r e n c e a t 0.01% leve l f o r t h i s 

a n a l y s i s . This i n d i c a t e s t h a t e x p i r a t o r y t i m e , the 

measurement with the lowest c o r r e l a t i o n c o e f f i c i e n t f o r a l l 

s u b j e c t s was the phase of b r e a t h i n g where most of the 

v a r i a b i l i t y was o c c u r r i n g . 

One s u b j e c t had an i n c r e a s e in Ti and two s u b j e c t s had 

an i n c r e a s e in Te when t he se v a r i a b l e s were p i o t t e d a g a i n s t 

P C 0 2 . 

This a n a l y s i s p resupposes t h a t the r e l a t i o n s h i p between 

T i , Te and PCOg a r e l i n e a r . For t h e r e a s o n s exp la ined in 

d e t a i l on page 99, any a l i n e a r i t y would i n f l u e n c e the va lue 
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of ' r ' w i t h o u t c a r r y i n g the i m p l i c a t i o n t h a t a r e d u c t i o n in 

' r ' r e f l e c t e d an i n c r e a s e in v a r i a n c e . 

I t h e r e f o r e c a r r i e d out the Durbin-Watson s t a t i s t i c and 

an a l i n e a r r e l a t i o n s h i p was found in t h r e e s u b j e c t s , two f o r 

both Ti and Te ( 6 , I S ) and in one ( s u b j e c t 11) f o r Te on ly . 

The numbers remaining a re s m a l l , but s t i l l t h e r e was, in a l1 

of them, a g r e a t e r i n c r e a s e in v a r i a b i l i t y f o r the Te/PCOg 

r e l a t i o n s h i p . 

I l l . DISCUSSION 

Ti and Te v e r s u s PCO? - i n an e x a m i n a t i o n of t h e 

l i t e r a t u r e on r e s p i r a t o r y c o n t r o l I have f a i l e d to f ind any 

d a t a on the r e l a t i o n s h i p be tween T i , Te and PCOg. The 

r e s u l t s of Ti and Te have l a r g e l y been r e l a t e d to t i d a l 

volume (Clark and von E u l e r , 1972; G a u t i e r , Remmers and 

B a r t l e t t , 1973; Gardner , 1977; G a u t i e r , 1980) when a somewhat 

compl i ca t ed r e l a t i o n s h i p has o f t e n been r e v e a l e d . For example, 

Clark and von Eu le r in 1972 showed, in man, q u i t e d i f f e r e n t 

behav iou r f o r Ti vs volume ( e i t h e r v t or v i ) in the lower and 

upper volume r a n g e s . Along the lower c u r v e , d e s i g n a t e d range I , 

Ti remained approx imate ly c o n s t a n t as v i grew in response to the 

accumula t ion of COg in t h e i n s p i r e d a i r . At h ighe r volumes, Ti 

sho r t ened with i n c r e a s i n g volumes in the same manner as with the 

c a t . The r e l a t i v e e x t e n t of the two ranges v a r i e d somewhat between 

d i f f e r e n t s u b j e c t s . At the l a r g e s t t i d a l volume, a d e v i a t i o n 

from the h y p e r b o l i c range 2 was o f t e n s een . This i n s p i r a t o r y 

augmenta t ion e f f e c t in the high volume r a n g e , de s igna t ed range 3, 

was v a r i a b l e and u s u a l l y too l i m i t e d in e x t e n t to be de sc r ibed 
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a c c u r a t e l y . I t did seem to be due to an i n c r e a s e in volume in 

combina t ion with an i n c r e a s e in T i , in excess of the v a l u e s 

p r e d i c t e d from the range 2 . 

The e x p i r a t o r y t ime in c a t s wi th i n t a c t vagus n e r v e s , or 

wi th human s u b j e c t s showing a prominent range 2, was 

dependent upon Ti in an app rox ima te ly l i n e a r manner. 

G a u t i e r e t a l , in 1973, s t u d y i n g c o n t r o l of the d u r a t i o n of 

expi r a t i on in c a t s , found t h a t dec rea se in Te accounted f o r 

85-100% of the t o t a l d e c r e a s e in c y c l e 1eng th . Changes in 

Ti with hypercapn ia were smal1 and v a r i a b l e . 

In 1977, Gardner conf i rmed the c u r v i 1 i n e a r i t y of t he 

upper p a r t s of t he VI, Ti and t h e VT, Te r e l a t i o n s h i p and the 

near cons t ancy of Ti over the lower range of VT. However, he 

found t h a t Te v a r i e s markedly in range 1, whi le Ti remains 

n e a r l y c o n s t a n t and so the two ranges were not un ique ly 

r e l a t e d . 

The f a c t t h a t c u r v i l i n e a r r e l a t i o n s h i p s were o f t e n found 

f o r VT/Ti and VT/Te, and in my s t u d i e s a l i n e a r r e l a t i o n s h i p 

was u s u a l l y found be tween VT and PCOg (page 105) s u g g e s t s 

t h a t a c u r v i l i n e a r r e l a t i o n s h i p might e x i s t between T i , Te 

and PCOg. Such a r e l a t i o n s h i p would c o n t r i b u t e to 

lower ing the ' r ' va lue i f a i i near r e gre s s i on was c a l c u la ted 

f o r t h e s e r e s u l t s . The s i g n i f i c a n c e of t h i s on the 

i n t e r p r e t a t i o n of the r e s i d u a l v a r i a n c e has a l r e a d y been 

c o n s i d e r e d in d e t a i 1 on page 101. 

For the r easons which were given in t h a t d i s c u s s i o n , I 

dec ided to apply the Durbin Watson s t a t i s t i e s to the p r e s e n t 
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r e s u l t s to see whether I was j u s t i f i e d in drawing c o n c l u s i o n s 

from a comparison of t h e r e s i d u a l v a r i a n c e s f o r Ti/PCOg and 

T e / P C O g . 

I t w i l l be seen t h a t a l i n e a r r e l a t i o n s h i p occur red in 4 

s u b j e c t s and an 31 i near r e l a t i o n s h i p i n 2 and in the 

Te/PCOg only f o r one f u r t h e r s u b j e c t . I t w i l l be noted 

t h a t the magnitude of ' r ' does not seem to be i n f l u e n c e d by 

whether a l i n e a r or an a l i n e a r r e l a t i o n s h i p i s found , which 

s u g g e s t s t h a t a l i n e a r i t y was not c o n t r i b u t i n g to a g r e a t 

e x t e n t to lower ing the ' r ' v a l u e s . 

The aim of t h i s s tudy was to see in which phase of 

b r e a t h i n g , i n s p i r a t i o n or e x p i r a t i o n , e x t e r n a l i n f l u e n c e s 

were i n t e r f e r i n g . My c o n c l u s i o n , in view of the r e s u l t s 

shown p r e v i o u s l y , i s t h a t du r ing the e x p i r a t o r y phase of 

b r e a t h i n g e x t e r n a l f a c t o r s i n f l u e n c e d b r e a t h i n g to a g r e a t e r 

e x t e n t than du r ing the i n s p i r a t o r y phase . 
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CHAPTER SEVEN 
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CHAPTER 7 

I . FINAL niSCUSSION 

The r e s u l t s d e s c r i b e d in the p r e c e d i n g s e c t i o n s were 

des igned to t e s t whe the r , when i n d i v i d u a l s u n f a m i l i a r with 

the r e b r e a t h i n g p rocedure a re s t u d i e d , t h e i r r e s p o n s e s on the 

f i r s t occas ion were more v a r i a b l e than on a subsequent 

o c c a s i o n . The s t u d i e s aimed to i d e n t i f y how t h e s e changes 

o c c u r r e d . 

F i r s t l y , on the assumption t h a t a n x i e t y would be an 

i m p o r t a n t f a c t o r , I t r i e d to a s s e s s t he mental s t a t e of the 

s u b j e c t s a t the t ime of s tudy to c o r r e l a t e with the changes 

in v a r i a b i l i t y . 

I a l s o a t t empted to a s s e s s t h e i r p e r s o n a l i t y and 

i n d i c e s of n e u r o t i c i s m by means of the Crown-Crisp 

Q u e s t i o n n a i r e in the hope t h a t t h i s might r e f l e c t s i m i l a r 

f a c t o r s . I t seems l i k e l y t h a t t h i s l a t t e r approach was 

measur ing something d i f f e r e n t from the mental s t a t e produced 

by t he s i t u a t i o n of the expe r imen ta l p rocedure and has not 

shed l i g h t on the r ea sons f o r the v a r i a b i l i t y . 

The o t h e r r e a s o n s why I might have ob t a ined such 

v a r i a b l e r e s u l t s , q u i t e a p a r t from p s y c h o l o g i c a l f a c t o r s , 

i n c l u d e : 

( i ) v a r i a t i o n s in i n s t r u m e n t s , m e a s u r e m e n t s or 

p rocedu re s ( s e e page 5 5 ) . 
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( i i ) v a r i a t i o n s anywhere a long the c o n t r o l system 

i n c l u d i n g such s i t e s a s : 

a) p e r i p h e r a l chemorecep tors 

b) c e n t r a l chemorecep to r s 

c) t r a n s m i s s i o n of the neura l impulse 

d) development of muscular f o r c e to power the movement 

of t he lung and c h e s t wall b e l l o w s , 

but t h e r e i s no reason to b e l i e v e t h a t v a r i a b i l i t y a t 

any of t h e s e s i t e s would r e s u l t in changes of the magnitude 

o b s e r v e d . 

I t was h y p o t h e s i s e d t h a t i f t h e VE/PCOg response 

r e f l e c t e d s o l e l y the chemical c o n t r o l mechanism, we would 

have a very low v a r i a n c e and any g r e a t e r v a r i a n c e would r e f l e c t 

the i n t e r f e r e n c e from e x t e r n a l f a c t o r s which were thought 

l i k e l y to be due to p sycho log i ca l f a c t o r s . By r e p e a t i n g the 

measurements I expec ted t h a t the p sycho log i ca l f a c t o r s would be 

reduced and the v a r i a n c e would be lower . To q u a n t i f y t he se 

e x t e r n a l f a c t o r s i t was p r o p o s e d t o measure ( 1 - r ) and to 

compare the r e s u l t s of t h i s a n a l y s i s on f i r s t and second 

o c c a s i o n s f o r al1 the i n d i c e s of r e s p o n s e , VE, dP/dtmax, f 

and VT. 

Although t h e r e appeared to be l e s s v a r i a n c e f o r the VE 

r e s p o n s e to COg on t h e second o c c a s i o n of the s t udy , t h i s 

was not s t a t i s t i c a l l y s i g n i f i c a n t . 
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All the r e s u l t s supported the I n i t i a l impression that 

dP/dtmax/PCOp was the most c o n s i s t e n t response with the 

l e a s t i n t e r f e r e n c e from non-chemical f a c t o r s . 

I t was expected t h a t a d i f f e r e n c e between the f i r s t and 

second occas ion would c o r r e l a t e wi th ev idence of changes in 

o v e r t a n x i e t y , but s i n c e t h e r e were no s i g n i f i c a n t 

d i f f e r e n c e s between both o c c a s i o n s of the s tudy f o r any of 

t h e i n d i c e s of r e s p o n s e , t h i s approach did not prove 

p o s s i b l e . This was d e s p i t e the obvious r e d u c t i o n in a n x i e t y 

( f rom 7 s u b j e c t s to 3 s u b j e c t s ) as judged s u b j e c t i v e l y by 

m y s e l f . This s u g g e s t s t h a t a n x i e t y did not play an 

i m p o r t a n t p a r t in t h e v a r i ab i 1 i t y of t h e r e sponses to COg 

in t h e s e s u b j e c t s , but i t i s admi t t ed t h a t the method of 

a s ses smen t was crude and o p p o r t u n i t y f o r subconsc ious b i a s 

was p o s s i b l e . 

N e v e r t h e l e s s , the magnitude of the s c a t t e r which was 

observed in some s u b j e c t s on the f i r s t occas ion was so g r e a t 

t h a t i t seems i n c o n c e i v a b l e t h a t the r e sponse r e f l e c t e d 

s o l e l y the i n f l u e n c e of chemical f a c t o r s . I t i s only 

r e a s o n a b l e to h y p o t h e s i s e t h a t in i n d i v i d u a l i n s t a n c e s , 

e x t e r n a l f a c t o r s i n c l u d i n g a n x i e t y , and u n f a m i l i a r i t y , were 

i n t e r f e r i n g with the r e s p o n s e . For example, s u b j e c t no. 4 

was so widely v a r i a b l e t h a t i t appeared t h a t he had no 

c o n t r o l mechanism - he was h y p e r v e n t i l a t i n g i n i t i a l l y and 

subsequen t va lues were a l s o v a r i a b l e ( a n a l y s i s of the group 
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with and w i t h o u t t h i s i n d i v i d u a l did not a l t e r the 

s i g n i f i c a n c e of the r e s u l t s ) . 

The hypothalamus from which o r i g i n a t e s t he sympathe t i c 

and p a r a s y m p a t h e t i c nervous systems i s known to be c l o s e l y 

a s s o c i a t e d , a t l e a s t , with the e x p r e s s i o n of emotional 

changes in the g u t , c i r c u l a t i n g sys tem, skin and in t h e 

c o n t r o l of b r e a t h i n g . The r e s p i r a t o r y a p p a r a t u s i s o f t e n 

i n f l u e n c e d by the emotional s t a t e and extreme examples of 

r e s p i r a t o r y d i s t u r b a n c e from t h i s cause are seen in the 

" h y p e r v e n t i l a t i o n syndrome". These i n f l u e n c e s are not 

e x e r t e d v ia the chemical c o n t r o l sys t ems , in f a c t they work 

i n o p p o s i t i o n to i t , o v e r r i d i n g t h e COg c o n t r o l and l e ad ing 

to hypocapn ia . 

The p r e c i s e nervous pathways invo lved in t h e s e non-

chemical i n f l u e n c e s a re unknown, but i t i s p o s s i b l e t h a t 

t he "behav iou ra l pathway" d e s c r i b e d by Plum (1970) may be 

i n v o l v e d . Plum based h i s d e s c r i p t i o n of t h i s proposed 

pathway on s t u d i e s made in p a t i e n t s with p o l i o m y e l i t i s . I t 

was noted t h a t occas iona l p a t i e n t s with b u l b o - p o l i o m y e l i t i s 

b r e a t h e d seemingly normally wh i l e awake, but hypoven t i1a ted 

or became apnoeic i f they f e l l a s l e e p . Plum and Swanson 

(1959) s u b s e q u e n t l y conf i rmed t h i s f i n d i n g and were ab le to 

t ake the o b s e r v a t i o n f u r t h e r in a young woman with p o l i o who 

b r e a t h e d q u i t e adequa t e ly when she was s p e c i f i c a l l y commanded 

to do so bu t became apnoeic whenever the commands were 
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s t o p p e d . I t seems p o s s i b l e t h a t t h i s pathway could mediate 

t he e f f e c t s of a n x i e t y upon the r e s p i r a t o r y c e n t r e . If the 

behav iou ra l pathway i s involved in my s u b j e c t s , t he p o s s i b l e 

e f f e c t s of t h i s mechanism appear to i n c l u d e not only hyper -

v e n t i l a t i o n but v a r i a t i o n s in f r equency and t i d a l volume. 

Whereas i t was a n t i c i p a t e d t h a t t h e s e s t u d i e s would 

r evea l how e x t e r n a l f a c t o r s , mainly p s y c h o l o g i c a l , i n f l u e n c e 

the v a r i o u s i n d i c e s of r e s p o n s e , i t was not a n t i c i p a t e d t h a t 

t he r e s u l t s might shed l i g h t on the way in which they a f f e c t 

d i f f e r e n t s t a g e s of an i n d i v i d u a l b r e a t h . 

The r e s p i r a t o r y c y c l e c o n s i s t s of an "ascend ing l imb" , 

i n s p i r a t i o n , and a "descending l i m b " , e x p i r a t i o n . I t can be 

c h a r a c t e r i s e d s c h e m a t i c a l l y by the t i d a l volume (VT), 

d u r a t i o n of i n s p i r a t i o n (Ti ) and d u r a t i o n of e x p i r a t i o n 

( T e ) . 

For each b r e a t h the model proposed by and von 

Eule r (1977) i s as f o l l o w s : - a pool of neurons 

g e n e r a t e , dur ing i n s p i r a t i o n , an i n c r e a s i n g a c t i v i t y under 

t he i n f l u e n c e of both p e r i p h e r a l and c e n t r a l i n p u t s , 

e s p e c i a l l y from the c h e m o r e c e p t o r s . The ou tpu t of t h e s e 

neurons i s d i r e c t e d to v a r i o u s r e s p i r a t o r y musc les . 

I n s p i r a t o r y a c t i v i t y i s t e r m i n a t e d a t the end of 

i n s p i r a t i o n by ano the r group of medul la ry ( i n s p i r a t o r y 

o f f - s w i t c h mechanism) which i n t e g r a t e s i n f o r m a t i o n from the 

vagus n e r v e s , the p o n t i l e pneumotaxic c e n t r e , chemoreceptors 
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and f o r e b r a i n s t r u c t u r e s . Once switched o f f , i n s p i r a t i o n i s 

kep t i n h i b i t e d f o r the subsequent e x p i r a t i o n with a d e l a y i n g 

power t h a t can be s t r o n g l y modulated by d i f f e r e n t r e f l e x e s . 

Thus, i t appea r s t h a t the bas i c network f o r r e s p i r a t o r y 

r h y t h m i c i t y depends on e x c i t a t i o n and i n h i b i t i o n between the 

two b a s i c neural mechanisms: the CIA ( c e n t r a l i n s p i r a t o r y 

a c t i v i t y ) g e n e r a t o r and the o f f - s w i t c h mechanism. The 

l a t t e r mechanism i n h i b i t s the former when the o f f - s w i t c h 

t h r e s h o l d i s reached by the s lowly growing a c t i v i t y of the 

CIA in combinat ion with the l i k e w i s e s lowly i n c r e a s i n g 

a c t i v i t y from the pulmonary s t r e t c h r e c e p t o r s . 

This model, developed by von Eule r (1977) , i s 

based upon s t u d i e s in the c a t in which the Her ing-Breuer 

r e f l e x i s p rominen t . Whether i t can be app l i ed to man, in 

whom the Her ing-Breuer r e f l e x i s v i r t u a l l y absen t a f t e r the 

f i r s t few days of l i f e ( C r o s s , Klaus , Tooley and Weisse , 

1960) , must remain d o u b t f u l . 

I t i s well known t h a t n e u r o l o g i c a l f a c t o r s a r i s i n g from 

the lungs or e l sewhere can i n f l u e n c e the t iming of the 

r e s p i r a t o r y c y c l e in a c o n t r o l l e d manner, and i t i s 

t h e r e f o r e not u n r e a s o n a b l e to c o n s i d e r i t c o n c e i v a b l e t h a t 

o t h e r nervous a c t i v i t y a s s o c i a t e d with a n x i e t y e t c . could 

i n f l u e n c e the r e s p i r a t o r y c y c l e in a more v a r i a b l e manner. 

Clark and von Euler (1972) have produced ev idence which 

has been i n t e r p r e t e d , q u i t e r e a s o n a b l y , by Remmers, Baker and 
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Younes (1978) as i n d i c a t i n g t h a t i n s p i r a t o r y a c t i v i t y , once 

i n i t i a t e d , d e v e l o p s in a pre-programmed way a p p r o p r i a t e t o 

t h e p a r t i c u l a r l e v e l of chemical s t i m u l u s . This i n s p i r a t o r y 

programme can be i n f l u e n c e d by i n h i b i t o r y i n f l u e n c e s a r i s i n g 

f rom t h e l ungs ( i n c a t s ) bu t i t has to b u i l d up t o a 

s u f f i c i e n t deg ree to i n h i b i t t he i n s p i r a t o r y "ramp". The 

e x p i r a t o r y phase i s a s s o c i a t e d wi th a r a p i d l y d i m i n i s h i n g 

i n s p i r a t o r y a c t i v i t y and Clark and von Eu le r showed t h a t t h i s 

can be r e a d i l y i n f l u e n c e d by pulmonary s t r e t c h r e c e p t o r 

a f f e r e n t s . Thus, t he i n s p i r a t o r y phase appea r s to be much 

l e s s r e a d i l y i n f l u e n c e d than t h e e x p i r a t o r y p h a s e . 

In the p r e s e n t s tudy we have a p o s s i b l e way of s t u d y i n g 

t h e i n f l u e n c e of non-chemical f a c t o r s upon the s t a g e s of the 

r e s p i r a t o r y c y c l e . 

I have observed t h a t of a l l t h e v a r i a b l e s w i t h i n a 

b r e a t h d P / d t max i s t he l e a s t v a r i a b l e , Ti the next and Te 

t h e most v a r i a b l e , f and VT show s i m i l a r but l a r g e l y 

r e c i p r o c a l v a r i a t i o n and pe rhaps s u r p r i s i n g l y in view of 

t h e a s s o c i a t i o n of h y p e r v e n t i l a t i o n wi th a n x i e t y , t he 

v e n t i l a t o r y r e s p o n s e t o PCOg shows l e s s v a r i a b i l i t y . 

d P / d t max i s a measurement made over the f i r s t 

( a p p r o x i m a t e l y ) 100msec of a b r e a t h (Matthews and Howel l , 

1975) and i t i s pe rhaps not s u r p r i s i n g t h a t an e x t e r n a l 

f a c t o r o p e r a t i n g f o r so s h o r t a t ime upon t h e beg inn ing of 

a pre-programmed package when v i r t u a l l y t h e whole of t h e 
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package i s s t i l l p r e s e n t and unexpended, w i l l have l i t t l e 

i n f l u e n c e upon i t . 

Changes in f r equency r e f l e c t changes in the whole of the 

b r e a t h with ample time f o r e x t e r n a l f a c t o r s to i n f l u e n c e the 

d u r a t i o n of the r e s p i r a t o r y c y c l e . If chemical v e n t i l a t o r y 

c o n t r o l i s p r e s e n t i t would not be s u r p r i s i n g i f r e c i p r o c a l 

changes in VT were p r e s e n t and t h i s i s seen in t he se r e s u l t s . 

However, the r e s p i r a t o r / c y c l e i s in two phases : a u s u a l l y 

s h o r t e r phase of p r o g r e s s i v e l y i n c r e a s i n g i n s p i r a t o r y nervous 

a c t i v i t y ( i . e . p r o g r e s s i v e l y d i m i n i s h i n g nervous a c t i v i t y 

r e t a i n e d in the pre-programmed package) and a longer 

e x p i r a t o r y phase in the i n i t i a l p a r t of which t h e r e i s 

r a p i d l y d i m i n i s h i n g i n s p i r a t o r y nervous a c t i v i t y as the 

remainder of the pre-programmed package i s expended. I t i s 

d u r i n g t h i s l a t t e r phase t h a t e x t e r n a l f a c t o r s might be 

expec ted to have the g r e a t e s t i n f l u e n c e on the r e s p i r a t o r y 

c y c l e . 

Examinat ion of t h e ( l - r ^ ) componen t of v a r i a n c e ( t h e 

r e s i d u a l v a r i a n c e ) shows some e f f e c t from the se f a c t o r s 

d u r i n g i n s p i r a t i o n , but a much more marked e f f e c t du r ing 

e x p i r a t i o n . 

Voluntary c o n t r o l of f r e q u e n c y - t h e small degree of 

v a r i a b i l i t y of the d P / d t max d u r i n g r e b r e a t h i n g i s in sharp 

c o n t r a s t to the l a r g e v a r i a b i l i t y which occurred when 

b r e a t h i n g was made to conform to the t iming s e t by a 
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metronome. During spontaneous b r e a t h i n g , each b rea th 

o r i g i n a t e s in the r e s p i r a t o r y c e n t r e and we have a l r e a d y 

argued t h a t i t appea r s to be a pre-programmed package. By 

c o n t r a s t , under the c o n d i t i o n s of having to con t ro l each 

b r e a t h to begin a t a t ime d i c t a t e d by t he metronome, i t 

seems l i k e l y t h a t the b r e a t h would be i n i t i a t e d by v o l u n t a r y 

c o n t r o l . 

The nervous pathways involved in v o l u n t a r y c o n t r o l l e d 

b r e a t h i n g a r e not well d e f i n e d , but the o b s e r v a t i o n in a 

small number of p a t i e n t s who have l o s t the a b i l i t y to 

m a i n t a i n adequa te a l v e o l a r v e n t i l a t i o n when a s l e e p (Ond ine ' s 

C u r s e ) ( S e v e r i n g h a u s and M i t c h e l l , 1962) s u g g e s t s the 

p o s s i b i 1 i t y t h a t the r e s p i r a t o r y c e n t r e i s i n a c t i v e and 

a l t e r n a t i v e pathways l e a d i n g d i r e c t l y to the s p i n a l 

motorneurons a r e involved in the v o l u n t a r y c o n t r o l ( S e a r s , 

1966) . 

I t i s a l s o p o s s i b l e t h a t under the c o n d i t i o n s of t h e s e 

e x p e r i m e n t s v o l u n t a r y c o n t r o l could be o p e r a t i n g through an 

" i n a c t i v e " or suppressed r e s p i r a t o r y c e n t r e but would not be 

u t i l i s i n g a pre-programmed package . In e i t h e r c a s e , the 

b r e a t h would be expected to be d i f f e r e n t in i t s p a t t e r n of 

n e u r o l o g i c a l a c t i v i t y . I t i s sugges ted t h a t t h i s i s the 

e x p l a n a t i o n f o r the wide v a r i a b i 1 i t y of the d p / d t max 

r e sponse in the metronome s t u d y . 
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I I . SUMMARY 

1. Aspects of c u r r e n t u n d e r s t a n d i n g of r e s p i r a t o r y c o n t r o l , 

i n c l u d i n g c h e m i c a l , n e u r o l o g i c a l and behav iou ra l f a c t o r s , and 

methods used f o r t h e i r s tudy a re r ev i ewed . 

2 . P i l o t s t u d i e s of t h e r e s p o n s e t o r e b r e a t h i n g COg of 

f o u r normal s u b j e c t s , u n f a m i l i a r wi th r e s p i r a t o r y 

measurements , showed a wide s c a t t e r of the r e sponses f o r 

v e n t i l a t i o n (VE), f r e q u e n c y ( f ) and t i d a l volume ( V t ) . The 

s c a t t e r of r e sponse to b r i e f , i s o m e t r i c i n s p i r a t o r y 

o c c l u s i o n , measured as the maximum r a t e of change of 

i n s p i r a t o r / p r e s s u r e du r ing o c c l u s i o n , d P / d t max, appeared to 

be c o n s i d e r a b l y l e s s . 

3. The s c a t t e r of t h e s e r e s p o n s e s was a t t r i b u t e d to the 

i n f l u e n c e of non-chemical f a c t o r s upon the b a s i c chemical 

c o n t r o l mechanisms, and were though t to be l a r g e l y due to 

a n x i e t y and u n f a m i l i a r i t y with the p r o c e d u r e . 

4 . The magnitude of t h e s e i n f l u e n c e s was q u a n t i f i e d by 

2 
c a l c u l a t i o n of t h e r e s i d u a l v a r i a n c e ( 1 - r ) of the 

r e l a t i o n s h i p be tween t h e measu red v a r i a b l e and COg-
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5. I t was hypo thes i sed t h a t r e p e a t i n g the measurements 

on a second occas ion would reduce the non-chemical i n f l u e n c e s 

p 
and would be q u a n t i f i a b l e by t h e r e d u c t i o n in ( 1 - r ) . 

6 . A comparison of the i n f l u e n c e of non-chemical f a c t o r s 

upon each of the d i f f e r e n t i n d i c e s of r e s p i r a t o r y response t o 

COgi VE, d P / d t max, f and Vt would a l s o be p o s s i b l e , us ing 

l i n e a r r e g r e s s i o n a n a l y s i s and c a l c u l a t i o n of ( 1 - r ^ ) . 

7. F i f t e e n normal s u b j e c t s were s t u d i e d on two d i f f e r e n t 

o c c a s i o n s and the i n i t i a l impress ion t h a t dP /d t max was the 

l e a s t i n f l u e n c e d by non-chemical f a c t o r s was c o n f i r m e d . The 

a n t i c i p a t e d r e d u c t i o n in the i n f l u e n c e of non-chemical 

f a c t o r s on the second occas ion was not observed when the 

v a l u e s of ( 1 - r ) f o r each of t h e i n d i c e s of response were 

compared. The Mann-Whitney t e s t was used to t e s t the 

s i g n i f i c a n c e of d i f f e r e n c e s . 

8 . In a n t i c i p a t i o n of f i n d i n g a d i f f e r e n c e between the 

r e s u l t s of the two s e r i e s of s t u d i e s , and in the b e l i e f t h a t 

a n x i e t y would be a s i g n i f i c a n t f a c t o r , two "psycho log ica l 

a s s e s s m e n t s " were made. F i r s t l y , a persona l s u b j e c t i v e 

a s se s smen t of a n x i e t y , based upon o b s e r v a t i o n of the 

behav iour and appearance of the s u b j e c t and, s econd ly , a 
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p e r s o n a l i t y assessment us ing the Crown-Crisp Experimental 

Index . No c o r r e l a t i o n between e i t h e r of t h e s e a s s e s s m e n t s , 

and the r e s u l t s o b t a i n e d , was o b s e r v e d . 

9 . The most v a r i a b l e r e s p o n s e s t o COg r e b r e a t h i n g , 

measured as t he r e s i d u a l v a r i a n c e ( 1 - r ^ ) , were the 

f r e q u e n c y and the t i d a l volume r e s p o n s e s . To study t he 

e f f e c t of c o n t r o l l i n g the f r equency r e s p o n s e , the measurements 

were r epea t ed in seven of the s u b j e c t s when b r e a t h i n g 

f r e q u e n c y was v o l u n t a r i l y c o n t r o l l e d to a p rede te rmined va lue 

s e t by a metronome. Three d i f f e r e n t f r e q u e n c i e s were s t u d i e d 

in each s u b j e c t . 

The most s t r i k i n g e f f e c t of c o n t r o l l i n g f r equency was 

t h a t d P / d t max response became markedly more v a r i a b l e . The 

VE/PCOg response was not s i g n i f i c a n t l y a f f e c t e d when 

f r e q u e n c y was v o l u n t a r i l y c o n t r o l l e d , 

10. When the v a r i a b i l i t y of f r equency was measured in terms 

of i n s p i r a t o r y t ime (T i ) and e x p i r a t o r y t ime (Te) du r ing 

r e b r e a t h i n g u n c o n t r o l l e d by the metronome, the v a l u e s of 

c o r r e l a t i o n c o e f f i c i e n t were s i g n i f i c a n t l y s m a l l e r f o r Te. 

11. The i n f l u e n c e of non-chemical f a c t o r s was t h e r e f o r e found 

to be l e a s t upon d P / d t max, and g r e a t e s t upon Te. 
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12. Although t h e s l o p e s of a l l i n d i c e s of r e sponse to CO^ 

were v a r i a b l e , t h e r e was no s i g n i f i c a n t d i f f e r e n c e between 

t h e r e s p o n s e s of t h e group on t h e f i r s t and second s tudy in 

t h e 15 s u b j e c t s , or when f r e q u e n c y was c o n t r o l l e d wi th t h e 

metronome. 

13. The use of t h e r e s i d u a l v a r i a n c e ( l - r ) as a measure 

of non-chemical f a c t o r s assumes a l i n e a r r e l a t i o n s h i p between 

COg and the index of r e s p o n s e b e i n g s t u d i e d . L i n e a r i t y was 

t h e r e f o r e s t u d i e d f o r each of the r e s p o n s e s us ing t h e Durbin-

Watson s t a t i s t i c . A l i n e a r i t y was d e m o n s t r a t e d in many 

r e s p o n s e s , bu t as t h i s did not c o r r e l a t e wi th magni tude of 

( 1 - r ^ ) i t i s assumed t h a t t h i s was n o t an i m p o r t a n t f a c t o r , 

i n v a l i d a t i n g the use of r e s i d u a l v a r i a n c e as a measure in 

t h i s s tudy of non-chemical f a c t o r s in most i n s t a n c e s . 

14. P o s s i b l e r e a s o n s f o r the d i f f e r e n t s u s c e p t i b i l i t y of the 

d i f f e r e n t phases of b r e a t h i n g - i n i t i a l o n s e t of i n s p i r a t i o n , 

t h e i n s p i r a t o r y phase and the e x p i r a t o r y phase - a r e 

d i s c u s s e d in te rms of a n e u r o l o g i c a l model of b r e a t h i n g . 



148 

APPENDIX ONE 



149 

I. 

Resistance of the c i r c u i t - the r e s i s t ance was measured using a 

water manometer and flow was measured using a rotameter . This 

was done when flow was both going in to the system and out . The 

r e s i s t ance found was 0.192 kPa/L a t 120 L.min of flow in both 

measurements. 

I I . 

Frequency response of t ransducer - a s inusoidal signal was applied 

to a loudspeaker to which was at tached an opt ica l wedge l i n e a r 

t ransducer . Pressure changes were sensed by the pressure 

t ransducer , the output of which, and t h a t of the opt ica l wedge, 

were recorded simultaneously on a Y-t recorder . The graph below 

(Fig. 23) shows on the abscissa values f o r log frequency ( I n f ) and 

on the ord ina te values f o r the log of the r a t i o of the t ransducer 

output over the loudspeaker de f l ec t ion (InA). The response was 

l i n e a r up to 12Hz. 
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I I I . Cal ibra t ion f o r volume 

The pneumotachograph was ca l i b r a t ed using a 1 l i t r e syringe 

which was emptied in to and f i l l e d from a f a s t recording (60mm/min) 

water spirometer , a t d i f f e r e n t flow r a t e s . Flow r a t e s were 

determined from the slope of the volume/time record and the 

percentage of e r r o r was then ca lcu la ted (see Fig. 24). 

I t can be seen from t h i s graph t h a t an e r r o r of (1-2%) 

remains cons tan t , except a t very high flow r a t e s . 
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APPENDIX TWO 
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CROWN CRISP EXPERIENTIAL INDEX 

SURNAME AGE. 

FIRST NAME(S) 

TODAY'S DATE SEX. 

Instructions 
The questions overleaf are concerned with the way you feel or act. They are all 
simple. Please f/cAf the answer that applies to you. Don't spend long on any one 

question. 

Hodder and S tough ton 
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r " 1 
I 1. Do you often feel upset for no obvious reason? Yes No 

2. Do you have an unreasonable fear of being in enclosed spaces such as shops, 

lifts, etc? Often Sometimes Never 

3. Do people ever say you are too conscientious? No Yes 

4. Are you troubled by dizzyness or shortness of breath? 
Never Often Sometimes 

5. Can you think as quickly as you used to? A/o 

6. Are your opinions easily influenced? Yes No 

7. Have you felt as though you might faint? 
Frequently Occasionally Never 

8. Do you f ind yourself worrying about getting some incurable illness? 

Never Sometimes Often.... 

9. Do you think that'cleanliness is next to godliness'? No Yes.... 

10. Do you often feel sick or have indigestion? Yes No 

11. Do you feel that life is too much effort? 
At times Often Never 

12. Have you, at any time in your life, enjoyed acting? Yes No 

13. Do you feel uneasy and restless? Frequently Sometimes Never. 

14. Do you feel more relaxed indoors? 
Definitely Sometimes Not particularly 

15. Do you find that silly or unreasonable thoughts keep recurring in your 
mind? Frequently Sometimes Never 

16. Do you sometimes feel tingling or pricking sensations in your body, arms 
or legs? /fare/y Freiyuenf// /Vei/gf 

17. Do you regret much of your past behaviour? /ea /Vo 

18. Are you normally an excessively emotional person? Yes No 

19. Do you sometimes feel really panicky? /Vo 

20. Do you feel uneasy travelling on buses or the Underground even if they 
are not crowded? Very A little Not at all 

21. Are you happiest when you are working? /Vo 

22. Has your appetite got less recently? No Yes 

23. Do you wake unusually early in the morning? Yes No 

I 24 Do you enjoy being the centre of attention? /Vo V a | 

page one 
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r n 
25. Would you say you were a worrying person? 

Very fa/r/y /Vof af a// 

26. Do you dislike going out alone? Xes A/o 

27. Are you a perfectionist? No Yes 

28. Do you feel unduly (ired and exhausted? 
Often Sometimes Never 

29. Do you experience long periods of sadness? 
0/ren 

30, Do you find that you take advantage of circumstances for your own ends? 
Never Sometimes Often 

31. Do you often feel'strung-up'inside? Yes No 

32. Do you worry unduly when relatives are late coming home? 
No Yes. 

33. Do you have to check things you do to an unnecessary extent? 
Yes No. 

34. Can you get off to sleep alright at the moment? /Vo 

35. Do you have to make a special effort to face up to a crisis or difficulty? 
Very muc/? w Somef/mef /Vof more (Aan an/one e/w 

36. Do you often spend a lot of money on clothes? /Vo 

37. Have you ever had the feeling you were going to pieces'? /Vo. 

38. Are you scared of heights? Very Fairly Not at all 

39. Does it irritate you if your normal routine is disturbed? 
Greaf/y /Vofafa// 

40. Do you often suffer from excessive sweating or fluttering of the heart? 
A/o 

41. Do you find yourself needing to cry? 
Ffefy&'enf/x So/ngf/me; /Vevgr 

42. Do you enjoy dramatic situations? Xef A/o 

43. Do you have bad dreams which upset you when you wake up? 
/Veygf Some(/me& FreQuenf/y 

44. Do you feel panicky in crowds? Somef/mes A/ei/gf 

45. Do you find yourself worrying unreasonably about things that do not really 

matter? A/eyer 

46. Has your sexual interest altered? 77?6&ameo/'gfeafef 

47. Have you lost your ability to feel sympathy for other people? 
A/o yiM 

^^8. Do you sometimes find yourself posing or pretending? Xe: A/o 

C/YEC/r r/Y/4 r XOl/ /V/) Vf 7"Wf QUfST'/OA/g 

page fwo 
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Fig. 25 - The graphs contained in th i s Appendix are the individual 

graphs for the 15 subjects studied during the COg re-

breathing, on the f i r s t and second occasion ( f i r s t occasion 

i s shown on the l e f t and second occasion i s shown on the 

r igh t ) . 

The fol lowing symbols apply to a l l graphs: 

vent i la t ion and frequency 

dP/dt max and t idal volume 
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Fig. 26 - The graphs which follow are the individual graphs 

f o r the seven sub jec t s in whom Ti and Te were 

measured, in brea th-by-brea th . 
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