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With the recentlJ· renewed interest in the effect of carbon 
dioxide on the biochemical and physiological changes d11ring and 
after anesthesia, search was made for a small simple apparatns 
which could be used in the operating room, so that study of the 
carbon dioxide content of the anesthetic atmospere might be pos
sible. The requirements set up were: accuraCJ" of ± 0.5 '/,,, rapidity 
of analysis and simplicity of operation. 

Apparatus 

The piece of equipment which best met these requirements was 
a moclification of a commercial analyzer nsed for testing the carbon 
dioxide content of the exhaust gas from furnaces. The effective 
,•a.nge of concentration in the original model was_ 0-20 % but the 
moclification measured from 0-5 % carbon dioxide and could be 
extended on the scale to about 7 % . The original and moclified 
models are both shown in figure 1, and a diagram of the 0-5 % 
indicator in figure 2. 

The water cbamher shown on the left of the apparatns (fi
gure 2) was designed by the manufacturer for h11midification of 
the gas, but understandably, this interfered with the results by 
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prem.atttre partial sol11tio11 of tl1e earbon clioxid.e . Ther e a1·e 
f>pringloac1ed ,,alves at the top of tl1 e other t,,,o colun1n "'']1ich c<:Ln 
be open ecl to the atmos1,her e, a11<.l tht1s allow the presst1re above the 
flu id to be the sarne in both tbe sa1nple chamber anel i11dicator t11be 

before asJ>iration of tl1e san1ple . 

Method 

The p ro<.:e<.l11r e ttSP<.l i11 tb.is study beg·an ,vith aspi1·ation of a 
gas sample b.r 11se of a 1t11iclire<.;tional }1and bulb pt11111J, throt1gh a 
cliste11sible bag, so th,1t a con stan t 1·athe1· t l1a.11 an i11termittent 
stream of gê.1S p as ecl throt1gh au c1 f111sh ed t l1c ~.-lmple el1a.1nber , 

·, . . .· .··· ti w' . ,; 

.. a~2-.a!!.1 

Fig . 1 

until t he selecte<l 20 u1l. fo1· the a11alysis , ,vere tra·ppe<l. T11it iallv • 

both valves (1nent io11ecl above) a1·e op ene<l to t l1e air so that the 
ze1·0 level in the 11idic1:ttor arn1 1night be .-1clj11st ec:1 on tl1e 1uovable 
sr.:ale . D u1·i11g· asr>iration of t bP sa·mple, tbc 011tlet of the sample 
chamber vv1:1.s ope11ed a11d tl1cLt above t l1e i11(licat111g· tl.1be ,,vas closecl. 
-~7b.en the sample hatl bee n a ::;r>iratecl , the ol1tlet of thE' sa111ple 
chamber ,va. · al ·o allo·vvf•cl to elos<-· . 1-\..bsorpt io11 of t hP (.;a rbon clioxiclP 
i11 the sarn p lc cha111 be r t.hcn res11l t ecl b.)' i11cr e1:1sing tl1e surfacr 
area of t he TCOH solnt ion l),\7 1·a,ising an tl lo,vr ri11g t he ' ' bftsl,0t" 
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several times. '\Vith the absorption of a portion of the sample in 
the absorption chamber, the pressure and volun1e there decreased. 
By then opening the valve above the ir1dicator arm the press11re 
returned to that of the at111osphere and the decrease in volume ,vas 

read directl3- as % of C02 from the scale ir1 baclr of the ir1dicating 
tube. 

The whole procedure toolr abo11t a min11te for co111pleti(ln. By 
opening the valves over each chamber sir1111lta11eo11sly the pressure 
was agai11 P(111alized and another aspiration an(l anal.}-sis C(>uld be 
done. 

!Ili 1.,IFTIJIIIG 1100 

l23J INO!CIITING 

'"" 

-(29) 6.0JLl<;T1NC: 

""' 

OWYER • 800·5 ZERO TO 5-X. CARBON OIOXIOE 1NDICATOR 

Fig. 2 

Accuracy 

Compariso11s .were 1na(ie with thP ()rsatt-H(0 11(lPrso11 apparat.11s 

ar1d the standard n1anometric Varr Slylre tPl·l111ÍlJlle. 'l'he rl's11lt.s 
,~-erP nearl3- identical ,vith tlie Orsatt-Hr0 11dPrs(J11, b11t we1·p at least 

O. 2 % lower tha11 an3' specific Van Sl,"1-l,e 111eas11rp111t'11t. l<'or this 
latter acc11racy it "\\'as 11ecessary to aspirate 500-íüü 1111. sp('()i1nens 
(2()-30 1111. (ºach aspirati(l11) but for· lPvels a('.(·11r,1t<' t<> abo11t. 1r1i1111s 
O. 5 %- , 30() rr1l. samplPs were s11ffici<0 nt. 

This lar·gr sampl<0 vol11m<° ClJnstit11tt'S a gr·e,tt tlisallva11tag<~ ir1 
st11d3-ing the atmosphere in e l<)sed S,''Rtrms. 
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VARII\TION IN CARBON OIOXIDE WITH RATE OF FLOW 
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VARIATION IN C02 WITH f"LOW RATE" AND TIME 
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RANGE OF CARBON DIOXIDE VALUES 
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Anoth0r factor which interferes with aceuracy is the absorption 
of ether by the KOH so that ab11ormally high leveis were often 
fou11d in the prese11ce of that anesthetic agf'nt. 

Resulta 

Studies were made in both conscious and anesthetized subjects. 
Of the studieS done in unane-sthetized subjects, 11sing a 1nixture of 
air and oxygen, one of the i11teresti11g findings ,Yas the ver~' high 
g·as flow of 26 liters/111in. 11PcessarJ· in the ''bag a11d 111asl{ 1

' (fi

g11re 3) tJrpe of rebreath systen1 for reductio11 of carbon dioxidé 
in the mas!, to leveis of 1-2 7, (figure 4). Flo,Ys of this rate would 
rarelJ7 be used in eli11ical a11esthesia. Another is the rapid rise of 
carbon dioxide to 7 % i11 tl1e rnas],;: ,Yhen a flo,\' of 500 ml. 1

1rnin. is 
used with out carbo11 dioxi(le absorptio11, anel the slo,Yer b11t con
sistent rise to 6 o/<., e,·e11 ,vith flo,vs of 10 liters/111i11. (fig11re 5). 

v\-:'hen the carbo11 (lioxide le,rels reached 7 %· thP (lisco11fort i11 thesc 
unpremedicated s11bjects ~·as too great to continue, anel one of the 

subjects developecl tremors of the jaw n111scles. 

ln the preli111inar~· s11r,Te.)· of a11esthetized s11bjects sainples 
\\·ere obtained from mask: and reservoir bag. The results of these 

samples are show11 in fig11res 6 a11d 7. The nu1r1ber refers to the 
r1un1ber of cases, rather than samples, for each t.3-·pe of adminis

tration. The large volume necessar:· for measurement lin1its the 
utility in closed sJ·sterns in general and the error introd11cf'd b3-· 
ether also adds a complicating fact.or. 

SincP no type of spiro1neter was used, the effe·ct of <lPpth of 
respiration could not be Pstimated when u11usuallJ· high or lo,v 

carbon dioxide levPls ,Yere obtained. Ether was fo11nd to increase 
the expected levei b,· being partiall,· absorved by lhe K()H. 

Some variabilit;y· '\\'Íll be note<l '\Yhen samples are 11ot analyzed 
continuously. Dependrnt on the phase of respiration, the possible 
ranges obtainable arf' sho,,·n i11 fig11re 8 where tv.-·o similar cases 
are com pare d . 

Discussion 

The apparatus usetl obviously has ma11.r· deficie11ees, but if these 
limitations are aceeptecl, it ean be used for studying the gross va• 
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RANGE OF CARBON DIOXIDE VALUES 
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VARIATION IN VALUES OBTAINED WITH RESPIRATORY PHASE 
• 

l\.nesthesia: Avert1n 11qu1d by reetum 

Nitrous oxide - oxygen ( 10 liter flow) 
• 
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Magill 
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Time o:r 
Sam.ple 

11:24 

11:29 

11:45 

8:50 

8:55 

9:15 

% Carbon Dioxide 

Endotraoheal Conn. 
E:1:p. 

4.0 

4.2 

4.0 

5.3 

4.4 

5.5 

4.7 

Insp. 

o.5 

o.5 

0.2 

1.5 

0.5 

o.5 

1.2 

Fig. 8 
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riation in l.'arbon dioxide tensio11 
,vith the ne,Yer devices s11eh as a 

i11 a11esthesia. A si111ilar stu<lv • 

rr1ass spectrograph or the i11fra-

red type of carbo11 dioxide a11alyze-r would add m11ch to 011r present 
l{11owledge, but if it is fou11d true, as suspected, and carbon dioxide 
accumulation is hazardo11s, this apparat11s is "'·ithin the price range 
ci11d limits of accuracJ· whieh n1ight bP applicablf' to a sn1all hospital 
,\·here con1plicated apparat11s is not available. 

The st11dJ· is i11co111plete - in the number of cases i11 each cate
gory·, and in the absence of stully of certain s.r·ste1ns such as circle 
absorption, b11t indicates sevPral directions i11 ,,vhich more exact 
111easure111ent ,0vould be of great elinical valt1e. 

Summary 

'l'hei per cent ('arbo11 rli oxide in the respiretl at1nosphere, i11 u11an.-:,thetized 

and a11esthetized subjects ,Yith ,·arious types of anesthe-tic apparatns has be(>n 
presented in graphic form. 

FOOTNOTE: I ,vish to exprcss 111y thanks for n1ucl1 good eounse1 in thc 

research project and in preparatio11 of this 11aper to Dr. O. S. Orth, (present) 

Director of thc Depart1nent of Anesthesiology, Unive,rsity Hospitals, Madison, 
''i'iseonsin. 
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Reunião de sais minerais e vitaminas numa só 
dráge a. sem que os primeiros afete m a atividade das 
últimas. 
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LABORTERAPICA S. A. 
~·Uma ir1~1il ulÇ' 4o .ipolada na con/lan , 11 do méd ico) 

SANlO AMARO (S,1..0 PAUi.Oi 
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