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(From the Medical Unit, The London Hospital, London, E. 1, England)

(Submitted for publication August 29, 1955; accepted December 28, 1955)

If the sodium chloride and water retention ob-
served in cirrhosis with ascites after estrogen ad-
ministration (1) were due to delayed hepatic in-
activation of the hormone, and if this were in turn
dependent on an impairment of the hepatic circu-
lation rather than on hepatocellular damage, then
a similar retention of NaCl and water after estro-
gen would be expected in conditions where the
hepatic circulation was prominently affected, but
hepatocellular damage minimal.

Early cases of constrictive pericarditis and car-
diac failure from other causes were selected as
fitting most nearly into the above category, and
they, together with more advanced cases, were sub-
mitted to water and electrolyte balance studies,
during which the effects of estrogen administration
were noted. Two cases of venous obstruction
without cardiac failure were similarly studied for
comparison.

Since any changes in NaCl and water metabo-
lism observed in the above groups might be at-
tributed equally well to delayed renal clearance as
to decreased hepatic inactivation of the hormone,
the effect of estrogen administration in water and
electrolyte metabolism was also studied in primary
renal disease, and for this purpose a group of
cases with the nephrotic syndrome was selected,
and studied as above. Two cases of low plasma
albumin edema without renal disease were simi-
larly studied for comparison.

CLINICAL MATERIAL

1. Constrictive pericarditis (7 cases). The cases se-
lected fall into two groups:

(a) Four cases without symptoms, in whom the disease
was discovered at routine medical examination for the
Armed Forces, or for other purposes (Nos. 8, 9, 52 and
59). There was no detectable ascites in these cases.
Liver function tests were normal, except for a raised se-
rum bilirubin (up to 2.5 mg. per 100 ml.), or a slight
excess of urinary urobilinogen in some cases. Liver
biopsies in cases 52 and 59 showed minimal focal fibrosis
only and no cellular damage. These subjects were am-
bulant for part of the day during the study.

(b) Three cases with definite symptoms referable to

the disease (Nos. 46, 53 and 67). Two cases (Nos. 53
and 67) had had symptoms for several years, and one
case (No. 53) had had a partial pericardectomy five
years previously, with little relief. One case (No. 53)
had ascites at the time of the study, and two cases (Nos.
46 and 67) had a recent history of ascites, but no de-
tectable ascites at the time of the study. Liver function
tests were normal except for raised plasma bilirubin
levels (up to 2.9 mg. per 100 ml.). Liver biopsy in case
46 showed slight focal fibrosis and no cellular damage,
and in case 53 extensive dense fibrosis without significant
parenchymal change. Cases 46 and 67 were partly am-
bulant, and case 53 at bed rest during the study. Blood
urea levels were normal in each group.

2. Cardiac failure (5 cases). Cases in this group were
suffering from cardiac disease other than constrictive
pericarditis—valvular disease in three cases (Nos. 12, 31
and 32) and of uncertain origin (?arteriosclerotic) in
two cases (15 and 47). One case was in her first attack
of failure (No. 32), one in her second attack (No. 47)
and the remainder had had features referable to cardiac
failure for 2 to 5 years. Liver function tests were normal
in all cases except No. 12, where the plasma bilirubin was
raised to 2.3 mg. per 100 ml. Blood urea levels were
normal.

3. Venous obstruction (2 cases). One case in this group
(No. 28) had superior vena cava obstruction due to a
mediastinal gumma (shown at postmortem). There was
constant marked edema of the upper part of the body.
The other case (No. 68) the inferior vena cava was
thrombosed, and there was marked edema of the lower
half of the body, which rapidly subsided with rest in bed,
accompanied by a NaCl and water diuresis. There was
no evidence of cardiac, renal or hepatic disease in either
case.

4. Nephrotic syndrome (5 cases). In four of the cases
in this group (Nos. 30, 37, 51, 57) the syndrome was
caused by chronic glomerulo-nephritis and in the fifth
(No. 54) by primary renal amyloid disease. There was
no evidence of cardiac or hepatic disease. Duration of
the edema was 1 to 18 months, except in case 30 where
it had been present for 5 to 6 years. There was no ar-
terial hypertension in any case. Blood urea levels were
either normal or somewhat raised. Ascites was present
in two cases (No. 37 and 51). Conventional renal func-
tion tests either yielded normal results, or indicated
some impairment of function.

5. Low plasma albumin edema (2 cases). One case
(No. 69) in this group had chronic edema of the legs,
associated with a constant plasma albumin of between
24 and 1.7 g. per 100 ml. over a period of years, which
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ESTROGEN AND ELECTROLYTE METABOLISM—CARDIAC DISEASE

was unexplained. In the other case (No. 77), the low
plasma albumin levels were due to inadequate dietary in-
take of protein, partially remedied during the course of
the study by a high protein diet.

The balance study, estradiol dosage, estimation and
methods and presentation of results are as previously
described (2).

RESULTS
Constrictive pericarditis (Table I)

Weight. Group mean difference between con-
trol and estrogen periods was not calculated due

105+
103+
102+

1014

120 —
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to the proportionately large number of weight
trends during the control period. There was a
significant weight gain following estrogen ad-
ministration in each of the 7 cases studied.

Water balance. There was a group mean dif-
ference between periods of + 334 ml. which was
of borderline significance (P = 0.04). There was
a significant mean increase in water balance in 4
of the 7 cases studied.

Daily urinary output. Cland Na. There was a
significant mean decrease in Cl and Na output

Daily Estrogen

WEIGHT

100 —

N W

2

% 80

60 —

URINARY Na
OUTPUT

WATER BALANCE

/\/___..\

Fi1c. 1. THE EFFEcT oF ESTROGEN ADMINISTRATION ON DALy WEIGHT, URINARY So-
p1uM QuUTPUT AND WATER BALANCE IN CONSTRICTIVE PERICARDITIS

Control period, days 1 to 6; estrogen period, days 7 onwards.

Each point repre-

sents the daily average for the group expressed as a percentage of the control period
mean. Water balance =daily total water intake less urinary output. Horizontal
interrupted lines denote the 95 per cent confidence limits for the control period for
each class of observation. Results in the normal group are inserted for comparison

(continuous line).
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following estrogen, group mean difference being
— 48 mEq. and — 57 mEq. respectively. A sig-
nificant decrease in Cl and Na output occurred in
5 of the 7 cases.

K. Estrogen administration had no effect on
K output as a group. There was a small but sig-
nificant decrease in case No. 59, and a small in-
crease in case 52, which was of borderline sig-
nificance.

Total serum protein and venous hematocrit were
not significantly affected. v

Plasma Cl and Na. No significant difference in
these levels was observed (group mean differences
— 04 mEq. per L. [P =0.8], and + 0.4 mEq.
per L. [P = 0.9] respectively).

Figure 1 shows that there is a marked and sus-
tained decrease in average daily urinary Na out-
put accompanied by an equally marked increase
in average daily weight and water balance follow-
ing the administration of estrogen. The above
changes were accompanied by a significant de-
crease in Na/Cl ratio during the estrogen period
(Figure 2).

By calculation, there was an average gain in
weight during the estrogen period of 2.6 kg. ac-
companied by an average apparent retention of
315 mEq. Cl, 377 mEq. Na and 1970 ml. water.
These figures are approximately in the proportion
expected if the gain in weight were due to in-
crease in extracellular fluid (ECF) volume.
(Case No. 53 where there was an obvious NaCl
and water diuresis during the control period was
not included in this calculation.)

JOHN R. K. PREEDY AND ELSIE H. AI'TKEN

Cardiac failure (Table II)

Weight. There was a significant group mean
difference between periods of + 0.82 kg. In indi-
vidual cases, there was a significant increase in
weight in two cases (Nos. 31 and 47), and an in-
crease of borderline significance in one case (No.
12).

Water balance. There was a group mean in-
crease following the administration of estrogen of
256 ml. which was of borderline significance. A
significant increase was observed in two individual
cases only (Nos. 12 and 31).

Daily urinary outputs. Cl and Na. There was
a significant group mean difference between pe-
riods of — 23 mEq. Cl and — 28 mEq. Na. In
individual cases, a significantly decreased output
of Cl following estrogen was observed in two cases
(Nos. 31 and 47), and a decreased output of
borderline significance in two (Nos. 12 and 32).
A significantly decreased output of Na was ob-
served in all cases except No. 15.

K. There was no significant change in two of
the three cases, and in one case (No. 32) there
was a small increase of borderline significance.

PO,. Of the three cases, there was no signifi-
cant difference between periods in No. 31, but a
small but significant decrease in cases 32 and 47.

Total serum protein. The mean difference be-
tween periods was non-significant.

Venous hematocrit. There was a highly sig-
nificant group mean decrease in the volume of
packed cells (d = — 5 per cent, P = 0.02). This

Daily Estrogen
=

10
09
.08
| T T T T T T T T T T
| 2 3 4 S 6 8 9 10 1] 12 13 14 1S

Days

F16. 2. THE EFFeEcT OF ESTROGEN ADMINISTRATION ON THE DALy UriNnary Na/Cl Ratio IN
CONSTRICTIVE PERICARDITIS

Control period, days 1 to 6; estrogen period, days 7 onwards. Each point represents the daily

average for the group. Results in the normal group are inserted for comparison (continuous

line).
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Daily Estrogen
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F16. 3. TaE EFFECT oF ESTROGEN ADMINISTRATION ON DAILY WEIGHT, URINARY Soprum OuT-
PUT AND WATER BALANCE IN CaRrbpiac FAILURE

See footnote, Figure 1.

represents a mean decrease below control values
of approximately 11 per cent.

Plasma Cl and Na. There was no significant
difference between periods (d = + 0.4 mEq. per
L. in each case, P = 0.7, and 0.8 respectively).

Thiocyanate space. There was a group mean in-
crease following estrogen of + 2.5 L. which was
significant.

Figure 3 shows the significant increase in aver-
age weight and water balance, and decrease in
average urinary Na output which occurred dur-
ing the estrogen period.

By calculation there was an average weight
gain during the estrogen period of 2.3 kg. and an
apparent retention of 221 mEq. Cl., 282 mEq. Na
and 2170 ml. water. The thiocyanate space was
significantly increased by a mean of 2.5 L. These
figures are in the proportion expected if the gain
in weight were chiefly due to an increase in ECF
volume.

Venous obstruction (Table IT)

Group analysis was not attempted. In case 26,
there was a significant increase in weight during
the estrogen period. This was unaccompanied
by any significant difference between periods in

respect of water balance, or of urinary Cl, Na or
K output. The decrease in plasma protein con-
centration was of the same order as in the normal
group. The small differences observed in plasma
Cl and Na concentration were within the experi-
mental error of the methods.

In case 68, a NaCl and water diuresis occurred
spontaneously at bed rest. Weight showed a
rapid decline during the control period, and lev-
elled off during the estrogen period. The signifi-
cant differences between periods observed in wa-
ter balance and urinary Cl and Na outputs are
due to the gradual cessation of diuresis during
the estrogen period. There was no significant
change in urinary K output, nor in total serum
protein or plasma Cl and Na levels. The failure
of estrogen administration to affect significantly
the NaCl and water diuresis in this case is in con-
trast to the effect on case 53 (constrictive peri-
carditis), and on other cases (1) where a similar
diuresis was reversed by estrogen.

Nephrotic syndrome (Table IT)

Weight. Group analysis was not attempted be-
cause of the relatively large proportion of trends
in the control period. There was a tendency to
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decrease weight following estrogen administra-
tion in cases 37, 51 and 57. In case 54, there was
no significant change, but in case 30 a significant
increase occurred.

Water balance. There was no significant group
mean difference between periods. There was
similarly no significant difference in any case, ex-
cept in case 30, where the difference of + 260 ml.
was significant. A decrease of borderline sig-
nificance was observed in case 57.

Daily urinary outputs. Cl and Na. Group
mean differences between periods were not sig-
nificant. No significant change was observed in
any individual case, except in No. 30 where there
was a significant decrease in Cl and Na output fol-
lowing estrogen.

K. Group mean difference between periods was
not significant. There was no significant differ-
ence between periods in any individual case.

PQO,. This estimation was done in two cases
only. A small but significant difference was ob-
served in case 30 (d = — 7 mEq., P = 0.01), but
there was no significant difference in case 37.

Total serum protein. No significant difference
between periods was observed.

Venous hematocrit. There was a highly sig-
nificant difference in volume of packed cells fol-
lowing estrogen administration, d = — 4 per cent,
P =0.01. This represents a mean decrease of 10
per cent below the mean control value.
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Plasma Cl and Na. There was no significant
difference between periods, d = — 0.4 mEq. per
L. Cl, and — 2 mEq. per L. Na, P = 0.8 and 0.06
respectively.

Thiocyanate space. This observation was made
in three cases only, Nos. 37, 51 and 54. There
was an increase in the space in each case of be-
tween 0.5 and 1.0 L. This increase is of the
same order as that found in the normal group.

Figure 4 shows that there was no marked altera-
tion in the rate of gain in average weight during
the estrogen period, and that there was no sus-
tained effect on average sodium output, or on wa-
ter balance. The urinary Na/Cl ratios likewise
showed no significant change during the estrogen
period.

By calculation, relatively small amounts of Cl,
Na and water were apparently retained during the
estrogen period, the mean figures being 88 mEq.
Cl, 36 mEq. Na, and 330 ml. water. There was a
mean increase in weight of 0.6 kg., taken from the
last day of the control period. These figures are
not in the expected proportion, had the changes
been chiefly due to increased ECF volume.

Low plasma protein edema (Table IT)

Group analysis was not attempted. In case 69,
a small increase of weight during the estrogen pe-
riod was of borderline significance. This was ac-
companied by a significant increase in water bal-
ance, but no corresponding changes in urinary out-

Daily Estrogen
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See footnote, Figure 1.
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put of Cl, Na or K. No significant alterations in
the levels of plasma Cl and Na, or of total serum
protein.

In case 77, there was a significant increase of
weight, but no significant change in water balance,
or urinary Cl, Na or K output. Plasma Cl and
Na levels were unaltered, but there was a signifi-
cant increase in total serum protein, associated
with an adequate dietary intake while in hospital.

DISCUSSION

In the group of constrictive pericarditis the ad-
ministration of estrogen was associated with
marked and sustained retention of Cl, Na and
water (Table I and Figures 1 and 4). Similar
results were also observed in the group of cardiac
failure, although to a less degree (Table 1 and
Figures 2 and 3). Both observations are in sig-
nificant contrast to the slight and transient effects
on NaCl and water metabolism seen in the normal.

In the group of nephrotic cases (Table II, and
Figures 3 and 4) the effect of estrogen on NaCl
and water metabolism did not differ from the
normal as a group. In four of the five individual
cases, there was no evidence of NaCl and water
retention, but in one case (No. 30) definite re-
tention did occur. This case differed from the
remainder in that the nephrotic syndrome had
been present for 5 to 6 years as opposed to a
maximum of 18 months in the other cases. The
NaCl and water retention in this case is unlikely
to be due to lowered plasma albumen levels, since
there was no indication of abnormal retention in
the two cases of low plasma protein edema, fol-
lowing estrogen (Table IT).

The failure to find significant retention of NaCl
and water in the nephrotic group is of particular
interest, since there are two features in common
between this group and the groups of constrictive
pericarditis and cardiac failure, namely an existing
tendency to fluid retention, and a reduction in
renal clearance rates (3-6). This observation
indicates that the kidney plays no primary role in
the NaCl and water retention after estrogen ad-
ministration.

In view of the above findings, and since in-
volvement of the liver is the only factor common
to all groups in which fluid retention after estro-
gen occurred and absent from all groups in which
such fluid retention did not occur (1), it seems

JOHN R. K. PREEDY AND ELSIE H. AITKEN

likely that the factor deciding this fluid retention is
hepatic. Furthermore, it seems reasonable to sup-
pose that this hepatic factor is impaired inactiva-
tion of the hormone.

In both constrictive pericarditis and cardiac
failure due to other causes, the hepatic circula-
tion is prominently affected. There is increased
hepatic vein pressure and sinusoidal congestion
(5,7,8). Where cardiac output is low in cardiac
failure of various etiologies, hepatic blood flow is
reduced in proportion (7). Although hepatic
blood flow has not been specifically studied in
constrictive pericarditis, cardiac output and renal
blood flow are reduced (5) and it is reasonable
to assume that hepatic blood flow is reduced also.

Hepatic biopsy studies (8, 9) indicate that al-
though hepatocellular necrosis and atrophy may
occur in cardiac failure, these changes are never
so extensive as to lead to hepatocellular failure
(as in portal hepatic cirrhosis). These histologi-
cal changes closely parallel the clinical severity
and duration of the cardiac failure, and are, more-
over, reversible, healing taking place when the
failure is brought under control.

In our group of constrictive pericarditis, four
of the cases were early and asymptomatic, and
hepatocellular damage may therefore be presumed
minimal. This was in fact demonstrated in two
(Nos. 52 and 59) of these four cases by hepatic
biopsy. Even in one of the more severe cases
(No. 46), structural changes were also found to
be minimal. In the cardiac failure group, no
hepatic biopsies were performed, but two cases
(Nos. 32 and 47) were recovering from first and
clinically mild attacks of failure, and in these
hepatocellular damage was again presumably
minimal.

It is significant that the marked NaCl and wa-
ter retention observed in these two groups after
estrogen was not confined to the more advanced
cases or to cases with existing edema or ascites,
but occurred also in three of the four early asymp-
tomatic cases of constrictive pericarditis and in
both early cases of cardiac failure (Tables I and
II).

These observations, together with those already
described, provide good evidence that fluid re-
tention after estrogen is greatly dependent upon
impaired hepatic circulation. Strong support is
therefore provided for the hypothesis that differ-
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ing degrees of hepatic circulatory impairment
leading to differing rates of estrogen inactivation,
may be responsible for the marked fluid retention
in cirrhosis with ascites, as contrasted with the
slight retention in cirrhosis without ascites, after
the administration of estrogen (1).

Furthermore, since our results demonstrate that
exogenous estrogen can cause fluid retention in
the above groups, it becomes possible that endoge-
nous estrogen may have a similar affect. In-
creased estrogen activity may, therefore, be a
factor in the naturally-occurring fluid retention,
not only of constrictive pericarditis, but of any
form of cardiac failure where the hepatic circula-
tion is permanently affected.

The above observations do not however, ex-
clude the action of other Na-retaining hormones,
and the finding of a sodium-retaining factor re-
sembling aldosterone in the urine of cases of he-
patic cirrhosis (10) and cardiac failure (11) sug-
gests that this hormone is also involved.

The actual role of aldosterone in the fluid re-
tention of these conditions remains to be deter-
mined. Increased aldosterone excretion appears
" to be related rather to low urinary Na levels than
to the disease process or state of hydration (11).
Since control urinary Na levels in our cases were
either within the normal range or high, it would
appear that fluid retention after estrogen is not de-
pendent on an existing high degree of aldosterone
activity. In addition, the fluid-retaining effect of
estrogen has been shown in our studies to be
closely if not exclusively, related to hepatic in-
volvement by disease, whereas urinary aldosterone
is markedly increased in nephrosis and in normal
subjects on a low-Na diet (11), where the liver is
presumably healthy. It would appear, therefore,
on the evidence at present available, that fluid
retention after estrogen administration may be
independent of aldosterone.

SUMMARY

1. Daily administration of estradiol caused
marked NaCl and water retention in cases of con-
strictive pericarditis, and in cardiac failure of other
origin, but not in two cases of peripheral venous
obstruction.

2. The same dosage of estradiol caused no sig-
nificant NaCl and water retention in a group with
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the nephrotic syndrome, nor in two cases of low
plasma albumin edema without renal disease.

3. These findings indicate that the NaCl and
water retention following estrogen administration
is dependent mainly upon disturbances of the he-
patic circulation, and that the kidney plays no
primary role.

4. This evidence supports the hypothesis that
the quantitative difference observed between the
fluid retention of cirrhosis with ascites and that of
cirrhosis without ascites following estrogen ad-
ministration may be accounted for by hepatic cir-
culatory factors.

5. It is further suggested that increased estrogen
activity may be a factor in the fluid retention of
cases of cardiac failure in which the hepatic cir-
culation is prominently affected.
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