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A variety of lesions of the central nervous sys-
tem may be associated with disturbances of renal
function characterized by either the increased
urinary loss of sodium and chloride (1-3) or the
retention of salt (3-8). It has also been postu-
lated that changes in the excretion of salt, second-
ary to alterations in the volume of blood or extra-
cellular fluid, are mediated by a "volume receptor"
located in the cranial cavity (9-12). The follow-
ing experiments were therefore undertaken in
order to investigate the influence of alterations in
intracranial venous volume and pressure, and
cerebrospinal fluid (CSF) volume and pressure
on renal function.

METHODS

Female dogs were anesthetized with sodium pento-
barbital (30 mg. per Kg.) except for two experiments
in which chloralose (75 mg. per Kg.) was used. Urine
was collected through an indwelling catheter. The bladder
was washed out with distilled water after each collection
and emptied completely by blowing out with air. Glomeru-
lar filtration rate was measured by the clearance of
exogenous creatinine (Ccr) (13) and renal plasma flow
was estimated from the clearance of paraminohippurate
(CPAH) (14). Urine was analyzed for sodium with a
flame photometer and for chloride titrimetrically (15).
Cisternal, femoral arterial, and jugular venous pressures
were measured with Statham strain gauges and recorded
on a Brush oscillograph. Pressure in the jugular vein
was obtained by passing a polyethylene catheter up to
the level of the intracranial jugular bulb.

EXPERIMENTALPROCEDUREAND RESULTS

Four groups of experiments were performed.
Saline, 0.85 per cent, was administered intra-
venously at 4 or 5 cc. per min. by means of a
constant infusion pump. After two hours, urinary
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flows of about 3 cc. per min. were established.
Three ten minute "Control" periods were then ob-
tained, followed by three ten minute "Experimen-
tal" periods, and by three ten minute "Recovery"
periods. Urine was discarded for five minutes
immediately before and after the thirty minute
"Experimental" period.

(1) Control: Seven dogs were studied during
nine ten minute clearance periods in order to
ascertain the normal variations in urinary flow,
clearances of creatinine and PAH, and excretion
of sodium and chloride, which might occur during
this period of time.

(2) Neck compression: Eight dogs were sub-
jected to acute compression of the neck with a
blood pressure cuff at 60 mm. Hg during the thirty
minute "Experimental" period. This procedure
produced a threefold elevation in pressure in the
jugular bulb and a secondary twofold rise in cere-
brospinal fluid pressure, without altering arterial
pressure.

(3) Neck compression and cerebrospinal fluid
drainage: Seven dogs were subjected to acute com-
pression of the neck with, a blood pressure cuff
at 60 mm. Hg with simultaneous drainage of about
15 cc. to 20 cc. of CSF to maintain the CSF pres-
sure at minus 150 mm. water during the thirty
minute "Experimental" period. This procedure
was designed to produce an increase in both vol-
ume and pressure of intracranial veins, while de-
creasing the volume and pressure of cerebrospinal
fluid. The pressure in the jugular bulb was
tripled but arterial pressure was unaltered.

(4) Intracisternal injection of saline: Twenty
dogs were subjected to an increase in CSF pres-
sure by the introduction of normal saline into the
cisterna magna, at the rate of 0.5 cc. per min.
during the thirty minute "Experimental" period,
sufficient to maintain a CSF pressure of 500 mm.
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TABLE I

The mean value for each thirty minute period is statd. TJ.e means of the difference between each value for the control
and experimental periods, and for the experimental and recovery periods, were tested for significance using

Fisher's t test for the significance of the mean of a unique sample (16). The value of P in each
case is stated, and cannot be regarded as significant if greater than 0.05.

Neck compression
Control Neck compression + CSF drainage Cisternal injection

(7 Exps.) (8 Exps.) (7 Exps.) (20 Exps.)

Con- Con- Con- Con- Experi- Re- Con- Experi- Re- Con- Experi- Re-
trol trol trol trol mental covery trol mental covery trol mental covery

Urine flow
cc./min. 3.4 4.3 3.9 3.2 3.4 3.6 3.9 4.1 4.0 4.1 3.9 4.0

p> 0.1 0.9 0.4 0.3 0.5 0.3 0.3 0.7
UVNa
u eq./min. 445 493 442 312 311 340 376 373 380 309 306 328

p> 0.5 0.1 0.9 0.2 0.9 0.7 0.9 0.2
UVCI
u eq./-min. 432 446 421 289 280 324 392 398 401 321 330 351

p> 0.8 0.2 0.7 0.1 0.9 0.8 0.8 0.3
CpA
cc./min. 201 191 169 219 199 194 258 242 225 229 201 183

p> 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Cc,
cc./min. 60 63 60 66 66 68 75 76 76 65 63 61

p> 0.2 0.6 0.9 0.8 0.5 0.5 0.1 0.1

water. Neither venous pressure in the jugular
bulb nor arterial pressure was altered.

Urinary flow, the excretion of sodium and
chloride, and the clearances of creatinine and PAH
were not significantly altered, when compared with
the control studies, by any of the experimental
procedures described above. The data are de-
tailed in Table I. It should be noted that the
CpAH gradually fell during the entire period of
infusion in all experiments. This change may be
attributed to the influence of pentobarbital anes-
thesia (17).

In view of the known effects of pentobarbital
anesthesia on renal function (17), two additional
experiments were done using chloralose anes-
thesia. In these, cisternal injection of saline was
also without effect on the excretion of salt.

To ascertain whether the saline load in these
experiments might interfere with the urinary re-
sponse to the experimental procedure, three ex-
periments were performed on dogs who received
no intravenous infusion. In two dogs, the excretion
of sodium and chloride, during a one hour period
during which the CSFpressure was maintained at
500 mm. water by cisternal injection of saline,
did not differ significantly from the salt excretion
during the one hour control period or the one hour
recovery period. In one dog similarly studied;

but subjected to a one hour period of neck com-
pression and CSF drainage, the excretion of
sodium and chloride was not altered. Thus the
pattern of salt excretion was not influenced by
these procedures in the presence or absence of a
saline load.

DISCUSSION

Acute alterations in the volume of plasma or
extracellular fluid have been reported to induce
alterations in the urinary excretion of sodium and
chloride (18, 19). However, there is no evidence
that the disturbances in electrolyte excretion as-
sociated with lesions of the central nervous system
are related to alterations in the intracranial volume
of blood or extracellular fluid. Harrison and co-
workers have reported that compression of the
neck of the sitting man results in an increased
urinary excretion of sodium and chloride (9, 10).
This procedure had little or no effect in recumbent
subjects. One explanation for this difference
might relate to differences in the volume of the
intracranial veins rather than to the pressure of
this system. Since, in the sitting position, the
intracranial CSFpressure is lower than it is in the
recumbent posture, jugular compression in the
sitting position might be expected to produce
greater distention of intracranial veins than if the

848



INTRACRANIAL PRESSURE-VOLUMECHANGEAND RENAL FUNCTION

subject were supine. There are no methods for
directly measuring the volume of CSF or the in-
tracranial venous volume. However, these two
volumes vary inversely if the total volume of the
cranial cavity is kept essentially constant (20).
Thus cerebrospinal fluid drainage was used in the
experiments of Group 3 to induce distention of
the intracranial veins. The absence of any change
in salt excretion despite compression of the neck
(Group 2) and reduction of the CSF pressure to
minus 150 mm. water (Group 3), suggests that an
acute increase in intracranial venous volume is
without effect on renal function. In the experi-
ments of Group 4, a primary increase in the pres-
sure and the volume of the CSF was produced,
presumably associated with a decrease in the intra-
cranial venous volume (20). Under these cir-
cumstances no alteration in renal function was
noted. In four of the twenty experiments per-
formed, the excretion of sodium and chloride fell
to 30 to 50 per cent of the control value when the
CSF pressure was elevated, and immediately re-
turned to the control rate of excretion when the
pressure was reduced. This change was not
statistically significant (p > 0.8).

When the CSF pressure is elevated to the level
of the arterial diastolic pressure, there follows a
secondary rise in arterial pressure (21). This is
associated with an acute reduction in urinary
flow, a manifestation of extreme renal vasocon-
striction secondary to presumed anoxic stimula-
tion of the vasomotor center (22). In the pres-
ent experiments, however, the CSF pressure was
elevated to a level well below diastolic arterial
blood pressure and alterations in systemic blood
pressure or renal plasma flow did not occur.

Thus, neither an increase nor a decrease in
intracranial venous distention or cerebrospinal
fluid pressure and volume could be demonstrated
to affect renal hemodynamics, urinary flow, or ex-
cretion of sodium and chloride. It is also of in-
terest that an acute reduction of cerebral blood
flow, produced by ligation of the carotid arteries
bilaterally in the dog, is similarly without effect
on the excretion of sodium and chloride (23).

These experiments fail to support the hypoth-
esis that there is an intracranial "volume re-
ceptor" influencing the renal excretion of sodium
and chloride in the anesthetized dog.

SUMMARY

Alterations in intracranial venous pressure and
venous volume, and the pressure and volume of
cerebrospinal fluid, have been studied for their
effect on renal function in the anesthetized dog.
The excretion of sodium and chloride, urinary
flow, and clearances of creatinine and paramino-
hippurate are not significantly influenced by al-
tering pressure-volume relationships of the cere-
bral venous system and the cerebrospinal fluid.
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