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Lactic Acidemia during Hemorrhagic Hypotension
and Cyclopropane Anesthesia

Douglas H. Arbon, M.D.,* and Richard A. Theye, M.D.¥

Whole-body, skeletal muscle, and splanchnic
bed responses to progressive hemorrhagic hypo-
tension were determined in dogs during cyclopro-
panc anesthesia (22 per cent, MAC 1.3). These
were with previously ob-
served during anesthesia with halothane (1.1 per
cent, MAC 1.3). In both groups, control obser-
vations were followed by three successive epi-
sodes of bleeding and observations for one hour
or until death. Major differences in responses
were confined to the period following removal of
40 ml/kg of blood when, with cyclopropane anes-
thesia, more profound metabolic acidosis and lac-
tic acidemia developed and the splanchnic region
produced significant amounts of lactate. Skeletal
muscle duced lactate th h There was
a direct qualitative relationship between blood
catecholamine and lactate levels during hemor-
rhagic hyp ion and with either cy-
clopropane or halothane. (Key words: Catechol-
amine; Cycloprop Excess 1 Halothane;
Hemorrhagic hyp fon; Lactic acidemia.)

In A pRreEVIOUS sTUDY,! we were unable to
demonstrate significant shifts from aerobic to
anaerobic metabolic pathways while delivery
of oxygen to the tissues became progressively
compromised during halothane anesthesin. Ar-
terial lactate levels did not increase with in-
creased depth of anesthesia, arterial hypox-
emia, or hemorrhagic hypotension, and only
insignificant anaerobic metabolic activity was
detected prior to death. We ascribed these
findings to the relative absence of increased
catecholamine release under stress, due to sup-
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pression of sympathetic nervous system ac-
tivity during anesthesia with halothane. The
present study was designed to test this hy-
pothesis by carrying out similar studies with
one form of stress, hemorrhagic hypotension,
during anesthesia with cyclopropane, an agent
known to enhance rather than suppress sym-
pathetic nervous system activity.®

Material and Methods

Staged, progressive hemorrhagic hypoten-
sion during cvclopropane anesthesia was de-
signed to duplicate the stress previously studied
during halothane anesthesia.® Each of 12 un-
premedicated, fasted dogs weighing 19 =4
kg was anesthetized with nitrous oxide (735
per cent), and the trachea was intubated with
the aid of succinylcholine (20 mg), which
was continued at 150 mg/hr. After a catheter
had been passed into a hepatic vein under
fluoroscopic guidance, cyclopropane was intro-
duced into a nonrebreathing system contain-
ing nitrogen and oxygen. The inspired con-
centration of cyclopropane was maintained at
22 per cent in order to achieve approximately
the same relative minimal alveolar concentra-
tion (MAC) for cyclopropane (1.3) as had
been previously achieved with 1.1 per cent
halothane in dogs.® The concentration of in-
spired O. was adjusted to provide a Pag, of
150 (%10) mm Hg. Ventilation with a Bird
ventilator (Mark IV/VIII)} was adjusted to
maintain a Page, of 40 (%=2) mm Hg. The
carotid artery was cannulated for sampling,
measurement of blood pressure, and subse-
quent blood-letting. Satisfactory whole-body
and splanchnic preparations were obtained in
ten dogs.

In each dog, either the gastroenemius or the
gracilis muscle group was isolated and pre-
pared for collection and measurement of ve-
nous outflow, as previously described.* Satis-
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factory muscle preparations were obtained in
nine dogs. Collected blood was returned to
the contralateral femoral vein, which was also
used for infusion of heparin and succinylcho-
line. Esophageal and muscle temperatures
were maintained at 37.0 = 0.2 C. Wet muscle
weight was determined and hepatic catheter
placement verified at autopsy.

After the initial preparation and control
measurements, each dog was studied during
three periods of progressive hemorrhagic hy-
potension, which was induced by blood-letting
of accumulated totals of 20, 30, and 40 ml/kg,
respectively, during a period of 5 minutes.
Observations were made 15 minutes after ini-
tiating each of the three episodes of blood-
letting and continued for 45 minutes, or until
death occurred. No therapy was given.

Blood P, Pco., and pH were determined
by electrodes at 37.0 C during the control and
each of the three succeeding periods. Buffer
base was estimated from the Singer-Hastings
nomogram. Blood O. content was calculated
from Py, and oxyhemoglobin concentration
(I-L, Co-Oximeter), as previously described.
Muscle Vo, was calculated from muscle ve-
nous flow rate and A-Vo,. Arterial and ve-
nous {muscle and hepatic) blood lactate (L)
and pyruvate (P) concentrations were deter-
mined by enzymatic methods. Excess lactate
(XL) was calculated as suggested by Hucka-
bee.S

XL = (Lg — L¢) — (Pr — Pe) (Le/Fe)

where the subscripts E and C refer to experi-
mental and control conditions, respectively.
For whole-body XL, only arterial values were
used. Control values were those of the initial
control period and experimental values were
those of each subsequent period. For muscle
and splanchnic XL, control and experimental
values were those of arterial and either muscle
or hepatic venous blood, respectively, for that
particular period.” Statistical significance was
determined by Student’s t tests for paired and
unpaired data, P < 0.05 being considered sig-
nificant.

Arterial blood lactate and total plasma cate-
cholamine levels were determined, under con-
ditions similar to those described above, in a
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separate group of dogs anesthetized with
either 1.1 per cent halothane (three dogs) or
22 per cent cyclopropane (three dogs). In
these studies, after control determinations,
blood was removed continuously at 10 ml/kg/
hr rather than only during the first 3 minutes
of each hour-long period; the overall relations
of total accumulated rate of blood removed,
however, were preserved. For catecholamine
determinations, 20 ml of removed blood were
transferred into ice-chilled tubes and centri-
fuged for 15 minutes at 1 C. Sodium meta-
bisulfite was then added to the separated
plasma, which was frozen by immersion in a
Dry Ice-alcohol slush (—70 C). Total plasma
catecholamine content of these samples was
determined on the day of collection by the
method of Renzini and associates.® Logistical
considerations limited the scope of this study
and prevented differentiation of epinephrine
and norepinephrine in the plasma samples.
However, many studies have, by using more
sophisticated analytical procedures, indicated
that increase in the epinephrine component
makes the greatest contribution to the total
catecholamine content of plasma in stressed,
anesthetized dogs.> % 1°

Results

\WHOLE-BODY, SPLANCIINIC, AND
MuscLe RESPONSES

Progressive stepwise removal of blood from
dogs during anesthesia with cyclopropane was
associated with progressive reduction in sys-
temic arterial blood pressure and the eventual
development of lactic acidemia and metabolic
acidosis (table 1). Significant biochemical
changes appeared following removal of 30 ml/
kg of blood and progressed with further blood
removal. The increase in arterial blood lactate
levels was paralleled by significant increases in
the arterial L/P ratic and whole-body XL
value. Splanchnic blood flow rates were not
determined, but overall handling of lactate in
the splanchnic region can be estimated from
the difference between lactate levels of he-
patic venous and arterial blood; positive and
negative values indicate net production and
consumption of lactate, respectively. By this
measure, the splanchnic region produced some
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lactate initially, became a consumer of lactate
at a blood loss of 30 ml/kg, and a producer of
lactate again during the final, preterminal pe-
riod (fig. 1). At this time, the arterial blood
pressure averaged 25 mm Hg, hepatic venous
L/P ratio was greater than that of arterial
blood, splanchnic XL was increased, and he-
patic venous Pg, was reduced to an average
value of 11 mm Hg.

The responses of the gastrocnemius and
gracilis muscles were qualitatively similar and
were pooled. Although blood flow and muscle
venous P, decreased progressively with suc-
cessive stages of blood-letting, muscle Vo, did
not become significantly decreased until the
final, preterminal period. Skeletal muscle was,
overall, a producer of lactate throughout the
study (fig. 1). However, in the final period,
despite a reduction in Vg, related to inade-
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quate O, transport to the muscle, the muscle
venous L/P ratio had become less than that
of arterial blood, muscle (V-A) lactate had
decreased to approximately control values, and
muscle XL had become a negative value.
Cogent comparisons of these findings with
those previously obtained at an equivalent
concentration of halothane are presented in
table 2. Control values were not remarkably
different in the two studies. Arterial blood
pressure was initially better maintained with
cyclopropane, but in the final stage it was
greater with halothane. Metabolic acidosis ap-
peared earlier with cyclopropane than with
halothane, and, in the final stage, there was
a greater degree of metabolic acidosis and lac-
tic acidemia, and a greater increase in arterial
L/P ratio, with cyclopropane than with halo-
thane (fig. 2).

TanpLe 1. Whole-body, Splanchnic, and Skeletal Muscle Responses to Staged
Hemorrhagic Hypotension during Cyclopropane Anesthesia

Blood Removed
0 I 20 ml ke 30 mi/ks ; 40 ), kg
| Mem | sE ; Mean | SE | Mean | SE | Mean I sE
Arterial blood i i i . |
Mean pressure, mm Hg 111 5 3 3 i
P 741 {001 g 0.02 {
Pcoz, mm Hg 40 1 1 i
Buffer base, mlZq1 19 0 1
Lactate, gmol/ml o863 [ 021 B 0.67
Lactate Pyruvate g2 L0 3.0
Excess lactate, whole-body,
pmol ‘ml 0 0 0.79 7.92% 090
Hepatie venous : :
Lactate, gmol/ml 1 3.83 | 0.22 L 0.2 X 0.66 12.85* | 1.16
V-A lactate, gmol, 'm! .21 | 018 ; 0.16 | 0.11 1.68* | 0.51
Lactate/pyruvate 13.1 20 122 L1 | 2 52 472* 1553
Excess lactate, splanchnie, gmol 'ml'’ —0.84 | 0.54 ! —0.99 ! 0.52 1 =030 | 0.6 6.91* | 2,12
Pos, mm He TR S A YO | g 3 e 2
Skeletal muscle I
Blood flow, ml/min/100 ¢ 16.9 3.2 7% 14 S 1.1 0.8
Pvos, mm Hg -] 1 ;o3 2 )7 2 1
Vo3, ml/min/100 g 0.91 | 0.14 I 0.89 0.14 | 082 0.14 0.11
Venous lactate, smal/ml 356 | 025 402 |ox’ o7 | om 141
V-A lactate, pumol/m] 0.30 | 0.25 0.72* f 045 | 149* | 0.43 0.70
Lactate/pyruvate 163 | 16 l 182 [1o | 220 24 3.2
Excess lactate, gmol/ml 046 | 0.13 | 097 | 018 J 0.38 1.68
i

* Significantly different (P < 0.05) from control value by t test for paired data.
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ARTERIAL CATECHOLAMINE AND
LAcTate LEVELS

The levels of total catecholamine and blood
Iactate in arterial plasma before and after pro-
gressive blood removal are presented in table
3 and figure 3. Although the small number of
observations limits extensive analysis of these
data, several generalizations may be justified.
With the same hemorrhagic stress, catechol-
amine levels increased earlier and achieved 2
greater final value during cyclopropane anes-
thesin. With both anesthetics, there were
crude, but qualitatively similar, direct rela-
tionships between increases in blood lactate
and catecholamine levels.

Discussion

\Ve recognize the many limitations of the
present study. The blood loss occurred during
and not before anesthesia in dogs and not in
man. Observations following hemorrhage were
made during an essentially unsteady, physio-
logic state in the presence of continuous suc-
cinylcholine, which is known to increase mus-
cle Vo, Cardiac output, hepatic blood flow,
and actual tissue O, levels were not measured.

BLOOD REMOVED, ml/kg

Only total catecholamines were determined,
and the relative contribution of epinephrine
and norepinephrine to the total increase can
only be conjectured. Blood was removed rap-
idly over a short period in the primary studies
and slowly but continuously in the studies
vielding plasma catecholamine values. Finally,
and perhaps most importantly, the reliability
of changes in blood lactate levels as prognosti-
cators of bad events was not established.

It is clear, however, that the same hemor-
rhagic hypotensive stress resulted in a more
severe lactic acidemia during cyclopropane
than during halothane anesthesia. Further-
more, this difference appeared to reflect pri-
marily the degree to which the stress evoked
increased activity of the sympathetic nervous
system and the consequent increase in levels
of circulating catecholamines. The degree to
which altered organ and whole-body blood
flows influenced these findings cannot be de-
fined except for skeletal muscle. While skele-
tal muscle blood flow rates decreased more
during hemorrhage with cyclopropane, actual
flow rates were greater at each stage than
with halothane. In the previous studies with
halothane, each tissue hypoxic stress (increased
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TanLe 2. Responses to Staged Hemorrhagic Hypotension during
Halothane Anesthesia (1.1 Per Cent)*
Blood Removed
T
) 20 ml/kg 30 mi/kg 40 ml/kg
Mean SE Mean SE Mean SE Mean SE
Arterial blood
Mean pressure, mm Hg 102 41 7071 1 33 3 37f 2
Pcos, mm Hg 37 1 37 1 39 1 39% 1
pH 743 | 0.01 742 | 001 7.39% | 0.01 7.34t { 0.01
Buffer base, mEq/1 30 1 49 0 481 1 Hf 1
Lactate, pmol/ml 3.33 | 0.62 3.09 | 0.50 3.517 | 043 4947 | 0.69
Lactate/pyTuvate 15.8 0.9 143 0.8 184 1.5 27.8F 3.1
Excess lactate, whole-body,
pmol/ml 0 a —0.35 | 0.16 | 048 0.20 2.08f | 049

* Modified from Theye RA: Effects of halothane, anoxia, and hemorrhage upon canine whole-body,
skeletal muscle, and splanchnic excess lactate production. ANESTHESIOLOGY 35:394—400, 1971.
 Significantly different (P < 0.05) from comparable observations made during cyclopropane anesthesia

in the present study (table 1) (t test for unpaired data’

halothane, decreased Pag,, hemorrhagic hy-
potension) was progressively increased until
skeletal muscle Vo, decreased, and was there-
after continued until death. Despite this ex-
tent of compromise of oxygen delivery, shifts
to anaerobic metabolic pathways and increases
in blood lactate levels were not detected prior
to the immediate preterminal period. In the
studies with cvclopropane, similar criterda
demonstrated a shift to anaerobic pathways

).

prior to an overt reduction in skeletal muscle
Voo It is our contention that these changes
resulted not from hypoxia, per se, but rather
from the release of catecholamines in response
to various stimuli, including indirect effects of
hypoxia, circulatory and metabolic reflexes,
and direct and indirect actions of cyclopro-
pane. Epinephrine, the catecholamine pre-
sumably released in this circumstance in the
dog, is very effective in raising blood lactate

12 -
g L
ARTERIAL Fic. 2. Arterial blood
L ACTATE L lactate levels before and
M/ ml after induction of hypo-
p#Mim ‘f I-Ii tension by progressive
removal of blocd during
4 | ' halothane (H) and cyclo-
G i -~ ———H propane (C) anesthesia.
o { 1 ! : 1 s 1
o 20 30 <40

BLOOD REMOVED, mi/kg
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Tante 3. Total Arterial Plasma Catecholamine and Blood Lactate Contents before and
after Removal of Blood during Halothane (Three Dogs) or Cyclopropane
(Three Dogs) Anesthesia

Blood Removed

i 0 20 ml/ks 30 /s } 10 m!, ke
; Mean Ranze Mean Ranze Mean [ Ranze | Mean Ranze
Halothane [ ’
Catecholamine, pg/li  0.29 0.24-0.38 0.33 | 018043 | 047 | 0.17-0.99 196 ; 0.31-5.20
Lactate, pmol/ml 2.1 1.3-2.6 1.5 1.0-1.9 1.5 l 1.0-1.7 27 | 1.5-4.3
Cyclopropane ) i
Catecholamine, pg/1| 0.18 0.53 0.94 1‘ 0.81-1.05 9.71 3.04-15.60
Lactate, gmol/ml 1.7 1.4 22 | 1231 | 61 3.7-8.8
i 1l

Jevels, presumably by indirect effects involv-
ing the glycolytic pathway. %11

This viewpoint is supported by the findings
and opinions of others using a variety of ex-
perimental approaches. Price and associates,’*
studying adult male volunteers, detected pro-
duction by the splanchnic viscera of XL dur-
ing cvclopropane but not during halothane an-
esthesia. XL production apparently did not
result from splanchnic ischemia, could be abol-
ished by a p-adrenergic blocking drug, and
was therefore ascribed to increased sympa-
thetic nervous activity in these viscera.
Drucker and associates 1 studied hypovolemic
dogs and detected a greater decrease in arte-

ARTERIAL
BLOOD
CATECHOLAMINE
png/L
Fic. 3. Arterial plasma =
catecholamine ( ) ani -
blood lactate ) lev- LACTATE
els before and after pro- M/mil
essive removal of blood # o
uring halothane (H)
and cyclopropane (C)
anesthesia.
(2]

a b

rial blood pH and a greater increase in the
L/P ratio when the same degree of hypo-
volemia was followed by anesthesia with ey-
clopropane compared with halothane; these
differences were ascribed to the relative in-
hibiting effects of halothane on sympathetic
activity. Irving,** in an extensive review of
the results of his own and other studies con-
cerned with the therapeutic use of a- and
B-adrenergic blocking agents in preventing
development of irreversibility in hemorrhagic
shock, concluded that “ . . the lactic-acidosis
of haemorrhagic hypotension results from the
action of both circulating and tissue catechol-
amines upon intracellular enzyme mechanisms

BLOOD REMOVED, mi/kg
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rather than from hypoxia itself.” Robinson,**
while agreeing with this view, has stressed in
addition the role of interference with lactate
removal and metabolism occurring primarily
in the liver. This point was well illustrated
in the present studies wherein, terminally, the
liver ceased to consume and began to produce
lactic acid and arterial blood lactate levels in-
creased sharply.

These findings cannot be used to answer
unequivocally the classic question of whether
to use an anesthetic like halothane or one such
as cyclopropane in circumstances of actual or
potential hemorrhagic hypotension. They can,
however, be used to re-emphasize much that
is germane to the discussion. In the presence
of cvclopropane, the response to unreplaced
blood loss includes vigorous stimulation of the
svmpathetic nervous system with release of
catecholamines, and initially there is better
maintenance of arterial pressure and, presum-
ably, cardiac output. To some extent, the
actual reduction in blood volume is concealed
by the various responses initiated via the sym-
pathetic nervous system. To us, this seems an
appropriate initial response to an acute threat.
However, after further unreplaced blood loss,
profound metabolic acidosis ensues and the cir-
culation deteriorates, presumably, to a greater
extent than would have occurred in the ab-
sence of the previous compensatory responses
mediated by the release of catecholamines. In
this regard the comments of Walter B. Can-
non,2® a pioneer investigator of the interrela-
tionships among acidosis, shock, and the sym-
pathetic nervous system, seem particularly ap-
propriate.  Dr. Cannon, in reviewing his
experiences with the wounded in World War
1, concluded by commenting:

Operation on men sulfering from shock and
acidosis results in serious and rapid sinking of
arterial pressure when it is already Jow, and
in marked and sudden decrease of the alkali
reserve of the blood when that reserve like-
wise is already low. This change may not
oceur if nitrous oxide—oxygen anesthesia, in-
stead of ether, is employed, but that anes-
thetic affords no guarantee against the om-
inous decline.

D. H. ARBON AND R. A. THEYE

-

19

o

i

=}

@O

10.

1

—

—
(B

13.

14,

16.

Anesthesiology
V 37, No 6, Dec 1972

References

. Theve RA: Effects of halothane, anoxia, and

hemorrhage upon canine whole-body, skele-
tal muscle, and splanchnic excess lactate
production.  ANESTHESIOLOGY 35:394-400,

1971
. Deutsch S, Linde HW, Price HL: Circulatory

and sympathoadrenal responses to_cyclopro-
pane in the dog. J Pharmacol Exp Ther
135:354-357, 1962

. Eger El II, Brandstater B, Saidman LJ, et al:

Equipotent alveolar concentrations of me-
thoxyflurane, halothane, diethyl ether, flu-
roxene, cvclopropane, xenon and nitrous
oxide in the dog. ANESTHESIOLOGY 26:771-
777, 1965

. Theye RA, Brown AL Jr, Van Dyke RA: The

effects of halothane and succinylcholine on
oxygen uptake of the canine gracilis muscle.
ANEsTHESIOLOGY 35:304-308, 1971

. Theye RA: Calculation of blood O: cantent

from optically determined Hb and HbO:.
ANEsTHEsIOLOGY 33:653-657, 1970

;. Huckabee WE: Relationships of pyruvate and

lactate during anaerobic metabolism. L. Ef-
fects of infusion of pyruvate or glucose and
of hyperventilation. J Clin Invest 37:244-
254, 1958

. Miller AT Jr: Energy Metabolism. Philadel-

phia, F. A. Davis Company, 1968

. Renzini V, Brunori CA, Valori C: A sensitive

and specific fluorimetric method for the de-
termination of noradrenalin and adrenalin
in human plasma. Clin Chim Acta 30:587—
594, 1970

. Walker WF, Zileli MS, Reutter F\V, et al:

‘Adrenal medullary secretion in hemorrhagic
shock. Am J Physiol 197:773-780, 1959
Bagwell EE, Woods EF, Durst GG Jr: Influ-
ence of reserpine on cardiovascular and
sympatho-adrenal responses to cyclopropane
anesthesia in the dog. ANESTHESIOLOGY 25:

148-135, 1964

. Coodman LS, Gilman A: The Pharmacologi-

cal Basis of Therapeutics. Fourth edition.
New York: The Macmillan Company, 1970

. Price HL, Deutsch S, Davidson IA, et al:

Can general anesthetics produce splanchnic
visceral hypoxia by reducing regional blood
fow? ANESTHESIOLOGY 27:24-32, 1966

Drucker WR, Davis HS, Burget D, et al:
Effect of halothane and cyclopropane anes-
thesia on energy metabolism in hypovolemic
animals. J Trauma 3:503-512, 1965

Irving MH: The sympatho-adrenal factor in
haemorrhagic shock. Ann R Coll Surg Engl
42:367-386, 1968

5. Robinson JS: Acidosis in low flow states. Int

Anesthesiol Clin 7:895-903, 1969

Cannon WB: Acidosis in cases of shock,
hemorrhage and gas infection. JAMA 70:
531-535, 1918

d : -
20z ludy 01 uo 3senb Aq ypd-z1.000-000212.61-Z2¥S0000/L L ¥0Z9/7€9/9/LE/4Pd-0101n1e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



