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Objective: To describe the use of inhaled isoflurane by using a
standardized protocol in the treatment of respiratory failure sec-
ondary to status asthmaticus in a series of pediatric patients.

Design: Gase series.

Setting: Pediatric intensive care unit of a tertiary care military
medical facility.

Patients: Six pediatric patients ranging in age from 14 months
to 15 yrs who were treated with isoflurane in our pediatric
intensive care unit for status asthmaticus from 1995 to 1998,

Intervention: Inhaled isoflurane therapy was initiated by using
the treatment protocol after the patients had failed conventional
medical management in the treatment of their asthma.

Measurements and Main Results: All patients tolerated isoflu-
rane therapy well by using our standardized protocol in conjunc-
tion with careful hemodynamic monitoring and support. The ad-

ministration of inhaled isoflurane resulted in measurable
improvements in the subject patients, as evidenced by statisti-
cally significant decreases in Paco, and peak inspiratory pres-
sures, as well as a significant increase in pH. All six patients were
successfully extubated and were discharged from the hospital
without apparent sequelae.

Conclusions: We conclude isoflurane may be a safe, effective
treatment modality in the management of status asthmaticus
refractory to aggressive medical therapy, although further study
is warranted. We emphasize this mode of therapy should be
instituted only after traditional treatment modalities have failed
and appropriate intensive care support is available. (Pediatr Crit
Care Med 2000; 1:55-59)
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sthma is the most common

chronic disease affecting chil-

dren and remains one of the

most common reasons chil-
dren require hospitalization. Despite im-
provements in outpatient management,
the frequency of pediatric asthma-related
hospitalizations and mortality has con-
tinued to rise in certain subsets of the
population (1-3). Subsequently, there
has been great interest in the identifica-
tion and development of new treatment
modalities for the increasing number of
children who develop respiratory failure
secondary to status asthmaticus. Recent
studies have examined several different
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treatment methods, including the use of
helium-oxygen gas mixtures, magnesium
sulfate, and permissive hypercapnia (4,
5). Although these treatments appear to
be promising, they by no means repre-
sent a panacea for the management of
status asthmaticus, and the search for
better treatments continues.
Inhalational anesthetic agents were
used in the treatment of status asthmati-
cus refractory to traditional medical ther-
apy as early as 1939 (6). However, their
use has been limited outside the operat-
ing room setting by concerns over toxic-
ity, as well as by the technical expertise
and specialized equipment required for
their use. Isoflurane, a halogenated ether
with relatively few side effects, has been
used successfully in the treatment of sta-
tus asthmaticus (7). The experience with
inhalational isoflurane in children, how-
ever, is limited, We retrospectively stud-
ied the use of isoflurane in six pediatric
patients by using a standard protocol for
treatment of respiratory failure secondary
to status asthmaticus. The patients, rang-
ing in age from 14 months to 15 yrs, were
treated in our pediatric intensive care
unit (PICU) from 1995 to 1998. Five pa-
tients were intubated and on maximal

medical therapy before the institution of
inhaled isoflurane treatment. Shortly af-
ter returning from the operating room,
one patient was placed on isoflurane after
an episode of severe bronchospasm dur-
ing induction for a surgical procedure.

CASE REPORTS

Patient 1. A 13-yr-old, 80-kg female
with previous, multiple ward admissions
for asthma presented to the emergency
department (ED) in acute distress after
awakening with symptoms of severe
shortness of breath. Her outpatient regi-
men consisted of theophylline and daily
use of an albuterol metered dose inhaler.
In addition, she had been prescribed both
nedocromil and flunisolide metered dose
inhalers, although she had not been com-
pliant with these medications. She was
admitted to the PICU after multiple treat-
ments with aerosolized albuterol and
ipratropium, subcutaneous epinephrine
and terbutaline, and intravenous methyl-
prednisolone and magnesium sulfate. De-
spite aggressive treatment, she developed
respiratory failure and was subsequently
intubated. On transfer to the PICU, she
was sedated and paralyzed with ketamine,
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midazolam, and vecuronium. Further
treatment included intermittent aerosol-
ized albuterol and ipratropium, a contin-
uous aminophylline infusion, intrave-
nous methylprednisolone, and empirical
antibiotic coverage for a right lower lobe
infiltrate. Because of her worsening con-
dition, a continuous terbutaline infusion
starting at 0.5 pg/kg/min and increasing
to 1 wg/kg/min was added. Boluses of
magnesium sulfate were administered to
maintain serum magnesium levels >1.23
mmol/L. She was placed on volume-
control ventilation with an initial tidal
volume of 600 mL, positive end-expira-
tory pressure of 6 cm H,0, and rate of 25
breaths/min. Her peak inspiratory pres-
sure (PIP) slowly decreased to 40—45 cm
H,0 with a tidal volume of 600-700 mL,
but on hospital day (HD) 3 her PIP in-
creased to 55 cm H,0 with a tidal volume
of 600 mL. Arterial blood gases showed
worsening respiratory acidosis with a pH
7.27 and a Paco, of 77 torr (Table 1).
Inhaled isoflurane therapy was subse-
quently instituted at a concentration of
0.2% and slowly increased to 1.5%. While
receiving isoflurane, she required inter-
mittent fluid boluses for a decreased
urine output, but she did not develop any
evidence of hypotension. Her PIPs de-
creased to 25-35 cm H,0, her respiratory
acidosis resolved (Table 1), and she was
gradually weaned from isoflurane on HD
4. The total duration of isoflurane therapy
was 24 hrs. Extubation was unsuccessfully
attempted on HD 6; she required mechan-
ical ventilatory support for an additional 72
hrs before successful extubation and trans-
ference to the ward on HD 11.

Patient 2. A 14-yr-old, 50-kg male
with a history of moderate asthma was
intubated in the ED for respiratory failure
secondary to status asthmaticus. He had
presented with 2 days of upper respira-
tory infection symptoms, and he noted
increased wheezing and dyspnea on the
day of admission. His maintenance med-
ications were nedocromil, beclometha-
sone, and albuterol metered dose inhal-
ers. Before transfer to the PICU, he had
been treated with continuous aerosolized
albuterol and ipratropium, intravenous
methylprednisolone, a continuous ter-
butaline infusion, and sedation. He was
placed on volume-controlled ventilation,
with resultant PIPs of 40-50 cm H,0 on
a tidal volume of 400 mL. On arrival at
our PICU, terbutaline was continued at
0.8 wg/kg/min. Shortly after admission
he had a sudden decompensation associ-
ated with worsening bronchospasm. He
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Table 1. Summary of isoflurane experience with six pediatric patients

Preisoflurane

Patient Age/Sex pH Paco, (torr) PIP (cm H,0)

1 13 yrs/F 7.27 77 62

2 14 yrs/M 6.96 96 60

3 10 yrs/M 6.99 110 60
4 15 yrsM 7.05 85 64

5 15 months/F 7.07 72 >30 (anesthesia bag)
6 14 months/F Unavailable >607 60-65
Postisoflurane
Patient Elapsed Time pH Paco, (torr) PIP (cm H,0)

1 10 mins 7.45 45 45

2 30 mins 7.30 44 45

3 30 mins 7.30 50 35

4 40 mins 7.08 65 45

5 78 mins 7.18 59 22

6 12 mins 7.28 48 35

PIP, peak inspiratory pressure; To convert torr to kPa, multiply value by 0.1333.

“End-tidal CO, monitoring.

subsequently developed bilateral pneu-
mothoraces associated with the onset of
ventricular tachycardia. He was success-
fully cardioverted and bilateral chest
tubes were placed after needle thoracot-
omy. In addition, he developed moderate
hypotension, which responded to both
fluid resuscitation and pressor support
with an epinephrine drip of 0.1 pg/kg/
min. He developed significant respiratory
acidosis (Table 1) over the next 4 hrs with
no evidence of recurrent pneumothora-
ces. Isoflurane at an inhaled concentra-
tion of 1.5% was administered to treat his
bronchospasm. His respiratory acidosis
improved significantly with a reduction
in his PIP (Table 1). Treatment with in-
travenous ketamine for sedation and
bronchodilation was instituted; intrave-
nous terbutaline was decreased to 0.5 pg/
kg/min and corticosteroid therapy was
continued at 1 mg/kg every 6 hrs meth-
ylprednisolone. He was weaned off epi-
nephrine in the next 36 hrs and was
weaned off isoflurane on HD 4, with ex-
tubation performed later that day. The
duration of isoflurane therapy was ap-
proximately 96 hrs.

Patient 3. A 10-yr-old, 30-kg male
with a known history of asthma was ad-
mitted to the PICU after a 1-day history of
upper respiratory infection symptoms
and worsening respiratory distress. His
outpatient regimen was albuterol, triam-
cinolone, and nedocromil. He was admit-
ted to the PICU after multiple treatments
with aerosolized albuterol, ipratropium,
and intravenous corticosteroids. An ini-
tial arterial blood gas demonstrated a pH

of 7.22, Paco, of 55 torr, and a Pao, of 120
torr on 10 L/min supplemental oxygen
via a nonrebreathing face mask. He was
placed on continuous aerosolized albu-
terol, methylprednisolone 1 mg/kg intra-
venously every 6 hrs, and intravenous
terbutaline at an infusion rate of 4 pg/kg/
min after a 10 wg/kg bolus. Over 1 hr, 1 g
iv of magnesium sulfate was administered
with no further improvement. The child
became markedly fatigued and difficult to
arouse, and a rapid sequence intubation
was performed. Initial peak pressures
were as high as 60 cm H,0 with tidal
volumes of 8 mL/kg. The patient’s condi-
tion continued to deteriorate despite ad-
dition of chemical paralysis and a contin-
uous ketamine infusion. A repeat arterial
blood gas showed a pH of 6.99, Paco, of
110 torr, and a Pao, of 130 torr. Inhala-
tional isoflurane therapy was adminis-
tered at a concentration of 2%. Treat-
ment with all other medications except
terbutaline and methylprednisolone was
discontinued. The patient developed
moderate hypotension, which responded
to a decrease in the isoflurane to 1% and
a dopamine infusion of 5 pg/kg/min. Af-
ter 30 mins of inhalational isoflurane, the
PIP decreased to 30-35 cm H,0 and the
respiratory acidosis improved. Ventila-
tory support was gradually weaned over
the next 24 hrs, and the patient was ex-
tubated 48 hrs after admission. The du-
ration of isoflurane therapy was ~44 hrs.
The patient was discharged to home ~48
hrs after extubation.

Patient 4. The 14-yr-old, 50-kg male
patient described as patient 2 presented
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again with respiratory failure 5 months
after his initial hospitalization. Before in-
tubation at an outside ED, he received
continuous albuterol and ipratropium
nebulizer therapy and intravenous meth-
ylprednisolone. He was intubated and a
right chest tube was placed for a sus-
pected pneumothorax. In transport, he
was treated with continuous albuterol,
magnesium sulfate bolus, and a single
theophylline bolus. On arrival to the
PICU, his initial venous blood gas mea-
surement was notable for a pH of 7.15
and a Paco, of 61 torr. A terbutaline in-
fusion was administered after a 10-pg/kg
bolus and was subsequently increased
from 2 pg/kg/min to 10 pg/kg/min with
further clinical deterioration. Sedation
was maintained with continuous infu-
sions of midazolam and fentanyl. He de-
veloped a significant respiratory acidosis
(Table 1) on volume-controlled ventila-
tory support with PIP at 60 cm H,0 and
a tidal volume of 400 mL. Isoflurane was
initiated at 1% with a rapid decrease in
his PIP to 45 cm H,0 and an improve-
ment in his respiratory acidosis (Table 1).
He required fluid resuscitation and a do-
pamine infusion of 15 pg/kg/min and epi-
nephrine infusion of 0.1 pg/kg/min to
maintain adequate blood pressure until
the isoflurane was weaned <1%. During
treatment with isoflurane, therapy was
continued with methylprednisolone at 1
mg/kg every 6 hrs, continuous terbutal-
ine infusion at 2 pg/kg/min, and magne-
sium sulfate boluses to keep serum mag-
nesium levels >1.23 mmol/L. Isoflurane
was discontinued at ~40 hrs and he was
extubated the next day without incident.

Patient 5. A 14-month-old, 9.9-kg fe-
male with a history of Apert’s syndrome
and mild intermittent asthma was admit-
ted for an elective craniofacial recon-
struction. Her home medications were
glycopyrolate for secretion management
and intermittent aerosolized albuterol.
Her past medical history was remarkable
for a tracheostomy placement at 2
months of life and several previous respi-
ratory admissions; however, she was re-
portedly free from viral symptoms at the
time of operation. She was noted to be-
come acutely bronchospastic ~4 hrs into
surgery with a balanced fentanyl and
isoflurane anesthesia technique, and she
underwent an emergent bronchoscopy
with removal of mucus plugs. Surgery
was canceled, isoflurane was discontin-
ued, and she was admitted to the PICU.
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On arrival at the PICU, she required
PIPs of 45 cm H,0 to maintain adequate
tidal volumes of 8—10 mL/kg. An arterial
blood gas measurement on 100% oxygen
was obtained, showing a pH of 7.18, a
Paco, of 85 torr, a Pao, of 326 torr, and a
base deficit of —7.2. A continuous ter-
butaline infusion was administered at 0.4
pg/kg/min after a 10 wg/kg loading dose,
which was quickly increased to 1 ng/kg/
min because of clinical deterioration. In
addition, she was placed on continuous
aerosolized albuterol and ipratropium
and intravenous methylprednisolone. Af-
ter ~1 hr of therapy, inhaled isoflurane
was initiated at 1% secondary to persis-
tently high PIPs of 45-50 cm H,0 and
worsening clinical status. The isoflurane
concentration was increased to 1.5% be-
fore a clinical response was noted with a
decrease in her PIP to 30 cm H,0 and a
drop in the Paco, to 50 torr (Table 1). The
elapsed time from initiation of therapy to
clinical response was ~1 hr. She required
a 20 mL/kg fluid bolus secondary to hy-
potension after the increase in isoflurane
concentration, and she ultimately re-
quired a dopamine infusion to maintain
an adequate blood pressure until the
isoflurane was decreased <1%. She re-
mained on inhalational therapy for ~20
hrs and on HD 3 was transferred to the
ward.

Patient 6. A 14-month-old, 12.9-kg fe-
male was admitted to the PICU after pre-
senting to the ED in respiratory distress.
She had been evaluated 2 wks previously
by her pediatrician, who had prescribed
albuterol and erythromycin for wheezing
and breathing difficulty. Her symptoms
had improved until the day before admis-
sion, when she returned to her pediatri-
cian with increasing cough and fever. She
was treated with prednisolone 2 mg/kg/
day, albuterol and cefixime for a pre-
sumed pneumonia. On presentation to
the ED, she was noted to be in respiratory
failure with oxygen saturation of 79% on
room air. She was emergently intubated
and transferred to the PICU.

She was admitted to the PICU and
placed on aerosolized albuterol and ipra-
tropium, methylprednisolone 2 mg/kg iv,
a terbutaline infusion at 0.4 pg/kg/min
after a 10 ug/kg loading dose, and vol-
ume-control ventilation. She continued
to worsen with PIPs increasing to >60
cm H,0 to maintain adequate tidal vol-
umes (Table 1). Terbutaline was in-
creased to 5 pg/kg/min and a ketamine
infusion was initiated at 1 mg/kg/hr. She
did not improve, and inhaled isoflurane

therapy was initiated at 1%, increasing to
1.5% before a clinical response was ob-
tained, as evidenced by a decrease in her
PIP to 35 cm H,0 and a decrease in her
end-tidal CO, from 60 to 50 mm Hg. She
developed hypotension requiring a dopa-
mine infusion for the first 48 hrs of ther-
apy. While she was on isoflurane, therapy
with iv methylprednisolone, ketamine,
and terbutaline was continued. To main-
tain serum magnesium levels >1.23
mmol/L, magnesium sulfate was admin-
istered. She was placed on oxacillin at 72
hrs when her tracheal aspirate grew
Staphylococcus aureus. She remained on
inhalational therapy for 160 hrs and was
extubated on HD 7 with transfer to the
ward on HD 9.

MEASUREMENTS AND MAIN
RESULTS

Our experience with the six patients
outlined in Table 1 demonstrates the po-
tentially beneficial effects of isoflurane
therapy in severe status asthmaticus. Our
standardized protocol for the initiation
and administration of isoflurane therapy
is outlined in the Appendix. All patients
but one were on maximal medical ther-
apy as detailed in the preceding case re-
ports before the initiation of isoflurane
treatment. The 15-month-old patient in
our series experienced life-threatening
bronchospasm during an operative pro-
cedure and was admitted to the PICU.
Although she developed bronchospasm
on isoflurane while in the operating
room, her clinical course and subsequent
response to the reinstitution of isoflurane
were similar to those of the other pa-
tients.

Statistical analyses of blood gas values
and pre- and post-isoflurane changes in
PIP were performed by using the Wilcox-
on’s rank sign test. This group of patients
exhibited a statistically significant in-
crease in pH (p = .043), as well as statis-
tically significant decreases in Paco, (p =
.028) and PIP (p = .027).

DISCUSSION

Status asthmaticus is defined as a con-
dition of progressively worsening bron-
chospasm unresponsive to appropriate
therapy. It is characterized by bronchial
muscle spasm, mucosal edema, mucosal
inflammation, and mucus plugging of the
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e present our

experience with

the use of inha-
lational isoflurane in the man-
agement of a series of pediatric
patients with life-threatening
asthma. By using a standard-
ized protocol, we were able fo
safely use isoflurane with ap-
parently beneficial effects.

airways, often leading to severe hypox-
emia and respiratory acidosis. Therapy
generally includes the administration of
supplemental oxygen, beta-adrenergic
agonists, and corticosteroids; however, in
selected patients, controlled ventilation
may be required for the treatment of im-
pending respiratory failure.

Historically, inhalational anesthetics
have been occasionally used in patients
with status asthmaticus unresponsive to
more traditional therapies. The broncho-
dilator effects of the inhalational anes-
thetics are well known. Proposed mecha-
nisms of action include beta-adrenergic
receptor stimulation, direct relaxation of
bronchial smooth muscle, inhibition of
the release of bronchoactive mediators,
antagonism of the actions of both hista-
mine and acetylcholine, and depression
of vagally mediated airway reflexes (8).
Preliminary studies in certain animal
models suggest inhalational anesthetics
may mediate bronchodilation via an epi-
thelial-dependent mechanism involving
either nitric oxide or a prostanoid (9, 10).

Halothane has been used as an effec-
tive bronchodilator both in anesthetic
practice and in the treatment of patients
with status asthmaticus (11-14). The use
of halothane has been limited, however,
because of concerns over toxicity. Poten-
tial adverse effects include myocardial de-
pression, arterial hypotension, and ar-
rhythmias. Furthermore, these adverse
side effects may be potentiated by hypox-
emia, hypercapnia, and acidosis, as well
as certain pharmacologic agents used in
the treatment of asthma, notably the
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methylxanthine derivatives and beta-
adrenergic agonists (14, 15).

The use of isoflurane in the treatment
of status asthmaticus offers several ad-
vantages over halothane. First, because it
is the least fat soluble and has the lowest
blood gas solubility coefficient of all the
inhalational anesthetics, the depth of an-
esthesia can be rapidly adjusted and re-
covery from anesthesia is relatively short.
In addition, at concentrations >1.15%,
the depth of anesthesia is sufficient so
that the use of other sedatives and muscle
relaxants is rarely required. Second,
isoflurane produces less myocardial de-
pression and is less arrhythmogenic com-
pared with other inhalational anesthetics.
Finally, although isoflurane produces
dose-dependent hypotension via direct
vasodilation, there is a compensatory in-
crease in heart rate so that cardiac output
is unchanged. Furthermore, the hypoten-
sion produced is usually responsive to
volume support (16-18). However, we
recommend close monitoring of arterial
blood pressure in these patients. Treat-
ment of resultant hypotension should in-
clude volume support, pressor support,
and gradual decreases in the concentra-
tion of the inhalational isoflurane.

The toxic metabolites of both enflu-
rane and halothane have been implicated
in both hepatic and renal injury. Isoflu-
rane, on the other hand, undergoes min-
imal metabolism. Fluoride ions are re-
leased after metabolism, and isoflurane
anesthesia has been associated with an
increased plasma fluoride concentration,
although without any effect on renal
function (19, 20). The highest fluoride
ion concentration documented after
isoflurane anesthesia is 36.8 puM (21).
Generally, fluoride-induced nephrotoxic-
ity occurs at plasma fluoride levels >50
pM, although subclinical nephrotoxicity
may occur at levels as low as 33.6 pM
when present for an extended length of
time, such as during the management of
status asthmaticus (22, 23). In our pro-
tocol, we routinely monitored both renal
and hepatic function. None of the six pa-
tients demonstrated evidence of either re-
nal or hepatic toxicity. We suggest that
both renal and hepatic function be mon-
itored closely. Fluoride levels should be
obtained in those patients developing ev-
idence of renal or hepatic dysfunction
while receiving prolonged isoflurane an-
esthesia. Further, the concentration of
isoflurane should be decreased in those

patients whose fluoride levels approach
30 pM.

In summary, we present our experi-
ence with the use of inhalational isoflu-
rane in the management of a series of
pediatric patients with life-threatening
asthma. By using a standardized protocol,
we were able to safely use isoflurane with
apparently beneficial effects. Each of the
patients demonstrated improvements in
pH, Paco,, and ventilatory pressures, usu-
ally within 30 mins of beginning isoflu-
rane therapy. Obviously, because of the
limitations of a retrospective case series,
it is difficult to formulate any definitive
conclusions regarding the efficacy of the
use of isoflurane in the management of
status asthmaticus. However, based on
our experience, as well as that of others
(24), we feel this treatment modality war-
rants further consideration and research.
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APPENDIX

Isoflurane Protocol
Entry Criteria

o Intubated asthmatic requiring peak in-
spiratory pressures of >40 ¢cm H,0 to
maintain adequate ventilation despite in-
travenous corticosteroids, magnesium
therapy, anticholinergic therapy, and ter-
butaline at =5.0 mcg/kg/min iv.

Equipment

e Servo 900-D anesthesia ventilatory
support or other anesthesia-capable
ventilatory support.

Pediatr Crit Care Med 2000 Vol. 1, No. 1

o Volatile anesthesia gas scavenging sys-
temn. Our current system uses the hos-
pital ventilation system that is not a
semiclosed circuit which would allow
for less anesthetic use.

Monitoring

¢ The minimum monitoring equipment
should include the following:

e End-tidal CO,.

e Cardiorespiratory support with pulse
oximetry.

e Arterial access for blood pressure and
blood gas monitoring.

o Central venous access for volume status
monitoring and delivery of medications.

Consider including the following moni-
toring devices:

e Paratrend 7 continuous arterial blood
gas monitoring system.

e Inline volatile gas analyzer for oxygen,
anesthetic, and CO, monitoring.

Medications

e Isoflurane. Start therapy at 1% to 2% and
adjust by 0.1% every 5-10 mins to a goal of
PIP =35 cm H,0 to maintain adequate
ventilation as evidenced by Paco, <50—60
torr with pH >7.2 with tidal volumes of
8-10 mL/kg. Once a reasonable response
has been achieved, maintain the concen-
tration for 2—4 hrs to allow for the reversal
of the bronchospastic state before weaning
the medication.

¢ Discontinue sedation and paralytics for
isoflurane concentrations >19%. The
minimum alveolar concentration of
isoflurane is 1.15%. Further sedation
and analgesia should be unnecessary at
>1 minimum alveolar concentration
of an inhaled anesthetic.

¢ Continue therapy with intravenous ter-
butaline unless the patient develops
ventricular arrhythmias. Isoflurane
and B-2 agonists provide bronchodila-
tion by differing mechanisms. The
combination of therapeutic agents is
likely to provide additive benefits.

¢ Continue to maintain serum magnesium
levels of 3.0-4.0 mg/dL with bolus ther-
apy as needed.

e Continue intravenous corticosteroid

therapy at 4 mg/kg per day methylpred-
nisolone divided every 6 hrs.

Complications

Hypotension. This is the most com-
monly encountered complication of
isoflurane therapy. Hypotension
should be treated initially with ag-
gressive volume replacement with
crystalloid. After 40-60 mL/kg of vol-
ume, consider the institution of pres-
sor therapy with either epinephrine
at 0.05 pg/kg/min or dopamine at 5
pg/kg/min, adjusting to desired ef-
fect.

Pneumothorax. Be prepared to deal
with this complication of positive
pressure ventilation with thoracente-
sis and chest tube placement.
Arrhythmias. Follow chemistries to
avoid derangements of critical electro-
Iytes, such as potassium, magnesium,
and calcium. Tachyarrhythmias may be
potentiated by hypercarbia, acidosis,
and B-2 agonist therapy. If arrhythmias
persist and are life-threatening despite
addressing these issues, discontinue
isoflurane therapy.
Nephro/hepatotoxicity. Follow serum
electrolytes, blood urea nitrogen/
creatinine, liver enzymes, and urine
output closely. Changes in any of
these variables should be noted, and
serum fluoride levels should then be
obtained. Consideration for decreas-
ing the dose of inhaled isoflurane
should be made if fluoride levels are
near 30 pM.

Termination

Decrease isoflurane by 0:1% every
20-30 minutes for PIP <30 cm H,0
with tidal volumes =8 mL/kg and
Paco, <60 torr with pH >7.2.
Reinstitute sedation and analgesia as
needed for the continuation of posi-
tive pressure ventilation when the in-
haled concentration of isoflurane is
<19%.

Reinstitute B-2 agonist therapy as the
inhaled isoflurane concentration ap-
proaches 1% if it had been discontinued.
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