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IN recent vears an interesting cronp of Ahori-
nated  compormds his beenintroduced o
anesthesioloov,  The addition of fluorine to
Invdrocarbons dimmishes thummabilite as do
other Tadogen wtoms. Sinee Huorine has a
lower atomic weicht than chlorine or bromine
the volatility of Huorinated compounds is more
likelv to vender them wseful as inhadation
anesthetic agents, A new compound i
this croup. 1 L2 2-tctrallnoro-3-bromo-propane
chalopropane) has beeome available for evalu-
atior. Ttis a colorless Jiguid withe nolecular
weight of 1930 The specific aravity is 151
at 200 Coand 1505 at 25 €.z the index of
velraction wiyis L3355 vapor pressure in
e of mereury is 88 at 200 113wt 2370 1445

al 30 and IST at 3570 Cuo hieat of vaporiza-

tion s B3 calories per grane Approvimately
0.1 erams of halopropance are soluble e 100
The blood ‘cas partition co-

cllicient is 5.5 the oil was ratio 323 and the

orns of wader,

oil water distribntion coctficient is 1500 The
vapor is nontlanmmiable o osveen with o in-
stantancons spark at 10 jontes and with a hot
wire at 93070 Breakdown conld uot be de-
tecled on exposure to soda Times or withe 10
per cent NaOH at S0 L
was not decomposed during 20 hours exposure
The Tignid has a

The compound

to o 2753-watl sun Tamp.
pleasint odor ad is nonirritating o the re-
spivatory fract,

Preliminary evaluation of hadopropane has
heen carricd ont at the Haskell Taboratory
and by Fabian ad his cosworkers.” - The
fornier snesthetized cicht doas Tor two hours
for five conscentive dinvs. Nlieroscopic sce-
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tions of loma. spleen. panereas, adrenal glands.
Kidnevs, spinal cord, bone mnarrow and Tive
showed o pathologie clanaes, IFabian’s
aroup  studied the effeets of halopropane in
56 wnpremedicated dogs, Bromsalphalein re-
tention was determined e 150 Onlv one
anmmad b more than 3 per cent retention i
twentv-forr honres, Both depolarizing . and
nondepolizing reluving avents alforded satis-
Factory musele relasation without chanee in
blood  pressiees NMethoxaomine  and - phenvl
eplirine inercased the blood pressure withon
production  of arthvthimias.  Ephedrine and
desonyvephedrine  cach produced  premature
ventricular svstoles. Epinephirine and norepi-
nephrine cansed ventricukar fibrillation,

Eicht of the 36 dogs were viven Tadopro-
pane for three to four Tiomes on cach of six
conseentive divs, They were Killed with an
overdose CHO per conty of Tadopropane. Stud-
ies of the fined tissues revealed no pathologic
chanaes,

Bronchospism was absent daring induction,
The pulse rate wsnadly inercased modertely,
Arrhythmias occurred i 20 per cent of the
aninds: most were nodal vhvthims: 5 per cent
were bigeminal rlvthons which disappeared
with artificial ventilation. Hypotension oc-
carred during deep anesthiesias bat the blood
pressure was close to normal o licht surgiceal
anesthesia. The contractile foree of the heart
determined with o Walton-Brodic strain cange
wis Jowered approvimately 15 to 20 per cent
i licht anesthesias and as mnelr as 300 par
cent in deep anesthesias Evidence ol inter-
costal weakening was seen when the 19HG
depth was stuge L Respiridory arvest oc-
curred with 7 per cent halopropane. Ade-
quitte suraical anesthesia was obtaimed at 1.5
per cent coneentridion.

After obtaining the above datas Fabian and

associates T osuceosstully adiinistered hadopre

Iy
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pane to more than two Tondred patients

underaoing operation. Atter consultation with
these workers, we administered halopropane
to normal healthy yohimteers to determine its
clteet on the rvespiratory and - cardiovasculur
svstems, s effectiveness as an anesthetie

acent in the operating room was then observed.

Methods

Fight healthy vorne vade volinmteors rane-
ing drom 21 to 29 vears of age were anesthe:
tized with hadopropane withont surgical inter-
vention.  After o 16-howe fast. cach sabject
vecoived O-1 mig, of scopolamine hydrobromide
1CG Teads were attached, A

no. 1S Conrnand needle was pliced in the

intravenonshe,

brachial arterv, and o lenathe of polvetlivlene
90 tubing was introduceed provimadlv througl
an antecnbital veins Respivatory vabe, tidal
volume, blood pressure and pulse swere meas-
wred.  Sudlicient practice svas done o mieason-
ing normal ventilation so that a reproducible
winte volume condd he obtained. Cardiac
onutput was measnred in doaplicate by the indi-
using indocevanine

cator-dilution  technique

arcen. Arterial prossire swas recorded divecthy
viee the bruchal artery,

The subjects were then allowed to breathe
increasing concentrations of hadopropane and
ovvaen Trome a closed cirele absorption systens
antib sufficienthy anesthetized for endotrichend
intubation,  The auent was vaporized in g
Foregeer copper kettle. No rebivant or othe
anesthetio was nsed. Electroencephalographic
leads were attiechied as soon as anconscionsness
had been attwined,  Hudopropane in coneen-
trations up to 6 per cent was ntilized for
induction. Following  tracheal  intnbation.
hadopropane was volatilized with aiv in o non-
rebreathing sustemn with the subjects breathing
hato-

propane was reenlated sothat an FEG Tevel

spontancousiv. The  concentration of

ol hurst suppression was harelv attained: this
required approsimatel 20 per cent halopro
pane cequal to 1T per cent ot sea Tevel s as
cilenlated frome the vapor pressure and Alow

When

measirements ol

neters, burst  suppression first ap-

peared, ventilation. hlood
pressurc, pulse and cardiac omtpuat were mnde,
The anesthietic gas How was nndntained theres
atter wt this comeentration. Upone completion

of the measirements, controlled respiradion wis

Ane-thesiology
AMores Apr. 1963

beaun, maintaining minute volue ot the con-
trol fevel with w mechanical respirator, and
nsing o loger tidal volhimne and slower rate
thamn the patient hud practiced spontancously.
When a steady state of blood pressure, pulse
and FEG Tud been veached and maintained
For twenty minutes, measurements were re-
peated. Finally, the Tongs were by perventi-
Lited for abont taenty minutes to climinate
the drmg and the subjects were allowed 1o
awaken,

The offeets of haloproprane anesthesia on
hepatic and renal function were determined
i twelve patients scheduled Tor operation,
Control preoperative mcasurements were made
of Bromsulphaleine (BSP) retention.® bleeding
Lime. elotting time,s blood alucose. Blood vol-
ume, = blood nrea and wrea elearanee © on the
iy before operation. The patients were given
premedication. generadlv with TOO me, meperi-
dine and 0.8 e, 70 ke, ol scopolamine. sub-
cutinconsly one cand one-hall hiours before
anesthesiae Induoction was carried  ont with
thiopental intravenoushy, followed by 40 mu.
of suceimIcholine intravenoushy for tracheal
intubation. A How of 300 ml cach of nitrous
onide and ovyveen was used. and halopropane
was added o madntain surgical  anesthesia,
For one hour hefore operation halopropane
was given and respiration assisted to maintain
adequate Udal exehiange: hlood volume, hena-
tocrit. alicose. pHL carbon dioside. and wrea
determinations were then repeated. Determi-
nations of arterial pH o and carbon dioxide were
I<lee-

intermittently

made about two honrs postoperatively,
trocardiograms were  recorded
thronghont.  Bromsualphalein retention and
nrea clearance were also determined the next
.

Thirts additionad patients were anesthetized
with this drag daring operation. Flectrocar-
dioveraphic determinations were made, but o

hlood constitients were measired.,

Results

Duplicate determiinations of cardiac outpmt
were in close agrecment. Table T indicates
that cardiace ontput was not significantty al-
tered fromr normal - dorine halopropane anes-
thesia in the volonteor subjects, The appear-
ance time ol the dve was signiflicant?c shorter

when hadopeopane swas used. Tooaddition, the

20z ludy 0z uo 3sanb Aq ypd°01.000-000£0£96 L-Z¥S0000/26Z | 82/L L 2/2/ye/ipd-a1on1e/AB0|oISaUISaUE/ WO IIEUYDIDA|IS ZESE//:d}}Y WOl) papeojumoq



Volume 24
Number 2

T 1.

Cardiae Ontya Systolie Blood Diessine
Livers it e e e
[ = i \ ' = \

fon 1 oI (R
1IN

3

e \ppeatanes Tre

~eromis

[ ~ \ [ = \

Linee Gl b D0 UL SRS TON L I0T Ban Na2 Sl |

HALOPROPANE ANESTHESTA TN MAN

219

Halopropzme Anesthesia (Fight Volimteers

Nenons Prossin Pl

ctoro. Haee Foents e

[ ~ A { ~ \
X8} HoN vos Do Ry NOCTO0 s Ton

] s T T i,
b1 S IR 12 150
In .o (1R (19 [t

N.= N A
! [ N oyl
=\ N~
tinyeen Ephe Crarhon Thovede Crgepane
A il ot
i ~ A\ [ ~ \

Log 200 270 150 420 117 e LEe Ta w200 [0 0N

NMean [ERETH Gooa IRER! 1. im0 01 : AR 211 ERTH Tiith 2t
Sud ey 2o SN Ky 2 152 20N BT whl TN [ ni
=E NS BURE S i N N [ A | )7 2T
N.= N.= N AR
N O = o] [ Oob =N NS
oA N s i [ thl
\IHI“.‘M' AXDITHTS \iroites
terst
Filiped Fiines
[ ~ \ SIRINR Nuerien
R F0l ad 52 0ol BRSNS St to bntobatom [ KN w2
Mean R RS Gl T Betone cardine et o spontaneots tespitation 12 N0 "0l
St Dev, 1t 29 1.1t Tre hetweendetertninatnoms ot spontaneons ool controlled 2t 00 )
Fespltation
1 R L Proves fronn bt detenmination anel oo erns 1500 247 200
N N~ N~

o Control = Spontaneons Pregoine, A Niriheind Ven

blood pressure was lower than normal whethier
ventilation was spontancous or assisted, The
pulse rate inercased and the caleulated periph-
eral vesistanee decreased. Ventilation. when
spontancons. became vapid and shallow. bt
with no change in minute volume.  There was
a tendeney for Tess carbon dioxide to he elimi-
nated and for blood pHt to fall. Promature
venbriculuar contractions and episodes of bigem-
inv were frequent during spontancous ven-
tHlation.  When intermittent positive-pressure
breathing was bhegmn with an inercased tidal
ventilation  fmproved.

volume, the  alveolar

cven thongh the minate volume  remained

nearlv identical and carbon dioxide climination
resulted i dis-

was inereased.  This also

appearance of the arthivthimias, Blood pres-

sure remained  diminished  so Jong as the

inhaled concentration ol Badopropane was con-
The subjects re-

stant. Waking was slow.,

mained dethareic Tor at least three Tonrs aftes

tlation

anesthesia. even though a twenty-minute pe-

riodof  hivperventikion had been nsed to
climinate the anesthetie drag,

blood

clucose. blood nrea. and bleeding and clotting

Table 2 <shows the blood volume.

times i the surgical paticnts. The only did-
ferences before and atter halopropane were
the shightlhy Tower pll values obtained post-
operativelv. The depth of halopropane anes-
thesii was Tess than that obtained in the volune-
teer group.

The renedning thirty paticnts who received
hadopropane: had no intoward cffcets, unless
the abnormad clectrocardiogranes ol (wo e
included v this category,  Anesthesia wis
stmooth, and prolonged waking periods were

thirty
Nitrous
onide perhiaps enabled aperation to proceed

avoided by discontinuing anesthesia

minttes prior to the end of aperation,

with less hadopropance than when used with

onvveen alone. Depthe of anesthesia was comn-
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parativelv superficiadl and recovery time was
a traction of that required when halopropane

alone was administered to the volunteers,
Discussion
Hulopropane is similar to Lalothane ™ and

that it

blood pressure and reduce effective ventilation

methosvilurane 't in tends to lower
when deeper Tevels of anesthesia are reached.
At depths adequate for siredical anesthesia.
cardine output s maintained at control Tevels,
as found for halothane and Fluoromar = al-
thougl some have veported o decreased cardiae
hoth de-
creased and vnchanged at clevated values t 14

l)!()()(]‘

renal funetion: during anesthesia with halopro-

output with Tadothane, and others.

Cousistent elunges i Liepatic, or

not
The
average blood sugar was clevated 13 per cent.
BSP

clevation. but no more than expected after

pane uncomplicated by operation were

found in these twelve surgical patients,
retention showed o slicht twenty-four
similar operations performed with other anes-
thetics. There were no sianificant differences
in bleeding or clotting time alter one hour
of anesthesioe Urea clearmnee and urea nitro-
gen were both within normal range following
Blood
were unchanged sneocsting o alteration of
pH and -

renuned normal during the hour

operation, volume  and hematocrits
vasenlar capilliry permeability
terial Py,
of anesthesia,

the volunteers

wis relatively slow as expected from the com-

Indhiietione ot anesthesiae in

paratively high bload  solubilitv of  halopro-
Waking was ceven slower. Again this
was predictable from the high fat and blood

solubilitv coeflicients.

pahie.

Methoxvflurane is the
only agent known to have a greater fat solu-
bilitv. oil/gas ratio =2 823.°  Chenoweth ' re-
corded significant concentrations of methoxy-
flirane in fat forty Towrs after anesthesia.

In the thirty

spontittcous puhinonary

additional surgical  patients

venlilution was less-
cned with halopropane. This probably re-
sulted in retention of carbon dioxide, which
At the
end ol one operation, bigemival rhathim ap-
prared one minmte alter the patient was per-
mitted  to breathe spontancously,

may explain the cardine avchvthnias,

Measure-
ment of Udal volume showed it to he 133 ml.:
the dead space was estimated 1o be 130 ml,
Ventilation was then assisted until more agent
and carbon dioxide were climinated and the
patient’s tdal volume reached 230 1l car-
Fxtubation was
performed and the patient was avain pernmitted
to- breathe spontancoush: higeminal rhvthnn
returned.,

diwe rhyvthm became regular,

[ntermittent positive pressure with
a bag and mask was used until the spontanc-
The rhivthim
then became and remained regular.

ous tidal volume reached 373 ml,
Inoa few
other patients bigeminal vhvthm occurred when
ventilation was permitted  to become spon-
tancous, a the

circmnstance  reminiscent of

carlv divs ol evelopropance anesthesia,

? Feer, 150 1 personad communication.
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Ax implied, with adequate pulmonary venti-

lation. halopropane  could  be used  satelv.
When used with nitrous oxide the blood pres-
sure drops were not significant. I some cases
when nitrous onide was an adjuvant. only fow
concentrations of halopropane were required.,
and respiration inercased so that the impres-
sion was gained that halopropane scemed to
be o respiratory stimnlant. The droe acts

entirelv too slowly for application  without
some other induction agent, It appears to
have excellent analgesic qualities. tor the sur-
veon s make an ineision while the patient
Hight” and

is  still clicit o untoward  re-

sponse. This is in contrast to halothane. '

Summary

Halopropane  was  administered to eight

volunteers without supplemiental agents. Car-
dine output. venons pressure. oxygen uptake.
carbon dioxide output. and rvespiratory min-
ute volume revealed no significant changes
whether the subjects breathed  spontancously
or were artificially ventilated. Blood pressure
was consistentlv diminished under these cir-
cimstances. During spontancous ventilation
tiddal volunie decreased and bigeminal rhyvthms
these cleared with assisted

were  frequent:

ventilation.  Induction time was impractically
long. and recovery time of considerable dura-
tion.

Twelve surgical patients were anesthietized
for one hiowr before operation with halopro-
panc and 30 per cent nitrous oxide after thio-
pental induction,  Blood volume, hematoerit,
blood ¢lucose. blood nrea. blood ¢arbon di-
oxide. bleeding and clotting times were un-
altered as were BSP retention and urea elear-
ance the following day.

Flectrocardiosrams made on 30 additional
subjects undergoing halopropane-nitrons oxide
ancsthesia with assisted ventilation were vir-
With adegnate

ventilation, thercefore, hadopropane was @ use-

tally oIl within normal Timits,

ful anesthetic i operations  of  reasonable

duration.
Support for this work was supplicd by the Or-

vanic Chemical Division, du Pont de Newmonrs
Company, Wilmington, Delaware,
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