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Conclusions

The term respiratory care has more than one meaning, referring both to a subject area
within clinical medicine and to a distinct health care profession. In the light of several fundamental
transformations of health care during the 20" century, this article reviews the history of respiratory
care in both of these contexts and offers 10 predictions for the future:” Less focus on raising PaO
as a primary goal in managing patients with acute hypoxemic respiratory failure.”) More attention tc2>
the adequacy of tissue oxygenation in such patients, irrespective of Paoz’ and the emergence of
“permissive hypoxemia,” analogous to permissive hypercapnia, in managing them.® Smarter
monitors that display information less but process it more, while interacting directly with ventilators
and other devices to modify therapeutic interventions."”’ Increased use of and expertise with noninvasive
ventilation, with a corresponding decrease in intubations and complications, in treating patients with
acute exacerbations of COPD.” Increased use of triage in the intensive care unit, including earlier
determination of the appropriateness of maximal supportive intervention.® Greater use of protocols
in patient assessment and management, in all clinical settings.(7) Increased awareness of, expertise
in, and resources for palliative care, with a more active and acknowledged role for respiratory
therapists.(s) Accelerating progress in smoking cessation and prevention, and also in early detection
and intervention in COPD, led by the respiratory care profession.(g) An increasing presence and impact

(10)

of respiratory therapists as coordinators and care givers in home care. A continued and enlarging

role for the journal Respiratory Care in disseminating research findings, clinical practice guidelines,

protocols, and practical educational materials in all areas of the field.

Introduction

Whether one reckons the beginning of the new
millennium as the year 2000 or the year 2001, we
are at an auspicious time in human history, and no
aspect of our current civilization is more important
to that history than health care. Having been
accorded the honor of presenting the Louis Mark
Memorial Lecture at the American College of Chest
Physicians’ annual convention for the year 2000,
| have chosen to discuss the facet of health care
that is of greatest concern to the readers of this
journal; respiratory care.

I will begin by discussing what is meant by
respiratory care, as it is a term with different meanings

in different contexts. | will review the events and

developments that have shaped respiratory care until
now, so that we can understand why it exists as it
does and also pose some rational thoughts about
what is likely to happen in the future, In the process,
I will make 10 specific predictions of what we are
likely to see in the coming decades.

The term respiratory care has 3 distinct meanings. !
First, it is a subject area within science, technology,
and health care. It is, second, a distinct health care
profession. And, third, it is the name of the peer-reviewed
journal in which these words appear. | will discuss the
history and future of each of these 3 meanings of respi-
ratory care and share some personal perspective

developed during nearly 30 years of work in this field.
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Respiratory Care: The Subject Area

Definition and Characteristics

When | arrived at the University of Colorado
in 1971 as a medical resident. Tom Petty had just
published his landmark book, Intensive and Reha-

bilitative Respiratory Care” in which he wrote:

The development of an organized team
approach for the management of patients
with acute respiratory failure has been a
major advance of today’s medicine, and
has provided the arena for systematic,
physiologically oriented care. The disci-
plines of internal medicine, surgery, an-
esthesiology, nursing care, inhalation
therapy, and physical medicine and reha-
bilitation all come to bear on problems

presented by each individual case.’

As in so many areas of pulmonary medicine,
Dr. Petty got it right the first time and was many
years ahead of his time. Thus, respiratory care as
a subject area is a collection of principles, skills,
and patient needs that have arisen because of the
nature of respiratory disorders and their effects on

patients.

Incorporated in Petty’s original definitional state-
ment are 4 key characteristics: respiratory care is
systematic, it is based on physiology, it is multi-
disciplinary, and it is defined by the needs of pa-
tients. | will emphasize these 4 characteristics herein
because they are at the very core of the subject

area respiratory care as we know it today.

Respiratory care includes portions of several
other fields, but it is not the same as any of them. It
incorporates aspects of critical care medicine,

pulmonology, anesthesiology, nursing, physical
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therapy, and clinical engineering. Its components
are numerous and include pulmonary function test-
ing, arterial puncture and blood gas analysis, endot-
racheal intubation and all aspects of airway man-
agement, mechanical ventilation both invasive and
noninvasive and associated functions, the manage-
ment of respiratory tract secretions, and the admin-
istration of aerosols. Also prominently on the list
are chest physical therapy, pulmonary rehabilitation,

and home care.

Transformations in Health Care
During the 20th Century

Health care changed more in the century just
concluded than ever before in human history.
Although the changes include previously unimagin-
able medical wonders, not all the changes were for
the better. A great internist, Paul Beeson, who lives
in Seattle and is now in his 90s, played a major role
in the achievements of internal medicine in the 20"
century. For a special millennium issue of the
Annals of Internal Medicine, Beeson was interviewed
about the changes he had withessed in medicine,>’
and he cited 3 major transitions or transformations

in medicine in the 20" century.

The first of these was the transition of health
care from the home and doctor’s office to the hos-
pital setting, which took place following the Second
World War. The second transformation was the
explosion of knowledge and technology that accom-
panied the growth of academic hospitals and medi-
cal schools, along with an enormous expansion of
their facilities and faculties, starting in about 1950
and continuing into the mid-1980s. We are contend-
ing today with the third 20th—century transformation

in health care, which Beeson calls the industrializa-
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tion of medicine.’ This has shifted control of health
care, and of what its practitioners do, from those
who deliver health care, to administrators and
business people, from whom the clinicians now

take orders.

These fundamental transformations of health
care in general are echoed in the history of respira-
tory care. To bring this home | will take as an
example the history of mechanical ventilation of
the critically ill, and especially of patients suffering

acute hypoxic respiratory failure.

History of Mechanical Ventilation for
Acute Respiratory Failure

Before about 1970, mechanical ventilation was

215 1990ul9A 19ANTasanuazagiininIngm

crude by today’s standards, but straightforward (Table
1). Ventilators that could deliver a predetermined
tidal volume (VT) with each breath were replacing
earlier machines that could only apply a preselected
pressure to the airway, but maximum pressures
and flows were limited and monitoring was
fairly rudimentary. Arterial blood gas (ABQG)
measurement was a research tool, and clinicians
mainly used bedside physical assessment to gauge
the adequacy of ventilatory support. Hospitals did
not yet have intensive care units (ICUs). The litera-
ture on mechanical ventilation consisted mainly of
physiologic studies of animals, observations from

the operating room, and anecdotal clinical reports.

Table 1 History of Mechanical Ventilation in the Critically I

Management Targets and Published

Period Ventilator Characteristics

Literature

Before 1970 Simplicity
Limited capability

Empiricism

1970s to early 1980s New modes

Increasing capability and complexity

Bedside observation
(Blood gases not yet widely available)

Anecdotal reports and descriptions

Blood gases
Airway pressures
Immediate physiologic changes

Anecdotal clinical series

Mid-1980s to early 1990s

Last 10 years

Microprocessor control
New and combined modes

More complexity

New targets
Brand-specific modes

Quest for simplicity

Short-term changes
Complications

Small-scale clinical trials

Outcomes
Costs

Large-scale clinical trials
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The advent of intensive care in the United States
in the early 1970s was accompanied by new modes
and approaches to ventilatory support, notably
volume assist/control and intermittent mandatory ven-
tilation. New ventilators such as the Siemens Servo
900 series offered new modes, along with increased
pressure and flow capabilitiesbut also greater com-
plexity for the user. Textbooks and articles dealing
with mechanical ventilation proliferated dramatically.
These publications focused on airway pressures, ABG
measurements, and immediate physiologic changes
in response to alteration of ventilator settings. The
clinical literature consisted of anecdotal series.
Although investigators postulated more effective gas
exchange with the new features, any influence of
ventilator modes and settings on actual patient out-

comes was conjectural if thought about at all.

By the late 1980s, there were new and com-
bined modes, and pressure-targeted ventilation had
returned to compete with (and sometimes to com-
bine with) volume-pre-set ventilation. ICU ventilators
were microprocessor-driven and ever more complex
not only in their innards but also in what the clini-
cian had to master in order to use them effectively
in managing patients.5 Terminology related to modes
of ventilation became more confusing as ventilator
manufacturers offered their own variations and

combinations of common basic features, each with
its own name, apparent uniqueness, and claimed

.o B-7
exclusivity.

During the 1980s most of the literature still
dealt with short-term changes such as alterations in
arterial oxygenation, compliance, and airway pres-
sures in response to changes in mode or other
manipulations. At about this time the attention of

clinicians was also increasingly drawn to the
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adverse effects of mechanical ventilation, and espe-
cially to ventilator-induced lung injury, which were
apparently the result of the increased capabilities of
the new machines or at least how clinicians were
using them. Starting around 1990, new targets and
goals for ventilatory support began to emerge for
patients with acute respiratory failure, which were
intended to prevent or reduce the severity of venti-
lator induced lung injury. Published results from small-
scale clinical trials of mechanical ventilation targeted

at these new goals began to appear.

In the last few years, mechanical ventilation
has, in a sense, come full circle, to a renewed quest
for simplicity in management. This is not because
the machinery and our knowledge are rudimentary,
as was the case 30 years ago, but because we are
realizing that we may not have been looking at the
right end points, and because what we have been
doing costs too much. Studies being published
today focus on outcomes and costs, and we now
have available, for the first time, data from large-
scale randomized clinical trials examining at least

some aspects of mechanical ventilation.

Managing Acute Respiratory Distress
Syndrome

I would like to take the management of acute
respiratory distress syndrome (ARDS) as my case in
point in illustrating the trends | have just summa-
rized, and to use it as the springboard for predicting
what is likely to happen in respiratory care in the
larger sense. Management of ARDS patients basi-
cally consists of 5 tasks, as listed in Table 2. We
oxygenate the arterial blood, traditionally using arte-
rial partial pressure of oxygen (Pao ) as the measure

2
of that. We support alveolar ventilation, using
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arterial partial pressure of carbon dioxide (PaCoz)
and pH as the indices. We treat the primary problem
insofar as we are able, and here | refer not to treat-
ing ARDS itself but the precipitating process that

led to development of the syndrome, such as a
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specific infection producing sepsis. Fourth, we
extensively monitor both the patient and the tools
that we are using to manage the patient. And,
finally, we do our best to prevent, to recognize early,

and to treat complications that arise.

Table 2 Elements in the Management of Acute Respiratory Distress Syndrome

1. Oxygenation of the arterial blood

2. Support of ventilation

3. Treatment of the primary condition precipitating acute respiratory distress syndrome

4. Monitoring the patient, the ventilator, and other aspects of management.

5. Prevention, recognition, and treatment of complications.

This list describes in a nutshell what is
involved in managing ARDS. To provide a framework
for speculating about the future of respiratory care
in this area, | would like to examine the first 2
elements on the list—that is, the things that we do
in management of ARDS that are targeted at sup-
porting gas exchange. | will discuss ventilation first,
because we have come further in the evolution of
our thinking, and more scientific evidence from ARDS
patients is available in this area than with oxygen-

ation.

Managing Ventilation: Lung Protection and
Permissive Hypercapnia

Traditionally, a main goal of mechanical venti-
lation was to “normalize” gas exchange. That is, we
sought to eliminate or minimize evidence of gas
exchange impairment to get as close as possible to

a normal P o right-to-left shunt, venous admixture,
al

or ratio of P __ to fraction of inspired oxygen (P /
aO2 a02
F ), and also to keep P and pH within normal
10, aco,
limits. These values are quite natural as goals and
it is no wonder that they were pursued for the first
25 years or so after ARDS was first described. How-
ever, in the 1990s the management and support of
alveolar ventilation and arterial oxygenation has
begun to be viewed in a different light and, as a
result, the goals and strategies of managing ventila-

tion have changed.8

This shift in management is due mainly to a
heightened awareness of the alveolar damage that
can be done to an ARDS patient if the lung is over-
distended during inspiration and insufficiently held
open at end-expiration. Figure 1 shows an idealized
depiction of the pressure-volume relationship of the
respiratory system of an ARDS patient and illus-

trates the rationale for the new ventilation strategy.
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Pressura

Fig. 1

—

Idealized pressure-volume curve of the respiratory system of an acute respiration distress syndrome

patient, as measured during a very slow inspiration in the absence of muscular activity. The curve

reflects lung and chest-wall compliance (ie, the change in volume for a given change in pressure).

Point A, the lower inflection point, indicates increased compliance accompanying recruitment of

collapsed alveoli. At pressures and volumes above Point B, the upper inflection (or deflection) point,

compliance is reduced because of alveolar over-distention.

As distending pressure is progressively ap-
plied, beginning at a low lung volume, little lung
expansion initially occurs because much of the al-
veolar space is collapsed or consolidated. With
additional pressure, recruitable alveoli open and lung
compliance increases. However, as inflating pres-
sure is further increased, some alveoli become
over-distended and overall respiratory system
compliance begins to decrease. The point on the
pressure-volume curve at which the lung opens and
compliance increases is called the lower inflection
point (point A on the figure), and the point at which
over-distention occurs and compliance decreases
is called the upper inflection (or, more properly,

deflection) point (point B).

Numerous studies using experimental animals
have shown that tidal ventilation that increases peak
lung inflation beyond the upper inflection point, or
that allows lung volume to fall below the lower

inflection point on expiration, damages normal lungs

and greatly augments injury in previously damaged

910 . e .
It follows that, in order to minimize ventila-

lungs.
tor-induced lung injury, tidal ventilation ought to take
place between these 2 points on the pressure-

11
volume curve.

Figure 1 is consistent with the available
evidence both from animals and humans with ARDS.
However, it is greatly simplified, and the inflection
and deflection points are typically difficult to identify
consistently at the bedside in actual patients. None-
theless, the management of ARDS has evolved to
be more consistent with tidal ventilation in the middle
part of the curve. This involves limiting peak alveo-
lar distending pressure, primarily by using lower VT

than before.

| need to point out that the relevant pressure
is what is applied to the alveoli end-inspiratory
plateau pressure and not what is measured in the

ventilator circuit during inspiration. For a whole
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generation, clinicians were misled into tracking peak
airway pressure as a reflection of the risk of barotrau-
mas and ventilator-induced lung injury. Peak pres-
sure reflects resistance to air flow (ie, things proxi-
mal to the alveoli) as well as lung-chest wall com-
pliance, whereas plateau pressure assesses only

the latter.

The use of smaller VT in ARDS patients often
results in hypercapnia. However, rather than
increasing minute ventilation in an attempt to bring
down Pacoz’ current management allows hypercap-
nia (and respiratory acidosis) to persist as an
acceptable price to pay in order to protect the
lungs from injury. Hence the term permissive

hypercapnia.

Although early clinical series by Hickling
etal'* and a small single-center clinical trial by Amato
etal reported improved survival of ARDS patients
managed with lung-protective ventilation and per-
missive hypercapnia, compelling evidence of the
efficacy of this management has only recently been
published. | refer to the ARDS Network study,
a large-scale multicenter clinical trial sponsored
by the National Institutes of Health (NIH)."* This study

enrolled ARDS patients diagnosed by standardized

215 1990ul9A 19ANTasanuazagiininIngm

criteria and randomized them to be managed either
with the new lung-protective ventilation strategy
(corrected VT of 6 mL/kg or less, and end-inspira-
tory plateau pressure kept below 30 cm H,O)
or more traditional mechanical ventilation (VT of 12
mL/kg and plateau pressure of 50 cm H,O or less).
VT was determined according to calculated ideal
body weight, which turned out to be on average
about 20% less than the patients’ actual admission

weights.14

Figure 2 depicts the main results of the ARDS
Network study in terms of overall survival.' As you
can see, there was a clear and both clinically and
statistically significant difference in outcome
with the 2 ventilation management strategies. The
mortality rate in the patients receiving traditional
ventilatory management was 40% versus 31%
in the patients managed with lung-protective
ventilation-22% lower mortality! | think this is the
most important study of mechanical ventilation
that has ever been published. It is the first time
that it has ever been shown, with a proper,
sufficiently powered, controlled clinical trial, that
any approach to mechanical ventilation is better
than any other in terms of what ultimately happens

to the patient.
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Fig 2. A smoothed depiction of overall survival among acute respiratory distress syndrome (ARDS) patients

managed according to a lung-protective ventilatory strategy (tidal volume 6 mL/kg, solid line) versus

traditional ventilation (tidal volume 12 mL/kg, dashed line), using data from the National Institutes of

Health-sponsored ARDS Network study. (Adapted from Reference 14.)

| need to tell you, though, that even before the
ARDS Network study was carried out, some changes
were happening with respect to clinical outcomes in
ARDS. This is illustrated by the experiences of one
clinical center, as shown in Figure 3,15’18 which shows
the percentage of ARDS patients who died at
Harborview Medical Center from 1981 through 1998.
At Harborview, a group of investigators under the
direction of Leonard Hudson has been prospectively
and consecutively studying every ARDS patient
for more than 20 years,w’20 using a set of diagnostic

criteria that are essentially the same as the Euro-

. . 21 . .
pean-American consensus criteria.” During this study

period, this group has accumulated what must surely
be the largest consecutive series of ARDS cases in

the world-well over 2,000 of them.

Figure 3 illustrates an important trend in ARDS
mortality. In Ashbaugh and Petty’s 1967 report, from
Denver, that first described and named ARDS, mor-
tality among their patients was about two thirds.”?
For the next 20 years, reported mortality from Den-
ver and elsewhere among patients who developed
this syndrome remained between 60 and 70%.%°
This was the case at Harborview until about 1990.
At about that time there began a real and sustained

decrease in the mortality of ARDS, as shown in the
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figure.23 All-cause mortality declined to about one
third, and has remained less than 40% until the
present-a decrease of nearly half from the previous

mortality rate.'® This trend is evident not only at

o

-Cause Maortality, %

A
1

215 1990ul9A 19ANTasanuazagiininIngm

Harborview, where half of all ARDS cases occur in
patients with multiple trauma, but also at other

24
centers around the world.

Y ear

Fig 3. Unadjusted, all-cause mortality among acute respiratory distress syndrome (ARDS) patients managed

at Harborview Medical Center from 1981 through 1998. Diagnostic criteria and precipitating causes

of ARDS did not vary significantly during the time period shown. The decrease in mortality is

statistically significant and is not substantially altered by adjustment for ARDS risk factors, age, and

gender. (Adapted from References 15-18).

I would like to point out that this improvement
in ARDS survival was happening before was started
using lower VT and other aspects of lung-protective
ventilation. Thus, on the one hand we have the ARDS
Network study showing that managing ARDS
patients with low VT and limited airway pressures
improves survival, and on the other hand we were
already doing something right, because mortality had
already fallen before the new management strategy

was introduced.

Managing Oxygenation: Questioning
Assumptions and Moving Toward
Permissive Hypoxemia

Why do ARDS patients die? It turns out that
the great majority of them die from nonrespiratory
causes. Figure 4 shows the proportions of deaths
among ARDS patients at Harborview that were due
to respiratory failure (ie, due to inability to oxygen-
ate the blood and maintain acid-base status) during

the same time periods as in the previous figure.ﬁ”18
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These pie charts show that most people who get
ARDS and subsequently die do not succumb to
respiratory failure. The most common cause of death
is sepsis and multiple organ failure, which accounted
for 31-50% of the deaths during the time period
shown. Next was cerebral hemorrhage and other
forms of central nervous system failure, which caused
19-29% of the deaths. Cardiac, hepatic, hemato-

logic, and other organ failures account for much of
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the rest. Failure of gas exchange caused only 13-

19% of the deaths.

So of all the people who get ARDS and also
die, only about 1 in 6 or 1 in 7 dies directly because
of respiratory failure. If we consider the fact that the
current mortality rate among ARDS patients is about
35%, with only 15% of those dying of gas exchange
failure, it means that only 5% of ARDS patients die

because of inability to support oxygenation.

1358 irs TR

AT
R‘a__ /

Fig 4. Causes of death among acute respiratory distress syndrome (ARDS) patients who died at Harborview

Medical Center during 4 sampling periods from 1981 to 1998. The proportion of deaths from

unsupportable respiratory failure remained between 13 and 19%, while deaths from nonrespiratory

causes (mainly from sepsis-multiple organ failure and/or neurologic processes) remained between 81

and 87%. (Adapted from References 15-18.)
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| want to deal further with that observation. Of
the things we do in managing ARDS patients (see
Table 2), number 1 has always been to oxygenate
the arterial blood. The assumption has always been
that, if we adequately oxygenate the arterial blood,
our management has been successful, and that a
patient whose oxygenation is maintained has a
better chance of survival (Fig. 5). But an increasing
body of data suggests that there is reason to ques-

tion that assumption.

Let’s look at the things we do to increase P in

a02

ARDS patients. Number 1 is to increase FIo2
although for as long as we’ve been treating ARDS
we’ve been reluctant to increase FIO2 above about
0.5 or 0.6, for fear of oxygen toxicity. The primary
alternative is to use positive end-expiratory pressure
(PEEP) and to attempt to lower F|02by progressive
increases in PEEP. We also have seen introduced
pressure control ventilation, inverse inspiration-
to-expiration ratio, decelerating inspiratory flow, and
a variety of other manipulations of the ventilatory
waveform in attempts to make the gas exchange

better and improve oxygenation.

Then there have been the adjunctive measures
for augmenting arterial oxygenation that have been
introduced and subsequently studied in clinical
trials, including prone positioning, inhaled nitric
oxide, and extracorporeal life support or extracor-
poreal membrane oxygenation (ECMO). ECMO was
studied in the mid-1970s in patients with severe
ARDS and shown in a big multicenter NIH trial to
offer no advantage in survival over standard man-
agemen’c.25 That study was even repeated by the
NIH 15 years later, because ECMO advocates could
not believe that the therapy was not effective, and

once again a multicenter trial showed that ECMO
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produced no better survival than conventional
ventilatory support, in this instance guided by a

26
protocol.

We now also have randomized, multicenter,
controlled trials on prone positioning and inhaled
nitric oxide. Inhaled nitric oxide” has been shown to
raise Pao2’ at least in most patients, but to have no
effect on survival. And upcoming results of a large
multicenter European trial of prone positioning in
ARDS also found that most of the patients showed
improved oxygenation but that there was no effect

on outcome (L Gattinoni, unpublished data, 2001).

Contrast these findings to those of the ARDS
Network study14 showing substantially decreased
mortality with low VT conventional ventilation—in fact,
using good old-fashioned assist-control. In the ARDS
Network study, although measures of arterial oxy-
genation were ultimately the same in the 2 treat-

ment groups, the ratio of P to F_ was actually

a
lower, and patient exposure té highér FIo2 greater,
for the first several days in the Iow—VT group. That
is, the patients with better ultimate outcomes
received higher F|O2 and had lower effective arterial
oxygenation than the patients with larger VT, who

suffered higher mortality.

The above observations fly in the face of the
conventional belief that the higher the F|02the higher
the risk of oxygen toxicity and a bad outcome. |
think it’s time we re-examined that belief. In my 25
years of attending in the medical and surgical ICUs
at Harborview, | have become convinced that we
have been sorely misled by an unwarranted fear of
oxygen toxicity. In the Pacific Northwest, as in many
cultures around the world, we have a myth of a
giant forest beast called Bigfoot or Sasquatch. Well,

| consider oxygen toxicity “the Sasquatch of the
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ICU.” Everybody has heard of it and knows what
it's supposed to look like, but the evidence of its

existence is dubious at best!

| am well aware of the data from animal
models and normal humans that demonstrate the
toxic effects of breathing increased concentrations

28-30 .
However, | am not convinced that

of oxygen.
pulmonary oxygen toxicity really poses a clinically
important risk in critically ill patients. Even with all
the ARDS cases I've seen, | do not think | can
identify a single case of oxygen toxicity. Maybe it
happened and | didn’t recognize it, which could well
be the case, since pulmonary oxygen toxicity and
ARDS are supposed to be a lot alike clinically.
However, as | showed earlier, the mortality of ARDS
decreased during a period when we were not making
any substantial change in the oxygen concentra-
tions we used. | also mentioned several studies that
showed that short-term improvements in arterial

oxygenation did not necessarily improve survival.

The ARDS Network study maintained F|o’ PEEP,
2

and Pa02 within specified ranges in order to mini-
mize confounding variables, but there is no such
uniformity in ordinary patient management. Manag-
ing ARDS may be as much about clinician behavior
as it is about the patient’s illness. If you don’t
believe that, just go from hospital to hospital in
your own community and look at the differences in
the way the same condition is managed. How
high or low an F|o clinicians are comfortable

2
with and how much PEEP they will use in order to

The Future of Respiratory Care 179

decre FI 0, below a certain level vary a great deal.
Within the institution where | practice there are
attending physicians who consider it acceptable
to leave an ARDS patient on 70% oxygen and
10 or 15 cm HZO of PEEP, whereas others will
increase PEEP to 30 cm HZO or more in order to

get the F,, down to 0.5 or less.
2

Similarly, the target Paoz’ pulse oximetry satura-
tion, or mixed venous oxygen saturation that trig-
gers intervention in a patient being managed for
ARDS varies considerably among institutions and
among individual clinicians. In the absence of strict
protocols or as a result of imprecise physician
orders, it is often up to the nurse at the bedside to
fine-tune the Flozand maintain the various indices of
oxygenation at individual “comfort levels.” The
“acceptable” level of arterial oxygenation varies from
patient to patient and even for a given patient from

shift to shift.

Maybe the relationship between arterial oxy-
genation and outcome in ARDS looks more like
Figure 6 than Figure 5. That is, maybe oxygenation
and outcome are almost completely dissociated.
In the studies of prone positioning (L Gattinoni,
unpublished data, 2001) and inhaled nitric oxide”’
there was no outcome benefit from interventions
. However, about 1 patient in 20

2
still dies because of insupportable oxygenation fail-

that increased P
aO.

ure, so the concept illustrated in Figure 6 needs to
show some degree of overlap, albeit probably much

less than we have assumed in the past.
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Fig 5. Assumed relationship between arterial oxygenation and survival or other favorable outcome in man-

aging acute respiratory distress syndrome (ARDS) patients: improving oxygenation signifies success

in management and must surely improve outcome. This assumption was implicit in many studies of

ventilator management of ARDS, in which increasing arterial partial pressure of oxygen was a man-

agement end point.

Fig 6. Alternative relationship between oxygenation and outcome suggested by recent data from studies of

nitric oxide and prone positioning in acute respiratory distress syndrome (ARDS): because relatively

few ARDS deaths are due to inability to support oxygenation, improving oxygenation does not

necessarily improve outcome.

Does it really make a difference whether the
Pa02 in an ARDS patient is 50 or 100 mm Hg?
That may seem a heretical question, and | can hear
a chorus of responses from across the country
saying, “Don’t be ridiculous! Of course you shouldn’t
allow Pa02 to be 50 mm Hg if you can make it higher
than that” But I'm not sure we have much sub-

stantiation for the assumption that we should keep

the P o in the normal range. Perhaps we should
al

look more at oxygen content and delivery to the

tissues and less at Pao as the measurement to

2
. 31-34
follow as we manage patients.

Figure 7 shows the familiar oxyhemoglobin
dissociation curve, but with oxygen content rather
than saturation on the vertical axis.”’ A widely used

version of this curve has oxygen saturation on the
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left vertical axis and content on the right, with
a saturation of 100% corresponding to an oxygen
content of 20 mL/dL of blood (same curve, different
measures of the adequacy of oxygenation). But that
is only the case when the hemoglobin concentration
is normal at 15 gm/dL. If the patient’s hemoglobin
concentration is only 10 gm/dL, then the best oxy-
gen content you can get, even with 100% satura-

tion, is only two thirds as much. Similarly, for a
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hemoglobin concentration of 5 gm/dL, oxygen con-
tent would remain profoundly reduced despite a
normal or even markedly elevated Paoz' Clinicians
have known this for a long time, but sometimes we
don’t apply it at the bedside as we should. We are
going to need to pay much more attention to the
other components of oxygen delivery to the tissues-
hemoglobin level and cardiac output—in managing

severely hypoxic ARDS patients.

B1l 1001 120 141]

Fig 7. The oxyhemoglobin curve for arterial blood, drawn with blood oxygen content (CaO,) rather than

saturation on the vertical axis, for hemoglobin concentrations of 5,10 and 15 gm/dL. An arterial partial

pressure of oxygen (P ) exceeding about 80 mm Hg results in a saturation approaching 100%, but
al

0,

the content of oxygen in the blood will remain reduced at hemoglobin levels below normal. Raising

hemoglobin concentration from 10 to 15 gm/dL will increase CaO, substantially more than raising

ao.

| believe that in the coming years there will be
less focus on increasing Pa(2 as a primary manage-
ment goal. That is, we will use “permissive hypoxemia”
just as we now use permissive hypercapnia in order
to avoid complications of mechanical ventilation. You
may remember that when permissive hypercapnia
was first introduced into clinical practice, we were
all pretty nervous about allowing PaC('Z) to get up to
50 mm Hg and arterial pH to get down to 7.30.

Reluctant to subject our patients to acidemia when

P  from 50 to 80 mm Hg. (From Reference 32, with permission.)
2

we had the means to avoid it, we did not let

P co rise above a certain level and we used bicar-
aLly

bonate infusions to keep the pH in a range where

we were comfortable. Now, we manage ARDS

in the 60s and 70s and even 80s
2

without blinking, and we don’t correct the pH when

patients with P
aCl

it gets down to 7.25 or even 7.20 if the patients
is hemodynamically stable. The patients have not

changed, but our approach to managing them has.
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| think a similar transition needs to happen
with respect to target PaO.ZOne of the things that’s
going to drive it is the fact that the measures we
take to prevent and correct hypoxemia tend to cost
us more than we may be able to afford. Here |
don’t mean just dollar expense, but also expense
in terms of physiologic impact on the patient,
particularly with the use of high levels of PEEP.
I mentioned that | am not certain that I've ever seen
oxygen toxicity as a clinical entity in the ICU, but
| see the adverse effects of PEEP nearly every
day—overt barotrauma from regional lung over-
distention, and more invasive fluid support and
monitoring to deal with the hemodynamic impact

of raised intrathoracic pressure.

The future of mechanical ventilation for acute
hypoxemic respiratory failure is lung-protective ven-
tilation and the resulting permissive hypercapnia. |
think the future will also be permissive hypoxemia,
as we focus less on new ventilation modes and
other manipulations to raise Pao2 and more on
adequate tissue oxygenation, on the prevention of
complications, and on good general patient care.
The “age of exploration” in mechanical ventilation is
coming to an end, both because funding it has
become prohibitive in both monetary cost and
impact on the patient and because accumulating

evidence suggests that we have been headed in the

wrong direction.

Managing Acute-On-Chronic Ventilatory
Failure

The management of acute-on-chronic ventila-
tory failure in acute exacerbations of chronic

obstructive pulmonary disease (COPD) is another
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area that has evolved substantially and will continue
to do so. The avoidance of endotracheal intubation
will continue to emerge as a primary management
goal, with more widespread and effective use of
noninvasive positive pressure ventilation (NPPV) serv-
ing as the means for achieving this goal. There are
already NPPV clinical practice guidelines and con-

%3 and these are based on the

sensus statements,
highest level of clinical evidence: multiple random-
ized controlled trials with consistent findings.37 How-
ever, my justification for including this subject in a
discussion of the future of respiratory care is my
impression that NPPV is still unknown, unused, and/
or poorly practiced among many clinicians on the

front lines of caring for COPD patients.

It is one thing to acknowledge that NPPV should
be used in patients with acute-on-chronic ventila-
tory failure, but it is something else to carry it out
effectively in the emergency department and ICU.
Successful application of NPPV in the acute care
setting requires both special knowledge and hands-
on expertise, which do not come easily. | have seen
this at my own institution, despite the presence of
an excellent staff and several years of extensive

education and training efforts.

In the future there will probably be more
specialized areas of expertise, such as special res-
piratory units, for managing patients with severe
COPD. This has been the European model for many
years, but in most areas of America it has been
traditional for all critically ill patients to be managed
in the same units. It may be that, at least with
respect to obstructive lung disease, we will see more

of these focused care units.
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In managing COPD patients with NPPV, as in
the care of patients with other conditions, both acute
and chronic, we are going to see increasing use of
protocols. Intubation, initial ventilator settings, venti-
lator adjustments, weaning, and extubation will all
be guided by protocols, as | will discuss further

below.

Monitoring the Critically Ill Patient

| would like to address monitoring in the ICU,
as this is a subject that will-and should-change in
the future. There is a clear need to do a better job of
monitoring the right things while monitoring fewer of
the wrong things. Examples of the right things to
monitor include VT corrected for circuit compression
(something that is not even thought about at some
institutions) and airway pressure measured at the
distal end of the endotracheal tube rather than back
in the ventilator circuit (where the effects of resis-
tance in the system cause confusion). As | men-

tioned previously, we should monitor end-inspira-
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tory plateau pressure rather than peak airway pres-
sure to assess compliance and the risk of lung
injury. We need to be capable of monitoring what
the clinician really needs to know rather than what

is more convenient to monitor (Fig. 8).38

The list of things that should be monitored
should also include actual lung volumes, such as
changes in functional residual capacity in response
to changes in PEEP or other interventions, and the
direct monitoring of intrinsic and total PEEP, rather
than just the level set by the clinician. It would be
very useful to have accurate, clinically relevant moni-
toring of the work of breathing, and particularly to
be able to separate the work the ventilator is doing
from what the patient is experiencing. | realize that
there are systems out there that attempt to do part
of this, but | would like to see a more direct mea-
sure of work rather than measures related to work
in some way. Being able to directly monitor airway

resistance in asthma patients would be very helpful.

Can we do it ?

Yes

No

Yes

Is it helpful?

No

Fig 8. Relationship between the technical capability of monitoring something and the clinical usefulness of

the assessment. Monitors in the upper left-hand box are desirable, as would be those in the upper

right-hand box that could be moved to the left. Procedures or devices in the lower left-hand box add

risk, discomfort, effort, or expense without really providing additional scientific or clinical benefit.

Unfortunately, if the future continues certain trends of the past, additional monitors not presently

available may be added to the lower left-hand box from its counterpart on the right. (Reproduced with

permission from Pierson DJ. Conference summary: pulmonary function testing: what, how, when, and

why? Respiratory Care 1989;34(7):661-669.)
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We need not only to monitor the relevant
changes in the patient but also to be able to do a
better job of excluding artifact. As an example, con-
sider airway pressure and oxyhemoglobin satura-
tion. Peak airway pressures and endinspiratory
plateau pressure change when the patient coughs
or rolls around in bed, and we need to be able to
separate those changes from what happens as a
result of a trend in the patient’s condition, such as
the development of pulmonary edema or broncho-
spasm. Artifactual and clinically irrelevant readings
are major problems in oxyhemoglobin saturation, both
with pulse oximetry and in mixed venous saturation
monitoring via pulmonary artery catheter. In this and
other areas, there is already considerable work
being done to develop bedside monitors that will do
a better job of filtering out extraneous and artifac-
tual data and of giving us information we really need

to see.

In the not-too-distant future, | believe we will
succeed in making the connection between moni-
toring and management.39 That is, there’s a lot of
talk about closed loop ventilation, wherein the mea-
surements made by the monitors automatically
adjust the ventilator, such as with automatic titration
of F_ in response to pulse oximetry readings or

10,

continuous P o measurements.
al

2

| believe there will also be—and should be—a
trend toward monitoring more but displaying less.
It would be very much like what has happened on
the dashboards of cars. We no longer have gauges
showing oil pressure, radiator temperature, or the
amperage in the system. Instead, we know that those
things are being monitored, and that if they get

outside of accepted tolerances the system will
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let us know about it, but we don’t have to be look-
ing at the gauges all the time. | believe that some-
thing analogous to this is going to happen in ICU
monitoring. There is a limit to how much informa-
tion the human mind can keep track of. We need to
have the capability to retrieve recent data when some-
thing does go wrong, but it will be the system that
is monitored rather than its many components, at
least from the standpoint of the clinician at the bed-

side.

Respiratory Care: The Profession

Definition and Characteristics

Now | would like to turn to respiratory care in
the second context-respiratory care as a profession.
The American Association for Respiratory Care
(AARC) has defined this as “an allied health
specially, practiced with medical direction, in the
treatment, management, control, diagnostic evalua-
tion, and care of patients with deficiencies and
abnormalities of the cardiopulmonary system.”40 This
profession exists primarily in the United States. There
are now some dozen countries outside the United
States and Canada with fledgling respiratory care
professions modeled on the United States system,
but predominantly this is still an American phenom-

enon.

An allied health profession separate from
nursing, physical therapy, and clinical engineering
was created in the United States a half century ago
by a group of physicians and others who recog-
nized the need for specialized expertise on respira-
tory disorders and the technology that was emerg-

ing to deal with them.

According to a recent survey commissioned

by the AARC, the respiratory care workforce here is
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about 110,000 strong.41 Seventy thousand of these
professionals say that they are clinicians called
respiratory therapists (RTs). We no longer have
“respiratory techs” in this country: all people in the
field are called RTs, and their credentials are either
RRT (registered RT) or CRT (certified RT). The CRTT
(certified respirator therapy technician) credential has
been superseded, as have 1-year training programs
for entry into the profession. Now the educational
standard is a 2-year training program, the product
of which is the equivalent of an associate degree,
and there are increasing numbers of baccalaureate
and even graduate degree programs. In the last
decade, along with this evolution of education and
job designation, has come licensure, or at least offi-
cial legal credentialing, of RTs in order to practice in

nearly all 50 of the United States.

History

The history of the respiratory care profession
is analogous to the history of pulmonary medicine
and critical care before about 1970 low-tech empiri-
cism and individual ingenuity drove things. The ven-
tilators were relatively simple, as | have mentioned,
and there was little monitoring. ABG measurement
was not yet in widespread clinical use. There were
oxygen tents, and nearly everyone admitted to the
hospital got intermittent positive-pressure breathing
treatments. The respiratory therapy department was

in the basement.

In the 1970s and into the early-and mid-1980s
there was an explosion in respiratory care, just as
there was in much of the rest of medicine. What had
originally been known as inhalation therapy became
respiratory therapy and finally, in 1986, was officially

named respiratory care. It was a period of enormous
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technologic and economic growth. ICUs appeared,
proliferated, and expanded, along with new ventila-
tors, new modes, and new monitors. Hospital
respiratory therapy departments became enormously
profitable, and were no longer in the basement, liter-
ally or figuratively. Instead, they held a prominent
position in the hospital because they were major
revenue generators. Home oxygen therapy also bur-
geoned as both a clinical modality and a tremen-
dous growth industry, as some half million Ameri-

cans had oxygen systems installed in their homes.

Then came the 1990s, with continuing techni-
cal refinements but at a time of increasing cost
constraint and reorganization. Ventilators became
more technically sophisticated (microprocessor-
controlled, with various combinations of the basic
modes), but few all-new approaches were introduced.
Hospital reimbursement shrank in the face of
prospective payment, and respiratory care depart-
ments came to be thought of not so much as
revenue generators but as cost centers, now an
increasing burden on the institution. As a result,
downsizing and reorganization affected a majority
of the respiratory care departments in the country,

and some were eliminated altogether.

Well, of course, the patients weren’t eliminated
when this happened. They and their needs were still
there, and when the respiratory care department’s
central organization, skills, and expertise were
dispersed throughout the hospital, it is not surpris-
ing that patient care and satisfaction deteriorated.
Many of the hospitals that underwent these organi-
zational changes during the 1990s have now taken
steps to restore the previous structure and reas-

semble their departments.

At the same time that staffing was being cut
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back, with overall decreases in the quality and quanlity
of respiratory care available to patients in American
hospitals, there was an enormous push to decrease
length of stay and discharge patients earlier in order
to reduce costs under prospective payment. This
meant that patients were sent home from acute
hospitalization earlier and sicker than before, a
phenomenon with important implications for other
parts of the respiratory care profession, as | will

discuss further in a moment.

Evidence of the Effectiveness of Respi-
ratory Therapists and Respiratory Care
Protocols

As | implied earlier, assessment and manage-
ment by protocol is where both respiratory care the
profession and respiratory care the subject area are
going. It has been shown that the use of protocols
can decrease misallocation of respiratory care ser-
vices, resulting in less expensive management. Rather
than taking decision-making out of the hands of the
doctors, protocols allow better utilization of the skills

and time of both the physicians and the therapists.

There have now been 3 randomized controlled
trials of ventilator weaning by RTs according to

244 A detailed review of these studies is

protocol.
beyond the scope of this article, but they involved
large numbers of patients and all showed a short-
ened duration of mechanical ventilation without
apparent deleterious effects. All the studies sug-
gest that money can be saved when weaning is
conducted by way of treatment protocol driven by
the clinicians who are at the bedside rather than

having the doctor make all the individual decisions.

The effectiveness of RTs as consultants has

also been reported in randomized controlled
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% These studies show that use of

trails.
protocols significantly decreases the number of
patients receiving therapies that are not indicated
and decreases the number who need therapies

but do not get them.

A recent comprehensive review by Stoller sum-
marizes the published documentation of the effec-
tiveness of RTs."” This review uses the United States
Preventive Services task force scheme for grading
evidence of the effectiveness of therapies48 to
assess protocol-driven intubation, weaning, alloca-
tion of ABG measurement, placement of arterial lines,
and performance of mini-bronchoalveolar lavage
without bronchoscopy. Although the strength of the
evidence varies, there is now considerable docu-

mentation of the value of RTs in the ICU setting.

Similarly, outside the ICU, the effectiveness of
RTs in generating appropriate overall care plans, using
protocols, has been shown at the highest evidence
rating, with randomized controlled trials. Evidence in
support of bronchial hygiene and oxygen titration

protocols is close behind.

In ambulatory care, the strength of the
evidence is not quite so good, but there is increas-
ing documentation of clinical studies and institu-
tional experience. Within the constraints of their study
designs, these reports support the statement that
the use of RTs in these settings, typically using

. . . 47
protocols, improves care and is less expensive.

Respiratory Therapists and End-of-Life
Care

End-of-life care is another area that | think will
see increasing attention in the realm of respiratory

care in the coming years. RTs have been intimately
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involved with this topic for a long time, although
they may not have acknowledged or realized it.
After all, when life support is to be withdrawn, it is
usually the RT who has to come to the bedside to
actually carry out the plan. In the ICU and acute
care hospital, but also outside, in rehabilitation and
in home care. | believe that RTs will become
increasingly involved in palliative care. The recent
Respiratory Care Journal conference on palliative
respiratory care™ brought together internationally
recognized experts and reviewed the subject in

detail.

With respect to withholding and withdrawing
maximal supportive intervention, | believe the
future will bring more pre-ICU decision - making
and earlier, more effective communication with
patients and families about the interventions that
may be undertaken in the-ICU Considered in
the context of the probable outcomes of those
interventions. There is likely to be earlier determina-
tion of whether maximal supportive intervention is
going to be continued, and this will be standardized

and guided by protocols.

End-of-life and palliative care is an important
component of what we do in critical care. We know
that the majority of Americans who die in the ICU
have life support withdrawn, rather than dying in
spite of everything that we do. | believe we will see
an increasing use of protocols for withdrawal of life
support and protocols for assessing and managing
patient distress while that is carried out. Such
protocols are already in place in the institution

in which | work.
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Respiratory Therapists and Smoking
Cessation

Smoking cessation and COPD prevention are
another very important area of both respiratory care
the subject area and respiratory care the profes-
sion. The United States Public Health Service
recently issued an outstanding clinical practice
guideline that is authoritative, practical, and
covers all aspects of smoking intervention and
smoking cessation. It is available at http://
www.surgeongeneral.gov/tobacco/tobagrg.htm and
has also been published in Respiratory Care.” The
National Lung Health Education Project has also
recently called for the widespread screening of
smokers by primary care providers in their offices
in order to detect COPD.”"’ Training these providers
in the technique and interpretation of spirometry
and in other areas pertaining to the control of

smoking will heavily involve RTs.

In the future there will be increased and more
effective efforts to get people to stop smoking. |
believe we are actually going to make headway here.
The war against smoking will have claimed more
American lives than all of our military wars put
together, but | believe that we will finally see that
tide turn and that RTs are going to play a major

52
role as that occurs.

Respiratory Therapists and Home Care

As our population ages, the prevalence of
chronic health problems affecting the respiratory
system will continue to increase. | mentioned earlier
that increasing pressure to reduce costs in the
hospital has led to earlier discharge of patients and

greater severity of acute illness at the time of
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discharge. This places an increasing burden on those
who care for patients outside the acute-care hospi-
tal. Management may take place in long-term acute-
care facilities, rehabilitation centers, skilled nursing
facilities, or group homes, but most often it shifts to
the patient’s own home.

As older patients with more complex and severe
illness are managed at home, there will be increased
involvement of RTs and other nonphysician caregivers
in the home. If this does happen it will probably
reduce hospitalization and save money. However,
for such a future to occur there will have to be
appropriate revision of existing reimbursement
policies, which so far have not acknowledged the
need for and contributions of TRs. In predicting this
increasing deployment and effectiveness of RTs
as physician extenders in the home setting, | have
my fingers crossed because of the economic and
political hurdles to be overcome. However, it
definitely should happen if the best care is to be

afforded our patients.

Respiratory Care: The Journal

Finally | come to the third use of the term
respiratory care, which is the name of the journal
Respiratory Care. Early in its 47-year history it was
called Inhalation Therapy and it was small in size,
scope, and frequency, published only every other
month. Now monthly and different in many other
ways, RESPIRATORY CARE is the peer-reviewed
science journal of the AARC. It covers all aspects
of respiratory care the subject area and the profes-
sion and was accepted for prospective inclusion in
Index Medicus and MEDLINE as of the year 2000.
Also, since an older database was assimilated into
MEDLINE, you can also now retrieve via MEDLINE a

substantial number of earlier studies published in
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RESPIRATORY CARE. The Journal has the largest
monthly circulation of any peer-reviewed respiratory
journal, and goes not only to the members of the
AARC but also to individual subscribers, hospitals,
and libraries. lts traditional RT readership is steadily
expanding to include increasing numbers of physi-
cians, nurses, and others involved in respiratory care
the subject area. | believe that this will continue to
increase, as will the numbers of high-quality manu-

scripts submitted for possible publication.

Conclusions

| said at the beginning that | would under-
take the potentially foolish task of making 10 spe-
cific predictions about the future of respiratory care.
I have mentioned each during the preceding discus-
sion, but here they are in a list:

1. There will be less focus on raising Pa02
as a primary goal in managing acute hypoxemic
respiratory failure.

2. More attention will be paid to the adequacy
of tissue oxygenation, irrespective of Paoz' With this
“permissive hypoxemia,” clinicians will tolerate lower
PaO2 and oxyhemoglobin saturation levels than
they have previously.

3. We will have smarter monitors, with direct
input into ventilators and other devices, but these
monitors may not be indicating to us in real time
everything that they are doing.

4. There will be more noninvasive ventilatory
assistance and other focused interventions in acute
exacerbations of COPD. Although this is the ac-
cepted standard of care already, it is not yet prac-
ticed widely enough or skillfully enough.

5. There will be more ICU triage and earlier
determination of the appropriateness of maximal sup-
portive intervention in the ICU, along with greater
standardization of end-of-life care in that environ-

ment.
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6. We will see the expanded use of protocols
for assessment and management in all clinical set-
tings pertaining to respiratory care. Although | have
listed this one sixth, it should perhaps be number
one, as the future of respiratory care in all 3 of its
meanings lies with protocols.

7. There will be increased awareness of,
expertise in, and resources for palliative care in all
clinical settings. Respiratory care will be at the fore-
front as these increases take place.

8. There will be accelerating progress in
smoking cessation and in the prevention and early
amelioration of COPD.

9. RTs will assume a greater role as coordina-
tors and care givers in home care.

10. Respiratory Care journal will continue in
its role as science journal for the subject area and
the profession, as the events forecasted above and
its availability in Index Medicus stimulate increasing
numbers and quality of submitted manuscripts.

Attempting to predict the future is almost
always doomed to at least partial failure, but the
preceding exercise will have been worthwhile if it
has stimulated your thought and placed past devel-
opments into a context from which future develop-
ments can be understood and evaluated—however

accurately they may correspond to my predictions.
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Abstracts: Karnkawinpong O. Tuberculosis in Health Care Workers of Si Sa Ket Hospital. Thai J
Tuberc Chest Dis and Crit Care 2003; 24: 197-204.

Office of Disease Prevention and Control 7 " Ubon Ratchathani.

Background: Because of HIV-related increase of tuberculosis cases, health care workers (HCWs)
are at risk for contacting tuberculosis.

Objective: To study the prevalence of tuberculosis in health care workers in Si Sa Ket hospital
during October 1998 - September 2001.

Methods: Retrospective review by tuberculosis registration, and medical records.

Results: There were 7 (0.74%), 11 (1.16%) and 15 (1.58%) tuberculosis cases among Si Sa Ket
hospital health care workers during fiscal years 1999-2001 respectively. Nine were smear-positive
pulmonary tuberculosis cases, 7 were smear negative pulmonary tuberculosis cases, 9 were
tuberculous pleural effusion, 7 were cervical tuberculous lymphadenitis and one was tuberculosis
of spine. The rate of smear positive pulmonary tuberculosis case in all Si Sa Ket hospital health
care workers were 0.32%, 0.21% and 0.42% which were higher than the rate of general
population in Muang district Si Sa Ket Province (0.12%, 0.13% and 0.12% respectively). 75.76% of
HCWs who had tuberculosis were under 40 years of age. The rate of tuberculosis among high
exposure HCWs was higher than those of low tuberculosis exposure group significantly at
P < 0.05. Twenty-one nurses had tuberculosis and the rate of tuberculosis in nurses was
5.98% / 3 years.

Conclusions: The rate of tuberculosis in Si Sa Ket hospitals health care workers was higher than

those in general population. Si Sa Ket hospital must organize system to protect their staffs from

occupational tuberculosis transmission.
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Abstract: Pokaew P. Prapanwong A., Chantawong S., Aroonkanjana P., Rimwittayakorn W. and
Yamboonrueng K. Prevalence of Pulmonary Tuberculosis in 11 prisons. Thai J Tuberc Chest Dis and Crit
Care 2003; 24: 205-212.

Tuberculosis center, Office of Disease Control Region 10, Chiang Mai.

This study was aimed to find the prevalence of pulmonary tuberculosis in 11 prisons of 6 provinces
of upper northern Thailand. Active case finding by 4 difference methods was done during January 2000
to June 2002.

The study showed the tuberculosis prevalence was between 192 - 2,187 : 100,000 population. The

situation of tuberculosis in prison is interpreted to be high risk level and epidemic level.

Tuberculosis situation in prison is becoming a serious problem that needs prompt and continuing

action control from every sectors.
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Abstract : Sukhapesna S., Rientrirat P. and Sapimarn O. The Sputum Conversion Rate and Treatment
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Tuberculosis Division Bureau of AIDS TB and STls. Department of Disease Control, Ministry of Public
Health.

One Hundred and fourty- eight relapse sputum positive for AFB were analyzed. 104 out of
148 (70.3%) relapse cases occurred after 2 years of being declared as cure. Twenty - two cases (14.9%)
resisted to one or more drugs. Category Il regimen recommended by WHO was used to treat all relapse
cases. The favourable sputum conversion rate was achieved at 83.1%. The cure rate is only 67.6% with
the unacceptable high default rate at 19.6%. Seven cases with resistance to rifampicin or rifampicin
and other drugs responded well with CATII regimen. Five of the seven cases had sputum negative at the

end of initial phase and end of treatment.
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Abstract: Deesomchok A. and Satirapoj B. Acute hospitalized community-acquired pneumonia in
Maharaj Nakorn Chiang Mai Hospital: Comparison between HIV-positive and HIV-negative patients.
Thai J Tuberc Chest Dis and Crit Care 2003; 24: 229-238.

Division of Pulmonary. Critical Care Medicine, and Allergy, Department of Medicine, Faculty of Medicine,
Chiang Mai University.

Objective: To compare the clinical manifestations and severity of patients admitted with acute commu-
nity acquired pneumonia (duration < 2 weeks) between HIV-positive and HIV-negative group.
Research design: Prospective descriptive study.

Results: During October 2001 - September 2002, there were 128 patients (31 patients were infected
with HIV, Gr. 1; 56 patients had co-morbid with neoplastic, liver, renal, cerebrovascular disease or
congestive heart failure, Gr. 2; and 41 patients did not have co-morbid with the above 5 diseases, Gr. 3).
Comparison among 3 groups, we found that there were significant differences in mean age (35.0, 60.5
and 58.0 years in Gr. 1, 2 and 3), duration of illness before the admission (8.3, 4.8 and 5.7 days in
Gr. 1, 2 and 3) and cough. Lobar or multilobar-patchy infiltration was more common chest x-ray pattern
in Gr. 2 and 3, but ground glass pattern was more common in Gr. 1. Most of the diagnosis was bacterial
pneumonia and there were Pneumocystis carinii pneumonia and disseminated fungal infections in Gr. 1,
pulmonary nocardiosis in Gr. 2 and scrub typhus in Gr. 3. Tuberculosis was found in all groups. The
severity score by Fine’s prediction rule were significantly higher in Gr. 2 and 3 (106.8 and 83.2) than in
Gr. 1 (35.0) (p < 0.001). The patients’ age and the co-morbidity had more affected with the severity
score. The overall death was 13% that was not significant difference among each group.
Conclusions: From this study, the clinical manifestations of acute hospitalized community-acquired
pneumonia between HIV-positive and HIV-negative group differ in the duration of illness, cough and
chest x-ray pattern. Age and the co-morbidity of the patients affect the degree of severity of illness. So
Fine’s prediction rule may not be useful in HIV-infected patients or patients with co-morbidity other than
neoplastic, liver, renal, cerebrovascular disease or congestive heart failure. We suggest using the other

measures in the assessment of the severity of community-acquired pneumonia.




'
o a

1% 24 2ty 3 nenPIAN-NUeNEU 2546

umhuasinguse 9d

Tsadandnt uzamu (Community-acquired pneu-
monia, CAP) fiulsaiiwuldtaslunsufid uazwy
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NNTU WAILWUNNIAALYD Legionella sp., Chlamydia
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U (AL) 31 56 41 NS
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TN 11 (35%) 22 (39%) 18 (44%)
218 (1) 3.50+7.7 (22-55) 60.5+18.6 (16-93) 58.0+19.8 (20-99) <0.001
10-19 0 3 0
20-29 8 1 5
30-39 13 5 2
40-49 9 6 5
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90-99 0 1 1
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239 N5en
Lobar 1(3%) 14(25%) 4(10%) 0.016
Multilobar-patchy 8(25%) 30(54%) 23(56%) 0.02
Interstitial 8 6 4 NS
Ground glass 7(23%) 1(2%) 6(15%) 0.004
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cus neoformans 31U 3 518 LLa::an%ai’] Penicil-
lium marneffei I 1 918 LLa:Tunzjuﬁ 3 TN
Yamsnt ULNBUIIN Scrub typhus 97U 3 918 W3

Tulsavaawuldna 3 ngu dow avlunnanei 3
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A15N 3 L AvUandn. Uquﬁuﬁlﬁ%’unﬁiﬁﬁaﬁﬂLmuainwwztmzw

nawil 1 nawil 2 nawil 3 @1 p
Definite diagnosis 9 (29%) 12 (21%) 7 (17%) NS
Cryptococcosis 3(H/C2, TBBx 1) - -
Penicilliosis 1 (H/C) - -
Bacterial pneumonia 3 (H/C)* 8(H/C,PF)** 3 (H/C,)™*
B 2(sputum) 1 (sputum) 1 (pleural biospy)
Scrub typhus - - 3 (titer +)
Nocardiosis - 3 (sputum) -

*Hemoculture + ve: S. pneumoniae (1), S. aureus (1), Salmonella gr.D (1)

**Hemoculture + ve: S. pneumoniae (1, pleural fluid 2), Salmonella cholerasuis (1), Salmonella gr.D (1), Serratia marcescens (1),

Coagulase negative Staphylococcus (1), mixed gram negative bacilli (1)

**Hemoculture + ve: S. pneumoniae (1), H. influenzae (1), Pasteurella hemolytica (1)

n5ifasdbuuy “uilygu (Presumptive diagno-
sis) Wudﬂumju'ﬁ 1 azifudendne uernde Pneumo-
cystis carinii Befian1uadnBuLIINgs " nsend
nld warl¥innImey uedfsesn cotrimoxazole

T 13 518 TuduzARUandnL van@auuaitSey

W 3 Nax (9 318, 44 918 UAE 29 318 Tumjuﬁ 1,2
wae 3 MWEAY) uardansnt UnNTUIINIERLSEIN
fiu (Tropical infection) Tungail 3 91uU 5 378 6

L AlUANT T 4

aeefl 4w asdendne ugnpudl lisun1sidedeuuy uilsgu

Presumptive diagnosis ngun 1 ngun 2 ngun 3

PCP 13
Bacterial pneunomia 9

Tropical infection -

44 29 (lung abscess 1, complicated effusion 2)

5 (scrub typhus, leptospirosis)

LL@$Lﬁﬂﬁﬁ?'ﬁM']TU(;}I’]Uﬂ’J']leuLL‘S\‘J“II?NI??W]’]N
WneUnNSUsEIAUDBY Fine LATAME W‘]J'J'ﬂuﬂiﬂ:llﬁ 2

uaz 3 azdiAziuuANTULSIRRBINNNTINGNT 1 BENd

o o o a

1y AN G (35.0 AZLUU Tumju'ﬁ 1, 106.82

<

Wy 8324 Azuuu Tunguil 2 uaz 3) usiluzued
é’mﬂm‘slf‘ﬂ?j%miutwiazn@;ﬂﬂﬁmmLmnﬁhoﬁ'u

fall aelumsen 5
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EJ"?ﬁb‘lLLﬂL’ﬂ’J’]SJ?uLLix‘]"UE]\‘iﬂﬂﬂﬂuﬂL quummﬂm’ﬁmsﬂ‘mﬁumm Fine LLazALE

nq’uﬁ 1 nsg:uﬁ 2 nsg:uﬁ 3 # p
FIUIU (A1) FIUIU (A8) FIUIU (A"8)
Severity score
1 (0) 13 (1) 1 (0) 4 (0)
Il (1-70) 14 (1) 13 (2) 17 (0)
Il (71-90) 2 (0) 9 (0) 4 (0)
IV (91-130) 1(1) 18 (2) 11 (1)
V (> 130) 1 (1) 15 (5) 5 (3)
Mean score 35.00+34.35 106.82+42.38 83.24+46.75 <0.001
Death rate 4/31 (13%) 9/56 (16%) 4/41 (10%) NS

wananil Lﬁa@TuiﬁﬂazLﬁﬂmaanﬁﬂizLﬁu
AMHTULTIANINUTIZEN Fine UazAMy WU usnivile
laneguazlsnsauuds Sawudnlunguil 1 a:d
@’ﬂwﬁﬁmatﬂﬁauuﬂmmmi A wazA1 BUN fisnnnin
30 4N./AA. ﬁaﬂndﬂunzjuﬁ 2 uay 3 atwddy Ay
e B Tuwusilungail 2 2:fifiheifgungiing
fitlasndn 35 viaNnnin 40 avAsads  w1nndn

nandl 1 uax 3 aenedidy MAwe R iuhAUn

aa

Tungail 3 Affthenfiduinaudiadeauasliudon

[ o

tipsnilunguiduilesnin¥esar 30 Gedpaninlu

AN o o

naxdl 1 uaz 2 aeeditly MAne Hn

3sal

INMsANENLI dneusneadnuazsn
N5 edineeedansnt U"qwuLﬁﬂuwﬁuTu
Q’ﬂwﬁﬁmv’f?a HIV wazitlilgpada HIV Tdlgans
uanaNiust ity AN 88 eniuszazan
29913ANBUNITUNTSNE 81n15le wasdnBULAW
9 n3798n Lwi‘wmmzLLuumm@uLLiwaﬂiﬂﬁ
Uszifumuinasized Fine WazAue Tumﬁuﬁﬁﬂwﬁ
Ao HIV (nq’u'ﬁ 1) %ﬁaﬂndﬁnQu@’ﬂwﬁiﬂﬁﬁwﬁa
HIV (mg'uﬁ' 2 uay 3) pU Wity AN A usdle

ﬁmsmﬂuswa:Lé‘ﬂmao@’ﬂamwia:nq'mﬁu uiiulg

F1 Tunguithenfnde HIV arfiogwdsuazeylu

U

' 1w

fpnantiauninanitien laldfas HIV ot

k] q kY

°

Wy e B8R (a51eft 1) Fevilvinnsdszidu
ATINTULIITBILIANININUTIZEY Fine uazAuy Tu

NEenfae HIV laaseduanuiuase uay

NRNE
U
N
U

naNgeNfats HIV Tun1sAnunilselalésunis

q
9
8
9
Yazifiuanuquuszesmafinigs HIV Tusudu o 1y
91U CD, lymphocyte TuiRaadeluns@nsndisiu
WL U CD, lymphocyte Twdeniiiaandi 100

a

waannlulaIdns acdnarsisnsinis “sd3nan

Tsavandnt u*’quﬁuLﬁﬂuwé’ugﬁum’”
JruzIATdlsAYandnt VBNBUNDUNITUNIG
N Tunzjuﬁjﬂwﬁﬁm%a HIV %muniwmju@’ﬂwﬁ
iR HIV Feonafiunaan Wnnzeslandnt U
gumulunguitheiiiade HIV ulvaiiosas 41 1An
mm%a Pneumocystis carinii Fasinazfionnisuuy
rouduranly Tumm:ﬁiun@u@ﬂmﬁhjﬁmﬁa HIV
g8 '3u°[m1jl,ﬁﬂmnv§atl,mﬁﬁ'ﬂ 3oy 78-93) %y
AN ADINITUVVIRUUWAUNINNTN
2IMTUAZEINNTL a9 Wikn 14 1a §unthenuwuy

=

pleuritic wilpanay Tugdihevie 3 ngu Lifaauen
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YszinAuALNDIU SioT we. 25397 uslunsdnuniv
wmﬂunﬁiu@'ﬂmﬁﬁmﬁa HIV aelansuenIngy”
nyweniu lobar infiltration 1fu ulng il
\legan WrAavloasnt U 'aulmgtﬁﬂmm%a
LuALse

wsululsanenuianvisuasdesivd dae

=

fis1seunsdnenils uvnedUansnt uluﬁﬂm
fae HIV el wa. 2538 wuindefiifiu AAALNA
SENIT:) Pneumocystis carinii 888y 36 \3e
wuafiSedesas 24 warinulsndosas 12 Feadne
funsdneniia WinTBLaRnt URNTWRELNRLLAR
SRt Pneumocystis carinii $a8ay 42 \3e
wuaiidedenay 39 Was3auay 13 uarinlsniovay
6 wazdofiTeunmasfnunludszing wigawmin e
U wa 2545 Anuirdandnt U"qu"ﬁul,ﬁﬂuwé’ulu
Qﬂ’lﬂﬁﬁﬂt‘f?ﬂ HIV W nide Pneumocystis carinii 0t
av 31 uazideuuaiiGesenay 33 wWuiu'® uanan
ﬁﬁawudﬂumﬁuﬁjﬂmﬁﬁm% HIV asfinsfndas
Cryptococcus Lag Penicillium Lﬁs\l"ﬁu (3opay 22 uay
16 mwansw)' Tummtﬁnéu@’ﬂmﬁiﬂﬁﬁmﬁa HIV
azfimsfadaanidolsyaiu (Tropical infection) LU

Scrub typhus WAy leptospirosis NINTULTUAU

EiL

9INMIANE wudnsurneaadinaalon
ani quutﬁﬂuwﬁuiué’ﬂwﬁﬁm%a HIV wazlalé
fondia HIV Tl lERaauanseiuageiile 1dwms
06 snriuszpziianevlaadnt URAUNITUNIT
%’nuﬂi\‘lwmmaﬁwuiﬂumju@’ﬂwﬁﬁmL‘%Ya HIV qudl
i:ﬂ:nmﬁmundﬂuvﬁﬂmﬁ\lﬂ‘lﬁﬁmL"’f‘?a HIV 81n15le
WRZANBAIZAIWTI “NTNBN  TUAZUUUANINTULTI
saslafilszifiulagldinusiaes Fine uazans 1u a1a
azﬁﬁa'«ﬁﬁﬂ“[um‘sﬁmﬂ%ﬂizLﬁuﬂQWNQuLLiamadﬂaﬂ
811 uTu@’ﬂmﬁﬁmﬁa HIV  fetuientaasdacld
MsUssiudu g u seugiduiuzeciie saulu
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