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RECENTLY, there has been considerable
interest in the use of Ringer's lactate solu-
tion or buffered saline in the treatment of
hemorrhagic shock and burns and for pa-
tients undergoing surgical procedures. Al-
though it has been recognized for some
time that after moderate hemorrhage a
satisfactory blood volume could be restored
by large volumes of isotonic saline solu-
tion,11' 13, 14 the present enthusiasm for this
approach to fluid therapy has been brought
about by two developments. One was the
finding by Shires and his group that func-
tional extracellular fluid volume as defined
by the rapidly equilibrating portion of the
radiosulfate dilution curve was decreased
both in hemorrhagic shock16 and during
and after operative procedures.19 The other
was the finding by a number of groups 4,10,
18,22 that survival in experimental hemor-
rhagic shock was improved by the use of
Ringer's lactate solution or isotonic saline
in addition to return of some or all of the
shed blood. Fogelman and Wilson 6 also
suggested the use of Ringer's lactate solu-
tion in addition to blood for traumatic
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shock. In addition, Pruitt et al.12 demon-
strated adequate maintenance of blood vol-
ume for twenty-four hours with buffered
saline in normal, young men after 10-20%
of blood volume was removed. In their
studies, buffered saline was given in a re-
placement volume equaling four times the
volume of red cells removed plus 1.3 times
the volume of plasma removed. Of some
concern in the replacement of large hemor-
rhages with non-red cell containing fluids
is the reduced oxygen carrying capacity of
the blood and its possible effects on cell
metabolism. This was studied with dextran
and blood by Drucker et al.,5 who found
that the metabolic responses to blood vol-
ume replacement with either was compara-
ble both in degree and in rapidity of cor-
rection. The feasibility of the addition of
lactate when blood lactate is already ele-
vated has also been questioned. The follow-
ing study was carried out to evaluate and
compare the effects on blood flow, oxygen
consumption and excess lactate production
after hemorrhagic shock treated with Ring-
er's lactate solution alone, Ringer's lactate
solution plus blood, and the shed blood
alone.

Method
Beagle type dogs weighing 8-14 Kg.

were anesthetized with pentobarbital so-
dium, 25 mg./Kg., which was supplemented
as necessary, and a cuffed endotracheal



30

3oo

3100.

SROUPS

2700

FI. 1. Mea vaue ofcricot

w1900 e mm

100

~700-

300-~

BC TRJeID Hom's

FIG. 1. Mlean vamlues of cardiac outpui

tube was inserted. Both femor

were cannulated: one for arteri-,

measurement with a Statham
and for arterial blood samples
other for bleeding into a heparini
reservoir. A femoral vein was (

for fluid infusion. A catheter wm

into the pulmonary artery via tI
jugular vein for mixed venous I
ples. The endotracheal tube cu

flated and the tube connected t(
type spirometer filled with 1005
animal was allowed to breathe
ously from the spirometer. A soda
absorber and circulating fan to
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dead space other than the endotracheal
tube completed the system. Nitrogen wash-
out was completed during an initial half
hour control period. Anesthesia was kept
at a light level so that arterial Pco, was

within normal limits, and arterial P02 was

usually well above 500 mm. Hg. Heparin,
5 mg./Kg. was given. The spirometer trac-

> ing, mean and pulsatile arterial pressure
and pulmonary artery pressure were re-

corded on an Offner recorder. Continuous
02 consumption was determined from the
slope of the calibrated spirometer tracing.
Arterial and mixed venous blood samples

4 were analyzed for pH, P02 and Pco. with
an Instrumentation Laboratory apparatus.

t(cc./mi.). Arterial and venous 02 and CO2 contents
were determined by the method of Peters

ral arteries and Van Slyke. Blood lactate was deter-
al pressure mined by a modification of the enzymatic
transducer method of Horn and Bruns 8 and pyruvate
s, and the was determined by a modified method of
ized plastic Segal et al.15 Excess lactate was calculated
cannulated by the formula of Huckabee.9 Micro-
as inserted hematocrits were measured on all blood
he external samples. Cardiac output was calculated
)lood sam- by the Fick principle from total 02 con-
iff was in- sumption and arteriovenous 02 content
) a Collins difference.
Ic 02. The After control blood samples were drawn,
spontane- each animal was bled into the reservoir at

i-lime CO2 a rate of 5 cc./Kg./min. to a mean arterial
eliminate pressure of 30 mm. Hg. This was main-

TAB3LE 1. Average Cardiac Oltpuits + 1 S.D.

Group I Group II Group III
Lactated Ringer's Alone Lactated Ringer's & Shed Blood Shed Blood Alone

(% of (% of (% of
Condition (cc./min.) (cc./Kg.) control) (cc./min.) (cc./Kg.) control) (cc./min.) (cc./Kg.) control)

Before bleeding 2,482 227 100 2,635 196 100 2,490 238 100
(±4618) (±+59) (±+328) (±58) (±4627) (±489)

60 min. at 30 mm./Hg 312 28 13 262 19 11 264 22 11
(±120) (412) (±76) (±3) (±71) (±24)

10 min. after fluids 3,564 331 145 3,026 231 136 2,462 204 95
(±-1,377) (±445) (±-49) (±708) (±-49) (±483) (±4703) (±457) (±-38)

60 min. after fluids 1,734 161 71 2,638 203 118 2,237 185 85
(±4837) (±-88) (±430) (±-632) (±-49) (±478) (±4775) (±464) (±+34)

180 min. after fluids 1,079 98 45 1,272 98 57 1,370 114 54
(±4t403) (±-39) (±i14) (±4211) (±i18) (±432) (±286) (±426) (±2 1)
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tained for one hour wvith the reservoir open.
At the end of this time, further blood sam-
ples wvere drawn. Accordinig to our previous
experience, this period of shock wvith this
preparation should not produce irreversi-
bility and survival should approach 100%
if only the shed blood is returned. The ani-
mals were then divided into three groups.
In Group I, six animals received Ringer's
lactate solution in a volume determined by
the hematocrit and volume of shed blood
according to the formula developed by
Moyer and associates.4 This equalled four
times the volume of red cells lost and 1.3
times the plasma lost as shed blood into the
reservoir. The Ringer's lactate solution, or
Hartman's solution, was a commercially
available preparation (Abbott Lab.) con-
taining Na-130 mEq./L., K-4 mEq./L.,
Ca-3 mEq./L., Cl-109 mEq./L. and lactate
28 mEq./L. The pH was 6.5. The solution
was given at a rate of 2.5 cc./Kg./min. with
the average time of administration of one
hour. Prior to the beginning of infusion, the
reservoir was closed. Blood samples were
drawn at 10 minutes, 1 hour and 3 hours
after the end of the infusion. The cannulae
were then removed, the vessels ligated, the
incisions closed and the animal returned to
its cage. Arterial blood was drawn for con-
trol lactate and pyruvate levels immediately
after arterial cannulation because of the

TABLE 2. OxVgen Constioz ptioni iii cc./Kg. ±t-1 S.).

Group II Group III
Group I L. R.+1/2 Shed
L. R. Shed Blood

Condition Alone Blood Alone

Before bleeding 7.1 6.3 7.4
(+.75) (±0.74) (±0.44)

60'at 30 mm./Hg 4.4 3.5 3.7
(±41.27) (±0.43) (±0.69)

10' after fluidls 7.6 7.0 7.9
(+0.96) (±0.72) (+0.70)

60' after fluicls 7.4 6.5 7.9
(+1.30) (±0.48) (+1.18)

180' after flui(ds 7.4 7.4 9.3
(±0.86) (±41.58) (+ 1.66)
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FIG. 2. Oxygen consumption.

known effects of prolonged anesthesia and
trauma on these values.
The second group of six animals re-

ceived Ringer's lactate solution in the same

amount as determined for the Group I ani-
mals and at the same rate. Ten minutes
after the Ringer's lactate infusion, blood
samples wvere drawn. After this, one half
of the shed blood was returned at a rate of
50 cc./min. Blood samples were drawn
after 1 hour and 3 hours and the animals
returned to their cages.

In the third group of six animals, after
1 hour of hypotension at 30 mm. Hg, the
shed blood in the reservoir was returned
at a rate of 50 cc./min. and blood samples
were drawn at 10 minutes, hour and 3
hours after the end of the infusion. The
animals wvere then returned to their cages.

All animals were observed for 72 hours or

longer, and if they survived for this period
they were considered permanent survivors.

Results

The prebleeding control values were

comparable for each of the three groups
of animals. The amount of blood removed
to maintain a pressure of 30 mm. Hg for
an hour was 60.9 cc./Kg. 5.6 cc. for
Group I, 64.1 cc./Kg. 4.3 cc. for Group
II and 58.7 cc./Kg. 15.1 cc. for Group
III. If blood volume is estimated to be
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T.AlLF, 3. Mean Arterial Blood Pressure in mm./JIg i 1 S.D. and Total Peripheral V'ascutlar
mm/fiHg A rterial Pressutre

Resistanice--
Cardiac Oultputt in L/Min

Group I Group II Croul) III

Condition B. P. Resistance B. P. Resistance B. P'. Resistance

Before bleeding 143 60.3 149 64.5 160 62.2
(±9.3) (±14.8) (± 14.2)

60' at 30 mm./Hg 30 107 30 120 30 122
10' after fluids 98 30.7 118 40.6 132 66.4

(±9.8) (±12) (±16.2)
60' after fluids 96 61.8 130 51.5 136 66.4

(1 2.4) (± 15) (±416.2)
180' after fluids 103 103 134 106 137 103

(425.4) (±18.7) (±15.9)

8 '/c of body weight, the Groul
bled an average of 76%, of estin
volume, Group II, 78%, and
69%. In Group I, an average of:
or 1635 cc. of Ringer's lactate s

given to each animal. In Group
Kg., or 2,111 cc. were given. T]
2.46 times the volume of blc
Group I and 2.51 times the volur
lost in Group II.

Cardiac output (C.O.) cI

shown in Table 1 and Figur(
means for the three groups. Tho
in C.O. at 30 mm./Hg were t]
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FIC. 3. Mean arterial l)lood pre

p I animals each group. The increase 10 minutes after
nated blood Ringer's lactate solution was greater and
Group III, well beyond the control value for a short
150 cc./Kg., period of time in Groups I and II. At 60
olution was minutes after infusion C.O. was higher in
II, 161 cc./ Group II, but this group received fluid in
his equaled addition to blood. Although blood flow
)od lost in tended to be higher in Groups II and III at
ne of blood 180 minutes, these differences were not sig-

nificant. C.O. in all groups had fallen to
ianges are about half the control value at this time.

1 as the Mlean changes in oxygen consumption for
e decreases the three groups are shown in Table 2 and
he same in Figure 2. Oxygen consumption fell to the

same degree in all three and returned to
above the control values following vascular
volume replacement regardless of the type
of replacement. This increase beyond the

--___ r control value could be considered indica-
tive of repayment of an 02 deficiency de-
veloped during the shock period. These
increases beyond the control values were

small, however, and were greatly influ-
enced by small changes in the level of anes-
thesia late in the experiment. The high final
value in Group III is believed to be due
to lighter anesthesia in these animals at
that time.

a1 4 Blood pressure and peripheral vascular
resistance changes are shown in Table 3

ssure. and indicate a higher blood pressure after
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blood and Ringer's lactate solution plus
blood than after Ringer's lactate solution
alone (Fig. 3). At 180 minutes, blood pres-
sure was below the control value in all
groups. Peripheral vascular resistance in-
creased to comparable levels in all groups
during shock. It was decreased more by
Ringer's lactate solution, but after 180 min-
utes there were no differences in the three
groups.
Hematocrit changes are summarized in

Table 4 and show considerable hemodilu-
tion with Ringer's lactate solution. At 180
minutes, hematocrit was still greatly re-
duced in Group I, was normal in Group II
and was elevated in Group III (Fig. 4).

Arterial pH and blood gas tensions
changes were much the same for each

TABLE 4. Hematocrit Chang-es ± 1 S.D.

Condition Group I Group II Group III

Before bleeding 38.8±3.7 39.8i4.1 45.7±5.3
60' at 30 mm./Hg 34.5±+4.9 38.9±3.1 37.1 ± 7.8
10' after fluids 15.1i3.5 19.9±4.4 47.8±3.8
60' after fluids 21.3±5.4 34.2±5.0 51.0±3.9
180' after fluids 25.5±4.7 41.8i8.1 52.1±5.0

group (Table 5). The pH decreased to
7.04-7.07 after 60 minutes at 30 mm. Hg
and rose progressively after fluid or blood
replacement, reaching normal at 180 min-
utes in all animals (Fig. 5). It decreased
initially after blood from the reservoir, but
rose after the electrolyte solution. At 180
minutes, even though the pH was normal,
there was persistent metabolic acidosis
with respiratory compensation since arterial
Pco2 and CO2 contents were decreased. Ar-
terial Po2 was maintained at high levels in
all animals during the entire experiment.
This ranged from 450-600 mm. Hg, aver-
age-550 mm. Hg. Arterial 02 content
varied with the hematocrit changes. There

were marked decreases in 02 content after
hemodilution with Ringer's lactate solution.
At 180 minutes, arterial 02 content was 14
vol. %o in Group I, 20 vol. in Group II

50-0-
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FIG. 4. Hematocrit.

and 25 vol.% in Group III. Venous 02 con-
tent stayed extremely low in the Group I
animals (4.5 vol.%) and returned to the
control value in Groups II and III (14-17
vol.%) at 180 min. Arteriovenous 02 dif-
ferences were comparable for all groups
under these varying conditions.
Blood lactate and pyruvate levels were

normal immediately after anesthesia and
did not change appreciably during the hour
of preparation before bleeding. At the end
of the shock period, lactate, pyruvate and
excess lactate were considerably elevated.
These decreased after fluid and blood infu-
sion, but after 3 hours there was still some
excess lactate in all groups along with com-
pensated metabolic acidosis. No differences
were noted in these measurements in the
three groups (Table 6, Fig. 6).
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FIG. 5. pH change.
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TABLE 5. Acid-Base Data-Arterial Blood (Pco2 in mm./Hg, CO2 Content in Vol. %)

Group I Group II Group III

CO2 CO2 CO2
Condition pH Pco2 Content pH Pco2 Content pH Pco2 Content

Before bleeding 7.33 44 50 7.29 45 48 7.33 39 43
60' at 30 mm./Hg 7.07 26 18 7.04 25 17 7.04 19 15
10' after fluids 7.22 34 35 7.13 38 31 7.02 48 35
60' after fluids 7.34 35 39 7.22 39 35 7.21 38 32
180' after fluids 7.41 26 34 7.36 29 36 7.37 30 33

All animals in Groups I and'
beyond 72 hours and until sacr
animal in Group III died. This
a satisfactory blood pressure a

output at the end of the perio
but developed the highest exc

during the shock period and the

@4

0

. _ ,

I-

a
TfttTeo Hours

FIG. 6. Excess lactate in mM

II survived
-ificed. One
animal had
Lnd cardiac
d of study
oess lactate
a lowest ar-

terial pH and CO2 content. Excess lactate
did not return toward normal after treat-
ment as it did in other animals. This was

also the only animal to take blood back
spontaneously from the reservoir during
the hour at 30 mm. Hg.

Discussion

The shock preparation used in the pres-
ent study was designed to produce severe

and prolonged shock, but treatment was

begun before the time of predicted irre-
versibility. By this means, it was hoped that
the problems of hepatosplanchnic pooling
of blood and gastrointestinal bleeding
which are specific to the dog in irreversible
shock might be avoided. All animals except
one survived and were normal when sacri-
ficed after 72 hours. The single death oc-

a curred in an animal which received only its

shed blood, but it took blood from the
.IL. bleeding reservoir prior to treatment, indi-

TABLE 6. Blood Lactate, Pyruvate and Excess Lactate. In mMo1./L. i 1 S.D.
(mMol./L. X 9 = mg. % approximately)

Group I Group II Group III

Excess Excess Excess
Condition Lactate Pyruvate Lactate Lactate Pyruvate Lactate Lactate Pyruvate actate

After anesthesia 0.85 0.049 0.0 0.8 0.055 0.0 0.72 0.042 0.0
(±40.25) (4±0.01) (±40.23) (4±0.01) (±40.18) (±40.01)

Before bleeding 0.69 0.033 0.002 0.73 0.728 0.15 1.39 0.134 0.306
(±-0.86) (±40.01) (±10.13) (±-0.01) (±-0.8) (±-0.17)

60' at 30 mm./Hg 9.8 0.135 7.24 10.6 0.134 8.7 10.8 0.122 8.56
(±42.5) (±-0.003) (±-0.76) (±4-1.1) (±-0.12) (±i1.3) (±-3.5) (±40.01) (±-2.4)

60' after fluids 3.8 0.059 2.4 4.18 0.058 4.42 4.66 0.05 3.31
(±i1.2) (±40.03) (±4-1.15) (±4-1.35) (±-0.05) (±4-1.8) (±i1 .7) (±40.03) (4±1.1)

180' after fluids 2.48 0.045 1.65 1.52 0.015 1.29 2.1 0.024 1.67
(±1.1) (±-0.01) (±41.10) (±i0.84) (±-0.04) (±-0.6) (±1.25) (±-0.01) (±41.07)
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cating circulatory decompensation prior to
treatment.
The replacement of vascular volume with

buffered saline (Ringer's lactate solution)
alone, buffered saline plus blood or blood
alone produced much the same levels of
cardiac output and oxygen consumption
after three hours and the same progressive
correction of metabolic acidosis and excess

lactate. This confirms the fact that vascular
volume restoration by a non-specific fluid
without red cells which satisfactorily in-
creases cardiac output will improve oxida-
tive metabolism and correct the metabolic
defects of shock prior to irreversibility.
This can be accomplished with an electro-
lyte solution when sufficient volume is
given to maintain a large quantity of the
solution in the vascular compartment. Col-
loid is not necessary for this purpose, al-
though Drucker et al.5 have shown that
dextran was as effective as blood in restor-
ing vascular volume and correcting the
altered metabolism of shock. This indicates
that Ringer's lactate solution alone and in
sufficient quantity may be satisfactory for
moderate blood loss and is being used clini-
cally by a number of groups."'7 20 Obvi-
ously, progressive hemodilution with re-

duced oxygen carrying capacity of arterial
blood would become detrimental. The lim-
its to which this can be extended have not
been definitely established. In the present
study, 60 cc. of blood/Kg. of body weight
(estimated 73% of blood volume) was re-

placed with Ringer's lactate solution with-
out known deleterious effects over the next
three hours, and all animals survived. How-
ever, arterial 02 content was reduced and
02 consumption was maintained by greater
02 extraction from the blood with very low
mixed venous 02 contents. This was defi-
nitely an abnormal state not present in ani-
mals receiving some or all of the shed
blood. This allows the animal no reserve

and makes it extremely vulnerable to any

further insult. Decreased arterial 02 satura-
tion, decreased cardiac output or pre-

existing pulmonary or cardiac disease
would produce tissue hypoxia with such a
low venous 02. Thus, with this extent of
hemorrhage, red cells seem necessary not
to correct the altered metabolism, because
this can occur without red cells, but to re-

store the normal oxygenation capabilities
of the organism. Drucker 5 found that re-

placement of 48 cc. of blood/Kg. of body
weight with dextran (hematocrit 14-15)
did not produce excess lactate in the next 9
hours. Wise et al.21 found that in hemor-
rhagic shock in dogs treated with dextran
or plasma alone, the compensatory mecha-
nisms were rapidly exhausted when the
hemoglobin fell to less than 50% of con-
trol. Tissue hypoxia then became evident.
The use of such a solution can decrease

the volume of blood replacement necessary
without sacrificing homeostatic capabilities.
This is of interest in civilian defense plan-
ning for major disasters when blood in ade-
quate amounts may not be available. The
preparation, stockpiling and storage of ma-

terials for major disasters could be simpli-
fied with electrolyte solutions as compared
to colloids.

Reynolds 13 demonstrated in 1949 that
saline was effective in the treatment of
hemorrhagic shock, and Parkins et al."
found that moderate hemorrhages could be
replaced adequately with isotonic saline in
volumes of two or more times the volume
of blood lost. These animal studies have
now been confirmed in human volunteers
from whom 10% or 20% of blood volume
was removed and replaced by Ringer's lac-
tate solution in volumes four times the red
cells and 1.3 times the plasma removed.12
Vascular volume was maintained for at
least 24 hours. Other studies have shown
that survival in critical hemorrhagic shock
in dogs can be improved by giving buffered
saline or dextran in addition to part or all
of the shed blood. Wolfman et al.22 and
Shires et al.'8 treated dogs in hemorrhagic
shock with buffered saline in a volume of
5% of body weight and then returned all
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the shed blood, increasing survival to 80-
90% from the 20-30%o survival with blood
return alone. Dillon et al.4 found the ideal
replacement solution to be Ringer's lactate
solution (buffered to a pH of 8.2 with
NaOH) in a volume of four times the vol-
ume of red cells plus the volume of plasma
lost in addition to half the shed blood. The
reasons for this improvement in mortality
have been ascribed to an increased extra-
cellular fluid volume,22 replacement of the
functional extracellular fluid deficit pro-
duced by shock,"' or replenishment of the
functiontal sodium mass of the body.4
Hemodilution with reduced blood viscosity
and better flow characteristics of blood
would also seem to play a part. In the pres-
ent study there were differences in the
three groups of animals at three hours after
treatment in blood pressure, hematocrit and
arterial and venous blood 02 contents. In
animals given only Ringer's lactate solution,
the hematocrit was reduced to 40% of con-
trol immediately after infusion and was
only 66%7o of control after 3 hours. In ani-
mals given buffered saline and blood, the
hematocrit was normal after three hours,
and animals given only blood were hemo-
concentrated at that time. The importance
of a normal hematocrit has been stressed
by Crowell,2, 3 who found that survival time
and oxygen consumption were maximal in
dogs with hemorrhagic shock when the
hematocrit was in a normal range. Some
immediate alkalinization of arterial blood
was produced by the Ringer's lactate solu-
tion, and correction of excess lactate was
not hampered by the lactate load. Blood
pressure was lowest in animals given only
buffered saline but calculated vascular re-
sistance was the same in all three groups.
Cardiac output increased well beyond the
control value for a short time after Ringer's
lactate solution infusion but just reached
the control value after blood. This greatly
increased cardiac output compensated for
the hemodilution and reduced arterial 02
content so that 02 consumption was the

Annals of Surgery
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same in all groups. Since the correction of
altered metabolism proceeded on the same
time scale with all three groups, any pre-
sumed beneficial effect of buffered saline
plus blood in the treatment of shock would
seem to be related to better flow charac-
teristics of blood. This is evidenced by the
larger cardiac output immediately after
Ringer's lactate solution and the normal
hematocrit when blood is also given. Vol-
ume for volume, a non-red cell containing
solution which stays in the vascular space
produces greater increases in blood flow
than does whole blood, presumably because
of the decrease in blood viscosity with
hemodilution. It is possible that these al-
terations would be different at a critical
period of irreversibility in shock, but this
would also introduce problems peculiar to
the dog. It is also possible that the bene-
ficial effects of buffered saline and blood in
previous studies are related to individual
organ functions which were not measured
in the present study. In Drucker's studies 5

comparing the metabolic effects of blood,
dextran and saline, an irreversible prepara-
tion was used in which none of the animals
survived. They found that the restoration
of blood volume with a crystalloid solution
(normal saline) in a volume equal to twice
the volume of blood lost was less effective
than blood or colloid (dextran) in improv-
ing oxidative metabolism or cardiovascular
status. In the present study, Ringer's lactate
solution was given in a volume approxi-
mately 2.5 times the volume of shed blood.
This plus the non-irreversible stage of
shock would seem to be responsible for the
effectiveness of buffered saline in the pres-
ent study.
The lag phase of correction of metabolic

acidosis and decrease in excess lactate after
the treatment of shock is again noted.
Metabolic acidosis and excess lactate, al-
though slight, were still present 3 hours
after volume replacement. This may be re-
lated to the time interval required for the
liver to handle a lactate load.
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This study supports the clinical use of
Ringer's lactate solution along with blood
for the treatment of hypovolemic shock. It
should be helpful not only in the initial
emergency treatment of shock before blood
is available but also along with blood to de-
crease the volume of blood necessary and
for the other advantages which it may offer.
The present report applies only to hypo-
volemic shock and not to other causes of
hypotension. The study was carried out
under controlled conditions with adequate
ventilation and with the animal breathing
100% oxygen, in contrast to clinical situa-
tions with many uncontrollable variables.
The potential danger of excessive hemo-
dilution with reduced oxygen carrying ca-
pacity of the blood despite high blood flow
or cardiac output must be recognized.

Summary
Hemorrhagic shock in three groups of

dogs was treated prior to irreversibility by
Ringer's lactate solution alone, Ringer's lac-
tate solution plus half the shed blood, or
blood alone. Measurements included car-
diac output, oxygen consumption, blood gas
tensions and contents, pH, hematocrit and
lactate, pyruvate, and excess lactate levels.
The total body metabolic deficit was ade-
quately corrected by all three treatment
programs, indicating that an electrolyte
solution given in sufficient volume was
satisfactory in this respect for the treatment
of severe hypovolemic shock. However,
when Ringer's lactate solution was used
alone to replace a large blood loss, normal
02 consumption was maintained only by
increased cardiac output and increased 02
extraction with a low venous 02 content.
This would make the animal vulnerable to
any further insult. Ringer's lactate solution
given with blood decreased the volume of
blood required in hemorrhagic shock to
provide adequate cardiac output, 02 con-
sumption and blood gas contents along with
correction of altered metabolism. Ringer's
lactate solution, in the volumes and rate

given, transiently increased cardiac output
beyond the control value, whereas blood
did not. The buffered saline provided some
immediate correction of metabolic acidosis,
but 3 hours after treatment there were no
significant differences in any of these mea-
sured parameters in the three groups. Ani-
mals given Ringer's lactate solution plus
half the shed blood had a normal hema-
tocrit at the end of the study. Previously
described beneficial effects of electrolyte
solutions in addition to blood as compared
to blood alone in the treatment of hemor-
rhagic shock seem to be due in part to
better flow characteristics of blood with
hemodilution.
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