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The Cardiovascular Effects of Nitrous Oxide During
Halothane Anesthesia in the Dog

N. Ty Smith, M.D.,* and Aldo N. Corbascio, M.D.T

Nitrous oxide-oxygen, halothanc-oxygen, and
nitrous oxide-oxygen-halothane were administered
in random order to cach of 12 dogs. Thirtcen
cardiovascular parameters—cardiac output, stroke
volume, heart rate, mean arterial pressure, sys-
tolic arterial pressure, total peripheral resistance,
mean transit time, left ventricular pressure, right
ventricular pressure, the time derivatives of the
presssures, and the left ventricular ejection time—
were plotted against concentrations of nitrous
oxide and halothane. Except for a greater de-
crease in systemic pressure and resistance with
halothane-oxygen ancsthesia, there was no signifi-
cant difference between the performance of the
cardiovascular system with halothane-oxygen and
nitrous oxide-halothane-oxygen thesi Since

iderably greater lgesia was achieved when
nitrous oxide was added to a given concentration
of halothane, nitrous oxide used with halothane
spares the cardiovascular system, in a relative
way.

Saatax and Eger? have reported that the
use of 70-75 per cent nitrous oxide with halo-
thane reduces by 273 the minimum alveolar
concentration of halothane necessary to pre-
vent movement in response to surgical incision.
Young and Lodge,? Apivar,3 Johnstone *+¢ and
Bloch? observed that the addition of nitrous
oxide to halothane-oxygen can decrease blood
pressure to markedly low levels,? ¢ while dis-
continuation of nitrous oxide leads to an in-
crease in blood pressure.t¢  This work sug-
gests that the advantage of additional anal-
gesia offered by nitrous oxide may be offset
by the disadvantage of cardiov ilar depres-
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sion. This question was examined in dogs by
studying the cardiovascular effects of com-
bining nitrous oxide with halothane under
controlled conditions.

Methods

Twelve mongrel dogs, weighing from 20-
25 kg, were studied.  Anesthesia was induced -
with 13-20 mg./kg. thiopental intravenously. =
After insertion of an endotracheal tube, surgi-
-l preparation of the animal was done duringos
administration of nitrous oxidc-oxygcn-succinyl-%
dicholine.s Intermittent positive pressure ven-3
tilation was maintained throughout an
periment  with a  Harvard nonrcbrcuthingg
respirator.  “Deep breaths”™ were administered S
every 10 minutes by occluding the outlet of3
the ventilator. Rate and tidal volume wereQ
adjusted to maintain an arterial pH of 7.40-%
7.42, as measured with a Beckman glass pHY
electrode. '

Central aortic pressure was obtained via ng
Teflon catheter inserted through a carotid ar-s
tery. The contralateral artery was used forg
withdrawal of blood during determinations ofY
cardiac output and for blood sampling. Num*g
ber 9 Cournand catheters were advanced®
blindly via the right jugular vein into thaS
right ventricle, and the left femoral nrtcr}g
into the left ventricle. Pressure curves werdS
used to determine the presence of the cathg
cters in the ventricles. In addition, lead
of the electrocardiogram was recorded.

Pressures were measured  with  Stathan
P23Gb strain gauges. Mean aortic pressurg
was obtained by electrical damping.  Elec:
tronic differentiating circuits linear to 100 cp®
were used to obtain the first derivative (dP,
dt) of each pressure curve. To obtain lefg
ventricular ejection time, the recorder pnpe%
was run at 100 mm./sec. Ejection time wa§
measured on an amplified central aortic pres™
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Tante 1. Experimental Plan for the Administration of Anesthetic Agents
Group 1 Group 2 Group 3
(Nitrous oxide-oxygen) (Halothune-Usygen) (Nitrous oside-oxygen-halothane)
'} Time | Time Tim
Mixture | Mminis- Misture Adminis Misture Adminis-
‘ (tuinutes) (minutes) (minutes)
1009 Q2 15 Y, O: 15 10090 O: 15
Room uir 13 Halothane-O: (8.5%) 20 Room air 13
.0 -0::20-80; 15 Halothane-0; (1. U',.,) N:0-80%¢, 0=-20%¢, Halothane-0.5%, 20

N-O 0)::80-200 15

N.0-60¢%, 0105, Halothane-1.0%5 20
N:0-1067, 060, Halothane-1.5%; 20
N:0-200¢, 080, Halothane-2.0% 20

sure curve as the interval between the sharp
upstroke and the incisura of the pulse wave.”
Ten pressure waves were measured for each
determination, and the mean computed to the
nearest msec. Pressures, pressure derivatives,
and the ECG were recorded on a multichannel
direct-writing Offner oscillograph.

Cardiac output was determined by the
Stewart-Hamilton method, using indocyanine
green dye as indicator. The dye was injected
directly into the right ventricle with a Com-
wall spring-loaded injection syringe, while
blood was continuously withdrawn from a
carotid artery by means of a Harvard infusion-
withdrawal pump, and passed through a Beck-
man Cardio-Densitometer.® The output of
the densitometer was integrated by a disk in-
tegrator and cardiac output calculated by
extrapolation of the down curve and correc-
tion for the dead space of the catheter. Blood
withdrmwn was reinfused after each determina-
tion. Calibration of the densitometer was
performed after each study with seral dilu-
tions of dye in previously drawn aliquots of
the dog’s own blood. Dextran in normal
saline was used to replace this blood.

Heart rate was caleulated over a 30-second
period. Stroke volume was obtained by di-
viding the cardiac output by the heart rate.
Mean transit time was calculated Dby the
method described by Etsten.* Total periph-
eral resistance was calculated by the formula:

1,332 X AP
CO ml. /see.
Cour-

TPR (dyne-sce. em. %) =

* Beckman Spinco, Palo Alte, California.
tesy Mr. Conrad Rader.

Left ventricular work was ealeulated according
to the formula: LVW (kg.-m./minute) =0.0135

X CO (liters/minute) XA,

Three studies were performed on the same
animal on the same day. The sequence of
the three studies was randomly varied, as were
the concentrations of anesthetic agents. Table
1 shows the experimental plan for each study.

Relative flows of nitrous oxide and oxygen
from a Forreger anesthetic machine were used
to determine their respective inspired concen-
trations. The flowmeters were calibrated with
a bubble meter system. Halothane was va-
porized with a Forreger Copper Kettle (R),
and the inspired concentration monitored with &
an Analytic Systems ultraviolet halothane ana-
lyzer. Concentrations of halothane in arterial S
blood were measured on a Perkin-Elmer gas § S
chromatograph (M801) equipped with Perkin-
Elmer DC530 columns (6 feet X 13 mches),(g
the solvent packed on 80-100 mesh GC22. &
Samples were injected directly into a glnss%
injection port?! and analysis carried out byo
an electron capture detector.'? 8

Cardiac output was determined fo"owmgo
the periods of room air and oxygen, as well S
as at the end of each concentration of anes-S
thetic agent. All other cardiovascular param-~<
cters were simultancously recorded. At the©
same time, if halothane was being adminis-&
tered, an arterial sample was withdrawn forS
analysis of halothane. 3

Cardiovascular parameters were con\erted.},>
to per cent of change, using those values ob-=
tained before the administration of anestheticQ
agents as controls. The inspired concentration®™
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Fic. 1. Best-fit curves plotting percentage

change in total peripheral resistance against per
cent inspired nitrous oxide (top scale) or arterial
concentration of halothane (bottom scale). In the
nitrous oxide-oxygen-halothane groups, only halo-
thane is ploltc(i‘ against the total peripheral
resistance.

of nitrous oxide and both the inspired and ar-
terial concentrations of halothane were plotted
against each of the converted cardiovascular
parameters. To compare data from the vari-
ous parameters, the BIMDO6 2 and BMDO5 !
programs were used on an IBM 7090 digital
computer. Seven types of regression equations
were obtained for each parameter vs. each
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fifth degree, and transformation of the ancs-
thetic concentrations to logy and square root.
I (Fisher) values were used to determine the
significance of each equation. None of the
parameters changed significantly during ni-
trous oxide-oxygen anesthesia.  Therefore, it
was decided to compare only the equations of
halothane vs. each parameter in the halothane-
oxygen  with  the nitrous-oxygen-halothane
groups. The lowest pooled mean error square
was used to choose the pairs of equations for
each parameter.  In order to determine any
significant difference between the two anes-
thetic groups, the differences between vari-
ances (IH-test), slopes (S-test), and Y inter-
cepts (T-test) were analyzed.'> The 0.03 per
cent level was chosen in all statistical analyses.

Results

The results obtained by plotting the inspired
concentrations and the arterial concentrations
of halothane against each parameter are simi-
lar. Hence only the results of the latter are
presented in this paper.

There was no statistically significant change
in any parameter during nitrous oxide-oxygen
anesthesia, although total peripheral resistance
did show a moderate increase with increas-
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Fic. 2. Percentage change in heart rate vs. per Fic. 3. Percentage change in cardiac output Y

cent inspired nitrous oxide or mg. per cent arterial
halothane. See figure 1.

vs. per cent inspired nitrous oxide or mg. per cent
arterial halothane. See figure 1.
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ing concentrations of nitrous oxide. During
halothane anesthesia, there was significant
depression in every parameter, except total
peripheral resistance  in the nitrous oxide-
osygen-halothane group (fig. 1) and heart
ate in both groups (fig. 2). Mean aortic
pressure, systolic aortic pressure, and total
peripheral resistance decreased more rapidly
with increasing halothane concentrations in
the halothanc-oxygen group than in the ni-
wrous oxide-oxygen-halothane group, the dif-
ference being statistically significant. When
the data were analyzed using room air or
oxygen as a base for the percentage change
the results did not change qualitatively.

The following sections summarize the results
obtained during halothane anesthesia adminis-
tered with nitrous oxide and without nitrous
oxide. 1

Cardiac Output and Stroke Volume. Both
of these parameters decreased markedly (P <
0.001). There was no significant difference
between the two anesthetic groups (fig. 3)
(P> 0.05).

Left Ventricular Minute Work. Left ven-
tricular minute work showed extreme depres-
sion with halothane anesthesia (P <0.001),
slightly greater in the halothane-oxygen group,
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Fie. 4. Percentage change in mean aortic pres-
sure vs. per cent inspired nitrons oxide or mg. per

cent arterial halothane. See figure 1.
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Fic. 5. Percentage change in left ventricular &
pressure vs. per cent inspired nitrous oxide or mg. >
per cent arterial halothane.  See figure 1. =1

but with no significant difference between the
two groups (P > 0.03).

Mcan Aortic Pressure, Systolic Aortic Pres-
stre and Total Peripheral Resistance.  Mean &
aortic pressure and systolic aortic pressurcg
declined significantly in both groups (P <%
0.01). The decline was somewhat greater in§
the halothane-oxygen group (fig. 4). Total ©
peripheral resistance declined significantly in§
the halothane-oxygen group (P <0.01), but3
not in the dogs receiving nitrous oxide-oxygen-iS
halothane (fig. 1) (P> 003). The differ-5
ence was significant for all three parameters
(P < 0.03).

Left and Right Ventricular Pressures. BothS
paramters declined in both anesthetic groups,3
the left ventricular pressure slightly more in3
the nitrous oxide-oxygen-halothane group (fg.g
5) (P <0.01) and the right ventricular pres-=
sure in the halothane-oxygen group (P <€
0.05). The differences were not significantc
(P> 0.03). &

Left Ventricular Ejection Time. EjectionS
time was increased in both groups (P < 0.05)3
with no significant difference between the two>
groups (P> 0.05). At a given heart rate, &=
decreased ejection time reflects increased myos
cardial “contractility,” and vice versa. R
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Fic. 6. Percentage change in the first deriva-
tive of the right ventricular pressure vs. inspired
nitrous oxide or mg. per cent arterial halothane.
See figure 1.

The First Dericatives of the Pressures. The
pressure derivatives measure the peak slope
or rate of rise of the corresponding pressure
curve. Although, as with any other similar
measurements, the pressure derivatives are af-
fected by a number of factors, they do reflect
one segment of myocardial “contractility.” 16-1%
Each derivative decreased considerably in both
groups (P < 0.001). The derivatives of the
left ventricular and central aortic pressures
decreased slightly more in the nitrous oxide-
oxvgen-halothane group, and the derivative of
the right ventricular pressure in the halothane-
oxvgen group (fig. 6). The differences were
not significant (P > 0.05).

Discussion

The changes in cardiovascular parameters
noted in this study agree qualitatively with
most previous studies in the intact animal:
halothane is a cardiovascular depressant drug,
while nitrous oxide has no important cardio-
vascular effects. The use of a neuromuscular
blocking agent and intermittent positive pres-
sure ventilation did not alter this picture.
Their use was necessary in order to be able
to (1) obtain good “conscious” controls, (2)
obtain cardiovascular data in animals at light

N. T. SMITH AND A. N.
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levels of nitrous oxide anesthesiz, and (3)5
avoid the effects of decreased pH on the cir3
culation. Residual thiopental may have prog
duced a cardiovascular effect of its own, buf
after several hours of preparation, the eﬂ'ccf::
should have been slight,

The addition of nitrous oxide to lmlothane‘:.r
in our studies did not signiflcantly affect lha
cardiovascular system, except as manifested i
the mean aortic pressure, systolic aortic prest>
sure, and total peripheral resistance. This
indicates that the major difference betweerd
the two techniques—halothane with nitrous
oxide and halothane without nitrous oxide—
lies in the peripheral vascular system. This
assumption has two implications. First, any
apparent improvement in cardiovascular func
tion with the addition of nitrous oxide, whicli
would be noted clinically only with the rou
tinely measured blood pressure, comes at the
expense of decreased peripheral resistance. I
one believes that the peripheral nsodl]:mng
effects of halothane are important, cspeuall\-.,
as a protection against shock, the rcmma‘?L
of this mechanism might not be desirables
particularly in the presence of continuedy
myocardial depression. Second, this ﬁndin@
helps to explain the discrepancies previoush
noted on the circulatory effects of halothanell
There has been disagreement on the peripheral®
vascular effects of halothane, although mosts
investigators now agree that the agent cause
a decrease in cardiac output and myocardia
contractility.?*t  Every investigator who used?
nitrous oxide with halothane recorded ngg
change ** 23 or a rise!® in total peripheral re
sistance. Black and McArdle** noted a dc‘go
crease in forearm resistance with a nitrou
oxide-oxygen-halothane combination, but di
not measure systemic resistance. Those wheg
used only oxygen as a diluent described
decrease in total peripheral resistance.s % 2

No matter what the views on the desirabilitys
of vasodilation in shock, the difference bed
tween the circulatory effects of halothane witlg
and without nitrous oside are minor. Thig
suggests that the combination of nitrous 0\|dc$°
oxygen-halothane may be useful. Saidmarg
and Eger? found that the addition of 70-75,
per cent nitrous oxide to halothane anesthesiaQ
reduced to !4 the amount of halothane neces-
sary for light anesthesia. The curves observed
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in the present studies indicate the possible
benefit to be derived from the administration
of nitrous oxide with halothane. To attain a
given level of surgical anesthesia, a lesser
concentration of halothane is necessary with
nitrous oxide, hence there is less cardiovascular
depression.  This assumes, of course, adequate
oxygenation of the blood.

There remains to be explained the phenome-
non noted by the British workers*%: a de-
crease in blood pressure with the addition of
nitrons oxide to halothane-oxvgen anesthesia.
Although species differences between our stud-
jes and their reports can explain all the dif-
ferences, other factors may be important. It
is possible that there is enough vasoconstric-
tion with nitrous oxide to give a false low
indirect blood pressure reading.  Bloch? de-
seribed a shivering and increased muscle ten-
sion in many of his patients.  Johnstone }
noted a considerable diminution of the digital
pulse wave in his subjects. Accidental hypo-
thermia does occur during halothane anesthe-
sia, particularly in cold operating rooms.*s
We have observed that, during hypothermia
of 28-30° C., withdrawal of halothane and
substitution of nitrous oxide produced a dis-
appearance of Korotkov sounds by ear and
a marked decrease by microphone, a profound
decrease of the digital plethysmograph pulse,
but an increase in blood pressure as recorded
with an intra-arterial needle. Withdrawal of
nitrous oxide and addition of halothane re-
versed the picture.  Without the direct pres-
sure measurement, this would have been in-
terpreted as cardiovascular collapse. Tt must
be admitted that tissue perfusion was proba-
bly quite poor under these circumstances.

Johnstone *+ % = ascribes the phenomenon to
the effects of acute hypoxia under conditions
in which the adrenal-syinpathetic system s
umable to respond to the stimulus of acute
hypoxia—that is, during halothane anesthesia.
The rapid onset and reversal of the hypoten-
sion are in favor of this interpretation.  Also,
the original case reports >3 described closed
anesthetic systems, in which hypoxia with ni-
trous oxide easily occurs.  However, a later
report of Johnstone ¢ involved a partial re-
breathing system, with total gs flows of §

{ Personal communication.
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liters/minute used when nitrous oxide wag
added. When a concentration of nitrou§
oxide:oxygen of 4 liters:1 liter is administered
to normal human subjects after breathing roon
air, arterial Po. actually increases the firs!
few minutes.”  Eger t noted no low arterial
Po. when nitrous oxide was added to halos
!lunc—o\\ gen anesthesia in dogs or man. -\dcv
quate ventilation, of course, must be presents
Most observers, including Johnstone, attest t®,
adequate ventilation.  Therefore, hypoxia maye,

oy pIPES?

ur

not expliin every episode of hypotension. §
S

Summary £

Q

The cardiovascular effects of N.O-Q., }m]o-g

thane-Os, and N,0-O.-halothane 'mcs:hcsnm
were studied in dogs N.0-0O, catsed no s:g<|>
nificant cardiovascular dungcs. Mean ands
systolic arterial pressure decreased more rap2.
idly during halothane-O. anesthesia than dur-o
ing N.O-Oy-halothane. Total peripheral rc=<
sistance decreased significantly  during haloS,
thane-O, anesthesia, but not during N,0-O.-5
halothane. The difference between the twag
types of anesthesia in these three parametersS
was statistically significant. Cardiac output,3

stroke volume, left ventriculur minute \mrk01
left and right veatricular pressures, and tth
first derivatives of the pressures all decreasedy)
with both anesthetic combinations.  Mean®
transit time increased, and heart rate did notg
change. 8

Except for the greater decrease in sy <tcm1c§
pressure and resistance with halothane- 2 an-1
esthesia, there is no essential difference be-©
tween the performance of the c.mlim:ucuhro
system with halothane-O. and N, 00.-]mlo~o
thane anesthesia, This would indicate that. O
since considerably greater analgesia is achieved 8 S
when NLO is added to a given mnccnlrltmn?n
of lnlnt]mne. N.O used with halothane ancﬁ:
the cardiovascular system, in a relative way.
The only exception could be the protection
allegedly given by halothune during shock. §
This protection would be lost with the (]lh-"‘n’
appearance of peripheral vasodilation.

The results of the present studies explain
the differences noted in previous studies on
the peripheral vascular effects of halothane.
All studies showed a systemic vasodilation with
halothane-O.. and no effect or a slight vaso-
constriction with N,0-O, halothane.
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The studies conflict with the reports of
British workers, who noted a decrease in blood
pressure upon addition of N.O to halothane-
O. anesthesia in surgical patients.

The authors wish to acknowledge the valuable
assistance of Miss Nancy Hood and Mrs. Kathleen
Palmiter. They also wish to thank Drs. E. 1. Eger,
1I, and Michael Jol for their
and advice.
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