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The role of the liver in directing fluid shifts
in the body has never -been accurately defined.
The effect of hepatic disease on the water balance
of the body, however, has been appreciated for
many years. In evidence of this is the fact that a
patient with liver disease experiences greater de-
lay in diuresis than does a normal person after
drinking large amounts of water (1). The sup-
pression of urine that may accompany acute liver
disease as well as the oliguria of cirrhosis are old
clinical observations (1, 2, 3, 4, 5). The phe-
nomenon of water storage during acute hepatic
disease was suggested by Jones and Eaton (6)
who pointed out that the convalescent phase of
acute hepatitis was frequently initiated by diuresis
which they assumed was a result of the mobiliza-
tion of previously stored water. Since reasonably
reliable methods exist for the measurement of
individual body fluid spaces and have been applied
with success to the study of other infections (7),
it was thought that a systematic study of the
distribution of body water during the course of
acute infectious hepatitis would reveal the pres-
ence of water storage and would further serve to
identify the individual fluid compartments par-
ticipating. In addition; periodic measurements of
separate fluid shifts during the course of the dis-
ease would give quantitative expression to the
relative role played by each fluid compartment
while operating under hepatic control.

In a previous communication (8) data from one
typical case were presented. However, in observ-
ing the fluid alterations in a group of 14 patients
with acute infectious hepatitis, the movements of
body water in each case were found to follow a
pattern of great similarity. It was, therefore,
thought that a presentation of consolidated data
from the entire study would serve to emphasize the
uniformity of these phenomena.
The present study was concerned with 14 young

adult males who were part of a large group of

'Dr. Hoagland died August 2, 1946.

Navy personnel with acute infectious hepatitis ob-
served at the Hospital of The Rockefeller Insti-
tute for Medical Research (9). Each patient had
been previously healthy and had developed hepa-
titis during active naval service. Only those cases
in the early acute phase of hepatitis were included
in the present study. Since water and electrolyte
measurements were of primary interest, it was
thought advisable to study only those patients
who had been able to maintain a fluid intake ap-
proximating normal and in whom diarrhea, vom-
iting, severe fever, and dehydration were not com-
plicating features of the acute phase of illness.
The course of disease was comparable in each
patient, being of moderate severity- and proceeding
in each instance through uncomplicated convales-
cence to complete clinical healing (10).

METHODS

On admission to the hospital, each patient was placed at
bed rest in the Metabolic Ward where the entire study
was conducted. The diagnosis of acute infectious hepa-
titis was readily established after a careful medical his-
tory and physical examination, and tests of liver function
served to confirm the presence of acute liver disease in
each instance. A urine examination done on admission
and repeated frequently during the hospital course ruled
out underlying renal disease in each case. Strict control
of water balance was established by measurements of
fluid intake and urine output and daily determinations of
body weight. No patient received additional fluid by
clysis. The entire group received a diet composed of
150 grams of protein, 50 grams of fat, and sufficient car-
bohydrate to maintain the daily food intake between 3,000
and 3,500 calories. The total daily salt intake including
the calculated intrinsic food salt was kept constantly be-
tween 9 and 10 grams.
The initial measurements of plasma volume, blood vol-

ume, and "extravascular thiocyanate space" were begun
under basal conditions on the day following admission to
the hospital and repeated at least every 7 days, occasion-
ally as often as every 4 days. The simultaneous method of
Gregersen and Stewart (11), based upon the plasma dilu-
tion of the dye T-1824 and the "extravascular space"
dilution of sodium thiocyanate, was adapted to the Cole-
man Jr. spectrophotometer. The selectivity of this in-
strument minimized the theoretical effect of the inter-
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ference of bilirubin and hemolysis (12) on the determina- of the pla'sma volume and venous hematocrit according to

tion of T-1824. Dye-free samples of serum obtained be-, the formula (15) :

fore injection of T-1824 were used for control readings. Plasma volume

Many preliminary tests on other patients with hepatitis -w 0 lo oue
indicated that 15 minutes was an appropriate interval for (100 hematocrit)X10=Blovlue
the "mixing time" of the dye in each case (13). All The measurements of all body fluid compartments were

blood samples were obtained without the use' of a finally expressed on a per kilogram of body weight basis

tourniquet. according to previously described standards (16). No

In the present study the "extravascular thiocyanate measurements of the intracellular fluid phase were, un-

space" was derived by subtracting the plasma volume from dertaken.

the total thiocyanate space. So little change was encoun- It had been previously determined (9) that the most re-

tered in the total red blood cell volume as expressed by liable index of liver function during the course of acute

the venous hematocrit (14) that small variations in the infectious hepatitis is a combination of mea~surements of

amount of red cell water were not considered of impor- the total serum proteins with estimations of,the albumin

tance for these calculations (11). The total blood vol- and globulin fractions, the plasma. bilirubin level, the

ume was calculated from simultaneous determinations bromsulfalein excretion test (5 mgm. per kgm.-45-

TABLE I

AlIterations in body fluids, the components of blood and urine, -and tests of liver fun'ction during acute infectious hepatitis

Day DayTho Plasma proteins Se- Brom- Thy- Water Chlorides
Case of bill-de-ca-PamaBoo u uleain lolr
no. Age dis- onset Body mato cyate Pol.m Boloo NPN rumi slfa- turtlereaedark w.crit naAvllo.-ou ru- reten- bid- ance

urine Alb- ulnA/G bin tion* ity testt Plasma Urine
min

km.pe kml.e km.pe m .MM
M. eq. M. eq. M. eq.

kg. kmg.kgm. grams pe cn pemgmmem per nits COC cono. 24 hr.
body body body cetcntcn er per ot
Wt. Wt .t Wit, centeentliter put

132 7 2 80.4 51 200 42 85 6.42 3.30 3.12 1.1 21.2 6.6 43.0 23 794 95.8 27.8 114
13 8 79.4 51 186 40 81 7.31 3.87 3.44 1.1 30.0 4.2 31.0 24 1,272 97.8 66.8 193
20 15 78.6 47 175 37 70 7.11 3.90 3.21 1.2 36.2 1.9 16.5 19 1.296 99.8 55.8 167
27 22 77.8 50 170 32 62 7.32 3.99 3.33 1.2 40.0 1.3 10.0 15 1,307 99.8 52.8 153
34 29 78.0 7.36 4.28 3.08 1.4 35.0 1.0 11 1.446 101.0 97.8 169

2 17 6 3 56.2 48 218 56 107 6.54 4.26 2.28 1.9 28.7 4.0 13 1.183 96.8 56.8 165
8 5 56.6 47 204 41 78 6.47 3.96 2.51 1.6 26.2 2.2 34.5 13 100.0 71.6 145
15 12 58.1 45 201 44 80 7.86 4.76 3.10 1.6 28.7 0.7 10.5 12 1.305
22 19 59.3 44 197 38 67 0.5 11.5 6 1,572

3 19 4 3 78.3 51 169 45 91 6.10 3.40 2.70 1.3 36.2 6.9 45.0 17 519 93.0 18.8 42
11 10 77.7 51 148 44 90 7.10 3.64 3.46 1.1 37.5 1.6 4;5 30 1.037 95.8 61.8 173
18 17 76.8 52 148 50 104 7.20 4.45 2.75 1.6 35.0 1.3 7.5 20 1,459 99.8 93.0 273
25 24 77.0 50 149 50 99 6.65 4.22 2.43 1.7 35.0 0.4 2.5 21 1,726 102.0 82.0 225
32 31 77.8 49 151 49 96 8.01 4.94 3.07 1.6 30.0 0.8 1.0 14 1,817 102.0 128.0 183
49 48 77.7 49 155 47 92 6.49 4.10 2.39 1.7 23.7 0.4 1.2 8 101.0 142.0 216

4 25 8 4 75.7 51 190 52 107 5.61 3.56 2.05 1.7 25.0 4.9 39.5 20 439 93.8 36.8 79
15 11 75.3 51 185 40 82 6.35 3.67 2.68 1.4 32.5 1.6 3.8 19 947 98.8 52.0 126
23 19 76.3 49 170 45 88 6.66 4.61 2.05 2.2 0.8 0.5 12 1.218 99.8 76.0 130
30 26 77.6 47 162 45 85 6.94 4.77 2.17 2.2 26.2 0.6 0.5 9 1,618 101.0 80.0 173
47 43 79.1 50 170 41 82 6.55 4.03 2.52 1.6 26.2 0.6 0.5 8

5 20 7 4 63.5 50 258 43 86 5.91, 3.08 2.83 1.1 26.3 9.7 39.5 25 1.251 99.0 53.0 171
15 12 64.7 49 234 43 83 6.81 4.36 2.45 1.8 22.5 2.8 21.5 29 1,248 103.0 96.0 241
22 19 65.0 48 216 41 79 7.59 4.'34 3.25 1.3 35~.0 1.6 21.5 20 1.205 100.8 82.0 162
29 26 66.0 48 210 38 73 7.25 4.69 2.56 1.8 38.7 1.0 10.0 16 1.344 101.0 73.0 148
36 33 67.4 47 202 36 68 7.46 5.06 2.40 2.1 30.0 0.8 4.0 16 1.221 101.0 101.0 172
51 48 66.9 6.56 4.40 2.16 2.0 25.0 0.5 0.0 12 1,222

6 17 7 6 66.2 49 182 58 113 6.73 4.34 2.39 1.8 35.0 2.9 29.5 11 1.167 95.0 54.0 136
15 14 66.3 49 170 44 6 6.81 4.47 2.34 1.5 35.0 1.4 23.0 9 1,329 98.8 109.0 '167
23 22 67.6 50 176 40 81 7.24 4.70 2.54 1.6 27.5 1.2 8.5 7 1.210 101.0 113.0 213
30 29 69.4 48 174 38 73 7.17 4.71 2.46 1.9 26.2 0.8 3.7 4 1.153 101.0 96.8 177
37 36 70.5 47 183 39 73 7.03 4.84 2.19 2.2 25.0 0.7 2.5 4 1.117 101.0' 116.0 188
53 52 72.1 47 180 40 74 6.45 4.25 2.20 1.9 30.0 0.5 2.5 2 1,302

7 19 10 6 59.5 46 198 49 92 6.58 3.91 2.67 1.5 33.7 7.1 50.5 14 392 98.2 48.2 66
18 14 60.1 46 189 52 95 6.73 3.89 2.I4 1.4 1.6 3.5 7 1.584 99.8 74.0 186
25 21 60.8 46 181 57 106 6.40 -4.21 2.19 1.9 1.0 4.5 5 1.709 113.0' 241
31 27 62.1 46 183 45 83 6.76 4.64 2.12 2.0 18.7 0.7 2.0 8 1.524 102.0 95.0 214
38 34 63.4 46 185 41 75 6.78 4.83 1.95 2.5 26.2 0.9 0.5 4 1.698 10041 111.0 276
52 48 63.0 45 186 47 85 7.29 4.54 2.75 1.7 32.5 0.8 1.2 4 1,536 103.0 137.0 218

8 21 7 6 49.6 48 245 43 83 7.60 4.04 3.56 1.1 32.5 7.3 41.0 13 775 95.0 46.0 147
10 9 49.5 48 239 42 80 6.82 4.23 2.59 1.6 32.5 8.3 20 1.346 94.0 80.0 165
18 17 49.6 47 216 43 80 7.36 3.98 3.38 1.2 35.0 1.8 7.5 14 1.341 102.0 110.0 223
25 24 51.5 48 215 35 67 7.78 4.56 3.22 1.4 30.0 0.8 4.5 12 1.343 103.0 89.0 165
33 32 52.6 46 205 36 67 7.64 4.71 2.93 1.6 26.3 1.0 7.5 7 101.0
45 44 53.4 46 217 36 66 7.32 4.70 2.62 1.8 27.5 0.7 1.0 4 1,326 102.0
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TABLE I-Continued

Day Plasma proteins Se- Brom- Thy- Water Chlorides
Cas

ay -

Bod
Tho

rum sulfa- mol tlrno.e Age onset mato- y-PlmaBodNPN bill- lein tur- anceCase dis-
dark wB' crit nate Vol. Vol. Al- Glob A ru- reten- id ttt lasma Urine

urinmsae Total bu- u Ain bin tion* ity

ml. per ml. per ml. per- m. eq. m. eq. m. eq.
kgm. kgm. kgm. kgm. grams per cen mpger. mgm. per unis conc. conc. 24 hr.body body body cent cent cent er pier put-

wt. Wt. Wt. liter liter put
9 25 15 6 81.4 46 218 45 83 6.81 3.99 2.82 1.4 21.2 5.3 38.5 23 1,282 96.8 50.0 129

24 15 80.0 44 191 41 73 7.32 4.07 3.25 1.3 28.7 1.4 5.0 12 1,451 101.0 92.0 135
31 22 79.6 45 193 40 72 6.98 4.17 2.81 1.5 32.5 1.0 3.5 13 1,483 103.0 82.0 125
38 29 79.4 48 195 40 76 7.61 4.36 3.25 1.3 31.2 0.9 2.0 12 1,545 104.0 87.8 98
45 36 79.6 47 192 40 76 6.91 4.57 2.34 1.9 28.7 0.7 2.0 8 1,548 107.0
50 41 79.8 6.23 4.26 1.97 2.2 27.5 0.5 2.0 9 1,498

10 34 12 7 56.6 46 242 49 90 6.25 3.97 2.28 1.7 25.0 5.0 35.5 21 503 97.0 17.0 55
16 11 56.0 46 224 46 85 5.8S 4.09 1.76 2.3 25.0 5.0 33.5 21 102.0 41.0 92
23 18 56.6 45 223 45 82 6.23 4.07 2.16 1.9 28.7 1.9 8.0 17 1,170 101.0 27.0 116
30 25 57.1 45 216 40 72 6.24 4.21 2.03 2.1 26.2 0.9 10.0 13 1,358 103.0 47.0 144
36 31 57.0 47 217 40 75 7.33 4.83 2.50 1.5 26.3 1.0 5.0 14 1,341 102.0 45.0 134
51 46 57.4 47 219 41 77 6.85 4.70 2.15 2.2 28.7 0.6 6.0 10 1,529 103.0

1 1 22 10 10 85.8 51 200 41 83 5.79 3.55 2.24 1.6 21.2 7.8 43.0 16 601 90.8 27.8 55
20 20 83.8 50 187 43 85 6.91 3.94 2.97 1.3 18.7 3.4 11.0 21 1,520 96.0 107.0 171
26 26 84.0 49 182 38 74 7.46 4.25 3.21 1.3 30.0 1.9 10.0 15 1.367 99.0 139.0 200
33 33 82.8 47 166 39 73 7.06 4.43 2.63 1.7 31.2 1.3 4.5 10 1,407 99.0 103.0 132
37 37 82.4 48 163 36 69 6.51 4.54 1.97 2.3 32.5 1.2 2.5 10 1,391 103.0 139.0 204

12 23 17 10 57.3 47 194 45 84 7.23 3.75 3.48 1.1 30.0 2.8 23.0 17 1,376 98.3 83.0 111
27 20 57.7 47 47 89 6.90 4.45 2.45 1.8 1.4 5.0 15 1,409 103.0 110.0 254
33 26 57.0 46 193 54 100 6.97 4.40 2.57 1.7 1.3 5.0 12 1.677 101.0 96.0 230
40 33 58.5 46 49 91 6.93 4.59 2.34 2.0 16.4 0.8 2.0 9 1,506 102.0 123.0 262
47 40 59.7 47 198 40 75 6.89 4.86 2.03 2.4 21.2 0.7 2.5 6 1,367 100.0 139.0 261
59 52 61.3 51 192 40 81 7.31 5.31 2.00 2.7 30.0 0.6 2.0 4 1,484 102.0 141.0 266

13 21 12 12 61.0 48 184 55 106 6.63 3.83 2.80 1.4 26.2 8.9 37.5 8 725 97.0 55.6 151
18 18 61.2 48 175 46 88 6.61 3.69 2.92 1.3 2.9 18.0 8 1,542 98.0 78.8 248
25 25 61.6 46 171 59 91 6.71 4.39 2.32 1.5 37.5 1.6 2.0 8 1,710 105.0 87.0 208
33 33 62.4 44 171 54 97 7.39 4.95 2.44 2.0 1.2 1.2 5 1,398 104.0 88.0 210
42 42 63.7 49 172 44 86 7.45 4.87 2.58 1.9 17.5 0.7 2.0 6 1.384 102.0 101.0 213
60 60 65.1 49 173 40 79 0.6 0.5 7 102.0 100.0 206

14 53 19 14 80.1 44 196 49 87 6.21 2.80 3.41 0.8 31.2 23.2 52.0 37 612 98.2
27 22 77.9 43 43 76 6.11 2.79 3.32 0.8 32.5 18.2 49.0 30 522 99.1 21.0 56
35 30 7S.6 41 198 46 78 6.07 3.24 2.83 1.1 13.0 39.5 28 752 101.0 30.8 78
41 36 74.9 41 53 91 6.03 3.53 2.50 1.4 35.0 6.9 27.5 27 703 104.0 82.0 236
47 42 75.6 40 201 46 76 5.94 3.33 2.61 1.3 21.2 4.6 16.0 19 1,010 103.0 92.0 225
55 50 75.5 41 188 45 77 6.77 4.01 2.76 1.5 27.5 3.4 17.0 17 1,048 101.0 103.0 215
62 57 76.1 41 186 41 69 6.38 3.70 2.68 1.4 28.7 2.5 10.0 1 1 104.0 75.0 237
69 64 77.8 41 189 39 66 5.52 3.71 1.81 2.0 27.5 1.7 10.5 1 1 102.0 50.0 157
76 7 1 77.8 43 182 44 78 6.67 3.86 2.81 1.4 31.2 1.4 7.0 9 1,062 103.0 56.8 168
83 78 78.2 44 183 36 65 6.54 3.95 2.59 1.5 27.5 1.0 6.5 9 1,101 101.2 67.0 163

* 5 mgm. per kgm. of body weight; 45-minute interval.
t Urine volume excreted during 4-hour period following ingestion of 1,500 ml. of water under basal conditions.

minute specimen), and the thymol turbidity reaction of
the serum. These measurements and tests were per-
formed each week and correlated with the above described
body fluid measurements (Table I and Figure 3). The
total plasma protein and albumin and globulin fractions
were determined by a salting out procedure in which
micro-digestion and Nesslerization were used (17). The
plasma bilirubin method of Malloy and Evelyn (18) was
adapted to the Coleman Jr. spectrophotometer, as was
the bromsulfalein test (19) and the thymol turbidity re-
action of the serum (20, 21). Blood chlorides were meas-
ured according to the methods of Wilson and Ball (22)
on blood samples collected under oil. The same method
was also applied to urine and all values were expressed
as milliequivalents of chloride per liter.

In an attempt to reveal water storage and to give
quantitative expression to the tendency for fluid retention,
the patients under study were periodically "challenged"
with a water tolerance test (23). Under basal conditions
the patients drank 1,500 ml. of tap water in a 20-minute

period or less and the volume of urine excreted every half
hour for the first hour and every hour thereafter for a

total period of 4 hours was recorded. These tests were

not undertaken on the days that the body fluid compart-
ments were measured.

RESULTS

In Table I are shown the correlated data ob-
tained in each case during simultaneous observa-
tions on body fluids, water tolerance, tests of
liver function and measurements of the hematocrit,
plasma proteins, and chlorides at periodic inter-
vals in the course of acute hepatitis.

It is apparent that all patients exhibited greater
thiocyanate spaces during the acute phase of hepa-
titis than later in the course of convalescence. The
absolute and percentile increase in each case may
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be seen by reference to Table II. Although great
individual variation is evident in the degree of
change seen, the average expansion of this com-
partnent over the lowest convalescent level was
24.5 ml. per kgm. of body weight which repre-
sents a 13.5 per cent increase. With the exception
of case 3, the plasma and blood volumes were also
expanded during this period, less in absolute
amount than the thiocyanate space, but greater
when considered in terms of per cent of the
lowest convalescent values. Although the average
increase in plasma volume was 9.3 ml. per kgm.
of body weight, and the same value for blood vol-
ume was 18.9 ml. per kgm., the per cent increase
in these two compartments was 23.4 per cent and
27.1 per cent, respectively. Since these two fig-
ures indicate relatively identical percentage en-
largements, it is evident that expansion of both
the plasma and blood volumes during the acute
phase of hepatitis occurs in a symmetrical manner.
The increase in total circulating red cell volume,
therefore, must keep pace with the swelling plasma
volume, resulting in minimal alterations in the
venous hematocrit throughout the course of ill-
ness. The acute phase of infectious hepatitis in
comparison to convalescence is, therefore, char-

TABLE II

Tabular listing of 14 cases of acute infectious hepatitis to
illustrate the absolute and percentile expansion of the thio-
cyanate space, plasma volume, and blood volume during the
acute phase, with the lowest convalescent values as a base line

Increase in Increase in Increase in

Case thiocyanate space plasma volume blood volume
number

Increase Increase Increase

Ml.k per cent ml. per pe cent ml. pe per centkgm. erCfikgm. kgm.
1 30 17.7 10 33.0 23 37.1
2 21 10.7 18 48.0 40 59.8
3 21 14.2 -.5* - 10.0* 13* - 12.5*
4 28 16.5 12 29.3 25 30.6
5 56 27.7 7 19.2 18 26.6
6 12 7.1 20 52.6 40 54.8
7 17 10.7 8 9.5 17 22.7
8 40 19.5 8 22.9 17 25.7
9 27 14.1 5 12.8 7 9.2

.10 25 11.4 9 22.5 18 25.0
11 37 22.7 5 13.9 14 20.2
12 2 1.0 5 12.7 9 12.0
13 13 7.6 15 37.2 27 34.2
14 14 7.7 13 36.1 22 34.1

Average 24.5 13.5 9.3 23.4 18.9 27.1
increase

Hospital week

FIG. 1. ALTERATIONS IN THIOCYANATE SPACE IN 14
PATIENTS DURING THE COURSE OF ACUTE INFECTIOUS
HEPATrTIS

acterized by an increase in both total red cell
volume and plasma volume [polycythemic hyper-
volemia (38)].
The rate of fall in the individual fluid compart-

ments with recovery may be seen by reference to
the individual columns in Table I. The composite
values for the thiocyanate space throughout the
course of illness are graphically represented in
Figure 1. The rate of fall in this compartment
was greatest during the first week of hospitaliza-
tion and was usually detectable by a loss in body
weight quite comparable to the amount of fluid
lost by reduction in the size of this compartment.
When mobilization of this fluid space occurred
rapidly, a detectable diuresis appeared (Figure 3).
Despite the demonstration of an expanded thiocya-
nate compartment in every case studied, edema
and ascites were never clinically apparent.
The variable urine volume following ingested

water during these periods was of particular in-
terest., The water tolerance test previously de-
scribed yielded progressively larger excretory vol-
umes during the course of convalescence. The
greatest increase in the output of urine following
the 1,500 ml. drink of water occurred when the
thiocyanate space was maximally contracting and
was thought to indicate a decreasing tendency to
retain water. The excretion patterns obtained at
different periods of illness were quite distinct. An
example of delayed urine output following the
test dose of water given during the most acute
phase of illness is illustrated in the slowly rising
pattern of Figure 2A (case 10). In this instance
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Excretion Patterns of the Water Tolerance Teat A slight depression of plasma protein concen-
Uthe Course of Acute Infectlous JfepatiteI5 tration was observed during the acute phase of
A illness that was undoubtedly due in part to the

fl _ _ ~~~~~~~~hypervolemia and in part to nutritional factors.
40s- * = _ _ These changes were of too little magnitude to have

_____ _ been influential in affecting the fluid movements
1 234 1234 1234 1234 124- described above. However, a secondary rise in

14 21 28 35 5e plasma volume was noted in cases 2, 3, 7, 12, 13
(nc 503 11XO 1358 1341 1529 and 14 during the second week of recovery which

Low__________________________________ often approached the level of the plasma volume
g- ,5 *obtained during the early acute phase of the dis-

ease. This may have been due to the slight but in-
constant rise in the total circulating albumin which

4W : | | ] z occurred at this time, possibly on the basis of en-

200 . __hanced nutrition and improvement in albumin syn-

234 1234 1-24 1234 1? 3
_ thesis by the liver.

4 9 17 21 33 The behavior of the plasma and urine chlorides
(cC) 519 1031 15 m6 1817 during the course of acute hepatitis was thought to

be of importance because of the previous demon-2. EXCRETION PATTERNS OF THE WATER TOLER-.
rEST DURING THE COURSE OF ACUTE INFECTIOUS stration of chloride retention in cirrhosis and liver
lTIS atrophy (24, 25), sodium retention in "catarrhal"

jaundice (26), and disturbance in the metabolism
was a step-wise increase in urine volume of inorganic salts of the blood and tissue in various
the 4-hour period of observation. Later in hepatic diseases (27). In addition, it had been
lescence larger amounts of urine were ex- shown that depressed plasma and urine chloride
in the earlier time periods of the test and levels develop in animals following acute liver

ift to the left" occurred in the pattern (23). injury by arsphenamine (28).
otal urine volume of the test period likewise On admission, the majority of patients revealed
.sed with convalescence. The peak of ex- low plasma chlorides varying from 90 to 98 meq.
n during the recovery period was usually per liter. The urine chloride concentration and
d in the second hour of the test. In many total 24-hour urine chloride excretion were simi-
these peaks were conspicuous (Figure 2B, larly depressed at this early period. With recovery
3) and increased in size as the patient re- and mobilization of the expanded thiocyanate
d. With the adjustment of the thiocyanate space, the plasma chlorides rose and increasing
to base line convalescent levels, little tend- amounts of chloride appeared in the urine. This
:o retain ingested water was noted as meas- rise could not be explained wholly by the chloride
by the water tolerance test and almost the intake of the patient which was kept constantly be-
volume of ingested water was excreted tween 9 and 10 grams daily, because it often oc-
the 4-hour period and often surpassed. - curred several days after the beginning of the

ts of liver function applied during the ob- constant salt intake. More often these adjust-
ions of fluid shift indicated progressive res- ments awaited the contraction of the thiocyanate
)n of function. The extent of hepatic con- fluid compartment. In the presence of an in-
ver the dynamics of this shifting fluid pattern creased thiocyanate compartment, as well as an
)e appreciated from the fact that the largest increased plasma and blood volume, it was difficult
nents in body fluid occurred during those to attribute the low urine volume, depressed urine
Is of greatest improvement in hepatic func- chlorides, and tendency for water storage to simple
nd were most apparent during the first two dehydration (29). It was believed on the basis
of hospitalization. Following this period, of these observations, therefore, that increased

iepatic function and fluid shift moved less amounts of chloride were held in the expanded
y towards stabilization. thiocyanate compartment during the acute stage of
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hepatitis, in compliance with the laws of diffusion
equilibria, and that with contraction of this com-

partment during recovery, increased quantities of
chloride were mobilized and appeared in greater
amounts in both plasma and urine.

Presentation of data from case 10 (Figure 3)
with a description of the course of the disease will
serve to correlate more clearly the movements of
body fluids, the tendency to store fluid, the al-
terations in blood constituents, and the state of

liver function during the course of acute infectious
hepatitis.

F. J. E., a 34-year-old naval lieutenant commander,
was admitted to the Hospital of The Rockefeller Institute
on March 24, 1946, complaining of jaundice. Twelve
days before admission he had developed a mild headache
followed by anorexia, malaise, generalized muscular aches,
and lassitude. He went to bed and felt slightly better
after 3 days of rest, fluids, and a moderate food intake.
During this time light tan stools were passed and 2 days
later darkening of the urine appeared. By March 22, ic-
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terus of the sclerae was noted but he was better able to
eat and maintain his fluid intake. There was no history
of previous illness, transfusions, inoculations or exposure
to toxic chemical agents. One month before onset, how-
ever, the patient's fiancee had developed acute infectious
hepatitis and was moderately ill for a period of 10 days.
Physical examination of the patient on admission revealed
a lean, muscular, adult male with a rectal temperature of
99.2° F.; he appeared to be moderately ill. There was
marked icterus of the skin and sclerae. No rash or spider
angiomata was discernible. The edge of the liver was felt
1.0 cm. below the costal margin and was tender; the tip
of the spleen descended one finger's breadth below the
left costal margin. There was no apparent edema or as-
cites. The remainder of the physical examination was
negative.

Laboratory data on admission revealed a hematocrit of
46, normal blood counts, a negative urine examination,
urine specific gravity 1.010, serum bilirubin of 5 mgm. per
cent, bromsulfalein retention of 35.5 per cent, and a thymol
turbidity reaction of 21.3 units. The total plasma pro-
teins were 6.25 grams per cent, albumin 3.97 grams per
cent and globulin 2.28 grams per cent with an A/G ratio
of 1.7.
The patient was given the diet and salt intake previously

prescribed for this group and careful measurements of
fluid intake and urine output were begun.
The patient was completely afebrile while in the hos-

pital. Following the institution of bed rest and adequate
nutrition, recovery proceeded without complication. The
urine became lighter, increased color appeared in the
stool, icterus diminished and disappeared. The liver and
spleen receded in size, finally becoming impalpable.

The initial measurements of the body fluid com-
partments were undertaken the day following ad-
mission. The first 2 hospital days were marked
by a fall in body weight amounting to 0.8 kilo-
gram. Parallel with this, the thiocyanate space
contracted from 237 ml. per kgm. of body weight
to 223 ml. per kgm. of body weight. This repre-
sented a contraction of 14 ml. per kgm. of body
weight or a total of 784 ml. which could quite ac-
curately account for the drop in body weight de-
scribed above if this fluid volume was simultane-
ously excreted. A slight decline in blood and
plasma volume accompanied these changes. Dur-
ing convalescence there was marked improvement
in the tests of liver function and the final value
for the thiocyanate space was 215 ml. per kgm.
after recovery was complete.

In spite of a fluid intake of 3,000 ml. to 4,000 ml.
from the time of admission, the urine volume re-
mained small. In addition, the plasma and urine
chloride concentrations remained low. The water

tolerance test, performed on the third hospital day,
yielded only 503 ml. of urine following the inges-
tion of 1,500 ml. of tap water. By the 17th day of
illness, when marked improvement in liver func-
tion was evident, there appeared an increase in
urine output which approximated 85 per cent to
90 per cent of the fluid intake for any given day.
Although the salt intake had been maintained be-
tween 9 and 10 grams since admission, chlorides
did not appear in the urine in increased amounts
until this period of diuresis. On the 21st day of
illness, 1,170 ml., or more than double the previous
urine volume, was excreted during the water tol-
erance test. Subsequent tests showed slight in-
crease over this value (Figure 2A). For the re-
mainder of the period of study the daily urine
volume remained at normal levels. A weight gain
appeared in the mid-period of recovery which was
probably a result of improvement in nutrition and
liver function. By the time of discharge from the
hospital the gain in body weight had been held,
liver function had been adequately restored, and
recovery was considered complete. In addition, a
10-day leave period had been tolerated without
difficulty. The minimal fluctuations in plasma
protein concentration noted during the course of
illness bore no constant relation to the alterations
of body fluids described above. Throughout the
period of hospitalization, dehydration, edema, and
ascites had never become clinically evident.

DISCUSSION

The expanded thiocyanate compartments and
the relatively poor water tolerance of patients dur-
ing the acute phase of infectious hepatitis sub-
stantiate the concept of Jones and Eaton (6) that
increased water storage occurs during this period
of the disease. It was also their suggestion that
the diuresis of convalescence resulted from im-
proved hepatic efficiency, and that this resulted in
a "shift of fluid from the tissues or serous cavities
to the blood stream with the ultimate establishment
of diuresis." In keeping with these suggestions,
the shifts of body fluid, as demonstrated by the
present study with methods that offer quantitation
of individual fluid compartments, reveal shrinkage
of the thiocyanate compartment dturing recovery
with an accompanying rise in urine output. The
tendency to retain water during acute hepatic in-
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sufficiency, as expressed by the water tolerance
test, has been noted to occur in infectious hepa-
titis (23) as well as in acute liver injury produced
by chemical substances (28, 30). In the partially
hepatectomized dog, hydrothorax may develop
within a few days of operation, often of sufficient
amount to drown the animal (31). Ascites may
also appear despite the presence of an Eck fistula.
In addition, total extirpation of the liver in frogs
has been shown to result in tremendous edema
(32) and decreased water tolerance (33). The
oliguria and anuria of yellow fever are reported to
be most severe in those cases in which there is a
correspondingly great amount of hepatic necrosis
(34). It has been suggested that the increased re-
tention of water resulting in hyperhydration of
the body because of damage to organs such as the
liver might serve a useful purpose in diluting and
overcoming the harmful effects of too great a con-
centration of injurious substances formed during
infection (35). Similar water retention phenom-
ena have been produced by dietary liver injury
as demonstrated by the experiment in which rats
kept on a high fat diet when dehydrated retained
more from a given quantity of water than did
normally fed animals under the same conditions
(36).
The expansion of the thiocyanate space during

the acute phase of hepatitis, together with the en-
larged plasma volume, signifies a general disten-
sion of all the extravascular spaces. The minimal
change in the venous hematocrit noted throughout
the course of hepatitis, despite the increased plasma
volume, must indicate a symmetrical enlargement
of the total red cell volume. However, the slight
reticulocytosis during this period of the disease
could not account for the increase in the red blood
cell volume on the basis of the formation of new
red cells, although extramedullary hematopoiesis
has been reported in fatal cases of acute liver dis-
ease (37). A partial explanation may reside in
the fact that the acutely inflamed liver fails to store
blood efficiently with the result that more blood
remains in the general circulation (38, 39). Dur-
ing the acute stage of hepatitis, wide-spread edema
and necrosis occupy much of the liver substance
(40, 41) which, under these circumstances, prob-
ably contains relatively less blood. In addition,
sinusoidal congestion is more evident during the
healing phase of hepatis. Although there is no

information available relating to the hepatic blood
flow and total blood contained within the liver
during acute infectious hepatitis, it is not unrea-
sonable to consider that acute inflammatory dis-
ease of the liver might shunt large amounts of
blood to the general circulation. Simple hyper-
volemia has been reported in cirrhosis of the liver
(42, 43).
A partial explanation for the maintenance of the

hematocrit in the face of an expanded plasma vol-
ume might be found in the slight macrocytosis of
acute hepatitis. Variations in the Mean Cor-
puscular Volume of from 95 cu. ,u to 120 cu. Ft and
in the Mean Corpuscular Hemoglobin Concentra-
tion of from 28 per cent to 35 per cent, have been
encountered in hepatitis (44, 45), suggesting that
the red cells may be swollen during the acute phase
of jaundice but gradually return to normal size
with recovery of the patient.
The results of the investigations cited above have

served to indicate in outline the conditions under
which water retention may occur in the presence
of diminished liver function, and have pointed out
the possible factors believed to be responsible for
the expansion of the plasma and blood volumes
during acute hepatitis. There remain to be defined
the forces underlying this shifting fluid pattern.
The exact role of the kidney in relation to these

movements of fluid in liver disease has never been
established. While the "hepato-renal" syndrome
clinically suggests that disastrous disturbances in
water balance may occur under combined hepatic
and renal control, biochemical and metabolic stud-
ies of this state have failed to disclose what funda-
mental mechanisms are aberrant (46, 47).
The fluid content of the tissues has been con-

sidered to be under hepatic control by virtue of
metabolic (48) and hormonal regulation (49, 50,
51). Relevant to this concept are the unconfirmed
data indicating that the acute phase of hepatitis is
accompanied by an increase in the urinary excre-
tion of biologically active estrogen (52). The
water-storing influence of active estrogen is well
recognized and is commonly encountered in the
premenstrual state when there may occur edema,
swelling of the breasts, and a gain in body weight
(53).
A recent report (54) indicated that the urine

of patients with cirrhosis and ascites, when injected
into hydrated rats, delayed the excretion of urine.
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When the urine of cirrhotic patients in whom as-

cites had been controlled was injected, it was found
to have antidiuretic activity greater than normal
urine but less than urine from ascitic patients.
In 6 patients with cirrhosis, re-accumulation of
ascitic fluid ceased with dietary therapy and intra-
venous liver extract before demonstrable increase
in the plasma albumin levels. This experience has
been confirmed (55) and emphasizes the impor-
tance of factors other than the serum proteins that
may have influence over water storage during liver
disease. This has been a matter of comment in
reference to the general problem of edema for
many years (56).
The serum protein concentration and total cir-

culating protein exhibited little alteration during
the course of acute hepatitis in the 14 patients in
the present study and bore no constant relation to
the changes in plasma volume. The quantitative
changes in the plasma proteins that may occur in-
dependent of alterations in the plasma volume
have been reported experimentally and are to be
found especially where nutritional features are of
great importance (57). The results of the pres-

ent work, therefore, suggest that factors other than
the simple effect of the serum proteins account for
water storage and decreased water tolerance dur-
ing the acute phase of jaundice and the movement
of water from the interstitial fluid spaces with re-

covery. Reference to the antidiuretic principle,
therefore, seems to be pertinent. The pituitary
origin of this substance has been suggested (58,
59) but requires further elucidation. Heller and
Urban (60) have demonstrated that normal liver
in vitro possesses great capacity to adsorb (in-
activate) the antidiuretic principle of the posterior
lobe of the pituitary when compared with blood,
muscle, brain and kidney. Boiled liver tissue, how-
ever, was completely ineffective. In addition, fol-
lowing the intravenous injection of large doses
of pituitrin, there was rapid disappearance of anti-
diuretic activity from the circulating blood. These
experimental data suggest that the normal liver in-
activates the antidiuretic principle and thereby
maintains normal diuresis and body water content.
In acute hepatitis it is conceivable, therefore, that
with diffuse hepatic damage and depression of
liver function, this inactivation is incompletely
performed and water retention results. With re-

covery and improvement in hepatic efficiency, in-

activation of the antidiuretic principle is resumed,
resulting in diuresis and shrinkage of the thio-
cyanate space to a normal volume. Bioassays of
the antidiuretic substance in the urines of patients
with acute infectious hepatitis are now under way
in this laboratory.

SUMMARY

1. Periodic observations of the thiocyanate space,
total blood and plasma volumes were undertaken
during the hospital course of 14 patients with
acute infectious hepatitis under conditions of rigid
water balance and correlated with measurements
of plasma and urine chlorides, the tendency to
retain ingested water as measured by a water toler-
ance test, and tests of liver function.

2. During the acute phase of hepatitis, the thi-
ocyanate compartment and blood and plasma vol-
umes were found to be expanded. Depressed
plasma and urinary chlorides as well as an in-
creased tendency to retain ingested water accom-
panied these changes.

3. With convalescence and improving liver func-
tion, shrinkage of the thiocyanate compartment
and a decrease in the total blood and plasma vol-
umes occurred. A diuresis and decreased ten-
dency to retain ingested water were noted at this
time and a rise in plasma and urinary chloride
levels followed.

4. The slight alterations in total circulating pro-
tein were thought to be attributable to nutritional
factors and to decreased protein synthesis during
hepatitis and were not considered to be of major
importance in determining these fluid shifts.

5. It is suggested that these movements in body
fluids during acute infectious hepatitis may be di-
rected by endocrine factors and related to incom-
plete inactivation of the antidiuretic principle by
a damaged liver.2

2 Recent studies by Shorr, Zweifach and Furchgott
(Science, 1945, 102, 489) have indicated that a vaso-
depressor substance of hepatic origin (VDM) is asso-
ciated with the opening up of the capillary bed during the
decompensatory stage of experimental shock. More re-
cently, in studies with Furth and Sobol, they have also
been able to detect VDM in the blood of mice with granu-
losa cell tumors, concurrent with the development of hy-
pervolemia in these animals (Science, 1947, 105, 41).
VDM was also shown by them to appear in the blood of
human beings with liver cirrhosis during periods of he-
patic decompensation and in the blood and liver wash of
rats with experimental hepatic cirrhosis. Finally. a
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