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ABSTRACT 

Transcutaneous 02 monitoring (Ptc02) was studied in 16 adult 
subjects suspected of having sleep-related breathing disorders, by 
comparison with arterial 02 measurements (Pa02). At rest the mean 
difference ( f S D )  between Pa02 and Ptc02 was 3.6 (f1.5) kPa. During 
progressive hypoxia 74 simultaneous measurements showed a mean 
decrease in Ptc02 from the beginning to the end of the hypoxic tests 
of 6.6 (f 1.4) kPa for Ptc02 and 7.1 (k 1.5) kPa for Pa02. The 
decrease in Ptc02 was slower than that in Pa02 during the first 
minute (p<O.OOl), but for the whole hypoxic period there was no 
difference in the rate of decrease between the two methods. 
Continuous Ptc02 monitoring has been found useful in detecting 
respiratory abnormalities during sleep. 

INTRODUCTION 

Non-invasive measurements of estimating arterial oxygen tension 
(Pa02) have been widely used in neonatal medicine for more than 10 
years, but only sparsely in adults (1,3). In studies of sleep- 
related breathing disorders, monitoring of blood gas changes is of 
essential importance. AS pointed out in newly published guidelines 
for cardiopulmonary sleep studies, measurements of transcutaneous 
oxygen tension (Ptc02) have rarely been used in sleep laboratories 
for adults and little data are available concerning this technique 
during sleep (6) . 

and Pa02 measurements both at rest and under progressive hypoxia, 
and secondly to analyse tracings from Ptc02 monitoring made during 
sleep. 

The present study had two principal aims; firstly to compare Ptc02 
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MATERIAL and METHODS 

Patients: The s tudy  comprised t h e  same 1 6  consecut ive  p a t i e n t s  
whose c h a r a c t e r i s t i c s  a r e  p re sen ted  i n  Table  1 i n  t h e  preceding  
a r t ic le  on Sa02 i n  t h i s  i s s u e .  

i ndwe l l ing  cannula  i n  t h e  radial  a r t e r y  i n  t h e  same way as desc r ibed  
i n  t h e  p rev ious  paper .  Ptc02 w a s  measured wi th  an e l e c t r o d e  system, 
E 5230/TCM 20 (Radiometer, Copenhagen, Denmark) a f t e r  c a l i b r a t i o n  
accord ing  t o  t h e  manufac turer ' s  i n s t r u c t i o n s .  The e l e c t r o d e  w a s  
a t t a c h e d  wi th  a p l a s t i c  mounting r i n g  t o  t h e  s k i n  of  t h e  upper an t -  
e r i o r  p a r t  o f  t h e  tho rax ,  i n  t h e  midsubclavian reg ion ,  a f t e r  shaving 
and c l e a n i n g  wi th  a l c o h o l .  To produce hyperaemia of  t h e  under ly ing  

sk in ,  t h e  e l e c t r o d e  w a s  hea t ed  t o  a tempera ture  of t 44  OC.  

The hypoxic v e n t i l a t o r y  tes t  was performed by a method similar t o  
t h a t  desc r ibed  by Rebuck and Campbell ( 7 ) .  B r i e f l y ,  t h e  p a t i e n t s  
r eb rea thed  8 l i t r e s  of  room a i r  from a Berns t e in  sp i rome te r .  During 
t h e  r e b r e a t h i n g  procedure t h e  concen t r a t ion  o f  t h e  i n s p i r e d  oxygen 
f e l l  as a consequence of oxygen consumption. 

hypoxic t es t  began, and a sample w a s  t h e n  t aken  every  minute dur ing  
and one, 2 .5  and 5 minutes  a f t e r  t h e  t e s t .  When approximately 50% of 
t h e  a r te r ia l  sample had been c o l l e c t e d ,  a mark was made on t h e  P t c 0 2  
r eco rde r  (Radiometer TCM 200 r e c o r d e r ) .  A l l  a r te r ia l  sampling and 
Pt-02 markings w e r e  done by t h e  same person .  

s imultaneous r eco rd ings  of s l eep ,  r e s p i r a t o r y  e f f o r t  and a i r  flow 
( 6 ) .  P t c 0 2  w a s  a l s o  recorded  s imul taneous ly  i n  t h e  same way as 
desc r ibed  above, bu t  on ly  f o r  4 hours  a t  a t i m e  because of  e l e c t r o d e  
h e a t i n g .  

Procedure: A r t e r i a l  b lood samples were drawn through an 

An a r te r ia l  blood sample w a s  t aken  a t  rest j u s t  b e f o r e  t h e  

A l l  p a t i e n t s  underwent whole-night polysomnographic s t u d i e s  wi th  

RESULTS 

A t o t a l  of 1 6  p a i r s  of s imultaneous Pa02 and Ptc02 readings  were 
ob ta ined  a t  rest. Under t h i s  cond i t ion  t h e  mean Pa02 (f S.D.) was 
1 1 . 6  ( 2 1 . 4 )  kPa and t h e  mean Ptc02 8 . 0  (f 1 . 7 )  kPa. The mean 
d i f f e r e n c e  between P t c 0 2  and Pa02 w a s  3 .6  (f 1 .5 )  kPa. 

ments o f  Ptc02 and Pa02 w e r e  made and a f t e r  t h e  tes t  ano the r  4 0  were 
performed. The i r  r e l a t i o n s  i s  shown i n  F i g .  1. 

During p rogres s ive  hypoxia a l t o g e t h e r  74 s imultaneous measure- 
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Fig .  1. 
l e f t :  Re la t ion  between Pa02 and r i g h t :  Mean and S . D .  o f  Pa02 
Ptc02 f o r  each of t h e  16  p a t i e n t s  ( t r i a n g l e s ) +  Ptc02 (c i rc les )  
b e f o r e  du r ing  p rogres s ive  hypoxia.  ( A ) ,  dur ing  (B) and a f t e r  

(C) p r o g r e s s i v e  hypoxia.  

The mean decrease i n  Ptc02 from t h e  beginning  t o  t h e  end o f  t h e  

hypoxic t es t s  w a s  6 . 6  (+ 1 . 4 )  kPa and t h a t  i n  Pa02 w a s  7 . 1  (f 1 . 5 )  
kPa f o r  Pa02 (F ig .  l b ) .  S t a t i s t i c a l  ana lyses  o f  t h e  d i f f e r e n c e s  

between t h e  dec reases  by a p a i r e d  t t e s t  r evea led  t h a t  t h e  decrease  
i n  Ptc02 w a s  s lower t h a n  t h a t  i n  Pa02 from t h e  s ta r t  t o  one minute 
( p < O . O O l ) ,  b u t  t h a t  f o r  t h e  whole hypoxic p e r i o d  t h e r e  w a s  no 
d i f f e r e n c e  i n  t h e  rate of  dec rease  between t h e  two methods. There 
w a s  a de l ay  i n  t h e  i n c r e a s e  of  Ptc02 one minute  a f t e r  t h e  tes t ,  bu t  
a f t e r  2 . 5  and 5 minutes  no sys t ema t i c  d i f f e r e n c e s  from p r e - t e s t  
v a l u e s  were found. 

Ptc02 moni tor ing  du r ing  s l e e p  showed t h a t  i n  s u b j e c t s  wi thout  

r e s p i r a t o r y  abnorma l i t i e s  t h e  Ptc02 t r a c i n g s  w e r e  "stable" except  
t h a t  when t h e  s u b j e c t s  changed t h e i r  body p o s i t i o n  t h e r e  was a slow 
i n c r e a s e  o r  dec rease  i n  Ptc02. I n  p a t i e n t s  w i th  b r e a t h i n g  abnormal- 
i t i e s  dur ing  sleep t h e  Ptc02 t r a c i n g s  r evea led  s p e c i f i c  p a t t e r n s ,  
depending on t h e  number and l e n g t h  of  r e s p i r a t o r y  even t s .  This  i s  
b e s t  i l l u s t r a t e d  by t h e  case h i s t o r i e s  p re sen ted  i n  F ig .  2 .  
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Fig. 2. Tracings from continuous Ptc02 (and FtcC02) measurements 
in the following patients: (a) A 35-year-old man with 88 short 
(about 19 s )  apnoeic episodes and a decrease in Ptc02 by 1-2 kPa. 
(b) A 50-year-old man with 435 long (about 36 s) apnoeic episodes 
and repeated decreases in Ptc02 by 3-6 kPa. 
apnoea syndrome who had twice as long apnoeas during REM sleep 
(marked by A)  than during non-REM sleep and simultaneously showed a 
profound repeated decrease in Ptc02. (d) A woman with REM-sleep- 
related hypoventilation and a simultaneous long-lasting decrease in 

(c) A man with the sleep 

Pt $2 * 
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DISCUSSION 

I t  i s  impor tan t  t o  realise t h a t  t h e  measured Ptc02 r e f l e c t s  a 
ba lance  between oxygen consumption by t h e  s k i n  i t s e l f  and t h e  i n -  
c r e a s e  i n  PO2 due t o  t h e  tempera ture  e f f e c t  ( 2 ,  3 ) .  Ptc02 i s  a l s o  
s e n s i t i v e  t o  changes i n  blood p r e s s u r e  and flow, as c a p i l l a r y  blood 
flow r e p r e s e n t s  approximately 80% of t h e  t o t a l  f low and i s  a major 
de te rminant  of Ptc02 ( 2 ) .  

Cont rary  t o  f i n d i n g s  i n  neonates ,  ou r  r e s u l t s  a t  rest show t h a t  
t h e  mean d i f f e r e n c e  and S.D. between Pa02 and Ptc02 are f a r  t o o  
g r e a t  t o  a l low any conclus ion  t o  be  drawn about  t h e  a c t u a l  Pa02 from 
a s h o r t  Ptc02 moni tor ing .  But du r ing  p rogres s ive  hypoxia Ptc02 
fo l lows  Pa02 ve ry  w e l l ,  a s  shown i n  F ig .  1, and r e f l e c t s  t h e  a c t u a l  
changes i n  Pa02 adequate ly .  
Ptc02 by, f o r  example, 3 kPa, t h i s  change can be cons ide red  t o  
r e f l e c t  a corresponding change i n  Pa02 as long  as o t h e r  p o t e n t i a l l y  
e f f e c t i v e  f a c t o r s  ( 2 )  are una l t e red .  The only  case i n  which Ptc02 
f a i l e d  t o  i n d i c a t e  changes i n  Pa02 c o r r e c t l y  w a s  i n  a s u b j e c t  wi th  a 
very  low i n i t i a l  Ptc02 va lue  a t  rest and i n  whom Ptc02 had t h e r e f o r e  
reached zero  whi le  Pa02 w a s  s t i l l  f a l l i n g .  (F ig .  1 ) .  

Simultaneous measurements of  Ptc02 and Pa02 du r ing  r e s p i r a t o r y  
d i s t u r b a n c e s  a t  sleep w e r e  t e c h n i c a l l y  imposs ib le  t o  perform i n  our  
s tudy  because of t h e  r a p i d i t y  of  t h e  Pa02 changes (F ig .  2 ) .  For such 
a s tudy  an i n t r a - a r t e r i a l  0 2  e l e c t r o d e  i s  needed. By cons ide r ing  t h e  
f a c t o r s  t h a t  a r e  known t o  i n f l u e n c e  t h e  r e l a t i o n s h i p  between Pa02 
and Ptc02 (2)  t o g e t h e r  w i th  our  f i n d i n g s  du r ing  p r o g r e s s i v e  hypoxia, 
it may be assumed t h a t  Ptc02 r e f l e c t s  Pa02 a c c u r a t e l y  a t  l e a s t  
du r ing  s h o r t e r  r e s p i r a t o r y  apnoeas.  With longe r  and repeated 
apnoeas,  changes both  i n  c a r d i a c  ou tpu t  ( 2 )  and i n  parasympathe t ic  
and sympathe t ic  tone. ( 6 )  might t h e o r e t i c a l l y  i n f l u e n c e  t h e  f i n a l  
Ptc02. This  i n f l u e n c e  i s  probably s l i g h t  and ou r  examples of Ptc02 
r eco rd ing  du r ing  s l e e p  (F ig .  2 )  c l e a r l y  demonstrate  t h a t  t h i s  t ype  
of moni tor ing  i s  u s e f u l  f o r  cont inuous s u r v e i l l a n c e  of  PO2 i n  cases  
where r epea ted  a r te r ia l  samples would o the rwise  be needed. This  i s  
i n  accordance wi th  a r e c e n t  r e p o r t  t h a t  Ptc02 moni tor ing  c o r r e c t l y  
d e t e c t e d  a l l  i n s t a n c e s  where Pa02 w a s  below 8 . 7  kPa among a d u l t s  
du r ing  f i b r e o p t i c  bronchoscopy ( 4 ) .  I f  w e  compare t h e  c l i n i c a l  
u s e f u l n e s s  of  Ptc02 moni tor ing  du r ing  sleep wi th  cont inuous  oximetry 
(S02) as desc r ibed  i n  t h e  preceding  paper ,  bo th  methods are found t o  
r e f l e c t  changes i n  blood gases  wi th  s u f f i c i e n t  accuracy .  On t h e  
basis of  t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  o f  t h e  two methods and t h e  
s l o p e  of  t h e  oxyhemoglobin d i s s o c i a t i o n  curve,  Ptc02 would seem t o  
be more s e n s i t i v e  t o  sma l l e r  changes,  bu t  i t s  g r e a t e s t  d i sadvantage  
i n  s l e e p  s t u d i e s  i s  t h e  l i m i t a t i o n  of  r eco rd ing  t i m e  due t o  
e l e c t r o d e  h e a t i n g  . 

Therefore ,  i f  t h e r e  i s  a dec rease  i n  
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