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More than “half a century ago it was found
that éther anesthesia in ' man produced ‘oliguria
with' depression -in” sodium and nitrogen  ex-
cretion.®? 7 Sinice then, both - ¢linical and lab-
oratory observitions o the “effects of general
aneésthetic agents on kidney furiction have indi-
cated “only “small variation in - this theme of
renal supression: - In recent - years, -however;
techuiques and concepts in anesthesiology have
altered “as a result-of the introduction. of ‘the
muscle - felaxants, - These drugs “have -made
possible the ichievement Jof a' quiet operative
field - with lighter planes - of anestheésia. ~An-
other inmovation leading to theuse of reduced
quantities of “anesthetic -agents has been the
concept of “balanced anesthesia” inwhich
multiple anesthetic agents are emploved in the
same patient,. but ‘each in small quantities.” A
clinical -appraisal of the effects on-renal func-
tion”of “these newer —anesthetic ™ techniques
which we have “employed during -cirdiovas:
cular opérations- would “appear valuable; ~In
this study, rvenral hemodynamics, together with
water ~and eléctrolvte exeretion, were deter-
mined before and wfter induction of anesthesii,
but . priorto - the “commencement of “major
ardiovisculdr operations:

MeTHODS

The subjects of this study were 24 male and
female patients, ranging ini age from 11 to 66
vears, - Nine -of _these patients subsequently
underwent ‘open cardiac surgery for repair of
congenital or acquired intracardiac defects and
15 underwent resection”of thoracic anewrvsms
with graft “replacement. - Each' patient was
studied “during - two periods: (1) a control
period prior to induction” of ‘anesthésia, but 30
to’ 45 minutes following adiministration of pre-
redicating drugs, -and - (2) an anesthesia pe-
viod  which “began -approximately 30 mimites
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after-induction of anesthesiar” During the con-
trol period,” measurements  were -made T over
three separate 10-miniite intervals.and during
the anesthesia period incasurements wetre ninde
over two 10-minute intervals. - "Measurements
included” mean blood pressure, glomerular -fil-
tration rate; renal blood How: and exeretion of
water and - electrolvtes: Mean Blood pressure
was caleulated from the auscultatory: determi-
nation by adding one-third the pulsé pressure
to the diastolic pressure.Inulin clearance was
used “to - determine glomerular filtration tate
and - parn-aminohippurate to
plasnia” How,

obtainrenal
Renal blood Hlow was derived
from venal plasma How with the hematoerit,
Plasma and urine determination of sodium arid
potassium-were made using @ Beckman Flame
Photometer. Methods - and techridues  have
been described previously ™

Premedication for all paticents -consisted - of
the Tollowing ~drugs and doses for the 150
poimd -patient: promethazine 25 M. me-
peridine” 50 g, and scopolomine” 04 g,
Premedication for individual puticits wis ad-
justed for bhodv size and deereased i those
debilitated by their discase. - By-the designof
this studv - the effeets of Cthesel drgs were
preserit “during botli ebservation” periods.” In
nineteen of the 24 paticnts anesthiesia ~was
induced with 100 to” 200 mg. of "2 pei cerit
thiopental “iitravenously “followed by 50 per
cent cvelopropane in oxvgen. - In five anesthe-
sinwag induced with 50 per éeit evelopropane.
Wheii consciousness wiis Jost, 0.1 per cent -suct
cinvlcholine was administeved “by intravenots
drip. " When- vespiration “beeame Uinaderjuate
the patient’s -Tungs” were manually -ventilated
with “evelopropane inooxvaen Land tracheil
intubation - accomplished ~when “apnea devel-
oped. ” The time- requiived from- induction to
tracheal ‘intubation was usually '3 to 10 min-
utes. - Following tracheal intubation, evelopro-
pane ~was discontinned, the rebreathing bag
was emptied, and ether -added to the system
with-an “oxvgen flow rate of 1 1o 2 liters per
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Griphs a through i illustrate range of effects of light general “anesthesia~ on- renal hemody=

namics in’ 24 patients before major -cardiovascular operations.. The per c¢ent chinge for each patient has

been plotted and the mean indicated.

minute and the- Heidbrink ether vaporizer set
between 4 and 6. The administration of ether-
oxygen with sucéinylcholine and with frequent
emptying of the rebreathing bag to eliminate
cvelopropane was ¢onfinued for-an . additional
20 minutes. Respiration was controlled in all
patients.. A Jefferson Ventilator was used in
two-thirds -of the patients.  Ether -was de-
creased discortinued or removed when hvpo-
tensioni or cardiac arrhythmia appéared.” Vaso-
pressor-agents were avoided during this study.
Approximately 30 minutes following induction
of anesthesia and after at least 20 minutés of
ether-oxygen, the patient was assumed to be
in 4 reasonably steady anesthetic state. - Ether
administration-was reduced (Heidbrink vapor-
izer reading 2=3) and the anesthesia measure-
A total of  100-300 mg.
of succinyleholine -was administered  from -ins

ment period begun.

duction -of anesthiesia to the end ‘of the-anes-
thesia period.

The anesthetic -being “studied ‘here was es-
sentially light ether-oxvgen supplemented with
succinylcholine; a  téchnique which  we " have
rised in more than 3,000 cardiac and vascular
surgical “procedures. . No measurement  was
made of the arterial “ether  concentration in
these patients. ~ However, in a group of .14
feinale patients less than 40 yeudrs-of age who
were anesthetized by an -identical technigue
for a variety of gvnecological procedures, the
meian arterial “¢éther concentration -30 minutes
after “induction -was found to-be 497 =+ 1.27
mg. per-cent {range 19.7-83.3).17 It s
likely that the mean arterial -éther concentra-
tion ‘in the patients in this study was signifi-
cantly less than thissince many were older and
all sufferéd from “cardiic or vascular disease.
The administration “of “ether in these patients
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was -~ often discontinued “or - performed inter-
mittently becanse of the 'development of hypo-
tension. . The data collected were considered
as o unit -since no significant diftérences” were
found when “analvzed for age, sex, or type of
surgical proceduare subsequently performed,

Resurnts

The diata are summarized -in table 1. The
mean age for the 24 patients was 44 years
with-a range from 11-to 67 vears. The average
mean blood pressure before operation - was 101
mi.-of _mercury, reflecting. thé frequency "ot
preoperative hypertension in this group.  Dur-
ing anesthesia blood  pressure was maintainéd
at 96 per cent of the control level (fig. 1a).
Glomerular filtration rate averaged 78 ml. per
minute before induction of anesthesia and was
sustained at 99 peér-cent during anesthesia (g
Ib). " The mean control venal ‘blood How for
the group was 847 ml. per minute _and -ye-
miained at 96 ‘per cent during anesthesia (fig.
1¢)+ Urine volume showed a slight reduction
(81 per cent) during anesthesia, which was
not statistically -significant (fig. Te). Plasma
sodium and potassivim were unaltered (fig. 1f
and 1g)." Urine sodium’ excretion was reduced
25 per-cent but this was not statistically sig-
nificant (p >-0.4) (fig. Th) . Potassium ¢x-
cretion rose-22 per cent but this also was not
statisticallv - significant - (p > 0.4) " (hg. - 1i):

EFFECT OF ANESTHESIA ON RENAL HEMODYNAMICS
AND 'WATER AND ELECTROLYTE EXCRETION

Il conTrOL
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Fic.- 27 Graphs illustrate mean-cffects of light
general anesthesia ~on -renal ~hemodynamics - and
water - and ¢lectrolyte exeretion-in- 24 patients,
Changes -in - blood - pressure - (MBP); _glomerular
filtration rate { GFR),.and renal blood flow (RBF)
werenot significant. - Moderate depression in water
(UV), ~and. sodium ~ excretion (UNa) ~with-.-4n
elevation “in potassium - excretion (UK} suggest
adrenal cortical -activity “although these -alterations
were not statistically significant.
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Although the moderate “depression in soditm
and water excretion and elevation in potassium
excretion -had ‘no statistical significance, some
adrenal ‘cortical activity is suggested (fig. 2).

COMMENT

Some previously reported studies indicating
suppression of renal’ function during - general
anesthesia-may- not be ‘entirely valid ‘because
operative _procedures preceded or ‘were con-
comitant.with” the period “of observation.® 48
Despite this, evidence suggests that any gen-
eral “anesthetic sufficient to maintain third
stage aniesthesia  significantly  reduces . renal
blood ~flow, - glomerular” filtration - and - urine
volume ¥ 2 701401720 Oy the other hand, it
has beén demonstrated in the “dog  that light
anesthesia with “ether "or -¢velopropane  pro-
chiced 1o depression in-renal plasma How and
glomerular filtration-rate * and that thiopental,
éventin large doses, did not depress renal func-
tion.' _ The effects - of marcotics used for preé-
medication are similar.” The antidiuretic effect
of ‘morphine is well documented.’ % 910 "The
renil effects of ‘meperidine used in this study
have ‘not “been as thoroughly ~evaluated -as
those - of -morphine - but suggest a”similar
action,®1°

Considering -the renal depressant. effect “of
drugs for  premedication - and anesthesia to-
gether with the water and salt retention asso-
ciated with_any major surgical procedure; it
is mot surprising - that ‘many anesthesiologists
and “surgeons tend to restrain theé administra-
tion of “intravenous - Huids during  operation.
The data presented here showing that light
anesthesia . with -the liberal use” of ‘muscle re-
laxants permits nearly normal renal function
are most significant in this regard. - Evidence
continues ~toaccumulate  that “an adequate
urinary output protects the kidney when it is
exposed to insult T 2t Gyeh insultsare
likelv during operations which may be asso-
ciated with hemorrhage, transfusions, tissue
trauima, dehydration and hypotension, - There-
fore “it-1§ important that urinary output be
maintained during such”operations.  In addi-
tion to protecting the  kidney, an -adequate
renal function can serve to help maintain acid-
base balance during “anesthesia and operation,

The “observations- in this study were made
between: 30 and 60 minutes following induc:
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612 MORRIS,~KEATS,-MOYER;

tion -of “anesthiesia_and the changes in renal
function were found to be minimal.  One can
irifer that no “greater change would have been
observed it the study could have been pro-
longed.

SUMMARY

The renal depressant effect-of deep. general
anesthesia has been observed clinically Jand
experimentally. ~ With the availability of ‘mus-
cle relaxants there has Beena trend i ¢linical
anesthesia toward the use of ‘minimal ‘quanti-
ties of general anesthetic agents and incredsing
quantities “of “muscle relaxants: . With such
anesthesia; 1o ggnificant ~alteration i renal
function was found in a study of 24 patients
prepared fof major cardiovascular operations:

This study was supported in part by grants from
the  American - Heart - Association -and-the United
States Public Health- Service:
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