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The continuous search for new an-
esthetic agents makes it essential for
the anesthetist to study, clinically
evaluate, and determine the place
these agents should have in her own
armamentarium. For five or six years
a great deal of emphasis has been
placed on a group of halogenated
and fluorinated hydrocarbons and
ethers. Theoretically, the halogena-
tion of a compound increases activity
and potency, while at the same time
decreasing inflammability.

It is our purpose to report a com-
parative s t u d y of methoxyflurane
(Penthrane®), halothane (Fluo-
thane®) and trifluoroethyl vinyl ether
(Fluoromar®), using surgical and ob-
stetrical patients as subjects. To sim-
plify nomenclature, t h e s e products
will be referred to by trade names in
this report. Their chemical and physi-
cal properties will not be reviewed
here, since they have been presented
numerous times in previous literature
and repetition seems unnecessary.

We have purposely conducted this
study using clinical observation of the
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patient rather than complex monitor-
ing equipment. This method of study
is readily accessible to every anes-
thetist, while such monitoring devices
might not be available in all hospitals.
It is the authors' objective to report
our observations on the use of these
agents in surgical and obstetrical pa-
tients. We have noted in particular
those features which are of impor-
tance to the average clinician; i.e.,
physiological effects, techniques and
equipment used, compatibility with
other drugs, and relative cost. Al-
though many have v ie w ed these
agents with skepticism and criticism,
we believe that these drugs do have
their specific indications and ad-
vantages.

Various techniques and vaporizers
have been utilized successfully for
the administration of these drugs. In
order to simulate the average method
of use, we confined our series to
equipment that would ordinarily be
found in standard anesthesia
departments.

Pentothal® Sodium was given for
induction on some cases, using 100
to 400 mg. of 2.5% or 0.5% solution.
Although little initial respiratory de-
pression was seen with this hypnotic
dose, these patients consistently re-
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quired assisted respirations during
surgical planes of anesthesia. With
or without Pentothal, inhalation an-
esthesia was introduced in a uniform
manner with all cases, using a semi-
closed system and circle absorber with
a flow of 2 liters of nitrous oxide and
2 liters of oxygen. With all agents it
was found that the addition of nitrous
oxide promoted a more rapid induc-
tion, and probably allowed a lower
concentration or total a m o u n t of
agent under investigation.

SURGICAL STUDY

Penthrane. The Heidbrink No. 8
ether vaporizer was used for the ad-
ministration of Penthrane. The va-
porizer was opened and the concentra-
tion increased as rapidly as the vapor
was tolerated by the patient until the
wide open position on the vaporizer
was attained. Following the response
of the patient, the Penthrane was ad-
justed to a level to maintain surgical
anesthesia. Gas flow was reduced to
500 cc. of oxygen when patient toler-
ated a closed system. No attempt was
made to eliminate the previously ad-
ministered nitrous oxide from the sys-
tem, yet no additional nitrous oxide
was added. It was found in many
cases, however, that it was necessary
to use higher gas flows to overcome
coughing and irritation to the res-
piratory tract. One liter, 2 liters, or
4 liters were required with some pa-
tients, adjusting the vaporizer accord-
ing to patient's response. Nitrous
oxide was used in a 50% concentra-
tion for cases requiring higher liter
flows.

Induction with Penthrane was
found to be comparable to that with
diethyl ether. Thus, it was necessary
to depend on Pentothal and muscle
relaxants to expedite preparation of
the patient for surgery. Troublesome
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secretions were not encountered.
However, with the introduction of
higher concentrations, there was some
irritation to the respiratory tract,
manifested by coughing. Slight tris-
mus with active pharyngeal and
laryngeal reflexes was observed
occasionally. In surgical planes of
anesthesia, frequently it was neces-
.sary to supplement spontaneous res-
piratory effort because of reduced
tidal volume.

A decrease in blood pressure, often
seen with higher concentrations, re-
quired reduction in the concentration
of the agent. Although hypotension
was reversible by lowering concen-
tration, the change was not as rapid
as that seen with other agents in this
study. Discontinuing the drug to cor-
rect hypotension was often found to
provide inadequate depth of anesthe-
sia. Using a normal pulse range of
±10 beats per minute for the adult
patient, no appreciable changes in
rate of rhythm were observed.

Absence of bleeding was noted in
the majority of cases. Although ex-
cellent muscle relaxation can be ob-
tained with Penthrane, muscle relax-
ants are often used to expedite
induction and intubation, to avoid
hypotension observed with increased
depth of anesthesia, and to hasten
emergence by permitting lower con-
centrations of drug.

Delayed recovery from Penthrane
is a well known fact. To avoid this,
the agent was discontinued as early
as possible in the procedure. Although
the patient would respond to stimuli,
a pattern of light sleep was consist-
ently reported in the recovery room
for several hours. No vomiting oc-
curred with induction, although it was
seen infrequently during emergence.
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Fluothane. For the administration
of Fluothane we prefer, and have
used in this series, the Fluotec Mark
II vaporizer. This vaporizer will de-
liver 0.5% to 4% Fluothane vapor
within a gas flow range of 2 to 10
liters/min., without altering the se-
lected concentration, at a constant
temperature of 75°F. Temperature is
maintained by an automatically com-
pensated valve. 1 The Fluotec vapor-
izer was opened slowly and increased
to the 2%-2.5% calibration. When
surgical anesthesia was established,
Fluothane was reduced while the re-
sponse of the patient was observed
and guided. Then, with 0.5% to
1.5%, the anesthesia was maintained.
Flows of 2 to 4 liters were used with
50% nitrous oxide for the majority of
the cases as a diluent or vehicle for
the Fluothane.

Induction was rapid, with early
diminution of pharyngeal and laryn-
geal reflexes and a well relaxed jaw
permitting prompt placement of an
oropharyngeal airway. Problems often
encountered with an excitement phase
were practically eliminated with
Fluothane.

Adults with pre-existing pulmo-
nary disease and children with fre-
quent upper respiratory infections
tolerated the inhalation of this agent
without promoting secretions. Tidal
volume was depressed in surgical
planes of anesthesia requiring aug-
mented respirations. Although tachyp-
nea may be present, this can usually
be overcome by more forceful assist-
ance of breathing.

Hypotension may occur with Fluo-
thane administration. We feel that
contributing factors are controlled
respirations, high concentrations of
drug, and the use of adjunctive drugs
with possible synergistic action in re-

ducing blood pressure. Cautious clini-
cal evaluation of the patient will min-
imize cardiovascular depression.
Rapid reversal and almost immediate
response can be achieved by reduc-
tion or withdrawal of the agent and
ventilation with oxygen. Bradycardia
is a well known finding with Fluo-
thane. However, atropinization and
lower concentrations can be used as
a prophylactic measure. Arrhythmias
are uncommon with proper precau-
tions. To quote Stephen, "The oc-
currence of arrhythmias during clini-
cal halothane anesthesia is probably
no greater than during other forms of
general anesthesia if the patient has
been premedicated with an adequate
dose of atropine and is ventilated
properly throughout the anesthetic
procedure."2

Minimal oozing has been encoun-
tered which was not clinically signifi-
cant. Adequate muscle relaxation for
extra-abdominal procedures can be
accomplished safely. We have not at-
tempted deep muscle relaxation with
Fluothane since the drug was not
primarily designed for this purpose.
An effort has been made to maintain
a lighter plane of anesthesia and rely
on muscle relaxants or supplementary
diethyl ether for more complete mus-
cle relaxation. Lack of nausea and
vomiting and very rapid emergence
are outstanding characteristics of this
agent.

Fluoromar. In the majority of
cases reported with Fluoromar, the
Heidbrink No. 8 vaporizer with the
Miller Wick was used. The Miller
Wick is a special downtube which
provides sufficient surface for ade-
quate vaporization in the closed cir-
cuit. The wick, which is made of
long-fibered Egyptian cotton, has a
fringe that extends to the inside edge
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of the bottle, insuring that all of the
agent will be utilized.3 With this tech-
nique, the vaporizer was opened in
small increments as rapidly as feasible
to a wide open position. Gas flows
were then reduced, as patients toler-
ated, to 500 cc. to 1200 cc., and va-
porizer settings were maintained
according to patient response.

For clinical comparison, the Fluor-
omartec (which is a Fluotec cali-
brated for Fluoromar) in anesthetic
ranges from 1.6% to 9.8% was em-
ployed in a limited number of cases.
Liter flows were not reduced below 1
liter with this vaporizer. Approxi-
mately 7 to 8% concentration was
required for induction and 2.8 to 5%
for maintenance. Nitrous oxide was
used as a supplementary agent in
about half of these cases. Both tech-
niques for vaporization provided satis-
factory anesthesia control.

A rapid induction with the early
development of profound analgesia
was achieved. Although there was an
increase in masseter muscle tone, ob-
struction of the airway was no prob-
lem. Pharyngeal and laryngeal re-
flexes were moderately active. Cough-
ing, laryngospasm, and salivation
were minimal on induction. However,
some increase in secretions was ob-
served with emergence. Respirations
are adequate in lighter planes, but'
decrease progressively with depth of
anesthesia. Assisted respirations, as
with the other agents, are always
recommended.

Minimal changes in blood pressure
were observed. Hypotension may be
directly correlated to the level of an-
esthesia needed to meet the demands
of the patient. If this effect was noted,
a rapid reversibility to normal blood
pressure levels was obtained by re-
duction of the agent. Although brady-
cardia has been observed by some
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anesthetists, in this study no signifi-
cant changes in rate or rhythm oc-
curred. In fact, some increase in pulse
rate was seen occasionally. No in-
crease in bleeding was reported.

No attempt was made to obtain
muscle relaxation for intra-abdominal
procedures with this drug without the
use of muscle relaxants. Relaxation
for most other procedures was ade-
quate with the previously mentioned
concentrations of Fluoromar.

A quick return of consciousness,
with vital reflexes present, was noted
on termination of the anesthetic ad-
ministration. Some increase in nausea
and vomiting did occur in the im-
mediate post-operative period.

RELATIVE COST ANALYSIS

The surgical study was conducted
on cases varying in length from 20
minutes to 8 hours. An accurate meas-
urement, using a laboratory gradu-
ated cylinder, was made of the vol-
ume of anesthetic drug poured into
the vaporizer before a procedure was
begun, and of the volume recovered
from the vaporizer after a procedure
was completed. The volume volatal-
ized, being the difference in these two
values, was then plotted against time,
and the average volume per unit time
was compared for each drug with unit
price for each drug.

Based on the current prices per
unit at the time this study was made,
an analysis of the relative cost of the
drug alone per hour of anesthesia in
this series has been prepared. This
could reasonably vary with any
change in retail price. Consideration
must be allowed for the type of ap-
paratus used for vaporization; one
must keep in mind that the ether and
Miller Wick will absorb a certain
percentage of the agent. This is in-
herent waste in the administration of
anesthesia.
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Table 1
SURGICAL STUDY

Penthrane Fluothane Fluoromar

Induction Time Slow Fast Moderate

Trismus Yes No Yes

Pharyngeal and Laryngeal Reflexes Present Diminished Present

Secretions No No Yes

Irritability to Respiratory Tract Increase Decrease Increase

Tidal Volume Decrease Decrease Decrease

Blood Pressure Decrease Decrease Decrease

Cardiac Effects Minimal Minimal Minimal

Bleeding No Minimal No

Mortality No No No

Muscle Relaxation Yes No No

Emergence Slow Fast Moderate

Nausea Increase No Increase

Compatibility with Accessory Drugs Yes Yes Yes

Table 2

SURGICAL STUDY -COMPARATIVE COST

Penthrane Fluothane Fluoromar

List price per 125 cc. bottle $22.50 $22.05 $10.00

500 cc. to 2 to 4 500 cc. to
Average liter flow 2 liters liters 2 liters

Used with nitrous oxide Yes Yes Yes

Vaporizer No. 8 with Fluotec No. 8 with
large wick Miller wick

Fluoromartec

Average amount used per hour 13 cc. 8 cc. 27 cc.

Average cost per hour $2.34 $1.44 $2.16
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OBSTETRICAL STUDY
For some time a question has been

raised concerning the physiological
effects of the fluorinated compounds
during delivery. In order to determine
the safety of these agents in obstet-
rics, we have attempted to evaluate
the factors seen in Table 3 and com-
pare these effects with other methods
of anesthesia. In this teaching insti-
tution, conduction anesthesia, nitrous
oxide-oxygen or trichlorethylene are
most commonly used to avoid the
hazards of fetal depression and to
allow sufficient time for instruction
in obstetrical procedure. In order to
evaluate clinically the advantages or
disadvantages of Penthrane, Fluo-
thane and Fluoromar, a consecutive
study was made with pertinent im-
pressions and conclusions recorded by
obstetrician and anesthetist. Patients
with suspected premature delivery
were not included in this series.
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Fetal depression was not observed
with the use of these agents. Condi-
tion of the infants, including multiple
births, was satisfactory as determined
by the Apgar score. There was mini-
mal loss of uterine tone which was
readily restored following oxytocic
drugs. Measurable post-partum hem-
orrhage was not altered appreciably.
The control of these factors could be
directly correlated to the maintenance
of a light level of anesthesia.

Rapid reversibility was more evi-
dent with Fluoromar and Fluothane
than with Penthrane. It was an inter-
esting observation, that although 95%
of these patients smoked heavily (1-2
packs per day), troublesome secre-
tions presented no problem. Stridor
occurred occasionally with the appli-
cation of forceps while using Fluoro-
mar or Penthrane, but no acute ob-
structive spasm ensued.

ible 3

OBSTETRICAL STUDY

Penthrane Fluothane Fluoromar

Induction rapid rapid rapid
3-4 minutes 2-3 minutes 2-3 minutes

Analgesia rapid onset delayed onset rapid onset

Stridor with stimulation infrequent none infrequent

Fetal depression:
Respiratory effort spontaneous spontaneous spontaneous

Muscle tone good good good

Uterine inertia none minimal none

Uterine bleeding minimal minimal none

Recovery delayed rapid rapid

Effects with oxytocics compatible compatible compatible



October, 1963

No vomiting was encountered
during induction, maintenance, or re-
covery in spite of the fact that some
of the patients were on a Syntocinon®
drip. However, some nausea was seen
upon emergence with Penthrane. Re-
covery with Fluothane and Fluoro-
mar, with all reflexes present, was
seen in the first five minutes follow-
ing termination of anesthesia. Pen-
thrane emergence was somewhat
slower.

TECHNIQUES

A semi-closed circle absorption
technique was used on all obstetrical
cases without Pentothal induction.
Premedication, with the exception of
atropine, was not administered by
the anesthetist. The narcotic or tran-
quilizing drugs varied according to
the preference of the obstetrician,
but consistently remained on the light
side to none at all. There can be no
panacea for routine administration of
anesthetic drugs. However, the fol-
lowing techniques were utilized with
good success.

Penthrane: The No. 8 Heidbrink
ether vaporizer was used with 2 liters
of nitrous oxide and 2 liters of oxy-
gen. Penthrane was introduced rapid-
ly until the vaporizer was in the wide
open position. Average induction time
was 3-4 minutes, when sufficient anal-
gesia was present for episiotomy or
forceps application. Penthrane level
was then reduced to the 3 marking
on the vaporizer, and discontinued
upon delivery of the shoulder. Pa-
tient and the anesthetic apparatus
were then flushed with oxygen for
4 to 5 breaths, resuming administra-
tion of nitrous oxide-oxygen and small
amounts of Penthrane as required for
episiotomy repair.

Fluothane: Using the Fluotec Mark
II vaporizer, this agent was intro-
duced into the circuit with nitrous
oxide/4 liters and oxygen/2 liters to
compensate for the lack of analgesic
action of Fluothane. Maximum set-
tings of 2% were used until the pa-
tient did not respond by movement
of the hips to painful uterine contrac-
tions. At this time nitrous oxide was
usually discontinued and oxygen
maintained at 1 or 2 liters. For appli-
cation of forceps, it was frequently
necessary to allow a greater length
of time to avoid increasing concen-
tration of the drug. Although this
time was allowed, no fetal depression
was seen as a result. Upon delivery
of the shoulder, administration of
Fluothane was discontinued and the
patient flushed with oxygen. Then,
after the cord was clamped, anes-
thesia was resumed with an average
of 0.5% concentration for the neces-
sary episiotomy repair.

Fluoromar: The No. 8 Heidbrink
vaporizer with the Miller Wick was
used with nitrous oxide/1 liter and
oxygen/1 liter. Fluoromar was intro-
duced as rapidly as possible to an
average setting on the dial of 6 or 7.
Induction was rapid and the early
onset of profound analgesia was an
outstanding feature, permitting episi-
otomy or forceps application. Fluoro-
mar was then reduced to the 3 or 4
marking on the vaporizer and with-
drawn upon shoulder presentation. As
with other agents, the patient is then
flushed with oxygen and necessary
anesthetic concentrations resumed for
repair.

DRUG COMPATIBILITY

Empirical statements concerning
the compatibility of accessory drugs
with any anesthetic agent must be
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considered with a possible pre-exist-
ing myocardial sensitivity. The omis-
sion of any drug known to have a
toxic effect on the heart is always
advisable. Every anesthetist is aware
of the possible complications pre-
sented by multiple intravenous in-
jection of drugs. Perhaps a "watch-
dog" attitude should be developed to
avoid circumstances requiring their
use.

K no w n incompatibilities deter-
mined by various groups should be
respected in the use of these drugs
with halogenated agents. Curare, in
reduced amounts, has been used ex-
tensively with all three of the agents
reviewed. However, we have found
succinylcholine to be the relaxant of
choice. The use of epinephrine in con-
junction with these agents is a widely
debated issue. At the present, as in
the past, it should be avoided if pos-
sible. If simultaneous administration
is deemed necessary, a very dilute
solution has been used without com-
plication by topical, subcutaneous, or
intramuscular route.

Commonly used vasopressors have
been employed when indicated with
no adverse effects. Vasoxyl® and Neo-
synephrine® have generally been
preferred.

In the obstetrical study, both for
routine delivery and cesarean section,
the use of oxytocic drugs - Mether-
gine,® Syntocinon,® and Pitocin®-
produced no undesirable effects when
administered by intravenous drip or
subcutaneous injection.

The usual precautions should be
observed with patients who have re-
ceived antihypertensive drug therapy,
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prior corticosteroid therapy, or tran-
quilizers in the phenothiazine group.

HEPATO-TOXICITY

Investigators, from the beginning,
have suggested the possibility of he-
patic changes with the use of halo-
genated agents. However, Fluothane
has been used extensively in this
clinic since 1958 without evidence of
hepato-toxicity. Repeated anesthetics
were administered for multiple burn
dressings requiring 25 to 30 changes
during the course of treatment. Dura-
tion of anesthesia sometimes extended
to 12 to 16 hours for more compli-
cated thoracic and abdominal surgery.
In our experience, this repetition and
duration of anesthesia have not pro-
duced any apparent toxic manifesta-
tions on the liver.

The authors recommend these pre-
cautions to minimize the possibility
of precipitating hepato-toxic effects:

1. Avoid the use of these agents on
patients with jaundice or any sus-
pected or known pre-existing liver
disease.

2. Use a semi-closed system and ac-
curately calibrated vaporizer for
anesthetic administration.

3. Avoid high concentrations of drug.

4. Supplement respirations as neces-
sary to insure adequate oxy-
genation.

5. Drain and clean vaporizer at least
every two weeks to preclude the
undetermined deterioration of
drug.

6. Avoid profound hypotension.



October, 1963

SUMMARY AND CONCLUSIONS

This report includes a comparative
study of three halogenated com-
pounds used on surgical and obstet-
rical patients. Each agent was used
consecutively on 150 surgical cases
and 50 obstetrical cases. No signifi-
cant or serious sequellae were seen in
this series. With conservative precau-
tion and proper evaluation of the pa-
tient, it is our impression that an
experienced, conscientious anesthetist
can safely and satisfactorily adminis-
ter anesthesia with any of t h e s e
agents for surgical and obstetrical
procedures.

BIBLIOGRAPHY

1 Costello, M. A.: Fluothane: A Clinical Eval-
uation. J. Am. A. Nurse Anesthetists. 28:156,
June, 1960.

2 Stephen, C. R. and Little, D. M., Jr.: Halo-
thane. Williams & Wilkins, Baltimore, Maryland,
1961, p. 39.

s Anesthesia Items. Ohio Chemical & Surgical
Equipment Co., Madison, Wisconsin, 7: Dec.,
1961.

The authors gratefully acknowledge the valu-
able aid and cooperation of Dr. Arthur E. Ogden,
Director, Department of Anesthesiology, Cincin-
nati General Hospital and the Obstetrical De-
partment of the Cincinnati General Hospital in
completing this study.

325


