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High peridural blocks with 2 per cent lidocai
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were studied in 20 normal volunteers 21 to 43
years of age. Epinephrine 1:200,000 was incor-
porated into the local anesthetic solution used to
produce blocks in ten of the subjects. The fol-
lowing control measurements were made: mean
arterial pressure, central venous pressure, cardiac

groups were not significant, but the greater de-
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though maximum decreases of 9 per cent in GFR
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dio and respiratory changes which ac-
company high peridural anesthesia, both with
and without epinephrine in the local anes-
thetic solution.»* The present study was per-
formed to define the effects of high peridural
anesthesia on renal function in normal man.

Methods and Materials

Twenty healthy male volunteers 21 to 43
years of age were studied. They had fasted
for at least eight hours and had received no
medication. The study was explained to each
subject in detail and written consent was ob-
tained. With the subject under local anes-
thesia, catheters were inserted percutaneously
into the brachial artery and basilic vein and
advanced into the subclavian artery and supe-
rior vena cava, respectively. Arterial and
venous pressures were measured with Statham
strain gauges and recorded continuously on a
Gilson GME polygraph, as was the ECG. A
vinyl catheter was inserted via the para-
median approach into the lumbar peridural
space through an 18-gauge, thin-walled,
short-beveled perdural needle. An 18-Fr.
Foley catheter with a 5-ml bag was inserted
into the bladder.
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Estimates of glomerular filtratiton rate
(GFR) and effective rtenal plasma flow
(ERPF) were made simultaneously as fol-
lows. Each subject received 5,000 pg of
stable cyanocobalamin 15 to 20 mi prior
to the clearance studies in order to saturate
the binding sites for cyanocobalamin. To a
sterile multidose vial containing another 5,000
pg of the stable cyanocobalamin, 0.015 micro-
curies of 5*Co-cyanocobalamin and 0.3 micro-
curies of 3*I-Hippuran/Kg body weight were
added. After thorough mixing, a fourth of
of this solution was injected as a priming
dose. The remaining three-fourths was added
to 350 ml of physiologic saline solution; a
sustaining infusion was administered at rates
of 0.03 millimicrocuries and 0.6 millimicro-
curies/kg/min of 5°Co-cyanocobalamin and
125] Hippuran, respectively (1 ml/min).?
Mannitol, five per cent in 0.3 per cent sodium
chloride solution, was administered intra-
venously at a rate of 10 ml/min to obtain a
brisk diuresis of about 8 to 12 ml urine/min.

After a 30-to40 minute period for rest and
cquilibration, renal clearances were begun.
Three 15-minute control clearance periods
were obtained for each subject. Urine was
collected from the indwelling bladder cathe-
ter by applying suprapubic pressure, and air
washouts were used to insure complete empty-
ing of the bladder; arterial blood samples were
drawn at the midpoints of the clearance pe-
riods. At the end of the control clearance
periods, control mean arterial pressure, car-
dizc rate and cardiac output measurements
were made.

Cardiac output was detenmined by the indi-
cator dilution technique with indocyanine
green. The area under the dye curve was
measured planimetrically.#  Arterial blood
was sampled anaerobically and Pg. and pH
were determined with a modified Clark elec-
trode and an Astrup pH electrode, respec-
tively. e calculated Pago, by the tono-
metric method of Astrup. Stroke volume was
determined from cardiac output and cardiac
rate. Total peripheral resistance is repre-
sented by the formula:
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All cardiovascular and renal measurements
were made while the subject was supine.

Following control measurements a peri-
dural block to a T5 sensory level was achieved
with 16 to 20 ml of 2 per cent lidocaine hy-
drochloride (Xylocaine); the amount of the
dose was related to the size of the subject.
Epinephrine (1:200,000 solution; 80 to 100
pg) was incorporated in the local anesthetic
solution administered to ten of the subjects.
Cardiovascular and blood gas measurements
and renal clearances were repeated every 15
minutes until cutaneous analgesia disappeared.
Mean duration of the peridual block was 2.72
hours with epinephrine (range 2.0 to 3.5
hours), and 2.48 hours without epinephrine
(range 2.0 to 3.0 hours).

Radioactivity of plasma and urine and renal
clearances of the 37Co-cyanocobalamin and
125].Hippuran (GFR and ERPF) were deter-
mined according to the method of Cutler and
Glatte.2 Renal clearance values were cor-
rected to 1.73 m.2 of body surface arca.

Effective renal blood flow (ERBF) was cal-
culated as:

clearance of **I-Hippuran

ERBF =
1 — Het

Renal vascular resistance (RVR) was cal-
culated as:

MAP (mm Hg)

RVR = ———M—==
ERBF (ml/min)

Cardiovascular and blood gas measure-
ments and the renal clearance measurements
were converted to mean percentage changes
from mean control values. The significance
of each change was determined by Student’s
t test.

Results

The results are summarized in figures 1 to
3 and tables 1 and 2. Cardiovascular changes
were slight with epidural block without epi-
nephrine in the local anesthetic solution but

mean arterial blood pressure (mm Hg) X 1,332

TPR units (dynes/sec/cm™) =

cardiac output (ml/sec)
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TasLe 1. Cardiovascular, Lllenal and Blood Gus

) Mean & Anenal Central Venous | o uiac Output rdinc Rate | Stroke Volume | Total Peripheral
Event Frosre Sremure Wt | Robimny | il | g Reatanee
Control 102.8 £ 3.3 9.0 = 0.5 735 03] 646==14 114.1 £ 5.5 {11374 % 62.0
T5 —26 %18 75209 |4260=x 51| +6.7=x27 —-43 31| -25x 57
1 hour -3.5%=18 7408 |[+1.8 = 43| +62x+32 —424+27 | =33 49
1 hour —4122¢ 79207 |—-11 * 45| +1.8=:20 —34x34] —~04=% 60
1 hour -36+:20| 81£06 |—71 x 33| —21=%34 -52+£19| +53x 5.1
1} hours —-03 2.1 8606 |—33 = 27| —0.9 =2 4222 461 45
13 hours +1.3 =23 9307 |—43 £ 42| 414426 —59+£27| +79x 56
11 hours +26=19]| 8506 [—34 = 39| +1.1:28 —4.7£22| +79x 54
2 hours +3.4 225 8807 |—39 =+ 32 +0.1x=27 —6.1 %17 |[+I11l5 %= 57
21 hours +4.5423 8110 1—-07 =+ 4.4) +3.43.1 —43£26( +70% 55
2% hours +10.3 £ 3.3 6406 [—7.7 = 82| +21 45| =102+ 4.6 [+23.1 % 13.0
2% hours +10.5 = 2.9 6.8+08 |+33 £ 86| +1.6=x=72 —92 + 1.8 | +208 = 106
3 hours +90+45| 7.8=%+03 |+17 £115| +93 3.5 —74 +85| +89 x16.5

* Mean percentage changes from the control values = standard errors of means.

1 Means = standard errors of means.

highly significant when epinephrine was pres-
ent. Mean arterial pressure, total peripheral
resistance and central venous pressure de-
creased as much as 21, 49, and 57 per cent,
respectively. The maximum increases in
cardiac rate, cardiac output and stroke vol-
ume were 26, 68, and 34 per cent, respec-
tively. Only slight changes in blood gas mea-
surements were observed, and only one of
these was significant (tables 1 and 2). These
cardiovascular and blood gas results were the
same as those we reported previously.?

37CO-CYANOCOBALAMIN {GLOMERULAR
FiLtratioN RatE (Frc. 1,
TABLES 1 AxD 2)

Peridural blocks with and without epineph-
rine had no significantly different effects on
glomeular filtration rate (GRF). Peridural
block without epinephrine produced a mod-
erate though significant decrease in GFR for
the first 60 minutes. Although not significant,
a similar decrease was produced by peridural
block with epinephrine. During both blocks,

TasLe 2. Cardiovascular, Renal, and Blood Gas

Mean Arterial | Central Venous | corgiac Output | Cardise Rate | Stroke Volume | TofL Feripheral

Event Pressure Sreue Weiny | Ceatamin) /i) g e
Control 1015 26| 65=08 586 =03 63.0=x19 92,6 = 3.9 | 1421.7 & §4.1
T5 155222 39x07 |+684 £56]+257+£42( +33.8£37 401 2.0
! } hour —211 33| 2808 [+385 66| +256 43| +268 491490 3.7
1 hour 18434 31=10 [+403 =63]+143£36( +224 446|406 3.7
1 hour —164+35| 2007 [+308 =48 +114£30] 17841 | -353:£ 35
1} hours —15.6 == 3.1 28400 [+289 =65 +117x£31[ +15.0=:39|-333+ 38
11 hours —13.6 =22 2410 [+241 =48] +98=30| +I133£35|-294% 35
1% hours —100+26| 56213 |+202 £49]| +89=32( 410525 (241 3.6
2 hours —70£29| 57x10 |+233 =49 +84£29 +142:£42 | -240% 27
21 hours —34+27| 38x12 |4165 £56| +88£35| +7.0£33 | —-142+% 46
21 hours +0.6 =12 61+12 |+174 £37] +92x21| +77x30(|—-116% 27
l"} hours +4.0 =24 35+1.0 |+174 49| +94£35| +73x£25 4.3
3 hours +56x£15| 6714 [+165 89| 476245 +7.9%=47 6.2
3% hours +7.02:37] 4309 [+114 £46] +90£26; +25£35 7.5

* Mean percentage changes from the control values = standard errors of means.

t Means =+ standard errors of means.
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Values during Peridural Anesthesia without epinephrine®

ez, [ e et | eate | v [ e [
Gnl/min) (ralfenin) tnd/in). | (mem My | G HE) G He) eHt
1017 4.9 | 5809 £35.1| 0584+ 645 111277 | 85021 | 31.9+£13 |7.363 = 0.012
—67£27| —6.1x 27| —66+ 26 +49E34| 87.1x£26 7.364 = 0.014
—86%£24 145+ 28| ~142% 24 +128x4.1 | 830 £35 7.336 £ 0.013
—67x£23| —95= 22| 99 25 + 7036 | S47x£45 7.351 = 0.008
—79+21 | —-36=x 32| -39+ 35 +1.1=x31| 89+35 7.358 = 0.015
—50+24 | —78x 34| 86+ 33 +08£36| 85.0=29 7.363 = 0.012
—25+29 | —16% 41| —30%x 43 +58x41| 86427 7.359 = 0.015
~61%£27 | —49% 36| —68+ 36 +94x43| 87437 7.354 = 0.013
—67 35| —T.lx 46| —93+ 4.4 +155£50 | 856 £ 44 7.353 == 0.009
—12%:34 | 405+ 37| —14+ 34 +65+34| 88927 7.363 = 0.016
—04£12| 451+ 87| +3.6% 90 485482 | 87.0+%1.7 7.360 = 0.016
—-60=+£6.0 | —7.1=113] —9.2+ 10.6] +15.1 £ 7.7 | 87.3 £ 3.8 7.353 =+ 0.022
+03+64 | —14x108| —43 %+ 105 +150£74] 865215 | 325+ 1.0 |7.365 = 0.007

GFR remained below the control level but
gradually returned toward control.

1sL.Hrruran (ERPF) (Fic. 2,
TaBLES 1 AxD 2)

Peridural block without epinephrine de-
creased the effective renal plasma flow 6 to
15 per cent for the first 45 minutes; this was
followed by a recovery to control level
These changes were highly significant, P
< 0.05-0.001. Peridural block with epineph-
rine decreased ERPF even more (14 to 26

Values during Peridural Anesthesin with Epinephrine®

per cent) during the same time, with greater
significance.

ErrFective RExaL Broop Frow
(TaBLES 1 aND 2)

Because the hematocrit did not change sig-
nificantly, the effects of both the presence
and the absence of epinephrine on effective
renal blood flow were almost identical to
those observed with effective renal plasma
flow.

piomerdar, | Effective Renal | Efectlve emal | R e Paosd Pacost it
b (ml/lx):in) (mll“/:nin‘)’w (ml/mi:) (mme;;!g/l/min) (mm 1ig) (mn tiz) ?
106.3 4.5 | 574.7 = 41.6 (10414 £ 26.3] 94.0 = 44| §7.0 =26 348 £ 1.2 |7.356 = 0.008
—6.0 33| —182x 44(—181 =% 8.5/+103 £182| 9.9 x£23 7.371 =+ 0.009
—100£3.7|—-264+ 16|—265+ 24 +26=x 48| 88424 7.368 == 0.016
~5.7 =54 | —143 % 26(—155% 5.4 §7.1 225 7.368 == 0.015
—64+30| —32x 29| —34% 3.6 91.9 == 2.6 7.360 == 0.009
—106+41| —29+ 44 —89 = 8.0 89.9 == 3.2 7.357 = 0.017
—-73+£37| +39=%= 51| —~19+ 80 88.4 =29 2 &= 0.012
—103 =24 444 33| +02kx 44 90.0 - 2.1 7.364 == 0.012
—37£36| +49% 27| ~12% 45 91.1 == 3.1 7.367 == 0.010
7917 +42 % 914 £ 1.7 7.359 = 0.012
—6.5= 18] +1.0 90.3 = 2.7 7.373 %= 0.007
~1.8+38) —38 =% 88.4 £ 4.1 7.371 == 0.014
~50+£32| —19 % 88.8 3.8 7.367 =% 0.013
—1.8+36| —4.6=2 89.3 £2.3 7.370 = 0.012
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Fic. 1. Mean percentage change in glomerular filtration rate from mean control value,
represented as zero, during peridural anesthesia without epinephrine, OQ~——~0, and during
Feri ural hesia with epinephrine, A A. Ts represents the value when the sensory
avel reached the fifth thoracic dermatome. *** =P <000l; **=P< 001; *=P<
0.05; NS = not significant.
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Fic. 2. Mean percentage change in effective renal plasma flow from mean control value,
represented as zero, during peridural anesthesia without epinephrine, O-~—-0, and during
jdural anesthesia with epinephrine, A A. Ts represents the value when the sensory
evel reached the fifth thoracic dermatome. *** =P<0.001; ** =P<001; *=P
< 0.05; NS =not significant.

202 [udy 60 U0 1sanb £q 3pd-90000-0001 L 696 1-Z¥S0000/691 682/ L ¥/S/L€/4Pd-0]on1e/ABojoIsayIsaUE/W0o JIeyDIBA|IS ZBSE//:dRY WOl papeojumoq



Valume 31
Number §

204

PERIDURAL ANESTHESIA AND RENAL HEMODYNAMICS

419

Percen!

- 104

T5

. 3 L 1 s : 3 Il

-2 s
30 45 60

without epinephrine NS % NS NS
with epinephrine NS NS NS NS
without vs with NS NS NS %

t i in renal

75 90 105 120 135 50 165 180
Time, minutes

% NS NS % NS NS NS NS

NS NS NS NS NS NS NS

NS NS ¥ ¥ NS NS NS

from mean control value,

Fic. 3. Mean per

N .
represented as zero, during peridural anesthesia without epinephrine, O-——-0, and during

eridural anesthesia with epinephrine, A:
Fevcl hed the fifth th
NS =not significant.

ReNaL VascULAR RESISTANCE
(F1c. 3, TABLES 1 AND 2}

Renal vascular resistance during peridural
anesthesia alone tended to be greater than
during the control period. With epinephrine,
peridural anesthesia decreased renal vascular
resistance, except for a slight initial increase.

Discussion

The systemic cardiovascular effects of peri-
dural block with and without epinephrine were
similar to those reported previously and will
not be elaborated upon here.+2 In brief, the
minor cardiovascular changes observed during
peridural block without epinephrine probably
resulted from the accompanying sympathetic
blockade. The highly significant changes ob-
served during peridural block with epineph-
rine are attributable to the beta-receptor-
stimulating effects of epinephrine: increases
in cardiac rate, output, and stroke volume,
and decreases in mean arterial pressure, total

. T represents the value when the sensory

ic der **% =P <0.001; ** =P <0.0]; *x=P <0.05;

peripheral resistance and central venous
pressure.

The renal clearance measurements indicate
that the slight insignificant decrease in *'Co-
cyanocobalamin clearance (GFR) represents
autoregulation by the kidney in an attempt
to compensate for the decrease in mean ar-
terial preessure. Although mean arterial pres-
sure decreased more during peridural block
with epinephrine than without (a conse-
quence of both sympathetic block and the
beta effect of epinephrine), the 37Co-cyano-
cobalamin clearances were similar during both
blocks. This agrees with the findings of Ship-
ley and Study 3 that a reduction in mean ar-
terial pressure eventually is accompanied by
reductions in both GFR and renal plasma flow
and, again in keeping with their results, GFR
decreased less than ERPF with a given reduc-
tion in mean arterial pressure. Thus, in con-
trast to its effects on systemic cardiovascular
parameters and renal plasma flow, the addi-
tion of epinephrine to the local anesthetic solu-
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tion had no significant effect on glomerular
filtration rate. With blood pressure change
of this degree and the amount of epinephrine
used, the kidney was able to compensate via
autoregulation.

Peridural block without epinephrine slightly
decreased effective renal plasma flow, prob-
ably a consequence of the slight decrease in
mean arterial pressure and slight increase in
renal vascular resistance (table 1). Peridural
block with epinephrine (1:200,000) de-
creased renal plasma flow even more. This
was probably a consequence of the reduction
in mean arterial pressure (maximum -—21
per cent); changes in calculated renal vas-
cular resistance were insignificant (table 2).
Gombos, Smythe, and Smith reported a de-
crease in renal plasma flow (PAH clearance)
with the intravenous infusion of small amounts
of epinephrine (0.1 to 0.2 pg/kg/min).6 %8
A renal vasoconstrictor effect of epinephrine
undoubtedly was not the explanation for the
decrease in effective renal plasma flow in this
study, because the amount of epinephrine
used was small (80 to 100 pg) and the caleu-
lated renal vascular resistance was not in-
creased except for an insignificant initial rise.

We have demonstrated that the systemic
cardiovascular effects of peridural block with-
out epinephrine are similar to those during
spinal anesthesia.> The changes in GFR and
ERPF observed here during peridural block
without epinephrine are strikingly similar to
those reported many years ago by Smith and
Rovenstine, working with spinal anesthesia,
and more recently by Kennedy ¢t al. as part
of a comprehensive study of cardiovascular
and renal hemodynamics.® ' Smith and Ro-
venstine observed mean decreases in GFR and
ERPF of 10 and 4 per cent, respectively, and
we found the GFR and ERPF to be reduced
10 and 7 per cent with high spinal anesthesia.
Thus, the decreases of 6 to 8 per cent and
6 to 14 per cent in GFR and ERPF in this
study during peridural block without epineph-
rine are similar to the effects of spinal anes-
thesia on the renal vasculature.

In anesthetized dogs hypertonic mannitol
increases renal blood flow and decreases renal
vascular resistance.’1-3%12  The effects of hy-
pertonic mannitol in normal man are vari-

KENNEDY ET AL.

N ios
able.1%.15  Isotonic mannitel was used in this
study solely to provide large volumes of urine.
Further, it was used in the same fashion both
in the control period, 45 minutes, and during
the anesthesia which followed. Because the
clearance values returned to normal by the
end of the anesthesia, we concluded that the
changes observed were probably due to the
anesthetics.

It is well known that significant elevations
of plasma concentrations of lidocaine occur
following peridural injection of the drug,® *
but the effects of these increased plasma con-
centrations on renal hemodynamics in man
are not known. Measurements of plasma lido-
caine concentrations were not made in this
studv. Further studies are indicated.

=G balamin (Racobalamin-57) and *I
(Hi -125) supp courtesy of
Ab‘i)ott I;xbumtoncs North Chicago, Iinois.

s}
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Obstetrical Anesthesia

CARDIAC OUTPUT IN LABOR Cardiovascular dynamics during labor and
delivery were evaluated in 23 patients. Ten received “local” analgesia (paracervical
or pudendal block) and 13, caudal anesthesia. Arterial pressure, central venous
pressure, cardiac output, heart rate, intrauterine pressure, stroke volume, and blood
volume changes were all investigated. Caudal anesthesia prevented the increase in
cardiac output at delivery. Turning the patient from the supine to the lateral po-
sition, in both groups, resulted in relief of vena caval obstruction and increase in
cardiac output. (Ueland, K., and Hansen, J. M.: Maternal Cardiovascular Dynam-
ics: I, Labor and Delivery under Local and Caudal Analgesia, Amer. J. Obstet.
Gynec. 103: 1 (Jan.) 1969). ABSTRACTER'S coMMENT: Here we have objective
evidence why peridural anesthesia is indicated for the cardiac patient in labor.

ACID-BASE STUDIES AT BIRTH Acid-base measurements of cord blood
at birth and femoral vein blood one hour after birth were made in 65 full-term in-
fants, born of normal mothers. One-minute Apgar score was assessed. Either re-
gional anesthesia or no anesthesia was used for delivery. The mean umbilical ar-
tery pH for those delivering spontaneously or with elective low forceps was 7.22.
The mean umbilical artery pH in infants delivered after midforceps rotation was
7.16. Umbilical artery pH tended to be lower in the Jonger labors. There was a
correlation between length of second stage and umbilical artery pH. Despite sig-
nificant differences in umbilical artery pH at birth in some of the infants, all groups
reached essentially the same acid-base status at one hour. This was thought to be
because no depressant anesthetic drugs were used. (Clark, R. B., and others: Neo-
natal Acid-Base Studies: 1. Effect of Normal Labor and Obstetric Manipulation,
Obstet. Gynec. 33: 23 (Jan.) 1969.)
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