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In previous papers (1, 2) it was demonstrated
that the normal pregnant woman subjected to
autonomic blockade with high spinal anesthesia
develops a marked fall in blood pressure leading
to a shock-like state.

Since the blood flow to the kidneys constitutes
approximately one quarter of the total cardiac
output under resting conditions, it seemed that a
study of the renal hemodynamics under high spinal
anesthesia might afford the opportunity of exam-
ining the response of an important part of the
vascular bed to this procedure.

Concurrently with the study of renal hemody-
namics it was considered of some interest to ex-
tend the observations to the excretion of sodium,
chloride and potassium. The relationship between
renal hemodynamics and electrolyte excretion is
at present controversial, and it was thought likely
that additional information regarding this relation-
ship might be derived from the present study.

In order to examine the response of the kidneys
to this type of autonomic blockade, it was neces-
sary to use a technique which would be applicable
to a period of study of short duration. Thus the
immediate response to spinal anesthesia could be
followed and observations continued until the blood
pressure had almost returned to levels preceding
the injection of the spinal anesthetic. Previous
studies (3-5) employing osmotic diuresis with
hypertonic mannitol solution in hydropenia, had
shown that this technique was applicable to a short

1 This investigation was supported (in part) by re-
search grants from the National Heart Institute of the
National Institutes of Health, Public Health Service, and
from Parke, Davis and Company, Detroit, Mich.

2 Aided by grant from Eli Lilly and Company.

8 Fellow in Research, Department of Obstetrics, Cin-
cinnati General Hospital. Present address: National
Mishima Hospital, Mishima, Shizuoka-ken, Tokyo, Japan.

period of study and that results could be obtained
which varied little from individual to individual.
Under these conditions sufficiently large urine
flows could be obtained in ten minutes to reduce
the errors in urine collection and the effects of
time lag due to dead space. It should be pointed
out, however, that even with this technique such
errors cannot be entirely avoided and the results
may not accurately reflect short time changes in
kidney function. Our own experience (6) with
pregnant women before and during high spinal
blockade had indicated that the use of water di-
uresis was not advisable since under these condi-
tions the urine flow is variable and often reaches
low volumes insufficient to perform accurate clear-
ances. This was in accord with previous observa-
tions in animal and man that water diuresis is
inhibited by emotional stress or by afferent stimuli
evoked merely by the insertion of a needle into
the spinal canal (7-11).

Osmotic diuresis with hypertonic mannitol in
hydropenia also had several other advantages to
offer. The water-conserving capacity of the kid-
ney of the hydropenic individual could be studied
both prior to induction of diuresis and following
loading, using the standards of comparison which
are defined by the flow-load relationship (3, 5).
The excretion of sodium and chloride had been
shown to vary little throughout this procedure, the
concentrations of these two ions in the urine re-
maining remarkably constant. It would thus be
possible to obtain a baseline of renal function which
would be consistent from one patient to another.
Variations from this pattern brought about by
spinal anesthesia would then be readily detectable.

MATERIAL AND METHOD

The material consisted of five normotensive subjects
whose ages varied from 20 to 30 years and who were in
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the last trimester of pregnancy. All had been followed
in the prenatal clinic and none had any history of toxemia
or renal or hypertensive disease. The patients were ad-
mitted to the hospital and kept at bed rest for a few days
before the experiment. At 4 p.m. on the day prior to the
test, the patients received a dry meal consisting of peanut
butter, crackers and raisins. The patients were instructed
not to ingest water or food until the next day after the
test had ended. At 8 am. of the day of the procedure,
a spinal anesthesia catheter was introduced into the sub-
arachnoid space, following the technique described else-
where (1). Thereafter, a multi-eyed Foley catheter was
introduced and left in the bladder which was then com-
pletely emptied and the urine discarded. A period of 30
minutes was allowed for the patients to relax and for a
preliminary urine collection. At the mid-point of this
period, a sample of venous blood was taken.

At zero time, which marked the end of the preliminary
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period, 25% mannitol solution ¢ in amounts calculated to
achieve a plasma level of 20 mOsm/L was injected. After
the priming injection, which was given over a period of
10 to 12 minutes, the plasma level was maintained by con-
tinuous infusion at a rate approximately equal to its dis-
appearance rate by means of a constant infusion machine.
Para-aminohippurate (PAH) was included in both prim-
ing and maintenance solutions in quantities which would
enable simultaneous measurement of renal plasma flow.
The volume of distribution of mannitol was taken as 20%
of the total body weight and its rate of disappearance
calculated as 1.5% per minute. The corresponding figures
for PAH were 40% and 2.5% per minute.

An equilibration period of 30 minutes was allowed. At
the end of this and of each subsequent period complete
urine collections were obtained by aspiration with a

4 Acknowledgment is made to Sharp and Dohme for
their generous supply of mannitol.

TABLE 1

BP, UF, RPF, GFR, FF, osmotic activity and concentrations of Na, Cl and K during osmotic diuresis with mannitol *
All flows are calculated per 1.73 M? per minute

. Concurrent Mean UF PAH Mannitol N a K Effective
Period time miTgg | e | clearance | clearance | FF | pp; | mEyr | mEqL 32?1'3{71% e
sm,

Patient: W.R. Weight: 62.4 Kg. S.A.: 1.62 M* Age: 30
Prelim. | —30to 0 | 108/70 | 0.32 59 172 89 1452 464
0 to 10 iv. injection of 227 cc. 25% mannitol; 3.75 cc. 209, PAH
10 to 101 iv. injection of 259, mannitol at 3.41 cc./min.; 209, PAH at 0.09 cc./min.

1. 26 to 39 115/60 7.88 685 132 .19 49 35.6 7 629 4956

2 39 to 50 115/60 | 6.79 639 112 .18 53 38.0 7 553 3754

3 50 to 62 120/65 7.04 596 125 21 54 40.0 7 569 4005
Injection of spinal anesthetic—8 cc. 0.2, procaine

4 68 to 78 88/51 4.79 476 89 .19 31 24.0 16 617 2955

5 78 to 90 100/58 4.64 502 84 17 21 18.4 21 632 2932

6 90 to 101 | 103/62 | 5.87 575 105 .18 33 26.4 19 601 3528

Patient: F. S. Weight: 57.7 Kg. S.A.: 1.60 M2 Age: 27
Prelim. | —30to 0 105/63 | 0.50 219 220.0 89 812 408
0 to 10 iv. injection of 231 cc. 25% mannitol; 3.5 cc. 209, PAH
10 to 100 iv. injection of 25% mannitol at 3.15 cc./min.; 209, PAH at 0.09 cc./min.

1 26 to 38 116/66 6.67 867 133 .15 62 58.0 22 544 3628

2 38 to 48 116/66 6.89 804 130 .16 62 59.6 18 516 3555

3 48 to 60 116/60 6.66 767 105 .14 61 55.2 17 549 3656
Injection of spinal anesthetic—10 cc. 0.29%, procaine

4 66 to 78 103/52 4.70 517 72 .14 40 40.0 22 546 2566

5 78 to 88 105/57 5.79 565 75 .13 33 33.6 24 529 3063

6 88 to 100 | 115/73 8.46 868 120 .14 39 43.6 26 533 4509
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TABLE 1—Continued

. Concurrent Mean UF PAH | Mannitol Na a K Effective | @ oad
Period :t’r’l‘e m"l'i-PHg . clea‘r:nce cleacxc'a..nce FF mEq|L mEq/L mEq/L :' %g:% wOsm
Patient: M. G. Weight: 62.7 Kg. S.A.: 1.66 M? Age: 23
Prelim. | —30to 0 105/68 | 0.73 112 109.6 41 552 403
0 to 10 iv. injection of 227 cc. 25% mannitol; 3.7 cc. 209, PAH
10 to 84 iv. injection of 259, mannitol at 3.34 cc./min.; 209, PAH at 0.09 cc./min.

1 20to 31 | 106/60 | 9.36 521 102 .20 62 55.6 8 457 4278
2 31 to 41 98/50 | 13.31 723 122 17 62 57.2 9 440 5856
3 41 to 52 104/56 | 11.90 567 103 .18 63 58.8 9 446 5307
Injection of spinal anesthetic—8 cc. 19, procaine
4 52 to 62 67/28 | 2.13 111 22 .20 58 544 10 445 948
5 62 to 74 53/21 3.71 320 40 .13 19 17.6 16 440 1632
6 74 to 84 80/44 | 7.53| 421 73 A7 16 17.6 20 423 3185
Patient: J. S. Weight: 66.6 Kg. S.A.: 1.66 M* Age: 20
Prelim. | —30to 0 112/66 | 0.31 265 222.0 35 874 271
0 to 10 iv. injection of 242 cc. 25%, mannitol; 4.0 cc. 20% PAH
10 to 102 iv. injection of 25% mannitol at 3.63 cc./min.; 20% PAH at 0.1 cc./min.
1 27t038 | 122/70 | 7.96| 952 132 .14 50 37.6 10 563 4481
2 38to50 | 127/74 | 6.93| 668 100 15 57 424 8 571 3957
3 50to62 | 127/74 | 7.51 705 118 17 56 44.0 8 562 4221
Injection of spinal anesthetic—6 cc. 19, procaine
4 70 to 81 87/52 | 3.53 419 52 12 37 29.6 12 600 2118
5 81t092 | 113/67 | 4.75 523 69 13 18 19.2 19 610 2896
6 92 to 102 | 100/62 | 3.85 412 52 13 16 15.6 19 588 2264
Patient: M. B. Wesight: 77 Kg. S.A.: 1.76 M? Age: 27
Prelim. | —30to 0 106/64 | 1.31 86 82.0 279 366
0 to 15 iv. injection of 280 cc. 25% mannitol; 4.2 cc. 20% PAH
15 to 92 iv. injection of 25% mannitol at 4.2 cc./min.; 209, PAH at 0.12 cc./min.
1 26to 37 | 120/66 | 7.15 56 47 47.2 10 273 1952
2 37to48 | 114/56 | 10.55 84 54 52.0 9 336 3545
3 . 48 to 60 116/62 | 11.63 94 52 48.0 8 343 3989
Injection of spinal anesthetic—8 cc. 0.2%, procaine
4 60 to 70 49/25 | 7.02 59 50 45.6 7 356 2499
5 70to 81 | 101/58 | 3.13 44 39 30.8 10 430 1346
6 81t092 | 106/61 | 4.56 46 38 32.8 11 444 2025

* BP = blood pressure; mean is the arithmetic mean of several readings as mentioned in Method. UF = urine flow;
RPF = renal plasma flow; GFR = glomerular filtration rate; FF = filtration fraction.

syringe connected to the catheter and by injecting air
into the bladder. Each patient had six collection periods
of 10 to 12 minutes’ duration. At the midpoint of each
period a blood sample was taken from the antecubital vein

and transferred to a heparinized vial. Three periods
served as pre-spinal controls and three followed induction
of the spinal blockade. In three patients, J. S., W. R. and
F. S., a period of six to eight minutes was allowed imme-
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diately after the administration of spinal anesthesia, and
the urine collected during this period was discarded. In
the other two cases collections were started immediately
after the injection of procaine. Blood pressure readings
(sphygmomanometer) and pulse rate were taken every
four to five minutes during the control periods and every
half to one minute during the spinal anesthesia.

Three patients received high selective spinal anesthesia
to levels of C* with 0.2% procaine solution according to
the method described elsewhere (1). In the remaining
two cases the anesthesia was achieved with 1% procaine
solution and a complete motor paralysis to levels of T?
was obtained.

Urine and plasma specimens were analyzed for their
content of mannitol, PAH, Na, Cl and K, using methods
previously described (3). Effective osmotic activity of
each specimen of urine was determined by measurement
of depression of the freezing point.

RESULTS

In Table I are presented the essential data on
five subjects. In it are listed concurrent time,
mean readings of systolic and diastolic blood pres-
sure over the period, urine flow, mannitol and
PAH clearances and filtration fraction. The data
pertaining to electrolytes refer to the concentra-
tions of Na, Cl and K in the urine. The effective
osmotic activity of the urine and excreted load
per minute are also given. The amount of load-
ing solute (mannitol), its time of injection, and
the rate of administration of the sustaining infu-
sion are presented. The amounts of PAH in-
cluded for measurement of renal plasma flow are
also indicated.

Blood pressure and pulse rate. The response of
the blood pressure and pulse rate to the spinal
blockade followed the same pattern described in
other papers (1, 2). It will be seen that the blood
pressure dropped markedly during the first few
periods following spinal anesthesia and began to
return to control levels at the onset of the last
period. The pulse rate showed similar variation.
The side effects of the procedure were the same as
listed in other papers (1, 2) except for thirst due
to the hydropenic 'state.

Osmolarity and urine flow. The preliminary
urine flows for W. R,, F. S,, and J. S. were 0.5
cc./min. or less with an effective osmotic activity
of more than 800 mOsm/L, indicating that the
period of dehydration of 16 hours prior to the
beginning of the loading procedure had been ad-
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hered to. From Figure 1 it will be seen that these
cases fit well on the flow-load curve as described
previously (3) for normal hydropenic individuals
and that this relationship between flow and load
was not altered by induction of spinal anesthesia.

Two patients were not hydropenic at the onset
of the observations. M.G., with a preliminary
urine flow of 0.73 cc./min. and an initial osmo-
larity of 552 mOsm/L, became hydropenic only
during the procedure. The points fell to the left
of the curve during the initial post-loading periods,
but as dehydration progressed during the induc-
tion of forced diuresis the points approached the
normal curve. It seems likely that she ingested
water during the period preceding the loading
procedure. Case M. B. with an initial urine vol-
ume of 1.31 cc./min. and a total osmotic activity
of 279 mOsm/L was certainly not hydropenic at
the onset of the procedure nor did she begin to
excrete urine with an osmolarity greater than that
of plasma until period 2. The restriction of water
was thus probably not rigidly enforced in M. G.
and M. B. and this rendered difficult a considera-
tion of their concentrating abilities. In all cases
there was a marked drop in urine flow after induc-
tion of spinal anesthesia and a subsequent gradual
rise to approximately control levels.
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Renal plasma flow (RPF).5 The effect of
spinal blockade on renal plasma flow is consistent
for all five subjects. In the cases of W. R., F. S.
and J. S., following the autonomic blockade no
observations were made on clearance of PAH until
six to eight minutes after injection of procaine in-
trathecally. In cases M. G. and M. B. these meas-
urements were made immediately following injec-
tion of the anesthetic agent. It will be seen that
renal plasma flow sustained a marked drop follow-
ing the introduction of procaine and that this effect
gradually wore off, so that 3040 minutes after
injection of the anesthetic agent the PAH clear-
ances were beginning to approach the control
levels.

Glomerular filtration rate (GFR) and filtration
fraction (FF). The effect of mannitol clearance
closely paralleled that of the PAH clearances.
Thus there was no marked change in filtration
fraction during the procedure. There was a drop
in GFR immediately following the autonomic
blockade and a gradual return to control levels
within 30-40 minutes.

Renal arterial resistance.® In addition to the
observations already made it will be noted from
Figures 2 and 3 that the renal arterial resistance
both for J. S. and the mean values for the whole
series was increased following spinal blockade.

Electrolytes. The excretions of Na and Cl
paralleled each other. In the post-loading periods
the urinary concentration of Na varied from 47
to 63 mEq/L and dropped in all cases following
autonomic blockade. Unlike the hemodynamic
changes, variations in Na concentration tended to
become manifest only after a delay of several min-
utes after spinal blockade. The Cl concentrations
in the urine likewise fell constantly after spinal

5 Because of the small quantities of procaine used in
normal pregnant patients, it was considered unlikely that
falsely high plasma levels of PAH due to entrance of
procaine in the blood would result and thus interfere with
the clearance determinations.

6 The mean renal arterial resistance was calculated ac-
cording to the formula of Lauson, Bradley and Cournand
(12). The formula of Scheinberg and Stead (13) was
used for calculation of mean arterial blood pressure. The
figure given is actually based on renal plasma flow instead
of renal blood flow since hematocrit determinations were
not made.
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anesthesia and the pattern of fall closely resembled
that of the Na values. These values remained low
despite the gradual rise of GFR. The concentra-
tions of K rose after induction of spinal anesthesia
in three subjects, but was not significantly altered
in two. The minute loss of K was variable in the
different subjects, being decreased by the spinal
anesthesia in some and increased in others.

Figure 2 presents the time relationship and the
mean values of blood pressure, urine flow, elec-
trolyte concentrations and clearances of mannitol
and PAH in the post-loading periods before and
after the spinal blockade. The renal arterial re-
sistance is also indicated after the spinal blockade.
Figure 3 presents the findings in subject J. S.
who was selected as typical of the series.



SPINAL ANESTHESIA AND RENAL HEMODYNAMICS IN PREGNANCY

INJECTION OF SPINAL ANESlTHETIC

SYSTOLIC and
DIASTOLIC B.P

URINE FLOW

RENAL PLASMA 500
FLOW 250
0

GLOMERULAR 150
FILTRATION RATE 100
50

Ct
CONCENTRATION

Na
CONCENTRATION

K
CONCENTRATION

100
RENAL c
ARTERIAL 05018
RESISTANCE 000+

- e 2w 5 gty
10 20 30 45 55 €5 75
CONCURRENT TIME min.

Fic. 3. Case J. S. SysrtoLic AND DiastoLic Broop
Pressures, URINE Frow, RenAL Prasma Frow, Gro-
MERULAR FILTRATION RATE, CL, NA AND K CONCENTRA-
TIONS, AND RENAL ARTERIAL RESISTANCE

The units of measurement are the same as for Fig. 2.

DISCUSSION

High spinal blockade in the normal pregnant
woman affords a unique opportunity of studying
the response of renal function to a marked drop
in blood pressure since this marked drop is not
obtained in the normal non-pregnant individual.
Smith and his associates (14) studied the effect
of spinal blockade in the normal non-pregnant
subject and found no consistent pattern in the
changes in renal hemodynamics. Hoobler and
coworkers (15) made similar observations using
tetraethylammonium chloride (TEAC). In both
instances the changes in blood pressure were tran-
sient or inconstant. Mokotoff and Ross (16)
found no alteration in the renal circulation of
patients with congestive heart failure subjected to
high spinal anesthesia and in whom the blood
pressure was maintained at high levels by the use
of ephedrine.
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Renal function has been studied in patients with
essential hypertension following lumbodorsal sym-
pathectomy, spinal anesthesia and renal denerva-
tion (17-23). The results have varied according
to the nature of the procedure and experimental
conditions.

In patients with toxemia of pregnancy studied
under high spinal anesthesia Turner and Houck
(24) found a drop in glomerular filtration rate and
renal plasma flow in each instance where there
was a significant drop in blood pressure. In most
cases the renal resistance was increased. They
suggested that constriction of the renal arterioles
was produced by some humoral agent following
spinal anesthesia. Observations on hemorrhagic
shock in man and animal (12, 25-27), as well as
in the post-syncopal state (28), have shown a
reduction in renal blood flow and glomerular fil-
tration rate and an increase in renal arterial re-
sistance in most cases where there was a significant
drop in the systemic blood pressure accompanied
by a drop in the cardiac output.

The analysis of the data presented in this paper
leaves little doubt that the reduction in renal
plasma flow and glomerular filtration rate pro-
duced by high spinal anesthesia in the pregnant
woman is caused primarily by the marked drop
in blood pressure. Nevertheless, calculation of the
renal arterial resistance in the five cases studied
showed that the spinal blockade did not produce
vasodilatation in the renal blood vessels. Instead
there was a tendency toward vasoconstriction as
is indicated by a rise in the renal arterial re-
sistance. Since the spinal blockade is effective in
blocking autonomic vasoconstrictor fibres (1, 29,
30) it must be inferred that this increase in renal
vasoconstriction is caused by a compensatory mech-
anism which is probably humoral in nature. This
hypothesis has been suggested previously (1), fol-
lowing the observation that the blood pressure
frequently returns to normal levels despite the
maintenance of a high spinal anesthesia. Obser-
vations on the action of epinephrine under similar
conditions of osmotic diuresis (31, 32) have shown
that infusion of this agent produces effects similar
to those observed here; i.e., a reduction in urine
flow, GFR, RPF, and in Cl and Na concentra-
tions. It seems possible, therefore, that epineph-
rine or an epinephrine-like substance may be lib-
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erated into the blood stream in response to the
shock-like state observed during spinal anesthesia.
Theobald, and Theobald and Verney (10, 11) in
their experiments on the inhibition of water di-
uresis by emotional stress concluded that pitressin
was responsible for the effects which they ob-
served. In our cases this does not seem likely.
The procedures reported here were carried out
under conditions of osmotic diuresis in dehydra-
tion during which the water-conserving powers of
the kidney were being subjected to severe strain
and it must be assumed that maximal pitressin-like
activity is present prior to induction of the spinal
anesthetic. The possibility that these effects are
due to liberation of larger quantities of pitressin
which then induce active renal vasoconstriction is
rendered even less likely since, rather than chloru-
resis which is an effect of pitressin injection, there
was a reduction in chloride excretion.

It has been suggested (1, 2) that the fall in
blood pressure which follows autonomic blockade
with high spinal anesthesia is due either to a pool-
ing of blood in the lower extremities with a con-
comitant decrease in cardiac output or to a gen-
eralized blockade of compensatory vasoconstrictor
mechanisms. The data presented in this paper
show that active vasoconstriction was proceeding
in the kidney during maintenance of the anesthesia
and, therefore, would tend to negate the hypothesis
that there was paralysis of homeostatic vasocon-
strictor mechanisms. The gradual return of blood
pressure to normal values despite maintenance of
anesthesia is further evidence of increase in the
peripheral resistance despite continuation of the
autonomic blockade. We are inclined to the be-
lief, therefore, that the drop in blood pressure is
due to diminution of venous return owing to pool-
ing of blood in the lower extremities with subse-
quent reduction in cardiac output and blood pres-
sure.

Concerning the effects of the autonomic block-
ade per se on renal function little can be said from
the present set of experiments. In animals, after
unilateral splanchnic nerve section (31, 32), os-
motic diuresis with mannitol in dehydration is
followed by increased sympathetic discharge to the
opposite kidney which we believe is part of the
general vasoconstrictor response to maintain blood
pressure. This results in a reduction of Na and
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Cl concentrations on the non-denervated side
which also exhibits a reduction in urine flow,
GFR and RPF as compared with the denervated
side. If epinephrine is then infused into the ex-
perimental animal both sides are equalized at or
near the level of the non-denervated kidney and
both kidneys excrete Na and Cl in reduced con-
centrations; urine flow, GFR and RPF are re-
duced on both sides, the filtration fraction remain-
ing constant. Thus epinephrine discharge masks
the effects of section of the sympathetic nervous
system. The alterations in kidney function de-
scribed in this paper closely resemble those ob-
served in these experimental animals and are
probably not due to blockade of the renal nerves
but to discharge of epinephrine or a related sub-
stance.

The discrepancies in the time relationship be-
tween GFR and electrolyte excretion are worthy
of note. In those cases in which they were meas-
ured immediately after induction of the spinal
anesthetic the GFR and RPF dropped in the first
urine collection period after injection of the anes-
thetic agent. On the other hand, the concentra-
tions of Na and Cl did not drop until several
minutes had elapsed after the injection of the
spinal anesthetic. The rise in concentration of K,
likewise, did not occur until an interval of time
elapsed following injection of the spinal anesthetic.
Furthermore, despite the return of GFR to control
levels by the end of the procedure the concentra-
tions of Na and Cl tended to remain at the reduced
level. Thus an overall lack of correlation between
GFR and electrolyte excretion is evident. .

SUMMARY AND CONCLUSIONS

1. Renal hemodynamics and the excretion of
electrolytes were studied during osmotic diuresis
in five hydropenic normotensive pregnant sub-
jects before and during high spinal anesthesia.

2. A marked reduction in urine flow, renal
plasma flow and glomerular filtration rate was
observed during the blood pressure fall following
the spinal blockade. The filtration fraction did
not change.

3. The excretion of Na and Cl was reduced
following the blockade. This reduction did not
bear any time relationship to the reduction in
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glomerular filtration rate. The effect on K excre-
tion was variable.

4. The changes in the renal circulation following
the spinal blockade were probably produced by
two factors:

a) decrease in the renal blood flow due to the
blood pressure fall.

b) active compensatory renal vasoconstriction
mediated by a humoral agent which tended to
counteract the blood pressure fall.

5. It is suggested that epinephrine or an epi-
nephrine-like substance might be the agent re-
sponsible for the renal vasoconstriction.

6. The present study supports the hypothesis
that the blood pressure fall during spinal anesthesia
in the pregnant woman is caused by excessive
pooling of blood in the lower extremities and
decrease in the cardiac output.
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