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MECHANISMOF POSTOPERATIVELIMITATION IN SODIUM
EXCRETION: THE ROLEOF EXTRACELLULARFLUID
VOLUMEANDOF ADRENALCORTICAL ACTIVITY

By RUSSELL E. RANDALL, JL2 AND SOLOMONPAPPER

(From the Medical Service and the Research Laboratory, Boston Veterans Administration
Hospital, and the Departments of Medicine, Boston University School of Medicine

and Tufts University School of Medicine, Boston, Mass.)

(Submitted for publication June 2, 1958; accepted July 24, 1958)

Decreased renal excretion of sodium is a well-
known feature of the immediate postoperative state
(1-3). The mechanisms responsible have, how-
ever, not been clearly defined. While increased
adrenal cortical secretion such as is generally as-
sociated with major surgical procedures (4-9)
has been causally implicated by many investigators
(1, 3, 10-13), there is considerable evidence that
the changes in sodium excretion are independent
of variations in the supply of adrenal cortical
hormones (14-18).

The extracellular fluid volume, or more pre-
cisely that portion of it which is physiologically
"effective," has been shown to be a major determi-
nant of renal sodium excretion in normal indi-
viduals (19-21). Therefore variation in this vol-
ume warrants consideration as a possible etiologi-
cal factor in the decreased postoperative excretion
of sodium. The observations that fluid sequestra-
tion occurs in and about the traumatized tissues
both in animals and in man indeed suggests that a
dislocation of the body fluids may occur in the
surgical patient and result in a contraction of the
effective extracellular fluid volume.

The present study was designed to investigate
the effect of isotonic expansion of the extracel-
lular fluid volume on the postoperative response
to the administration of sodium chloride. The
data indicate that the usually observed impair-
ment in natriuretic response is corrected by iso-
tonic extracellular fluid volume expansion. In
addition, studies in a patient with Addison's dis-
ease suggest that decreased natriuresis postopera-
tively occurs independently of enhanced adrenal
cortical hormone secretion.

1 An abstract of this paper appeared in the J. clin. In-
vest. 1958, 37, 923.

2 Present address: Travis Air Force Base, Calif.

METHODS

Five young males without cardiovascular, renal, hepatic
or endocrine disease were studied before and after ortho-
pedic surgical procedures of sufficient extent to produce
major surgical trauma (Table I). One patient (No. 3,
A and B) was studied before and after two Moore ar-
throplasties performed five weeks apart. Orthopedic pa-
tients were chosen for study in order to avoid the com-
plicating factors of major gastrointestinal losses of
fluids and electrolytes and to allow continued oral intake
in the postoperative period. Commencing on the fifth
or sixth day before surgery and continuing through the
third postoperative day the patients were provided a daily
diet containing approximately 43 mEq. of sodium and in
addition received nonenteric coated sodium chloride tab-
lets four times daily so that the total sodium intake was
197 mEq. per day. On the day of surgery sufficient iso-
tonic saline solution was given intravenously to main-
tain the total intake, including the sodium content of the
citrated blood, at 197 mEq. Blood loss during surgery
was replaced so that in no instance was significant hypo-
tension observed. Oral intake of fluid and food was
usually re-instituted by evening of the day of surgery.
The daily intake of fluids was recorded in five studies
and it was possible to weigh three patients daily. Urine
collected over 24 hour periods was analyzed daily for
sodium, potassium, chloride, total solute and creatinine
by methods previously described from this laboratory
(22). Pre- and postoperative 17-hydroxycorticosteroid
excretion was measured by the Reddy method (23).

On the second, third or fourth day before surgery each
patient was studied as follows: After the usual break-
fast and two hours of "basal" observation in recumbency
a challenging infusion of 2,000 ml. of 0.9 per cent saline
was administered intravenously over a 90 minute period.
Urine was generally collected at 30 minute intervals
from the beginning of the "basal" period until at least
three hours after the infusion was begun; thereafter
urines were collected at varying intervals for a minimum
of three additional hours. Venous blood was obtained at
the start of the infusion, 45 minutes later, and at the end
of the infusion. Urine and blood were analyzed for so-
dium, potassium, chloride, creatinine and total solute.
In those studies in which inulin and para-aminohippurate
clearances were determined, blood was drawn at least
hourly for these determinations (24, 25).
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All postoperative experiments were carried out on the
second day after surgery. In three of the orthopedic
patients (Nos. 1, 3A & 4) the postoperative study was
identical with that described preoperatively, except that
urines could not always be collected at precisely 30 min-
ute intervals. In the other three studies (Nos. 2, 3B and
5) the challenging infusion of 2,000 ml. of 0.9 per cent
saline was administered only after the extracellular fluid
volume had been expanded to such an extent that the
lowered postoperative "basal" rate of sodium excretion
approximated the preoperative "basal" rate. This ini-
tial expansion was achieved after two hours of observa-
tion by infusing normal saline solution at a rate similar
to that used in the preoperative tests. Urine specimens
collected during this infusion were analyzed immediately
for sodium. When the lowered rate of sodium excre-

tion reached the preoperative "basal" level, the challeng-
ing infusion of 2,000 ml. of saline was administered over

a 90 minute period. The rest of the study was carried

out in a manner identical to the preoperative experiments
and to the other postoperative studies.

In addition to the five orthopedic patients, one pa-
tient (No. 6) with well-documented Addison's disease
was studied before and after cholecystectomy. The rele-
vant clinical data in this patient have been reported
elsewhere in connection with other studies (26). This
patient had been symptom-free while taking 50 mg. of
cortisone orally each day and receiving monthly injec-
tions of desoxycorticosterone trimethylacetate (50 mg.).
His last injection of the latter had been given 24 days
prior to surgery and none was given subsequently until
after the conclusion of the studies reported here. Just
preceding the present study the patient had undergone
other investigative procedures while receiving a daily
diet containing less than 5 mEq. of sodium and an oral
dose of 50 mg. of cortisone daily. He was prepared for
surgery in the following manner: From the fifth pre-

operative day through the third postoperative day he

TABLE I

Clinical data

Postoperative medication Volume
Patient Operation of blood

no. (grade of trauma)* Age Anesthesiat First day Second day: transfusion

mi.
1 Sub-trochanteric osteotomy 25 Thiopental sodium Morphine Meperidine 3,000

and hip fusion (8) Nitrous oxide sulfate hydrochloride,
Nisentil® 75 mg. (X 2)
Succinyl choline

chloride

2 Open reduction of tibial 40 Pontocaine spinal Meperidine Codeine phosphate, 0
fracture with iliac bone hydrochloride 60 mg. (X 1)
grafts (6)

3A Left Moore arthroplasty 36 Nupercaine spinal Morphine Codeine phosphate, 300
(5) I.V. NembutalS sulfate 60 mg. (X 2)

3B Right Moore arthroplasty 36 Nupercaine spinal Morphine Codeine phosphate, 500
(5) Promethazine sulfate 30 mg. (X 2)

4 Posterior lumbar spine 46 Thiopental sodium Morphine Meperidine 1,000
fusion (5) Nitrous oxide sulfate hydrochloride,

Nisentil® 50 mg. (X 1)
Succinyl choline Codeine phosphate,

chloride 60 mg. (X 2)
5 Hemi-laminectomy L4-5 22 Thiopental sodium Meperidine Meperidine 0

with disc removal Nitrous oxide hydrochloride hydrochloride,
(4-5) Xylocaine®, local 50 mg. (X 1)

Codeine phosphate,
60 mg. (X 2)

6 Addison's disease: 41 Thiopental sodium Meperidine Codeine phosphate, 0
cholecystectomy and Ether hydrochloride 60 mg. (X 2)
appendectomy (4-5) d-Tubocurarine

Succinyl choline
chloride

* Grade of trauma based on a scale of 1-10 (1).
t Pre-anesthetic medication in all patients included: Nembutal® 100 mg.; either atropine 0.4 mg. or scopolamine

0.4 mg.; and morphine sulfate 10 mg., except in Patients 4 and 6 who received meperidine hydrochloride 100 mg. and
50 mg., respectively.

t Medication given for pain either during or within three hours after the challenging infusion of saline. The figures
in parentheses represent the frequency of dosage during this period.
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TABLE II

Daily balance dafa *

Patient 0
no. Day no. - -5 -4 -3 -2 -1 Surgery +1 +2 +3

Intake Na 197 197 197 505t 197 287t
Urine Na 82 226 414 300 110

I Urine K 38 59 83 74 56
Urine Cr 1,171 1,466 1,750 1,512 1,126
Urine vol. 710 1,715 3,423 2,400 2,035
Intake vol. 3,000 3,100 5,100 3,100 3,400

Intake Na 197 197 523t 197 197 197
Urine Na 167 196 495 192 107 180
Urine K 116 88 70 44 81 100

2 Urine Cr 2,217 2,074 2,520 1,157 1,209 1,980
Urine vol. 2,026 1,920 4,925 1,860 1,780 978
Weight 185 184.5 185 182.3 180
17-OH steroids 4.7 3.0 6.2

(urine)

Intake Na 197 197 197 50st 197 197
Urine Na 186 174 196 469 284 182
Urine K 52 50 51 63 66 39

3A Urine Cr 1,690 1,646 1,602 1,777 1,650 1,593
Urine vol. 2,600 2,180 2,370 5,453 3,300 1,12S
Intake vol. 4,100 4,100 4,100 6,100 4,100 4,100
17-OH steroids 6.1 2.9

(urine)

Intake Na 197 197 505t 197 197 197
Urine Na 149 160 414 269 158 135
Urine K 75 68 66 59 53 45

3B Urine Cr 1,691 1,780 1,794 1,878 1,850 1,716
Urine vol. 1,500 2,620 3,658 1,890 943 852
Intake vol. 3,685 4,100 3,100 3,100 3,100 3,100
17-OH steroids 8.1 7.3

(urine)

197 50St 197
100 162 144
47 48 39

1,733 1,505 2,012
1,065 1,440 1,500
3,190 5,130 2,850

197 831t 197
167 540 280
79 69 47

2,066 2,000 1,841
3,680 5,970 2,500

183 184
18.4 5.2

197 505t 197
148 230 171
43 52 22

1,880 1,836 1,790
1,730 4,077 2,450
3,700 6,100 4,100

17.5 10.4

197 800t 197
169 465 265
42 56 17

2,224 2,106 1,760
1,540 4,302 2,350
4,100 8,000 4,100

13.2

Intake Na 197 197 197 532t 197 197 197 532t 197
Urine Na 131 190 177 443 194 195§ 237 295
Urine K 35 39 40 63 43 105§ 34 18

4 Urine Cr 1,622 1,534 1,576 1,772 1,339 3,0931 1,736 1,720
Urine vol. 660 760 1,000 3,109 1,800 100 1,730 1,295 1,590
Intake vol. 3,000 3,000 3,000 5,000 3,000 2,500 3,800 5,000 3,000
Weight 168.8 164.5 168 169 168.5 166 167.8 170.5
17-OH steroids 3.1 4.8 22§ 4.8

(urine)

Intake Na 197 530t 197 197 19711 197
Urine Na 140 366 247 152 123 156
Urine K 35 66 83 71 48 63

5 Urine Cr 2,512 2,360 2,620 2,609 1,805 1,750
Urine vol. 1,445 3,156 1,580 1,570 922 733
Weight 151 151.3 151.2 150 147.5
17-OH steroids 7.8 3.7

(urine)

Intake Na 197 197 197 530t 197 197
Urine Na 28 83 124 392 198 56
Urine K 90 94 87 113 70 25

6 Urine Cr 1,485 1,645 1,484 1,703 1,345 780
Urine vol. 910 2,720 2,560 4,193 3,230 413
Intake vol. 4,000 4,000 4,000 6,000 4,000 3,280
Weight 154.7 156.5 157.3 159 158 157.5

197 705t 197
110 526 208
35 34 19

1,780 2,234 1,821
532 1,841 3,220
148.5 147.6 147.5

15.7 1.7

197 530t 197
153 332 106
49 46 20

2,145 1,663 1,409
1,805 3,316 1,695
3,000 6,000 4,000

160 159

* Units of measurement: Sodium and potassium in mEq./day; creatinine in mg./day; volumes in ml./day; urinary
17-hydroxycorticosteroids in mg./day; weight in pounds.

f Day of challenging infusion of saline.
$ Additional 90 mEq. of sodium was contained in the citrated blood.

Pooled two days' urine collection.
Unknown electrolyte loss by emesis.
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received two infusions daily, one in the morning and one
at night, each containing 75 mg. of hydrocortisone ad-
ministered over a six hour period for a total of 150 mg.
daily. These infusions contained a total of 154 mEq. of
sodium. An additional 43 mEq. of sodium was given
orally, for a daily total of 197 mEq. The pre- and
postoperative infusion studies were carried out in the
manner outlined for the experiments in Patients 1, 3A and
4 above.

RESULTS

A. Orthopedic patients (Numbers one to five)
1. Postoperative daily excretion of sodium. On

the day of surgery and for the three succeeding
days all patients demonstrated some limitation of
sodium excretion as evidenced by the fact that they
excreted only 42 to 88 per cent of their sodium in-
take (Table II). Patient 1, who had the most ex-
tensive surgery, had the greatest degree of post-
operative salt retention. On the day of surgery
and the first postoperative day the decreased
quantity of sodium excreted was almost always as-
sociated with an even greater reduction in the
volume of water excreted, resulting in a more
concentrated urine (Table II). By the second
postoperative day there was, in general, slight
reduction in the serum concentrations of sodium,
chloride, total solute and creatinine, associated
with a slight gain in body weight in those patients
who could be weighed (Table III).

2. Natriuretic response to the challenging infu-
sion of saline without prior expansion of the extra-
cellular fluid volume. Postoperatively, all the
patients had lower "basal" rates of sodium ex-
cretion than preoperatively (Table IV, Figures
1, 2, 3 and 4). All demonstrated increased natriu-
resis in response to the challenging infusions of
saline. However, in two of the three patients
(Nos. 1 and 4) the natriuretic response following
surgery was only one-third as great as the pre-
operative response (Table IV, Figure 5).

3. Natriuretic response to the challenging in-
fusion of saline with prior expansion of the extra-
cellular fluid volume. Two thousand ml., 1,900
ml. and 1,300 ml. of 0.9 per cent saline were ad-
ministered to Patients 2, 3B and 5, respectively,
to raise the "basal" rate of sodium excretion in the
postoperative study to the preoperative "basal"
level. In each instance the challenging infusion,
after prior expansion of the extracellular fluid
volume, evoked a greater natriuresis postopera-

tively than preoperatively (Table IV, Figures 2,
4 and 5).

4. The renal excretion of total solute, chloride
and potassium. For the most part, the excretion
of total solute and chloride closely paralleled the
excretion of sodium. Daily postoperative potas-
sium excretion was generally somewhat lower
than in the preoperative period. In most patients
there was an increase in potassium excretion fol-
lowing the challenging infusions of sodium chlo-
ride in both the pre- and postoperative periods.

S. Changes in glomerular filtration rate (GFR)
and renal plasma flow (RPF). In general, the
clearances of creatinine, inulin and para-amino-
hippurate were higher in the postoperative "basal"
periods than preoperatively (Table IV). The
challenging infusion of saline did not result in any
consistent change in GFRor RPF.

B. Patient No. 6, with Addison's disease, who re-
received a constant dose of hydrocortisone and
underwent cholecystectomy
The patient with Addison's disease had been tak-

ing a diet extremely low in sodium content (5
mEq. daily) for the week prior to the present
study in conjunction with other investigations.
During that time, while receiving 50 mg. of corti-
sone daily, he demonstrated a normal response to
sodium restriction, reducing his urinary excre-
tion to 8 to 10 mEq. daily. The abrupt change on
the fifth preoperative day to a dietary intake of
197 mEq. of sodium daily and the administration
of 150 mg. of hydrocortisone daily was associated
with steady weight gain during the preoperative
phase of this study, while daily sodium excretion
increased progressively (Table II). After cho-
lecystectomy sodium excretion decreased (Table
II) and a lesser natriuretic response to the chal-
lenging infusion of saline was observed (Table
IV). This patient had difficulty with complete
bladder emptying on the day of receiving the chal-
lenging infusion postoperatively. Accordingly his
sodium excretion is expressed in terms relative
to creatinine excretion (Table IV).

DISCUSSION

The results of the present study confirm previ-
ous observations of sodium retention (1-3, 27-31)
and decreased natriuretic response to salt ad-
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ministration in the postoperative period (28, 32,
33). Renal excretion of sodium is determined
both by the filtered load (GFR X serum sodium
concentration) and the tubular reabsorption of
sodium (34). In Patients 2 and 5, whose GFR
was measured by inulin clearance, the calculated
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filtered load of sodium was actually greater in the
postoperative period than preoperatively, despite
a decreased serum sodium concentration after
surgery. These data in conjunction with similar
results in other patients in whom only creatinine
clearance was determined, suggest that postopera-

PEOPERATIVE
--- POSTOPERATIE

,_____.-----l--I

-2 -I 0 1 2 3 4 5 6 7 8

HOURS

FIG. 1. PRE- AND POSTOPERATIVENATRIURETIC RESPONSES
ING INFUSION OF SALINE IN PATIENT 1

SUBJECT 2

,I'

I-

1J'
cr
X

M
I

-2 -I 0 1 2 3 4

HOURS
5 6

TO THE CHALLENG-

PREOPERATIVE
- -- - POSTOPERATIVE

FIG. 2. PRE- AND POSTOPERATIVENATRIURETIc RESPONSESTO THE CHALLENG-
ING INFUSIONS OF SALINE IN PATIENT 2

1634

r, - -1

I I
I - -I
I I

-jI



POSTOPERATIVELIMITATION IN SODIUM EXCRETION

-2 -I 0 Is 2 3 4

HOUR

SUBJECT 3A PREOPERATIVE
-- - - POSTOPERATIVE

r - -i L - r- - - - - - - - - -I

_I_

L

FIG 3. PRE- AND PosTroPEATivE NAT~UEI RESPONSESTO THE CHALLENG-
ING INFUSIONS OF SALINE IN PATIENT 3A

SUBJECT 3B D__DOATI

S 6 7 a

2i

z

w

IL)

0

cI,

W

X

Do
in.

r - I

L_-

-- -- POSTOPERATIVE

I

r A I l 4

II
_

;J~ _OX _-,&Aff- ;

-2 -I 0 1 2 3 4 5 6 7 a

HOURS

FIG. 4. PRE- AND POSTOPERATIVENATRIURETIC RESPONSESTO THE CHALLENG-
ING INFUSIONS OF SALINE IN PATIENT 3B

tive impairment in sodium excretion need not be
related to decreased filtered load. Whether or

not the decreased postoperative serum sodium con-

centration influences sodium excretion independent
of filtered load remains unclear. While the pre-

cise mechanism of the observed postoperative in-
crease in glomerular filtration rate noted in this
and in other studies (35) is not known, it may be

related to the reported influence of fever 8 upon

glomerular filtration rate (34, 36).
In view of these observations, it seems reason-

able to turn our attention to the possible role of
enhanced renal tubular reabsorption of sodium in
the impairment of sodium excretion in the post-

8 Each patient had an oral temperature varying from
101 to 1020 F. for one to three days following surgery.

1635

a I

wy

U
a

z
0

-w

wL
Ld:

00
..

I-.i r -i
A.W-..--



RUSSELL E. RANDALL, JR. AND SOLOMONPAPPER

D PREOPERATIVEINFUSION

0 POSTOPERATIVEINFUSION

E PREOPERATIVE INFUSION
U POSTOPERATIVEINFUSION

4 1 2

EXPERIMENTAL SUBJECT

FIG. 5. COMPARISONOF THE INCREASE IN THE RATE OF SODIUM EXCRETION
FROMTHE PREINFUSION CONTROLPERIOD TO THE 60 MINUTE PERIOD OF MAXI-
MAL NATRIURESIS FOLLOWINGTHE CHALLENGINGINFUSION OF SALINE

The cross-notched bars represent the response when only 2,000 ml. of saline
was employed in the postoperative "test" infusion, while the solid black bars
indicate the natriuretic response to the 2,000 ml. infusion when the rate of so-

dium excretion was first elevated to at least the preoperative "basal" level.

operative period. In attempting to determine the
stimulus for any increased reabsorption, the nor-

mal stimuli for tubular conservation of sodium in
man must be considered. Since the "effective"
extracellular fluid volume is a major determinant
of renal sodium excretion in the normal individual
(19-21), a contraction of this portion of the body
fluids might conceivably represent a significant
physiological stimulus to postoperative sodium
retention. In this regard various observations in
animals and man undergoing surgery suggest that
such a contraction in the effective extracellular
fluid volume may indeed occur postoperatively.
For example, sequestration of fluid and electrolytes
occurs in and about traumatized tissues and surgi-
cal wounds (27, 37-45); fluid accumulates in the
intestinal wall and lumen following manipulation
during gastrointestinal tract surgery (38, 40, 41,
46-48), and in serous cavities (38) following
thoracic and abdominal surgery. These collec-
tions of fluid may be as great as 4 to 5 per cent

of body weight (37, 41, 42, 46), an amount prob-
ably sufficient to result in sodium retention in nor-

mal man. Numerous observations suggest that
the total extracellular fluid volume may actually be
enlarged postoperatively (13, 31, 32, 49-52), and
indeed in the present study the inulin space, when
measured, was increased after surgery.4 However,
such conclusions are based upon an increase in
the volume of distribution of a variety of sub-
stances presumed to remain in the extracellular
compartment, an assumption which may not ap-

ply to the same extent postoperatively as pre-

operatively. In any case, if the total extracellular
fluid volume is expanded after surgery, this may

well be the result of accumulation in the trau-
matized areas at the expense of the physiologically
effective extracellular fluid volume (37, 41-44,
46). The operated patient may thus be likened to
a patient with cirrhosis and ascites whose total
extracellular fluid volume is expanded, but whose
effective volume may well be contracted (53, 54).

While the mechanism of the decreased "basal"
rate of sodium excretion postoperatively is not

4 The volume of distribution of inulin was 16 to 38 per

cent greater postoperatively than preoperatively.
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clear, the possibility exists that it is a reflection
of a contracted effective extracellular fluid volume.
Indeed recent studies of Strauss, Lamdin, Smith
and Bleifer have demonstrated that the renal ex-
cretion of sodium is altered by extremely small
changes (1 per' cent) in extracellular fluid vol-
ume (55). Consequently, the attempt was made
to expand the effective extracellular fluid volume
(in Patients 2, 3B and 5) -with saline to the ex-
tent that the "basal" rate of sodium excretion
postoperatively would be in the same range as in
the preoperative values. Under these conditions
the challenging infusion of saline evoked a greater
natriuresis than in those instances without prior
expansion of effective extracellular fluid volume.
The fact that this natriuretic response following
expansion of the extracellular fluid volume actually
exceeded that of the preoperative response may be
related to the fact that more saline was given prior
to the challenging load than was actually required.
This was in part due to the slight delay in deter-
mining the sodium content of the urine during
which time the infusion of saline was continued,
and to the fact that the peak natriuretic response
to the expanding infusion had probably not yet
been attained when the challenging infusion was
begun.

If the sequestration of fluid following surgery
accounts for the decreased natriuretic response to
salt administration by producing a contraction of
the effective extracellular fluid volume, it might
be expected that restoration of this volume would
prevent the diminished postoperative natriuretic
response. On the other hand the fact that ex-
pansion of the extracellular fluid volume actually
resulted in an increased natriuretic response in
the postoperative period, does not constitute proof
that the diminished rate of excretion was due to
a contracted volume. It may well be that other
stimuli for increased renal sodium reabsorption
were in some way influenced, modified or over-
shadowed by extracellular fluid volume expansion.
Nevertheless, in view of other observations, previ-
ously discussed, which suggest the possibility of
decreased effective extracellular fluid volume post-
operatively, the present studies may be considered
consistent with the thesis that following major
surgery, a contracted volume may play an impor-
tant role in producing the observed limitation in
sodium excretion. The manner in which such a

volume stimulus is perceived and the pathways of
mediation to the renal tubule remain unknown
both in the surgical patient and in the normal sub-
ject (19-21). Regardless of the precise mecha-
nisms involved, the data indicate that postopera-
tive patients without hepatic, renal, cardiopulmo-
nary or endocrine disease retain the ability to
excrete large amounts of administered saline at a
rate comparable to the preoperative period, if their
"basal" rate of sodium excretion is first increased
to the preoperative level by the administration of
isotonic sodium chloride.

The increased adrenal activity (17-hydroxycor-
ticosteroids and aldosterone) associated with ma-
jor surgical procedures (4-13, 56) has been fre-
quently implicated as causative of the sodium
retention of the postoperative period (1, 3, 5, 10-
13). There are important observations, however,
which suggest that increased endogenous adrenal
cortical activity is not essential to the postoperative
abnormalities of sodium metabolism (14-18). In
adrenalectomized animals and man, and in pa-
tients with Addison's disease, normal fluctuations
in sodium excretion can occur in response to
changes in volume (19, 26) or pathological con-
ditions (57-59) despite a constant supply of
adrenal hormones. Similarly, the response, inso-
far as sodium excretion is concerned, to stand-
ardized trauma in adrenalectomized animals re-
ceiving constant doses of adrenal cortical extract
differs in no way from nonadrenalectomized ani-
mals experiencing similar trauma (14). Indeed,
adrenalectomized animals kept alive with large salt
intakes, but without adrenal cortical steroids, also
show identical phenomena (18). In man, ob-
servations made immediately after bilateral adre-
nalectomy or after other surgical procedures in
adrenalectomized patients have also revealed post-
operative sodium retention (31, 60-62). This
retention is of greatest significance in those studies
in which hormonal dosage (and usually sodium
intake as well) was kept constant (15-17). In
the present study Patient No. 6, with Addison's
disease, demonstrated marked and rapid renal so-
dium conservation while taking a diet low in so-
dium prior to the study reported here. In ad-
dition, both sodium retention and a diminished
natriuretic response to saline administration were
observed in this patient postoperatively, despite a
constant supply of exogenous adrenal hormones
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and the presumed absence of the endogenous se-
cretion of either aldosterone or hydrocortisone.
The possibility that surgery in some way altered
the metabolic effects derived from the exogenous
supply of hormone cannot, of course, be excluded,
but it seems highly improbable that these effects
would be enhanced.

While the increased plasma levels of 17-hy-
droxycorticosteroids, so frequently reported, on
the day of surgery are perhaps in part due to de-
creased plasma clearance of these substances (63-
66), it would be unlikely that diminished plasma
clearance would account for significant plasma
levels by the second postoperative day (67). Fur-
thermore, the effect of hydrocorticosterone is not
clearly that of producing increased tubular reab-
sorption of sodium, and in fact under certain cir-
cumstances there is evidence to suggest that such
hormones may actually produce increased sodium
excretion (68). It would appear that the in-
creased aldosterone secretion associated with ma-
jor surgical trauma (3, 69, 70) is not necessarily
the prime mover in postoperative sodium reten-
tion, and almost certainly not in the adrenally in-
sufficient subjects in whom sodium retention oc-
curred despite all evidence indicating the complete
lack of this hormone. Whether aldosterone plays
any role in the production of altered sodium me-
tabolism in the surgical subject with normal
adrenal glands, remains unclear. Since a contrac-
tion of the volume has been shown to be a stimu-
lus for aldosterone secretion (71), it is possible
that if there is such a contraction postoperatively
it may at least in part be responsible for the ob-
served increase in urinary aldosterone. While
both increased aldosterone secretion and decreased
sodium excretion may be related to a contraction
of the effective extracellular fluid volume, this
does not imply any necessary causal relationship
between these two effects.

The decreased potassium excretion that occurred
following surgery in this study is in contrast to the
observations reported by others (1-3). Since the
intake of potassium was not strictly controlled,
this decrease is probably accounted for by a re-
duced intake on the day of surgery and the first
postoperative day.

The observation of decreased volumes of con-
centrated urine following surgery is similar to the

observations reported by others (2, 3). This de-
creased excretion of water has been ascribed to in-
creased antidiuretic hormone secretion (ADH)
(3, 33, 72) which might well result from such fac-
tors as pain, emotion and a decreased effective
extracellular fluid volume (21). While morphine
and meperidine also result in decreased urine flow
(73), this effect is probably independent of ADH
secretion in man, as distinguished from its mecha-
nism of action in animals (74, 75).

SUMMARYANDCONCLUSIONS

1. Postoperative and preoperative natriuretic
responses to the intravenous administration of
2,000 ml. of 0.9 per cent saline were compared
in five patients undergoing major orthopedic
surgery. One patient was studied twice.

2. In all patients, the rate of sodium excretion
prior to the infusions of saline was less in the
postoperative experiments than preoperatively.

3. The diminished sodium excretion on the sec-
ond postoperative day occurred despite a generally
increased glomerular filtration rate, implying in-
creased tubular reabsorption of sodium.

4: In two of three patients given the challenging
infusion without prior expansion of the extracel-
lular fluid volume postoperatively there was a
strikingly smaller natriuretic response than pre-
operatively.

S. In each of three patients given the challenging
infusion with prior isotonic expansion of the extra-
cellular fluid volume postoperatively, the natriu-
retic response was at least as great as preopera-
tively.

6. One patient with Addison's disease, receiv-
ing a constant daily intake of hydrocortisone and
saline, also demonstrated decreased sodium ex-
cretion and decreased natriuretic response to ad-
ministered saline following major abdominal
surgery.

7. These data are consistent with but do not
prove the hypothesis that the postoperative limi-
tation in sodium excretion, may to a significant
extent, result from a contraction of the "effective"
extracellular fluid volume.

8. Decreased postoperative sodium excretion,
as well as the impaired natriuretic response to ad-
ministered saline, apparently does not require en-
hanced adrenal cortical secretion.
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