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Resistance to the flow of gas within
the tracheobronchial tree results
from convective acceleration and
friction.' Convective acceleration is
the increase in the linear velocity of
fluid molecules in a system of flow
in which the cross-sectional area is
decreasing. Frictional resistance
may be either turbulent or laminar
depending on the nature of the flow.
Since resistance associated with
these factors is density-dependent,
breathing a less dense gas should
decrease flow resistance and, conse-
quently, reduce respiratory work.
An obstruction in the upper airway
causes a resistance to flow that is
primarily convective and turbulent
and therefore susceptible to modula-
tion through a change in gas densi-
ty.

Barach2 introduced the use of he-
lium-oxygen mixtures in respiratory
medicine and advocated it in the
management of obstructive condi-
tions of the trachea, larynx and
bronchi, as well as asthma, em-
physema, bronchiectasis and pulmo-
nary fibrosis. The use of these mix-
tures fell from favour as a thera-
peutic tool partly because the re-
sponse in patients who had asthma
and emphysema was unpredictable.
Barnett3 pointed out that the differ-
ent responses might result from dif-
ferences in the nature and loci of the
obstructing lesions. In dogs the in-
crease in work produced by partially
clamping the trachea was effectively
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reduced when the animals breathed
a mixture of helium and oxygen;
however, when smaller airways were
constricted by histamine infusion
into the inferior vena cava the in-
crease in elastic and nonelastic work
was not affected by the use of
helium. Later investigators used
helium mixtures to identify the site
of airflow obstruction.4'5 The suc-
cessful use of these mixtures in
patient management was reported
only rarely, though, after the initial
publication. Recently, however, Pin-
gleton and coworkers6 used a heli-
um-oxygen mixture during fibreopt-
ic bronchoscopy in patients who
were being mechanically ventilated
through an endotracheal tube, and
Lu and colleagues7 reported im-
provement in a patient with left
main stem bronchial obstruction
who was given helium and oxygen.
We report our clinical experience

with the use of helium-oxygen mix-
tures in the management of acute
upper airway obstruction, together
with the experimental demonstra-
tion of changing flow rates and
studies carried out on a single
healthy subject.

Experimental study

Methods and materials
A Venturi orifice was construct-

ed to approximate the smallest
opening in an obstructed airway that
we had seen by roentgenography in
one of our patients.t The diameter of
the opening was 4.76 mm. Gases of
different densities were formed by
adding oxygen to a mixture of 80%
helium and 20% oxygen or by using
either 100% oxygen or air. The
oxygen concentration in the final

mixture was determined with an
OM- 11 oxygen analyser (Beckman
Instruments. Schiller Park. Illinois).
Each gas mixture in turn was passed
through the Venturi orifice from a
Tissot spirometer (Warren E. Col-
lins Inc., Braintree, Massachusetts)
at increasing flow rates. The flow
rate was calculated from the vol-
ume-time curve of the spirometer,
and the pressure drop across the
Venturi orifice was determined with
a DP 45 pressure transducer (Vali-
dyne Instruments, Northridge, Cali-
fornia). The signals were displayed
on a multichannel recorder (Elec-
tronics for Medicine, Inc., White
Plains, New York).
The work of breathing was deter-

mined in one subject, who sat in a
variable-volume plethysmograph
breathing either air or a helium-
oxygen mixture (80%/20%) through
the Venturi tube. An esophageal
balloon was placed in the lower
third of the esophagus to produce
esophageal pressure, and static
pressure-volume curves were deter-
mined before each respiratory ma-
neuver.9 The subject then breathed
through the Venturi tube at fre-
quencies of 24 and 36 breaths/mm
while being paced with a metro-
nome. A target tidal volume of ap-
proximately 1 litre was visually dis-
played to the subject on an oscillo-
scope. All signals were displayed on
a multichannel recorder. In addi-
tion, phase-corrected pressure and
volume signals were displayed on a
7046 A x-y recorder (Hewlett-
Packard Corporation, Waltham,
Mass.). Subsequently the appropri-
ate areas of the pressure-volume
curves were integrated to calculate
the total mechanical work.'0
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Results

From the flow rates and gas den-
sities observed (Fig. 1) we calculat-
ed that the flow was inversely relat-
ed to the square root of the density
for a given driving pressure. This
meant that at any given flow rate
the driving pressure dropped as the
density of the gas decreased. Also,
the advantage of the helium in a
mixture was progressively lost as the
concentration of oxygen increased.
The divergence of the family of
curves at low densities showed that
there was a greater increase in abso-
lute flow for a given increase in
driving pressure with lower gas den-
sities than with higher ones.
The total mechanical work in-

volved in breathing first air and then
a helium-oxygen mixture (80%/
20%) through the Venturi tube was
calculated by integrating the areas
of the dynamic pressure-volume
curves (Table I). No difference was
seen in the static pressure-volume
curves determined while the subject
was breathing either air or the heli-
um-oxygen mixture. Breathing the
mixture at 24 and 36 breaths/mm
was associated with 36% and 31%
decreases in total mechanical work,
respectively, from the work of
breathing air.

Clinical application

We used helium-oxygen mixtures
during the period 1976 through
1980 to treat 10 patients who were
in respiratory distress from an upper
airway obstruction. All had been
admitted to the intensive care unit,
where they received constant nurs-
ing care, continuous electrocardio-
graphic monitoring and, in most
cases, frequent blood gas analysis by
means of an indwelling arterial line.
When needed, the helium-oxygen

mixture was supplied at a concen-
tration of 80%/20% from a tank that
was connected to a humidifier (Puri-
tan Bennet Corporation, Kansas
City, Missouri). The humidifier was
set at 100% gas delivery to minimize
the entrainment of air into the sys-
tem. The tank's flow rate was set at
10 to 15 1/mm: higher rates would
have exhausted the contents of a
large tank in less than 3 hours. To
change the proportions of the gases
we connected an additional source of

oxygen to the humidifier and adjust-
ed the flow rate until a portable
oxygen analyser showed the desired
concentration at the mask outlet.

There were three classes of upper
airway obstruction among our 10
patients: 4 had respiratory distress
following the removal of an endotra-
cheal tube, 3 had an obstruction
associated with radiation therapy,
and in 3 patients the cause was a
primary tumour. The value of giving
a helium-oxygen mixture is illus-
trated by a case history from each of
the three groups.

Case I: Obstruction following remo-
val of an endotracheal tube

Shortly after admission to hospi-
tal because of a multiple drug over-
dose, a 23-year-old woman became
unable to draw air into her lungs,
and respiration stopped. We inserted
an endotracheal tube and began me-
chanical ventilation. Five days later,
while she was breathing through a
T-piece at a fractional intake of
oxygen (F1o2) of 0.3, analysis of
arterial blood showed a pH of 7.48,
a carbon dioxide tension (Paco2) of
31 mm Hg and an oxygen tension
pressure (PaO2) of 109 mm Hg.

The patient complained of a sore
throat and shortness of breath after
we had removed the endotracheal
tube. Racemic epinephrine steroids
were administered, but her respira-
tory effort increased, and tachypnea
and stridor developed. We then gave
her a helium-oxygen mixture
(60%/40%), and after 1 V2 hours the
blood gas values were: pH 7.29,
PaCO2 54 mm Hg and PaO2 86 mm
Hg. The proportion of helium in the
mixture was increased to 80%, and 5
hours after the tube was removed
the blood gas values were: pH 7.41,
PaCO2 33 mm Hg and Pao2 63 mm
Hg. The woman breathed the heli-
um-oxygen mixture for another 24
hours and had no further difficulty.

Case 2: Obstruction secondary to
radiation therapy

An 80-year-old woman underwent
radiation therapy for a squamous
cell carcinoma of the upper esopha-
gus that had directly invaded the
trachea. Initially clinical assessment
showed only normal respiratory
findings, but after 5 days of radio-
therapy she was in respiratory dis-
tress, had difficulty in clearing
secretions and showed inspiratory
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with helium-oxygen mixtures 9 ben-
efited substantially. In the seven
patients whose respiratory distress
was associated with the removal of
an endotracheal tube or radiation
therapy in the area of the trachea
the use of helium allowed recovery
without recourse to intubation or
tracheostomy. In two of the three
patients with an obstruction caused
by a primary tumour the use of the
helium-oxygen mixture improved
their breathing and gave us addi-
tional time to assess the obstruction
and the patient's general condition
before we operated. In the third,
therapy with helium was unsuccess-
ful because the redundant tissue of
the glottis caused either a high-
grade obstruction or intermittent
complete blockage of the airway.
When helium-oxygen mixtures

are used in the management of re-
spiratory distress the gas of lowest
density (the one with the highest
possible helium concentration)
should be chosen. This is because
there is an exponential increase in
flow through a constricted orifice at
a given pressure gradient as the
density of the gas is reduced, and
because a given increase in the driv-
ing pressure has a greater effect on
flow at low gas densities. The latter
point is apparent from Fig. 1, where
it can be seen that the flow of a
helium-oxygen mixture (80%/20%)
rises from 20 to 57 1/mm as the
driving pressure changes from 1 to 7
cm H20. The same increase in driv-
ing pressure applied to air raises the
flow from 12 to 33 1/mm, an in-
crease of only 21 1/mm. While aim-
ing for the easing of respiratory
work with a high helium concentra-
tion, a balance will have to be
established that takes into account
the need of a greater F1o2 to deal
with hypoxemia.

If the administration of a helium-
oxygen mixture is successful, the
clinical improvement in respiratory
effort will be evident within minutes.
The clinical signs of respiratory
effort, such as increased rate and
depth of respiration, indrawing of
intercostal muscles and use of the
accessory muscles of ventilation, can
be monitored to assess improvement.
When the respiratory workload has
led to hypoventilation and hyper-
capnia, the Paco2 may fall as al-
veolar ventilation increases. The im-

provement in hypoxemia may be
smaller, though, for it depends less
on overall ventilation than on re-
gional maldistribution of ventilation
that may be due to pre-existing lung
disease or retention of secretions
associated with the obstruction.
The definitive treatment of an

upper airway obstruction is still en-
dotracheal intubation or tracheosto-
my. If these are difficult to perform
in a particular instance, the use of a
helium-oxygen mixture may provide
a useful adjunct to therapy in the
intensive care unit. Its efficacy can
be determined in minutes, and, if
the obstruction is transient and re-
versible, the mixture's use may obvi-
ate the need for surgery. In other
cases it may transform an emergen-
cy operation at the bedside into an
urgent elective procedure in the ope-
rating roQm, with better results and
fewer complications.

we are indebted to Mr. Anthony Jasansky, M5c,
PEng, and Mr. Aloyzas viskontas, PEng, of Ontario
Hydro, for the design of the venturi orifice and
their assistance in the calculation of total mechani-
cal work from the pressure-volume curves.
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(dried ferrous sulfate and folic.acid)
hernatiruc-hematopoietiq
Action
Iron is utilized chiefly in the synthesis of hemoglobin, myo-
globin and certain respiratory enzymes; unless it is supplied
in appropriate amounts, the maturation of the red cells is
retarded and the numbers discharged frorrithe bone marrow
into the general circulation are reduced.
Folic acid exerts important effects on hemapoiesis. It is
essential in the synthesis of the cell's mucleoproteins. The
reactions in which folic acid parficipates are important in the
synthesis of DNA. As aconsequence, deficiency of folic acid
leads to damage in those tissues in which DNA synthesis
and turnover are rapid.'This includes the hematopoietic tis-
sues, the mucoss of the gastrointestinal tract, and the
developing embryo.
The controlledrelease base of Slow-Fe folic tablets is spe-
cially formulated to release the tablet's contents evenly over
an average period of two hours, the optimum time for max-
imum effective absorption. Furthermore, high concentra-
tions of iron duringthetablet's passage through the stomach
and upper small intestine are avoided thus minimizing the
incidence of gastrointestinal side effects.
indications and clinical uses
Prophylaxis of iron and folic acid deficiencies and treatment
of megaloblastic anemia, during pregnancy, puerperium and
lactation.
Contraindications
Hemochromatosis, hemosiderosis and hemolytic anemia.
Warnings
Keep out of reach of children.
Precautions
The use of folic acid in the treatment of pernicious (Addiso-
nian) anemia, in which vitamin B12 ladeficient, may return the
peripheral blood picture to normal while neurological man-
ifestations remain progressive.
Oral iron preparations may aggravate existing peptic ulcer,
regional enteritis and ulcerative colitis.
Iron, when given with tetracyclines, binds in equimolecular
ratio thus lowering the absorption of tetracyclines.
Adverse reactions
Nausea, diarrhea, constipation, vomiting, dizziness,
abdominal pain, skin rash, headache.
Symptoms and treatment of overdosage
Signs of toxicityfrom folic acid have not been observed even
with doses several times higher than the usual therapeutic
levels.
Ingestion by infants and young children of doses of ferrous
sulfate in excess of 2 gm may cause death and ingestion of
1 mg could be considered toxic. Iron poisoning is rare in
aduits. Therapy should be instituted immediately.
Symptoms: The clinical effects of ingesting toxic doses of
iron occur in four phases. The first phase begins with
abdominal pain, nausea, and vomiting, about 30 to 60
minutes after ingestion. Irritability, pallor, and drowsiness
appear, along with frequent black or bloody diarrhea.
Symptoms of acidosis and cardiovascular collapse may
become prominent; coma and death ensue within 4 to 6
hours in about20% of childrentaking largedosesof iron. The
second phase consists of a period of improvement, with
subsidence of the initial symptoms spontaneously or in
response to treatment. This period, lasting 8 to 16 hours,
may herald the onset of progressive improvement. Often,
however, it is followed by the third phase of progressive
cardiovascular collapse, convulsions, coma, and a high
mortality about 24 hours after ingestion. Finally, a fourth
phase of gastrointestinal obstruction from scarring of the
stomach or small intestine may occur weeks or months after
the initial episode of iron intoxication.
Treatment should be instituted by giving milk immediately
and vomiting induced. Eggs and milk should then be fed (to
form iron protein complexes) until it is possible to perform
gastric lavage. Gastric lavage with a 1% solution of sodium
bicarbonate, to convertthe iron toa leassoluble form, should
be administered within the first hour after ingestion of iron.
An enema is administered to remove iron from the lower
bowel. If an ironchelating agent such as Desferal is availa-
ble, it shoud be utilized. Peripheral vascular collapse should
be combatted including eariy replacement of body fluids and
electrolytes. Additional measures include use of oxygen and
vasopressor substances to help combat shock. The use of
barbiturates or paraldehyde may be required to control
convulsions.
In combating iron toxicity of children, the most important
measure is its prevention. This can be accomplished by
warning mothers to keep iron preparations out of reach of
children, who are usually attracted by the sugar coating of
pillathatlook likecandy, andthe useof"childproof" closures.
Tests have shown that the coloured tablets are more attrac-
tive to chtdren and likely to prove a greater temptation.
Dosage and administration
Prophylaxis: One tablet daily throughout pregnancy, puer-
perium and lactation. To be swallowed whole at any time of
the day regardless of meal times.
Treatment of megaloblastic anemia: During pregnancy.
puerperium and lactation; and in muitiple pregnancy: two
tablets, ins single dose, should be swallowed daily.
Availability
Film-coated tablets each containing 160 mg dried ferrous
sulfate (equivalent to 50 mg elemental iron) and 400 mi-
crograma folic acid in a specially formulated slow-release
base. Slow-Fe folic tablets have an off-white colour and are
supplied in push-through foil packs of 30; available in unitsof
30 and 120 tablets.
Product Monograph supplied on request.
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