
109 

Paroxysmal Pulmonary Edema Induced by Intravenous Chloroform.* 
(2.5744) 

M. li. TESTELLI AND S. MUSIKER (Introduced by A. A. Luisada) 
Division of Cardiology, Chicago Medical School, Mount  Sinai Hospital, Chicago, Ill. 

During other investigations ( 1) , a new 
method was developed for the production of 
paroxysmal pulmonary edema in rabbits. This 
method, consisting of intravenous injection of 
chlorofolrm, is also effective in dogs. Chlo’ro- 
form has direct depressant effect on the myo- 
cardium. This basic observation of MacWil- 
liam(2) was confirmed and extended by 01th- 
ers, and extensively reinvestigated by Orth 
et al. ( 3 ) .  The extensive literature on chloro- 
form is summarized in 3 reviews(4,5,6) , which 
deal with history, physiology, and pharma- 
cology of this drug. 

Mcthod. Thirty male albino rabbits weigh- 
ing about 2 kg each and 11 male mongrel 
dogs weighing 14 and 18 kg were used. The 
method was based on slow intravenous admin- 
istration of chloroform in intact unanesthe- 
tized animals, properly restrained. In  the 
rabbit, the marginal ear vein was used; in 
dog the saphenous vein. Preliminary inves- 
tigations, concerned with speed of adminis- 
tration and effective dosage, demonstrated 
that best results would be obtained by slow 
(60-120 min) intravenous injection of 0.1 ccJ 
Irg using a graduated Luer-Lock syringe. 
Larger doses or faster injections cause rapid 
death in most animals without formation of 
edema. Smaller doses gave variable results. 
Tn some experiments, saline solution (approxi- 
mately 100 cc/kg) was injected by rapid 
(less than 5 min) or slow (more than 30 min) 
infusion, to overload the circulation. This 
was done either before, during, or after injec- 
tion of chloroform. This technic, however, 
did not result in more severe pulmonary 
edema than chloroform alone. ECC was re- 
corded throughout each experiment using bi- 
polar limb leads, augmented “unipolar” limb 
leads, and 2 precordial leads (V4R and V,) . 
Standardization was 1 M V  = 1.5 cm (Fig. 
1 and 2 ) .  Animals which did not die spon- 
taneously were sacrificed 60 minutes after in- 
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*This study aided by Grant of Nat. Heart Tnst., 
tI.S.P,H s, 

jection of chloroform, to examine the lungs. 
Evaluation of pulmonary edema was based 
on determination of lung-body (L/B) index 
(weight of lung in g divided by total body 
weight in g times 100). Average normal 
value of L/B index is approximately 0.50 in 
the rabbit and between 0.7 and 0.8 in the dog. 
An index higher than 1 in either species is evi- 
dence of pulmonary edema ( l ) . 

Results. Results are summarized in Table 
I. Average survival time was very close in 
the 2 species, i.e., about one-half hour. How- 
ever, 6 out of 11 dogs survived one hour, 
while only 7 out of 25 rabbits survived one 
hour. 

Immediate response to injection of chloro- 
form was characterized by short period 
of excitement and struggle, followed by 
transitory vagal effect on heart and respira- 
tion, i.e., bradycardia and bradypnea. No 
evident anesthetic effect was observed with 
this dose, but animals appeared depressed 
and, with few exceptions, remained still. 
Then, respiration became shallow and labored, 
and tachycardia occurred. Representative 
electrocardiograms are presented in Fig. 1 and 
2.  Terminal pulmonary edema was charac- 
terized by appearance of bloody foam from 
mouth and nostrils, followed by a few gasping 
respirations, one or 2 generalized convulsions, 
and death. 

At post mortem, essential findings were in 
lungs, which appeared markedly congested, 
with various amounts of foam in trachea and 
bronchi. Average lung-body index was 1.06 
for rabbits and 1.33 folr dogs. In  25  rabbits, 
liver-body index was also determined. Nor- 
mally this index varies between 3.5 and 4.5 as 

TAEllE 1. Rwults of Chloroforni. 

Avg A.vg 
A vg No. sur- lung/ liver/ 

survival viving at body body 
Spccics No. time, min. (50 min. irides index 

R:Lt)l)itx 25 32 7 1 .OA 4.69 
Ihgs 1 7  37.5 5 1.33 
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FIG.  1. Normal electrocardiogram in a rabbit. The  extremity leads (1, 2: 3, R, L, I?) arid 2 

F I G .  2. Same rabbit  : i~  in  Fig. 1. E1ectroc;iriliogr:im take11 19 i i i i n .  after intmv. inj. of 0.1 
precordial leads (V,R a n d  V,) art: i~xor.(led. Standardization is 1 X V  = 1.5 ern. 

cc/kg of c~hloroform, sliomirig :a pattern of ‘ acute COP ~~ii1nion;rlr. ’ ’ 
ascertained by previous determinations, An final stage, left ventricular depression is 
index higher than 4.5 is interpreted as evi- 
dence of congestion of liver, and this occurred 
in all animals. The heart stopped in diastole 
but appeared normal, except for deep cyanotic 
hue. Large clots were present in cardiac 
chambers. Serial sections in 2 rabbits failed 
to reveal microscopic alterations. Other or- 
gans appeared normal. 

lntracardiac pressure tracings in dogs re- 
vealed gradual decrease of sys toIic pressures 
either in both ventricles or onIy in the left. 
Later, end-diastolic pressure of both ventricles 
and mean pressure of left atrium rose. In  
final stage of most experiments, left ventricu- 
lar systolic pressure further decreased while 
that of the right either remained a t  the same 
level or rose slightly. Left atrial pressure 
showed a gradual rise, attaining levels of from 
20 to 26 mm Hg (Table 11). 

The authors believe that pulmonary edema 
was caused by depressing action of chloroform 
on myocardium, as demonstrated by Orth et 

greater than the right, pressure in- pulmonary 
capillaries becomes greater than the colloid os- 
motic pressure of the blood and transudation 
into the alveoli results. 

1) A method for production of 
acute pulmonary edema in unanesthetized rab- 
bits and dogs, consisting of slow ( 60-1 20 min) 
intravenous injection of chIoroform (0.1 cc/ 
kg> is presented. 2 )  Pulmonary edema, as 
determined by lung-body (L/B) index, oc- 
curred in all animaIs and was accompanied by 
congestion of liver. 3)  Measurements of in- 
tracardiac pressures suggest that pulmonary 
edema is due to relatively greater drop in left 
than in right ventricular pressure, causing in- 
creased pressure in capillaries of lung. 4) 
Results are believed due to direct depressant 
effect of chloroform on the myocardium. 

Summary. 

The authors thank Drs. V. Scortecci for help in 
interpreting the microscopic slides, and A. A. Luisada 
for suggestions and criticism. 

aZ.(6) both in isolated hearts and in intact 
animals. The results indicate that, by using 
slow intravenous injections, the primary vagal 
effect of the drug is minimized and its direct 
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