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Helium-Oxygen in Treatment of Upper Airway Obstruction

Ta-S1UNG LU, M.D.S AKITO OHMURA, MDY K. C. WoNG, M.D.. Pr.D.
MicHAEL R, Hobe

The therapeutic nse of helivm-oxygen for
treatment of  upper obstruction is
dependent upon the low density of helium. ! =*
A helimm=oxygen mixture nay be indicated
when the obstruction is unresponsive to con-
ventional techniques or in cases of obstrue-

airway

tive pulmonary discase in which respinatory

fatigue is marked

REPORT OF A C

A 49avearold black woman received a right
pneumonectomy for bronchogenic squuemons-cell
carcinomi. Three weeks later she was readmitted
with marked dyspoea and inspiratory stridor.

Bronchoscopy was performed the nest day with
anesthesia standby, No premedication was given.
Two milliliters of 4 per cent lidocaine were ad-
ministered  transtracheally and the vocal cords
spraved. Diazepam, 5, iv, was given forsedation.
and bronchoscopy was performed in 15 min. 2
marked narrowing of the left mainstem bronchus
(estimated 4 mm dineten just distal to the caring
was visualized. The narrowing was the result of
eatrinic compression of the Ieft mainstem bronchus.
Following withdrawal of the branchoscope. the
patient experienced inereasing difficalty in breath-
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ing. and she became unconscious during the en-
1 Attenmpts to ventilte her with an
ssthetic m and 100 per cent oavuen were
ansuceesstul. The trachea was intubated without §
difficulty and without the use of any drug. Aang
attempt was mde to ventilute her with a Bennett o
MA-1 ventilitor with 100 per cent oxygen. Ventila- %
tion hecame  progressively more  difficult, and @
tidal volumes became unmeasurable before the ©
maximum inspiratory pressure limitof the ventilator 2

U1SSUB/WOD" IBYDISA|IS ZBSE//:

sing 10 n

OISO

was reached.

Anatlysis of arterial blood draws at this time re-
vealed Pag, 190 torr, Pag,, more than 100 torr,
and pH T.0L Sodium bicarbonate, 90 mEq, iv
wits administered to treat the severe acidosis.
while, 2 tank of helium was summoned to

62/819/9/S¥ /3P

N

F,, = 0.3, was delivered by the Bennett MaA-1
ventilator through the medication  chamber to
the patient.

In a matter of @ few breaths, ventilation showed &
a dramatic improvement, with measurmble tidal
volumes as much as 175 ml. minute volume
about 1900 ml, with a peak inspiratory pressure =
of 36 em H.O. After 153 minutes Pa,, was 8218
torr, Pae,, 36 torr, pll 741 The patient had re-
miined consciousness,

To substantiate our chinical impression, the
following laboratory study  simulating the pul-
motany abnormality in the patient was performed.

G0000/ELL

916

METHOD

onb Aq 4pd'02000-00

The tracheas of six unpremedicated mongrel 2
dogs  weighing 20-30 kg were intubated §
following thiopental, 12-15 mwkg, iv, and 3
the dogs were anesthetized with h:xloth;mc—-g

OxXVEen. =
A central arterial line was inserted vin a®

- - N
femoral artery for pressure and blood-gas &
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TasLe 1. Summary of Respiratory Data from Six Dogs, Means = SE

Camtrol, o

Right Q

Hrondbns 53

Clanped 2

Lokt 2

Rauhit Minstem He, 20 e, 600 He, 50 20

Maintens Bronchas Per Cent Per Cent Pes Cont O

Chest Bronelus Patially 0. 40 a0 3

Open Clamped Clanped Per Cent Per Gent Fer Cent

S

Peak ainway pressure 19 26 32 'm:.
(em H.O) = 0.6 = 0497 = 284 = 3.06 2
N

P, (torr) 63.3 4.1 o
=3.61 =572 <

)

Paa, (torr) 232 146 80 500 S
= 1499 = 3047 = 15.55 = 6.65 2

o

nH .36 7.33 .13 2 7325 9
= 0.024 = 0.057 =0.039 | =00373

]

Newative base excess 10.5 10.3 5.8 9.1 o
=052 = 1.61 = 1.60 =2.03 5

@

@

= Significantly different (£ < 0.03) from control using t test for paired data. s}

8

- . . . S

monitoring. The arterial pulse contour was  flowmeter in 20 per cent increments until S0

wnadvzed to provide hemodynamic measure-
ments of crdiae output (CO), stroke volume
(SVY. heart vate (HHR), mean arterial pressure
(MADP), and peripheral resistance (PR)., by the
method of Warner.? The Jungs were mechani-
cally ventilated with a Bird Mark 9 anesthesia
ventilator with 10=15 mlkg tidal volmne,
maintaining a Pigey, of 30-33 torr.

D A midline sternotomy was performed,
followed by 2) occlusion of the right main-
stem bronchus and right pulmonary cireula-
tion, followed by 3) partial occlusion of the
Teft mainstem bronehus. The endpoint of the
partial occlusion was the maximum occlusion
tolerated without resulting in severe hypo-
tension and  subsequent bradyeardia, D
Helinm was introduced throngh the helinm

TaBLE 2. Densities and Relative Gas Flow Rates of Oxygen, Air, and Helium

0|

per cent, with 20 per cent oxygen, had been g
reached.

Arterial blood gases, peak airway pressure.,
CO. SV, HR, MAP, and PR were measurec
following steps 1. 2, 3, and 4.

At least 20 minutes of equilibration time
were allowed before each measurement.

000/€L1L62/8L9/9/S¥/3pd-

RESULTS

The respiratory data are summarized iug1
table 1. Mean peak ainwvay pressure increased §
from 19 to 40 cm H.O when the right Ill:lill—é
stem bronchus was occluded with partial §
occlusion of the left mainstem bronchus. o

with constant flow and tidal volume, the S
addition of helium to oxveen reduced puuk'g

(=)

N

o

el

=3

1 Relative Gas Flow Rae dis -

_— Assigned an Atbitrany P

Per Cent Di-isity A Dennity \ Density Value of Loy %

12

100 1429 1.182 0.5-16 0.96 o

r 100 1.293 1.135 0.881 1.00 2
Helium 100 0.179 0423 2.364 2.65 o
He-oxyeen 20/80 LITS 1.085 1.048 ‘>c>
He—oxyuen 6040 0.678 0.5823 1.351 =
He—oxygen 50/20 0.429 0.655 133 N
N

£
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S em HLO as the
from

airway pressure from 40 to 2
helinm  concentration wis
20 to SO per cent. Pagy,
from 63 to 45 torr. Pa,, decreased propor-
tionally with reduction in Fl..

After total veclusion of the right muainstem
bronehus and partial occlusion of the left
mainstem bronchus, the  following  hemo-
dynamic data (mean = SE) were obtained
(n=6)x CO= = (.65 Fmin; SV = 23.1
= 640 ml: HR = 120 =5 heats/iming MAP
=115 = 7 ton: PR = 256 = 0.91 torrml/see.
s were not significantly altered

fncreased
wits also reduced,

These variab
during administration of the helium—oxygen

mixture,
DiscussioN

The low-density helinm—oxygen mixture
promoted better gas flow through the narrow
orifice. as indicated by the reduction in peak
airway pressure. As ventiltion improved. the
Pagy, decreased.

Graham’s law of ditfusion states that the
s flow rate through a narrow oerifice is
inversely proportional to the square root of its
density.® Heuce the lighter the gas mixture,
the greater the flow rate through o narrow
orifice. This was demonstrated in our animal
studies. in which ventilation was improved
after helium was added. The densities and
relative gas flow rates are summarized in
tuble 2.

Esophageal Perforation of Unusual Etiology

WiLL1aMS E. PEMBLETON. M.D.* AND JaMES W. Brooks, M.D.

When perforation of the esophagus ocenrs
during anesthesia the mechanism by which it
was produced is not always apparent. Tt may
be associated with diffliculty in lanmgoscopy
and iusertion of the endotracheal tube, The
following report presents an unusual etiologic

~ Clinical Professor of Anesthesia.

} Professor of Surgery.
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Forty per cent helinm with 60 per cent
oxygen was the optimal mixture {for maintain-
ing desirble arterial blood-gas values in the
acutely airway-obstructed  dogs. The low
density of helium made it possible to ventilate
the lungs through a restricted orifice, requiring

less driving pressure to (11 the Tung, An oxy-

gen-helium mixtare can substantially iw-
prove the efficiency of breathing during upper
airway obstruction.

The authors thank Dr. Fredrick Cheney for his
helptul suggestions for preparing this paper.
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factor of this complication—the presence ol a8
pharyngoesophageal. or Zenker's. (li\'m‘tic~'8
uluny,

RePORT OF A CASE

*a ypd-0z0

A AGyvear-old white woman was admitted fo
remuval of chronically infected adencidal tissue!
Past medical history was noncontributory. Phys-
ical eaamination disclosed no - abnonnality exg
cept the presence of excess adenoidal tissue. and
results of routine Libomtory determinations weres
within normal limits.

Hydroayzine. 30 my, meperidine. 5 mg, and atro-3,
pine, 0.4 mu. were given im at 4:35 A, At 10:300
AM anesthesia was induced with 250 myg thiopental S
followed by suceinylcholine, 70 my, v, and 4 ml of™

sanb
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