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Eighty to 100 per cent oxygen, breathed by
lambs one or two weeks of age, is lethal after
two to four days. Artificial ventilation did not
aggravate or significantly ameliorate the pulmo-
nary response. Lambs ventilated with air on res-
pirators for comparable periods had no significant
pulmonary damage. The cause of death of the
oxygen-treated lambs was the pulmonary injury,
characterized by edema. Studies of the excised
lungs showed that the lesion was spotty, that the
normal-appearing portions of the lung were nor-
mally distensible, and no significant alterations in
pulmonary surfactant occurred. Several methods
of assessment of the mechanical derangements are
presented.

THE oCCURRENCE of bronchopulmonary dys-
plasia in the lungs of infants and adults
treated with oxygen and positive-pressure res-
pirators 1+ 2:3 has led to speculation about the
possible role of artificial ventilation in the
pathogenesis of this lung injury. Pulmonary
oxygen toxicity in both adult animals and hu-
mans has been well documented #-1° although
few studies of oxygen toxicity in newborn ani-
mals have been reported.’?-1¢ The role of the
respirator in the pathogenesis of the pulmo-
nary lesion has been difficult to evaluate in
humans because they have also had under-
lying pulmonary disease, which in itself could
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lead to the chronic changes described. In one
study of adult dogs, designed to examine the
roles of the respirator and prolonged endo-
tracheal intubation in producing pulmonary
changes associated with breathing 100 per
cent oxygen, the lungs of oxygen-breathing
animals showed significant damage after 25-30
hours, whereas the lungs of air-breathing ani-
mals were essentially normal.?5

We have examined the effects of artificial
ventilation in normal lambs approximately two
weeks of age, exposed to 80+ per cent oxy-
gen, The nature and severity of the pulmonary
lesions were studied post-mortem by measure-
ment of the static elastic properties of the
lung, the pulmonary surfactant, and by histo-
logic criteria.

Materials and Methods

Eighteen “mixed-breed” lambs were selected
for the study. Eight were female, ten male.
The lambs were divided into four treatment
groups: 1) air breathing, no respirator; 2) air
breathing with respirator; 3) oxygen breathing
with respirator; 4) oxygen breathing, no res-
pirator (table 1). The animals were anesthe-
tized with sodium pentobarbital 20 mg/kg in-
traperitoneally and a femoral arterial cannula
inserted. Silastic® t tracheostomy tubes (Aber-
deen design) were placed in 13 animals, all of
those on respirators, two of the five control
lambs, and three of the five on oxygen alone.

The respirators used were two Harvard
pumps®, 1 an Emerson infant ventilator® § and

1 Dow-Corning Co., Midland, Michigan.
1 Model 607, Harvard Instrument Co., Harvard,

Mass.
§ Model 3-PV, J. H. Emerson Co., Cambridge,
Mass.

609

20z ludy 61 uo 3senb Aq ypd°20000-00090696 |-Z¥S0000/001.882/609/9/0€/4Pd-01011e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
June 1969

DELEMOS ET AL.

610

Downloaded from http://asa2.silverchair.com/anesthesiology/article-pdf/30/6/609/288100/0000542-196906000-00007.pdf by guest on 19 April 2024

viuowmaud [RHUSIDIUT 4
*9SIN00 [RJUIWLIAAXD AU 9Y) JOA0 sanfeA uraw juasatdes sassyjuaarvd ut jou
%008 puk }{d JO SAN[BA {UOTIRIOLIIIIP [BOTWIAYD PUE [BITUI[D JO JISUO YY) 240f2q san[rA s88 Jo surawt Juasaadoa sesajuared ur Ncuﬁ& PuB Hd JO SON[BA 4
wrsaysou = vy {dwnd pavarel] = I !10)eatdsox YOIQA-IO[PNTN = TN ‘IO)B[IIUSA JURJUI UOSIdW[ = H[ ' AUIOISOYIBIY} = 1], 4

(op)ew | (SeL¥PeL 80F NVH]y
0 +/0 + 0| (OP)%C | (S )TFL | 959 | L8 | 891 | CI1Z | 1$¥ snogurjuody 0y VL o1
++ + + ++ 42 eFL | 689 | 8% | — | 068 | OTO shodurjuodg 6 VL ia!
0 + + + | (eI | (BEDTILL | FF9 | 197 | 6%¢ | 122 | 68¢ shoduejuodg 8¢ 6
++ 0 0 +++ 42 oeL ige9 | — | — | — | — snosugjuodg 0¥ 8
+++ | +++ ++ + 44 — — 29 — | — | — | — snoguejuodg Ly 1L L
QZOTW m:
(0g)ze | (0D 1F°2 g'Ge NVHIA
-~ - - — 1 (I2)8z | BFLLEL | L6¢ | L& | TOE | 8¢ | 68¢ snoaurjuodg 89 RNAC €1
0 + + +++ | (Ener | (egLees |aLe | — | — | — | 60 | snoduwyuodg 61 | WLVIN a1
++4+/++ | +4+4+ [+ [ FHH/ | (62)62 ] (09°0)6FL | L9 | 9T | €8€ | 688 | £9F snoauejuodg 96 ILYH C
++ i +++ [ +++ 441 (823)8z | (0T L)&¥'L | 089 | 007 | 08T | €6% | 299 |  snoouwjuodg ce LLVH 1
1oyeaidsar snyd #Q
(g2)1°¢z | (8572282 NVHTAL
0 + -+ 0 1'8% 1¢L 1Tk | — |96 | 30T | S8 paoyLIoEy el 1LVH 11
wik T ot et wrxt ((CDTET | BT8P L | TFT | 28 | 60T | 60T | €0T |xxxSN00UBIUOAY 0L 1LVH 01
0 0 0 0 1er 8CL | TPI | — | €8 |O11|¢6 paoyLIoBg 101 | LVIX 9
0 0 0 + 18 TCL | SHI |28 | 601 | €9 | 8P PadYLIORY 10T | ILVH ¢
r10)raidsar pue 1y
0 0 0 0 0¥ o¥'L | ¥l o8 pooyLIOEg o)
0 0 0 0 ce 8e'L | TBT 98 paoyLIoey e}
- - - - 44 peoyLIoeg 19
0 0 + + 23 9¢'L | TFT | 08 08 paoyLIoBg 1L ¥
0 0 0 0 28 ee'L | THT | @8 78 paoyLIoRy 1L e
s[019U0))
(i} 8’ g 1
JOISE uonsosuog [TUPIML L puepy | WRIC | wely jumny (osinon et yoosned SR Soen sy
[PIudmIadx0 ut 9FeIg)
e g

sfurpur,f 9180[0)SI[[ PuB [wAIUI[) T ATAV,,



Volume 30
Number 6

a Mueller-Morch respirator,f and were as-
signed among the groups as shown in table 1.
The oxygen-treated animals were maintained
in an environment of 80-100 per cent oxygen
at one atmosphere. Oxygen-treated animals
not on respirators received oxygen via trache-
ostomy, or, if unanesthetized, were permitted
to move about in a chamber flooded with oxy-
gen. All inspired gas was fully humidified at
a room temperature of 23 C or, when the
Emerson and Mueller-Morch respirators were
used, at 37 C. Respirator rates were set at
20-22/min and tidal volumes adjusted to main-
tain arterial pH between 7.45 and 7.65 to
simulate the clinical situation. All anesthe-
tized animals were sighed every two to three
hours. Ambient oxygen concentrations were
determined at regular intervals using a Beck-
man® ® oxygen analyzer.

Arterial blood samples, obtained initially
and at 12-hour intervals, were drawn into a
heparinized glass syringe and analyzed imme-
diately for Py, using a modified Clark elec-
trode. The electrode was calibrated with
gases of known P, and correction factors for
the difference between blood and gas calibra-
tion were determined by tonometry. Arterial
pH was measured directly; HCO3~ and Pgg,
were calculated by the Astrup method.t¢  All
gas values were corrected for the body tem-
peratures of the animals.

All animals on respirators and two receiving
oxygen alone were sedated continually with
intra-arterial pentobarbital titrated to keep
them inactive. Animals were turned and suc-
tioned every two to three hours, and given
procaine penicillin 300,000 units and kana-
mycin sulfate 10 mg, intramuscularly every 12
hours. Nutramigen® } was administered by
gavage six times a day. Chest roentgenograms
were obtained daily.

The duration of the experiment was deter-
mined by the spontaneous deaths of the ani-
mals in oxygen. Other lambs were sacrificed
after an interval greater than the longest sur-
vival in oxygen by the intra-arterial instillation
of saturated KXCl. Immediately after death the

V. Mueller and Co., Chicago, 11l

# Model D2 Beckman Instruments, Inc., Fuller-
ton, California.

t Protein hydrolysate formula, 20 cal/oz, Mecad
Johnson and Co., Evansville, Indiana.
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tracheostomy tubes were removed and a can-
nula was inserted proximal to the tracheostomy
site. In situ pressure-volume curves were de-
termined with the thorax open, using an ap-
paratus previously described.’” Pressure was
adjusted in increments of 5 cm HyO and time
allowed for volume equilibration, approxi-
mately two minutes at each pressure. Lungs
were weighed and their volumes determined
by displacement of water, to permit calculation
of total gas volumes and to check for possible
leaks during the previous inflation.

After excision the lungs were reinflated for
inspection of the surfaces and photographed.
Two- to three-gm specimens of lung from the
most abnormal-looking areas of one or more
lobes were minced, filtered through gauze and
cycled for 12 to 18 hours on a modified Wil-
helmy balance until a reproducible force-area
relationship was established. Minimal surface
tension on compression of the surface film to
15 per cent of the original area and maximal
surface tension on re-expansion were recorded
continually,

Specimens of lung from areas adjoining
those used for surface-tension studies, as well
as specimens from relatively normal-appearing
areas, were immediately fixed in 10 per cent
formalin, embedded in paraffin, stained with
hematoxylin and eosin, and examined by light
microscopy. Two pathologists reviewed the
sections independently without prior knowl-
edge of the treatment of the animals and as-
sessed the degrees of edema, congestion and
lymphatic dilatation on a 0—4+ scale. When
they disagreed both opinions were recorded.

Results
Survivar TIME

Survival was shortest in animals which re-
ceived high concentrations of oxygen without
ventilatory assistance, longer in the high-
oxygen—respirator group, and longest in the
air-respirator animals (three of which were
sacrificed). The fourth had an unexpected
cardiac arrest at 72 hours and had pathologic
evidence of pneumonitis at necropsy. The
wide variation in duration of life in the high-
oxygen groups did not correlate with amount
of oxygen given or with Pag, (table 1).
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Fic. 1. Deflation pressure-volume curves. Vol-
umes of air per gm lung tissue at any given trans-
pulmonary pressure are substantially less in the
Oq-treated lambs than in the air-breathing animals.
The differences reflect in large part the greater
lung weights of the O.-treated animals.

Broop GAskes

In animals that died spontaneously on res-
pirators the arterial blood gases remained rela-
tively stable for the initial half of the experi-
ment; rapid deterioration heralded death.
Similar findings in dogs were noted by Smith
et al® Respiratory alkalosis was greater in
animals ventilated with air than in those ven-
tilated with oxygen, when the values through-
out the experiment are considered, pH 7.52
compared with pH 7.41. Mean values calcu-
lated before the onset of clinical deterioration
showed comparable degrees of respiratory alka-
losis, pH 7.53 and pH 7.50 (table 1).

CLINICAL SIGNS

Foamy tracheal secretions and rales were
observed concomitant with deterioration in
blood gas values. Respiratory rate and effort,
noted at regular intervals, were not helpful in
judging the status of the spontaneously-
breathing animals, and of course were not
usable as clinical criteria in the animals on
respirators. Cyanosis was present late in the
course of the experiment in the few animals
who had significant hypoxemia. Two lambs
on respirators developed pneumonthoraxes; one
breathing a high oxygen concentration died
in spite of chest-tube aspiration of the gas; the
other did well after needle aspiration.
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RaprocrarHIC FINDINGS

Reticular densities were found in six of the
seven oxygen-treated animals of which roent-
genograms were made. These were generally
located at the lung bases and were felt to rep-
resent interstitial edema. One air-respirator-
treated lamb had a pneumomediastinum and
subcutaneous emphysema 12 howrs after onset
of the experiment. This animal ultimately de-
veloped a pneumothorax, but survived.

PRESSURE-VOLUME STUDIES

The static—elastic behavior of the lungs and
thorax is depicted in figures 1 and 2. The
deflation limbs of the pressure-volume rela-
tionships are shown as composite curves ob-
tained by calculating mean gas volume at a
given pressure for animals in each group. In
figure 1 gas volumes are divided by mean lung
weight and expressed on the ordinate as cc/gm
lung. This form of presentation suggests that
the oxygen-treated lambs had less distensible
lungs than those breathing rocom air.

Since there was some variation in size of the
animals, and lung weight included edema as
well as tissue weight, another form of presenta-
tion is shown in figure 2. The volume of air
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Fic. 2. Deflation pressure-volume curves. The
oxygen-treated lungs showed no predisposition to
premature closure, which would be expected if
surface forces had been altered.
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at any given transpulmonary pressure is ex- 60
pressed as a percentage of the total air vol- ’-
ume at a pressure of 40 cm H,0. Note that 5.0+
the inflated portions of the oxygen-treated
lungs retained relatively more air throughout 40
deflation and trapped larger volumes at zero . /m
transpulmonary pressure than the lungs not 30 g
exposed to high oxygen concentrations. Fas

Another method of depicting the volume 2.0k
events measured post-mortem is shown in fig- ;
ure 3. Since the edema could not be mea- Lok e ;| EDEMA
sured directly, the amount was calculated on 2 / % T1SSUE
the assumption that the lung tissue without 7
edema would have borne the same relation- CONTROLS  AIR + 0p + 0p

RESP.  RESP.  ALONE

ship to body weight in treated animals as in
controls. Thus, the expected tissue weight
could be calculated knowing the body weight
of each animal and the normal lung-weight—
body-weight ratio. The difference between
actual lung weight and expected lung weight
was assumed to be the amount of edema. The
gas volume at the peak distending pressure
was added to the lung-tissue volume and
edema volume to construct the columns in the
figure. The ordinate is vol/gm of lung, to
allow comparison of different sizes of animals.
This comparison of lung volumes shows a
marked increase in the amount of edema in
the high-oxygen animals. This difference is
also reflected in the lung-weight-body-weight
ratios, where it can be seen that the air-res-
pirator group had no significant edema,
whereas mean lung weights in oxygen-treated
animals were increased significantly (table 2).
The total volumes of the lungs, including tis-
sue, edema and air, after full inflation, were
similar in all groups.

Two animals were omitted from the pres-
sure-volume measurements; one control ani-
mal because of technical error and one oxygen-
treated lamb because of multiple leaks.

SURFACE-TENSION STUDIES

The results of measurement of surface ten-
sion are shown in table 2. All but one speci-
men achieved minimal surface tension on com-
pression of the surface film to below 15 dynes
/cm, which is normal in our laboratory. In
two instances (animals 13 and 15) specimens
from abnormal looking parts of the lungs had
higher minimal surface tensions than sections

F1c. 3. Distribution of lung volume at maximal
inflation. In the treated groups tissue weight is
assumed to be that which would be expected
knowing body weight and lung-weight-body-
weight ratios in the controls. Edema represents
the difference between actual and calculated lung
weight. The air volume is that held by the lung
at peak inflation at 45 cm H-O pressure.

from areas which grossly looked more normal.
On the average, minimal surface tensions of
the lungs of oxygen-treated animals were
slightly higher than those of controls and those
of air-ventilated animals, but these differences
are thought not to be of biologic significance.

PATHOLOGIC STUDIES

The lungs of animals which breathed high
oxygen concentrations with or without res-
pirators were strikingly different in gross ap-
pearance from lungs from air-respirator and
control animals. First, all of the lungs were
heavy and boggy. The pleural surfaces showed
bleb formation on inflation (fig. 4). On defla-
tion, segments of lung became atelectating,
others remained inflated, and a white foamy
tracheal effluent was noted. On the whole,
the more dependent portions of the lung were
most abnormal, although sometimes the abnor-
malities appeared randomly distributed.

Microscopically, the oxygen-treated lambs
had changes of much greater magnitude than
the air-breathing animals (table 1). Edema,
alveolar thickening, congestion and lymphatic
dilatation were the principal abnormalities
found (fig. 5). There were marked differ-
ences in the degrees of histologic change
among the oxygen-treated animals which did
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not correlate with duration of exposure. On
the whole, degrees of edema and lymphatic
dilatation correlated better with differences in
lung weight. Congestion and alveolar septal
thickening were more variable. Hyaline mem-
branes were found in only one lamb treated
with oxygen and respirator (animal 2}, and
none showed hemorrhage or fibrosis. Squa-
mous metaplasia was minimal and was dis-
tributed equally among the tracheostomized
and non-tracheostomized lambs. Only one
animal (10) had significant mononuclear in-
filtration. Since this was so exceptional, it was
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Anesthesiology
June 1969

Discussion

The results of this study show clearly that
oxygen, with or without artificial ventilation,
causes fatal pulmonary damage in young
lambs. We were able to demonstrate no ad-
verse effects from the use of the ventilator
without added oxygen.

The evidence in support of these conclusions
is that only the high-oxygen-treated animals
died; use of the respirator had no definite ef-
fect on survival; significant edema, as mea-
sured by changes in lung weight, abnormalities
of pressure—volume relationships and histo-

assumed it coud have existed before the logic examination, was present only in animals
experiments. breathing high oxygen concentrations; the
TasLe 2. Lung Weight, Static Klastic Properties and Surface Tension
' Lung volume (ce) at a given Surface Tension*
. Body Lung lLung ; C-R pressure (em H:0) (dynes cm)
Animals Weight | Weight Wt/ . cm
(k) (kg) | Body | i ;
Wi, Vis Vi | Ve ‘ Vo Max. | Min.
| ‘
Controls .
3 4.5 0.103 | 0.023 H2 - - — — — 36, 33 7,2
4 4.5 0.135 | 0.030 45 33 271 182 118 36 7
Cy 6.8 0.147 | 0.022 59 635 560 382 280 38 S
Cs 5.2 0.119 | 0.023 55 529 446 314 227 36 6
Cs 54 0.140 | 0.026 52 459 388 250 172 35 H
MEAN 5.3 0.128 | 0.024 53 36 6
Air and respirator
5 4.7 0.110 | 0.023 48 253 233 198 148 33 2
6 4.4 0.108 | 0.025 45 349 208 205 142 40 1
10 4.6 0.126 | 0.027 52 407 328 202 147 36 3
11 4.9 0.109 | 0.022 54 426 357 226 174 42 3
MeaN 4.6 | 0.113 | 0.025 | 50 38 2.3
O and respirator
1 3.0 0.113 | 0.038 51 132%* 127 99 67 44 3
2 4.7 0.150 | 0.032 52 180 161 137 105 35, 40 2,7
12 5.2 0.121 | 0.023 46 419 363 282 229 36 b
13 4.8 0.268 | 0.056 54 83 65 46 36 32, 43 13, 20
MeaN 44 | 0163 | 0037 | 51 : 38 8
0. alone
7 4.3 0.248 | 0.058 52 235 212 186 172 — —
8 3.4 0.150 | 0.044 30 — — — — 33 10
9 4.6 0.150 | 0.033 52 274 241 194 150 33, 35 0,7
14 4.8 0.172 | 0.036 52 410 375 286 278 — —
15 6.2 0.161 | 0.026 56 614 536 420 317 32, 35 4, 12
MeaN 4.6 0.176 | 0.038 52 33 6.6

* Where two values are given, the first represents a specimen from a cephalad lobe; the second from o

caudad lobe.
** Vi—lung leaking at Vis.
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lungs of lambs ventilated in room air were
nearly normal.

The mechanical derangements observed were
quantified by analysis of the pressure-volume
relationships. It was immediately evident that
the lungs of oxygen-treated lambs held less
gas at a given transpulmonary pressure than
air-respirator or control lungs. One possible
interpretation of this observation is that the
lungs were either fibrotic or in some other way
less distensible after oxygen poisoning. Alter-
nately, it is possible that the edema was
space-occupying and that the elastic proper-
ties of the lung available for inflation were
normal. The evidence strongly supports the
latter possibility. When the deflation limbs of
the pressure—volume curves were compared on
the basis of the percentage of maximal volume
at a transpulmonary pressure of 40 ecm H,O,
the oxygen-treated lungs actually had rela-
tively greater gas volumes at low transpulmo-
nary pressure than the controls. Since foam
was often visible in the airways it seems prob-
able that it contributed to gas-trapping. Fur-
ther support for the hypothesis that the disten-
sible portions of the lungs were not abnormal
comes from the analysis depicted in figure 3.
The oxygen-treated animals had total volumes
similar to those of the controls when lung-
tissue volume, edema volume, and gas volume
were calculataed. Alterations in surface forces
or the presence of significant fibrosis should
have reduced both gas and total volumes at
the peak distending pressure.

The results of surface-tension measurements
coupled with the absence of premature closure
in the deflation limbs of the pressure—volume
curves support the thesis that oxygen is not
primarily injurious to pulmonary surfactant in
lambs. Some studies in other species have
shown alterations in surface tension with expo-
sure to high oxygen concentrations 13+ 19-24; oth-
ers have not.2% 25 Morgan detected a reduc-
tion in phospholipid content in lung washings
of dogs exposed to high oxygen concentrations
for 48 hours, suggesting an impairment in sur-
factant synthesis.?3

The problem of interaction of high oxvgen
concentration and pulmonary surfactant is
complicated by the concurrence of edema,
which may of itself displace the surfactant.?s

LUNG INJURY FROM OXYGEN IN LAMBS
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Fic. 4.

Inflated excised lung from the oxygen-
treated lamb. Note the somewhat uneven infla-
tion and the subpleural bleb.

The possibility that edema comes first and the
alterations in surface tension are secondary is
supported by the findings in this study and by
the morphologic findings of others. Electron
microscopic examinations of rats show the ear-
liest lesion to be an accumulation of liquid in
the interstitial spaces, with destruction of the
capillary endothelial lining.?"»2¢  Abnormali-
ties in the alveolar lining cells, thought to be
a site of synthesis of the surfactant, are not
regularly present,15, 27, 29

Necropsy findings in these animals were
compatible with the events that have been
measured during life in animals and man with
either pulmonary oxygen toxicity or pulmonary
edema from other causes.® 29-31 A reduction
in dynamic lung compliance is regularly pres-
ent and is reversible after forced inflation.
The volume of trapped gas in the lungs during
life is not significantly increased, but when
the lungs are fully distended, as in post-
mortem volume-pressure studies, previously-
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collapsed alveoli are opened and foam forma-
tion occurs.3?

The problem of the etiology of the pulmo-
nary lesion seen in adults and infants after pro-
longed use of respirators and high oxygen con-
centrations cannot be resolved by this short-
term study. However, we do confirm the find-
ings of Lee et al.?? that when a high oxygen
concentration is administered via a respirator
the acute lesion seen is the lesion of oxygen
toxicity alone, and that the respirator does
not appear either to produce or to aggravate
the injury. Others have shown that chronic
exposure of monkeys and rats % 23 to increased
levels of oxygen has produced proliferative
pulmonary lesions similar in many respects to
those found in humans. This suggests that
oxygen, not the fact of assisted ventilation,
underlies the chronic pulmonary changes seen
after assisted ventilation with high oxygen
concentrations.
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Drugs

PENTAZOCINE COMPARISON Analgesic potency of oral and intramuscular
pentazocine was evaluated in a double-blind crossover of graded single doses in pa-
tients with chronic pain due to cancer. Oral pentazocine was one third to one fourth
as potent as intramuscular pentazocine. Single oral doses of 240 mg caused psycho-
tomimetic reactions four out of 23 times. These reactions were transient; other-
wise, adverse effects were not significantly different for equianalgesic doses of oral
and intramuscular pentazocine. The oral form of the drug may be useful in treat-
ing moderately severe or severe pain which is not being treated with potent nar-
cotics. (Beaver, W. T., and others: A Clinical Comparison of the Effects of Oral
and Intramuscular Administration of Analgesics: Pentazocine and Phenazocine, Clin.
Pharmacol. and Ther. 9: 582 (Sept.) 1968.)

HALOTHANE AND HEPATIC FAILURE Of the first 150 cases reported to
the Fulminant Hepatic Failure Surveillance Study, 80 patients presumably had had
viral hepatitis, and 62 of these patients had died. Of 41 patients who had had re-
cent surgery, 36 died. Thirty-five of these patients exhibited massive hepatic necro-
sis less than three weeks after halothane anesthesia. Of these, 77 per cent had
multiple exposures to halothane. Although the danger of hepatic failure from halo-
thane is small, this complication was present in about 25 per cent of the patients
presented in the study. This observation supports the authors’ conclusion that when
the use of halothane is desired, multiple exposures should be avoided. In addition,
the authors point out that “unexplained” fever after exposure to halothane is an im-
portant warning sign, which should be thoroughly investigated prior to further ex-
posure to this anesthetic. (Trey, C., and others: Fulminant Hepatic Failure, Pre-
sumable Contribution of Halothane, N. Eng. J. Med. 279: 798 (Oct.) 1968.)

20z ludy 61 uo 3senb Aq ypd°20000-00090696 |-Z¥S0000/001.882/609/9/0€/4Pd-01011e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



