Bleeding Volume Variations

1. Comparison of Effects of Halothane, Ether and Thiopental in Normal Dogs

Phillip S. Marcus, M.D., Thomas F. Boyd, M.D.,
Harry S. Goldsmith, M.D., Joseph F. Ruscio, M.D.

Tuis investigation into the effects of anesthetic
agents in the presence of acute hemorrhage
was undertaken with two objectives. Firstly,
we were interested in exploring the value of
halothane for future use in this situation. Sec-
ondly, the employment of different anesthetic
agents in experimental studies of acute bleed-
ing has clouded past results because the ef-
fects of each agent have not received sufficient
consideration. No experimental method for
the evaluation of anesthetic agents used in the
study of acute hemorrhage has been generally
accepted. Techniques have been described by
Wiggers ! in 1950, Zweifach, et al.,* in 1952,
Fine * in 1954, Zingg, et al.,* in 1958 and
others. Walcott 3 in 1945 described the prepa-
ration that we have utilized, and he investi-
gated it further subsequently.® 7 Its basic
principles are as follows: The animal (dog) is
bled rapidly through a femoral artery cannula
until a definite end point is reached, described
as a triad consisting of respiratory arrest, de-
cercbration, and a change in the character of
the stream of the shed blood from a steady one
to one of a dripping nature. We have found
the latter the most objective and constant and
have used it to the exclusion of the others.
The shed blood is collected, measured and
rapidly reinfused. If the animal survives, one
week later the same procedure is repeated and
carried to the same end point with no attempt
made to obtain survival. If both procedures
are carried out under identical conditions, us-

Accepted for publication May 28, 1962. Dr.
Marcus is Director, Department of Anesthesiology,
Boston City Hospital; Assistant Professor of Anes-
thesiology, Boston University School of Medicine.
Dr. Boyd is Assistant Director, Third (B.U.) Sur-
gical Service and Research Laboratory, Boston
City Hospital; Assistant Professor of Surgery, Bos-
ton University School of Medicine. Dr. Gold-
smith, Formerly, Research Fellow, Boston City
Hospital, and Dr. Ruscio, Associate Visiting Physi-
cian for Anesthesiology, Boston City Hospital,
Boston, Massachusetts.

ing local anesthesia, the amount of blood col-
lected during the second bleeding will show
excellent correlation. Each animal serves as
his own control.

Lawson,® Walcott,® and Deniz and Greger-
sen ® confirmed the constancy of the bleeding
volume of the dog and also showed that it
bore no direct relationship to the blood vol-
ume. Deniz and Gregersen ® stated that “the
bleeding volume may be looked upon as
roughly defining the maximal agonal collapsi-
bility of the circulatory system, or the maximal
extent to which the system can shrink. Since
the draining of the system to this point brings
the circulation to a stop, bleeding could, in a
sense, be considered as the effective functional
fraction of the blood volume.” As Lawson #
has stated, the bleeding volume depends on
“the volume and composition of the blood at
the start of the bleeding; upon the amount of
extravascular fluid which can be brought in,
and the efficiency of mechanisms which main-
tain flow through vital organs, during the
bleeding; and upon the ability of vital organs
to survive reduction of the blood flow toward
the end of the bleeding.” Any desired varia-
ble can be introduced during the second bleed-
ing and investigated for significance.

Method

The unanesthetized dog was placed in the
supine position on an animal operating table.
The femoral region was infiltrated with 1 per
cent procaine, the femoral artery was exposed
and incised and a bleeding catheter (con-
structed from plastic tubing according to the
direction of Deniz and Gregersen?®) was in-
serted one inch into the common femoral
artery. The first 100 ml. of blood was col-
lected into a 100 ml. siliconized-heparinized
syringe and the remainder collected into one
or two 500 ml. siliconized-heparinized gradu-
ates, depending upon the amount of shed
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Fic. 1. Each upright bar represents the initial
mean weight of nine animals. Bar C represents
the control group, bar H the halothane group, bar
T the thiopental group and bar E the ether group,
There is no significant difference in the mean initial
weights of any of the twelve groups.

blood. As the end point of the bleeding drew
near, there was always a perceptible change in
the dripping quality of the blood stream. This
change always occurred after the cessation of
respiration and decerebration of the animal.
When the change was noted, dripping was al-
lowed to continue for 30 seconds. Even when
the end point was reached suddenly with a
complete stoppage of the bleeding stream, a
waiting period of 30 seconds was still observed.

The total amount of shed blood was meas-
ured, and immediately the first 100 ml. of
shed blood were reinfused rapidly through the
bleeding tube, the remainder was replaced as
quickly as possible via the same route. The
artery was ligated and the wound closed.
The bleeding time and volume were recorded,
the animal returned to his cage and fed a
routine diet for a week. At the end of this
period, the animal was returned to the labora-
tory and the entire procedure repeated, using
the contralateral common femoral artery. In
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the control series, both bleedings were done
under local procaine anesthesia. All general
anesthetics were administered by two senior
members of the anesthesia department. All
experimental animals, including those under
local anesthesia, received high flow rates of
oxygen administered by means of well-fitting,
canine face masks. Two per cent thiopental
was introduced intravenously by syringe.
Ether was administered by the open drop
technique with a high flow rate of oxygen.
Halothane was administered with a 10-liter
permanent flow of oxygen through a Fluotec
Mark II vaporizer with a concentration of 2 to
3 per cent for induction, then maintained with
1 to 1.5 per cent until a steady state was
reached.

Each animal was deemed ready for bleeding
when the respirations were regular and deep,
at a rate of 18 to 26 per minute, and there
was no evidence of cyanosis for a period of
ten minutes. In addition, the inner canthal
reflex was always present, and the outer
canthal reflex was always abolished. To prove
that animals in each anesthetic group were
adequately oxygenated, randomly selected ani-
mals were reinfused with the shed blood after
the end point had been reached. Each such
animal recovered completely and was neuro-
logically normal. In all groups of dogs, the
femoral artery area was infiltrated with 1 per
cent procaine. Random blood samples for
anesthetic concentration were examined in
dogs receiving ether and thiopental. Ether
levels ranged from 43 to 95.5 mg./100 ml.
with a mean of 60.1 mg./100 ml. Thiopental
concentrations ranged from 7.8 ug. per liter
to 16 pg. per liter with a mean of 10.7.

The experimental animals were divided into
three groups of equal average weights (fig. 1).
Each group was further subdivided into four
subgroups. They were as follows:

Group 1-Normovolemic Dogs. (1) Nine
dogs bled both times with local anesthesia
(controls). (2) Nine dogs bled first with
local anesthesia, secondly with halothane. (3)
Nine dogs bled first with local anesthesia,
secondly with thiopental. (4) Nine dogs bled
first with local anesthesia, secondly with ether.

Group 2—Posthemorrhagic Dogs—15 Per
Cent. The first bleeding was carried out as
before. One week later, 15 per cent of the
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amount of blood collected during the first
bleeding was withdrawn 30 minutes before
the second bleeding volume dectermination.
The second procedure was repeated as in
group 1.

Group 3—Posthemorrhagic Dogs—30 Per
Cent. The same procedure was followed as
in group 2, except that 30 per cent of the first
bleeding volume was withdrawn 30 minutes
before the second bleeding volume determina-
tion, and then the procedure was performed
as above.

Results

The close correlation of each of the nine
dogs in the control normovolemic group is
shown in figure 2. The open upright bar
shows the amount of blood in milliliters per
kilogram obtained in the initial bleeding in
cach dog. The striped bar depicts the amount
of shed blood in milliliters per kilogram in
the second bleeding of the same dog. The
correlation coeflicient is 0.863.

In the normovolemic group (fig. 3), it can
be seen that, in the control animals, there was
a slight gain of 1.6 ml./kg. of body weight in
the second bleeding compared to the first.
The halothane group showed a decrease of
1.4 ml./kg., the thiopental group a decrease

of 3.6 ml./kg., and the cther group a decrease
of 5.1 ml. per kilogram. Thesc figures were
subjected to statistical analysis using the analy-
sis of variance method, and there is no sta-
tistically significant difference between any
agent and the control group, or between any
agent as compared to another.

In figure 4, the same method of analysis
was used in the 15 per cent hemorrhage group.
In the upper bar graph, the blood which was
withdrawn prior to the actual commencement
of the second bleeding is included. The lower
graph does not include this initial amount of
shed blood and is based upon the amount col-
lected once anesthesia had been induced. As
expected, this does not change significance in
this group. If the amount of blood collected
prior to the induction of anesthesia is included,
the controls showed a decrease of 2.5 ml./kg.,
the halothane group 3.0 ml./kg., thiopental 0.0
ml./kg., and the ether group 6.0 ml /kg. If
the previously withdrawn blood is not in-
cluded, there is a decrease in ml./kg. of 12.0
for controls, 8.6 for thiopental, 11.2 for halo-
thane and 15.4 for ether. Again, these figures
show no statistically significant difference.
However, if the values for ether at the 0 per
cent and 15 per cent levels of hemorrhage are
combined to increase the number of experi-
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Fic. 2. Each of the dogs, numbered 1 through 9, which comprise the control (froup of the

normovolemic series is shown. The open bar represents the shed blood obtaine

at the first

bleeding in ml./kg. of body weight. The striped bar for each of the same dogs represents the
amount of shed blood obtained one week later, again expressed in ml./kg. The correlation

coefficient is 0.863.
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Fic. 3. Four groups of dogs are depicted.
bled under local ancsthesia only. There was an increase o

The first groufp is composed of the nine dogs
1.6 mg./kg. in mean bleeding

volume of the second bleeding (striped bar) over the first bleeding ((()]pen bar.) For all the
n

other groups, there was a decrease in the bleeding volume on the seco

bleeding as compared

with the first. Thus, when general anesthesia was given, there was less blood obtained than
when the bleeding in the same dog was performed under local anesthesia alone.

mental animals, then ether is significantly dif-
ferent from the controls at the combined levels.

The 30 per cent hemorrhage group was ex-
amined in the same manner (fig. 5), and the
results are as follows: If all blood collected is
measured, the controls show a decrease of 0.6
ml./kg., thiopental an increase of 2.5 ml./kg.,
ether a decrease of 4.0 ml./kg. and halothane a
decrease of 6.5 ml/kg. Disregarding the
blood of the initial hemorrhage magnifies
the figures but does not produce significant
changes, and the controls are then decreased
20.1 ml./kg., thiopental 16.8 ml./kg., ether
23.6 ml/kg., and halothane 25.0 ml./kg.
Halothane is significantly different from thio-
pental in this group.

Discussion

The normal response of the dog to acute
hemorrhage is vasoconstriction, and since this
preparation is 100 per cent fatal if blood is
not immediately replaced upon reaching the
end point, we must assume that the normal
homeostatic mechanism does not protect the
animal. Any agent or procedure, of whatever
nature, that decreases the amount of blood
that the animal can lose before this end point

is reached must be classified as noxious. Since
nothing has been tested thus far that will sig-
nificantly increase this acute bleeding volume,
then it follows that the instrumentality that
produces the least decrease in the acute bleed-
ing volume (in this instance, an anesthetic
agent) would be the most advantageous. Re-
cent publications have been tending toward
this concept of protection from irreversible
shock by the prevention of vasoconstriction.
Boba and Converse 1° stressed this and de-
veloped the theme further in the clinical situa-
tion. They aimed at a delay or prevention of
irreversible shock by the abolition of the usual
vasoconstrictor mechanism. This concept has
also been advanced by others and there is a
sizable body of confirmatory data. Hakstian
et al.’* demonstrated almost complete protec-
tion against irreversible shock by the use of
hydralazine (Apresoline), a moderately strong
antihypertensive agent. They could only
speculate on the mechanism of action and sug-
gested that its function was in moderating the
intensity of vasoconstriction or minimizing
visceral damage due to anoxia. Deniz and
Gregersen ® made numerous attempts to in-
crease the bleeding volume of the dog. Ex-
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perimental procedures utilized venous bleed-
ing as compared to arterial, carotid-artery
clamping, plasma expanders and epinephrine
in single doses or continuous infusions failed
to significantly alter the bleeding volume, and
vagotomy significantly decreased it. All this
tends to support our hypothesis that in this
experimental preparation the best anesthetic
in a given situation of acute hemorrhage is that
agent which produces the least decrease in
bleeding volume, since it would delay the on-
set of hemorrhagic shock the longest.
Halothane 12-1¢ has been found by many in-
vestigators to be a depressor of the cardio-
vascular mechanism. Some of this depression
may have been due to excessive dosage due to
inaccurate knowledge of halothane concentra-
tion being delivered. Systems in present use
deliver an exact concentration of the drug.
In spite of excellent control of dosage, reduc-
tions in cardiac output do result from in-
halation of clinical concentrations of halo-
thane.’® ' In addition, peripheral vasodilita-

tion is marked ** and adds to the hypotension
already begun by the direct myocardial effects
of the drug. This peripheral vasodilitation
may be due to the localized action of halothane
on the blood vessel wall 18 and by interference
with the normal vascular response to catechol
amines.”® It is more likely due to release of
normal neural vasoconstrictor tone, as it is
abolished by nerve block.1?

Because this agent was believed to be con-
traindicated in the presence of shock or in the
actively bleeding patient,?®: 2t we elected this
method of study to establish base levels in
normal dogs. The other agents, ether and
thiopental, were selected for comparison.
With the base line changes established for
this method of anesthetic evaluation, various
changes from the normal physiologic state
could be produced in the dog and possible
adverse effects from these agents can be evalu-
ated in the presence of each physiologic ab-
normality by the degree of change in the
bleeding volume.
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Fic. 4. Each group depicted consists of the mean values for nine dogs. The same groups
are shown in two ways. In the upper portion, the blood removed before the induction of gen-
eral anesthesia is added to that obtained during the general anesthesia and the result (striped
bar) compared with the initial bleeding volume (open bar). In the lower portion, the blood
removed prior to the second bleeding has not been added to the amount obtained at the second
bleeding under anesthesia. Thiopental appears to be the best agent at this hemorrhage level,

but is not significantly so.
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Fic. 5. Each group depicted consists of the

mean values for nine dogs. The same groups

are shown in two ways. In the upper portion, the blood removed before the induction of

general anesthesia is added to that obtained

during the general anesthesia and the result

(striped bar) compared with the initial bleeding volume (open bar). 1In the lower portion,

the blood removed prior to the second bleeding

has not been added to the amounts obtained at

the second bleeding under anesthesia. Thiopental appears to be the best agent at this hemor-
rhage level and is significantly better than ether.

If halothane anesthesia is accompanied by
widespread vasodilitation and an increase in
main organ blood flow,17 it might be the agent
of choice in clinical acute hemorrhage. Ether
in light levels with a propensity for vasocon-
striction would then be an undesirable agent
to use. This seems to be borne out by the re-
sults of this experimental procedure. Recent
work by Smith, Fabian and Carnes 22 employ-
ing a somewhat different experimental pro-
cedure compared the effects of cyclopropane
with halothane and seems to confirm the be-
lief that halothane is a satisfactory agent to be
used in the presence of acute hemorrhage
when compared to cyclopropane.

The result of the thiopental series is un-
expected, and the best reference in support of
this is that of Lum 2* who showed that, in a
shock preparation that produced no survival,
he was able to protect 12 dogs out of 20 by
using pentobarbital anesthesia. It must be
stressed that thiopental in this connection is
thiopental without accessory ancsthetic agents

or adjuvants. As a generalized statement, our
results indicate that in the normovolemic dog
about to undergo acute hemorrhage or in the
dog who has lost approximately 15 per cent of
his bleeding volume before being anesthetized,
ether would be the poorest agent to choose,
and halothane or thiopental would be the most
advantageous. In the experimental animal
subjected to 30 per cent hemorrhage before
having anesthesia induced, our results indicate
that thiopental would be the anesthetic agent
of choice, followed by ether and then halo-
thane. Which parameter of the cardiovascular
homeostatic mechanism is responsible for this
differential in bleeding volumes we do not
know. Crowell believes that the common
parameter in hemorrhagic shock is oxygen
debt.2* 1In his studies, mortality increased di-
rectly as the oxygen debt increased. This
factor did not influence the results of this
series, as survival without neurological damage
was the inevitable result in those dogs which
were reinfused with the shed blood. It may
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be that the change in bleeding volume is
caused by effects on the myocardium, on
venous  return,  peripheral  vasoconstriction,
splenic contraction, sympathetic tone or capil-
lary permeability, either singly or in various
combinations. Further experimentation may
elucidate the facet responsible for the changes
noted.

Summary and Conclusions

The constancy of the acute bleeding volume
of the dog was confirmed and is reproducible.
The acute bleeding volume is an experimental
model which, when used as described, reveals
differences in the effects of various anesthetic
drugs. The exact mechanism involved in pro-
ducing this differential in acute bleeding vol-
ume is not known to us at this time.

No anesthetic drug tested increased the
acute bleeding volume significantly in the
normovolemic dog, and ether produced the
greatest decrease, followed by thiopental and
halothane.

In the 15 per cent hemorrhagic group, ether
produced the greatest decrease, followed by
halothane and thiopental. In the 30 per cent
hemorrhagic group, halothane produced the
greatest decrease, followed by ether and thio-
pental.

Supported in part by a research grant from
Ayerst Laboratories, Inc., New York, New York.

This work was presented at the Annual Meeting,
The American Society of Anesthesiologists, Los
Angeles, California, October 27, 1961,
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