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It has long been known that extensive loss of
body fluid may adversely affect the circulation
(1). The importance of loss of fluid in the pro-
duction of “shock” following burns and trauma
has frequently been emphasized. More recently,
it has been recognized that the loss need not be
external. Body fluid regularly accumulates in an
injured region and is to a considerable extent
made unavailable to the organism (2, 3). Treat-
ment with parenteral saline solution may have a
dramatic therapeutic effect in shock associated
with such local segregation of fluid. On the basis
of this and other experimental observations, at-
. tempts have been made to assign a primary role
to salt and water depletion in the etiology of
traumatic shock (4 to 6).

A more exact knowledge of the effects of salt
and water depletion on the circulation of the un-
traumatized organism is required before this point
‘of view can be accepted. It is not known whether
the effects of such depletion on the circulation may
not differ in some significant way from those
which accompany traumatic “shock.” The rela-
tive effects on the circulation of water depletion
and of salt depletion require definition. For ex-
ample, there is clinical and experimental evidence
that loss of salt is more deleterious to the circu-
lation than is loss of water (7, 8). Although
both may cause the same degree of contraction in
extracellular volume, the contraction of plasma
volume is greater after salt depletion (9). How-
ever, plasma volume alone does not characterize
the state of the circulation, and hence hemody-
namic measurements are necessary. Quantitative
studies of circulatory dynamics have rarely been
made in salt and water depletion. The few re-

1 Aided by grants from the Fluid Research Fund of
the Yale University School of Medicine.

2 We are indebted to Dr. S. C. Harvey and to Dr. J. S.
Lockwood for the use of the laboratories of the Depart-
ment of Surgery, and to Dr. J. F. Fulton and Dr. D. H.
Barron for the use of the Laboratories of the Depart-
ment of Physiology.

ports available are of limited utility since the as-
sociated changes in the body fluids were not
measured (10 to 12).

It is the purpose of the present study to corre-
late changes in the several compartments of the
body fluid with the dynamic changes in the circu-
lation following salt depletion and water depletion.
Such a study should assist in defining the role of
water and of salt loss in the pathogenesis of
traumatic shock.

EXPERIMENTAL PROCEDURES

Fasting unanesthetized female dogs were used
throughout.

Acute sodium chloride depletion was produced
by the intraperitoneal injection of 100 to 150 ml.
per kgm. of body weight of 5 per cent glucose solu-
tion followed by the withdrawal 4 or 5 hours later
of an equal amount of peritoneal fluid containing
salt (13). Preliminary studies had indicated that
at this time the maximal amount of salt had
diffused from the body into the peritoneal fluid.

Acute water depletion in excess of salt was pro-
duced by the intravenous injection of a solution
containing 10 per cent urea and 5 per cent
glucose. A copious diuresis occurred during the
subsequent 7 or 8 hours.

Total balances of water and of chloride were
measured at the end of each experiment. Water
balance measurements were based upon changes
in body weight after urine was withdrawn by
catheterization, corrected for fluid administered,
and for water and solids removed. Water of
metabolism was ignored because of the short dura-
tion of the experiments (14).

Hemodynamic measurements were made before
and after depletion in the following sequence: cir-
culation time, cardiac output, and arterial pres-
sure. Initially, about 10 ml. of blood were with-
drawn before arterial pressure was measured;
after this 25 ml. of arterial blood were obtained
for chemical analysis.
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The effects of 4 or 5 hours of acute salt deple-
tion were compared with those of 7 or 8 hours
of acute water depletion. In this way approxi-
mately equal degrees of contraction of extracellu-
lar fluid were produced in both groups of animals.

In one experiment with salt depletion intermedi-
ate measurements of changes in body fluids and in
circulatory dynamics were made at 40, 86, and
300 minutes. To determine the effect on the circu-
lation of a large volume of fluid in the peritoneal
cavity, 0.9 per cent NaCl solution in place of 5
per cent glucose was injected intraperitoneally in
2 control experiments.

METHODS

‘Hemodynamic measurements

Circulation time from forepaw to medulla was meas-
ured by the interval between the injection of 1 to 2 ml.
of 0.1 per cent sodium cyanide solution into the arm vein
and the first deep respiration.

Cardiac output measurements were based on the direct
Fick principle (15). Output was calculated by dividing
the rate of oxygen consumption by the difference in
oxygen content between arterial blood and mixed venous
blood from the right auricle. Rate of oxygen consump-
tion was regularly measured just prior to the withdrawal
of the mixed venous specimen, using a standard Benedict-
Roth basal metabolism machine with a special mask which
was sealed with grease to the muzzle of the dog. Mixed
venous blood was obtained from the right auricle by
means of a ureteral catheter passed through a 13-gauge
needle inserted into the right external jugular vein. Oc-
casionally, this sample was obtained by direct cardiac
puncture. Arterial blood was sampled by direct femoral
puncture immediately after the mixed venous sample was
collected. It was found that the oxygen content of the
arterial blood did not change during this brief interval.
Oxygen content was determined by the method of Van
Slyke and Neill (16). The error of this method is less
than 1 per cent, that of the arterio-venous oxygen differ-
ence 3 to 5 per cent.

Cardiac index. This is the ratio of cardiac output to

surface area. The surface area was calculated from the

body weight in grams (W), and the length from nose to
anus in centimeters (L) by means of the formula of
Cowgill and Drabkin (17), which simplified can be
written as:

Surface area (cm.?) = 1.59 YW3L

The cardiac index is more generally employed than the
cardiac output since it corrects for the variation in the
size of the animals.

Mean arterial pressure in the femoral artery was meas-
ured directly through a 19-gauge needle connected with
a mercury manometer through citrate-filled pressure
tubing.
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Calculation of changes in the volume of intracellular fluid
(AI), of extracellulay fluid (AE), of plasma (APV),
and of circulating plasma protein (ACPP)

The changes in intracellular fluid volume (AI) were
obtained by subtracting extracellular volume changes from
those in total body water. The latter were calculated
from changes in body weight. Changes in extracellular
fluid volume (AE) were obtained from the changes in
chloride concentration in serum water and the chloride
balance, assuming the initial volume to equal 25 per cent
of the body weight. These methods have been described
in detail elsewhere (14). In those experiments in which
sodium determinations were made, the changes in con-
centration of sodium in extracellular water paralleled
those of chloride very closely. Under these same ex-
perimental procedures, changes in concentration of chlo-
ride in extracellular water were used, therefore, to indi-

cate changes in tonicity of extracellular fluid.

The change in plasma volume (APV = PV,— PV,)
was calculated by the use of the relationship

PV,

PV, _ (1 — HKT) ,, Hb
P

0= Hn) X o

where Hkt,, Hkt,, and Hb,, Hb, are respectively the
initial and the final values for the relative cell volume
and for the hemoglobin concentration of anaerobically
defibrinated arterial blood. The validity of the formula
is based on the assumptions that no erythrocytes have
been removed from or added to the circulating blood other
than those withdrawn in blood samples, and that the arte-
rial hemoglobin and relative cell volume represent the
average of these values throughout the entire circulation.

An initial plasma volume (PV,) of 5.5 per cent of
body weight was assumed, based on other studies (18).
Changes in this volume were calculated from the changes
in the hemoglobin concentration and the relative cell
volume of anaerobically defibrinated arterial blood. He-
moglobin content was determined in an Evelyn photo-
electric colorimeter after dilution of the blood 1: 500 with
ammonia solution. The original curve was obtained with
blood samples whose oxygen capacity had been gaso-
metrically determined. Relative cell volume was meas-
ured on anaerobically defibrinated blood in Daland micro-
hematocrit tubes (19).

The change in circulating plasma protein (ACPP)
was calculated from the protein concentration of serum
of arterial blood and from the change in plasma volume
by the formula:

ACPP = PV,P,— PV,P,

where P, and P, represent initial and final concentrations
of protein,. PV, and PV, the initial and final plasma
volumes.

Chemical methods for determination of serum and
urine chloride, serum protein, and blood nonprotein nitro-
gen have been described elsewhere (20). Calculation of
the concentration of water in serum was made from the
total protein content (21).
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APV
A Plasma per cont of
Volume initiat value
(APV) minus
por cont of
Initiel velue A€
per cent of

initial velue

' (o] -20 -40 o -20 =40
9 A Extraceliular Fluid Volume A Circulating Plasma Protein
(AE) (ACPP)

o b

F16. 1. CoMpArisoN oF (a) PErCENTILE CHANGES IN EXTRACELLULAR FLum VoLuME witH THOSE IN
PrasMA VoLuME, AND (b) THE DIrFERENCE BETWEEN THESE 2 VALUES WITH THE PERCENTILE Loss oF
TorAL CIRCULATING PLAsMA ProTEIN

Open circles represent water depletion. Closed figures represent salt depletion (circles indicate experi-
ments reported here, triangles indicate experiments reported elsewhere). :

In water depletion, the fall in plasma volume is roughly proportional to the fall in extracellular fluid
volume. In salt depletion, the decrease in plasma volume exceeds the decrease in volume of extracellular

per cont of initiet value por cont of initiel velue
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fluid (a).
protein (b).

RESULTS

Effects of acute sodium chloride depletion. The
results of the 8 experiments in which initial meas-
urements of the cardiac output were made are
presented in Table I.* There are in addition 32

8 Values for normal cardiac output and cardiac index:

The mean value for cardiac index (cardiac output/sur-
face area) obtained by us in 35 determinations in 19 nor-
mal unanesthetized dogs was 5.45 = 1.43 liters per minute
per square meter. In 25 determinations, the mixed venous
blood was obtained by right auricular catheterization, in
10 by direct cardiac puncture. This value is among the
higher values for the cardiac index of the normal unan-
esthetized dog collected from the literature by Wiggers
(23). Since the values obtained by us for normal arterio-
venous difference in oxygen content (mean 4.5 *= 1.3 vol-
umes per cent) agree well, with few exceptions, with
those found by other workers, the discrepancy must have
been due to an unusually high rate of oxygen consump-
tion by our dogs. This may be due to the fact that our
dogs were not only unanesthetized but untrained. The
incomplete mixing of the venous blood within the right
auricle (24) also contributes to the uncertainty with
which cardiac output can be determined by the direct
Fick method. The expression of change in cardiac out-
put or index in terms of percentage of initial value pre-

Disproportionate drops in plasma volume correlate well with loss of total circulating plasma

experiments with salt depletion which were simi-
lar in every respect to these 8 save for the omis-
sion of this initial cardiac output measurement.
Data from some of these incomplete experiments
are given in tabular form in the subsequent paper
(22) and have been used along with the data of
Table I in the construction of Figures 1 and 2.

Withdrawal of NaCl resulted in a large shift
of water from the extracellular to the intracellular
phase, with consequent depletion of the f:rmer
and expansion of the latter. The body fluids be-
came hypotonic. Plasma volume diminished
greatly. In proportion to initial values, it usually
contracted more than did the extracellular fluid as
a whole (Figure la). Total circulating plasma
protein was often lost in large amounts and was
not recovered in the peritoneal fluid withdrawn.
The circulation time increased markedly, and
mean arterial blood pressure and cardiac output
were greatly diminished (Figure 2). Since the
percentage fall of mean arterial pressure was not

sents, therefore, some difficulty in interpretation, especially

" in those cases in which the initial value varies consider-

ably from the mean.
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as great as that of the cardiac output, the total
- peripheral resistance which is measured by this
quotient (35) was increased in all the experi-
ments.

The chief loss of NaCl and extracellular fluid,
and the major drop in cardiac output occurred
during the first 40 minutes. The plasma volume
and the total amount of plasma protein declined
most markedly later (Experiment 72A, Figure
3). Intraperitoneal injection of isotonic saline,
in volumes equivalent to the glucose used in the
salt depletion studies, did not significantly alter
either the volume or the hemodynamics (data not
given here). After withdrawal, a slight fall in
cardiac output occurred.

J. R. ELKINTON, T. S. bANOWSKI, AND A. W. WINKLER

Effects of acute water depletion (Table II, Fig-
ures 1 and 2). Body water was lost greatly in
excess of chloride, and the remaining body fluids
became hypertonic. The water lost was derived
partly from the intracellular but mainly from the
extracellular phase. With 1 exception, plasma
volume diminished in proportion to the fall in
extracellular volume. Total circulating plasma
protein decreased significantly in only 2 experi-
ments. Circulation time increased but slightly.
Cardiac output fell markedly in 4 experiments and
only moderately in 3. The mean arterial pressure
fell somewhat in all but 1 experiment. Total
peripheral resistance was usually increased.

Comparison of the 2 types of depletion. With

a b c d e
A Circulation A Mean A Oxygen A Cardiac A Total
Time Arterial Arterio-venous Output Peripheral
Pressure Difference Resistance
seconds mm.Hg volumes % per cent of initial value
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a8 0a O
oo oo
. o o
+2{ O aa -20 Q° +2 -20; 1
att, o +100] o ®
o a 2e © Q
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44la w0 e -40] o 2 +a] © -40{ o
A A a (o] ®
- °
A A A a9 4200+
3 o
+61 a -601 ‘e +8 e ©O-60 o A
at . e O
% A a a 4 a ° L : ®
a [ ] Q °§300<
+8] 4 aa -s0{ ¢ +81 -801 1
) - 0
[ J
AA‘. a a a
o
_ +10 a -1001 +10]1 o =100 +4001
A
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A Extracellular
per cent of initial value

F1e. 2. CoMpArisoN oF HEMoDYNAMIC CHANGES IN SALT DEPLETION WITH
THosE IN WATER DEPLETION

Percentile changes in extracellular fluid volume are plotted along the abscissae, the hemodynamic
measurements are plotted along the ordinates. Symbols are interpreted in Figure 1.

Salt depletion in contrast to water depletion is characterized by a greater increase in circulation
time, a greater fall in mean arterial pressure, and a greater rise in oxygen arteriovenous difference.
There is no consistent difference between the 2 groups in the changes in cardiac output and in total
peripheral resistance.

Fluid Volume
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-204
°
sec. 17407 A Mean Arterial Pressure
A Circulation Time
+3
o- .
A Girculating Plasma Protein
- 20 A Extracellular Fluid Volume.
”::m A Total Body Chloride
initial =407 A Plasma Volume
value

- 80

<804

=0 A Cardiac Output

300
depletion

(+] 40 86
Time from start of salt
minutes

Fi6. 3. ReratioN oF CHANGES IN HEMopYNAMICS To CHANGES IN Bopy Fruips IMMEDIATELY FoL-
LowING THE ONSET oF SALT DEPLETION (Experiment 72A)

At 40 minutes when the major loss of chloride has occurred, the main drop in cardiac output has
taken place with relatively little change in plasma volume.

both procedures, there is diminution of extracellu-
lar fluid volume. Except in 1 case, the percentile
decline in plasma volume with water depletion
was proportional to that of the extracellular fluid;
in four-fifths of the experiments with salt deple-
tion, it was much greater (Figure 1a). The dif-
ference between APV and AE (each calculated as
percentage of its initial value) is, therefore, usu-
ally greater with salt depletion than with water de-
pletion. The magnitude of this difference corre-
lates well with the percentile change in total cir-
culating protein, ACPP (Figure 1b).

Per unit change in extracellular fluid, the circu-
lation time almost always rose less (Figure 2a)
and the mean arterial pressure fell less (Figure
2b) in the water-depleted than in the salt-depleted
animals. The increase in arteriovenous differ-
ence of oxygen content was less in all but 1 of the
water depletion experiments (Figure 2c). The
2 groups of animals do not differ sharply with
respect to the cardiac output (Figure 2d). All of
the salt-depleted animals and 4 of the 7 water-
depleted animals showed a marked drop. No
consistent difference was found between the 2
groups in the increase of total peripheral resistance
(Figure 2e).

In both types of depletion, the plasma volume
and the cardiac output always changed in the
same direction (Figure 4). In 5 of the water-
depleted animals and in all of those depleted of
salt, however, the correlation in magnitude was
poor. With 3 exceptions, the fall in cardiac out-
put, in proportion to its initial value, was much
greater than that of the plasma volume.

DISCUSSION

“Shock” following trauma, hemorrhage, and ex-
tensive burns is characterized by a form of peri-
pheral vascular collapse (2, 3, 26). Plasma vol-
ume decreases, protein is lost from the circulating
plasma, venous return, cardiac output, blood pre-
sure, and circulation rate decline sharply (27).
Identical changes occur in acute salt depletion.
Insofar, therefore, as shock can be described in
terms of these phenomena, salt depletion can pro-
duce shock.

Acute water depletion with a comparable de-
cline in extracellular volume fails to reproduce
this state of shock. Characteristically little pro-
tein is lost from the circulating plasma. Plasma
volume merely drops in proportion to the extra-
cellular fluid. In some respects, however, the
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Acardiac
Output

por cont of
iaitjel velue

-80- [ )
L] L] [] L] (] 1] 1]
o -20 - 40 - 60
APlasma Volume
per cont of Initial value
F16. 4. ComPARISON OF PERCENTILE CHANGES IN CARDIAC
Ourpur witTH THOSE IN PLAsMA VoLuME

Open circles represent water depletion, closed circles
represent salt depletion.

In 4 of the water depletion and in all of the salt deple-
tion experiments, the drop in cardiac output was propor-
tionately greater than that in plasma volume.

cardiovascular responses in these 2 conditions
differ only quantitatively. Mean arterial pressure
and circulation rate do decrease somewhat with
acute water depletion, although not as markedly
as with salt depletion. Cardiac output in about
half of the experiments with water depletion falls
as far as it does with salt depletion.

There are indications that variables other than
those specifically measured in these experiments
are affected differently by salt and by water de-
pletion. For example, the behavior of the animals
with water depletion is vigorous and healthy, in
sharp contrast to the lethargic state of animals
depleted of salt.

In neither group of experiments is there a close
correlation between the degree of drop in the
plasma volume and the extent of the decrease in
the cardiac output (Figures 3 and 4), nor do they
necessarily occur simultaneously. Hence, any
mechanical theory which relates the decrease in
venous return and cardiac output simply to a drop
in the volume of the plasma is inadequate.
Changes in peripheral resistance to flow of blood,
alterations in muscular contraction and muscular

_outside the vascular spaces (31).
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tone, both skeletal and cardiac, and other modify-
ing factors must be operative. This in in agree-
ment with evidence recently produced by other
workers (28).

Attention has been called to the loss of circu- -
lating protein with salt depletion. This loss of
protein, so closely associated with the dispropor-
tionate decline in plasma volume, suggests a causal
relationship. With water depletion, plasma vol-
ume and extracellular fluid usually decline in pro-
portion, and there is little loss of circulating
protein (Figure 1). With salt depletion, the
difference between the decline of plasma volume
and that of the extracellular fluid is maximal
when the loss of circulating protein is greatest, and
is least when the loss of protein is minimal.
Similar results are obtained by recalculation of the
data of other workers (9, 29, 30).

The fate of the protein is unknown, but it is in
all probability segregated somewhere within the
body. Repeated analyses have proven that it is
not lost into the peritoneal fluid. Current dy-
namic concepts picture a continuous exchange be-
tween the protein of circulating plasma and that
Salt depletion
or restoration may well displace the normal dy-
namic equilibrium in one direction or in the other.

The greater circulatory collapse produced by
salt depletion may well be related to the loss of
protein from the circulation. This in turn may
favor a disproportionate decline in plasma volume
and in venous return. Such an explanation must
remain hypothetical, since all that can be stated
positively is that a correlation exists. Tt is quite
as logical to suppose that the salt depletion injures
directly some part of the cardiovascular system
and induces shock. The loss of protein may be
merely a manifestation and not a cause. As
extracellular salt is withdrawn, water moves in
response to osmotic forces out of the extracellular
fluid into the cells. Extracellular dehydration,
intracellular overhydration, and hypotonicity of
both compartments result. These changes may
directly injure the cells of the heart or blood ves-
sels and so indirectly may cause loss of circu-
lating protein.

The implications of these experiments with re-
gard to traumatic shock are clear. Extracellular
salt depletion, if severe enough, will cause shock
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without any element of trauma. Lesser degrees of
depletion will obviously favor the development of
shock due to other causes. Whenever there is
. any salt loss to the external environment or tem-
porary segregation of salt by pooling in the gut,
peritoneum, or in the traumatized region, shock
will be produced with greater ease than would
otherwise be the case. In many forms of trau-

matic shock, such as that produced by temporary

anoxemia of a limb, this factor of salt loss may
well outweigh all others in importance. In other
types such as that associated with hemorrhage, it
may be less important. It can hardly be wholly
responsible for all shock, since treatment with an
excess of saline will not invariably preclude the
development of shock or cure it once it has de-
veloped.

CONCLUSIONS

1. Salt depletion in untraumatized animals pro-
duces a form of peripheral vascular collapse
closely resembling that seen in traumatic shock.
Plasma volume, cardiac output, circulation rate,
and blood pressure all decline sharply, and protein
disappears from the plasma.

2. Water depletion alone with a comparable de-
cline in extracellular volume does not produce
peripheral vascular collapse, although cardiac out-
put, plasma volume, mean arterial pressure, and
the circulation rate may decline. Usually little or
no protein disappears from the plasma.

BIBLIOGRAPHY

1. Marriott, W. McK., Anhydremia.
1923, 3, 275.

2. Blalock, A., Experimental shock: VII. The impor-
tance of the local loss of fluid in the production
of low blood pressure after burns. Arch. Surg.,
1931, 22, 610.

3. Beard, J. W., and Blalock, A., VIII. The composition
of the fluid that escapes from the blood stream after
mild trauma to an extremity, after trauma to the
intestines, and after burns. Arch. Surg., 1931, 22,
617.

4. Rosenthal, S. M., Experimental chemotherapy of
burns and shock. III. Effects of systemic therapy
on early mortality. Public Health Reports, 1943,
58, 513.

5. Rosenthal, S. M. Experimental chemotherapy of
burns and shock. IV. Production of traumatic
shock in mice. V. Therapy with mouse serum and
sodium salts.
1429,

Physiol. Rev.,

Public Health Reports, 1943, 58,

J. R ELkiNTON, T. S. DANOWSKI, AND A. W. WINKLER

6. Lowden, A. G. R, McKail, R. A, Rae, S. L., Stewart,
- C. P, and Wilson, W. C,, Changes in sodium and
in other constituents of blood and extracellular
fluids following scalds. J. Physiol., 1939, 96, 27P.

7. Kerpel-Fronius, E., Ueber die Bezichungen zwischen
Salz- und Wasserhaushalt bei experimentellen
Wasserverlusten. Zeits. f. Kinderheilkunde, 1935,
57, 489.

8. Nadal, J. W., Pedersen, S., and Maddock, W. G.,
A comparison between dehydration from salt loss
and from water deprivation. J. Clin. Invest., 1941,
20, 691. ’

9. Hopper, J. Jr., Elkinton, J. R., and Winkler, A. W.,
Plasma volume of dogs in dehydration with and
without salt loss. J. Clin. Invest., 1944, 23, 111.

10. Marriott, W. McK., Some phases of the pathology
of nutrition in infancy. Am. J. Dis. Child.,, 1920,
20, 461.

11. Keith, N. M., Experimental dehydration.
Physiol., 1924, 68, 80.

12. Hardy, J. D., and Godfrey, L., Jr., Effect of intra-
venous fluids on dehydrated subjects and on normal
subjects. Cardiac output, stroke volume, pulse rate,
and blood pressure. J.AM.A., 1944, 126, 23.

13. Schechter, A. J., Cary, M. K., Carpentieri, A. L.,
and Darrow, D. C, Changes in composition of
fluids injected into the peritoneal cavity. Am. J.
Dis. Child., 1933, 46, 1015.

14. Elkinton, J. R, and Winkler, A. W, Transfers of
intracellular potassium in experimental dehydra-
tion. J. Clin. Invest., 1944, 23, 93.

15. Grollman, A., The Cardiac Output of Man in Health
and Disease. C. C. Thomas, Springfield, Ill., 1932.

16. Van Slyke, D. D., and Neill, J. M., The determination
of gases in the blood and in other solutions by
vacuum extraction and manometric measurement.
J. Biol. Chem., 1924, 61, 523.

17. Cowgill, G. R., and Drabkin, D. L., Determination of
a formula for the surface area of the dog together
with a consideration of formulae available for other
species. Am. J. Physiol,, 1927, 81, 36.

18. Hopper, J., Jr., Tabor, H. and Winkler, A. W,
Simultaneous measurements of blood volume in
man and dog by means of Evans blue dye, T1824,
and by means of carbon monoxide. I. Normal
subjects. J. Clin. Invest., 1944, 23, 628.

19. Eisenman, A. J., MacKenzie, L. B., and Peters, J. P.,
Protein and water of serum and cells of human
blood, with a note on the measurement of red cell
volume. J. Biol. Chem., 1936, 116, 33.

20. Elkinton,. J. R., and Taffel, M., Prolonged water de-
privation in the dog. J. Clin. Invest., 1942, 21, 787.

21. Danowski, T. S., Elkinton, J. R., and Winkler, A. W.,
The deleterious effects in dogs of a dry protein

. ration. J. Clin. Invest., 1944, 23, 816.

22, Danowski, T. S., Winkler, A. W, and Elkinton, J. R,
The treatment of shock due to salt depletion; com-
parison of the hemodynamic effects of isotonic
saline, of hypertonic saline, and of isotonic glucose
solutions. J. Clin. Invest., 1946, 25, 130.

Am. J.



HEMODYNAMIC CHANGES IN SALT DEPLETION AND IN DEHYDRATION

23, Wiggers, H. C,, Cardiac output and total peripheral
resistance measurements in experimental dogs. Am.
J. Physiol., 1944, 140, 519.

24. Shore, R,, Holt, J. P.,, and Knoefel, P. K., Deter-
mination of cardiac output in the dog by the Fick
procedure. Am. J. Physiol.,, 1945, 143, 709.

25. Wiggers, C. J., Physiology in Health and Disease.

. Lea and Febiger, Philadelphia, 1944, 4, 558.

26. Blalock, A., Mechanism and treatment of experi-
mental shock. I. Shock following hemorrhage.
Arch. Surg., 1927, 15, 762.

27. Johnson, G. S., and Blalock, A., Experimental shock.
XII. A study of the effects of hemorrhage, of
trauma to the intestines, of burns, and of histamine
on the cardiac output and on blood pressure of
dogs. Arch. Surg., 1931, 23, 855.

129

28. Wiggers, C. J., The failure of transfusions in irre-
versible hemorrhagic shock. (A study of central
venous pressyres.) Am. J. Physiol., 1945, 144, 91.

29. Darrow, D. C,, and Yannet, H., The changes in the
distribution of body water accompanying increase
and decrease in extracellular electrolyte. J. Clin.
Invest., 1935, 14, 266.

30. Mellors, R. C,, Muntwyler, E,, and Mautz, F. R,
Electrolyte and water exchange between skeletal
muscle and plasma in the dog following acute and
prolonged extracellular electrolyte loss. J. Biol.
Chem., 1942, 144, 773.

31. Madden, S. C., and Whipple, G. H., Plasma proteins:
their source, production, and utilization. Physiol.
Rev., 1940, 20, 194.



