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bicarbonate treated material was placed in 5 cc thrombin due to its acidity. After neutraliza- 
of thrombin solution the resulting pH was 8; tion with sodium bicarbonate it can he mixed 
but the thrombin activity disappeared even with thrombin without altering activity. 
though the acidity had been controlled prop- Highly oxidized cellulose contains products 
erly. The nature of the destructive factor (s) capable of destroying thrombin even in neutral 
is not known. solutions. 

Summary. Oxidized cellulose injures 
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One of the chief difficulties in a study of the 
shock syndrome in dogs has been the lack of 
a critical evaluation of the effects introduced 
by the anesthetic agent. This paper deals 
with an analysis of the effects of several 
anesthetic procedures on the circulatory 
changes in the dog resulting from a standard- 
ized bleeding procedure. By using the changes 
in the omental circulation as an index it was 
found that criteria, previously established,1*2 
served as a means of differentiating between 
specific effects of different anesthetic agents. 

Method. Fifty-three dogs were anesthetized 
with the 6 different drugs indicated in Table I: 
( 1 ) procaine-local anesthesia, ( 2 )  morphine 
sulphate, (3) cyclopropane, (4) ether, (5) 
sodium pentobarbital, (6 )  sodium pentothal. 
Before anesthesia was induced the femoral 
artery was cannulated during local procaine 
infiltration ( 2  cc of 1% solution). Blood 
pressure were recorded continuously. Follow- 
ing induction of anesthesia the omentum was 
exteriorized for direct *microscopic study ac- 
cording to a method previously de~cribed.~ 
In Group 1, (Table I), which served as con- 

* The work described in this paper mas sup- 
ported in part by the Josiah Macy, Jr., Foundation. 
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trols, pain relief for the required surgerv was 
obtained with an abdominal field block using 
8-10 cc of a 1% procaine solution. Group 2 
was sedated with morphine sulphate given 
intravenously ( 2  mg/kg). Groups 3 and 4 
were anesthetized with cyclopropane and ether 
respectively, administered with oxygen. The 
endotracheal to and fro absorption technic 
was employed. They were maintained uncon- 
scious, in upper first plane surgical anesthesia 
th ro~ghout .~  Group 5 received a single intra- 
venous dose of 25-30 mg/kg of sodium pento- 
barbital. Oxygen by endotracheal catheter 
was given to 3 dogs in this group. As no 
demonstrable differences were noted in the 
dogs with or without oxygen in this group, 
the results are considered together. Group 6 
received sodium pentothal ( 1  % solution) 
intermittently by vein to maintain a similar 
degree of narcosis and required an average of 
10.8 mg/kg/hr. All of this group were given 
oxygen. Hemorrhage in each instance was 
accomplished with an initial blood-loss of 2 % 
body weight and continued by removing an 
additional 0.5% at  successive 30-minute inter- 
vals. To standardize the procedure, the max- 
imal blood-loss compatible with viability was 
considered to be that which brought about a 
cessation of blood-flow in the larger omental 
arteries under observation during the bleeding. 
The majority of the dogs lived for a t  least 60 

4 Guedel, A. E., Inlcalatwn Anestlilcsia, Mac- 
millan and Company, 1937. 
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TAI:LE 1. 
Data on Dogs Subjcctcbd to Hei~iorrliagc During Various Ancstlietic Procedures. 

No. of Kormal Hrmatocrit Plasma protein BIOO~-IOSS 
Anestlicsia dogs mean 13.1’. (yo )  (g yo) Ancstlictic. dose Oxygen (yo body wt) 

~~ -- 

Procaine (Abdom- 
inal Block) 13 147 mm 50 3 6.0 k 0.3 8-10 cc 11011c 5.30 

Morphine Sulpliate 10  142 nim 45 2 3 5.8 k 0.5 2 mg/kg n o w  4.60 
Cyc lopropa nc 9 159 inm 43 +- 6 5.55 k 0..5 I‘yper 1st plane used 4.78 

Surgival Anes. 

Surgival Anes. 
Ether 5 139 nim 49 2 2 5.Bi k 0.3 T’pper 1st planr uscd 4.10 

I’cntol):ti.liit:il 10 14; nim 44 2 1 .5.80 2 0.4 25-30 mg/kg used in 3 3.70 
Petit 0 t 1i:r  1 (i I N  111111 48 2 3 5.76 _+ 0.4 10.8 mg/kg/lir used 3.80 

T M ~ L H  I I .  
% Drop i n  B.P. from Initial 1,ercl at Various Degrees of Elood-Loss. 

Critical 
R.P. lcvel Status following hst  

yo Blood-IAoss 0 2 2A5 3 3.5 4 4.3 <5 5.5 inm bleeding 

Abdomin:rl Field Block 0 li - 33 3 i  .>I 59 62 (2 35-43 Maintained for > 9 11r. 
Mo r p 1 t in (1 0 l t i  - 23 X ; I ! )  4(i 51 4.5 4~-,50 Fell to cxtremc Iiypotcnsivc 

levels in 90 miiil 
0 2 3  58 37 44 48 56 63 69 35-45 Maintained, tended to rise 
0 l(i 28 3(i 52 42 3 1  73-83 Fell to cxtreine liypotensive 

levels in 42 min. 
0 19 31 .37 51 -72 64 55-63 Fell to extreme hypotensire 

lcrcls in 4.5 inin. 
0 29 49 44 45 1.i 40 80-90 Fcll abruptly to cxtreine 

Iiypotensive levels in 63 
in in. 

to 90 minutes after the final bleeding, those 
surviving for two hours, a t  which time ob- 
servations were discontinued, being sacrificed. 
No sustaining infusions were used. 

Changes in the omental circula- 
tion were correlated with blood pressure 
changes at  specific degrees of blood loss. The 
omental criteria studied were (a)  the degree 
of curtailment of capillary blood flow, (b) the 
deviations in the minimal reactivity of the 
muscular components of the bed to the topical 
application of epinephrine, and (c) changes 
in the vasomotion of the central mumdar 
channels. The term “vasomotion” is applied 
to the cyclic contraction-relaxation pattern 
which characterizes these vesselsji 

ToleratJon of Blood-Loss. The ability of the 
dog to withstand hemorrhage varied sipnifi- 
cantly with the anesthetic agent used (Table 
I ) .  Maximal blood-loss (5.3% of body 
weight) was obtained in the local anesthesia 
group. The dose of morphine used, although 
it produced only a euphoric state, significantly 
lowered the ability of the dogs to tolerate 
blood-loss. Of the 4 groups subjected to 

Results. 

inhalation or intravenous anesthesia, those 
given cyclopropane were more nearly able to 
tolerate the maximal blood-loss, while those 
receiving barbiturates withstood the least 
hemorrhage. 

Inadequacy of Blood Pressure as Criterion. 
The fall in blood pressure following equivalent 
bleedings varied considerably. No accurate 
correlation could be made between the blood 
pressure levels corresponding to equivalent 
blood-loss during anesthesia with any one 
agent or with different anesthetic procedures 
(Table 11). The blood pressure served as a 
poor index of the dog’s ability to withstand 
additional hemorrhage and was an unreliable 
prognostic indication of survival time. 

In  general (Table 11)’ for each anesthetic 
group, different critical blood pressure levels 
were noted below which the animal’s condition 
deteriorated rapidly. With pentothal and 
ether this critical level was reached with rela- 
tively high blood pressures (65-75  mm). With 
cyclopropane and local anesthesia it was not 
obtained until lower levels (35-45 mm) were 
reached. 
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GOOD- ADEQUATE 

SLOW- 
FOR 2 HRS. 

+-N--R- 

S TACN A N T  
SLOW-,  IN 35 MIN. 

SLUGGISH-,- 
f U +  

CYC LO P ROPA N E 
ADEQUATE 
FOR 2 HRS. 

+N_,-R- 
stow-,  

PENTOTHAL 
STAGNANT 
IN  59 MIN. S L O W  

SLUGGISH 

-N- 

PERSISTS 

PERSISTS 

PERS IS TS 

LOST IN 3 5  MIN. 

ETHER 
COOD- 

SLOW- 

S T A G N A N T - ,  ~ 

I I I 

F I G .  1. 
(‘lianges in rate and distribution of capillary flow with respect to sucwssive bleedings are 

slio~vn; the degree of slowing hy tlic deviation below the normal base liiic; the number of 
wssels open to the Circulation by the symbols ( (X,” “H,” and ‘(U.” S = the normal con- 
dition, with an intermittent flow only through most capillaries. R= the rcstrictea condition, 
with flow through most dircct cliannels. U = unrcstrictcd condition, with videspread flow 

ABS EN1 STAGNANT 
IN 16 MIN. 

through all capillaries. 

Capillary Blood Flow. As noted in Fig. 1, 
the blood flow in the omentum varied con- 
siderably with the different anesthetic pro- 
cedures. The feature which reflected most 
closely the ability of the dogs to withstand 
progressive hemorrhage was the persistence 
of a good flow in the capillary bed. This 
depended not only upon the rate of flow but 
on the number of capillaries containing an 
active circulation. As the hemorrhage ap- 
proached maximal volume, the omental circu- 
lation slowed significantly in all groups (Fig. 
I ) .  In those groups which showed high blood- 

PENTOBARBITAL 
GOOD- 

SLOW- 
STAGNANT 
IN 2 5  MIN- 

S T A G N A N T - (  ~: 

loss figures (control, cyclopropane, mor- 
phine), the omental blood flow remainetl ade- 
quate for the longest time. In those 
groups which showed low blood-loss fiqures, 
the last bleeding was followed by the dekelop- 
ment of a poor capillary circulation, with stag- 
nation in many of the venules and backflow 
from the larger veins. Such a condition inva- 
riably indicated incipient circulatory failure. 
This occurred in the ether and pentothal 
groups despite the maintenance of relatively 
high blood pressures (75-90 mm). 

In addition to a slowing of the blood flow, 

ABSENT 
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PERCENT BLOOD-LOSS 

0 ~2.0~2.5~3.0[3.5~4.0~4.5~5.01$.5~ 

V A S O M O T I O N  IN C A P I L L A R Y  BED 

S T A T U S  

A F T E R  L A S T  BLEEDING 

C 

MORPHINE 
HYPER- 

DECREASED S L I G H T L Y  
N O R M A L -  

A B D O M I N A L  B L O C K  
P ERSl STS 

FOR > 2  HRS. 
N O R M A L  

1 

P E N T O T H A L  
HYPER- 

N O R M A L -  

CY C L 0 P R 0 PA N E 
PERSISTS HYPER- 

FOR > 2  HRS. 
N O R M A L  

N O R M A L  

HYPO 

LOST IN 19 MIN. 

N O R M A L  

HYPO 

L O S T  IN 30 MIN. 

L O S T  IN 45 MlN. 

HYPO 

FIG. 2. 

hemorrhage induced a compensatory restric- 
tion of the capillary circulation. This restric- 
tion appeared as an ischemic state in which 
the flow became confined to certain channels 
in the bed. The time of the appearance of 
this state and its duration are indicated in 
Fig. 1 by the symbol “R” below the graphs 
representing rate of blood flow. The loss of 
this compensatory reaction appeared as a state 
in which the blood flow, though deficient, 
spread throughout the entire capillary net- 
work. This unrestricted state is represented 
in the figure by the symbol “U.” Loss of this 
compensatory mechanism was observed during 

ether, pentobarbital, and pentothal anesthesia 
and not with the other agents. 

Ir~somotion. As has been reported pre- 
viously,l hemorrhage invariably results in 
the development of an increased vasomotion 
in the muscular channels of the capillary bed. 
The restriction of capillary flow was fomd to 
occur only during the period when the in- 
creased vasomotion was maintained. Loss of 
this activity was always accompanied by a 
filling of the entire capillary network and a 
marked decrease in the venular outflow. 

Fig. 2 illustrates the changes in vasomotion 
following bleeding during the different anes- 
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TABLE 111. 
Epineplirine Reactivity of Omental Vessels Following Hemorrhage. 

% Blood-Loss 0 2 2.5 3 3.5 4 4.5 5 5.5 Status after last bleeding 

Abdominal Field 

Morphine lx 1 . 5 ~  2 . 0 ~  2 . 2 ~  3 . 0 ~  3 . 5 ~  4 . 8 ~  5 . 8 ~  G.3xDecreases only slightly in 90 min 
Cyclopropane 
Ether lx 1 . 8 ~  2.1s 5 . 9 ~  5 . 5 ~  7 . 2 ~  Decreases markedly in 54 min 
Pentobarbital lx 1.Gx 2x 2 . 2 ~  2 . 3 ~  2 . 5 ~  9 )  9 ,  9 9  45 9 ,  

9 ,  ), 7 ,  73 9 ,  Pentothal lx 2 . 5 ~  4 . 6 ~  5 . 6 ~  8 . 8 ~  9.31 1 4 . 2 ~  

Block lx 2 . 3 X  - 3.3,s 4x 4x 5x Gx lox  Persists high for >2 hr 

2 . 5 ~  7 . 3 ~  1 0 . 6 ~  1 4 . 9 ~  1 4 . 2 ~  1 5 . 9 ~  13.3xPersists high for >2  hr lx 2x 

Clia.nges in epinephrine reactivity are indicated a s  multiples of the normal values prior to bleeding 
which are designated as lx .  

thetic procedures. Ether and pentothai, as 
compared with the control, dampened this 
activity even prior to hemorrhage. Following 
blood-loss during ether, pentobarbital, and 
pento thal anesthesia, the vasomotion progres- 
sively fell to hyponormal levels and was com- 
pletely lost approximately 20 to 45 minutes 
after the final'bleeding. In  the controls and 
those receiving cyclopropane, a hypernormal 
condition was evident soon after the onset of 
hemorrhage and was maintained throughout 
the period of observation. Those receiving 
morphine resembled the control series cxcept 
that the vasomotion slowed slightly during 
the final two bleedings. 

Epinephrine Reactivity. The minimal 
effective concentration of epinephrine was 
determined for each dog prior to bleeding by 
applying the drug to the surface of the 
omentum and noting the concentration which 
produced a narrowing of the met arteriole^^ 
just sufficient to slow the capillary flow, In  
the controls, shortly after the initial bleeding 
there was a progressive increase in this reac- 
tivity (see Table 111). With cyclopropane 
and pentothal anesthesia, the initial values, 

prior to hemorrhage, were higher than those 
of the control group. Despite this they showed 
the greatest increase in reactivity to epin- 
ephrine following hemorrhage. With pento- 
thal, however, a marked decrease in this 
response occurred within 75 minutes after the 
final bleeding, in contrast to the cyclopropane 
group, in which this activity was maintained 
throughout. Those receiving ether or pento- 
barbital showed a rapid loss of post- 
hemorrhagic hyper-reactivity following the 
last bleedings. The dogs given morphine 
closely resembled the controls except that their 
response following bleeding increased only 6x 
as compared with lox in the controls. 

Summary and Conclusions. 1. Circulatory 
responses to graded hemorrhage varied signifi- 
cantly with six anesthetic procedures atudied. 
2. Of the drugs studied with the criteria used, 
the changes with cyclopropane most nearly 
approached those observed in animals receiv- 
ing only local procaine. 3. The effects of 
anesthetic drugs must be taken into consid- 
eration in evaluating experimental shock 
studies. 




