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Cerebral Functional, Metabolic, and Hemodynamic

Effects of Etomidate in Dogs

Leslie Newberg Milde, M.D.,* James H.

The effects of a continuous infusion of etomidate on cerebral
function, metabolism, and hemodynamics and on the systemic cir-
culation were examined in six dogs. The infusion rate of etomidate
was progressively increased at 20-min intervals from 0.02 to 0.4
mg-kg™' - min™" for 2 h. Cerebral oxygen consumption (CMRo,) de-
creased until there was cessation of neuronal function as reflected
by the onset of an isoelectric EEG. This occurred during an infusion
of 0.3 mg- kg ! +min~"' etomidate when the animals had received a
total of 10.7 mg- kg™ over 91 min. At this time the CMRo, was 2.6
ml-min~" 100 g, 48% of control. Thereafter, despite continued
administration of etomidate to a total dose of 21.4 mg-kg™,
CMRo, did not decrease further. Cerebral blood flow (CBF) decreased
in association with a marked increase in cerebrovascular resistance
but was independent of changes in CMRo,. CBF decreased precip-
itously from 145 + 23 to 72 6 ml - min~!- 100 g™! during the lowest
infusion rate of 0.02 mg kg™ -min~! etomidate and stabilized at
34-36 ml-min~'-100 g™ during an infusion rate of 0.1
mg- kg™ - min~'. CBF remained at this level despite the continued
administration of etomidate and a further decrease in CMRo,.
Etomidate produced physiologically minor but statistically signifi-
cant changes in the systemic hemodynamic variables. Assays of ce-
rebral metabolites taken at the end of the infusion revealed a normal
energy state and a very mild but significant increase in cerebral
lactate to 1.49 umol-g~'. We conclude that etomidate is a potent,
direct cerebral vasoconstrictor that appears to be independent of its
effect on CMRo, and that the cerebral metabolic effects of etomidate
are secondary to its effect on neuronal function, with little if any
direct or toxic effects on metabolic pathways. (Key words: Anes-
thetics, intravenous: etomidate, Brain: blood flow; electroencepha-
logram; metabolism; oxygen consumption.)

PREVIOUS STUDIES'? indicate that a variety of anesthetics
produce cerebral metabolic depression as a passive effect
secondary to a decrease in neuronal activity. In the ab-
sence of neuronal function, indicated by an isoelectric
EEG, cerebral metabolism is unaffected by most anes-
thetics, while in the presence of function (active EEG)
anesthetics can greatly affect neuronal energy require-
ments.® This has been demonstrated with thiopental* and
isoflurane,® both of which produce dose-related decreases
in cerebral oxygen metabolism (CMRoy,) that are corre-
lated with decreasing neuronal function as indicated by
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changes in EEG activity. Once suppression of neuronal
function is achieved, these agents, even at high doses,
have no apparent direct or toxic effect on metabolism. In
contrast, halothane, in high concentrations, does produce
a dose-related toxic alteration in oxidative phosphoryla-
tion independent of neuronal function.®

Etomidate has been shown to produce marked changes
in the EEG similar to those achieved with thiopental.§ A
single dose of etomidate (60 mg) has been reported to be
a potent cerebral metabolic depressant in humans and to
decrease cerebral blood flow (CBF) secondary to the de-
crease in CMRo,.” However, the effects of a continuous
infusion or increasing doses of etomidate on CBF and
CMR, have not been reported, and no correlation be-
tween EEG changes produced by etomidate and cerebral
metabolism has been made.

The purpose of the present study was to determine
whether etomidate decreases cerebral metabolism in re-
lation to changes in neuronal function, whether etomidate
has any direct or toxic effects on cellular metabolic path-
ways, and whether changes in CBF can be entirely ac-
counted for by changes in CMRo,. In a dog model similar
to that used for the study of isoflurane,® we examined the
cerebral metabolic effects of a continuous infusion of
etomidate both in the presence and absence of neuronal
function. The dose of etomidate was progressively in-
creased to and beyond the infusion rate necessary to abol-
ish EEG activity. The data support the conclusion that
the cerebral metabolic effects of etomidate are secondary
to its effect on neuronal function with little, if any, direct
or toxic effects on metabolic pathways and that the effects
of etomidate on cerebral blood flow are at least in part
independent of its effects on metabolism.

Methods

Six unmedicated fasting dogs of either sex, weighing
12-13 kg, were studied. Anesthesia was induced and
maintained during the surgical preparation with halo-
thane, 1% inspired; nitrous oxide, 70%; and oxygen. Suc-
cinylcholine, 40 mg, was given intravenously to facilitate
endotracheal intubation and thereafter was continued at
an infusion rate of 150 mg-h™! to maintain muscle pa-
ralysis. Ventilation was controlled witha Harvard Pump®
to maintain normocarbia. Cannulae were inserted into a

§ Kugler ], Doenicke A, Laub M: The EEG after etomidate. Anes-
thesiology and Resuscitation 106:31-48, 1977.
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femoral artery for pressure measurements and blood
sampling, into a femoral vein for fluid and drug admin-
istration and for blood return from the direct cerebral
blood flow measurements, and into a pulmonary artery
via the right external jugular vein for pressure measure-
ments, blood sampling, and measurement of cardiac out-
put by thermodilution.T A peripheral intravenous catheter
was placed for the administration of lactated Ringer’s so-
lution at a rate of 756 ml- h™'. The electrocardiogram was
recorded continuously from limb leads. Core temperature
was measured by a thermistor in the pulmonary artery,
and brain temperature was monitored by a parietal epi-
dural thermistor. Both temperatures were maintained
near 37° C with heating pads and lamps as necessary.
Intracranial pressure (ICP) was measured with an epidural
fiberoptic device,** and a four-lead bilateral EEG was
recorded continuously from electrodes cemented to the
skull.

After heparinization (300-400 units-kg™" intrave-
nously), the sagittal sinus was exposed, isolated, and can-
nulated as previously described®? for direct measurement
of cerebral blood flow (CBF) by a square-wave electro-
magnetic flowmeter.'%t Thereafter, the cranium was
rigidly closed by sealing the cranial openings with Sur-
gicel® and Super Line® adhesive.}} Arterial, sagittal sinus,
and mixed venous blood gas values were measured by
electrodes at 37° C. Blood oxygen contents were calcu-
lated from measurements of hemoglobin and oxyhemo-
globin concentration and oxygen tension.'! Cerebral
metabolic rate for oxygen (CMRg,) was calculated as the
product of CBF and the arterial-sagittal sinus blood ox-
ygen content difference, while whole body oxygen con-
sumption (Vo,) was calculated as the product of cardiac
index (CI, expressed as 1 - min~' - m~%) and the arterial-
mixed venous blood oxygen content difference. Cerebral
perfusion pressure (CPP) was calculated as the difference
between mean arterial pressure (MAP) at the head level
and ICP. Cerebral vascular resistance (CVR) was calcu-
lated as the quotient of CPP and CBF, while systemic
vascular resistance index (SVRI) was calculated as the
quotient of MAP and CI. Blood glucose, serum lactate,
and pyruvate contents were determined by standard en-
zymatic techniques.

After completion of the surgical preparation, a period
of 30 min was allowed for the animals to eliminate the
halothane to an end-expired concentration of 0.1%, be-
fore control measurements were obtained. During the
subsequent 20-min control period and during the period
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1 Instrumentation Laboratory Cardiac Output Computer 701.
** LADD Research Industries Inc., Burlington, VT.

11 EP 300 API, Carolina Medical Electronics.
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of the etomidate infusion, CBF and CMRo, were mea-
sured at 5-min intervals. Blood gas values, CI, Vo,, MAP,
mean pulmonary artery pressure (PAP), pulmonary cap-
illary wedge pressure (PCWP), heart rate, core and brain
temperatures, ICP, hemoglobin concentration (Hb), blood
glucose, and serum lactate and pyruvate concentrations
were measured at 20-min intervals.

Following the control measurements, etomidate was
infused at a rate of 0.02 mg-kg™ +min~! for 20 min.
Thereafter the infusion rate was increased in stepwise
fashion at 20-min intervals to rates of 0.05, 0.1, 0.2, 0.3,
and 0.4 mg-kg™! +min~!. Once the etomidate infusion
was started, nitrogen was substituted for nitrous oxide.

At the end of the infusion period, the dura was exposed
and incised, and simultaneous bilateral cortical biopsies
were taken by a technique that deposits a sample of brain
(200-400 mg) into liquid nitrogen within 1 s.!* The tissue
was prepared for analysis in a refrigerated box (—25° C)
as described by Folbergrova et al.'® Tissue extracts were
analyzed by enzymatic fluorometric techniques for phos-
phocreatine (PCr), ATP, ADP, AMP, glucose, lactate, and
pyruvate.'* The energy charge (EC) of the brain tissue
was expressed as ((ATP] + 0.5 [ADP])/([ATP] + [ADP]
+ [AMP))."®

Results were compared between control and at each
infusion rate of etomidate by analysis of variance, and
significant differences were tested by the Bonferroni ¢ test
for multiple comparisons of paired data. Cerebral con-
centrations of metabolites obtained at the end of the
etomidate infusion were compared with canine normal
values for our laboratory by Student’s ¢ test for unpaired
data.

Results

The etomidate infusion produced dose-related EEG
changes similar to those reported for most general anes-
thetics (fig. 1). The EEG of the control state (high fre-
quency—15 Hz, low amplitude 5 X 1075V activity) (A)
changed to faster activity (20-30 Hz) within 15 min of
the lowest infusion rate (B). High-amplitude slow waves
(80 X 1075V, 5-10 Hz) occurred at 26 min during an
infusion rate of 0.05 mg - kg™ - min~" (C). Burst suppres-
sion occurred at 68 min during an infusion rate of 0.2
mg -kg™' - min~! (E) while an isoelectric EEG with occa-
sional isolated spikes occurred at approximately 91 min
during an infusion rate of 0.3 mg+kg™! - min~! (F). Con-
tinued administration of etomidate maintained an iso-
electric EEG (G).

During the infusion of etomidate, CMRo, decreased
progressively until an isoelectric EEG indicated that neu-
ronal function had been suppressed (fig. 2). Although the
total dose required to produce an isoelectric EEG varied
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with each dog, once electrical silence was produced,
CMRo, stabilized at 2.6 + 0.15 ml - min™' - 100 g™' (mean
+ SE), approximately 48% of control (fig. 2, table 1).
Continued administration of etomidate at progressively
increasing infusion rates had no further effect on
CMRo,.

Unlike the CMRo,, which decreased progressively over
a large dose range, CBF decreased precipitously with the
start of the etomidate infusion and was half the control
value within 7 min of the start of the lowest infusion rate
(fig. 3). CBF decreased further to 36 ml+min™"' + 100 g’
(during an infusion rate of 0.1 mg-kg™" - min~" and re-
mained approximately at this value throughout the re-
mainder of the study, despite further increases in the dose
of etomidate (table 1, fig. 3). The decrease in CBF was

50uv A

CEREBRAL EFFECTS OF ETOMIDATE

FiG. 1. EEG changes during etomidate administration in one dog.
A. control period: high-frequency low-amplitude activity. B. At 16 min:
ctomidate infusion at 0.02 mg- kg™ +min~". C. At 30 min: etomidate
infusion at 0.05 mg - kg™* - min~'. D. At 45 min: etomidate infusion at
0.1 mg- kg™ + min~". CBF had reached a plateau of 36 ml- min~!+ 100
g™". E. at 70 min: etomidate infusion at 0.2 mg kg™'-min”'. F. At 95
min: etomidate infusion at 0.3 mg - kg™ - min™'. CMRo, reached a pla-
teau of 2.6 ml+ min'- 100 g™" at this time. G. At 100 min: etomidate

infusion at 0.3 mg-kg™' - min~".
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FIG. 2. Effect of increasing doses of etomidate on CMRo, for each
of six dogs. CMRq, decreased progressively until the EEG became
isoelectric. At this point, CMRo, remained approximately constant,
despite continued infusion of etomidate. This change in CMRo, par-
alleled the effect on neuronal function manifested on EEG.

associated with a marked increase in cerebrovascular re-
sistance (table 1). CVR doubled from 2.1 to 4.5
mmHg - ml™" + min within 7 min of the start of the etom-
idate infusion (at which time the CBF was halved) and
was tripled to 6.3 mmHg- ml™! - min by the end of the
infusion (table 1). CBF achieved a minimum value before
CMRo,. The minimum CBF occurred after approxi-
mately 45 min of etomidate infusion (total dose infused
1.9 mg - kg™"), and the minimum CMRo, occurred after
approximately 91 min (total dose infused 10.7 mg-kg™")
(compare figs. 2 and 3). Despite the discrepancy in the
rates at which CMRo, and CBF decreased, oxygen deliv-
ery to the brain appeared adequate as evidenced by a
CBF of greater than 30 ml-min~' - 100 g ! and by an
oxygen tension in the sagittal sinus blood of 37 + 1 mmHg
at the end of the etomidate infusion.

Following the etomidate infusion, the cerebral meta-
bolic state was essentially normal (table 2). ATP and
phosphocreatine concentrations and the energy charge
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TABLE 1. Cerebral Metabolic and Hemodynamic Values

before and after Etomidate Infusion

At 45 min
Variable Before Infusion | (minimum CBF) End of Infusion

CMRg, (ml+min~"-

100 g") 5.52 + 0.27 | 3.62 = 0.30 2.63 £ 0.15*
CBF (ml-min™!+

100 g_l) 145 + 23 36 + 1* 34 + 2%
CPP (mmHg) 106 £ 9 93 £ 10 78 £ 11*
ICP (mmHg) 9+2 4+1 1 £0*
CVR (mmHg-ml™" .

min) 2.1+03 6.7+ 0.8 6.3 + 1.3*
Psso, (mmHg) 58 + 4 38+ 1 37 £ 1%

Mean + SE for six dogs.
* Value significantly different from before infusion (P < 0.05).

(0.89)—which is a quantitative estimate of the adenine
nucleotide pool and more accurately reflects the amount
of energy available to the cells—were normal or above
normal. However, cerebral lactate was slightly but signif-
icantly increased to 1.49 * 0.1 umol/g, and the lactate/
pyruvate ratio was significantly increased.

Intracranial pressure decreased significantly from 9
mmHg to 1 mmHg by the end of the etomidate infusion
(table 1). The decrease in ICP accompanied the increase
in CVR and is presumed to result from a decrease in ce-
rebral blood volume.

Etomidate produced largely unimportant changes in
the systemic variables, even at the greatest doses (table
3). Mean arterial pressure was decreased from a control
of 126 mmHg but was well maintained at approximately
110 mmHg throughout most of the etomidate adminis-
tration. Only at the highest infusion rate did the MAP
decrease to a nadir of 89 + 12 mmHg. The maintenance
of MAP was due to both maintenance of cardiac output
and systemic vascular resistance throughout most of the
etomidate infusion. Only at the highest infusion rate did
all three variables decrease slightly (table 3). Pulmonary
artery and pulmonary capillary wedge pressures remained
the same throughout the study, as did whole-body oxygen
consumption.

There were no changes in arterial blood gas values
except for a mild metabolic acidosis, as reflected by a sig-
nificant decrease in pH and buffer base and a significant
increase in the lactate/pyruvate ratio (table 4). The he-
moglobin decreased significantly from withdrawal of
blood samples and hemodilution from fluid administra-
tion.

Discussion

The results of this study further support the premise
that changes in cerebral metabolism occurring with the
administration of general anesthetics are primarily the
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result of changes in neuronal function produced by those
anesthetics. As long as EEG activity persisted, etomidate
produced a dose-related decrease in cerebral metabolism
that correlated with progressive changes in neuronal
electrical activity. Upon suppression of electrical activity
(flat EEG), a minimal metabolic rate was established and
maintained despite continued administration of etomidate
in increasing doses. This is similar to the effect produced
by both thiopental* and isoflurane.® With the use of the
Bonferroni ¢ test for comparison of three groups (5% con-
fidence level = P < 0.0167), this minimal metabolic rate
(2.6 ml-min~! - 100 g~!) was numerically higher but not
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FI1G. 3. Effect of increasing doses of etomidate on CBF for each of
six dogs. CBF decreased rapidly with the infusion of etomidate to ap-
proximately 36 mi+ min~' - 100 g™'. It remained at this value through-
out the study, despite increasing infusion rates of etomidate. This
change in CBF occurred independent of the effect on EEG or

CMRo,.
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TABLE 2. Brain Metabolites Following Etomidate Infusion

Phosphocreatine Adenosine Triphosphate
(smol/g) (umol/g) Energy Charge Lactate (umol/g) Lactate/Pyruvate
Normal* 2,99 +0.12 2.01 + 0.01 0.87 +0.001 1.23 £ 0.04 11 + 0.4
Etomidate 3.84 + 0.13% 1.98 + 0.04 0.89 + 0.0047 1.49 + 0.10t 23 £ 2%
Mean =+ SE. t Value significantly different from normal value (P < 0.05).

* Normal values obtained from six dogs under spinal anesthesia (25).

significantly different from the CMRo, measured in dogs
when neuronal function was abolished by thiopental (2.2
ml-min~" - 100 g™")* but was statistically greater than that
obtained with isoflurane (2.1 ml-min™'- 100 g™").> The
reason for this is unknown. However, the cerebral actions
of isoflurane and etomidate may differ. Isoflurane sup-
presses activity in both the cortex and subcortical struc-
tures,!® whereas etomidate has been reported to inhibit
only the cortex.§§ The global CMRo, measured in the
present study may reflect a composite CMRo, of cortex
and some subcortical structures. A greater CMR o, in these
areas may have contributed to the greater total CMRo,
observed for etomidate.

Cerebral oxygen delivery was considered adequate
throughout the study because CBF was maintained above
30 ml-min™" - 100 g~! (range 31-40 ml+ min™"- 100 g™")
and Psso, above 36 mmHg. However, the significant de-
crease in Psso, during the infusion indicates increased ox-
ygen extraction, reflecting a lower CBF/CMRo, ratio.
There was no evidence that etomidate altered normal
metabolic pathways. Normal levels of ATP and phospho-
creatine and a normal energy charge provide evidence
that energy production adequately supplied the energy
requirements of the brain. However, etomidate did pro-
duce small but statistically significant increases in lactate
and in the lactate/pyruvate ratio. In the presence of a
normal brain energy state we consider these changes to
be unimportant.

This study also indicates that etomidate is a potent di-
rect vasoconstrictor, i.e., its vasoconstrictive effect does
not seem to be secondary to its effect on cerebral metab-
olism. After just 7 min at the lowest infusion rate, CBF
was half of that in the control period. This initial rapid
decrease in CBF was exaggerated by the high values for
CBF obtained during the hyperdynamic state of the con-
trol period associated with nitrous oxide analgesia,” and
by the elimination of this NyO during the infusion of
etomidate. However, by 7 min the NoO was eliminated
so that any subsequent changes in CBF were due to the
etomidate infusion. CBF subsequently decreased to a nadir

of 36 ml-min~'- 100 g™! over the next 38 min and re-
mained at approximately this level throughout the study,
despite a progressively increasing administration of etom-
idate. This plateau in CBF indicates that etomidate pro-
duced its maximum effect on cerebral vasoconstriction at
45 min so that any additional administration of etomidate
had no further change in CBF. Even a continued de-
crease in CMR, did not produce a concomitant decrease
in CBF.

In contrast, changes in CMRo, reflected changes in
EEG activity. CMRo, decreased more slowly than did CBF
during the etomidate infusion and reached a minimum
level after approximately twice the time it took for CBF
to reach a minimum level. This lack of coupling between
changes in CBF and CMR, is in disagreement with the
conclusion of Renou et al.,” who studied a single dose of
etomidate in patients undergoing diagnostic carotid an-
giography. They reported that etomidate produceda 45%
decrease in CMRo, and a 34% decrease in CBF when
compared with awake control values and concluded that
the decrease in CBF was secondary to the decrease in
CMRo, produced by etomidate. This represents the pitfall
of drawing conclusions from a response curve constructed
from two points (control and 60 mg etomidate). With
additional points on the curve (figs. 2 and 3) it can be
observed that CBF decreased independently of CMRo,.

This observation that a decreasing cerebral metabolic
rate is not invariably accompanied by a simultaneous de-
cline in CBF may be unique. The effect of the barbiturates
on CBF is coupled to their effect on neuronal electrical

TABLE 3. Systemic Metabolic and Hemodynamic Values
before and after Etomidate Infusion

At 45 min
Variable Before Infusion (minimum CBF) End of Infusion

Voq (ml-min~!-

m™?) 149 + 13 150 = 16 150 = 16
CI (- min™* -m™?) 3.39 +0.04 | 2.41 £0.36%| 2.70 £ 0.17
MAP (mmHg) 126 + 11 107 £ 10 89 + 12*
PAP (mmHg) 17+2 17+1 17 +2
PCWP (mmHg) 91 91 91
SVRI (mmHg 1"

min - m?) 39+3 47 + 4 33+3

§§ Kugler ], Doenicke A, Laub M: The EEG after etomidate. Anes-
thesiology and Resuscitation 106:31-48, 1977.

Mean + SE for six dogs.
* Value significantly different from before infusion (P < 0.05).
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TABLE 4. Systemic Blood Values before and at the End of
Etomidate Infusion

Variable Before Infusion £nd of Infusion

Pao, (mmHg) 172 £ 1 167 + 6
Paco, (mmHg) 39 + 1 39 £ 1

pH 7.40 £+ 0.01 7.31 £ 0.01*
BB+ (mEq/1) 46 £ 1 40 = 1*
Hb (g/dl) 161 12+1
Glucose (mg/dl) 112+ 3 94+ 6
Lactate (umol/ml) 4.0 +0.8 4.6 + 0.7
Lactate/pyruvate 20+ 3 47 £ 9*
Brain temp (°C) 37.0x0 37.0 + 0.1

Mean = SE for six dogs.
* Value significantly different from before infusion (P < 0.05).

activity and CMRo,.* While volatile anesthetic agents
clearly alter the coupled relationship between CBF and
metabolism, a relationship remains.'®!? Likewise, during
ketamine anesthesia there is a dramatic increase in CBF
with less increase in CMRg,, but CMRg, does not de-
crease.’ It remains to be seen whether an increase in
CMRo, produced during etomidate anesthesia would be
accompanied by an increase in CBF.

The parallel change in ICP and CBF observed in the
present study also has been demonstrated in patients with
normal?! and increased intracranial pressure.?? This fur-
ther supports the assumption that etomidate decreases
ICP primarily through its effect on CBF.

The changes noted in the EEG are similar to those
observed for both thiopental and isoflurane.” While we
observed a progressive decrease in electrical activity be-
cause of the constant infusion of increasing doses of etom-
idate, this same pattern, including an isoelectric EEG, has
been reported to occur transiently following a single in-
duction dose (0.3 mg - kg™") of etomidate in humans.T1

Etomidate in clinical doses is reported to have minimal
effects on cardiac function, heart rate, myocardial con-
tractility, blood pressure, and myocardial oxygen con-
sumption. We too observed little change in systemic he-
modynamic variables, despite the massive doses of etom-
idate that the dogs received (table 3). This is in agreement
with another canine study in which two doses of etomidate
1.25 mg-kg™! and 2.5 mg-kg™' each decreased systolic
and diastolic pressure slightly but significantly without
change in dp/dtm.x Or mean coronary artery flow.?® It
should be noted that the systemic variables that were de-
pressed remained within acceptable physiologic limits at
all times. This finding also has been reported in studies
in humans with normal cardiovascular function®*#* and
in patients with ischemic or valvular cardiac disease?® and
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9 Kugler ], Doenicke A, Laub M: The EEG after etomidate. Anes-
thesiology and Resuscitation 106:31-48, 1977.
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is an obvious advantage of etomidate over other intra-
venous hypnotic agents.

In conclusion, etomidate, given by continuous infusion
in the dog, provides the advantages of systemic hemo-
dynamic stability, decreased cerebral metabolism, and
decreased cerebral blood flow, resulting in decreased ICP.
If these same changes are found to occur in humans,
etomidate may prove to be a useful anesthetic for neu-
rosurgery.
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