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Sodium Bicarbonate and Systemic Hemodynamics
in Volunteers Anesthetized with Halothane

Joel A. Kaplan, M.D.,” George L. Bush, M.D.,” John H. Lecky, M.D.,”

Alan J. Ominsky, M.D..,T

The cardiovascular effects of acute metabolic
alkalosis (NaHCO;) in normal male volunteers
hetized with haloth were d. Pure
Ikalosis was studied by maintaining the
end-tidal carbon dioxide tension at 40 torr. In each
subject, cardiac index increased and total pe-
it d d after each dose of
NaHCO,. The increased cardiac index was as-
sociated with increased central blood volume, left
ventricular minute work index, stroke index, and
heart rate. Systolic time intervals showed in-
creased myocardial performance. NaHCO; ad-
ministered to volunteers whose hearts were de-
pressed by halothane appeared to cause peripheral

holi

- bara]

vasodilation, and my dial
imulation. The auth {ude that NaHCO;
P d during haloth hesia de-

creases total peripheral resistance and may lead to
severe hypotension. (Key words: Acid-base
1kalosi: holic: A heties, vol-

equilibrium,
atile, halothane.)

METABOLIC ALKALOSIS in anesthetized ani-
mals has been shown to increase cardiac
output and to decrease total peripheral
resistance.)”* In two of these studies, ad-
ministration of sodium bicarbonate (NaHCOs)
led to increases in myocardial contractile
force.!*

Few data describing the effects of acute
metabolic alkalosis in anesthetized man are
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available. Kennel§ showed that NaHCO;, in-
creased cardiac output in man during light
general anesthesia with nitrous oxide, oxy-
gen, and d-tubocurarine. The purpose of the
present study was to quantitate the effects of
NaHCO; administration to anesthetized vol-
unteers with depressed cardiovascular sys-
tems. Halothane was selected as the anes-
thetic agent since it is known to decrease blood
pressure, total peripheral resistance, cardiac
output, and myocardial contractile force in
man.b"1!

Several doses of NaHCO; were studied, at
two depths of halothane anesthesia, along
with the time course of the alkalosis. We
found that acute metabolic alkalosis in volun-
teers at both light and deep levels of
halothane anesthesia was associated with
increased cardiac output and decreased total
peripheral resistance. Measurements of sys-
tolic time intervals showed apparent myocar-
dial stimulation. The mechanisms of these
cardiovascular effects are not fully known at
this time.

Methods

Seven healthy male volunteers, ranging in
age from 21 to 29 years, were selected for
study during anesthesia without surgery. In-
formed consent was insured by fully explain-
ing the purposes and procedures of the study
in a preliminary interview. Signed consent
was obtained at a second interview, when a
complete history was taken and a physical
examination performed. None of the volun-
teers had previously been anesthetized with
a halogenated hydrocarbon. Each volunteer
arrived in the study room on the moming of
the experiment after a minimum of eight
hours of fasting. No preanesthetic medication

§ Unpublished data, Presented at the annual
meeting of the American Society of Anesthesiology,
Boston, 1972.
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was given. Anesthesia was induced with
halothane in oxygen via a Driiger vaporizer,
and the trachea was intubated without use of
a muscle relaxant. Ventilation was controlled
with a volume-limited Bird respirator in a
nonrebreathing circuit with a Frumin valve.
All subjects were hyperventilated with a
minute ventilation of 150 mlkg, and carbon
dioxide was added to maintain the end-tidal
carbon dioxide tension (PETco.) at 40 torr
throughout the study.

An 18-gauge catheter was inserted per-
cutaneously into the left radial artery, and a
16-gauge catheter was inserted percutane-
ously into the superior vena cava via the right
internal jugular vein.®* A peripheral venous
catheter was inserted into the right forearm.
Four electrocardiograph electrodes and pre-
cordial and carotid microphones were at-
tached. The following variables were meas-
ured: 1) Systolic, diastolic, mean arterial,
and central venous pressures by model
P23Db Statham strain gauges. 2) Heart rate
and ECG. 3) Cardiac output by the dye-
dilution method using indocyanine green
dve. 4) Svstolic time intervals, consisting of
pre-ejection period (PEP), left ventricular
ejection time (LVET), and the total elec-
tromechanical systole (QS.); our technique
was similar to that deseribed by Weissler,”
except that we used Electronics for Medicine
phono-pulse transducers (PS-2) for the
phonocardiogram and carotid pulse. 3) Pag,,
Paco., and pH using the Radiometer elec-
trode system maintained at 37 C, and base
excess and bicarbonate concentration, calcu-
lated with the Severinghaus slide rule.’® 6)
Serum ionized calcium, total calcium. mag-
nesium, sodium, potassium, and hematocrit,
immediately before and 30 minutes after
each dose of NaHCO;,; ionized calcium was
analyzed with an Orion Research, Inc.. flow-
through electrode system (Model 88-20) and
a Model 801 digital pH/mv meter. 7) Con-
tinuous sampling of end-tidal, mixed-expired
and inspired carbon dioxide tensions by a
Godard capnograph, 8) Expired minute venti-
lation by a calibrated dry-gas meter. 9) In-
spired and mixed-expired halothane concen-
trations by intermittent gas chromatography.
10) Mean airway pressure by a model P23BB
Statham strain gauge. 11) Body temperature.

CARDIOVASCULAR EFFECTS OF NaHCO,

551

monitored by a calibrated Yellow Springs
rectal thermistor probe, maintained between
36-37 C by means of infrared heat lamps.
Blood loss due to sampling did not exceed
500 ml and was replaced with 500 ml Plas-
manate in 300 ml physiologic saline solution
as samples were drawn.

The following variables were calculated
using standard formulas’™%: cardiac index
(CH), stroke index (SD), left ventricular minute
work index (LVMWI), total peripheral resis-
tance (TPR), central blood volume (CBV),
and the ratios PEP/LVET, and I/PEP.

The overall experimental design is sum-
marized in the first column of table 1. The
subjects were divided into two groups, one
lightly anesthetized and one deeply anes-
thetized. The lightly anesthetized group of
five subjects had a mean inspired halothane
concentration of 0.74 per cent and a mean
mixed-expired halothane concentration of
0.61 per cent. The deeply anesthetized group
(which we limited to two subjects because of
unexpectedly profound hypotension) had a
mean inspired halothane concentration of 1.0
per cent and a mean mixed-expired halo-
thane concentration of 0.87 per cent.

Control ebservations were recorded at the
end of 1% hours of a stable depth of
halothane anesthesia with the subjects in
normal acid-base balance. The volunteers
then received three graded doses of 7.5 per
cent NaHCO; via the centmal venous line at
hourly intervals. The deeply anesthetized
subjects were the first studied and received
the larger doses of NaHCO;. Smaller dases of
NaHCO; were given to the lightly anes-
thetized group because of the hypotension
seen in the first two volunteers with larger
doses of NaHCO,;. The deeply anesthetized
group received 44.6 mEq. 133.8 mEq. and
312.2 mEq; while the lightly anesthetized
group received 446 mEq. 89.2 mEq. and
178.4 mEq of NaHCO;. Each ampule of 7.5
per cent NaHCO; (44.6 mE@50 ml) was
injected over 2 minutes while the inspired
carbon dioxide concentration was reduced to
maintain end-tidal carbon dioxide concen-
tration at 40 torr. Cardiovascular measure-
ments were made before and 5. 13. 30. 43,
and 60 minutes after each dose of NaHCO,.
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FiG. 1. Time course of the effects of metabolic alkalosis on cardiovascular modalities in the lightly

anesthetized group (n = 5; inspired halothane =

0.74 per cent). The vertical axes show the various

cardiovascular values. The horizontal axis on each graph shows the three-hour period of study, divided

into three one-hour segments. At the start of each one-hour segment,
progressively larger dose of NaHCO; was given. Mean values = SEM 5,

each dose are shown.

Results

The time course of the effects of metabolic
alkalosis on cardiovascular values in the
lightly anesthetized group is shown in figure
1. Except for starting at more depressed
values, the two deeply anesthetized subjects
had similar courses. The maximum changes

after control measurements, a
15, 30, 45, and 60 minutes after

in acid-base values occurred 3 minutes after
each dose of NaHCO;, and values gradually
returned toward control over one hour. In
every subject, cardiac index increased and
total peripheral resistance decreased after
each dose of NaHCO,. The increased cardiac
index was associated with increased left
ventricular minute work index, stroke index,
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TasBLE 1. Dose-related Cardiovascular
Mean Anterial Total Peripheral Central Venous Central Blood
Buase Excess Blood Pressure Hesistance Pressure Volume
(mEq'D mm He (dynessec em?) (em H;0 (liters)
Per Per Per Per
Cent Cent Cent Cent
Experimental Design | Mean | SE |Mean | SE {Change | Mean | SE | Change | Mean SE [Change | Mean| SE |Change
Light halothane anestbesia
(n = 5) (mean inspired
halothane = 0.7 per cent;
SE = 0.05; medn mixed-
expired halothane = 0.61
per cent; SE = 0.05)
Control ~106 1002|7650 592 |09l 243 | 008
116 mEq ~153° 15 | ues [9652 900 |o77| +11 |240 |oo3| -12
59.2 mEq -1.30° <11 | 31 }3973 5.13 jos9| -89 [2s6 [o11| -53
1754 mEq +8.00° -33 | 625° [47.60 941 |o61| +56 [2s6°]0as| +177
Deep halothane anesthesia
{n = 2) imean inspired
halothane = 10 per cent;
mean mixed-expired
halothane = 0.57 per
cent)
Control -250 19.00 858 9.00 182
4.6 mEq +250 5051 -30 | 774 -7 | se2 L1} 184 +66
1335 mEq -690 6353 -302 [ 3 —96 | 921 22} 213 ~170
3122 mEq 1-17.70 1051 -167 | 4 -113 | 1073 +188 | 202 +11.0

« Significant difference from control, P < 0.05, for light-anesthesia group only, by t test for paired data.

heart rate, and LPEP? and a decreased
PEP/LVET ratio.

Dose related cardiovascular effects 5 min-
utes after each dose of NaHCO; are shown
in figure 2 and table 1. Lightly anesthetized
and deeply anesthetized groups had similar
dose-response relationships. As the cumula-
tive dose of NaHCO, increased, cardiac
index, heart rate, left ventricular minute work
index, stroke index, VPEP®, and central
blood volume increased; total peripheral re-
sistance and PEP/LVET ratio decreased; and
mean arterial blood pressure and central
venous pressure remained stable.

In the lightly anesthetized group, the
cumulative dose of NaHCO; reached 312.2
mEq. At this depth of anesthesia and degree
of alkalosis (pH 7.51, BE +8 mEq); the
volunteers remained in normal sinus rhythm,
and blood pressures differed only slightly
from control values. When the cumulative
dose reached 490.6 mEq NaHCO; in the
deeply anesthetized group (pH 7.66, BE

+17.7), severe hypotension occurred. This
was associated with a significant decrease in
total peripheral resistance, slowing of the
heart rate, and a nodal or junctional rhythm.
These were the only arrthythmias seen during
the study. The stroke index increased during
hypotension and maintained a relatively con-
stant cardiac index.

The blood-gas and ventilatory conditions
are recorded in table 2. In all cases Pag, was
maintained above 430 torr, with a mean of
558 torr = SE 9.5 torr. Minute ventilation and
mean airway pressure were held constant
during each experiment, so as not to affect
cardiovascular values.)™® There were sig-
nificant changes in the metabolic values (BE,
HCO;™), but not in the respiratory values
(Paco,, PETco.)-

Halothane concentration was held constant
throughout all seven experiments (Table 3).
Hematocrits decreased about 1 per cent.
There were progressive decreases in ionized
calcium, total calcium, magnesium, and
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Pre-ejection Period! up

Left Ventricular i
Heart Rate Cardiac Index Minute Work Index Stroke lndex Left Ventricular Period?
(Beatsimin) {bminsg m) (32 i m) Lt m} Ejection Time (Lsec?)
Per Per Per Per Per Per
Cent Cent Cent Cent Cent Cent

Mean | SE | Change | Mean| SE | Change | Mean | SE | Change

Mean |SE | Change | Mean| SE [ Change| Mean SE | Change

69.42 | 4.11 232 | 003 0.06 2.30 038 | 0.02 3.91

7150 |2 +3.4 [268 : -153 023f +185 3.06 +3.3 003 S84} +154
TS84 (394 -129 | 3400 +46.5 | 3.38° | 0.33] +459 3.62] +235 0.02 6.00} +61.0
5100 |5.00) <167 |3.94°] 0.43] +69.8 | 3.96% | 039] +744 501 +38.7 0.02 8.50] +713
64.51 212 140 33.05 030 49.35

66.00 B 4 +15.1 | 167 +192 | 3695 +1L8 029 -39 | s6.40 +142
T6.00 326 +~53.8 | 27 +97.1 | 4280 ~295 .26 -14.9 | 5420 +50.3
61.53 ~-46 | 3.00 +415 | 167 +19.3 | 48.50 +~47.6 0.20 -31.8 {9213 +56.6

potassium with increasing alkalosis. How-
ever, there was a significant increase in
serum sodium concentration.

Discussion

This study confirms and extends the previ-
ously known information about the car-
diovascular effects of metabolic alkalosis.
Stoyka's studies in dogs anesthetized with
minimum alveolar anesthetic concentrations
(I MAC) of either methoxyflurane or fluroxene
showed that cardiac output increased with
NaHCO; infusion up to a pH of 7.8
Anderson and Clancy demonstrated in-
creased myocardial contractility in anes-
thetized dogs after NaHCO, administration.**
Kennell's study in man anesthetized with
nitrous oxide, oxygen, and d-tubocurarine
showed that cardiac index increased 90 per
cent after approximately 350 mEq of
NaHCO,, when the pH rose to 7.70. Our
study shows that in man either lightly or

deeply anesthetized with halothane, there
are similar increases in cardiac index and
myocardial stimulation. This indicates that
NaHCO; affects the depressed heart as well
as the relatively non-depressed heart ex-
posed only to nitrous oxide. Our control
values for cardiac index, mean arterial blood
pressure, and total peripheral resistance after
1% hours of halothane anesthesia but before
NaHCO; administration were well below
normal awake control values.” This justifies
our assumption that these volunteers rep-
resented a population with depressed car-
diovascular systems.

It has been demonstrated by Ostea that
NaHCO; added to a “closed system” may
actually decrease pH.? This occurs through
elevation of Paco, and PETce,. as shown by
the following reactions:

a* + HCO; + H buf—
Na* + buf~ + H.CO; (1)

H,CO; — H.0 + CO.t (2)

20z Iudy 0 uo 3senb Aq ypd°80000-000505 .6 L-Z¥S0000/S96 | 29/0S5S/S/Z ¥/HPpd-01o1n1e/AB0|0ISBUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiologn:
V42, No 3. May 1975

AL.

KAPLAN ET

Downloaded from http://asa2.silverchair.com/anesthesiology/article-pdf/42/5/550/621965/0000542-197505000-00008.pdf by guest on 04 April 2024

e paged 1of )8

M 1A ae duoaid wisatg)

MR- L0) ‘GO0 > o JONU0D WL UL JUPURIG

16°0 9l Ll HG'C 98’8 [l 0565 Inqw g'gig
98°0 S0°1 q9°1 [L'e 9e'6 19erl b geet
1650 PO’ 1Ll GR'E £9°6 GO'6El gy
€Ll o6t L9'6 09'8€1 S0'eE |eauar
vysa)
aumpoppy daagg
YOO 090 [ €000 | GL0 | SO0 | WLET | PUO | WS1°C | SO0 | 616 | 1E0 | #49E | S6°0 | LO0TEL | rL0 | 48R g gLy
L0 | RS0 | LOO | FLO [ SO0 | 48T ) ET°0 RYE | 8OO | «LE'G | 8EO 96F | ©90 [ L0601 | 61T by 3o
SO0 | 890 | S0 L0 | LG L0l | YT 8L'C | 8E0 6 | RE'0 L0 | 19681 [ ©8'0 bt grgy
900 LU | sto oR'E | L0°0 ER'6 | 930 i [REl | oel e
N[psaun
aumpopRg Ry
urapy upa

‘g

Kl

SOV SO (O Sonfuy

Lropeaoqery g

poaprd aog gsm S o dooss wisagy

v,

Y| GO0} GO > TOATeD o)

ey 636 L9°08 {1 oLGE re'ly OLLl+ bypu gg1E
IR'G e 00°0% oL'GE gt YL 069+ I gregy
[R18Y) 8101 0805 16°0% T4°RE 11'L% 046+ b gy
(R4 86701 SO't% o (A4 1L'66 05’6~ [onue)
LEANTERITH
auujopuy daa(g
K40 | 108 | 190 [ 6L 19°7 | #o8'9l Feor | €11 YR+ 0o « 1974
S0 | srs | 6170 | L0GH | 9R'D GTOL L 00 Leor | oge S081+ 1000 sLi'L
9¢'0 | FE'R ) 470 | 097G | ST RS | 980 | SO | RE'l G 1000 | «1i°L
6L'0 | 98 | 940 | 081 [FA] SH'OG | OF0 | OL°0F | 660 | TE0r cc - o HE'L

ey




Anesthesiology
V42, No 5, May 1975

Since it was our desire to study pure
metabolic alkalosis, we initially hyperventi-
lated the subjects and added carbon dioxide
to produce normal PETco,. Hence, during
infusion of NaHCO;, we were able to de-
crease the inspired concentration of carbon
dioxide to maintain end-tidal carbon dioxide
concentration at 40 torr. In the past, many
authors have not controlled Paco,. Therefore,
they were studying an acid-base condition
consisting of metabolic alkalosis and res-
piratory acidosis. This possibly explains the
varving results reported after NaHCO,
administration.

The two most likely explanations for the
increase in cardiac output seen with NaHCO,
administration are peripheral vasodilation and
expansion of circulating blood volume.

NaHCO; acts as a peripheral vasodilator,
with hemodynamic effects similar to those of
sodium nitroprusside.®* The response of total
peripheral resistance (fig. 1) suggests persis-
tent and progressive vasodilation associated
with the increased cardiac output. This vas-
odilation reduces the afterload on the heart
and places the left ventricle on a higher
Frank-Starling curve. As a result of this
effect, the increases in stroke volume, cardiac
output, and I/PEP? would be expected.

The vasodilation also explains the pro-
found hypotension seen with large doses of
NaHCO, given to deeply anesthetized volun-
teers. In this situation, the marked vasodila-
tion could not be compensated for by an
increase in flow due to the limitations set by
halothane on myocardial contractility. Also,
the junctional rhythms seen at the high pH
(7.66) limited the cardiac output.

There also appeared to be a hemodynami-
cally significant increase of circulating blood
volume in these volunteers. This is reflected
in the central blood volume and central
venous pressure measurements. If blood vol-
ume had stayed the same, central venous
pressure should have decreased in association
with peripheral vasodilation and increased
cardiac output. However, central venous
pressure changed little in most of our volun-
teers. This probably means that hypertonic
NaHCO; caused a progressive increase in
intravascular volume.

Three less likely explanations for the in-
crease in cardiac output are: 1) Production of

CARDIOVASCULAR EFFECTS OF NaHCO, 357

intracellular alkalosis by NaHCO;, which has
been demonstrated to increase myocardial
contractility in dogs.} 2) Beta-adrenergic re-
ceptor stimulation by NaHCO,. This appears
unlikely since in two previous experiments
on intact dogs in our laboratory, blackade
with propranolol (0.2-04 mgkg) did not
affect the increase in cardiac output as-
sociated with NaHCO, administration. 3)
Time compensation to halothane® which
appeared to play only a minor role in this
study since each dose of NaHCO; caused
acute changes in cardiovascular values.

The use of noninvasive systolic time inter-
vals was popularized by Weissler in 1969.7
Those most commonly used are the PEP,
LVET, and QS.. These values reflect
myocardial performance, but are also mark-
edly affected by changes in preload, after-
load, and heart rate. All our measurements
were regressed to zero heart rate, to elimi-
nate the effect of changes in heart rate, by
using Weissler's formulas.® The ratio PEP/
LVET has been shown to comrelate well with
the ejection fraction and dp/dt.3* Reitan has
shown that the mtio I/PEP? correlates with
maximal aortic blood flow acceleration.®
Previously, Noble demonstrated that maxi-
mal aortic blood flow acceleration was a good
measure of myocardial contractility.” Our
study showed good correlation between
stroke index and I/PEP%

In the present study, cardiac output deter-
minations were made using indocyanine
green, a water-soluble tricarbocyanine dye
with a peak spectral absorption at 775 mil-
limicrons in Ringer's lactate solution and
800-810 millimicrons in bload.® The effects
of pH on the dye have not been studied
previously. Solutions of dye in Ringer’s lac-
tate solution and NaHCO, (pH 6.0-7.61)
were found to have a peak spectral absorp-
tion at 775 millimicrons. Calibration factors
were also measured for our densitometer at
various pH's and found to be identical.
Therefore, we felt that the alkalosis in this
study did not affect the properties of the dve.

In conclusion, NaHCO; appears to have
two main circulatory effects: 1) peripheral
vasodilation, and 2) volume expansion. Small
doses of NaHCO, given to lightly anes-
thetized subjects cause a decrease in after-
load and an increase in cardiac output and
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L/PEP:. Large doses of NaHCO; given to
deeply anesthetized subjects produce severe
hypotension associated with massive periph-
eral vasodilation and junctional rhythms. The
role of direct myocardial stimulation by
NaHCO; is not clear from this study. If
NaHCO; is needed during halothane anes-
thesia, moderate doses should be adminis-
tered slowly intravenously to avoid profound
hypotension.

The authors acknowledge the invaluable tech-
nical assistance of Mr. Raymond W. Andrews
and Mrs. Chervl Mcllvaine.

(=]

w0

10.

1L

References

. Clancy RL, Cingolani HE, Taylor RR, et al:

Influence of sodivm bicarbonate on myocar-
dial performance. Am J Physiol 212:917-
923, 1967

. Stoyka WW: Cardiac output changes with

altered acid-base status during methoxy-
flurane anesthesia. Can Anaesth Soc J 19:
119-128, 1972

. Wang H, Katz RL: Effects of changes in

coronary blood pH on acid-base changes

during  Fluoromar anesthesia, Fed Proc

29:525, 197

Stoyka WW, Murphy PV, Mormris LE: Cardiac
output variations with acid-base changes
during Fluoromar anesthesia, Fed Proc
29:525, 1970

. Anderson LG, Snyder DD, Campbell GS:

Effects of sodium bicarbonate on myocardial
contractile force and cardiac output. Surg
Forum 14:282-289, 1963

. Anderson MN, Mouritzen C: The effect of

acute respiratory and metabolic alkalosis on
cardiac output and peripheral resistance. ]
Thorac Cardiovasc Surg 49:450-1438, 1965

. Rader LE, Keith HB, Campbell GS: Influence

of metabolic and respiratory alkalosis on
cardiac output and pressor response to
epinephrine. Trans Am Soc Artif Intern Org
7:223-229, 1961

Price HL, Price ML: Has halothane a predom-
inant circulatory action? ANESTHESIOLOGY
27:764-769, 1966

. Deutsch S, Linde HW, Dripps RD, et al:

Circulatory and respiratory actions of
halothane in normal man. ANESTHESIOLOGY
23:631-638, 1962

Mommow DH, Morrow AG: The effects of
halothane on myocardial contractile force
and vasculature resistance—direct observa-
tions made in patients during cardiopulmo-
nary bypass. ANESTHESIOLOGY 22:337-542,
1961

Shimosato S, Li TH. Etsten B: Ventricular

KAPLAN ET AL.

16.

17.

18.

o

18.

Anesthesiology
V32, No 5, May 1975

function during halothane anesthesia in
closed-chest dogs. Circ Res 12:63-72, 1963

2. English [, Frew R, Pigott ], et al: Percutaneous

catheterization of the intemal jugular vein.
Anaesthesia 24:521-331, 1969

. Weissler AM, Harris WS, Schoenfeld CD:

Bedside technique for the evaluation of
ventricular function in man. Am J Cardiol
23:577-383, 1969

. Severinghaus JW: Blood gas calculator. J Appl

Physiol 1108-1115, 1966

. Mostert JW, Moore RH, Murphy GP: Nomo-

grams for estimation of periphenl resistance
and work of the heart. ANESTHESIOLOGY
30:569-573. 1969

Zierder KL: Circulation times and the theory
of indicator-dilution methods for determin-
ing blood flow and volume, Handbook of
Physiology, 2, Circulation I, pp 585-615

Prys-Roberts C, Kelman G, Greenbaum R:
Circulatory influences of artificial ventilation
during nitrous oxide anaesthesia in man. Br ]
Anaesth 39:533-547, 1967

Morgan BC, Crawford EW, Hombein TF, et
al: Hemodynamic effects of changes in arte-
rial carbon dioxide tension during intermit-
tent positive-pressure ventilation. ANES-
THESIOLOGY 28:866-872, 1967

Schlant RC: Normal physiology of the car-
diovascular system, The Heart. Second edi-
tion. Edited by JW Hurst, RB Logue. New
York, McGraw-Hill, 1970 p 90

. Ostea EM, Odell GB: The influence of bicar-

bonate administration on blood pH in a
“closed system™: Clinical implications. ]
Pediatr 80:671-683, 1972

2]1. Styles M, Coleman AJ, Leary WP: Some

hemodynamic effects of sodium nitroprus-
side. ANESTHESIOLOGY 38:173-176, 1973

22 Eger EI II, Smith NT, Stoelting RK, et al:

Cardiovascular effects of halothane in man.
ANESTHESIOLOGY 32:396-409, 1970

. Weissler AM, Harris WS, Schoenfeld CD:

Systolic time intervals in heart failure in
man. Circulation 37:149- 139, 1968

. Garrod CL, Weissler AM, Dodge HJ: Relation-

ship of alteration in systolic time intervals to
ejection fraction in patients with cardiac
disease. Circulation 42:455-465, 1970

. Martin CE, Shaver JA, Thompson ME, et al:

Direct correlation of extemnal systolic time
intervals with internal indices of left ven-
tricular function in man. Circulation
44:419-431, 1971

. Reitan JA. Smith NT, Borison VS, et al: The

cardiac pre-gjection period: A correlation of
peak ascending aortic blood flow accelera-
tion. ANESTHESIOLOGY 36:76-80, 1972

. Noble MI, Trenchard D, Guz A: Left ventricu-

lar ejection in conscious dogs. Cire Res
19:139-149, 1966

. Gathje ], Stener RR. Nicholes KR: Stability

studies on indocyanine green dye. ] Appl
Physiol 29:181-190, 1970

20z Iudy 0 uo 3senb Aq ypd°80000-000505 .6 L-Z¥S0000/S96 | 29/0S5S/S/Z ¥/HPpd-01o1n1e/AB0|0ISBUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



