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ARSTRACT 
We have studied the effects of positi\re expiratory pressurc (PEP). continuous positive airway 
pressure (CPAPj and hyperventilation on 9 hypoxemic and hypercapnic chronic obstructive 
pulmonary disease (COPD) patients. All the patients were in a stable condition and received 
continuous oxygen. PEP and nasal CPAP were each given for 3 days i n  random order once every 
hour during the day and 3 times overnight. The effects of treatment were compared with a 3-day 
period in which the patients had no treatment for C 0 2  elimination. The effects were based on 
transcutaneous measurements of PO2 (Rc0,i. PCO, ( PtcC02) and SO2 (SpOz) and arterial blood 
gas measurements. The lrariseutaneous rneasiirements showed that the PEP treatment reduced the 
PtcCO,, in COPD patients by 0.S kPa and the CPAP treatment reduced i t  by 0. I kPa (p<0.05). The 
hyperventilation maneuver caused a decrease in the RcC02 of 0.7 kPa. The nocturnal treatments 
and measurements were all siinilar to the daytime measurements; the PtcCO? decreased by 0.4 kPa 
using PEP mid by 0.3 kPa using C'PAP (p<0.01). 'This indicated that all 3 methods reduced the 
PtcCO,. but only i n  the short term as the effects iasted for less than 4 min. COPD patients had no 
"late response" after any form of treatment. Arterial blood gases in COPD patients showed an 
elevation i n  PaC02 ( L.2 kPa) and a decrease i n  Pa02 and Sa02 during the night ( 1  1 prn to 7 am) 
without treatment. After 3 days of trcatrnent with PEP and CPAP, the same pattern was noticed. 
The PaC02 increased with both therapies, 1.3 kPa with PEP and 0.6 kPa with CPAP. Our data 
indicate that the effects were not of clinical significance and therc is nojustifica!ion for treating 
stable hypercapnic COPD patients with these methods. 

INTRODUCTION 
Patients with far-advanced chronic obstiuc!ive pulmonary disease (COPD) often become unable to 
maintain ventilation which is sufficient to prevent hypoxia and hypercapnia. Longterm oxygen 
treatment (1~1'~)'I ' ')  is often an cffective treatment for these patients. but in some cases oxygen 
supplementation induces a further increase i n  artcrial oxygen tension (PaC02). This may prevent 
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the administration of oxygen in amounts sufficient to maintain an adequate level of oxygenation. To 
overcome this problem i t  is desirable to find methods preventing the CO: tension to increase e.g. hy 
increasing the CO? elimination. (Jne of the aims of chest physiotherapy (CFT) is to improve 
ventilation and gas exchange. Several studies have shown that pursed-lips breathing (PLB) can 
reduce PCO, (9.2 1,29,30). We have previously evaluated two physiotherapy mcthods. thoracic 
compressions (TC) and positive expiratory pressure (PEP). and found that they reduce PCO, 17). 
These were short-term studies atrd showing a decrease in PC02 only during the maneuvers. 
Another treatment rncthod, continuous positive airway pressure ((:PAP), is known to increase 
Pa02 and Sa02 ( 1  1.25) but it is not known whether i t  influences hypercapnia. Nor is i t  known if 
CPAP increases the work of breathing resolting i n  greater hyprrcapnia (2.5). 

The present report investigates the clinical effectiveness i n  hypercapnic COPD patients of two f o r m  
of CIT given for 3 days. Positive expiratory pressure and nasal continuous positive airway 
pressure were evaluated with respect to their effectiveness in lowering the Kc), i n  the tono tern,. 

Methods increasing the. intrabronchial pressure. such as pursed lips breathing, have been shown to 
increase the tidal volume (22 ) ,  the ftmciional residiial capacity ( F R O .  the PO: (6) and in a few 
cases to decrease the K O ? .  On the other hand there is one study obsen,irrg an increased PCO2 in 
connection with CPAP treatment (,3). The respiratory drive is known to be downreguiated by 
increased levels of K O 2  (14). Decreasing this value might result in an increased sensitivity in the 
respiratory center. The effects of methods increasing the intrabronchiai pressure have only been 
observed in short term. Our aini was to investigate if. repeated applications of these methods had 
any long lasting effects on patients with advanced COPD. 

- 

PATIENTS AND METHODS 
Study design. All the patients were admitted to the inpatient ward of the Department of I m g  
Medicine for 10 days. The study was divided into 3 periods, each of 3 days ( Fig 1 ). 

Days 

fi Transcutaneous messurements of PlcO:. PlcCOi and SpOz dunng P I P  
CPAP arid hyperveniilation maneuvers at dayiime. Anerial blood gases mkcn at r s i  

Tranrcutaneour nieasurements during daytime Irealmeni. Ancnal blood gases at mst M o r e  4 trCatmcnl sessions Treatments were pcrfomed once every hour from 8 am tu 10 pm 

Night-time transcutaneous mcawcnients of PtcOz. RcCoi and SpOi. 
Anenal blood gases a[ 1 I pm and 7 a m  Treeaimenis at I2  pm. 3 am and 6 am 

Fig 1: Study design 
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During the First 3 days the patients had no specific treatment for hypercapnia. They were receiviiig 
conljnuous oxygen and tbc same flow-rate was majnrained tlirotighout thc study and they were 
allowed to sleep undisturbed during the night. After 3 days, the patients were randomized into two 
groups. Six patients started with PEP treatment for 3 days and then changed to CPAP treatment for 
another 3 days. Three patients started with CPAP and changed after 3 days to PEP. In PEP 
treatment, the positive pressure is applicd only during the expiration phase f 19). The patients 
expired smoothly through a plastic tube, the end of which was placed in a bottle containing 10 cin 
of w'ater. Expirations were repeated without force 30 times at a comfortable rate 117). This 
maneuver lasted for 5 to 10 min. 

-r. 
I lit: CPAT sy'aielii qjplizs positive pressiii" LO ~pcjnkiricor;~::; hrerthing pzticn::, Swing both 
inspiration and expiration ( 19). I n  this study the CPAP treatment was administered through a Sleep 
Easy I J  System airflow generator and a tight-fitting nose-mask (Kespironics, Monroeville, PA) 
(26). A cotistant pressure of 7.5 cni H2O was used for all patients. The C'PAP treatment was given 
for 10 min each time and the oxygen supply was changed from nasal prongs to the nose-mask. The 
flow rate was unchanged. The PEP and CPAP treatments were administered once every hour 
during the daytime (from 8 am to 10 pm), and 3 times overnight ( 12 pin. 3 am, 6 am). The diiration 
and frequency of the treatments were chosen from our preliminary experience with the aim to give 
as much treatment as possible without interfering unacceptably with the sleep and daily life of the 
patients. Hyperventilation was performed for 2 inin, taking 20 maximal breaths per min. A 
metronome was used and the maneuver was carried out  on the third day of the first period. The 
patients were treated in a sittinglhalf-sitting position. Every !reatment session was supervised. 
Instructions and practice with PEP and CPAP equipment and hyperventilation were given before 
the study. 

Suh/ec tc. Ten patients a e r e  studied: one patient uas  excluded owing to an exacerbation of her 
diceare dunng the first treatment period. The remainiiig 9 patients, 4 nien and 5 women. !icid a 
mean age ot 69 years (range 60-81 years) (Table 1). 
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All the patients suffered from severe <'OPD with respirarory insufficiency and had LTOT at home. 
The forced expiratory volitnie in I s (FEV was less than 32% of thc predicted value. Patients 
were treated with low-tlow oxygen by nasal prongs (0.5 to 2.5 l/minr for hypoxia. Arterial blood 
gases when breathing oxygen showed hypoxemia with mean Pa02 values of 8.6 kW and 
hypercapnia with PaC'02 values of8.6 kPa. All patients had normal pH. At the time of the study all 
the patients were in  a stable condition with respect to their disease. No changes in medication were 
made during the study. Variables reflecting the patients' pii1i;ronary function are listed i n  Table 1 .  
All patients gave their informed consent. The study protocol wa.s approved by the Ethics Committee 
of the Medical Faculty of 1JppsaIa University. 

l\4~u.~itriw~entr. Transcutaneous partial pressures of oxygen (PtcO?) and C 1 0 2  (Ptc(l02) were 
measured and recorded o n  a paper recorder (speed 2 cmlniin) using the Systcm E 5230 
(Radiometer. Copenhagen) as described previously ( 17.20.:13). The transcutaneous O2 saturation 
(SpO:) was measured rising a Biox 3 7 0  (Ohmeda, Colorado) or Radiomierer Oxy (Copenhagen) 
pulse oximeier (32) and was recorded on a paper recorder (speed 5 crnirriin). The probe was 
attached to the patient's finger. Arterial blood gases. Pi),, - arid PCOl were analyzed with a blood gas 
analyzer ARL. 300 (Radiometer, Copenhagen) and SO, was analyzed with an OSM 3 analyzer 
(Radiometer. Copenhagen). Saniples were taken in the radial or femoral artery. The body position 
was determined individually, either sitting or supine. but was the same on all occasions during the 
study. During the third day of the first period (Lvithout specific treatment) patients were 
continuously recorded traiiscutarieously during repeated PEP and CF'AP and during one 
hyperventilation maneuver. The PtcO~, PtcCO, and Spal were also recorded during the last day  of 
PEP and CI'AP treatments. Repeated treatments were performed during monitoring. Arterial blood 
gases were measured at rest, before the treatment sessions. An overnight monitoring ( 8  hours) was 
made during the last nigh( of each 3-day period. Treatments \\ere carried out as described. Arterial 
blood gas levels ivere measured at the beginning and at the end of each recording night i I I pm anti 
7 am) ( F i g  I j. 

Ant ihe \  of frcim: ,,tuneour /iie'u\iirf'I1iPnt\. The start and end of each Inanein cr and treatment fiere 
careFullq noted on the ctrip charts during the recordings. 'I he PtcCO?. PtcOI and SpO? tracings 
were anal! zed with an Apple digituer. The variables which were calculated are shown in Fig. 2. 

- .- i i i i ; i i , , ; , 
2 mm l l m C  
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Initid responw (a): the greatest decrease in PtcClO, (kl'a) and greatest increase in RcO, (kPa) and 
SpO? (96) measured during treatment. Drirution (lfc,hun,g:L. (b): the Lime in rnin that the decrease 
iPtcC02) and increase (PtcC&.SpO,) lasted after treatment before reaching the basclinr value. 
Rernilinin,q r f k t  ( c )  after treatment was nieasured as the area under the curve ( n d )  between the 
end of the treatment and the return to baselinr.1'he variables were analyLed separately for each 
patient and treatment occasion. The additional variables which uere  calciilated, when appearing. 
were the clitrution ofthe lare r e v p t u e  (d)  after treatment and the unru .size oj the lutr re.5poti.w ( e ) .  

Stari.cticul irwrhods. Data were presented as  mean f SI> or range. S(udent's tbtest was used for 
paired data for differences between treatment methods and treatment sessions. Differences were 
i\iii5i I: srcd ..: .: r: - -+ :c L - atgi,lllca,ll ,, t,,< va!w LGS i 0.05. 

RESULTS 
Both therapies were generally tolerated well. One patient developed a unilateral. purulent 
conjunctii itis, a possible complication of the nasal CPAP treatment (27). 

0 0  0 0  

- 0 5  0 5  

1 0  - 1 0  

- 1 5  1 5  

p cpAp 
A kPa 

Fig 3: Initial response to treatment (mean - SDj in PtcCO, in 
COPD patients a) during the day and b) at night. 

In COPD patients it  was possible temporarily to lower the PtcCO? by treatment with PEP. CPAP or 
hyperventilation. 7'he mean initial response was largest with hyperventilation (0.7 kPa, range 0.2- 
2.2) followed by PEP (,0.5 kPa, 0.3-i.5) and CPAP (0.1 kPa, 0-0.4) (Fig .?a). The response to 
CPAP was significantly lower (p< 0.05) than the response to the other two treatments. There was 
n o  significant difference between PEP and hyperventilation. 

The duration oC the PtcC02 decrease (Fig 4) displayed basically the same pattern, as  did the 
"remaining effect" ( PEP 77 mm?, hjpenentilation 68 nim2 and CPAP 13 mm2). l 'he CPAP 
treatment significantly (pd.01) differed from the effect of the other treatments. 'The initial response 
and the duration of PtcO? (Fig 5)  and SpO, bolh increased N hen the patients were treated. but there 
was no difference between the 3 tjpes of treatment. 

227 



Pig 4. Diiiation 01 Lhngc (rncantSD) in Ptd'O? atrcr Fig 5. Duration ( I /  changr (nican+SD) in PlcO, 
irculmcnL in COPD patient\. al tci ticiltmcnt i n  COPtl paticnt, 

Thc recordings during the night-time treatments with PEP and (YAP were analyzed separately. 
PEP produced a higher initial response in PtcCO? than CPAP during the day (p<O.OS) as wcll as 
during the night (p<O.OI ). 'There was no significant differcnce between the initial response for 
either treatment between day and night (Fig 3 ) .  N o  "late response" was seen in any form of 
treatment. 

E/jecrc c f l  rrectrment period\. The overnight changes in reding arterial blood gases (AHG) are 
shown in Table 2. 

When nieastirenients were made on the third day without specific treatment for hypercapnia, the 
mean I'aCOz value was 8.6 (k1.4) kPa at I 1  pm and 9.8 (&1.7) at 7 am the next morning 
(p<O.OOI).  The PaO, and S a 0 2  were significantly (p-d.01) lower i n  the morning than in the 
evening. After 3 days of treatmcnt with PEP, the mean morning value of PaCC): was significantly 
higher. 10.4 (t l .9) kPa. than without treatment. The morning value obtained after CPAI'treatmerit 
was about the same (9.7 k l . 6  kPa) as that seen without treatment. The overnight increase in PaC'O? 
was significant for the fW' treatment but not for the CPAP treatment at night (Table 2). The only 
significant overnight difference i n  the oxygenation parameters n'as the decrease in SaO, during the 
CPAP trentment.There was no statistically significant difference betw-een the overnight changes in 
blood gases during any of the treatment periods in coniparisori with the period without treatment. 
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DISCUSSION 
COP11 is a disabling condition and few effective treatments are available. Continuous oxygen 
therapy is essential i n  the treatment of respiratory failure. but in hypercapnic patients a balance 
should be obtained between the correction of h) poxia and a dangerous increase i n  f’a(:02. Several 
methods for reducing hypercapnia have been investigated for their short--term effects. Pursed-lips 
breathing (PLH) is comnionly used in an attempt to improve ventilatory pattern and gas exchange. 
Mueller and associates found that PLH increased tidal volume and decreased PailO, in patients with 
COIsL3 (22.29). Other studies have noted an improvement in vital capacity and arterial oxygen 
saturation (6.21.30). Still others have noted none of these benefits ( 1 ) .  In a longtemi study (6 
months) Christenscn el a1 found no change i n  Par02  in ( X P D  patients using PEP niask ( 10). 
Fiowever, the study was conducted to increase mucus secretion and not to eliminate CX32. 
‘Therefore, the PEP treatment. which was used only for 45 min a day could not suffice a longterm 
change i n  PCO2. 

In  lie present study we used the PEP and CPAP methods in order to decrease CO? tension. PEP 
has been descrihed in the literature as improving the distribution of ventilation hy re-expanding 
collapsed lung tissue, presumably by collateral reinflation, and thereby increasing l‘unctional 
residual capacity (FRC) (2j. Garrard and Stock also found that both PEP and CPAP increased FRC 
in healthy subjects and i n  diseases combined with reduced lung volume (153 ) .  In a previous 
short-term study. we found that PEP reduced C02 accumulation (171, presumably by increasing the 
minute ventilation. Fluctuations of arterial blood gases in day-to-day values and values during the 
night h a w  been studied. ( h i i g e s  in normal subjects during sleep have been demonstrated hy 
dcsaturation (5) and elevation in fO, (7) .  The cyclic rise i n  PCO2 is supposed to be caused by a 
change in the responsiveness of the respiratory center and decreased ventilation (4). Several studies 
have shown that these flucttiatioiis also occiir in r n a q  COPD patients. Fletcher et a1 showed that 
significant oxygen desaturation was seen i n  27% of cases during sleep despite adequate daytime 
oxygenation ( 13j. Some of these patients demonstrated nocturnal desaturation despite the use of 

long-term oxygen therapy (8). The same rcsults have been reported by other authors (12.31 ). 
Heerel et al reported a significant elevation in CO, tension between the evening and the rnorning 
hours i i i  patients with emphysema (4). 

When using noninvasive nionitoring the question of measurement accuracy and delay i n  
transcutaneous nieasiirements arises. The precision of transcutaneous apparatuses has been 
evaluated and accepted as having sufficient accuracy in several studies (9.16), In our study all the 
patients decreased thcir PtcC02 with hyperventilation and PEP. Only 5 patients decreased i t  using 
CPAP. The difference between PEP and CPAP was significant, but not between PEP and 
hyperventilation. On the other hand, more patienrs incrcased their PtcO? and SpOl using CPAP 
lhan using PEP. Siu patients experienced a decline in PtcO? and SpO? using hyperventiiation.The 
nocturnal treatments and measurements showed that PEP decreased the PtcCO? somewhat more 
than CPAP. The effects were all similar to the daytime measurements and there was no difference 
between the effects of night-time and day-time treatment. The SpO? increased more with CPAP. 
This indicated thal all 3 methods decreased CO, but only in the short term as the effect lasted for 
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less than 4 min. The fact that SpO, increased more with <:PAP may be partly due to 311 increase in 
inspired oxygen concentration. uhen  oxygen was changed from nasai prongs to the CPAP mask. 
We have observed (unpublished) that ~ ~ h c i ~  normal subjects were hyperventilating or using PEP 
they had a "late reaction" with a period ot' a decrease in PtcO? and SpO-. None of the COPD 
patients had any "late reaction". This reaction in normal siibjecIs was tentatively due to a reduction 
i n  the respiratory drive as a result of the induced decrease i n  C02 tension. The mechanism was 
obviously not present i n  oiir patients who had a habitual increase in ('02 tension. 

i n  ciur study. arterial blood gases taken after 3 days without treatnient showed an elevation in  
PaCO: during the night i 1 I pin to 7 anij. A concomitant decline i n  PaO, and SaOl uas also seen. 
3 c q j i t e  3 diiys af i ~ ~ ~ t ~ i t ~ ~  ~ i t h  PEP a; CPAF), tE: sctxe patterr, c':~E. 5ee:i. The PaC'02 s?n::ed ZI 

ele\.ation during the nigh! with both therapies. although the dilference was smaller than without 
treatment. In CPAP. the difference Ivas not significant. The present study showcd that PEP and 
CPAP both decreased PCO: in stable COPD patients. but this effect lasted only for a few miniites. 
An intensive treatment period over 3 days did not produce any clinically-important improvement in 
arterial b!ood gases during the day or night. In our opinion there is no justification for lreating 
stable COPD patients with chronic hypercapnia with these methods.l'he results relate to patients in  a 
stable condition and i t  remains iunctear which effect COPD patients during an acute exacerbation 
would experience using these treatments. 

RKFERENCES 
Abboud K T .  Beidas-Jubran N. Feisal KA & Fuleihan FJD: The effect of added expiratory 
chstructionon gas exchange in chronic airways obstruction. Hnt J Dis Chest lW:62:36- 
Andersen: Recruiting collapsed litrig through collateral channels with cnd expiratory 
pressure. Scand .I Kespir 1 3 s  197,78:60:2M-66 
Barai G 61 Asucro MS: Positive end-expirator) pressure:Effect on arterial oxygenation 
during respirarory failure in chronic obstruclive airway disease. Anaesthesia 197.530: 18.1- 
1 89 
Beerel I-% PL Vance JW: Daily PC'W and pH fluctuations in pulmonary emphqzerna with 
carbon dioxide retention. Am Kev Kespir Di:; 1%55;895-99 
H l ~ c l i  AJ, Hoysen PG. Wynne JW &z Hunt I A :  Sirep apnea, hypopnea and  oxygen 
desaturatiorr i n  nonnal subjects. N Eingl J Med 1979:300:513-17 
Rresiin E H: 'Thc pattern of respiratory muscle recruitment during pursed-lip breathing. 
Chest 1992: 10!:75-78 
Brichfield RI. Sieker P I 0  & Heyinan A: Alterations in respiratory function during natiiral 
sleep. J Lab CIin bled I959:M:2 16- 
Carroll N, Walshaw MJ. Evans CC & Hind CKK: Nocturnal oxygen desaturation in 
patients using long term oxygen therapy for chronic airflow limitation. Respiratory 
Medicine 1 W ; W  1%-201 
C ~ ~ ~ ~ > I I I ~ I I  KK, Liu FLW, Watson KM & Rebuck AS: Range of accuracy of two 
Wavelength oximetry. Chest I986;89.540-42 

230 



10 

11 

12 

13 

14 

I' 

I h 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Christensen FIR. Simonsen K ,  Lange P, Clcrnentseri P. Kampmann JP, Viskum K,  
Heideby J & Kocti I:: PEP-masks  i n  patients with severe obstructive pulmonary disease: 
a negative report. Eur Respir J lc99O;3:267-272 
Covelli HI), Weled BJ & Heeknian JF:. Efficacy of continuous airway pressure 
administered bq face mask. Chest 1'-)82:81: 147-50 
De Marco FJ, Wynne JW. Block AJ,Boysen PG 8r Taasan VC: Oxygen desaturation 
during sleep as 3 determinant of the "Blue and Bloakd"syndrome. Chest 1981 ;796"1-25 
Fletcher E C  Miller J. Divine GW, Metcher JG 22 Miller T: Nocturnal oxyhemctgiobin 
desaturation in COPD patients with arterial oxygen tension above 60 nim Hg. C'hest 
1987;92:6O.c08 
Fulmer JD 8: Snider GL,: A('CP-NHL,HI National Conference 011 Oxygen Therapy. Chest 
1 %4:%:234-247 
Garrard: The effects of' positive airways presstire in  functional residual capacity in normal 
subjects. Crit Care bled 1978;6:320-22 
Gislason T. Sandhagen B & Roman G: Transciitaiieous C'OZ monitoring in adults with 
sleep-related breathing disorders. llpsala J Med Sci 1989:94171--81 
Herala M Sr Gislason 7': Chest physiotherapy: Evaluation by transcutaneous blood gas 
imonitoring. Chest 19E%;6:~Cu#1-02 
Kettler D & tlcnze G: Clinical suitability and accuracy of a new combined system far the 

transcutaneous and intravascular determination of Po?. Biotel Patient Monit 1979:6:66- 
Mahlmeister MJ, Fink JH, Hoffman G L  X Fifcr L.F: Positi\-.e-Espiratory-Pressure mask 
therapy: Theoretical and practical considerations arid a review of the litterattire. 
Respiratory Care 1991 ;36: 1218-24 
Martin KJ: Transcutaneous monitoring: Instrumentation and clinical applications. 
Kespiratory Care 1990:35:5.77-83 
Motley HI_: The eifect of  slow deep breathing o n  the blood gas exchange in emphysrrna. 
Am Rev Kespir Dis 1%.3:88:.K(-c92 
Muelfrr RE, Petty 'TI, & Filley GF: Ventilation and arterial blood gas changes induced by 
pursed lips breathins. J Appl Physio! 1970:28:7W-X9 
Nickerson RG. Sarkisian C & Tremper K: Bias and presicion of pulse oximeters and 
arterial oxinieters. Che!;t 1988:93:515- I7 
Rithalia SVS, Kozkovec A & Tinker J: Characteristics of transciitaneous oxygen tension 
monitors in  normal adults and critically i l l  patients. Intens Care Med 19795 147- 
Smith RA. Kirby KR, Gooding J M  Sr Civetta JM: Continuous positic-e ainvay pressure 
by face mask. Critical Care Medicine I!W.8:43%8.5 
Spearman C'B: Positibe End-Expiratory Pressure: Terminology and technical aspects of 
PEEP devices and systems. Respi mtory Care 1988:33:4334--43 
StauPfer .IL. Fayter NA Sr MacLurg HI: Conjunctivitis Prom nasal CPAP apparatus. Chest 
1984:8~i:802 
Stock: Pulmonary function before and after prolonged positive airway pressure by mask. 
Crit Care bled 1984: 12973-74 

23 1 



2Y 

30 

-1 I 

32 

3.3 

Thoman RL. Stokcr GI- & Ross JC: The efficacy tS pursed-lips h a t h i n g  in patients with ' 
chronic ch t ruc t iw pulmonrr). disease. Am Rev Rmpir Dis I ~ ~ 9 . 3 : 1 0 0 - 0 6  
Tiep HL.. Rums M. K H O  I). Madison M & Herrcra J: Pursed lips breathing training using 
rar  mimetry. C h e t  19Qui.TK)..218-21 
T n s k  CH & C m  EM: Osimctcr studies on patients with chronic ahstrwive cmphyscma. 
awake aid  during slccp. N Etigl J Mcd 19t5:3Xk63942 
Welch JP. W'csiire R & Hess D Pulse oximetry instnimentation and clinical 
npplications. Rltspinrtory Caw 199035:.5Ru101 
Wimkriry PD. (ironluncl Prdcrscn K. Olsson J & Siggacrrd-Aiiderscn 0 'I'ransutanccws 
carbondioxidc and oxygcn tension meaaircd at differrnt trmpcrdttircs in healthy adults. 
C!k Chcn! I%'k3i.i&MlI-l.C 

Ad- for rrprints: 

Varsanpuidkko 4 R 5 

Finlaid 
Tclcphone .+.3.% - 6 I - 3 I7 17 %I 

Mcrja *da 

Fl N-65 I 0 0  V m ~ a  

Department of Lung Medicine 
Gin-Marie FAstriim 
AkaJcmiskii sjukhuwt 
7S1 R5 Uppsnla 
Sweden 
TCIC+W +Jfr - I8 - 66.30 00 

232 


