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anesthesia.? More important, the diagnosis of
anaphylactic shock was made rapidly on the
basis of clinical signs and measurements from
the arterial line, with immediate institution of
intravenous therapy.
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A Simple Pressure-relief Valve to Prevent Increases in
Endotracheal Tube Cuff Pressure and Volume
in intubated Patients

THEODORE H. STANLEY, M.D.,* JERROLD L. FOOTE, B.S., WEN-SHIN L1u, M.D.1

Recent experiments in vitro? and in pa-
tients with endotracheal tubes in place®*
have demonstrated that oxygen and anesthetic
gases diffuse into endotracheal-tube cuffs
more rapidly than the nitrogen of the air-
filled cuffs diffuses out. The result is that
cuff volumes and pressures may markedly
increase with time. An overinflated cuff can
compress the wall of an endotracheal tube
or cover its orifice and produce upper airway
obstruction.’~7 Overinflated cuffs also result
in high cuff pressures® The latter may be
associated with an increased incidence of
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tracheal trauma.®® In order to avoid these
problems, we have suggested that cuffs be
frequently deflated or be filled with a sample
of the inspired mixture of gases rather than
room air.>* Another alternative is a pressure-
relief valve which, when attached to the
cuff catheter, will bleed off excess cuff gases
but maintain cuff volume and pressure
required for seal. We have designed a simple
variable-pressure-relief valve, which has
prevented increases in cuff volume and
pressure and maintained cuff seal in 39
anesthetized patients during operations
lasting as long as six hours.

The valve (fig. 1) is made of polycarbonate
in the shape of a “T.” One end of the cross
portion of the “T” (fig. 2) is molded in the
form of a standard male Luer fitting and is
designed to be attached to the tip of an
endotracheal-tube-cuff inflating catheter. This
end of the “T” communicates with the other
end through a hollow body. The second end
of the cross of the “T” contains a spring-
loaded check valve, which remains closed

20z Iudy 61 uo 3sanb Aq ypd'1.000-00001 5.6 L-Z2¥S0000/vY L 962/8LY/YIEY/IPd-01on1e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
V 43, No 4, Oct 1975

until a syringe is placed into the female Luer
fitting located at this end. The check valve
prevents passage of inflating gas except
when a syringe is connected to the fitting
for inflation or deflation of the cuff.

The upright portion of the “T” (the body)
contains the pressure-relief valve mechanism.
This consists of a latex rubber stopper sup-
ported by a precision spring. The latter is
held in place by a cap built with threads
that match threads on the valve body, thus
allowing the cap to be screwed onto the
body. The cap contains two vent holes and
an index mark. The index mark is designed
so that it can be aligned with one of eight
pressure-relief set-point markings located
around the periphery of the body. The cap
also contains a protruded region central to the
spring which is of sufficient length so that
when the cap is rotated clockwise as far
as possible, the protrusion presses against
the back side of the rubber stopper, pre-
venting the escape of cuff gas regardless of
cuff pressure.

Alignment of the index mark on the cap
with one of the eight pressure-relief set-
point markings around the periphery of the
body establishes the pressure at which bleed-
off occurs from the valve. The set-point
markings have been calibrated for pressure
relief at 25, 50, 75, 100, 125, 150, 175, and
200 mm Hg. These plus the “off” position
previously described give a total of nine
possible choices. The valve is not calibrated
for bleed-off at other pressures, but pressure
relief at other pressures between 25 and 200
mm Hg can be approximated by setting the
cap index mark positions between the eight
pressure-relief set-point markings.

The valve is operated by placing its male
Luer fitting into the tip of the endotracheal-
tube-cuff catheter after intubation but before
cuff inflation. With the valve’s cap index
mark set to the “off’ position, the cuff is
inflated through the valve until cuff seal
occurs. The cap index mark is then aligned
with the lowest pressure-relief set point
that allows cuff seal to be maintained.

The pressure-relief valve was studied in
39 anesthetized patients who were under-
going a variety of general surgical or ortho-
pedic operations. Portex endotracheal tubes
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F1G. 1. Adjustable endotracheal-tube-cuff catheter
pressure-relief valve,
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6-FEMALE LUER FITTING
7-ADJUSTING CAP

8-LATEX RUBBER PRESSURE RELIEF STOPPER
9-PRESSURE RELIEF STOPPER SPRING
10-AIR VENT HOLES
11-"0FF'" POSITION PROTRUSION

FIG. 2. Detail of pressure-relief valve.

were used with high-residual-volume, low-
pressure cuffs or low-residual-volume,
high-pressure cuffs. Anesthesia was induced
with thiopental. The patients were paralyzed
with succinylcholine and their tracheas
intubated. After intubation and before
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TABLE 1. Volumes and Pressures of Portex Cuffs with a Pressure-relief Valve Attached to the Cuff
Catheter before and after Anesthesia with 60 Per Cent Nitrous Oxide, Enflurane,
and Oxygen in 39 Intubated Patients (Means + SD)

Initial Cuff Final Cuff Volume Initial Cuff Final Cuff Pressure

Time Volume Volume Change Pressure Pressure Change

Cuff (Min) {ml) (ml) {ml) (mm Hg) (mm Hg) (mm Hg)
Endotracheal tubes with 109 4.9 5.1 +0.2 68 65 -3
low-pressure cuffs + 19 + 1.7 +15 +0.3 +15 + 10 +3
Endotracheal tubes with 113 54 5.5 +0.1 119* 121* +2
high-pressure cuffs + 26 *21 + 1.7 +0.2 + 29 + 26 +4

* P < 0.001, Student’s t test, compared with low-pressure cuff values.

succinylcholine-induced paralysis disap-
peared, the pressure-relief valve was
attached to the endotracheal-tube-cuff
catheter, the cuff was filled with air until
sealing was achieved, and the valve-cap
index mark was aligned with one of the
body set-point markings as previously
described. Cuff gas inflating volumes were
then measured with a calibrated syringe and
cuff pressures with a calibrated standard
pressure transducer or sphygmomanometer
attached to the tip of the cuff catheter.
Anesthesia was maintained with 60 per cent
nitrous oxide, 38-40 per cent oxygen, inter-
mittent 1-6-mg doses of pancuronium, and
1-2 per cent halothane. The above-described
cuff volume and pressure measurements were
repeated at the conclusion of the operative
procedure before pancuronium-induced
muscle relaxation was reversed. Gas obtained
from the cuffs of ten patients was analyzed
for oxygen, nitrogen and nitrous oxide on a
Hewlett-Packard gas chromatograph.

Patients intubated with low-pressure-
cuffed endotracheal tubes (19 patients) had
similar initial cuff volumes but lower initial
cuff pressures than patients intubated with
tubes with high-pressure cuffs (20 patients)
(table 1). The two groups of patients had
similar intubation times. Cuff volumes
and pressures of the two groups at the end
of the operative procedure were not signifi-
cantly different from their respective initial
values. Analysis of gas from the cuffs re-
vealed that 30-40 per cent of that in the cuffs
at the end of operation was nitrous oxide.

In a previous report we demonstrated that
approximately two hours of anesthesia with
60 per cent nitrous oxide and oxygen will

increase volumes and pressures of Portex low-
and high-pressure endotracheal tube cuffs.?
We showed that these changes were the
result of diffusion of nitrous oxide and to some
extent oxygen into the cuffs and the absence
of nitrogen diffusion out of the cuffs. In a
subsequent study we found that the simple
procedure of inflating cuffs with a sample
of the inspired gases prevented gas diffusion
into cuffs and cuff volume and pressure
changes.* This study indicates that endo-
tracheal-tube-cuff overinflation and pressure
build-up during anesthesia can also be
prevented by attaching a simple, variable-
pressure-relief valve to the cuff catheter.
While cuff gas analysis showed that nitrous
oxide still diffuses into cuffs attached to our
pressure-relief valves, bleed-off through
the valve eliminates any cuff pressure or
volume change. The obvious advantage of
use of the pressure-relief valve over that
of filling cuffs with a sample of the inspired
gases is that cuffs do not have to be deflated
and reinflated each time the anesthetic is
changed or anesthetic and oxygen con-
centrations are changed. The valve should
also be effective in preventing cuff over-
inflation in intubated patients subjected to
sudden decreases in atmospheric pressure,
such as those that occur during air evacuation
of intubated patients.

In-vitro and clinical testing has demon-
strated that our pressure-relief valve can be
attached to and is effective in preventing
pressure and volume changes in the cuffs
of all currently available commercial endo-
tracheal tubes (Stanley, unpublished data).
In tubes with built-in cuff-catheter valves
the male Luer fitting of our valve renders
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the cuff-catheter valve incompetent. In tubes
without built-in cuff-catheter valves our
valve replaces a hemostat or clamp.
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Preoperative CC/FRC Ratio and Postoperative Hypoxemia

EUGENE E. FiBuCH, M.D.,* Kal REHDER, M.D., ALAN D. SESSLER, M.D.t{

Postoperative hypoxemia has been de-
scribed by many observers,’* but its mech-
anisms are still not clearly understood.
Recently, Spence® and Alexander®” and their
co-workers proposed that “airway closure”
may be in part responsible, These authors
based their hypothesis on the observation
that, postoperatively, the functional residual
capgcity (FRC) is decreased more than the
closing capacity (CC){; hence, the CC/FRC
ratio increased. Craig and co-workers® had
demonstrated earlier that an increase in
the CC/FRC ratio may result in impaired
arterial oxygenation.

It is known that, beginning at approximately
44 years of age, “airway closure” may occur
within the breathing range in normal subjects
in the supine position.? Therefore, patients
beyond this age may have some lung regions
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1 Closing capacity is the absolute lung volume at
which “airway closure” begins to occur.

with low V/Q ratios and possibly also in-
creased intrapulmonary right-to-left shunting
(0O/Qr) caused by “airway closure.” If the
CC/FRC ratio increases postoperatively,
increased inequalities of V/Q ratios and in-
creased Qy/Or may develop. Because Alex-
ander and co-workers® made their measure-
ments of the alveolar-arterial oxygen tension
difference (P[A-aDy,]) in subjects breathing
room air, they could not distinguish between
the effects of the increased CC/FRC ratio

ABBREVIATIONS

CC = closing capacity
FRC = functional residual capacity
RV = residual volume
TLC = total lung capacity
CV = closing volume
Pa,, = arterial oxygen tension
Paco, = arterial carbon dioxide tension
P[A-aD,,]'* = alveolar-arterial oxygen
tension difference determined
during oxygen breathing
V/Q = ventilation- perfusion ratio
Qg/Qr = intrapulmonary right-to-left
shunting
Py = barometric pressure
Py,0 = water vapor tension
Vr = tidal volume
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