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Cardiovascular Effects of 1653 in Swine

Richard B. Welskopf, M.D.,* Margot A. Holmes, A.B.,+ Edmond I. Eger ll, M.D., Brynte H. Johnson, M.S.,§
Ira J. Rampil, M.D.,* Joanna G. Brown, M.D.**

1653 (difluoromethyl 1-fluoro 2,2,2-trifluoroethyl ether) is a new
inhalation anesthetic with a low blood-gas partition coefficient and
no demonstrable toxicity. The authors examined its cardiovascular
effects at 0.8, 1.2, and 1.6 MAC in eight chronically instrumented
domestic swine mechanically ventilated to maintain normocarbia.
These data were compared with those obtained while the animals
were conscious and while anesthetized with isoflurane at approxi-
mately equal MAC multiples, 1653 caused dose-related decreases in
mean arterial blood pressure (95 *+ 2 mmHg, mean + SE, conscious;
65 + 3 mmHg, 0.8 MAG; 55 = 3 mmHg, 1.2 MAC; and 48 * 2
mmHg, 1.6 MAC). At 0.8 MAG, systemic vascular resistance de-
creased 35% from the conscious condition value. Despite the de-
creases in blood pressure and systemic vascular resistance, and
dose-dependent increases in right- and left-heart filling pressures,
stroke volume fell in a dose-related fashion (2.11 £ 0.10, 1.57 + 0.08,
1.37 + 0,06, and 1.10 + 0.06 ml/kg; conscious, 0.8, 1.2, and 1.6
MAC). At 0.8 MAG, cardiac output was unchanged (220 12
ml-min~! kg™!) from the conscious condition (210 * 8
ml-min~'- kg_'), as heart rate increased (142 * 7 beats/min, at 0.8
MAC vs. 100 + 3 beats/min, conscious) and systemic vascular resis-
tance decreased. At concentrations greater than 0.8 MAC, heart rate
decreased towards but did not reach the conscious value (127 + 4 at
1.2 MAC, 120 * 4 at 1.6 MAC). Systemic vascular resistance in-
creased slightly at 1.6 MAC compared to the values at 0.8 and 1.2
MAGC, but was always less than in the conscious condition. 1653
concentrations exceeding 0.8 MAC decreased cardiac output (174
% 10 ml-min~'-kg™' at 1.2 MAC and 133 £ 10 ml-min~"' kg™ at
1.6 MAC) despite the increased pre-load. 1653 also caused dose-de-
pendent decreases in oxygen consumption and left ventricular mi-
nute work. No detrimental effect of this depression was found: the
ratio of oxygen transport to oxygen consumption and mixed venous
oxyhemoglobin saturation were increased slightly or unchanged
from the conscious value; base-excess increased with anesthesia and
did not change with anesthetic concentration; and blood lactate
concentration did not change. Neither pulmonary vascular resis-
tance nor pulmonary arterial pressure changed at any concentra-
tion of 1653. The cardiovascular actions of 1653 were not distin-
guishable from those of isoflurane. The authors conclude that 1653
has safe cardiovascular effects in normal domestic swine, at clini-
cally useful anesthetic concentrations. (Key words: Anesthetics, vol-
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1653 (DIFLUOROMETHYL 1-FLUORO 2,2,2-TRIFLUO-
ROETHYL ETHER) is a new inhalation anesthetic with
several advantageous biophysical properties. Its blood/
gas partition coefficient of 0.42,' lower than that of
other halogenated anesthetics and of nitrous oxide,?
predictably results in a more rapid induction of and
emergence from anesthesia in laboratory animals than
achieved with other potent inhaled anesthetics.® 1653 is
stable in soda lime* and is not flammable. Studies per-
formed thus far have demonstrated little or no metabo-
lism of 1653° and no toxicity.® These desirable proper-
ties prompted us to pursue studies with 1653, to define
further its pharmacologic properties. This report de-
scribes the cardiovascular actions of 1653 at three anes-
thetic concentrations, in chronically instrumented do-
mestic swine, and compares these actions with those of
approximately equipotent concentrations of isoflurane,
as well as with data obtained when the animals were
conscious.

Materials and Methods

This study was approved by the University of Califor-
nia Committee on Animal Research.

CHRONIC INSTRUMENTATION

Eight domestic female swine (weight: 17.0 + 2.4 kg,
mean * SE; age approximately 12 weeks) were anesthe-
tized with halothane. Through a left flank incision, the
aorta was exposed by retroperitoneal dissection. A large
bore (3 mm internal diameter) cannula was inserted
into the infrarenal aorta and tunnelled subcutaneously
to the mid-dorsum where, for protection, the cannula
exited into a Keyloc® pouch. A 5-French pulmonary
arterial cannula was inserted percutaneously through
the suprasternal area into the innominate vein and ad-
vanced into the pulmonary artery, as judged by re-
corded intravascular pressures and the ability to obtain
a “wedge” pressure with the balloon inflated. The pul-
monary arterial cannula was then positioned with the
proximal port in the right atrium. The pulmonary arte-
rial cannula was also tunnelled subcutaneously to the
mid-dorsum where it exited into a Keyloc® pouch sepa-
rate from that protecting the aortic cannula. To pre-
vent clotting, all cannula lumena were filled (or refilled
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after aspiration) with heparin (10,000 units/ml) every
2-3 days. Animals were given cefazolin for 3 days fol-
lowing surgery.

DETERMINATION OF CARDIOVASCULAR EFFECTS

Prior to and after surgery, animals were accustomed
to the laboratory personnel and the laboratory environ-
ment, including a padded swine sling’ (Charles River
Laboratories). The sling supported the animal’s ventral
surface and allowed the legs to extend, unsupported,
toward the ground. Three to seven days after surgery,
with the animals in good health, each conscious pig was
placed in the sling. Cardiovascular measurements were
made after at least 10 min of stable arterial blood pres-
sure and heart rate. When these measurements were

performed, some animals appeared to be asleep (indi-
cated by closed eyes and respiratory pattern); all rested
calmly. Aortic, right atrial, and pulmonary arterial pha-
sic and mean blood pressures, and pulmonary arterial
“wedge” pressure were recorded on a polygraph
(Gould Brush® 2800) from Statham® 23Db pressure
transducers. Cardiac output was determined by ther-
modilution technique using an analog computer (Ed-
wards 9520A), and injection of 3 ml of 0° C 0.9% NaCl
into the right atrium during end-expiration. Cardiac
output determinations were performed in duplicate. If
the two measurements differed by more than 0.2 1/min,
the determination was repeated. The mean of the two
similar determinations was taken as the correct value.
Lead II of the electrocardiogram was recorded and pul-
monary arterial temperature was measured throughout
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TABLE 1. Hemodynamic and Metabolic Data*
1653 Isofluranc
Variable Conscious 0.8 MAC 1.2 MAG 1.6 MAC Conscious 0.7 MAC 1.05 MAC 14 MAC

T,°C 38.9+02 388 £ 0.1 389+0.1 389 0.1 38.9+0.2 | 38702 38.8 £ 0.1 38.9 £ 0.1
Pag,, mmHg? 1045 375+ 8 351 + 9 334 + 13 93+ 3 413 £ 20 407+ 19 393 + 21
Paco,, mmHg 43.1x15 | 427+ 1.2 424 +1.1 446+1.0 [ 446+1.0 | 43.7+ 1.4 453+ 14 | 46613
pHa, units 7.458 + 0.004(7.506 + 0.009]7.509 £ 0.010|7.485 + 0.010|7.460 + 0.004|7.501 £ 0.010|7.483 £ 0.009{7.472 = 0.007
Anes conc, % 0+0 7.82 £0.07 [11.66 = 0.15 |15.58 £ 0.16 0+0 1,424 0.01 | 2,11%0.02 | 2.80 % 0.01
BPa, mmHg 95 + 2 65 +3 55 +3 48+ 2 99+ 2 70+ 4 603 57 2
Q,, ml-min~'-

kg™! 210+ 8 220 + 12 174 10 133 £ 10 2049 214 + 16 193 + 14 143 £7
HR, beats/min 100+ 3 1427 127 £ 4 120 + 4 102 + 4 122+ 6 125+ 7 115+5
RAP, mmHg 1.1 +09 2.1 £0.6 3.0£0.3 42+05 0.6 +0.8 24%08 3.3+06 4.1+0.8
Pw, mmHg 54 %09 4.0x0.6 54 % 0.4 6.8+0.5 48+ 09 5.0+ 0.8 5.4+ 0.7 6.8 0.7
SV, ml/kg 211010 | 1.57 =0.08 | 1.37 £0.06 | 1.10£0.06 | 2.02+0.09 | 1.77+0.14 | 1.58 + 0.14 | 1.26 =+ 0.07
SVR, mmHg-

kg+min/1 45] + 29 294 + 28 312 £ 31 346 + 30 490 + 29 332 + 36 309 + 31 376 27
PAP, mmHg 149 + 0.8 12.8 £ 0.6 124+ 0.5 13.1 £ 0.7 12.9 + 0.8 13.6 £ 0.7 13,7+ 0.9 135 £ 0.8
PVR, mmHg-

kg - min/1 459+3.7 | 40222 | 408:x1.6 | 479£23 | 39.9+3.6 | 40.7+ 24 43.3+3.0 | 46217
LVMW,

mmHg-g/min| 461 * 21 327 £ 22 225 £ 13 152 = 13 460 + 35 351 + 22 280 + 18 196 + 12
VO, mlOy-

min~' - kg™ 8.06 +0.34 | 7.03 %043 | 643 +0.25 | 558 +£ 0.57 | 8.08+ 0.62 | 6.71 + 0.40 | 6.67 £0.27 | 5.20 +0.36
TOz/VO, 319006 | 418+0.33 | 3.46=0.23 | 3.40+0.64 | 3.09+ 022 | 403+ 0.12 | 3.64+0.13 | 3.57 +£0.34
S$,02, % 69.6 = 0.8 80.6 +2.3 75.1+25 | 70738 | 66634 | 81.6%1.0 78.1 £ 14 76.6 = 2.7
Blood lactate,

mmol/1 1,17+ 0.25 | 1.09+0.06 | 1.02+0,09 | 1.20+0.15 | 1.28+ 0.25 | 0.80 £ 0.11 | 0.81 £0.10 | 1.01 £0.17
BE, meq/1 5.6+ 0.9 9.0 +0.6 9.1+1.0 8.5+0.8 6.5+ 0.3 9.3+ 1.1 8.6 +0.9 84 £0.7

T = pulmonary arterial blood temperature; Pag, = arterial blood
partial pressure of oxygen; Paco, = arterial blood partial pressure of
carbon dioxide; Anes Conc = anesthetic concentration; BPa =mean
aortic blood pressure; Q, = cardiac output; HR = heart rate; RAP
= right atrial pressure; Pw = pulmonary arterial "‘wedge" pressure;
SV = stroke volume; SVR = systemic vascular resistance; PAP = mean
pulmonary arterial blood pressure; PVR = pulmonary vascular resis-

the experiment. Aortic and pulmonary arterial (mixed
venous) blood were sampled for measurement of pH,
and partial pressures of oxygen and carbon dioxide, and
arterial blood was sampled for measurement of whole
blood lactate concentration.® Blood gas and pH values
were corrected to the animal’s temperature.®!® Sam-
pled blood was replaced with an equal volume of iso-
tonic saline.

Following measurements.in the conscious state, ani-
mals were anesthetized with either 1653 or isoflurane at
three randomized, approximately equipotent concen-
trations. The choice of anesthetic was randomized.
Three to eight days later, measurements in the con-
scious state were repeated in each animal, and the alter-
nate anesthetic administered. Anesthesia was induced
by administering the anesthetic in oxygen via a mask.
When the animal was asleep, succinylcholine, 2 mg/kg,
was injected through the right atrial lumen of the pul-
monary arterial cannula, to facilitate tracheal intuba-
tion. No other drugs were given. A closed circle ab-
sorption system was used for maintenance of anesthesia.
Animals were placed in the left lateral decubitus posi-

tance; LVMW = left ventricular minute work; VO, = oxygen con-
sumption; TO,/VO2 = oxygen transport/oxygen consumption; $,0;
= mixed venous oxyhemoglobin saturation; BE = base-excess. Data
are mean + SE. N = 8,

* See table 2 for statistical interpretation of data.

1 Fig, in conscious state = 0.21; when anesthetized = approximately

tion and their lungs were mechanically ventilated with a
tidal volume of approximately 20 ml/kg; ventilatory
frequency was adjusted to maintain normocarbia
throughout the experiment. Pulmonary arterial tem-
perature was maintained within 0.5° C of the conscious
state value by the use of circulating heated water pads,
as necessary. All measurements were repeated after 15
min of stable end-tidal anesthetic concentrations, in
random order, equivalent to approximately 0.75, 1.13,
and 1.5 MAC, as measured by infra-red analyzers
(Beckman® LB-2, Beckman Instruments; and Puritan-
Bennett® Anesthetic Agent Monitor 222). Each instru-
ment was calibrated with known concentrations of anes-
thetic.

DETERMINATION OF MAC

We determined MAC for 1653 in these swine.'!
Since we could not predict what the MAC for 1653 for
the entire group would be, we used the mean of the
determinations in the first two animals, 7.9%, for this
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TABLE 2. Statistical Interpretation

Variable 1653 Isoflurane
T N N
Pag, BCD> A BCD> A
Paco, N N
pHa BC>D> A BCDA
BPa A>B>C>D A>B>CD
Qt BA>C>D BAC>D
HR B>CD> A CBD > A
RAP DCBA DCB> A
Pw DACB DCBA
SV A>B>C>D A>B>C>D
SVR . A > DCB A>D>BC
PAP N N
PVR N N
LVMW A>B>C>D A>B>C>D
VO, A>BCD A>BC>D
TO,/VO, BCDA N
S0y BCDA BCD> A
Blood Lactate N N
BE CBD > A BCDA

For abbreviations of variables and units, see table 1. N = not statis-
tically significant; S = P < 0.05 (multiple analysis of variance with
repeated measures and Newman-Keuls method of multiple compari-
sons). Abbreviations for stats; A = conscious; B = 0.7 MAC isoflurane,
0.8 MAC 1653; C = 1.05 MAC isoflurane, 1.2 MAC 1653; D = 1.4
MAC isofturane, 1.6 MAC 1653. Groups are ordered in decreasing
magnitude, left to right; values not different from one another are
joined by an underline. No value for any variable at any concentration
of 1653 was statistically different from the value at the equipotent
concentration of isoflurane except for Pag,, which was different at all
anesthetic concentrations except 0.0.

study. Subsequently, we found the MAC of 1653 for the
entire group of eight animals was somewhat greater
(10.0 £ 0.5%). For the MAC of isoflurane, we used the
published value of 1.45%.'%!® However, determination
of isoflurane MAC in the last four animals of our group
revealed that it, too, was greater (2.04 + 0.11%). Con-
sequently, our experiments were conducted at 0.8, 1.2,
and 1.6 MAC for 1653, and 0.7, 1.05, and 1.4 MAC for
isoflurane, rather than the intended 1.0, 1.5, and 2.0
MAC for both anesthetics.

For each study condition, conscious and three levels
of anesthesia, we also computed the following: stroke
volume, SV = Q,/HR; systemic vascular resistance,
SVR = (BPa — RAP) (Wt)/Q,; pulmonary vascular re-
sistance, PVR = (PAP — Pw) (Wt)/Q,; oxygen content
of arterial (CaOg) and mixed venous (CvOs) blood;*!°
oxygen consumption, Voz = 10(CaO; — CvOq) (Q,)/
Wt; oxygen transport, Tog = 10(CaOy) (Q.)/Wt; and
left ventricular minute work, LVMW = (BPas) (Q,)
(1.057); where BPa is mean aortic blood pressure, BPas
is systolic blood pressure, Q, is cardiac output, RAP is

Ancsthesiology
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right atrial pressure, PAP is mean pulmonary arterial
pressure, Pw is pulmonary artery “wedge” pressure,
and Wt is body weight. Arterial blood base-excess was
determined from a nomogram for swine blood.'

STATISTICAL ANALYSES

For each anesthetic, data and computed values for
each of the four study states (conscious state and three
anesthetic levels) were compared using analysis of vari-
ance with repeated measures and the Newman-Keuls
method of multiple comparisons.'® Data and computed
values at approximately equipotent concentrations of
1653 and isoflurane also were compared using analysis
of variance with repeated measures and the Newman-
Keuls method of multiple comparisons.'® Statistical sig-
nificance was accepted at P < 0.05.

Results

1653 caused dose-dependent decreases in mean aortic
blood pressure (fig. 1A, tables 1 and 2, all values signifi-
cantly different from one another) and stroke volume
(fig. 1D; all values significantly different from one an-
other). Stroke volume decreased despite a dose-depen-
dent increase in right atrial pressure (fig. 1E; all values
significantly different from one another), a dose-depen-
dent increase in pulmonary arterial ‘‘wedge” pressure
during anesthesia (fig. 1E), and a decrease in systemic
vascular resistance from the conscious state at all con-
centrations of 1653 (fig. 1F). Systemic vascular resis-
tance at 1.2 MAC was not different from that at 0.8
MAG, but was slightly less than thatat 1.6 MAC. At 0.8
MAGC, heart rate increased above that during the con-
scious state (fig. 1C), while cardiac output remained un-
changed (fig. 1B). With increasing concentrations of
1653, cardiac output decreased in a dose-dependent
fashion, despite increases in right- and left-heart pre-
load (all values significantly different from each other).
Heart rate decreased at 1.2 MAC and 1.6 MAC in com-
parison to 0.8 MAC. These values for heart rate did not
differ from each other, but were greater than the heart
rate during the conscious state.

1653 caused dose-dependent decreases in oxygen
consumption (all values different from each other; fig.
2B) and left ventricular minute work (all values differ-
ent from each other; fig. 2A) from the conscious state
through all levels of anesthesia. The ratio of oxygen
transport to oxygen consumption increased 31% at 0.8
MAGC, and mixed venous oxyhemoglobin saturation in-
creased at 0.8 MAC, but at 1.2 and 1.6 MAC these
values did not differ from each other or from the values
at 0.8 MAC or the conscious state (fig. 2C). Base-excess
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1653 concentration (fig. 2F). No changes occurred in
blood lactate concentrations at any concentration of
1653 (fig. 2E).

1653 had no effect on the pulmonary circulation; nei-
ther pulmonary vascular resistance (fig. 3B) nor pulmo-
nary artery pressure (fig. 3A) changed at any concen-
tration of 1653,

The changes observed with isoflurane anesthesia
were indistinguishable from those observed with 1653.
There were no differences for any variable in the con-
scious state on the two separate study days, or between
1653 and isoflurane at any of the three approximately
equipotent concentrations of anesthetic studied.

1653, in swine, has potent cardiovascular depressant
properties similar to those of isoflurane. 1653 is a vaso-
dilator, substantially decreasing systemic vascular resis-
tance and mean arterial blood pressure at all concentra-
tions studied. Although this study was not designed to
assess directly myocardial contractility, our results
strongly suggest that 1653 is a myocardial depressant.
Increasing concentrations of 1653 decreased stroke vol-
ume substantially despite increases in pre-load (right
atrial and pulmonary arterial “‘wedge” pressures; fig.
4), albeit accompanied by small changes in heart rate,
and after-load (systemic vascular resistance). The rela-
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tionship between stroke volume (or cardiac output) and
pre-load for 1653 was identical to that for isoflurane,
indicating a depression of myocardial contractility simi-
lar to that of isoflurane.

Despite substantial reductions in stroke volume, car-
diac output, and mean aortic blood pressure, our lim-
ited testing did not detect detrimental systemic effects
of 1653. Left ventricular minute work and total body
oxygen consumption decreased in parallel with increas-
ing concentrations of 1653 (fig. 2D). Base-deficit and
blood lactate concentrations did not increase with anes-
thesia. Furthermore, all animals were standing and eat-
ing 7.5 % 0.7 min after termination of administration of
1653, and appeared completely normal in all respects
during the subsequent several days to 2 weeks.

Our results in swine may differ from the cardiovascu-
lar effects of 1653 in humans. Although the cardiovas-
cular system of swine is similar to that of humans, anes-

2.51
1 .
2.09
g
'g 154 Isoflurane
>
(7p]
1653
1.01
0.5 v ) v T v T M T v 1
0 1 2 3 4 5
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FIG. 4. Relationship of stroke volume (SV) and right atrial pressure
(RAP) in eight swine, conscious and anesthetized with 1653 (O0) or
isoflurane (m). There were no differences between 1653 and isoflurane
for SV at any RAP. Lines connecting data points do not imply that this
fgure represents a single continuous *‘Frank-Starling” curve, but
rather connects single points from a family of such curves.

MAC

thetic requirement for intravenous'® and inhaled'®'*!7

anesthetics is greater in swine than in humans. If the
cardiovascular actions of 1653 are more closely related
to the concentration of 16563 than to the MAC of 1653,
equivalent multiples of MAC for 1653 may be less de-
pressant in humans than in swine. This hypothesis is
supported by our data for isoflurane. In swine, we
found that isoflurane caused cardiovascular depression
similar to that of equivalent multiples of MAC of 1653.
In humans, Stevens et al.'® found no change in cardiac
output, and smaller increases in right atrial pressure at
1.2, 1.8, and 2.4% isoflurane (approximately 1, 1.5,and
2 MAC) than we observed at those MAC equivalents in
swine. Mean arterial blood pressure fell less in humans
than in our swine on a “per MAC” basis, but by an
equivalent amount in terms of absolute concentration
(approximately 20% decrease in blood pressure with
each percent increase in absolute isoflurane concentra-
tion).

Lundeen et al.'® examined the cardiovascular effects
of isoflurane in swine and found decreases in mean arte-
rial blood pressure similar to those we observed at 1.4%
and 2.1% isoflurane. Their swine exhibited no changes
in heart rate, left atrial blood pressure, or systemic vas-
cular resistance when anesthetized, compared to the
conscious values, but their conscious swine had greater
heart rate, mean arterial blood pressure, cardiac out-
put, and left atrial blood pressure values than did our
animals. Possibly the mask placed over the snouts of
their conscious animals, to deliver oxygen and maintain
hyperoxia, stimulated the swine, altered the *resting”
values, and confounded the comparison with anesthe-
tized values.

Both 1653 and isoflurane cause hypotension and in-
creased heart rate. Each of these effects is potentially
undesirable. Both anesthetics also cause peripheral va-
sodilation. We did not measure coronary artery blood
flow; however, it is possible that, like isoflurane,'®*
1653 may cause coronary artery vasodilation and, in the
presence of coronary artery stenosis, may cause coro-
nary ‘‘steal’” and regional myocardial dysfunction.

In summary, 1653 has cardiovascular actions similar
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to isoflurane in swine, causing vasodilation, hypoten-
sion, and dose-dependent myocardial depression. Ours
and other studies suggest that 1653 will have cardiovas-
cular actions in humans similar to those of isoflurane,
but less severe than those we observed in swine. How-
ever, even at the highest 1653 concentrations, we did
not detect increased anaerobic metabolism. Thus, 1653
appears to have safe cardiovascular actions at clinically
useful concentrations.
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