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It has long been recognized that there are disturbances in water
metabolism during fever, and increasing the water intake is now the
most universally applied therapeutic measure used in controlling
fever. The present study was undertaken to determine whether dur-
ing fever there are fluctuations in blood volume that might be con-
sidered as reflections of the disturbed water metabolism.

In general, there is retention of water by the body as a whole during
fever and release of this water again after defervescence. In 1869,
the work of Leyden (1) demonstrated this as well as the increased
heat productiont during fever. These facts have been rediscovered a
number of times and gradually knowledge has emerged as to where the
water retained during fever is stored. Water retention during pri-
mary pneumonia in children was demonstrated by weight charts
(Lussky and Friedstein (2)). By means of an elastimeter water
retention in the skin of ten cases of pneumonia in children was shown
by Maver and Schwartz (3). Babies with fever excrete water given
by mouth more slowly than normal babies (Hirsch (4)) and this seems
to be due to actual water retention. studies of scarlet fever show
that the weight remains constant or that there is a slight gain in weight
during the period of fever and this is accompanied by a positive chlo-
ride balance and dilution of the blood as measured by the serum
protein concentration (Oppenheimer and Reiss (5)). During fever
a gain in weight is accompanied by a lowering of the concentration of
the serum protein but during convalescence there may be a gain in
weight with a constant serum protein concentration. The authors
interpreted the results to mean retention of water and salt during
fever accompanied by a moderate blood dilution. Similar resuilts
were found in pneumonia (Sandelowsky (6)) except that in some of the
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more severe cases, the author felt that part of the decrease in serum
protein concentration was due to consumption of the proteins.
Peabody (7) demonstrated a retention of chlorides, sodium and calcium
and an increased excretion of phosphorus and magnesium during
pneumonia. By analyses of the tissues, he came to the conclusion
that the chloride retention could not be accounted for either by the
pneumonic exudate or storage in increased concentration elsewhere
and therefore was lead to assume a generalized storage of water
throughout the body. Thus previous studies of water metabolism
seem to favor the view that during fever water and salts are retained
diffusely throughout the body.

It is not known why water should be held in the body during fever.
The retention of water and of salts are probably ultimately parts of
the same process. Nitrogen split products may play a part in the
holding of water. Cook (8) showed a rather sudden release of nitro-
gen products in the urine after the crisis in lobar pneumonia. This
was shown not to originate from the exudate alone for it was more than
could be accounted for in that manner. Whipple and Cooke (9)
found a large increase in the urinary nitrogen output in dogs in which
they had induced fever by sterile abscesses or by proteose intoxication.
The increa!sed nitrogen output comes with defervescence. Little is
known of what part nitrogen split products play in the retention of
water during fever, but they do not seem to play an important r6le
since changes in the distribution of water between the tissues and
blood may be brought about by conditions which do not lead to cell
destructlon.

Barbour (10) and his co-workers have studied the effects of warm
and cold environments on the water content of the blood, serum and
tissues of dogs. Exposure to cold resulted in a concentration of the
blood and serum and an increase in the water content of the subcuta-
neous tissues and muscles. Warmenvironments, except those that are
so warm as not to permit the body to maintain its normal temperature,
dilute the blood and serum with water and salts. As this effect
could be brought about by warming or cooling the brain alone, the
workers felt that the changes were under the control of the central
nervous system. Bancroft (11) and his co-workers found that warm
environments lead to an increase in the blood volume of about 20 per
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cent. Thus the body seems to be able to shift water into or out of the
blood stream by mechanisms involving no tissue injury.

In the present paper the effect of fever on the blood volume was the
chief subject of investigation. In addition to the cases of typhoid
fever, pyelitis, etc., a number of cases of primary pneumonia in children
are used as examples of the effect of fever. This raises the question
of the effect of pulmonary insufficiency on blood volume and blood
concentration. True uncompensated deficiency of pulmonic function
is rare. An ideal example would be a state in which the circulation
through the lungs was normal but oxygen was not readily absorbed
and carbon dioxide not readily excreted. Certain types of pulmonary
edema approximate this condition. The war gases produce an intense
edema of the lungs, and accompanying this there is marked concentra-
tion of the hemoglobin (Underhill (12)). A similar concentration of
the hemoglobin was found by Underhill and Ringer (13) in post-
influenzal bronchopneumonia. Excepting states of dehydration and
shock, the concentration of the hemoglobin found by Underhill and
Ringer is greater than is met in any other pathological state. In
ordinary lobar pneumonia, blood concentration does not occur and the
changes seen need not be interpreted as caused by pulmonic deficiency.
The characteristic finding in pneumonia is that the venous and arterial
blood have oxygen and carbon dioxide contents which differ from each
other less than under normal conditions. It is obvious that if the
circulation is very rapid the arterial blood will not have time to lose
its oxygen; the tissues will have no need to absorb all the oxygen
offered by the rapidly circulating blood, and the blood may not have
time to become saturated with oxygen in the lungs. If there were
difficulty in aerating the blood or in excreting carbon dioxide, one
would find both an increased venous and arterial oxygen-unsaturation,
and the carbon dioxide would accumulate in the blood. For the above
reasons, rapid circulation seems to be the best explanation for the
chief changes in the blood in pneumonia. If this reasoning is correct,
other fevers may produce similar changes and it seems justifiable to
use primary pneumonia as an example of fever.

The methods used in this investigation are the same as those used
in the previous one (15). Blood volumes and chlorides were deter-
mined on twenty cases of primary pneumonia in children, seven cases
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of pyelitis, three cases of typhoid fever and four miscellaneous febrile
patients. The results are given in detail in the accompanying tables.
In interpreting the results, the facts brought out in the first paper
must be kept in mind. The plasma volume is more constant than the
blood volume and is 50 -1: 5 milliliters per kilogram of body weight
except for children under three years of age when it is about 60 milli-
liters per kilogram. But the plasma volume in early life, in general,
is less constant than in adults. The red cell volume tends to average
about 30 milliliteis per kilogram of body weight, though considerable
variation is found.

The purest examples of a febrile state reported in this paper are the
cases of typhoid fever, and the results are consistent in that they all
show slightly high plasma volumes during the fever. Case 1 shows
62 and 58 milliliters of plasma per kilogram; case 3, 54 milliliters per
kilogram and case 2, 59.5 milliliters during the fever and 40 milliliters
during convalescence. It should be noticed that in case 2, there is an
actual loss of total plasma from 922 to 654 milliliters and that the
change in weight does not account for the change in the proportion of
plasma. When it .is taken into account that there is a retention of
water in fever, the high plasma volumes per kilogram of body weight
found in the other typhoid cases indicate definite increase in the total
plasma.

The seven cases of pyelitis may be considered examples of less
marked and prolonged fever. All show slightly high or normal plasma
volume except cases 8 and 9. Case 8 had a low normal plasma volume
of 45.7 milliliters per kilogram of body weight and case 9 the definitely
low plasma volume of 35.5 milliliters. No other distinction of this
case from the others was found except the slightly high concentration
of the plasma chlorides.

The miscellaneous group consisting of one patient with thoracic
empyema, one with influenza, one with tuberculous meningitis and
one with encephalitis shows essentially normal plasma volumes.

The cases of primary pneumonia show rather confusing results
especially if one considers only the results obtained on patients on
whoma single determination was made during fever. The cases on
which determinations were made after, as well as before the crisis, make
an interpretation of the results from the former group of patients
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possible and for this reason, the latter are tabulated separately.
Fourteen isolated observations of the blood volume during lobar pneu-
monia were made. One would like to relate the plasma volume
during fever to the weight just before the illness or at least to the
weight after recovery. This might give a correction for the water
retained diffusely throughout the body. The magnitude of this im-
perceptible retention of water was not appreciated at first and for this
reason, the blood volumes are compared to the weight during fever.
Studying the fourteen cases in this manner, ten show essentially normal
plasma volumes, two high and two low plasma volumes. Case 16
shows 51 milliliters per kilogram as compared to a normal for her age
of 60 milliliters; case 26, 40 milliliters as compared to the normal of
50 milliliters; cases 17 and 20 show 58 and 59 milliliters respectively
as compared to the normal of 50 milliters. However, when one con-
siders that most of the patients with lobar pneumonia take on an
appreciable amount of water, it will be seen than in most instances the
plasma volumes must have been increased slightly.

The latter point is brought out fairly well in table 2 in which the
results during fever and convalescence in the same patient are shown.
Patient 29 showed 56 and 51 milliliters per kilogram in two determina-
tions before the crisis and 49 milliliters per kilogram after the crisis.
However, there actually was a decrease of about twenty per cent in the
plasma volume since the febrile volumes were 894 and 816 milliliters
and the afebrile volume 670 milliliters. The loss of weight from 16 to
13.6 kilograms masks the extent of the change when the plasma vol-
ume is related to the weight. Case 30 shows little actual change in the
plasma volume but due to the loss of weight, the plasma volume
increased from 67.5 and 72 milliliters during the fever to 79 milliliters
per kilogram during convalescence. This case is unusual in that the
plasma and cell volumes are so high under normal conditions. No
explanation for this could be found. In case 31, the change in weight
from 21.25 to 17.7 kilograms masks the loss of plasma volume from
884 to 820 milliliters, as the plasma volume per kilogram of body
weight was 41.6 milliliters during fever and 46 milliliters during
convalescence. Case 32 shows a decrease from 880 to 685 milliliters
in plasma volume (68 to 56 milliliters per kilogram), and case 33, a
decrease from 1,607 to 1,320 milliliters (69 to 59 milliliters per kilogram).
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Essentially no change is found in case 35. Thus it is seen that there
is usually a moderate increase in plasma volume in children with
primary pneumonia, but in most cases the imperceptible retention of
water is sufficient to mask the increase in plasma volume when the
volume during fever is compared to the weight during fever. In four
of the six cases studied before and after the crisis, there was an appre-
ciable fall in the absolute plasma volume, after recovery, from the
high level found during fever. A higher plasma volume during fever
was found also in the only case of typhoid fever studied after recovery.

The chloride concentration of the plasma is a valuable guide to the
extent of the physico-chemical changes which have taken place in the
pneumonic patients studied. Most of the patients with fever and
pneumonia had low plasma chloride concentrations. This would
indicate that the physico-chemical changes described in adult lobar
pneumonia (14) have taken place in these patients. No relation be-
tween the plasma chloride concentration and the plasma volume could
be found. It should be noted that the plasma chloride concentration
is quite low in the typhoid patient, case 2, and in cases 5, 6 and 8 of
pyelitis. There probably is a tendency to low plasma chloride con-
centration in other fevers beside pneumonia, though sufficient data
are not at hand to prove this point.

Chart 1 shows the relation of the plasma -and cell- chloride concen-
trations. Part 1 represents the results on the normal children reported
in the first paper (15) and Part 2 the results on the febrile patients of
this paper. It will be noticed that the cell chloride concentrations in
the normal and febrile patients are distributed over the same range of
values in both groups-200 to 450 milligrams per 100 milliliters.
However, in the febrile groups, the low plasma chloride concentrations
tend to be accompanied by low cell chloride concentrations so that
there is a tendency of the group to fall along a straight line when
represented as in chart 1. There are a number of exceptions so that
many cases fall off the line. Evidently though other factors affect the
relation of the cell and plasma chlorides, in febrile patients the con-
centrations of both the cell and plasma chlorides tend to be low.

A satisfactory explanation of the low plasma chloride values found
in lobar pneumonia has never been given. Referring to table 2, it
will be noticed that the increase in plasma volume is of such a magni-
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tude that the additional water could account for the lowering of the
concentration of chlorides if we assume no increase in the total chlo-
rides of the body has taken place. Actually there is chloride retention
during the febrile stage of pneumonia and release of chlorides after
the crisis. Apparently the retention of water in the tissues is great
enough to. account for not only the retention of chlorides in the body
as a whole, but also leads to depletion of the blood chlorides. The
lowering of blood chlorides is proably augmented by the increase in
plasma volume. In case 29, complete data are given and one can
calculate the total chlorides of the blood and plasma. During the
fever there were 6 and 5.4 grams of sodium chloride in the blood and
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CHART 1. THEu RELATION OF THE PLASMA CHLORIDES TO CELL CHLORIDES
IN NORMALCHILDREN AND IN CHILDREN WITH FEVER

4.5 and 4.2 grams of sodium chloride in the plasma; while during
convalescence there were 4.8 grams of chloride in the blood and 4.2
grams of chloride in the plasma. Thus the blood dilution is great
enough to account for a greater lowering of the chlorides than was
actually found. Furthermore, the loss of weight after the crisis in
cases 29, 30 and 31 is of such a magnitude that assuming the loss of
weight to indicate water retained during fever, one can thereby
account for not only the low concentration of plasma chlorides, but
also the fact that an increased concentration of chlorides has not
been found elsewhere in the body. Cases 32, 33 and 34 did not show
the usual loss of weight after the crisis but they also did not show the

238



H. C. SOULE, T. E. BUCKMANAND D. C. DARROW

usual lowering of the plasma chloride concentration. However, cases
32 and 33 showed the usual drop in plasma volume after the crisis.
These facts seem to indicate that the low concentration of plasma
chlorides may depend chiefly on the retention of water during fever,
and that the plasma volume change is not directly connected with the
storage of water.

DISCUSSION

Three factors would seem to be at work in febrile states that might
affect the plasma volume. (1) The higher metabolic rate would tend
to increase the pfasma volume, if the circulation rate remains constant.
A higher metabolic rate would tend to make the venous carbon di-
oxide content show a greater elevation over that of the arterial blood
than normal. As pointed out in the first paper of this series, the in-
creased carbon dioxide content of the venous blood over that of the
arterial blood, causes a greater increase in the osmotic pressure of the
venous blood over that of the arterial blood than normal. This
augments the tendency of venous blood to draw water from the
tissues and should increase the plasma volume. (2) An increased
rate of blood flow would tend to diminish the plasma volume. It is
not certain whether there is an increased rate of blood flow in fever.
However, in pneumonia and probably in other fevers also, the arterial
and venous oxygen saturation becomes more nearly identical and as
was pointed out earlier in this paper, this fact can be explained best
by a rapid blood circulation. In the first,paper of this series, the idea
was developed that a rapid circulation would bring the arterial and
venous carbon dioxide contents nearer to each other and thereby
reduce the difference in osmotic pressure between arterial and venous
serum. If the metabolic rate remains constant, this should reduce
the amount of circulating fluid. (3) The carbon dioxide absorption
curve would be at a lower level due to the higher temperature of the
body (Stadie and Martin (16)) and hence the blood would be less
efficient as a carbon dioxide and water carrier. From a study of the
carbon dioxide absorption curves in other cases together with the
blood volumes, minor variations in the carbon dioxuide absorption curve
seem to exert little or no influence on the plasma volume. However,
with greater variations from the normal, changes take place in the
plasma volume which may be explained by the changes in the dis-
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sociation curve. The level of the curve produces the changes in the
plasma volume by altering the differences between venous and arterial
carbon dioxide content. If the level of the curve is lower, respirations
tend to become more rapid so as to maintain the alkalinity of the
blood by blowing off carbon dioxide. Unless the circulation rate is
changed, the difference between venous and arterial carbon dioxide
content may remain the same. With great lowering of the curve,
however, the circulation evidently becomes more rapid,. and the
venous blood approaches the arterial blood m oxygen and carbon
dioxide content as is attested by the reddish appearance of the skin.
Under these circumstances, the blood becomes concentrated. This
has been observed in diabetic acidosis where the hemoglobin concen-
tration is often very great. Fever alone produces only a slight varia-
tion in the carbon dioxide absorption curve and due to this fact, has
practically no effect on the blood volume. Nevertheless, certain
children and babies react to fever with a severe acidosis due to other
factors such as diarrhea, disturbed sugar metabolism leading to acetone
body formation, etc., and some of these patients would probably show
blood concentration.

In ordinary fever such as studied in this series of cases, the first two
factors seem to be the only ones affecting the plasma volume. In a
majority of the cases the increased metabolic rate has increased the
plasma volume slightly, but this effect is probably diminished in most
of the cases by a more rapid circulation and in some instances a rapid
circulation may have even diminished the plasma volume.

It should be remarked here that the changes found in this study
are all relatively small and, though definite, are within the varying
degrees of normality in all but a few instances. The changes are not
of such a nature as to suggest any therapeutic measures and are
presented largely for their theoretic interest.

SUMARY

Blood volumes and blood chlorides are reported on febrile children:
three with typhoid fever, seven with pyelitis, twenty with primary
pneumonia and one each with thoracic empyema, influenza, tuber-
culous meningitis and encephalitis. In all forty-four, individual
observations are reported.
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In fever, there is a slight to moderate increase in the plasma
volume which is usually accompanied by a proportional increase in
the water held diffusely throughout the body. Although the lungs
are one of the chief organs of water excretion, the mflammation in
primary pneumonia of chlldren does not seem to brng about any
changes in the water metabolism which are different from those seen
in other fevers.

The data concerning the plasma chlorides in febrile conditions
other than pneumonia, though incomplete, suggest that there is a
tendency to a low concentration of the plasma chlorides in fever in
general. In fever, a lowering of the concentration of the cell chlorides
tends to occur when there is a lowering of the concentration of the
plasma chlorides.

The retention of water in the plasma and throughout the body dur-
ing pneumonia is great enough to explain the low chloride concentra-
tion of the plasma and the lack of an increased chloride concentration
elsewhere in the body and the storage of chlorides during fever.
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