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Introduction inders, liquid oxygen systems, and oxygen concentrators)
are available for delivery of long-term oxygen therapy
Oxygen was originally discovered by Joseph Priestley (LTOT) in the home.
in 1774 and named by Lavoisier shortly thereafté&or
over 200 years there have been reports on the use of ox- Gas Cylinders
ygen in the medical literature. However, it wasn’t until

1888 that practical systems allowed oxygen delivery to h i the pri hod idi Id
became available on a widespread basis. Cylinders of com-t ,Zy remain the prlr‘r;]ary metdo of providing LT%T wor_d—
pressed gaseous oxygen were introduced for medical agVide- However, in the United States, most would consider
well as commercial use in 1888.iquid oxygen systems the_m ;econd n frgquency,_ behind oxygen co.ncentrators.
for hospital use became available in the early 1900s but it This discrepancy is essentially based on takationship
was not until the 1960s and 1970s that liquid oxygen for petwgen the cost of labor Versus the cost of tech_nology
use outside the hospital became readily available. In 1974'" & Ewen country. In the highly deveI%ped countrtl]es ol
the first oxygen concentrator was introduced for delivery North America, Western Europe, and Japan, the use

of home oxvaen theranvToday three svstems (gas cvl- ©f cylinders in the home is low, estimated wt10% of
Ya Py Y y @ 4 total home LTOT use. In less developed countries, where

labor costs are lower but technology costs are higher,
—_— cylinders are the primary method of providing @0%)
Robert M Kacmarek PhD RRT FAARC is affiliated with Respiratory home oxygen therapy.
Care Services, Massachusetts General Hospital and Department of An-
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In spite of gas cylinders being large, awkward, and heavy,

Available Cylinder Sizes

Correspondence: Robert M Kacmarek PhD RRT FAARC, Respiratory . . . .
Care Services, Ellison 401, Massachusetts General Hospital, Boston MA  AS illustrated in Figure 1, there are numerous different
02114-2696. E-mail: rkacmarek@partners.org cylinder sizes available for home use, ranging from the
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Fig. 1. Letter designation and approximate dimensions of high-pressure medical gas cylinders. (From Reference 2, with permission.)

very large H cylinders to the quite small A cylindérin
addition to the sizes mentioned in Figure 1, many manu-
facturers have developed alternative sizes of small porta-
ble cylinders. Specifically for use in the home, many man-
ufacturers have developed aluminum cylinders that are
< 50% of the weight of similar size steel cylinders (Fig.
2). In spite of the size variability, the biggest problem
associated with cylinders is their limited gas volume. As
shown in Table 1, even the large H cylinders can provide
a continuous oxygen flow of 2 L/min for only slightly
longer than 2 days. As a result, patients with H cylinders
in the home must have adequate space to store several
cylinders, so as to limit cylinder delivery to once a week.

An additional problem with cylinders is changing the
regulator from one cylinder to the next. This task is con-
sidered formidable by many hospital staff and can be daunt-
ing for patients and family. Storage and maintenance of | &
compressed gas cylinders in the home also present the ' ¥ 4
same hazards that exist in the hospital: concern regarding : 3
fire hazard, avoidance of the use of oils or grease near the i

BAAAE A

8 i

cylinders, and care in handling the cylinders to avoid in- | 4 ‘ ?
jury from the weight of the cylinder or as a result of LJ___J ; ;!
fracture of the cylinder stem. e

Duration of Flow Fig. 2. Aluminum oxygen cylinders for home use. (Courtesy of
Invacare, Elyria, Ohio.)
As a result of the limited gas volume in cylinders, it is
critical that the duration of flow be accurately estimated inder3 A duration of flow factor for specific cylinder sizes
regardless of cylinder size. Table 2 shows the two formu- can be determined by multiplying the number of cubic feet
las needed to estimate the duration of flow from any cyl- present in a cylinder by 28.3 L#{to convert cubic feet to
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Table 1.  Duration of Oxygen Flow from Cylinders at 2 L/min
Size Factor Liters Time

H 3.14 6908 57 h, 33 min
G 241 5302 44 h, 11 min
M 1.65 3625 30 h, 12 min
E 0.28 616 5h, 8 min

D 0.16 352 2 h, 56 min
B 0.068 150 1 h, 15 min
A 0.035 76 38 min

liters) and then dividing the result by the maximum cyl-
inder operating pressure. The duration of flow factors for
all common cylinder sizes are listed in Tablé To de-
termine how long a cylinder will last at a given flow, the
pounds per square inch (psi) pressure in the cylinder is !
multiplied by the duration of flow factor and then divided
by the set liter flow. As illustrated in Table 1, the duration
of flow with small cylinder sizes at 2 L/min is extremely
short A D size cylinder will last only 2 hours and 56
minutes at 2 L/mirf.

Fig. 3. Typical stationary liquid oxygen system with a portable
liquid oxygen system. (Courtesy of Mallinckrodt, Pleasanton, Cal-
ifornia.)

home liquid oxygen system contains at maximum about 40
L of liquid oxygen (33,600 L of gaseous oxygen). At 2
L/min that system will provide oxygen for 11 days. An
Gas cylinders always provide 100% oxygen and are additional advantage of liquid oxygen systems is that ev-
capable of delivering whatever liter flow is indicated to €ry manufacturer of these systems also provides portable
meet the oxygenation requirements of a given patient. Re-liquid oxygen systems that can be transfilled from the
gardless of the type of oxygen therapy equipment in the in-home stationary systei®:® Today most in-home sta-
home, gas cylinders are capable of providing the driving tionary systems are relatively compact and have wheels
pressure necessary for operation. In addition, gas cylindersthat allow some mobility about the house.
are universally available.

Advantages of Gas Cylinders

Operation of Liquid Oxygen Systems
Liquid Oxygen
In-home liquid oxygen systems are essentially a minia-

The use of liquid oxygen has been promoted based onturized version of the large liquid oxygen reservoirs used
the ability of these systems to contain a very large reser- by hospitals. The container is designed like a thermos
voir of gas in a very small space (Fig. 3), because’ bfit bottle to prevent heat transfer, keeping the liquid at —297.3°
liquid oxygen is equal to 860.6%(24,355 L) of gaseous  F.” As with all thermos bottles, the insulating capability is
oxygen3 A more convenient relationship is tha L of not perfect and there is continual loss of oxygen if not in
liquid oxygen equals 840 L of gaseous oxygen. A typical use. Loss from most systems is estimated at 0.055 Ibs/h or
40-50 L of gaseous oxygen per hdurypically, the pres-
sure over the liquid oxygen in these systems is 20*psi.

Figure 4 illustrates the structure of a home liquid oxy-
gen reservoir system. These units incorporate a flow con-
trol valve for direct delivery of oxygen and a quick-con-

Table 2. Determination of Available Flow from Gas Cylinder

Calculation of L/psi (cu ft full) (28.3 L/cu ft)

Conversion factor

conversion factor psi full nect attachment with which to fill small portable liquid
Example: H cylinder 2,14 Lipsi= (344 cu ft) (28.3 L/cu ft) oxygen systems (Fig. 5). The direct flow of oxygen from
' 2200 psi the unit is provided from the gas sitting over the liquid via
Duration of Flow _ (psi) (factor) an economizer valve and warming coils that lead to the
Formula Minutes = —— == flow control valve4-6 When the gas pressure over the

_ liquid decreases to 0.5 psi, the economizer valve closes
Example: H cylinder

(1500 psi) (3.14)

2355 min (39 h 15 miny > Limin

86

and liquid oxygen is drawn up the liquid withdrawal tube
through the vaporizing and warming coils where it is con-
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Fig. 4. Structure of a stationary liquid oxygen container. See text for discus-
sion (Courtesy of Mallinckrodt, Pleasanton, California.)

verted to a gas. As a result, a constant flow of oxygen is allow for moderate gas flows of 8 L/min and all have
maintained. When not in use, gas formed by evaporation is small companion portable systefiidowever, many home
released from the primary pressure relief valve (2 psi over care providers consider liquid oxygen systems very expen-
maximum working pressure) or the secondary pressuresive. The capital investment is very high. Not only must
relief valve (10 psi over maximum working pressure) if the actual reservoir and portable unit be purchased, but

the primary valve failg-6 trucks capable of transporting liquid oxygen must also be
purchased. In addition, labor costs are high since most of
Advantages/Disadvantages these units must be filled every 10-14 days. Transfilling

of portable liquid oxygen systems (see Fig. 5) is complex
Liquid oxygen systems have the advantage of storing a and frightening to many patients. Thermal burns are pos-
large quantity of 100% oxygen in a small place. They also sible during transfilling;” and there is the potential of
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Fig. 6. Typical oxygen concentrators. (Courtesy of Invacare, Elyria,
Ohio.)
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solenoid controller. Within the molecular sieve, room air
is separated into oxygen and nitrogen plus trace gases.
This is accomplished by granular crystal zeolite, which is
approximately 5 angstroms in diameter. Zeolite can sepa-
rate gases based on size and polarity. The concentrated
oxygen is stored in a small cylinder for delivery to a flow
meter. When a sieve bed is filled, room air is diverted to
another bed while nitrogen and other gases are exhausted
to the atmospheres

Oxygen concentrators are able to deliver high oxygen
concentrations but not 100% oxygetit As shown in Ta-
ble 3, the fraction of inspired oxygen(f) depends on the
flow rate. Flow rates of= 2 L/min are most efficient in
maintaining high oxygen concentratié.

x'::,:_
L34

Oxygen Enricher

Fig. 5. Transfilling of a portable liquid oxygen system. (From Ref- . A_n alternative apprqach to providing oxygen f.rom room
erence 1, with permission.) air is the oxygen enrichér:7 Although there still are a

few of these devices in use, | do not believe anyone is

manufacturing them today. The major difference between
liquid oxygen exiting the unit during prolonged high-flow concentrators and enrichers is the concentration of oxygen
use, which can also lead to thermal burns. Spillage of available. With concentrators thef-is generally= 90%,
liquid oxygen is possible if the unit is tipped. Also, during  but with enrichers the g, is about 40%.As a result, only
transfilling and high-flow use, units may freeze, prevent- the equivalent of about 2 L/min of oxygen is available.

ing further operatiort-=7 The recommendation is to set the delivered flow 3 times
the desired setting with 100% oxygéfhat is, if 2 L/min
Concentrators of oxygen is prescribed, a flow of 6 L/min is set on the
enricher.

The most commonly used home oxygen delivery system  The difference in f5, is based on the mechanism of
in the United States is the oxygen concentrator (Fig. 6). action. Enrichers separate oxygen and water vapor from
Currently, at least a half dozen companies manufacture other environmental gases by diffusion across a 1-mm-
oxygen concentrators. Figure 7 shows a schematic of athick plastic membrang47One advantage of the enricher
typical oxygen concentratérRoom air is drawn into the is that it also concentrates water vapor to 3 times the
unit through a series of particle filters, into a compressor, ambient levet: In actual operation, water vapor has to be
through an additional particle filter, then to a heat ex- removed fromthe filtered gas prior to delivery to the patient.
changer to dissipate the heat of compress$idBas is then It was the inability of enrichers to provide an,F=> 0.40
directed to one of a series of molecular sieve beds by athat drove them from the market.
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Fig. 7. Molecular sieve oxygen concentrator. See text for discussion. (From Reference 8,
with permission.)
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Portable Systems specific features. These systems must be both lightweight
and compact, and capable of providing oxygen for ex-

Although all home oxygen delivery systems can be clas- tended periods. At least theoretically, all three delivery
sified as moveable, a truly portable system requires very

Table 4. Portable Oxygen Therapy Delivery Systems
Table 3. Output of Oxygen Concentrators

Maximum Duration of

Liter Flow Concentration System Weight Flow at 2 L/min

= 2 L/min Fo, = 0.95 Gas tank (aluminum E cylinder) 7.5 Ibs 5h, 8 min

3-5 L/min Fo, = 0.90 Liquid oxygen (1 L system) 4-71lbs 7h

> 5 L/min Fio, < 0.90 Concentrator = 30 Ibs Depends on battery size
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systems (cylinders, liquid oxygen, and concentrators) can
be portable. Table 4 compares the three approaches.

Oxygen Cylinders

Again, worldwide as well as in the United States, small
oxygen cylinders are the most common method of provid-
ing portable oxygen. From a practical perspective, porta-
ble oxygen cylinders should be of E size to ensure that
oxygen therapy is available for an extended period. With
an E-size cylinder, a maximum of 5 hours of oxygen at 2
L/min is available. As shown in Figure 8, a major problem
with portable gas cylinders is size and ease of movement.
Although portable gas cylinders can be made lighter, they

cannot be made smaller. As discussed in other papers of

this conference, some patients requiring oxygen therapy

have poor self-images and are concerned about the reac-

tion of the public to their need for oxygen. As stated by
Thomas Petty at this conference, patients having to “schlep”
an E cylinder around tend to draw attention to themselves.
As shown in Figure 1 and Table 1, smaller cylinders,
which can be carried in a backpack, are available but, of
course, their flow duration is very limited.

Liquid Oxygen System

Liquid oxygen systems would seem the ideal portable
oxygen delivery system. They are small, compact, can
carry a large volume of oxygen in a small space, and many
incorporate oxygen-conserving devices (Fig. 9). As shown
in Table 4, the typical portable liquid oxygen system holds
1 L of liquid oxygen (840 L of gaseous oxygen), weighs
4-7 Ibs, and is capable of providing oxygen at 2 L/min for
a maximum of 7 hour&3 Much longer times are available
if an oxygen-conserving device is include@ther porta-
ble liquid oxygen systems hold 1.5 L of liquid oxygen,
increasing the system weight by about 40% but also in-
creasing the duration of available 2 L/min oxygen flow to
over 10 hours.

The primary drawback to liquid oxygen systems is cost
of operation. The capital cost, ongoing labor costs, and
continually decreasing reimbursement for home oxygen

Fig. 8. Portable oxygen E cylinder. (From Reference 1, with per-
mission.)

therapy have reduced the percentage of patients using lig-the patient’s airplane seat. Even smaller concentrators will

uid oxygen systems in the United States<t010% and
have prevented liquid oxygen systems from being intro-
duced into many parts of the world.

Concentrators

Although at first discussion it would not seem feasible

to use a concentrator for portable oxygen, portable systems

are nevertheless available (Fig. 203ize and weight are
of primary concern with these systems. However, airlines

probably become available, making them yet more porta-
ble, and when this occurs, the primary limitation of these
systems will be battery life. Once a lightweight, long-
duration, rapidly-rechargeable, inexpensive battery is avail-
able, | would expect concentrators will become the stan-
dard for portable oxygen therapy.

Innovation

As with all aspects of medicine, ongoing research to

now have access to concentrators that can be placed undeimprove home oxygen delivery systems is active. The most

90
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Fig. 9. Portable liquid oxygen system. (Courtesy of Mallinckrodt,
Pleasanton, California.)

FREEDOM ,
recent innovation is depicted in Figure BLTwo compa- Oxygen Concentrator |
nies make oxygen concentrators that are also able to fill 1 i e e
portable oxygen cylinders. This ability greatly reduces the o ot g
cost and inconvenience of portable systems. It can be ex- Loy )
pected that additional such systems, operating more effi- bl
ciently, will be available in the future. ; e aat

In addition, there is at least one group working on an e s bulion e kb
oxygen concentrator system capable of producing liquid s

oxygen while gaseous oxygen is delivered to the patient
(personal communication, Thomas Petty, 1999). This sys-
tem may be many years from general clinical use, but does
demonstrate the ongoing innovation in this area.

A number of groups have also developed or are devel-
oping systems connecting the home unit to the home care
company or physician by telemetyInformation regard-
ing the operation of the equipment, compliance with the since the number of patients at home on LTOT therapy is

rescription, and need for preventive maintenance can eass . . . . . d
i?y be Erovided. n additign information about the pa- increasing. At this meeting, it was estimated by Patrick

tient’s clinical status could be made available. Although Dunne and Thomas Petty that about 750,000—1 million

there are problems with pulse oximetry, continued inno- Americans currently receive home oxygen therapy.
vation in this technology may make oximeters suitable for Summary

periodic telemetric monitoring of patients in the home. In

addition, heart rate, respiratory rate, and breath sounds Table 5 summarizes my current perspective on home
could be made available via telemetry. It can be expected oxygen delivery systems in the United States. As | already
that over the next 10 years considerable innovation in the indicated, scoring for cost and labor may be very different
area of home oxygen delivery systems will be introduced, in other countries. As noted, all things considered, today

Fig. 10. Portable oxygen concentrator. (From Reference 1, with
permission.)
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future innovation. | would expect with future development
that the concentrator will score higher o, liter flow,

and portability. As a result of the anticipated large number
of patients worldwide expected to require home oxygen
therapy, ongoing improvement in this technology will be

Fig. 11. Oxygen concentrator capable of transfilling an oxygen 4.

cylinder. (Courtesy of Invacare, Elyria, Ohio.)

evident in the next few years.
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they fell with enough force, the top of liquid oxygen system in the home ex-

the cylinder was reported to break off. ploding?

Maclntyre:

Are there any fires?

Maclntyre:
Kacmarek: If you go back to the lit-
erature of the 1960s and 1970s report-
ing instances where tanks fell, at that Kacmarek:

| don’t know of anyre-

How dangerous aretank The cylinder acted like a torpedo and
orliquid oxygen systems? Dotheyever could go through a wall. Although |
fall over and have connectors break do not know of anyrecentreport of
off, or do the liquids ever explode? this problem, itis clearly a possibility.

O’Donohue: Trucks mostly—one
that burned and caused a nearby house
fire.

There are no reports of Kacmarek: OK. What happened?
peopleinthe home having these things.

O’Donohue: Recently, a truck that
was transporting liquid oxygen and

time huge regulators were used, and if cent reports. Do any of you know of a was possibly leaking oxygen or may

92
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not have had the oxygen system prop-

erly closed was involved in a fire that
destroyed a nearby home.

Kacmarek: This was a home deliv-
ery truck?

O’Donohue: Yes, a liquid oxygen de-
livery truck.

Kacmarek: Theoretically, the same
thing could happen to delivery trucks
going to the hospital, the large liquid
oxygen trucks.

McLellan: That has happened more
with large delivery vehicles where an
individual has gotten into a vehicle
after it has been sitting for a period of
time. You know, liquid oxygen has a

tendency to evaporate; they call that a Kacmarek: As you know, most

normal evaporation time. Lighting a
cigarette upon entering the vehicle is
somewhat of a contraindication.

Kacmarek: Wasn't there a situation
in Boston where an oxygen truck

down the road? When a home care
provider obviously knowingly contin-
ues to hill for oxygen therapy in those
patients not using it.

problem—no malfunctioning of the
equipment. This is clearly an avoid-
able problem.

Dunne: Nice overview, Bob. How-

ever, animportant point that you might Kacmarek: That same problem ex-
consider in your summary slide is the ists today. If the therapist going into
ease of use of a concentrator by the the home knows that a patient has been
medically naive user or caregiver. | ordered oxygen therapy for the last 6
would argue that the ease of use of the months or a year, and the concentrator
concentrator probably warrants a few js always in the closet and obviously
more pluses. However, | do have a js not being used, and that patient is
more provocative question. For about being continuously charged, it is a
two or three years now the buzz with ¢jear case of fraud as far as I'm con-
concentrators has been that some typecerned. I'm sure it will be considered

of oxygen-sensing technology should frayd and abuse in the future, even
be included as a standard feature. Do y,qre 5o if you have specific data to

you have any thoughts about whether

imply that this patient is simplyot
or not that should be mandated? Py P PN

utilizing the device. Now, the liability

issue—I really don’'t have any idea
how that would come into play. As

you talk to patients and discuss their
compliance with most anything that is
ordered, it is nowhere near the level
of compliance that anybody would ex-
pect from a given patient. Every time

companies who make concentrators do
have oxygen-sensing devices that can
be an option. It seems to me a useful
option, but does the problem of inad-
equate [, still exist? I ask the man-
ufacturers (perhaps they'd like to com-

you put some type of device on equip-
ment that will truly tell you how fre-
guently patients use devices, you're
always surprised at how infrequently
patients do, in fact, use it.

caught on fire? | believe | heard it on
the news. But as far as problems in is failure to produce the targe{d=?
patients’ homes, | do not know of any Clearly, if filters are not changed and
recent reports, or within a hospital set- they clog and you cannot draw in room
ting, for that matter. air at the appropriate rate, the effi-
ciency of the concentratorisdecreased_. = . )
McLellan: We occasionally receive considerably. However, I'm led to be- Z!€linski: 1 also have a question
cannulas that have been burned. Gen-ieve that the efficiency of operations 2Pouttelemonitoring. Iheardthatsome
erally, the problem is on the last sec- of today’s concentrators is much bet- Y&ars 2go in Japan they tried to mon-
ond or third drag of a cigarette, when ter than it was 20 years ago and that '©0r the use of oxygen concentrators
it becomes very short, toward the end the problems that we saw then are not ffom a central station, and also of pa-
of the nasal cannula is when it begins problems that exist now on a regular fients’ oxygenation during oxygen
to melt. The only difference between basis. But I'd ask people who know breathing using pulse oximetry. Do
a liquid oxygen system and a concen- better than me to comment. you, or anybody else, know the re-
trator is that the pressure at which air sults of that trial?
exits a liquid is a little bit higher than McLellan: Excellent material. In re-
when it comes out of a concentrator, gard to the telemonitoring, several Kacmarek: | do not.
and it serves as a fuse. The cannulamanufacturers are obviously moving
serves as more of a fuse coming from forward with projects to telemonitor Wedzicha: Nothing on that one, no.
a liquid oxygen system versus a can- liquid as well as concentrator devices. | don’t have any results; sorry.
nula. It burns quicker coming from a Do you see any issues that might oc-
liquid system. But as far as it actually cur in the future as a result of moni- Pierson: Inour planning for this con-
entering the device and exploding, that toring? Is the physician going to be ference, Tom and | wanted very much
has never happened. liable if he knowingly is aware of a to have a participant from Japan, and
patient who does not use oxygen in we thought the presentation we would
Kacmarek: But you are relaying a the home? | mean, what sort of impli- most like to hear from them was ex-
user problem. That isn’t an equipment cations is this going to have, perhaps, actly on what you mentioned. A com-

ment) how likely with today’s systems
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pany there has had prototypes on trial vices will give youreasonablyaccu- thereof—of the oxygen central sup-
in patients’ homes that electronically rate flow at less than 1 L/min. Also, if ply and backup systems. This led to
monitor, through the phone line, the you've ever taken a typical flow meter our conducting a survey of hospitals
use of oxygen by the patient, which that’s used in the hospital and mea- in Columbus and Cleveland, Ohio. We
means the data could be collected andsured the flow that is provided, you contacted by phone people and phy-
evaluated in some simple fashion. will find that one liter does not equal sicians who know the hospital oxygen
From our discussions, it appears that one liter. There is a certain level of systems and asked about mishaps in
these devices are still in the prototype error in all these devices, because theytheir hospitals. Of course, the litera-
stage and that they do not yet have are not precision laboratory instru- ture contains some anecdotal reports
data that can be shared with us in a ments. A 20% error is not unusual. As ofterrible mishapsin cutting lines, put-
forum like this. far as the frequency with which com- ting argon gas into the bulk vessel,
panies go into the home, it really and so on. | would submit that the
Wedzicha: Can | ask you about set- depends on the type of oxygen ther- Same hazards that exist in the home,
tings on the oxygen concentrator? You apy the patient is receiving. Those pa- With a surprising and alarming fre-
always start at 2 L/min. However, we tients on a liquid oxygen system— quency, occur in hospital central sup-
very often have the need, because ofpersonal visits 0 a 1 to 2 peweek  Ply systems.
hypercapnia in chest wall disease in basis. As | said, with a 40-liter sys-
neuromuscular patients, touse 1 L/min tem, the  Kacmarek: Just as a final comment,
of oxygen therapy with a concentra- 2-L/min flow will last approximately | would agree with Jamie. Fifteen years
tor. Occasionally, we goto theirhomes 11 days. Patients who have concen-ago when | came to Massachusetts
and monitor patients on oxygen, and trators, much less frequent; the pre- General Hospital, we had similar types
very often find the concentrators are not ventive maintenance may call for of problems. Every time we went to
actually delivering 1 L/min orthe equiv- someone to come in monthly, and in repair or expand the piping system,
alent. What settings do you recom- some cases every 2 months to reas-we never were sure of the effect of
mend, and are regular checks done onsess the system or change the filter. cutting a line. Gas from air could be
the lower flow rates in concentrators? So it becomes less frequent the morefed into an oxygen line by a malfunc-
reliable the system. tioning ventilator.Clearly, those types
Kacmarek: That's really a question of problems have existed in the past,
for the oxygen therapy companies in Stoller: Although the subject of our but most of us have focused on cleaning
the United States. | would assume that discussion is home oxygen, | can’t re- them up in the hospital. The older the
a device that was designed to provide sist the temptation to discuss some of building, the bigger was the problem.
oxygen flow from 1 L/min up to what- the shortcomings of hospital central
ever was the maximum flow would supply systems. We recently became Stoller: Because it will require big
accurately deliver that flow. My un- interested in this because we’'ve beenexpenditures of resources to fix this,
derstanding is that most of these de- examining the adequacy—or lack we call this the “QK” problem.
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