
A CLINICAL AND LABORATORY EVALUATION OF FOUR 
FLUOTHANE VAPORIZERS 1 

IAIN M MACKAY, Xx~ D 2 and WEtlNE,R KAI-OW, i~J[ D 3 

WIDESPREAD CONTINUING INTEREST in 2 brom, 2 chlor 1, 1, 1, fluoroethane, known 
as halothane or more commonly Fluothane, has resulted over the past few 
months in many attempts to make its use sas and at the same time more 
economical. Certain apparatus has been designed to facilitate its use, particularly 
by the less experienced anaesthetist. This paper describes the clinical and 
laboratory investigation of s especially designed Fluothane Vaporizers. Each 
of these is intended to mcrease the margin of sMety m the use of an extremely 
potent drug and to provide something m the nature of a "flo~nneter" for its more 
convenient use. 

Certam desirable characterishcs of vaporizers for a drug of the potency o~ 
Fluothane may be stated here. 

(a) Accuracy of standard settings or cahbrahons. 
(b)  Minimal variation in dehvered concentrat~ton due to changes in ambmnt 

temperature and pressure 
(c) Minimal decrease in delivered concentration due to flow of gases through 

the vaporizer. 
(d) Minimal variation in concentration due to movement or agitation of 

vaporizer. 
(e) Minimal changes in concentration due to "flushing through" wath oxygen 
(f) Minimal change in concentration due to changes m fluid level 
Many of these i3erformance characteristics can only be determined by labora- 

tory investigation which has s this group of vaporizers been carrmd out in the 
laboratories of the Department of Pharmacology at the University of Toronto 

The vaporizers investigated in this trial are the Fhmtec Vaporizer (Fig. 1), 
the FNS Flnothane Vaporizer (Fig 2), the Ohio-Heidbrmk Fluothane Vaporizer 
(Fig. 3); and the B,O C. Boyle's Fluothane Bottle (Fig 4). 

The first three are calibrated In percentage of Fluothane by volume The 
fourth has an extended scale of 10 equal divisions. 

CLINICAL 

The series includes a complete range of major and minor surgical, obstetrical, 
and gynaecologmal cases, bf which more than 600 have been done by the one 
investigator. This report includes only 478 of these cases, those for which one of 
the four vaporizers was employed. It excludes 50 cases of thoracic, abdomino- 
thoracic, and upper abdominal surgery for which, an automatic ventilator was 
used, as in each of these cases the Fluotec Vaporizer was employed and no 
comparative figures with other vaporizers are available. It is noteworthy, how- 

1Presented at the Annual Meeting of the Canadian Anaesthelasts' Socmty, June 24, 1958 
2Departrnent of Anaesthesia, Umverslty of Toronto and Toronto General Hospital 
3Department of Pharmacology, Umverslty of Toronto 
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FIGtU~r 1 

FlCU~E 2 
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FIGURE 3 

ever, that the Fluotee was used because the maintenance concentration of 
Fluothane with alternating positive and negatwe plessure ventilation is often 
so low that only this vaporizer could be rehed upon for even, prolonged 
maintenance 

Each of the vaporizers has been used m thhe s~,me manner ehnieally No 
attempt was made to select~ eases on the basis of smtablhty, llsk or other ehalae- 
tenstle. No standard-preoperative medication or method of anaesthesia was used. 
Curare was not used as a relaxant, but both Suxamethonmm and Gallamine' 
were employed when relaxation was necessary A variety of gas machines was 
employed including the Heldbrink (several &fferent models) and Boyle's 
machines (BOG, MIE and Loos) A variety ot gas circuits was used including 
semi-closed with carbon dioxide absolptlon, continuous flow, and non:rebreath- 
ing. Table I shows the frequency of use of each vaporizer Table II shows the 
frequency with which the &fferent circmts were employed. 
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FmtraE 4 

TABLE I 

Vaporizer Number of eases 

Fluotee (~ calibrated) 302 
Obaq ('~ cahbrated) 66 
FNS (~ cahbl ated) 46 
B O C (not cahbrated) 64 

TOTAL 478 

TABLE II 

Cxrcmt Number of cases 

Senu-closed ( ctrele absorptaon) 55 
Semi-closed (to-and-fro absorption) 2* 
Dxrect flow (no CO2 absorption) 14~ 
Dtreet flow non-rebreathmg 253 

TOT ~L 478 
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In each case in this series an effort was made to use the minJmal amount of 
Fluothane consistent ruth good anaesthetic teehiaique and the reqmrements of 
each individual patient, and since this investagatmn was primarily for purposes 
of comparison, a recorc~ of all percentage or dial settings was kept for each case 
and for each vaporizer to show the dose necessary for induchon and the dose 
necessary for maintenance of anaesthesia. 

In most cases induction of anaesthesm was accomphshed with a small dose of 
thlopentone. However, a large number of cases were induced wath Fluothane, 
nitrous oxide and oxygen. 

OBSERVATIONS 

Many of the phenomena observed in this series show the characteristics of 
Fluothane. These are now common knowledge, having been reported by many 
investigators and wall be mentioned only m relahon to the performance of the 
various vaporizers. 

Each of the four vaporizers investigated is clinically usable and useful. The 
mos~ accurate, and the one giving the smoothest maintenance at any safe level 
of anaesthesia, is the Fluotec. It appears to be unaffected by ambient tempera- 
ture, by high rates of gas flow, or by changes in the tired level, and need only be 
refilled at fairly long intervals, that is, when the fired level falls below the glass 
window. 

Each of the other vaporizers shows changes chmcally with changes in fluid 
level and with the cooling due to the flow of gases over the surface of the 
Fluothane. A maintenance setting, adequate at first, after fifteen or twenty 
minutes often becomes inadequate, allowing the pataent to react violently to 
stimulation or to waken. Readjustment of the setting or refilling of the vaporizer 
is then necessary. The Ohio vaporizer, probably due to the greater surface area 
exposed for vaporization and to its water jacket, maintains the desired level of 
delivery longer than either the FNS or the BOC Vaporizer. 

Systolic blood pressure fall during both mductaon and maintenance in anaes- 
thesia is less frequent with the Fluotec than with the other vaporizers. 

Using the Fluotec we found in a large series 9 f cases that induction of 
anaesthesia could readily be performed for most patients with a concentration 
of 2.5 to 3 per cent Fluothane in 50 per cent mtrous oxade and oxygen. Following 
induction, maintenance of anaesthesm required a eoncentr~ hon of only 0 5 to 0 7 
per cent ff any necessary r~laxataon was obtained by the use of small doses of 
intravenous relaxant When the FNS Vaporizer became avaxlable, it was at once 
noted that for induction the dial settmg of this vaporizer had to be in the range 
of 2.8 to 4 4 per cent Usually the bagher setting was required For maintenance, 
settings of 0 8 to 1.6 per cent were reqmred with the 1 2 per cent setting being 
most commonly used. It was obvious that the Fluotec and FNS Vaporizer were 
calibrated differently and this observation led to the declsio~a to mvestiga~te the 
vaporizers by laboratory methods. 

The Ohio Vaporizer gave somewhat different clinical data. Induclaon settings 
or initial Fluothane settmgs of 3 per cent were necessary ,and were often inade- 
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quate, although shght agitation of the vaporizer appeared to deepen the, anaes- 
thesia. Maintenance settmgs, however, were m the range from 0.5 "to 1.0 per cent, 
usually the lower figure. 

The BOC Vaporizer is nol cahbtated m pe, centage, but uses an extended" 
scale with ten equal divisions. With 100 cc. of Fluothane in the, BOC bottle, 
inductaon or mltml settang was 4.0 to 4 5 and the maintenance setting was about 
2 Using the vaporizer with only, 50 cc. of Fluothane in the bottle, as was more 
frequently done in this sexes, extended the operating range somewhat, allowing 
maintenance settings between 2 and 2.5 to be used while the induction setting 
was often 5 or 6. 

LABORATORY STUDIES 

Following the chnlcal observation of eonslderable performance chfferences m 
the four vaporizers it was de~ided to investigate each of them in the laboratory 
and to compare them for accuracy, e~ciency, reaction to, agitation or moving of 
the gas machine, flushing through wath oxygen, reaction to changes in pressure 
within the circuit, and fall off in dehvered concentration due to the cooling 
effect of the gas flow and changes m fluid level. 

A standard method of invbstagation was devised, chmcal in type, but consistent 
with laboratory accuracy TJae gas source for testlhg all vaporizers was a BOC 
Pedestal Model Boyle's macbane with rotameters capable of dehvermg accurately 
measured gas flows from one to fifteen litres per minute. 

The vaporizer to be investigated was adapted directly to the Boyle's machine 
and the gas and vapour mixture wss led by thick-walled half-inch rubber tubing 
through a BOC sprmg-loade d exhslation valve to the cell of a Beckman direct 
recording spectrophotometer i(model DK II) cahbrated for Fluothane. The ex- 
halation valve was left open and a 'water manometer was interposed between the 
valve and the tube leading to the cell. The pressure within the circuit with tins 
valve open was observed to be from 0.5 to i cm. of water. Adequate mixing 6f gas 
and vapour was assumed because cf the various cahbres of the several tubes and 
connectors used in the circuit and the consequent turbulence of gas flow. 

Observations were made of true; delivered percentage of Fluothane (v/v)  at 
each of the main chal settangs of each vaporizer and at different gas flow rates. 
Reaction to change in pressure was observed by closing the exhalation valve, 
thereby mcreasing the pressure wathin the circmt tb a maximum of 10 cm. of 
water. Reaction to agitation of each vaporizer for a period of ten seconds was 
observed and recorded. Tl~e reactmn to flushing the system wath a high flow of 
oxygen was recorded for eac h vaporizer. 

The concentration of Fluothane delivered by each vaporizer was measured in 
the following way. 

Method of Measuring Concet,tration of FIuothane 
All determinations were made in a Beckman Recording Spectrophotometer 

model DK II usi_ag ultraviolet light in whvelength 228 m/z (1). The absorption 
cells had a hght path of 50 mllllmetres with a capacity of 15 cc. One of these 
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cells was used for calibration and had only one opening, winch could be closed 
with a ground glass stopper. The other cell whm]h was used for continuous 
recording of the concentration of Fluothane m a stream of gas had two openings, 
one at each end. The openings were wide enough so that a gas flow through the 
cell of 15 htres per minute created a back pressure of less than 1 millimetre of 
mercury. Polyethylene tubes were attached to both openings to carry the mflow- 
ing and outflowing gas into the spectrophotometer while the cell was shielded 
from outside light. During all measurements a strong fan 'was used to blow cool 
air against the cell compartment so that the temperature in this compartment 
was nearly identacal with the 1oom temperature (between 22 ~ and 27 ~ C ). 

Calibratior~ 
The absorption cell was opened to room air and the (:ell plus glass stopper 

were weighed to the nearest tenth of a mdhgramme, l~tundredths of a mill~- 
gramme being estimated. A small amount of liquid Fluothane was pipetted into 
the cell where it immediately vaporized; the cell was then closed, weighed and 
the absorbance at 228 m,u was determined. Both weight and absorbanee re- 
mained nearly constant for at leasty twenty minute,;, indicating th<t the loss of 
_vapour during these procedures was negligible. Thereafter the cell was opened 
for a few seconds so that some vapour escaped and the weighing and the 
spectrophotometrlc measurement were repeated. By such a stepwlse diminution 
of the vapour, the relation between weight of cell contents and absorbance was 
obtained. The same procedure was repeated several times in succession. Three 
different batches of Fluothane were used. Control deterrmnations were made on 
two following days. The data thus obtained are shown in Figure 5. 

The observed weight of cell contents is proportional, but not equal, to the 
weight of Fluothane; the observed weight equal,; the weight of Fluothane 
vapour minus the weight of displaced air. If one mol of Fluothane vapour 
(197.4 gm. ) displaces one tool of air (29 gm ), an observed weight of 168.4 gm. 
indicates the presence of one mol of Fluothane. Then the observed weight of 
the cell contents multiplied by 197.4/1684---~ 1.175 gives the wexght of the 
Fluothane present in the cell. 

According to the curve in Figure 5 the absorbance is 1.18 ff the cell contents 
weigh 5 mg., that is ff 1.175 )< 5 ---~ 5 875 rag. of Fluothane are contained m the 
15 co. volume of the cell. This concentration equals 392 rag. per litre as indicated 
on the upper scale of'Figure 5. 

Clinical usage demands that the concentration of Fluothane vapour be 
expressed as percentage (v/v) .  Thus 1 per cent Flu3thane at 0 ~ C and 760 ram. 
Hg (STP) is a mixture of' 10 cc. of. vapour and 990 cc. of gas. If one mol of 
Fluothane weighs 197'4 gm and occupies at STP 22.4 litres, the weight of)10 ml. 
of Fluothane vapour would be 88 2 nag., the weight of 991) ml. of air is 1280 mg. 
This Fluothane concentration of 88 2 mg. per htre would have an absorbance of 
0 266 at -9_,28 m,u m ~a light path of 50 ram. 

If thin mixture of Fluothane and air were subjected to a pressure of 750 mm. 
Hg and a temperature of 25 ~ C it would occupy a volume of 1.106 litres. There- 
fore, fewer molecules of Fluothane would be m the g~tven hght path in the 
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absorption cell sa that the absorbance of 1 per cent Fluothane under these 
conditions would be only 0.241. Hence, in order to express the spectrophoto- 
metrically measm'ed concentrations of Fluothane in percentage, attention was 
always paid to the barometric pressure'. In the course of the experinaents 
described in this paper the absorbance of 1 per cent Fluothane ranged from 
0.239 to 0.245. 

Observations 

Figure 6 shows the spectrophotometa'ic reeozding for the Fluotec Vaporizer 
ag all main dial settings and at gas flow rates from 4 ]itres per minute to 14 
litres per minute. It will be observed that at flows from 6 L./min. to 14 L./mirg 
the indicated p'ercelatage was within 20 per cent of the true percentage delivered 
as indicated on the right ordinate of the figtlre. At a flow of 4 L./min. the con- 
centration delivered at dial settings of 0.5 and 1.0 per cent is somewhat lower 
than the calibration, but repeated tests have shown this variation to be predic- 
table and constant. 
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Figure 7 shows the recording for the Ohio Fluothane Vaporizer. It will be 
noted that at the 0.5 per cent setbng the actual dehvery of Fluothane is about 
0.6 per cent and t_hat all other settings deliver much less than the predicted 
concentration at 4 L./mKa. flow At 8 L./min flow there is httle change in the 
lower range but settings of 2 5 per cent and 3 per cent e0me much closer to 
accuracy 

Figures 8 and 9 show the dehvery of the FNS Vaporizer It will be observed 
that at all lower dial settings this vaporizer dehvers much less Fluothane than 
the settmg would m&cate At 6 L./mm. flow and at 8 L / r n i n  flow with the level 
of the Fluothane close to the upper mark on the bottle, at the 2 8 per cent settmg, 
the 2 4 per cent setting and the 2 per cent setting the vaporizer comes within 
20 per cent accuracy Low range settings, however, wall be noted to be con- 
sistently inaccurate Two dafferent FNS Vaponzers were studied and it "was 
observed that there was some &fferenee between them, perhaps due to mass 
cahbrahon of these instruments 

Figure 10 shows the delivery of the BOC Fluothane Vaporizer at flow rates 
of 4 L . /min ,  6 L / r a m ,  and 8 L / m m .  It wall be Qbserved that the dial settings 
are not percentage sethngs, and that the seale settings do not give a linear curve 
It may be seen however, from this record that an imhal settmg of 6 or'7 might 
be necessary to otttain a concentration of 3 per cent Fluothane and that a setting 
of 2 would usually be adequate for maintenance. Settings higher than 7 on this 
vaporizer delivered a concentration of more than 6 per cent Fluothane, and 
would not record on the spectrophotometer without changing the range, 
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It will be noted on all of the~e records that the vapollzers tend to dehver m 
their lower range somewhat higher concentrations of Fluothane wzth increase m 
gas flow 

All of the vaporizers with the exception of the Fluotee dehver at any initial 
seale setting an excessive concentration of Fluothane for the first one to three 
minutes before settling to a reasonably constant level (Figs. 7, 8, 9, and 10). The 
FNS Vaporizer and the Ohio Vaporizer also demonstrate this phenomenon on 
changing fro m any setting to a higher one. 

With the exception of the Fluotee all vaponzers react very sensitively to 
agltahon by dehvermg for a period up to five minutes duration a higher concen- 
tration of Fluothane (Figs. 7, 9, and 10). Fagure 6 shows that agitation of the 
Fluotec Vaporizer produces no effect. 

Increasing the pressure within the system from 1 em of water to 10 cm of 
water caused a very shght fall m the dehvered concentration of Fluothane wath 
the Fluotee Vaporizer (Fig 6). Thzs effect was much less with the other 
vaporizers. 

The falling off in delivered concentration of Fluothane at low scale settings 
due to the coohng effect ~s least noticeable with l~he Fluotec and is not senous 
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for some hme with any of the other vaporizers At high dlgl settings fall off in 
concentration due. to cooling is most notaeeable with the BOC Vaporizer and the 
FNS Vaporizer, but occurs to some, extent m both of the others as well 

Flushing the vaporizers through with oxygen at high flow causes some ch-op in 
eoneentrahon dehvered wath each of the vaportzers Tlns was of httle effect at 
maintenance settings although at hagh settings it produced variable effects 

In Figure 7 a peak wall be observed wath the legend beside it "Washing out " 
This phenomenon was observed if the gas flow had  been eompletely turned off 
and then restarted and is an indication of the high solublhty of Fluothane in 
rubber. This may account for a very small part of the difference between observed 
and predieted concentrations. 
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DISCUSSION AND CONCLUSIONS 

The clinical and laboratory investigation of four Fluothane vaporizers has 
shown a marked variation m their eflqciency. It would appear that the Ohio 
Vaporizer and the FNS Vaporizer have been cahbrated by a method necessitat- 
ing the collection of ~t gas sample over a period of at least thn-ty seconds and 
probably more. This is shown by the chscrepancy be~,een the observed per- 
centage and the true 'dehvered percentage of Fluothane after a stable level has 
been attained. The milaal peak at any setting has probably been included in the 
sample obtained thus gwmg a Ialse percentage estimation. Agitation of all of 
the vaporizers with the exception of the Fluotec earl deliver dangerously high 
coneentrahons of Fluothane. Although this may persist for less than one or two 
minutes it may be of ednslderable nnportance when dealing with patmnts who 
are not robust, or wath children. It is concluded that while all four vaporizers 
are useful the Fluotec is the most accurate, most efficient and the safest, partacu- 
larly for long surgical procedures. One can, howew~r, become usecl to any of the 
other vaporizers wath httle trouble. The fact should be stressed that no matter 
what vaporizer, what drug, or what gas machine is being used for any procedure, 
careful observation of the patient's con&t~on as St~lll of the utmost maportance 
and that no piece of apparatus can substitute for chnlcal experience and 
]udgment. 
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t~St~M~ 

A la state de rint6r41 ClU'On a port4, r6cemment, au Fluothane, on a dfi 
fabriquer plusieurs vaporisateurs pour administrer cet agent anesth6sique puis- 
sant. Cet article falt part des r6sultats des reeherches de laboratoire et des 
recherehes cliniques faites avec quatre vaporisateurs de Fluothane. le Fluotec, 
le Heidbrink, le F.N.S. et Ie B.O.C. Les trois premiers sont cahbr6s et le dernier 
poss~de une 6chellb arbitraire 6tendue. 

En clinique, les quatre vaporisateurs ont leur utilit6. Incontestablement, le plus 
pr6eis e'est le Fluotec; fl est excellent pour rnaintenir une anesth6sie ~ n'lmporte 
quel plan car la concentration d4sign6e demeure la m~me pendant tr~s long- 
temps. Quant aux trois autres, il fa~t les remplk souvent car les modifications 
des niveaux de liquide entralnent des changements dans la concentration des 
vapeurs. Parmi les trois derniers, le Heidbrink do~Lt ~tre rempli moins souvent et 
donne des variations moindres que les vapor~mteurs F.N.S. et B.O.C. 

Le vaporisateur Fluotec permet d'administrer au malade la plus Iaible concen- 
tration possible de Fluothane qu'on puisse ut~tliser pour le maintien d'une 
anesth4sie et permettre au malade de se r6veillei tmm6diatement " " apres l'op6ra- 
t-ion. Le vaporisateur Heidbrink nous semble 4tre presqu'aussi eflleace, h ce point 
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de vue, au d6blt po~lr lequel 11 est calibr6. Avec le vap0risateur F.N.S., on a 
observ6 une diff6rence prononc6e, sur toute l'6chelle, ent3-e les quantit6s d6bit6es 
et la calibration et, de ce fait, il faut, pour le maintien de l'anesth6sie, le placer 

une calibration beaucoup plus haute 
Dans le laboratolre, ~t des d6blts .de 6 ~t 12,litres par minute, les Fluotecs se 

sont av6r6s d'une pr6cision ~t 0.15. A un d6blt de 4 litres par minute, la concen, 
tration en Fluothane est quelque peu inf6rieure ~t ce qu'mdique la cahbrahon, 
mais on peut dire jusqu'& quel point elle diff~re et elle demeure stable. Dans les 
limites du maintien de l'anesth6sie (0.5 ~ 1.0~), le vaporisateur Heidbrink offre 
une pr6clsion raisonnable ~t, un d6bit de 4 litres par minute pour lequel il est 
calibr6 ainsi qu'~t 8 litres par minute. Darts la partie sup6rieur~ de son 6chelle, 
11 ne donne pas la concentratmn qu'il indique sur la calibrah6n. A des d6bits de 
4 et 8 htres par minute, les vaporisateurs F N S. dormeat une concentration en 
Fluothane beaucoup m9indre que ne rindique la cahbrahon A part cela, il 
exlste des dJff6rences consid6rables entre les vaporasateurs F.N.S. Le vaporlsa- 
teur B.O C,  ~t la dose d'entretlen sur son indicateur de 2-2.5 donne des 
concentrations d e  Fluothane de tout repos, reals, au bout de son indicateur, fl 
peut donner aU-del~k de 65. A forts d6blts, les vaponsateurs Heidbrink, F N S et 
B O C. ont tendance ~t donner des concentrations de Fluothane sup6rieures & ce 

i 

qu'indique ]a calibration. 
Tous les  vaporisateurs, ~ l'exception du Fluotec, domaeut au d6but, h routes 

les faibles calibrations, une, concentration excessive de Fluothane au cours des 
deux premieres minutes puis, par la suite, se stal~disent ~t des concentrations 
constant:es. Les vaporisateurs F.N.S. et Heidbrink se comportent de la mSme 
fa~on quand on passe d'une calibration donn6e ~t une calibration sup6rieure Si 
on les agite, tousles vaporisateurs, ~t l'exception du Fluot:ee, donnent une concen- 
tration plus ~lev~e en Fluothane. 

Dans les petites cahbrations, la diminution de la concentration en Fluothane, 
quand on abaisse la temp6rature ambiante ou qu'on diminue le d~bit de gaz, est 
moins importante avec les vaporisateurs Fluotec et Heidbrink et plus conside- 
rable avec le B.O C. Dans les grandes eahbrations, on observe une diminution 
de concentratmn en Fluothane pour t o u s l e s  vaporisateurs dans les m~mes 
circonstanees, mais elle est moins marqu6e avee le Y luotec ?t n'importe quel 
d~blt. 

Avee le Fluotec, la concentration en Fluothane dewent moindre si ton au - 
mente l~g~rement la pressrun dans le circuit. Avee les au~res vaporisateurs, a 
concentration est peu ehangSe. 

En guise de conclusion, on peut affirmer que, si les quatre vaporisateurs 
peuvent gtre .utiles, le Fluotee, toutefois, demeure le plus pr6cis et le plus 
efllcace, qu'une calibratJlon globale n'est pas assez pr$,2ise pour un agent aussi 
puissant, qu'aueun vaponsateur, ni aueune machine, quelle qu'en soit la preci- 
sion, ne pourra remplacer l'observation attentive du malade. 
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