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AN EXPERIMENTAL STUDY OF ANASTHETICS?

THE aim of this paper is to show, by experiments on rabbits
and dogs, the physiological action and relative safety of those
anasthetics which are most frequently employed by surgeons.
It is the author’s desire to present clearly the results obtained
in a series of experiments with chloroform, ether, bromide of
ethyl, and various. mixtures of these drugs, rather than theo-
retical arguments or philosophical deductions. We have, there-
fore; carefully noted the effects produced by these anzsthetic
agents on the temperature, pulse, and respiration, together with
the mortality, etc.; and shall present the same in a tabulated
form, which enables us to deal with general results, instead of
individual conditions. The object sought to be accomplished
by this procedure is, the condensation of numerous observa-
tions made in individual cases after such had been carefully
studied. It is considered highly important for the accomplish-
ment of our object, that we mention briefly the various ex-
perimental procedures, in order that the work may be fairly
understood. There were employed in our experiments eighty-
two rabbits and twenty-five dogs. It is believed that all rabbits
employed were full grown and healthy. The same may be
said of the dogs, while their weight varied from six to fifty-six
pounds, with an average of about twenty-five. .The experi-
ments on the rabbits were made by the aid of an air-tight cage,
in which these animals were placed immediately after the nor-
mal temperature had been taken. All temperatures were taken
with certified clinical thermometers, and the figures given in the

t T desire to acknowledge the valuable services of Drs. J. F. Golding and Peter
Hoffman, of Jersey City, N. J., in the performance of these experiments.
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following tables have been corrected by these certificates; fur-
thermore, the instruments -were introduced into the rectum the
same distance, and at all times retained there at least five
minutes. In all experiments on rabbits, the an®sthetic was
placed in a Florence flask, which was connected with the ex-
perimental cage by means of glass and rubber tubing.

The anwsthetic was vaporized and forced into the experi-
mental cage by the application of heat to the flask. As soon
as complete anwesthesia had been produced, the rabbits were
promptly removed from the cage and placed in the open air,
where they were allowed to remain until-the effect of the
anaesthetic had partially passed off, when they were again
returned to it.  7he evanescent character of the anesthesia pro-
duced by the bromide of ethyl rendered it impracticable for us to
keep the rabbits continuously under its- influence while we were
engaged in laking their temperatures ; it is, therefore, evident
that our figures in this instance show more favorable results
than can be reasonably expected when complete anzsthesia
is continuously maintained. Complete anmsthesia was main-
tained two hours in all of the other experiments; the first
anzesthetic temperature was taken as soon after ‘the production
of this condition as was found practicable; and the same opera-
tion was repeated every half hour while the animal remained in
this state. In taking the temperatures of the rabbits, there
were never employed less than two, or more than four physi-
cians in any experiment ; it must, therefore, be apparent, that
the time at which these temperatures were - taken has been
approximated, rather than stated exactly, since we commonly
operated on twelve animals, and the taking of this number
of temperatures by two persons would occupy something
more than one half hour, while four would perform the labor
in a little more than fifteen minutes. The obse¥vations in our
experiments on the rabbits were practically limited to the
temperature changes; but our study of the effects of the anzes-
thetics on the  dogs included the variations in temperature,
pulsations, respirations, and post-mortem appearances. In all
our experiments on dogs the anasthetic was poured on a
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sponge, which was placed within a leather cone and kept
applied over the mouth and nose in such a manner as to keep
up continually complete anzsthesia. Each physician was pro-
vided with assistance, and, therefore, enabled to devote his
entire attention to the required observations; and consequently
the records of these experiments are essentially aceurate. The
only interference which we experienced in making these obser-
vations arose from the occasional cessation of breathing of the
animals, when the physician always promptly discontinued other
labors and resorted to artificial respiration. It should here be
observed, that in all our experiments on dogs, artificial respira-
tion was promptly and thoroughly employed with the most
satisfactory results; but in the experiments on rabbits no effort
of this sort was made. It is now thought that we have so far
described our experimental labors, as to render the tables intel-
ligible, and, therefore, they may here be advantageously pre-
sented.

TaABLE I.—First EXPERIMENT WITH BROMIDE OF ETHYL.

Temporature during anzsthesia.
Rabbit. Normsal Temp. 24 Temp. 48

No. temp. Temp. at | Temp. at| Temp. at | hours after. | hours after.
3.0 P.M. | 3.50 P. M. | 5.x0 P. M.
1 102. T 100.00 | dead | weevee | aerenine JOT
2 100.2 dead | cveee | ceenne | eeiinen
3 102.3% 101.3 100.00 | 100.4 104.3 102.9
4 10I.1 99.8 | dead | ... ST T
5 102,0 102.4% | dead | ... U (R
6 101.4 103.0° 97.1 96.00 101.3 102.8
7 101.1. dead | seeves | eereen J e .
8 102:1 100.3% 97.3 99.1 102.3 103.5
9 102.3* dead | ... s e . seressane
10 101.3 . | dead | eeeren ] e R OO (VRN
Total, | 1015.9 606.8 | 294.4 | 295.5 307.9 ‘| 309.2
Average, w59 | 101.133| 98.13%] oX.5 102.63 103.063

Complete anwesthesia produced in 13 minutes. Mortality 70 per cent.
& Highest normal temperature. b Temperature elevated.
-© Highest temperature. ¢ Vomited.

¢ Lowest average temperature.
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TasLe II.—SecoND EXPERIMENT WITH BROMIDE oF ETHYL.

Temp. during anssthesia.
Rabbit. . Normal . Temp. 24 'l‘emp. ts
No. temp. Temp. at Temp, at' | hours after. | hours afi
3.5 P. M. 5.15 P. M.
1 105.2 100.0Y dead
2 103.1 crarad® 101.8 102.8 103.0
3 103.1 103.54 95.5° 103.7 103.3
4 103.5 103.84 dead R
g 103.9 103.1 102.3 102.1 103.0
6 104.82 100.5 99.6 102.5 101.9
7 104.0 102.4 102,00 -|° IOL7 103.0
8 103.1 100.1 99.0 103.2 102.6
9 103.0 dead Cee L e
10 104.3 . 10L.7 100.2 103.0 © 103.6
Ir 103.4 dead
12 103.3 102.0 102.6 . loz.g 102.0
Total, 1244.7 917.1 ~ 803.0 1 8213 822.4
Average, 103.725 101.9 100.375f | 102.6875 102,8

Complete anesthesia produced in 15 minutes. Mortality 334 per cent.

* Highest normal temperature.

b Thermometer broken ¢n situ, and considerable hemorrhage ensued ; rabbit
died shortly after.

¢ Temperature not taken. 4 Temperature elevated.

¢ Lowest temperature. f Lowest average temperature.

TasLE III.—FirsT ExPERIMENT WITH CHLOROFORM.

Temperature during anasthesia,

" Rabbit, Normal ” Temp. 24 | Temp. 72
No. temp.r Temp. at | Temp, at | Temp. at | Temp. at h'rs after. h’rs after.
4P .M. | 445 P. M.! 5.02 P. M.| 5.4
1 103.?1 103.1 dead | ...
2 101.5 IOI.5 dead | ...... JRTSTIRN [Rpen e v
3 101.8 102.1 99.5 99.7 | 98.7 ‘| 100.7 103.1
4 103.1 101.7 96.3 95.9 g1.0l | 10L.I 103.4
5 102.2 101.9 98.3 98.1 97.5 |. 99.5 dead
6 101.7 99.7 dead ceeane
7 103.4 100.9 96.9 99.5 dead
. 8 101.5 99.5 99.9 dead ceesee
9 101.9% 101.3 dead crraes i veeae
10 | 1026 101.3 97-5 dead . gt
It 103.2 101.3 97.7 99.5 99.1 101.6 103.2
12 102.4 102.5 | 100.3 |  99.1 99.7 102.5 104.1
Total, 1226.7 | 1216.8 | 788.4 591.8 486.0 505.4 | 413.8
Average,| 102.22| 10I1.4 98.55 | 98.633° | 97.2 jor.8 103.45

Complete anmsthesia prodiieed in 13 minutes. Mortality 662 per cent.
s Highest normal temperature. ® Suffering from epistaxis.
¢ Lowest average temperature. 4 Lowest temperature.
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TaABLE IV.—SecoND EXPERIMENT WITH CHLOROFORM.

=  Temperature during anssthesia.
Rabbit. | Normal e | 7";’{:35,;
RNo. temp. | Temp. at | Temp. at | Temp. at | Temp. at | after. | after. | after.
. 3.26 P. M. | 3.51 P. M. | 4.24 P. M. | 5.06 P. M.
1 103.5*| IOL}§ 101.2 | 100.7 dead | veeee | inenens | oeennen
2 102.8 | 102.3 dead veeee | eeeee
3 103.6 102.0 97.6 94.5 92.1 102.1 | 102.2 | 104.0
4 102.1 100.9 99.5 dead O weven TR
5 1or.3%| rot.1 97.7 93.5 90.0° | 99.1| 99.2 | I10I1.0
6 101.6 101.0 dead JOVRRTE OO IS I
7 102.7 100.9 100.8 97.3 95.5 | I01.9! 103.6 | 102.5
8 1025 | 100.1 |~ 98.1° 04.9 93.5 | I0I.9 | 102.1 |102.3
9 102.6 102.1 10L.¢ 99.1 dead | .evee. e .
10 102.5 101.9 101.0 dead | i | oseenns cevese | eenenn
11 102.3 100.7 99.2 97.5 97.1 99.1 | 100.2 | 103.0
12 103.1 102.7 100.1 99.1 dead | oo | eenens | e
Total, 1227.9 | 1217.2 996.3 | 776.6 470.2 | 504.1 | 507.3|512.8
Average,| 102.32 { 101.433 | 99.63 97.075 94.04% |100.82/101.46/102.56

Complete anesthesia produced in 7 minuates.

¢ Highest normal temperature.
¢ Temperature below go.

Mortality 583 per cent.

b Lowest normal temperature.
4 Lowest average temperature.

TABLE V.—EXPERIMENT WITH SULPHURIC ETHER.

) Temperature during anasthesia.i
Rabbit. Normal Temp. 24 Temp. 48
o, tewp. Temp. at | Temp. ut | Temp. at DOUTs after. hours after.
3,13 P. M. { 4.9 P. M. | 5.13 P. M.
I 101.8 102.0 97.8 96.2 102.3 . 102.2
2 101.8 101.9 97.7 97.7 102.8 102.1
3 101.8 101.1 99.8 100.1 102.9 102.3
4 102.8 | - 100.7 96.8 92.2b 102.8 103.3
5 101.6 100.9 98.9 98.5 102.3 102.0
6 103.3 102.6 94.2 98.7° '104.6 103.8
7 102.6 |- 100.0 97.4 94.8 103.2 . 103.0
8 103 3 102.1 | 100.1 97.8 103.6 103.8
9 103.2 - | 102.3 dead
10 103.9% 102.6 98.2 97.7 102.5 104.4
1" * 103 102.3 94.2 99.3 102.8 103.8
12 101, 97.7 dead
Total, . 1231.2 1216.2 | 975.%1 973.0 1030.7 1030.7
Average, 102.6, | io1.35 | 97.51 97.3% ' 103.07 103.07

Complete anesthesia produced in 6 minutes.

* Highest normal temperature.
* - ¢ Temp. higher than when last taken.

Mortality 16% per cent.

® Lowest temperature.
4 Lowest average temperature.
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TaBLE VI.—EXPERIMENT WITH ALCOHOL, CHLOROFORM AND
"'ETHER MIXTURE.®

l Temperature during anssthésia,
Rabbit. Normal Temp. 24 | Temp. 48
No. temp. Temp. at | Temp. at | Temp. at | Temp at h'rs after.| h'rs after.
' 3.15 P. M.| 3 45 P. M.| 415 P. M.} .15 P. M.
1 100.9 99.8 96.7 94.9 93.5 101.5 100.5
2 100.7 100.3 99.1 99.1 97.7 95.7 dead -
3 101.9 98.7 97.0 95.7 dead | .....
4 102.5 100.1 95.9 94.8 93.0 102.6 101.7
5 102.3 100.4 dead Ceeveee RO S .
6 102.4 100.1 96.6 94.0 92.0° | 10I.2 | IOLS
7 101.7 100.7 98.3 96.9 dead g,
8 - 102.4 101.3 98.7 96.2 dead eoane
9 101.6 99.0 | ‘dead s
10 102.4 100.7 dead e
11 102.1 102.0 dead [
12 102.7° 100.5 dead [SNPN
Total, [1223.6 | 1203.6 | 682.3 | 671.6 | 376.2 | 401.0 | 303.7
Average,| 101.96 100.3 97.47 95.94 94..955 100.25 | 101.23

Complete anzsthesia produced in 20 minutes.

Mortality 75 per cent.

Three rabbits died just as mixture in flask was being exhausted.
& Alcohol 1 part, chloroform 2 parts, ether 3 parts.
° Lowest temperature.

® Highest normal temperatire,
4 Lowest average'temperature.

TABLE VII.—ExpERIMENT WiTH BrROMIDE OF ETHYL, CHLORO-
FORM, AND ALCOHOL MIXTURES.?

Temperature during anmsthesia.' -
Rabbit. Normal Temp. 24 Temp. 48
No. temp. Temp. at | Temp. at | Temp. at . Bours ufter. | hours after.
3:30 P. M, } 406 P. M. | 5.30 P. M. .
I ? £ 103.9° 100.7 dead
2 101.0 101.6 96.9 97.0 102.8 102.6
3 102 8 100.0.| 96.8 95.0° 101.4 101.9
4 103.1 100.8 97.5 99.7 dead e
3 103.0 102.1 ‘'98.0 dead
6 103.5 102.1 99.6 dead
7 103.2 102,6 | dead veeree | e
8 101.8 " 101.7 05.2 dead | ...
9 102.2 101.9 99.8 dead | ...
10 102.8 99.7 98.7 97.2 | » I0L.9 102.7
Iz 103.7 100.7 97.2 98.5 101.8 101.8
12 102.6 . 103.6 dead P
. Total, * 1235.6 1217.5 | 879.7 487.4 ' 407.9 409.0
Average, 102.96 | 105.45 | 97.74 i 97.484 | 101.97 102.25

Complete anzesthesia produced in 12 minutes. Mortahtv 663 per cent.
* Bromide of ethyl 1 part, chloroform 3 parts, alcohol 4 parts.
® Highest normal temperature.
¢ Lowest average temperature.

¢ Lowest temperature.




*aanjeradue) 0SBIaAR 1SAMOT o uorjerado oY) I09)® 8IN0Y Yz UIYIIA POI( »

*oanjerodumio) J89M0T o *qusyrzeul pue denlanp esind v o “quen 1ad oor AyeIIoN
296°L6 ok €€-Lb1| €€66 |99'¥S | €1 Loor | S¥S jog'zbr| Sbrror | Stob | Shr | zliror | zilz | bor | ‘efvioay
6°€62 ozt | z¥¥ 1'L6z Y91 | zob 1'zof vor | ge¥ | v'So¥ |. zg91 | 08S | 9'go§ ofr | oz§ ‘18307,
o sus e oo oo N “on e sesn ‘e e ‘v.gn WM BQ . m
ol 101 vb | ggr z-boi1 gb | 921 gy | gf1 | g9-for 2€ ooz | 6101 oz | cor ¥ .
ob L6 gh | oSt 1°001 og | §9I og | olx z-for ot 1 glr 7| 1'zo1 2 | ob1 £
e e e ver .es e @8& o.v Nw m.—Ou w,V om z
q§'26 gz | tor 36 9f | gir1 of | oz1 L L6 vt | ozl € 001 oz | ob1 X
~dwa *d<ey esing *dwmey, *dsc Y| tesingg “duie], “dsoy | esng ‘duto ], “dsey | esing *doo, ‘dsay | es(ng :
“00ug . r g “ague ‘gouanpuw -
nsouuzwwwo.m_uapﬂf oM, ~109 wﬂ__ﬁ%w__sﬂsw”“_wno w:osawﬂwoﬂc:ﬂ._ ouQ snonuned uwc_: eH ‘emIoN ‘oN ‘Boq,
“IAHL] 40 3AINO¥Y HLIM INFWIHAIXH—X] 914V ],
.v.:_afomEE. aferoAr 180MOT o -spunod og jnoqe-peySiem pue ‘pasn Sz eyj jJo
sjpoadser [[€ Ul jsaUY 0Y) SEM B ‘0}BP I918[ B 9% PAIp Aaey 0} pesoddns seam o7 puw ‘sunoy gk 10a0 pastaans jery Sop LluQ q
) *eanjeIedmio) 4S0M0T o quan 1ad og Lyviion
8686 | g'Lv |gxr1| ¥S66 | g'g¢ |z'lot| z'oo1 | z'gc |e'lex| z'zor | z'gh |z'€z1| g1'z01 | 26€ | g-o1x | ‘eSeraay
616 | 6z | 65 L-l6y | ¥61 | 9fS €108 b1 | gfg ‘s | 1z o.o.w a.,m*m 961 | ¥§§ ‘1utoy,
Lyo1 4 o9 | ozI Y:zox gy | gon 6zo1 oz | obr t-for zf | enn 6101 9¥ | ozr oS
z+L6 6¢ 1£1 §-g6 of |oft |.ioor | 6z | gor | Lfor €z | onn v-€o1 9z | oor ¥ -
S-g6 9f | zor v 66 ob | zor | o'oct 9of | ofr 0°z01 ol | of1 o-fosx b | ofr €
1'zo1 vy | o3 9°zo1 of | g6 §-zox tz | Yo ofol1 9f | gor S-oor v | og z
wb26 09 | ozl 8¥6 ot | ool 856 z€ | vhr 6°g6 og | 9S1 1°Z01 9f | vz1 1
*dweg, ‘dsoy rosing | ‘dwoej, dsoy |'estng | +dmeg | 'dseyg tosing | -dwmay, .mnom esIng | cdwey, “dsey | res[ng
. -eouen 4 -eouenpu; ‘gomonpL
w,:a:azwmw Q.MWMN_— oM, ~wo0o P“. :2.“ Hmsﬂ» Mﬂﬂwco msoaux...uﬂo .—u:.“r euQp n=e==_«uuuw.u"¢m JIeH ‘rRwuIoN ‘o ‘Boq

(¥ € ‘1) TOHOOTY ANV ‘WNOJ0YOTHY) “IAHLY 4O TATWO¥Y HLIM INIKNMIIXT—T[[A 18V



10

‘oanyeraduio) edesase JS0M0T q

*aanjeradmoy) 180M0TT »

‘0 L3180

azl'gb6 | vg¥ | 9611 ) o¥'L6 | z'S¥ | 911 | 9£66 | 9'1§ |9'Szr| S‘101 6 | g-vor | grezor | g-gz _n.mu- ‘oSeIaAy
9'tgy | zvz | g6§ €-6gb | gzz | ogS 8'96¥ | ¢Sz | gz9 S LoS Stz | vzg | vz1§ vr1 | 919 ‘1210,
VL6 2§ | oz1 €6 | gz | ¥11 1 S-co1 9of | gII L 101 1 | oz1 £-zo1 zz | of1 S
L6 oy | og1 L-gb ev | gz | €oor | gv | 281 L7101 gh | ofx | 6'101 £ | ozl b4
096 .| 95 | oor 896 z9 | oz 646 8S | ofr | 6101 g5 | 9z1 | 6:Co1 m.n oz1 €
¥ 26 o¥ | of1 z'v6 | ot1 V96 zS | 811 466 & | ¥€x | g9'zo1 oz | 9z1 (4
1oor | g% (g8 | €ror| of | gg 101 | ¥g | o11 | S-zox oS | ¥1v | L'rox gz | oz1 1
~dmoy, ‘dsoy |-esjung | ‘dwmej, *deoy | esng | ‘dway, ‘dsey |‘esing | ‘dwmoy ‘deey |‘esiwg | -dmag, “dsey | -esInd
p-.:.»:-aﬂw.uo.n.w%.m._ omy, .ﬂgw:..”“_.w.-..%w—_uma M...-u_wno uuonu..oaa%%o...w_,ﬂ_n s0(Q m=o==hﬂnwﬂ____ﬂw JI%H ‘JemioN oN ‘Soq
“WA040¥0TH) HIIM HZNSHMﬂmeHy.HVA a1av ],
aanjerodme) afuteae 1SAMOT . 06 moraq arnjeradma], « *0 AJ[BJION
a80€6 | 2Ly |2 5€1| g5 V6 (| bob [gtbI) 9896 | ¥'SY |gofi) L66 | gob | 2SI _ z€'zo1 | ¥'9z |g'9z1 | ‘eSviaay
v-Sob | ofz | 9lg 6'2Lly | zoz | vel cvgb | Llze | ¥SL S-g6v | Yoz | 9ll ‘ 911§ z€1 | ¥E9 ‘|wi0g,
256 ot | ol z°g6 2z | og g'L6 Y€ | 9S1 goo1 | zv | ofr1 9°'101 9z | 851 S
z°€6 +9 | ob1 z°g6 ¥S | ¥Sr1 $-g6 29 | ot 6'101 | 05 | 991 g Vo1 ob | ool 14
t-06 ob | og1 vz6 ot | ol1 b6 95 | og1 Lgb z€ | oSt 6°101 9z | ¥er €
996 oz | cS1 146 oz | 091 ofor | 61 | 251 1'tor | oz | olr o-fot oz | oz z
PR zlL | ¥S1 0'16 9S | o001 8 06 9§ | gz1 o'v6 og | obr £ 001 oz [zf1 1
-dwagy, ‘dsey jcesing | ‘duey, *dgsey |[‘esing | ‘duey, ‘dsey |-esyug | durej, ‘dvey |‘esing | ‘dweg, ‘dsayp |*esjug
msasnz.wwww“.._ﬁ_%__ oMy, .nno.wu...“.%%% ﬂzﬂ:wﬂﬂ_wno snon n.ﬁaaﬂ_ﬂwn.uc:ﬂma suQ m:oﬂ:.m”w_uw ﬂwuw JI%H ‘[BwaoN oN ‘Bog

*4FHLY HLIIM INSWINIIXF—X F74V],



II

*aanjesodma) 05e10A® 150M0T 4 oanjeiaduay 159M0T

om0y a3 Aqremadsas ‘urerq pue seSurusm jo uonseSuos ospe ! uorsafuon

Lreuowmnd payesssr wopow-1s0y “H *J tnx "M 'V g si .2 polunod oram suohjeaidsad |emaou eyJ, ‘¥S elem suoneaidsox
Yy .m_mbfam ovipdeo £q pesned seA YIIYM ‘yjeap o} zoud gsul ¢ =os.a.sm:=ﬂcd Supuemmod 19y seynum of parp € *oN Joq
*jua0 1od 09 L}I[BIION

gmém z€ | Str 96 vh 1€ | €v L6 | €€°LY ) 061 | 91001 | €LY (€€7121) O'Zo1 | 2°6z | oo | ‘aSmioay

9881 Y9 | obz z61 88 | 29T €26z | zv1 | olk $o00f zvr | ¥of 001§ gb1 | oof ‘telo],
056 ot | of1 ¢ 96 v | of1 g°86 ¥S | gzt 2'101 g1 | ob1 1°zox o1 | ¥l S
e 856 9§ | ¥z1 8001 9l | bzx g zol zz | 98 14
PR e | was T ase e CITRTY .re e ey ase ae m-°- om @m— ﬂ
v9'€6 vz | 091 9'56 v | 281 L-L6 € | ozr R gy | oo1 1°201 v | Yo1 z
Tecine. oo Cevenn . oo ceven N o coenos ves o S*101 gz og 1
“dure], *dsoy | -a8TD ‘dwmoy, “droy | esing | ~duwoj, ‘deoy | cosing | *dureg, ~deoy .o-?m *dwog, .am.aﬁ es[ng
nsmgzﬁ.“wwﬂ.unaﬂs [Y'% oo onn”.._-wu..—- w__duh. wﬂw_.wno snonn Mﬂﬂw:.—m_ﬂﬂ [1.0) ' nnosamﬂwnwwﬂwu“— JieH ’ .1%2 N Boq

‘(€ ‘z ‘1) ¥EHLY ANV ‘WMOJ0NOTH)) “TOHOOTY HIIM INZWINIIXH—'[[X TTEV]



12

-The most casual inspection of the preceding tables cannot
fail to impress the observer with the relatively small mortality
produced by the sulphuric ether, when it is compared with that
which followed the use of the bromide of ethyl, chloroform, or
the mixtures which were employed. In our experiments on
rabbits, -we employed 82 animals, and 45 of these died from
the effects of the anasthetics. These animals were carefully
watched while in the experimental cage during the administra-
tion of the anasthetics, and, consequently, we know that more
than three-fourths of the whole number of deaths occurred
after their removal to the open air, while some of them con-
tinued to breathe under these circumstances: one-half hour or
even more.

The percentage of the mortality, produced by the different

anzsthetics employed in our experiments on rabbits, was as
follows :—1

Sulphuric Ether . . . . . . . . 162
Chloroform . . . . . . . . . .62}
Bromide of Ethyl . . . . . . . .« .50
Aleohol, Chloroform, and Ether mixture . . . .75
Alcohol, Chloroform, and Ethyl mixture . . . . .663

The whole number of dogs experimented on was 25, and
among these, twelve deaths occurred, while the percentage of
mortality chargeable to the different anwsthetics was as fol-
lows :— '

Sulphuric Ether (none died) . . . . . .00
Chloroform A . . . . . .00
Bromide of Ethyl (all died) . . . . . 100.00

Alcohol, Chloroform, and Ether mixture . . . 6o
Alcochol, Chloroform, and Ethyl mixture . .o

In connection with this #ésumé of the results obtained in our
experiments on dogs, it seems proper to remark, that these
animals received, during the time they were under the influence
of these anmsthetic agents, tHe same attention, and that the

! Squibb’s chloroform and ether were employed in all our experiments.
Merck’s bromide of ethyl was commonly employed by us, although we used a
small quantity of this’drug prepared by Rosengarten & Suns, of Philadelphia.
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drug was administered with the same care, as should be given
in the case of human subjects, with the single exception that
the administration was not permanently discontinued the mo-
ment the first unfavorable symptoms were observed. Further.
more, it should be observed as a point of considerable practical
importance, that the bromide of ethyl, whether given in its
purity or in combination with other anwsthetic agents, frequently
causes more deaths within the forty-eight hours which imme-
diately succeed its administration than during the period in
which complete anzsthesia is maintained, especially when the
latter has been long .protracted; although sulphuric ether, chlo-
“roform, and their mixtures are generally entirely free from this
danger.

In none of our experiments on either rabbits or dogs did any
deaths occur, subsequently to the discontinuance of the anzes-
thetic, which could be fairly attributed to the anasthesia, in
which the animal so far recovered as to be able to stand on its
feet, except in those cases where we employed the bromide of
ethyl or its mixtures. The bromide of ethyl was administered
to five dogs; two died during the first hour; three were kept
fully anzsthetized for two hours, but died within forty-eight
hours after the discontinuance of the inhalation. The bromide
of ethyl mixture was given to the same number of dogs, and
all of them survived the two hours’ complete anasthesia; but
some of them died within eight hours from its effects. Artifi-
- cial respiration became necessary in consequence of a cessation
of respiration fifteen times during the performance of our ex-
periments on dogs, and the following represents the frequency
with which it occurred in connection with each of the anaes-
thetics employed :—

Bromide of Ethyl . . . . . . . 5 times.
Chloroform ‘mnay . . . . .2
Alcohol, Chloroform, and Ether . . . 3 ¢
Algohol, Chloroform, and -Bromide of Ethyl . .5 %
Sulphuric Ether . . . . . . . 0 ¥

It was also observed that all dogs experimented on with
bromide of ethyl, or its mixture, suffered from epistaxis during
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its admifiistration, and this was followed by the flow of bloody
serum from the nostrils, which generally continued until death
occurred. The post-mortesn examinations in these cases uni-
formly revealed congestion of the brain, lungs, liver, and kid-
neys, which was frequently very marked, while in the cases of
death from chloroform the congestion was limited to the brain
and lungs, and not so well defined. The blood in both cases
was of a dark-red color. It will be seen in the record of our
experiments on rabbits, by a reference to the tables exhibiting
the variations of temperature caused by-the inhalation of chlo-
roform and ether, that the former is a much more depressing
agent than the latter. The depressing effect of chloroform as
an anasthetic is shown by the fact that it required two or three
days for the rabbits, which had been anzsthetized with this drug,
to regain their normal temperature; while “those to which the
sulphuric ether had been administered the same length of time
regained their natural warmth within two or three hours.

The tables show a very wide variation in the pulsations and
respirations, especially as regards their frequency, and,*it is
important to remark in this connection, that we observed in all
our experiments, that death was invariably preceded by wvery
rapid respirations, regardless of the anesthetic which induced it.
The profession is indebted to Dr. H. C. Wood, of Philadelphia,
for endeavoring to determine, by experiments on dogs, the phy-
siological action of bromide of ethyl with especial reference -to
its use as'hn anasthetic. He introduces his subject thus :—!

« The important physiological difference. between chloroform
and ether is in their action upon the heart, and my experiments
have been chiefly directed to determining whether the bromide,
like chloroform, is depressant to the arterial pressure, and, there-
fore, probably dangerous as an anasthetic, or whether it shares
the stimulant powers and the safety of ethers?u.

We will now give his conclusions, which, we believe, are
fully warranted by the results of his experiments, without enter-
ing into the details of the figures. He says:? «Extended
analysis of these experiments is scarcely necessary. They

1 Phila. Med. Times, vol. x, p. 371. £ Ibid., p. 372. -
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certainly show that the bromide of ethyl may cause anzsthesia
without reducing the blood-pressure, but also indicate that it is
distinctly depressant to the circulation, reducing, when in excess,
the force of the blood-current to a very marked extent. The
suddenness of the drop'in the arterial pressore seen in the latter
part of Exp. II! is unpleasantly suggestive of what has been
witnessed so frequently in the surgical amphitheatre during the
administration of chloroform. In Exp. IIL}!a still more sudden
loss of heart power occurred, the arterial pressure going down
over forty per cent. in a single minute. In the human being,
such a change of the pulse force would be most alarming. A
marked contrast is seen in Exp. III.,! between the cardiac action
of the bromide and of ether. By the bromide, the arterial pres-
sure was reduced from ¢ 75-95" to <30-35.” The animal was
then allowed to recover, and the anmsthesia was subsequently
produced by ether, and pushed to the final limit, the arterial
pressure was ¢ 70-80" at the time breathing practically ceased,
and rose to ¢ 80-90’ under the influence of the asphyxia, caused
by the suspension of the respiration. In Exp.IV.,!a comparison
was made between the bromide and chloroform. When the
dog was. fully an=zsthetized with the first agent, and the effect
of the early struggles had passed off, the pressure was from
¢50—90; with chloroform, ‘65-95, or, a little later, ¢ 50-65.’
The bromide would seem, therefore, to rival the older anaes-
thetic in its depressant influence upon the circulation. That
this action is exerted upon man as well as upon the lower
animals is apparently shown by the sphygmographic studies
which have been made at the University Hospital by Dr. Shep-
pard, Resident Surgeon..

«The next step in this study of the bromide of ethyl was to
detérmine whether the fall of arterial pressure is due to a direct
action upon the heart. It was found that when the cut-out heart
of a frog is touched with a drop of the bromide, or even when it
is hung in the concentrated vapor, all movements cease at once,
This, of course, indicates that the drug acts directly upon the
heart-muscle or its contained ganglia. In order to be sure in

1 Wood’s experiments.



16

the matter, three experiments were performed; one of these
has already been noted, the other two are expressed graphically
upon the succeeding page. Tracing No. .1' was obtained for
comparison by injecting a fluidrachm of ezher into the jugular
vein, so that the whole of it should be precipitated at once upon -
the heart. Tracing No. 2! portrays the result of a similar injec-
tion of a similar amount of the éromde. In both these cases
the n'mal was in a normal state ; but in the experiment repre-
sente | y tracing No. 3,! the pneumogastrics were divided pre-
vious to the injection of a half drachm of the bromide of ethyl.

« The tracings do not need any discussion ; taken along with
the trials made upon the frog’s heart, they prove that the bro-
mide of ethyl acts as a cardiac paralyzant. The influence of
the anzsthetic resembles, therefore, that of chloroform, and not
that of ether; and it is altogether probable that it shares the
dangercus properties of chloroform.”

The study of the effects of the bromide of ethyl in our ex-
periments has so far harmonized our views with those expressed
by Dr. H. C. Wood, that we are now prepared to assert that the
primary effect of this anasthetic does resemble that of chioroform,
and not that of ether ; but it is certainly much more dangerous
than the former agent, especially when full anmsthesia is con-
tinued with it for the period of two hours. The deaths which
occurred in our experiments during the administration of the
ethyl are believed to have been caused by its paralyzing action
on the heart, while those occurring at a later period were proba-
bly more or less dependent on the same; but in these cases the
post-mortem appearances reveal extreme congestion of the
principal visceral organs, with other indications of inflammation,
in all cases where death was sufficiently delayed.

We have now reached a point in our study of the various
anasthetics where we believe we are justified in firmly asserting,
in the light of the theoretical and practical knowledge which
we now possess of the action of the bromide of ethyl, that
neither this drug nor its mixture should ever be employed for

! Wood’s experiments,
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the production of anasthesia, especially where it is necessafy to
prolong this state.. It has long since been sufficiently shown
that sulphuric ether is decidedly the safest anwsthetic which has
yet been employed in-general surgical practice; and our experi-
ments are merely confirmatory of the correctness of this decision.
The use of a mixture of alcohol, chloroform, and ether, for the
‘purpose of producing anasthesia, is theoretically wrong and
practically bad, since it is unquestionably much more dangerous
than sulphuric ether. ‘

DISCUSSION.

Dr. W. W. DawsoN, of Cincinnati, Ohio.

I have been very much interested in Dr. Watson’s contribution.
As you, Mr. President, last year remarked in connection with Dr.
Senn’s paper—this experimental work is of the utmost value.

I have had a somewhat painful experience with aneesthetics. I
have lost two patients while under the influence of chloroform, one
awoman in 1869, another a boy in 1874. I was amputating (making
Syme’s operation) Bridget Henry’s foot in the amphitheatre of the
Cincinnati Hospital, when suddenly Isaid to myself, ‘¢ How well the
tourniquet is acting.”’ In an instant the alarm was sounded—she
was dead. We kept up artificial respiration for one hour and three-
quarters, but we could not start the heart. An examination showed
her to be a healthy woman ; nothing except a few insignificant pleu-
ritic adhesions could be found. I was operating for malignant
tumor upon the foot. At that time we were hardly willing to admit
that chloroform could kill ; deaths were attributed to shock, hemor-
rhage, etc. In preparing a paper, I collected (in six weeks) eleven
other unpublished deaths from chloroform, which had occurred
in Cincinnati and’ its neighborhood and within the observation of
medical gentlemen residing there. In that paper I assumed what
has been proved to be a very erroneous opinion, that chloroform
was no more dangerous than ether, and that the only reason that
the latter did not rival the former in mortality was the fact that the
one was given so infrequently. I continued the use of chloroform

2
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until 1874, when I lost a German boy upon whom I was making an
osteotomy of the lower jaw. The tumor was small, the blood
flowed freely, when suddenly the field of ‘the operation became
bloodless. We were startled, but in an instant the blood flowed,
and my colleague, Dr. Conner, who was assisting me, assured me
that he was all right. The operation was resumed, and again the
blood stopped, but instantly flowed ; the field becoming bloodless
the third time closed the scene. The heart was fatally paralyzed.

The celebrated case of Nélaton was fresh before the profession
at that time, and we resorted to the plan for resuscitation so graphi-
cally given by the late Marion Sims; suspending him we dashed
the blood upon his brain in accordance with the theory of that dis-
tinguished surgeon, that chloroform death depended upon cerebral
anzmia. We tested this plan thoroughly; but by dashing fresh
blood upon the brain we could not stimulate the pneumogastric.

In both of my cases death was characterized by the same condi-
tion of the field of operation—bloodlessness—showing conclusively
death by the heart.

About this time the experiments of Smythe and Simon were
published, proving by experiments upon animals that chloroform
kills by paralyzing the heart, whilst ether destroys by embarrassing
the lungs. Both of my cases were now clearly revealed—paraly-
sis of the centre of circulation, hence cerebral anemia. Could I
have realized this after my first I might bave saved my second
case. I was thus reluctantly compelled to abandon chloroform, for
when the heart is smitten it is likely to be fatal. Embarrassment
of respiration is not likely to give serious trouble.

There is one other point which I would like to present. The
amount of .chloroform administered, and the length of time under
which the patient is kept, are not, I think, essential factors of danger.
If a patient tolerates it at all, he may use it, I was going tosay indefi-
nitely. I knew an eminent surgeon who was under its influence
for six weeks previous to his death from hepatic dropsy. One of
the cases reported by me, Mrs. G., went into a dental office to have
a tooth extracted ; she told the dentist that he need not send for a
physician, that she had taken chloroform a hundred times; he, how-
ever, sent for one, but before she had taken a half dozen inspira-
tions she was dead ; her heart was fatally smitten. Dr. Stewart, of
‘Ohio, who reported this case to me, assured me that Mrs. G. had
taken chloroform in eight confinements, that in one of them he had
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kept her under its continuous influence for twelve consecutive hours.
The lesson here is striking ; it is, as I have intimated, that the danger
from chloroform does not depend upon the amount given or the
length of time of its administration, but upon the condition of the
patient that day, that hour, it may be that moment. In neither of
my cases were there used two drachms of chloroform.

The PresiDENT. Dr. Dawson, did you say that the lady who
died in the dentist’s chair was'in the sitting position ?

Dr. Dawson. Yes, sir; the heart is in more danger when the
patient is in the sitting than in the recumbent position. '

The PresipENT. That was a very striking case; it is well for
us to consider it. Here is a woman who had taken chloroform a
great deal. But she took it in the semi-recumbent position for the
first time in her life, and she died.

Dr. DoNaLDp MACLEAN, of Detroit, Michigan.

I have recently had a peculiar experience which it seems to me
proper to bring before the Association in this connection. Just about
a week ago, I was asked to see, with a brother physician of Detroit,
a case of supposed ovarian tumor. I went with him and examined
the case in a somewhat cursory manner, because it was a very plain
and easy one to diagnosticate. The patient was of a robust, healthy
stock, about 44 years of age, and Scotch by birth. I had quite
a little talk with her before the examination, about Scotland and
mutual friends there, then made the examination with the under-
standing that the doctor and I were to arrange for the operation.
During our conversation, however, I had noticed that the patient
seemed to be somewhat embarrassed in her breathing ; she seemed
to have a slight asthmatic cough, and a little lividness of countenance,
a condition not at all infrequent in Michigan, on account of the
prevalence of hay asthma and catarrh in that section, so that I did
not attach much importance to it. As we were leaving the house,
my friend said to me: ‘¢ That is a nice case, and I should like to
make the operation myself.”” Shortly after, Dr. Richards came to
my office and said: ¢¢I have changed my opinion; I will let you
do that operation.. I believe it is a bad case, because the pedicle
seems so short.”” I told him that that did not make much difference,
and the only thing I did not like was that the woman’s breathing
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was not good. He then said: ¢ Well, the fact is that before we
had driven from the house two blocks the woman was dead.” -
This case goes to prove that the patient-may die, not only from
the first whiff of chloroform, but that she may die before she has
had the first whiff. ’

Dr. Simpson used to'tell this story: ‘¢ When it was first of all pro-
posed to try chloroform in an important surgical operation, he and
Liston had made an appointment to perform one under chloro-
form. Owing to Simpson’s being a little late, Liston decided to
begin without the use of an anasthetic. The patient was hardly
touched with the point of the knife when he died.”” Had chloro-
form been used in this case, I believe the practice of anasthesia in
surgery would have received a blow which it would not have re-
covered from in one generation.

I have this to say: For twenty-five years I have been giving
chloroform liberally indeed, and I have yet to see an accident. I
can count on the fingers of my one hand all the cases in which I
have been alarmed in the use of chloroform. One of these occurred
a few months ago, in an amputation of the entire tongue for cancer.
I operated with the écraseur. Owing to the instrument not work-
ing perfectly, there was some hemorrhage just at the close of the
operation. The first inspiration, of course, drew blood into the
glottis, and caused a stoppage of respiration. We soon succeeded,
however, in getting the blood out of the larynx, and, after keeping
up artificial respiration for a short time, the patient revived. The
situation, however, was undoubtedly most critical for some minutes.

1 believe that Dr. Dawson’s experience, stated so clearly and dis-
tinctly and forcibly, furnishes the key to this subject. I believe
that in his second case, at the moment the field of operation became
bloodless, if his assistant, who was giving the chloroform, had been
sharp, the danger might have been avoided. It was too late when
the field became bloodless a second time. The condition of the
patient should have given warning before that stage was reached,
and the proper means applied.

I believe in using chloroform, but I believe just as strongly in
having an experienced assistant, who is trained and competent to
meet any emergency that may arise. I am willing to stick to my
stateient, although I make it in no dogmatic spirit. I believe that
chloroform properly administered is a safe anasthetic agent.
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Dr. WiLLiaM A. Byrp, of Quincy, Illinois.

I have lost one patient from the effects of chloroform a woman
who had several times been operated upon for a vesico-vaginal fis-
tula, The first time I saw her, she was kept under ether for nine
hours by the surgeon in whose charge she then was. When I made
my operation, I kept her a little more than an hour under chloro-
form. I had gotten all the parts ready for removing the sutures.
She refused, however, to let me remove them without an anzsthetic.
She only breathed a few times after the chloroform was administered,
when she died. We maintained artificial respiration for awhile, but
without avail. When the bromide of ethyl was introduced, I seized
upon it at once, and thought that it would do well. On one occa-
sion I was alarmed by the condition of a patient suddenly becoming
flushed and red to an alarming degree. Then hearing of some
disastrous results of its use in Nashville, I became afraid of it. I
then tried mixing it with chloroform and alcohol, in the proportions
of one ounce of bromide of ethyl to two ounces of chloroform and
three ounces of alcohol. But I did not altogether like this, for
once when my assistant was not paying close attention a patient was
nearly asphyxiated. Since then, however, I have used it in a large
number of cases, and have not had a bad result. It is also a very
economical mixture, for in all of these cases I have used just four
pounds. I use Dr. Johnson’s inhaler, and that makes a great dif-
ference. It renders the inhalation perfectly safe. The rubber
mouth-piece fits perfectly over the face; there is a place to put a
sponge to hold the anasthetic, and a wire gauze to keep it from
falling through. By leaving out the stopper for awhile, a draft of
air passes through it. I leave out the cork during the first part of
the inhalation, until the patient gets used to it. A death may occur
from this mixture sometimes, but as long as I have an assistant who
is competent I think it is perfectly safe.

The PresipENT. All three gentlemen have spoken of using
artificial respiration, but the methods of artificial respiration have
not been mentioned. You used Sylvester’s method, did you not?

Dr. Bvrp. Yes, sir.

Dr. L. McLaNE TirFaNy, of Baltimore, Maryland.
The remarks of .the later speakers have been confined to ether
and chloroform. In the paper that was read, we are given some
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experiments on the use of bromide of ethyl." I have not been so
fortunate 4s to see experiments with the bromide of ethyl on ani-
mals, but I'have seen it used in quite a large number of instances
on the human subject.. I understood the author of the paper to
say that its action is similar to that of chloroform. Clinically, I
must negative that absolutely. One of the late speakers has given
us one of the most prominent symptoms. During inhalation of the
bromide of ethyl, the face is extremely red. We are, of course,
familiar with the commencement of its use, originating, as it did,
in Philadelphia, and we are familiar with the classic case of Dr.
Sims, in which for a long period of time it was used, and the
patient died. We are all familiar with Dr. Squibb, of Brooklyn ; and
the outcome of his investigations was the belief that the materials
‘inhaled . were changed in their chemical structure, and became
poisonous after a certain time in the body. It therefore fell, I
think, into unmerited disregard. In a paper published a few years
ago by Dr. Chisholm, of Baltimore, he reports over three hundred
cases of its use without any trouble. None of the operations re-
quired much time. They were extractions of cataracts, iridecto-
mies, slitting the punctum, etc.; all operations which could be
done, and were done, in a short time, and the results of the
operations were excellent. As regards the ease with which the
angesthetic was administered, as regards the ease with which the
operator did what he had to do, and the ease and facility with- which
the patients recovered, it was unequalled. I would preface what I
have to say, too, with the remark that a safe anasthetic is not
known ; that it is not possible to obtain insensibility—to carry a
patient to the border line of life, without some one getting a little
beyond that line, and never coming back. It is, therefore, a ques-
tion as to the agent which is least liable to produce death. In the
opinion of Dr. Chisholm, to whom I have referred, the bromide of
ethyl is the most serviceable for short operations. After reading
his paper, I saw it given in his operations frequently, and I have
since used it myself.

Of course, as with every other angesthetic, certain precautions
should be taken. The patient ought to have an empty stomach.
Everything should be loose about the neck and waist. The patient
is to be in a recumbent position, and then he should be instructed
how to breathe. He should go through the operation of inspiring
and expiring rapidly before the inhalation is commenced. Then
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the patient takes the anssthetic. In a few moments’ the face be-
comes extremely red, the an®sthesia becomes complete; the opera-
tion is made, and the patient recovers almost immediately. The
operation should never take more than a minute. The anzsthesia
passes off in a very short time, and if induced again, the patient
almost certainly has some bad result. A third administration I
have not seen. A second administration, because the operation ran
over the time required, I have never seen, but I am quoting from
papers I have read. After the operation is done, the patient will
rise, and the mind will take up the same train of thought as was
present when he went under the anzsthetic. In the paper quoted
and I have since seen almost the same thing, the patient was a little
girl who was operated upon for strabismus. Just before the opera-
tion she laid a dress she had been playing with on a chair. Imme-
diately after the operation, she ran to the chair, picked up the
dress and ran out. I do not think the bromide of ethyl and chlo-
roform can be compared in the human subject. For short opera-
tions, so far as I can say clinically, the bromide is an extremely
good agent. Of course, we must always keep in view the fact that
the patient will sometimes get beyond the boundary line.

Dr. P. S. CoNNER, of Cincinnati, Ohio.

I would like to ask the last gentleman what action the bromide
of ethyl has on the heart?

Dr. Tirrany. It was reported to me as not markedly varying
after the first moment. 1 have not noticed it myself.

Dr. CoNNER. When the agent was introduced, I took occasion
to use it somewhat extensively in the wards of the -Cincinnati
Hospital. I was astonished and not a little surprised at its action
on the pulse. I have seen a pulse go up from 8o to 180, the respi-
rations at the same time reaching 70 and more in the minute. I
have never seen an agent so kind in its action, and at the same
time so profound. I have amputated an arm in sixty seconds after
beginning the anasthetic, and I have had patients to -get off the
table, walk to the elevator, and go out in two minutes after con-
cluding the operation. If it were as safe, I should prefer it above
all others. But I do not see how an agent with such profound
action can be safe. ,

. I saw the case reported by Dr. Dawson. Thirty days after, I
saw a woman with a dislocation of the shoulder. After profound
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anwsthesia had been produced with chloroform, I picked up the
arm for the purpose of reducing the dislocation. Hardly had I
picked it up and commenced a little manipulation when she died.
Both in military and civil practice, I had used it over and over
again, and had declared that the danger from chloroform was be-
cause it was given improperly. But it has been conclusively shown
that chloroform acts directly upon the large vessels and the heart.
A certain class of cases die from its effect on the lungs, but they
are cases in which profound anssthesia has been kept up for a
long time. When the heart has once stopped, all attempts to re-
vive the patient must, in the great majority of cases, be useless, and
it is absurd, it seems to me, to talk of starting the circulation by
turning the patient upside-down, or throwing him around, in the
attempt to get the blood into the head. You might as well turn it
into any other inelastic case.

I have given chloroform but twice since the case I have related.
I think we are compelled to use ether because it is so much safer.
The bromide of ethyl, it scems to me, would be the most acceptable
ansthetic, if it were not for its intense and uncertain action.

The PresIDENT. . I would suggest that the paper of Dr. Cheever
be now read, before we go on any further with the discussion of Dr.
Watson’s paper. The subjects are so intimately related, that I
think we could more profitably discuss them together.



