Time-dependent Circulatory Effects of
Methoxyflurane in Man
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Methoxyflurane was administered to eight healthy
male vol over a three-h period during
which myocardial contractility, cardiac output,
oxygen consumption, and total peripheral resist-
ance were measured serially. Mpyocardial con-
tractile force initially decreased, but retumed to-
ward control with time. Cardiac output remained
unchanged. Total peripheral resistance, reduced
at one hour in most cases, did not decrease fur-
ther during the next two hours. Oxygen consump-
tion remained directly related to cardiac output.
It was concluded that some “adaptation” or “re-
covery” occurs when mcthoxyflurane is adminis-
tered for an extended period, but recovery was
not as marked as that observed with halothane.
(Key words: Methoxyflurane; Cardiac output;
Mpyocardial contractile force; Time dependence;
Total peripheral r s Oxygen fon.)

Tue pHENOMENON of acute tolerance or re-
versal of anesthetic depression with time has
been noted during prolonged exposure to halo-
thane, cyclopropane, diethyl ether, and flu-
roxene.r Although there is evidence that other
bodily functions may participate in this recov-
ery, most studies have emphasized the reversal
with time of the initial hemodynamic altera-
tions produced by the induction of ancsthesia.
With the agents named above, the most strik-
ing change is that cardinc output increases
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with time under conditions of fixed Pag,,
Pag., body temperature, and alveolar anes-
thetic tension, and in the absence of painful
stimulation of any kind. Recently, we pro-
posed that the increase in cardiac output which
occurs during halothane anesthesia results from
direct beta-adrenergic receptor stimulation by
the drug itsclf.2

It is not known whether this phenomenon is
common to all inhalational anesthetics, as has
been suggested.® Walker, Eggers and Allen
studied methoxyflurane and proposed that its
cardiovascular effects were similar to those of
halothane.>  However, the design of their
study did not permit them to determine
whether time-dependent circulatory changes
occurred. In the present study, we investi-
gated the cardiovascular effects of methoxy-
flurane more completely, in healthy male vol-
unteers over a period of three hours at a con-
stant depth of anesthesia, and serially mea-
sured myocardial contractility, cardiac output,
whole-body oxygen consumption, and total pe-
ripheral resistance.

Methods

Eight physically normal male volunteers,
aged 21 to 2§ years, reported to the labora-
tory after an overnight fast. All had been in-
terviewed and subjected to complete physical
examinations as well as electrocardiograms and
hemoglobin, leukocyte count, and urinalysis
determinations, before the study. Informed
consent was obtained from each subject.

Studies were performed with the subjects
supine. Electrocardiographic leads were at-
tached to all extremities. Under fluoroscopic
guidance a radiopaque catheter (Lehman #7)
was inserted, via a cutdown in an antecubital
vein, into the right ventricle. The right femo-
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ral artery was cannulated with a Cournand
needle. Lidocaine, 2 per cent, was used as a
local anesthetic at both sites. Following com-
pletion of control measurements, anesthesia
was induced with nitrous oxide—oxygen and
methoxyflurane in a nonrebreathing system
with a Fink valve. In cach of the first three
subjects studied, the trachea was intubated
with the aid of succinylcholine, 100 mg, intra-
venously. After induction, air was substituted
for the nitrous oxide—oxygen mixture and the
anesthetic was given from a calibrated va-
porizer at a fixed tension for three hours. Res-
piration was controlled with a Bird respirator.
Body temperature was measured with an
esophageal thermistor and kept within normal
limits (=0.3 C) by external heating.

Arterial and right ventricular pressures were
transduced by Statham P23AA, P23BB, and
P23Dd strain gauges attached to the intravas-
cular probes by means of polyethylene tub-
ing and manifolds. Ventricular pressure was
monitored using two different strain gauges
(P23BB and P23Dd) in all but the first two
studies. This was done to determine whether
the contractility measurement depended upon
the frequency response of the system. End-
expired carbon dioxide tension was sensed by
an infrared analyzer (Liston-Becker) which
sampled gas continuously from the tip of the
endotracheal tube via copper tubing. End-
expired samples were withdrawn manually
from the same site at regular intervals and
analyzed for methoxyflurane by gas chroma-
tography. Copper tubing was used because it
does not absorb methoxyflurane. The pressure
and Pgq, tracings, together with the ECG,
were recorded on a Grass polygraph.

Samples of mixed venous and arterial blood
were withdrawn at hourly intervals and ana-
Iyzed for pH, Peo., Po. and oxygen content.t
Blood loss was replaced with physiologic sa-
line solution. Hematocrit was determined in
duplicate using Wintrobe tubes spun for 30
minutes at 2,300 RCF. Cardiac output was
determined in duplicate by dye dilution using
5- or 10-mg injections of indocyanine green
dve and a Waters cuvette densitometer for
sampling from the femoral artery. Whole-
body oxygen consumption was estimated as the
product of cardiac output and arteriovenous
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oxygen difference. Ventricular contractility
was estimated from measurement of the maxi-
mal rate of rise of right ventricular pressure
during systole divided by the level of pressure
at that instant.> Contractility was also mea-
sured by calculating the time from the R wave
of the electrocardiogram to the point of maxi-
mum rate of change of ventricular pressure.
e called this R,,,, for simplicity. Total pe-
ripheral resistance was calculated as

mean arterial pressure (mm Hg) — right
ventricular end-diastolic pressure (mm Hg)

cardiac output (I/min)

Means and standard errors of all data were
obtained. Student’s ¢ test for paired data was
used to determine differences between means,
P < 0.05 being considered significant.

Results

We were concerned with the changes which
took place from the first to the third hour of
anesthesia, as well as the magnitude of these
changes relative to “awake” values. The data
are shown in tables 1 and 2.

Arterial oxvgen tension decreased signifi-
cantly, then increased toward the initial level
as anesthesia progressed. Total-body oxygen
consumption was unchanged throughout. There
was no significant change in Pcg, with time.
pH decreased inconsistently during the first
period of anesthesia and was significantly re-
duced by the end of the second hour. The
small decreases in hematocrit in all subjects
during the later portion of the study were
thought to result from the amounts of blood
withdrawn (average 300 ml) and the 600 to
700 ml of physiologic saline solution adminis-
tered. The mean change was from 44.4 per
cent initially to 43.1 per cent at the end of
the study. End-tidal methoxyflurane was es-
sentially constant throughout.

No consistent change in cardiac output was
seen, but there were initial decreases in six
subjects during the first hour, and these were
maintained. A significant change between the
first and third hours occurred in only one sub-
ject.  Similarly, stroke volume decreased sig-
nificantly in the first hour and remained at the
lower level thereafter. Heart rate increased in
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Tanre 1. Results of Administration of Methoxyflurne
Heart Rate (beats/minute) Pao; (mm Hg)
Subject Subject
" First Second Third calk. First S d Third
Awake | fjoar | Tear | Hour Awake | flour | Heur | lour
1 8 S1 S6 97.6 91.6
2 39 Syl 57
3 75 %1
4 S2 95
5 86 86
6 St 87
7 82 97
s S6 S6
Mean 6.1 s52.9 8§21
SE a.d 4.0 4.8 3.
P <0.05] I’<0.05 P<0.01 | P<0.05
Paco, (mm Hg) Arterial pHl
Subject 4 hind Subject ¥
Y First Sec Thi y First Second Third
Awake Hour Tour Hour Awake | jigu Hiour Hour
1 1 7460 TAM
2 2 T3S 7.394
3 3 7431
4 4 7oA
5 5 7411
6 6 7.398
7 v 7406
S s AT 7425
Meax Meas 7429 7.398
SE SE 0.009 0.005
P<0.01 | P<0.01
End-tidal Methoxyflurane (Vol Per Cent) Hematocrit (Per Cent)
Subject Subject
Fi Second Third cak First Second Third
Awake | jin Tour Hour Awake | jour Tlaur Hour
1 —_— .26 1 46,04 40179
2 — 2 46.11 43,90
3 —_ 3 4797 4793
1 —_ 022 4 11.84 40.51
Bl _ 0.22 B 433 43,11
6 — 0.21 6 44.74
7 —_ 0.21 7 43.61
s —_ 0.21 S 40.05
Meay —_ 0.23 4440
S 0.01 0.85

most cases, and the changes reached signifi-
ance (P < 0.05) by the end of the second
hour. Myocardial contractility, as measured
by Rpas, showed a decrease at the end of the
first period, but this gradually returned ap-

proximately to “awake” values by the end of
the third hour. Similar results were obtained
using the dP/dt/P measurement. The results
were not altered by varying the frequency re-
sponse of the system (see methods). There
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Tantk 2. Hemodynamic Changes Following Ad

stration of Methoxyflurmne

Mean Arterial Pressure (nm Hg) Cardiac Output (I/min)
Subject Subject ; o
Fint | Secund | Third Firt Secon Thi
Awake Hour Tour Hour Awake Hour Hour Hour
1 105 68 () T3 1 4.616
2 a3 6S 65 70 2 5012
3 98 90 B 6349
4 a5 ) 4 5257
5 a8 7S 35
6 65 G
7 83 7
by a3 S 6.66S 6.062
Meax 3.6 MEaN G.131 6.091
RID) 3.0 3.6 SE 398 5 0270
P<001 | P<001] P <0l
Total Peripheral Resistance (mm Iig, 1, min) 0: Consumption (ml/min. STP)
Sulject Subject
] Fint Second | Third Firt | Second | Thind
Awake Hour Yiour Hour Awake Hour Tiour Hour
1 13.39 13.69 12.16 1 231
2 12.01 11.96 2 251
3 e 1239 3 27
1124 4 ]
3 10 5
6 LSS [}
T 10.19 7
8 7 N
10.66 10.83 Meax
0.48 0.58 =
P<0.05
AP/de/T (ec ) Ruas (nec)
Subject Subject
] Firt | Second | Third ' First Second | Third
Awake Hour Tour Hour Awake Hour Taur Hour
1 1 130.0
2 2 121.0
3 3 3.8
4 4
a D
G G
7 7
s s
s 10,70 10,99 Mean
0. 100 079 | SE 5.6
P <o P<00l
was an immediate decrease in mean arterial Discussion

pressure after induction of anesthesia and no
significant recovery occurred in three hours.
Total peripheral resistance also diminished
with anesthesia and showed no tendency either
to recover or to diminish further.

Circulatory changes induced by methoxy-
flurane were mnot similar to those induced by
halothane in previous studies, including our
In our investigation of halothane,

own.te?
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cardiac output and contractile force were ini-
tially depressed, but then returned toward con-
trol values as anesthesia progressed. Total pe-
ripheral resistance decreased progressively with
time. Eger and co-workers” findings with halo-
thane ! resemble ours to a remarkable degree.
We found that myocardial contractile force
was also depressed with methoxyflurane, but it
returned toward control with time. However,
cardiac output remained unchanged through-
out the period of anesthetization, and total pe-
ripheral resistance, while reduced, did not de-
crease further with time. It is possible that
cardiae output and peripheral resistance are
inversely related in some way, so that the pro-
gressive decline in resistance during halothane
anesthesia is sccondary to increasing output,
whereas the absence of change in resistance
during methoxyflurane anesthesia reflects an
unchanged output.> The temporal aspects of
methoxyflurane anesthesin had not been in-
vestigated before, but the initial changes we
found were similar to those reported by others.?

In our study of halothane * it was passible
to show that Pac,,, Pa,, and pH were not af-
fected by the induction or maintenance of an-
esthesia. In the present study, Pac, was un-
altered, but Pa,,, and pH were reduced during
anesthesia. Fortunately, the Pa,, observed ini-
tially was somewhat high, probably because
the subjects were hyperventilating, and the
lowest levels attained during anesthesia were
not below the nomal range. In the case of
pH, the change, while significant, was within
the diumnal range of variation.” Therefore, we
cannot attribute circulatory changes with time
to these minor alterations in pH and Pa,,,.

The question arises whether the reductions
in hematocrit which occurred in our subjects
could account for the decreases in total pe-
ripheral resistance which we observed, by re-
ducing blood viscosity. Data $ which indicate
that the changes in hematocrit in our subjects
could account for only a fifth of the changes
in peripheral vascular resistance are available.
Therefore, a direct or indirect vascular action
of methoxyflurane must be postulated. The
site of dilatation is not definitely known. Like
other general anesthetics, methoxyflurane re-
duces vascular resistance in the skin, but in-
creases resistance in the splanchnic circulation
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while failing to modify that in the forearm.®
A possible (but unverified) site of vasodilator
action is the central nervous system.

Inspection of table 2 shows that, while the

mean change in cardiac output was not signifi-
want, there were reductions in six of the eight
subjects. Data from these six subjects were
examined for evidence of recovery of output
with time, assuming a sampling error for the
other two subjects. However, these selected
data failed to reveal any evidence of recovery
of cardiac output with time. Mean output was
5.49 I/min at one hour and 5.74 1/min at three
hours, compared with a control valuc of 7.51
1/min, and these changes were not significant.
Similarly, analysis of total peripheral resist-
ance showed variable changes and no evidence
of recovery with time.

Our present study indicates that the circula-
tory adaptation which develops during me-
thoxyflurane anesthesin is intermediate be-
tween that associated with the administration
of cvclopropane, diethyl ether, fluroxene, or
halothane and that observed during anesthesia
with the newer halogenated agents, such as
compound 469.2° The response to the first
group s typified by gradually increasing con-
tractile force and cardiac output, while total
peripheral resistance diminishes with time;
during methoxyflurane anesthesia only contrac-
tility changes with time, while during the ad-
ministration of the last agent no progressive
changes are apparent.

It would seem important to establish whether
adaptation is caused by a common mechanism.
We proposed that the changes observed dur-
ing halothane anesthesia were caused by pro-
gressive activation of g-adrenergic receptors,
since the prior administration of a specific
blocking agent prevented them. Despite the
qualitative differences between the adaptation
to methoxyvflurane and the adaptation to halo-
thane, it is still possible to view both processes
as involving the activation of g-adrenergic re-
ceptors, since the cardiac and peripheral re-
ceptors appear to have different affinities and
may be differentially activated. Assuming that
B-receptor activation is the mechanism in-
volved, halothane and the other agents which
cause substantial changes in cardinc output
and total peripheral resistance together with
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recovery of contractile force would be viewed
as activating both peripheral and cardiac re-
ceptors, while methoxyflurane apparently ex-
cites cardiac receptors only.
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Obstetrics and Pediatrics

FETAL SCALP pH AND APGAR SCORES Samples of scalp blood were ob-
tained from 3335 fetuses and the acid-base components analyzed. There was good
correlation between the pH of fetal capillary blood and the clinical state of the infant

at birth, as judged by the one-minute Apgar score.

In general, when the pH was

7.20 or less, neonatal depression was found. However, in 18 per cent of the fetuses
fetal acid-base states were not useful in predicting clinical condition at birth; 7.6
per cent of the fetuses had significant acidesis and yet were vigorous at birth, while
10.4 per cent were only mildly acidotic but nevertheless were depressed. A variety

of factors may have accounted for this Iack of correlation.

The most notable were

maternal acidosis and the analgesic or anesthetic agents administered during labor.
These factors must be carefully evaluated in asscssing the significance of fetal aci-

dosis.
Obstet. Gynec. 107: 279 (May) 1970.)

(Bowe, E. T., and others: Reliability of Fetal Blood Sampling, Amer. ].

COMPLICATIONS OF FETAL SCALP BLOOD SAMPLING Since 1965,
1,200 samples of fetal scalp blood have been obtained from 670 infants. Six nco-
natal complications occurred. Scalp abscesses developed in three infants, and three
sustained substantial hemorrhages from scalp incisions. Certain factors, such as
vacuum extractions, sampling in breech presentations, neonatal coagulation defects,

and maternal infection, may increase the incidence of complications.
technique in the sampling procedure is essential.

Strict aseptic
The obstetrician is cautioned

about the potential hazard of making multiple incisions and is urged to watch for
scalp hemorrhage or vaginal bleeding following incisions. The pediatrician is ad-
vised to perform coagulation studies of infants who hemorrhage significantly from

scalp incisions.

(Balfour, H. I, Jr, and others: Complications of Fetal Blood

Sampling, Amer. J. Obstet. Gynec. 107: 288 (May) 1970.)
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