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Chapter 6

Mechanical Ventilation

INTRODUCTION

Mechanical ventilation is one of the major life-
support systems of the 1980s. For patients suffer-
ing severe impairment or even complete failure
of respiratory function, the ventilator (or “respi-
rator,” as the device is better known) is literally
the link between life and death. Its capacity to
take over the vital role of the respiratory muscles,
inducing rhythmic inflation and emptying of the
lungs, is beyond debate. Experience with this
technology provides clear evidence that, for a sub-
stantial and diagnostically diverse patient popu-
lation, mechanical ventilation can effectively assist
or replace normal spontaneous breathing. Its
wide availability and usually safe application have
enabled thousands of patients of all ages to sur-
vive life-threatening pulmonary, neuromuscular,
and necrologic disorders, as well as high-risk sur-
gical procedures.

But, like the other life-sustaining technologies
considered in this report, mechanical ventilation
is a mixed blessing. Its technical virtuosity and
potential good are not always good enough. The
ventilator has attained notoriety as the focus of
ethical and legal dilemmas. For severely ill patients
and their families, as well as many health profes-
sionals, decisions about the use of this technolo-
gy are the source of considerable anguish. while
offering hope of prolonged life, mechanical ven-
tilation has drastic implications for the quality of
that life. Furthermore, the costs associated with
this technology are enormous, and the Federal
Government bears a large proportion of these
costs. Thus, in assessing this technology, the ap-
propriate emphasis is not: does it work? but
rather, under what circumstances is its use ap-
propriate?

In the care of many acutely ill patients, mechan-
ical ventilation lasting only hours or a few days
is sufficient. For patients with reversible disease
or injury to the chest wall and for some surgical
patients, artificial ventilation can buy the time
needed for definitive therapeutic interventions to
take effect or for spontaneous improvement to

occur. In a short time, the ventilator can be re-
moved and normal breathing resumes. Unfortu-
nately, however, mechanical ventilation has never
been shown to improve the underlying pathol-
ogy of any disease (9). Thus, acutely ill patients
whose underlying disease is chronic or irrever-
sible can become, sometimes unexpectedly, chron-
ically ventilator dependent. Their continuing need
for mechanical ventilation may be total, i.e., 24-
hours a day, or it may be limited, i.e., only dur-
ing sleep or intermittently through the day.

For patients with chronic, irreversible, or de-
generative diseases or paralysis affecting respi-
ration, mechanical ventilation represents a last re-
sort, a sign that preventive measures or cures
were ineffective or unavailable. At the same time,
for such patients, this technology offers a realis-
tic possibility for prolonged life. Thousands of pa-
tients, or others acting on their behalf, have cho-
sen ventilator dependence as the best alternative
and, with it, many have managed to develop and
maintain successful family relationships and even
careers.

Ventilator patients who are successfully “weaned
as well as chronically ventilator-dependent per-
sons who remain functionally able represent im-
portant technological successes. Unfortunately,
however, not all individuals fall into these catego-
ries. Mortality among patients receiving mechan-
ical ventilation is very high. Most reports have
found survival of the initial hospital episode to
be under 55 percent (27)75,87,98,128)129); and
mortality is usually highest for elderly patients
(75,83,85,87,88,95,129).

Furthermore, among those patients who be-
come permanently ventilator dependent are some
whose physical and/Zor mental functioning is se-
verely and irreversibly impaired. Although pa-
tients who cannot be weaned are thought to rep-

‘Weaning is the step-by-step removal, over a period of days,
weeks, or months, of ventilator equipment that the patient is de-
pendent on, with restoration of adequate spontaneous respiration,

205
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cus has shifted from the operating room, to long-
term care, to intensive care, and, lately, back to
long-term care, including home care.

Perhaps the most significant development has
been the considerable expansion of the potential
patient population (106). Prolonged mechanical
ventilation first became a reality in the midst of
the worldwide epidemics of poliomyelitis during
the first half of this century. In Europe and the
United States, thousands of polio victims who
suffered respiratory paralysis were sustained for
months or years with “iron lungs” and other early
types of ventilators. Individuals who were part
of this cohort of patients are distinguished from
their successors by their relative good health and
their youth at the time mechanical ventilation was
instituted. These individuals and events stimulated
by their plight, including the virtual eradication
of polio in developed countries, continue to stand
out as historical examples of medical technology
at its best.

Now, however, recipients of mechanical venti-
lation include patients in their eighties or nine-
ties with multiple life-threatening conditions;

patients whose presumed temporary loss of spon-
taneous breathing proves to be permanent; pa-
tients for whom it is known in advance that spon-
taneous breathing will never be restored; and
patients who are demented, unconscious, or even
brain dead. These patients are the source of new
ethical and legal issues, intensified economic
strains, and heightened public interest.

This chapter examines a variety of issues per-
taining to decisions about the use of mechanical
ventilation. Because the issues are exaggerated
with longer use, the chapter generally focuses on
acute ventilation that becomes prolonged or
chronic. Definition of this concept is, however,
problematic. Some authors regard ventilation last-
ing 48 hours as “prolonged” (e.g., 27,98), while
others define prolonged ventilation as that which
continues for 1, 3, or even 6 months. According
to some authorities, patients who require mechan-
ical ventilation for as long as 2 weeks are essen-
tially the same patients who require it for a month
or longer (21). In general, the discussion that fol-
lows refers to individuals who have become ven-
tilator dependent and who are unlikely to regain
spontaneous respiratory function.

DESCRIPTION OF MECHANICAL VENTILATION

Respiratory Failure: The Need for
Mechanical Ventilation

Respiratory failure is a life-threatening condi-
tion in which the respiratory apparatus is unable
to provide adequate oxygenation (delivery of oxy-
gen to the blood) and/or ventilation [removal of
carbon dioxide from the blood). It is an unstable
condition, and if untreated, further deterioration
and eventual respiratory arrest (i.e., the complete
cessation of effective breathing) are more likely
than improvement (111). Respiratory failure and
arrest can occur in individuals of any age. As a
group, however, elderly people are at greater risk
because of normal age-related declines in pul-
monary function, as well as the higher prevalence
of diseases associated with respiratory problems
and higher prevalence of comorbidities in general.

Clinical evidence shows that, “with a normal
aging process, the bronchopulmonary system
should be adequate for about 90 years of contin-

uous functioning” (78). After age 25, however,
healthy individuals experience a gradual decline
in pulmonary function (72). Normal changes in
pulmonary function are due to aging per se; to
the cumulative effect of exposure to environ-
mental pollutants; to residual effects of disease
and allergies; and to reduced levels of physical
activity. Changes may occur in lung volume and
in all aspects of respiratory function. Probably
the single most significant risk factor affecting
healthy individuals is cigarette smoking (121).

Severely impaired respiratory function and
eventual respiratory failure may result from air-
way obstruction, inadequacy of the ventilator
muscles, lung disease, or chest injury, as well as
from a variety of cardiac, neurological, and neu-
romuscular disorders. The most common causes—
asthma and COPD—are primarily diseases of older
people (see box 6-A). In addition, other conditions
associated with the risk of respiratory failure, in-
cluding pneumonia, sepsis, and pulmonary edema,
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are more likely to result in respiratory failure
when the victim is elderly (111). Diagnoses asso-
ciated with respiratory failure and subsequent me-
chanical ventilation in adults are listed in table

6-1.

Changes in pulmonary function associated with
normal aging and changes due to disease are in-
terrelated and difficult to distinguish. The con-
founding of normal and abnormal processes can
lead to generalizations about elderly patients and
to assumptions about reserve capacity that are
incorrect in individual cases.

Table 6-1.— Diagnoses Associated With Risk of
Respiratory Failure and Subsequent
Mechanical Ventilation in Adults’

Pulmonary diseases
Chronic obstructive pulmonary disease (COPD)
Asthma
Bronchitis
Emphysema
Chronic restrictive lung disease
Adult respiratory distress syndrome
Interstitial lung disease
Acute bronchial asthma
Pneumonia
Pulmonary edema
Pulmonary embolism
Tuberculosis
Lung cancer

Neuromuscular disorders
Amyotrophic lateral sclerosis (ALS)
Diaphragmatic paralysis
Guillain-Barre syndrome
Myasthenia gravis
Kyphoscoiiosis and senile kyphosis
Multiple sclerosis
Muscular dystrophy
Poliomyelitis
Tetanus

Neurological disorders
Cerebrovascular accident (stroke)
Brain trauma
Status epileptics
Drug overdose, poisoning
Coma resulting from metabolic disorders

Cardiac disorders
Cardiogenic shock
Cardiac arrest
Congestive heart failure
Severe dysrhythmias

Major surgery (with general anesthesia)

injury, trauma
Chest injuries, including trauma during cardiopulmonary
resuscitation (CPR)
Spinal cord injuries
Hypothermia
Burns, smoke inhalation

Other
Metastatic cancer
Aspiration
8piseases assoclated with short- as well as long-term Ventilation are Included
because of the potential for the former to evolve into the latter.
SOURCE: Office of Technology Assessment, 1987.
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The Ventilator Apparatus

The mechanical ventilators in use today range
from the relatively simple and relatively inexpen-
sive variations of machines developed in the 1920s
to the highly complex and expensive state-of-the-
art ventilators found in intensive care units (ICUs).
The pressure gradient necessary to deliver air or
a mixture of air and other gases (especially oxy-
gen) to a patient maybe produced either by neg-
ative pressure (i.e., below-atmospheric pressure)
applied to the chest wall or by positive pressure
(i.e., above-atmospheric pressure) applied to the
airway. Frequently, ventilators are classified along
this dimension.

Negative Pressure Ventilators

The first ventilators to receive wide use for pa-
tients requiring long-term ventilator support

Photo credit” Courtesy of Yearbook Medical Publishers
Reprinted by permission, 1981

This patient breathes with the aid of a cuirass, the most
widely used negative pressure ventilator today.

were negative pressure devices introduced dur-
ing the epidemics of paralytic poliomyelitis from
1910 to the mid-1950s. Exemplified by the iron
lung, these devices were, for the most part, cham-
bers or cabinets in which the patient was placed,
from neck to toes, and enabled to breathe by the
force of alternating negative and positive pres-
sure. A major problem with these ‘(tank™ or “body
respirators” is that they render the patient inac-
cessible for medical and nursing care. Another
major problem, recognized only after the tech-
nology improved, is that the ventilation provided
by negative pressure devices is inadequate for
many patients. A 1978 report estimated that only
350 tank respirators remained in use in the United
States (126).

Modern negative pressure ventilators reduce
the problem of access to the patient posed by the
iron lung and are also more portable. The most
widely used negative pressure ventilator today
is the cuirass (120). This consists of a metal or plas-
tic shell, resembling a shield, that covers the chest
and/or abdomen, and that is connected by a flexi-
ble hose to a vacuum pump. Negative pressure
is intermittently cycled in the space between the
shell and the patient’s body, causing passive ex-
cursion of the diaphragm and expansion of the
lower rib cage.

Other negative pressure devices in use today
include the Pulmowrap (“poncho”), the pneu-
mobelt, and the rocking bed, The Pulmowrap is
a cloth or plastic wrap that operates by the same
principal as the cuirass, cycling negative pressure
in the space created around the body. The pneu-
mobelt is another wearable device that ventilates
mainly the lower lobes of the lungs by its alter-
nate inflation and deflation. The motion of the
rocking bed causes passive excursion of the di-
aphragm and regulates both the volume of the
breath and the breathing rate.

Negative pressure ventilators are used primar-
ily in long-term care institutions and home care
for medically stable patients who require ventila-
tor assistance less than 24 hours per day. Most
of these patients have chronic respiratory insuffi-
ciency due to neuromuscular disorders, polio, or
spinal cord injuries. Negative pressure devices are
rarely used in acute care hospitals, but the com-
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placations associated with positive pressure ven-
tilation and tracheotomy tubes (see *“Outcomes
of Mechanical Ventilation,” below) have created
renewed interest in negative pressure equipment
for some hospitalized patients (44). Also, prelimi-
nary reports suggest that nocturnal use of nega-
tive pressure ventilators to rest the respiratory
muscles is beneficial for some patients (68).

Positive Pressure Ventilators

Positive pressure ventilation has been regarded
since the mid-1950s as the superior technique for
acutely ill patients and for most stabilized venti-
lator-dependent patients. Compared with nega-
tive pressure devices, positive pressure ventila-
tors offer several advantages. Most important, the
volume and delivery rate of the inspiratory gases
can be carefully controlled, and receipt of these
gases by the patient is rather certain. Thus, the
likelihood is greater with positive than with neg-
ative pressure devices that a patient will be op-
timally ventilated. In addition, the patient receiv-
ing positive pressure ventilation is completely
accessible to caregivers.

The functioning of positive pressure ventilators
involves the application of above-atmospheric
pressure to the patient’s airway. This produces
an inspiratory driving pressure. The lung and
chest wall provide elastic recoil, creating a driv-
ing pressure back up the airway. This same basic
process can be accomplished by regulation of pres-
sure, airflow, rate, or volume, and positive pres-
sure ventilators are usually classified according
to these parameters, any one of which can be pre-
set to trigger the end of the inspiratory phase.
The patient’s specific condition and expected du-
ration of need for mechanical ventilation may in-
dicate one type of ventilator over another (71),
but volume ventilators are most often chosen for
long-term ventilator support or for complex care
(68).

“Hospital ventilators” all resemble the model
shown in the photograph on p. 212. The bulk of
the apparatus is physically removed from the pa-
tient, usually positioned at the bedside. The dials
used to set the prescribed volume, rate, breath-
ing pattern, etc., as well as the display of moni-
tored functions are visible and accessible to the
patient or the patient’s attendants. State-f-the art

hospital ventilators are complex, microprocessor-
based units that permit continuous measurement
of about a dozen patient parameters; the results
may be displayed digitally, with lights, on CRT
monitors (74), or may even be transmitted by com-
puter modem and telephone lines to a remote cen-
tral station (21). The monitoring system on most
ventilators is tied to an alarm system. Unaccept-
able levels in monitored functions trigger a visi-
ble or audible alarm (74).

In the last decade, new kinds of positive pres-
sure ventilators have been developed specifically
for use outside the hospital, where portability, ease
of use, and low cost are essential. These “home
ventilators” are smaller and lighter than hospital
ventilators, but have many of the same capabil-
ities, including a range of volume, pressure, and
breathing rates; monitoring of patient pressure
and power supply; emergency alarms and standby
power. Under the direction of a physician, nurse,
or respiratory therapist, home ventilators can be
operated by patients themselves, by family mem-
bers or other nonprofessional caregivers. Some
models of positive pressure home ventilators can
operate on a 12-volt automobile-type battery, en-
abling patients to travel by wheelchair, car, or
plane. Some patients can walk, carrying or push-
ing the ventilator on a small wagon. Stationary
(or console) ventilators are also used in home care
(21)

Positive pressure ventilation requires a physi-
cal link between the ventilator and the patient.
This physical link is accomplished by the inser-
tion of flexible, sterile tubing leading from the ven-
tilator into the patient’s airway, through the nose,
mouth, or directly into the trachea. To ensure that
the patient receives the full prescribed breath and
the proper proportion of oxygen, an inflatable bal-
loon cuff at the patient’s end of the tube maybe
used to reduce the possibility of leakage.

The method of incubation depends initially on
the urgency of the situation, expected duration
of ventilator support, whether or not the patient
is alert, medical details, and available personnel.

‘Some physicians limit the use of portable ventilators to 4- to 5-
hour periods or to daytime use, recommending the more reliable
console machines for nighttime and when caregivers may be less
available or less alert to problems (44).
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Photo credit: € 1980 Springhousé Corp. Reprinted with permission.

This patient indicates her tracheotomy, the surgical-
ly created opening through which tubing for mechan-
ical ventilation can be inserted.

Each method has distinct characteristics in terms
of patient comfort, needed care, and risk of com-
plications.

Unless the need for mechanical ventilation is
certain to be prolonged, endotracheal incubation
is the preferred technique. In this method, the
tube is inserted through the natural opening of
the trachea, either through the patient’s mouth
(i.e., orotracheal incubation) or through the nose
(i.e., nasotracheal incubation). Because the dura-
tion of ventilation is usually difficult to predict,
most patients undergo endotracheal incubation
at the start of their treatment. There is some dis-
agreement about how long endotracheal incuba-
tion can be maintained, but most sources put the
limit at 1 to 2 weeks (112).

Patients requiring ventilator support of longer
duration must undergo a surgical procedure

known as a tracheotomy, to produce an opening
into the trachea, through the neck. This opening,
the tracheotomy, allows the insertion of a
tracheotomy tube. This method of incubation
maximizes patient comfort and facilitates removal
of secretions from the airway, via suctioning (7 I).
However, tracheotomy is associated with numer-
ous serious complications (see ‘(Outcomes of Me-
chanical Ventilation, ” below).

All methods of incubation interrupt important
natural functions of the upper airway, including
the natural processes of humidification, filtration,
and warming of inspired gases, and each inter-
feres with normal cough and gag reflexes. The
ventilator support system must compensate for
these lost functions. A humidifier is used to pre-
vent dryness of the respiratory mucous mem-
brane. Filters prevent foreign material from reach-
ing the lungs, and heat controls prevent loss of
body heat. Because most ventilator patients are
unable to cough effectively, suctioning is an im-
portant component of care (73).

The ventilation equipment and the patient are
literally tied into a common system that must be
adjusted to a perfect balance. The patient respi-
ratory drive, whether normal or abnormal, and
the rhythm of the ventilator must be synchro-
nized, so that “competition” or “interference” does
not detract from the optimal functioning of ei-
ther. The ventilator’s operating mode denotes the
degree of control the machine has over the pa-
tient’s breathing. In the mode called “control ven-
tilation,” for example, the ventilator provides to-
tal support, cycling independently of the patient
breathing effort or response. This mode is used
for unconscious patients and for those whose
spontaneous ventilation is significantly depressed.
In the acute care setting, interference from the
patient sometimes is managed by the administra-
tion of heavy sedatives or paralyzing agents to
permit optimal functioning of the ventilator (20).

Safety and Reliability of
Ventilation Equipment

Like any mechanical device, ventilators can mal-
unction or fail. Problems maybe due to the ven-
tilator itself; to other components of the system,
especially the tubing, oxygen supply, or power
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source; or to human error. Appropriately sched-
uled and correctly performed maintenance are
essential.

Mechanical ventilators are subject to regulation
by the Food and Drug Administration (FDA). FDA’s
Medical Device Reporting regulation, implemented
in December 1984, requires manufacturers of
medical devices to report any deaths or serious
injuries associated with their products. Between
December 1984 and March 1987, FDA received
approximately 2,800 reports of problems with
positive pressure mechanical ventilators (hospi-
tal and home models).’During the same period,
FDA also received approximately 700 reports on
positive pressure ventilators under the voluntary
Medical Device and Laboratory Product Problem
Reporting Program (100). Although fault has not
been determined in all reported incidents, con-
cern about the safety and reliability of these ven-
tilators is understandable.

FDA has designated positive pressure ventila-
tors for hospital and home use as Class Il medical
devices (i.e., devices for which general controls
are deemed inadequate to ensure safety and ef-
ficacy, and for which sufficient information ex-
ists or could be developed to establish perform-
ance standards). They were among the very few
Class Il medical devices for which, in 1986, FDA
initiated the process of developing a regulatory
performance standard (17). However, FDA’s invi-
tation for offers to submit or develop a standard
(51 FR 11516) brought no acceptable responses,
and the agency has since withdrawn plans to de-
velop a regulatory standard. Instead, FDA will at-
tempt to solve the reported problems with venti-
lator equipment by other, less costly means (17).

Hospital ventilators used in critical care and
anesthesia are subject to voluntary standards such
as the performance standard developed in 1976
by the American National Standards Institute (5).
That standard is currently being revised by the
American Society of Testing and Materials. A
standard developed by the International Stand-

‘In January 1986, FDA initiated a civil suit against one major man-
ufacturer, whose home ventilators had been linked to 7 deaths, 9
serious injuries, and as many as 663 malfunctions (28). Equipment

problems, however, are not unique to any one manufacturer or model

(44).

ards Organization also applies to hospital ventila-
tors (8).

The American Society of Testing and Materi-
als, in response to numerous reported problems
with home positive pressure ventilators, is also
developing a voluntary performance standard for
these devices. (FDA is participating in the proc-
ess.) In addition, a subcommittee of the American
Society of Testing and Materials has been formed
to develop standards of practice for home venti-
lation (8).

Because problems with ventilation equipment
may be life-threatening, whether in the hospital
or elsewhere, a backup power supply (battery or
generator) and backup ventilator are usually
needed. Emergency equipment for resuscitation
is also needed in the event that machine or power
failure leads to respiratory arrest, Even in the
home, a simple device for resuscitation, usually
an ambu-bag (see ch. 5), should be available for

Photo credit: Puritan-Bennett Corp.

The Bennett 7200a is a microprocessor-controlled
volume ventilator typical of the positive pressure
ventilators used in hospitals today.
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all ventilator-dependent patients. In some com-
munities, power companies, police and fire de-
partments maintain registries of individuals who
have life-support equipment in their home, pro-
viding an additional measure of safety.

Treatment Settings

Mechanical ventilation is usually initiated in an
emergency room or ICU. Many ventilator patients
who have been stabilized, however, do not need
to remain in an ICU and may not need to remain
in the acute care hospital at all. Patients requir-
ing long-term ventilator support have been suc-
cessfully treated in regular medical units of acute
care hospitals, special step-down and rehabilita-
tion units, chronic and rehabilitation hospitals,
nursing homes, group homes, and their own
homes. The various settings in which mechanical
ventilation is provided imply widely different
levels of care, cost, and patient responsibility, and
they have considerable impact on the patient’s
quality of life.

Acute Care Hospitals

For patients who are medically unstable or at
high risk and for whom aggressive life-sustaining
treatment is desirable, the appropriate setting for
the provision of mechanical ventilation is the ICU.
The sophisticated equipment and skills available
in the ICU, and the high staff-to-patient ratio, are
needed to provide round-the-clock monitoring and
care. In addition to ventilation, nutritional sup-
port, and any other treatments that may be nec-
essary can be rapidly initiated and simultaneously
managed. However, the ICU is by far the most re-
strictive and, almost always, the most expensive
setting in which mechanical ventilation is
provided.

Some ventilator patients remain in acute care
hospitals long after they are medically stabilized
(2). This situation may be due to the shortage of
options in the community, caregivers’ lack of
awareness of the options, or reimbursement con-
siderations (see below). The inappropriate use of
ICU and other acute care beds increases costs,
reduces the patient’s quality of life, and may cre-
ate a shortage of ICU beds. Moreover, some ob-
servers suggest that physicians and other health

professionals who trained and practice in acute
care hospitals lack the experience and special ex-
pertise required to provide good quality care to
patients who are chronically ventilator dependent
(21).

The feasibility of caring for a ventilator-
dependent patient outside an acute care hospital
depends on factors such as the patient’s physio-
logical stability, comorbidity, and mental status;
complexity of the prescribed ventilator and regi-
men; extent of the patient’s need for medical at-
tention and nursing care; the patient’s prognosis;
and minimum acceptable quality of life. Other ma-
jor considerations are institutional policies; the
existence of options in the community; admission
criteria and available space in other facilities; dis-
tance of alternate facilities from family; the pa-
tient’s personal financial resources; available reim-
bursement; and the ability of family members to
provide social support.

Nursing Homes and Other
Institutional Settings

Historically, very few nursing homes have ac-
cepted ventilator-dependent patients or kept pa-
tients who became dependent on this technology.
The majority of physicians and institutions as-
sumed, as many still do, that safe care of ventilator-
dependent persons required staff and technologi-
cal resources that are neither available nor feasi-
ble to provide in a nursing home. In the last few
years, interest in containing hospital costs and in
reducing length of hospital stay has given impe-
tus to creation of special ventilator units within
some skilled nursing facilities (14). Despite this
change, however, the number of nursing homes
that now care for ventilator-dependent patients
is still small (115).

Nursing homes that do accept ventilator-depen-
dent patients may provide long-term placement,
transitional placement to permit training and prep-
aration of patients who will eventually return
home, and/or short-term respite for family care-
givers. one of the first such programs in a nurs-
ing home opened in January 1983 at Care Centers
of Michigan. This program offers comprehensive,
long-term care for patients of all ages. Patients
are said to enjoy improved quality of life, with
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a broader range of rehabilitative services and envi-
ronmental options, at approximately half the cost
of hospital care (25).

Other options for some stabilized patients who
remain ventilator dependent are chronic care and
rehabilitation hospitals. Nationwide, there are a
few hospitals whose major mission is pulmonary
rehabilitation. In these special facilities, many pa-
tients, including some elderly patients who could
not be weaned in acute care hospitals, are suc-
cessfully weaned from mechanical ventilation, or
their dependence is reduced (21).

Demand for skilled nursing and other kinds of
long-term care facilities for ventilator-dependent
patients appears to exceed availability, In a national
survey of hospital discharge planners, the avail-
ability of beds and need for complex services
including ventilator care was identified as the sec-
ond most serious barrier to nursing home place-
ment (119). The Goldwater Memorial Hospital in
New York City, with a respiratory rehabilitation
program for 46 ventilator patients, has a normal
waiting list of 50 to 75 ventilator-dependent pa-
tients ready to be discharged from acute care hos-
pitals in the New York metropolitan area (21). The
oak Forest Hospital in LaGrange, lllinois, has a
25-bed ventilator ward and a waiting list of 75 (40).

The Patient’s Home

Mechanical ventilation at home is a realistic op-
tion only for a minority of patients, whatever their
age. To date, the number of elderly patients who
have been discharged to their own homes on a
ventilator is very small. However, home care is
an option that deserves consideration because the
potential benefits for patients and the potential
cost-savings are great. Care within one’s own home
can provide the highest quality of life and, for some
patients whose prognosis is bleak, improved qual-
ity of death. In their own homes, patients retain
the maximum degree of control over their health
care and other aspects of their life. Patients of
all ages have made successful adaptations to ven-
tilator dependence at home, and some observers
believe the feasibility of home care is underesti-
mated (70,103).

Clearly, however, home care of a ventilator pa-
tient is not a decision to be taken lightly. The pa-

tient’s readiness to go home and the family’s read-
iness to receive the patient must be carefully
assessed; extensive planning and education of both
patient and family are necessary. Resources for
care outside the hospital must be identified and
evaluated. Also prior to discharge from the hos-
pital, reimbursement for home care must be as-
sured. problems related to financial and social sup-
port for families providing home care are severe,
whatever the age of the patient. The feasibility
of home care for ventilator-dependent patients
who are elderly is reduced by the decreased likeli-
hood that they have a spouse or other family mem-
bers capable of meeting the considerable chal-
lenges home ventilator care presents.

Barriers to home ventilator care for patients of
all ages include the fact that the equipment and
techniques for management of ventilation in the
home (and alternate community sites) are rela-
tively new; many physicians are unaware of the
home care option; and most medical centers lack
the experienced personnel and resources to co-
ordinate the transition from hospital to home. Still,
some observers predict that the number of home
ventilator patients will increase rapidly (118), and
this prediction has led to expressions of concern
that the acquisition of necessary skills and the
establishment of support networks will not keep
pace with the expanded number of patients (51,
66).

Another alternative to institutionalization, with
benefits that parallel those of home care, is con-
gregate housing. The goal is to provide residents
the relative independence of a private apartment
rather than the controlled environment of a bed
in a hospital or nursing home. Congregate hous-
ing can be designed to provide both personal and
medical support services to enhance independ-
ence and reduce costs (21).

Linkages Among Treatment Settings

Some ventilator patients are moved back and
forth among the various treatment settings. Such
moves are often necessitated by changes in the
patient’s medical condition. Thus, for example, a
COPD patient may be weaned from the ventila-
tor, or partially weaned, over and over again, ne-
cessitating transfers in and out of an ICU. Or, a
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patient who is at home maybe transferred back
to the hospital in the event of an acute episode.
In other cases, the reasons for moving a patient
are strictly non-medical. For example, a patient
cared for at home may be moved to a nursing
home or hospital because the physical, emotional,
and/or financial strain of providing care has be-
come too great for the family.

Continuity of care requires good linkages among
the various treatment settings and service
providers. To increase the options for ventilator
patients they are ready to discharge, many hos-
pitals are developing their own nursing homes
or contracting with existing nursing homes for
a certain number of beds (12). Hospitals that dis-
charge ventilator-dependent patients to nursing
homes or to their own homes must be prepared
to provide ongoing and emergency service for
these patients. Other necessary community re-
sources for nonhospital care are reliable compa-
nies to lease and maintain equipment, registries
of nurses, attendants and/or health aides, and fi-
nancial assistance. Some observers believe that
the best way to ensure good care and efficient
use of resources is to provide quality-assurance
and case-management through a system of re-
gional centers of expertise like those that existed
during the polio years'(21).

Caregivers

Ventilator patients in ICUs are in the care of
a large and diverse group of highly skilled profes-
sionals that typically includes the attending and
various consulting physicians, registered nurses,
respiratory therapists and technicians, and dieti-
tians. It may also include physical therapists, so-
cial workers, and others. The attending physician
(who is likely to be a specialist in pulmonary medi-
cine, anesthesiology, or critical care) has primary
responsibility for determining whether or not me-
chanical ventilation is needed and prescribing the
specific regimen. Registered nurses, often special-

‘Regional centers of expertise were established in this country
to provide comprehensive services to polio victims who required
ventilator support. as the incidence of polio fell, most of these
centers closed, In France and England, comprehensive, government -
funded programs currently provide a full range of services, includ-

ing acute care hospitals, intermediate care facilities and organiza-

tions to provide service, equipment, and personnel in the home,
These programs provide needed care, care-monitoring and quality -
assurance, as well as cost savings via mass purchasing (2 1,42,43).

ists in respiratory care or critical care nursing,
have the most contact with the patient, If a deci-
sion about withholding or withdrawing treatment
is considered, various members of the health care
team may participate, along with the patient
and/or family members.

For acutely ill, hospitalized ventilator patients,
the staff-to-patient ratio is necessarily high. One
hospital in Pittsburgh reports that its 16-bed sur-
gical ICU has 7 physicians and 67 registered nurses
(48). Staffing patterns vary in different institutions,
however, and a more typical case is a 16-patient
acute respiratory ward staffed by 2 physicians,
10 registered nurses, 2 practical nurses, 12 nurse
aides, and a clerk (21). In the general medical unit
of an acute care hospital, the ratio of staff (espe-
cially nurses) to patients is sharply reduced and
the roles of various personnel are changed. Res-
piratory and physical therapists often have ex-
panded roles. When weaning from the ventilator
and/or discharge from the hospital can be con-
sidered, social workers, psychologists, psy-
chiatrists, and rehabilitation experts become in-
creasingly important.

In nursing homes and other institutions that care
for stabilized ventilator patients, staffing needs
are much simpler, though the needs of individual
patients vary greatly. Care may be coordinated
by a staff physician and the medical director, who
may not be continuously available. This is the pat-
tern at Care Centers of Michigan, where specially
trained professional nurses, nurses aides, respi-
ratory therapists, and rehabilitation assistants
provide ongoing care. The ventilation unit at the
nursing home has 1 professional nurse and 1 res-
piratory therapist for every 6 patients (24).

In the patient’s home, there is substantial reli-
ance on the ability of family members and the pa-
tient to provide basic care and to perform rou-
tine procedures. Respiratory therapists, nurses,
aides, and attendants—under the auspices of hos-
pitals, home care equipment companies, nursing
homes, and home health care agencies-can be
enlisted to assist the primary caregiver. Home care
of ventilator patients raises important questions
about the training and supervision of family mem-
bers and other lay caregivers. Within some centers
of expertise, model programs have been devel-
oped for patient and family education (39).
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UTILIZATION AND COST OF MECHANICAL VENTILATION

Utilization of Mechanical Ventilation

Available data on the utilization of mechanical
ventilation are highly inadequate. Health statis-
tics maintained and published by Federal agen-
cies, notably the Health Care Financing Adminis-
tration (HCFA) and the National Center for Health
Statistics (NCHS), include no overall estimates for
this technology. Moreover, the coding systems on
which Federal data are based would make technol-
ogy-specific analyses difficult to do and difficult
to interprets

Other potential sources of information regard-
ing the utilization of mechanical ventilation are
the manufacturers and the providers of equip-
ment and/or services for home ventilation. A sur-
vey of over 50 national organizations concerned
with health care, aging, home care, health care
financing, or respiratory diseases found that
equipment vendors and home health care provid-
ers were the only organizations that maintained
any information about the utilization or cost of
mechanical ventilation (21). Unfortunately, data
from private companies are generally regarded
as proprietary. In addition, the markets they de-
scribe are scattered and overlapping.

Table 6-2 presents estimates of long-term ven-
tilator utilization nationwide, from all available
sources. Data from a survey conducted for OTA

“There is currently no single DRG for mechanical ventilation but,
instead, approximately 30 different DRGs that are sometimes, but
not always, associated with this technology. (However, creation of
two new DRGs for cases involving mechanical ventilation is pro-
posed in HCFA's 1988 prospective payment classification changes
(113).) Thus, one cannot useHCFA's data for Medicare Part A (hos-
pital insurance) to deduce either the number of patients who receive
mechanical ventilation or the associated costs. Data on procedures
pertinent to mechanical ventilation, e.g., tracheotomy, endotracheal
incubation, and continuous positive pressure ventilation, are coded
in claims for Medicare Part B (Supplementary Medical Insurance),
and these can be extracted from HCFA records. However, such data
would yield very misleading estimates of the numbers of ventilator
patients because the specificity of procedure codes and HCFA's re-
quirement to code only the principal procedure (with up to two
additional surgical procedures) result in a mismatch between the
number of patients who have a relevant procedure and those who
receive mechanical ventilation, To use the procedure codes for esti-
mating utilization and cost would omit patients who do not have
Part B insurance and doublecount many who do. Similarly, proce-
dure codes used by NCHS in its regular surveys of hospital discharges
would produce a combination of double+ounting and undercount-
ing that could not be sorted out.

Table 6.2.—Estimated Utilization of Long-Term
Mechanical Ventilation Nationwide

Total
number of Hospital Home care Other
patients patients patients patients
AARC . . . .. Min. 3,771 2,379° 1,279a ° 113
incl. 1,236 (63%) (34%) (3%)
over age 65
Mass. Thoracic
Soc. & Am.
Lung Assoc.
of Mass. 6,575° 4,077 920 1,578
incl. 2,200 (62%) (14%) (24%)
over age 70
Travenol ., NA° N.A. 5,500 N.A.
CBO N.A. N.A. 4,000 N.A.
Sivak. N.A. N.A. 2500 to NA
4,000

patients identified in the 37 States responding to AARC survey, as reported by Care for Life (see

text for identification of 37 States) i ) ) _ )
b, this study, the estimate of home ventilator patients includes patients in nursing homes, as

well as the patient's home. ' )
CThis is a nationwide projection based on data collected in Massachusetts (see text for discussion)
dN A = Not available

SOURCES: AARC: AARC survey reported in Care for Life, “Prolonged Mechanical Ventilation, ”
prepared for the Office of Technology Assessment, U.S. Congress, Washington, DC,
1985 Massachusetts Thoracic Society and American Lung Associstion of Mas-
sachusetts: reported in B. Make, S Dayno, and P. Gertman, *‘Prevalence of Chronic
Ventilator Dependency, " American Review of Respiratory Diseases, part 2, April t986
Travenol: J L Retel, Manager of Marketing, Travenol,Deerfield. IL, personal commu-
nication, Oec 4, 1985. CBO: Congressional Budget Office, U.S. Congress, Cost esti-
mate for draft legislation regarding Medicare and Medicare coverage for certain
ventilator-dependent patients, communicated in letter fromR.B. Penner to Senator Robert
Packwood. Committee on Finance, Washington, DC, Aug 13, 1984 Sivak: E O Si-
vak, “Long-Term Ventilation' Where Are We Going?'' presented at a postgraduate course
at Rancho Los Amigos Hospital, Downey, CA, May 1985

in 1985, under contract to Care for Life (21), are
the closest thing available to national primary data
on the utilization of long-term mechanical venti-
lation. The researchers attempted to collect data
on all individuals who were receiving mechani-
cal ventilation during a specified week and who
had been ventilator dependent for more than 14
days. Data were obtained for 37 States,” by their
respective representatives to the American Asso-
ciation for Respiratory Care (AARC).A total of
3,771 long-term ventilator patients of all ages were
found in these States. About one-third (1,236) of
these individuals were over the age of 65. Based

‘The 37 States providing data were: Alabama, Arizona, Arkansas,
California, Connecticut, Florida, Indiana, lowa, Kansas, Kentucky,
Massachusetts, Maryland/DC, Michigan, Minnesota, Mississippi, Mis-
souri, Montana, Nebraska, New Hampshire, New Jersey, New York,
North Carolina, North Dakota, Ohio, Oklahoma, Oregon, Pennsyl-
vania, Rhode Island, South Carolina, South Dakota, Tennessee, Texas,
Vermont, Virginia, Washington, West Virginia, and Wisconsin.

‘Prior to 1985, the name of this organization was American Asso-
ciation for Respiratory Therapy (AART).
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on the combined elderly populations of the re-
sponding States, the researchers estimated that
nationally the prevalence of ventilator dependency
in the elderly is approximately 5.3 per 100,000
elderly persons. (However, regional differences
were also noted.)

Illustrative statewide data on ventilator use come
from a 1983 study conducted by the Massachu-
setts Thoracic Society and the American Lung
Association of Massachusetts. Surveying all insti-
tutions serving ventilator-dependent patients in
Massachusetts, the researchers estimated that a
total of 162 persons in the State required positive
pressure ventilation for 3 weeks or longer. This
is equivalent to a statewide prevalence rate of
2.8 ventilator-dependent persons of all ages per
100)000 population. Approximately one-third of
the 162 ventilator-dependent patients were under
age 54, one-third were age 54 to 69, and one-third
were age 70 or older. If the same total rate and
age distribution were assumed to exist nationwide,
there would be approximately 6,575 ventilator-
dependent persons in the United States (69), in-
cluding approximately 2,200 persons over age 70.

Estimates from other sources suggest that the
utilization of long-term ventilation may be much
higher. Travenol Laboratories told OTA, based on
experience of its home respiratory program for
the first part of 1985, that there were approxi-
mately 5500 ventilator users, of all ages, nation-
wide in nonhospital settings alone (i.e., nursing
homes, group homes, and patients’ homes) (93).
(The apparent discrepancy between the AARC sur-
vey and Travenol’s data is at least partially ex-
plained by the fact that Travenol’s data depict uti-
lization over a longer data collection period.)
Similarly, the Congressional Budget Office (CBO)
estimated that in 1984 there were approximately
4,000 Americans of all ages at home on ventila-
tors (118). CBO’S estimate is not inconsistent with
an independent estimate that there are between
2,500 and 4,000 ventilator-dependent persons at
home nationwide (101).

In interpreting data on the utilization of mechan-
ical ventilation, it is important to recognize the
distinction between incidence data (i.e., data re-
lated to the frequency of new cases in a defined
population in a specified time period), and preva-
lence data (i.e., data related to the number of cases

existing in a defined population at a given time).
Each of the figures reported in table 6-2 describes
the prevalence of ventilator use at the time the
data were collected. Patients who recovered or
died previous to the data collection and those who
required ventilator support subsequent to that
time are not counted. In other words, the num-
ber of patients and other persons affected are con-
siderably higher than these data suggest.

One point on which all available sources of data
agree is that utilization rates are higher for elderly
people than for the population as a whole. Since
the prevalence of most conditions leading to res-
piratory failure increases with age, this is what
one would expect.

Estimates of the proportion of ventilator-
dependent patients who are elderly and in vari-
ous treatment settings are shown in table 6-3. Al-
though the figures are incomplete, they suggest
that elderly individuals constitute a very large
share (43 percent) of all patients who are venti-
lated long-term in hospitals and a smaller propor-
tion of patients in nonhospital settings. For home
care, estimates of the proportion of patients who
are over 65 range from 17 to 33 percent. The high
estimate is based on CBO’s report that one-third
of all home ventilator patients were eligible for
Medicare (118). The intermediate estimate that 27
percent of home ventilator patients are 65 or older
is from Travenol (93). The low estimate is from
the 37-State survey reported by Care for Life (2 1).
Only 17 percent (220) of all non-hospitalized ven-
tilator patients in that survey were age 65 or older
(see table 6-4).

Table 6-3.—Estimated Percentage of Ventilator
Patients Who Are Elderly, by Setting

Nursing
Hospital home Home
AARC ............ 43% N.A.® 17%°
Travenol .......... N.A.° N.A. 270/0
CBO.............. N.A. N.A. 33%0

An this study the estimate of home ventilator patients includes patients in nurs-
ing homes, as well as the patient's home.
N.A. = Not available.

SOURCES: AARC:AARC survey reported in Care for Life, “Prolonged Mechani-
cal Ventilation,” prepared for the Office of Technology Assessment,
U.S. Congress, Washington, DC, 1985. Travenol: J.L. Retel, Manager
of Marketing, Travenol, Deerfield, IL, personal communication, Dec.
4, 1985. CBO: Congressional Budget Office, U.S. Congress, Cost es-
timate for draft legislation regarding Medicare and Medicare cover-
age for certain ventilator-dependent patients, communicated in letter
from R.B. Penner to Senator Robert Packwood, Committee on
Finance, Washington, DC, Aug. 13, 19S4.



218 . Life-Sustaining Technologies and the Elderly

Table 6-4.—Distribution of Long-Term Ventilator Patients by Age and Setting for 37 States®

Hospital Home Other setting All settings
Age Number Percent Number Percent Number Percent combined
under 18 ... o 445 19% 245 19% N.A. °N.A. 690
1810 B4 . . 916 38 787 62 N.A. N.A. 1,703
65andolder ........... . ... 1,016 43 220 17 N.A. N.A. 1,236
Age not determined . .. ......... ... ... ... ... 2 0 27 2 _113 100% 142
All ages combined . ............. ..., 2,379 100% 1,279 100% 113 100%0 3,771

3atabama, Arizona, Arkansas, California, Connecticut, Florida, Indiana, Towa, Kansas, Kentucky, Massachusetts, Maryland/DC, Michigan, Minnesota, Mississippi, Mis-
souri, Montana, Nebraska, New Hampshire, New Jersey, New York, North Carolina, North Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island, South Caro-
line, South Dakota, Tennessee, Texas, Vermont, Virginia, Washington, West Virginia, and Wisconsin.

PN.A. = Not available.

SOURCE: AARC survey in 37 States, reported in Care for Life, “Prolonged Mechanical Ventilation,” prepared for the Office of Technology Assessment, U.S. Congress,

Washington, DC, 1985

Table 6-4 provides more detail about treatment
settings for ventilator patients of different ages.
While these data describe patients in only 37
States, and the age breaks are crude, they are the
most complete available data of this type. The
figures clearly show that, in contrast to children
under age 18 and adults ages 18 to 64, more older
persons receive mechanical ventilation and more
of them are treated in hospitals.

Indicators of the duration of mechanical venti-
lation come from a survey of institutions and two
case studies conducted for OTA by Care for Life
(21). Eleven hospitals across the United States and
Canada’ supplied data for all current elderly pa-
tients who had been treated with mechanical ven-
tilation for at least 14 days and for at least 4 hours
per day. Almost one-third of the elderly patients
in those institutions had been ventilated for more
than 6 months, and most of those had been venti-
lated for more than a year. Case studies of
ventilator-dependent patients in hospitals, nurs-
ing homes, and rehabilitation institutes in Chicago
and in New York City found, similarly, that be-
tween 25 and 40 percent of the elderly patients
who required mechanical ventilation for at least
2 weeks needed treatment for 6 months or longer.
In New York, one-third of the patients had been
ventilated for 21 to 30 days and 20 percent for
30 to 90 days.

®The institutions surveyed were: Boston University Hospital (Bos-
ton, MA); Gaylord Hospital (Wallingford, CT); Meriden-Wallingford
Hospital (wallingford, CT); Goldwater Memorial Hospital (New York,
NY); Bethesda Lutheran Hospital (Minneapolis, MN);Rancho Los
Amigos (Downey, CA); Creighton University Hospital (Omaha, NE);
Texas Institute for Research and Rehabilitation (Houston, TX); Emory
University Hospital (Atlanta, GA); University of Wisconsin Hospital
(Madison, WI); and St. Michael’s Hospital (Toronto, Ontario).

Cost of Mechanical Ventilation

Information about the cost of maintaining a pa-
tient on a ventilator comes mostly from the reports
of individual hospitals and other providers describ-
ing cost experience for the patients they serve.
The dissimilar requirements of different patients,
the nonrepresentative samples, and other meth-
odological problems account for considerable var-
iation in reported costs. For all these reasons,
generalizations about cost and comparisons of
alternate cost estimates must be made very cau-
tiously.

There is considerable confusion in the litera-
ture regarding how to define the cost of mechan-
ical ventilation and, especially, whose costs are
at issue. Distinctions are seldom made among
“costs, “ “expenditures,” and “charges, ” i.e., costs
incurred by the hospital or other provider, paid
by the insurer or patient, and billed by the pro-
vider. Many studies label as “cost” whatever dol-
lar figures were available.

For hospitalized patients, the cost of mechani-
cal ventilation may be defined narrowly as the
costs specifically associated with ventilator care,
or it may be defined broadly to include other costs
associated with treatment (notably, the hospital
daily rate). Similarly, for home care patients, cost
may be defined narrowly as only the costs for ven-
tilation equipment and professional services, or
it may be defined to include costs of supportive
equipment and services (e.g., backup equipment,
wheelchairs, architectural modifications, and the
services of attendants, drivers, and housekeepers).
Lost income or productivity of the ventilator pa-
tient or, more likely in the case of elderly patients,
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family caregivers, has not been computed in any
published cost estimates, but this is often a sig-
nificant component of the family’s cost experience.

Charges for Mechanical Ventilation
in the Hospital

A 1983 survey by the AARC (2) found the aver-
age annual hospital charge for a ventilator-
dependent patient (based on the mean daily hos-
pital charge for respiratory plus nonrespiratory
care) to be $270,830 (equivalent to $22,569 per
month or $742 per day). Data from the AARC’s
1985 survey reported by Care for Life (21) indi-
cate that the average annual hospital charge had
risen 11 percent to $300)760 (equivalent to $25)063
per month or $853 per day). As shown in table
6-5, published monthly hospital charges ranged
from $12,300 in 1975 to $32,800 in 1982. In the
surgical ICU of Pittsburgh’s Presbyterian-Univer-
sity Hospital, the charges for critically ill ventila-
tor patients currently exceed $2,000 per day (48).
This includes all care in the surgical ICU except
fees charged by private physicians.

In addition to the major costs associated with
high staff-to-patient ratios and inpatient care in
general, hospital charges reflect the high capital
costs associated with mechanical ventilation. The
most popular ventilators in the hospital market
ranged in price, in 1984, from approximately
$15,000 to $18,000 per unit (13). Expensive ac-
cessories needed to provide mechanical ventila-

tion in the hospital include oxygen delivery sys-
tems and concentrators, blood gas monitors, and
pulmonary analysis equipment.

Charges for Mechanical Ventilation
in the Patient’s Home

Presumed economy is one of the main reasons
for current interest in home ventilator care; how-
ever, there is considerable variation and disagree-
ment regarding home care charges. AARC’s 1985
data indicate that charges for home ventilator care
averaged $1,853 per month ($22,236 per patient
per year) (21). Other investigators have reported
monthly bills for home ventilation as low as $350
per month (for a patient requiring a ventilator only
at night) (34) to over $16)000 per month (for pa-
tients requiring continuous ventilation, oxygen,
and round-the-clock care by registered nurses)
(108). Costs tend to be highest when the patient
is first sent home, particularly if equipment is pur-
chased.

Whether home care for ventilator patients is
more economical than care in the hospital or nurs-
ing home, and the magnitude of potential savings,
depends on characteristics of the particular case.
The type of ventilator required, whether the
equipment is purchased or rented, the amount
of oxygen required, and method of oxygen deliv-
ery are key factors. Most important is the ability
of the patient or family members to provide care
versus the need for professional nursing services.

Table 6-5.—Reported Monthly Charges for Hospitalized Ventilator Patients

Date Location No. of patients Patient’s ages Charges’
Davis, et al, . . . . . .,1975 -76 St Louis, MO 100 Avg. 67 $12,300
Sivak, etal. . . . .. 1978 Cleveland, OH N.A. ° N.A. $15,600
Feldman & Tuteur . .................. 1981 St. Louis, MO 2 Avg. 57 $17,500
Splaingard, et al. ,1982 Houston, TX N.A. N.A. $15,000
Banaszak, etal. .. ............. N.A. Milwaukee, WI 2 Avg. 61 $15,469
Giovannoni . . . ... ... ... , .. .1982 Madison, WI 5 N.A. $32,800
AARC . . . . .1985 37 States 3,771 All $25,063

dReported charges are not adjusted for inflation
N A = Not available.

SOURCES: 1, I-.D. Davis, fil, S.S. Lefrak, D. Miller, et al., “Prolonged Mechanically Assisted Ventilation: An Analysis of Out-
come and Charges, ” Journal of the American Medical Association 243{1):43-45, 1960.
2.£.D. Sivak, E.M. Cordasco, W.T. Gipson, et al., “Clinical Considerations in the Implementation of Home Care
Ventilation Observations in 24 Patients,” Cleveland Clinic Quarterly 50:219-225, summer 1983.
3. J. Feldman, and P.G.Tuteur, “Mechanical Ventilation: From Hospital Intensive Care to Home,” Heart and Lung

11(2):162-165, 1982.

4. M.L.Splaingard, R.C. Frates, Jr., G.M. Harrison, et al., “Home Positive Pressure Ventilation: Twenty Years Ex-

perience,” Chest 84:376-382, 1983.

5 E.F.Banaszak,H. Travers, M Frazier, et al., “Home Ventilator Care,” Respiratory Care 26(12):1262-1268, 1961.

6.R. Giovannoni, “Chronic Ventilator Care: From Hospital to Home,” Respiratory Therapy 14:29-33, 1964.

7 AARC survey in 37 States, reported in Care for Life, “Prolonged Mechanical Ventilation,” prepared for the Office
of Technology Assessment, U.S. Congress, Washington, DC, 1985.
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The total cost of initial purchases necessary for
a home ventilator program, in 1984, has been esti-
mated to range from $8,000 to $15,000 (41,77).
Prices for popular home ventilators in 1985 were
between $5,000 and $7,000. Patient circuits, hoses,
valves, filters, and other needed accessories
ranged in price from about $5 for a 4-inch tapered
flextube to $650 for a humidifier (64). Other es-
sential supplies, such as sterilizing agents, sold for
$1.25 to $9.00 per month (79). Home ventilator
patients usually must keep on hand at least a 1-
month inventory of essential supplies and spare
parts for their equipment (68). When equipment
is rented, charges for equipment and disposable
supplies range from about $825 to almost $3)600
per month, averaging $1,500 (93).

Another major expense for home ventilator pa-
tients is for extra equipment—needed as backup
in the event of equipment failure; for portability;
and to provide the different kinds of ventilator
support that may be needed in different circum-
stances (55,86). For the estimated 2,500 home res-
piratory patients in the United States in 1978, there
were approximately 5,000 pieces of equipment
in use (126). The equipment needs of one home
ventilator patient are illustrated by the following
comment:

In 1949, when a sophomore in high school, |
was completely paralyzed from polio and placed
inan iron lung. ... Now . .. | use, during a 24-
hour period, a rocking bed and a pneumobelt
powered by a Bantam portable respirator for sit-
ting in a wheelchair. When in bed but not rock-
ing, | use a Zephyr positive pressure blower, com-
plete with cascade, via long hose and mouthpiece.
In addition, | use emergency and maintenance
frog breathing and have an extra Bantam port-
able for traveling (125).

For home care patients, charges for regular
maintenance and repair of ventilation equipment
may also be significant. For rented equipment, the

“Frog” or glossopharyngeal breathing is a substitute method of
breathing that can produce adequate ventilation for short periods,
even when there is total paralysis of the respiratory muscles. It uses
the tongue and pharyngeal muscles to force air by repeated swal-
lowing into the trachea and lungs. The muscles of the tongue, soft
palate, fauces, pharynx, and larynx must be functional, and consid-
erable instruction and practice are needed to learn this technique.
Frog breathing may be used for emergencies, transference, chest
stretching and coughing, and to permit time off the ventilator (63).

cost of maintenance and repair is included in the
monthly rental rate, and service is the responsi-
bility of the vendor. For purchased equipment in
the home, patients are responsible for repair and
maintenance, which can amount to anywhere
from $1,500 to $2)500 per year (93). Some patients
who use negative pressure ventilators, or their
caregivers, can perform maintenance and repairs
themselves, finding that “the average [negative
pressure] home respirator is no more complicated
than a washing machine” (26). With positive pres-
sure ventilators, however, especially as those man-
ufactured for home use have become increasingly
sophisticated (44), self-maintenance is usually not
feasible (102).

Securing and paying for proper equipment
maintenance are significant problems for some
home ventilator patients. Reimbursement provi-
sions (under Medicare and private insurance) gen-
erally do not consider required maintenance, some
durable medical equipment dealers are not trained
to service the devices they distribute, and most
repairs and recalls necessitate sending the venti-
lator to the manufacturer in order to maintain
the warranty and prevent liability (44).

Reimbursment for Mechanical
Ventilation

Reimbursement for Hospital Care

Under Medicare’s Part A prospective payment
system (see ch. 2), Medicare pays hospitals a fixed
amount that depends on the patient’s DRG, rather
than on the number or type of services he or she
receives. Since approximately 30 DRGs are poten-
tially associated with mechanical ventilation, and
the patient may or may not qualify as an "out-
liner,” Medicare payments for ventilator patients
vary widely. Often, hospital costs substantially ex-
ceed Medicare’s payment for patients requiring
long-term mechanical ventilation (127). This is par-
ticularly likely if the hospital stay is very long or
if treatment includes a long stay in the ICU (18).
Medicare will not reimburse hospitals for *“ad-
ministratively necessary days” (i.e., days during
which inpatient care is no longer necessary but
lower level care is not immediately available) un-
less the patient is already an outlier based on
length of stay (53).
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At the same time, elderly patients who require
prolonged mechanical ventilation may exhaust
their Medicare hospital benefits for a given epi-
sode, and they may exhaust their lifetime bene-
fits as well. Moreover, a patient’s personal obliga-
tion toward the cost of care (a deductible per
admission, a portion of the daily rate for days 61
through 90, and a portion of the daily rate for
each day of the 60 day maximum lifetime benefit)
may exceed his or her personal or family re-
sources. For some ventilator patients, total bills
are lower at home than they would be in the hos-
pital, but the patient’s out-of-pocket expenses may
remain very high and, indeed, may be higher than
the unreimbursed components of hospital care.
Elderly patients who deplete their personal re-
sources or whose income is below specified limits
may qualify for benefits simultaneously from
Medicare and Medicaid. Medicare policy allows
hospitals to bill other payers, including Medicaid,
for services Medicare does not cover."”

CBO (117) estimated that in fiscal year 1985, com-
bined Federal and State Medicaid expenditures
for a hospitalized ventilator-dependent patient
(of unspecified age) averaged $98,000 per year
(equivalent to $8,167 per month or $268 per day),
not including additional payments for physician
charges (118).

Reimbursement for Nursing Home Care

Medicare coverage in skilled nursing facilities,
for patients who qualify, is limited to 100 days.
Individual nursing homes have tried, so far un-
successfully, to workout special agreements with
Medicare for more flexible reimbursement for
ventilator-dependent patients (24).

Some ventilator-dependent patients require
“subacute” care (i.e., care that is less intense than
that provided in a hospital but more intense than
that typically provided in a nursing home). Medi-
care and Federal Medicaid legislation do not pro-
vide subacute care benefits, however, approxi-

“For patients who are eligible for both Medicare and Medicaid,
some hospitals have sought payment for “administratively neces-

sary days” from Medicaid, under Medicaid provisions for subacute
care. In most States, these attempts have been unsuccessful, but
they illustrate the confusion regarding responsibility for payment (53).

mately one-third of States’ Medicaid programs now
include provisions to address these higher costs.
Under Wisconsin’s “Skilled Care Reimbursement
Supplement” and lllinois’ “Exceptional Nursing
Care” provision, for example, ventilator-dependent
patients in those States are now eligible for sup-
plemental Medicaid funds. In both, because the
number of patients applying for these benefits is
still very small, the rates have been negotiated by
nursing homes on an individual basis (40). Some
States, California for example, have provisions for
extra skilled care based on preset rates (53). Some
observers are concerned that even when this reim-
bursement is available, the rates maybe too low
to permit adequate staffing and quality of care (44).

Reimbursement for Home Care

Third-party reimbursement for respiratory care
in the home is partial and undependable. Medi-
care and major for-profit health insurance com-
panies have approved reimbursement in individ-
ual cases, (89) but the patient’s out-of-pocket
expenses often remain high.

Many chronic ventilator-dependent patients
qualify for Medicaid, but the regular Medicaid pro-
grams of most States cover few of the expensive
services (e.g., daily nursing) many of these patients
need. The home and community-based waiver
gives States the option to offer (but most do not)
some special services to subgroups of their Med-
icaid patients, including ventilator-dependent pa-
tients. Under the waiver, Medicaid will cover care
in the home so long as the average per capita ex-
penditure does not exceed that for institutional
care (92).

The 1985 Consolidated Omnibus Budget Recon-
ciliation Act (COBRA, Sec. 9504) made respiratory
care services for ventilator-dependent individuals
an option that States can offer under their regu-
lar Medicaid programs. States can choose to ex-
tend this coverage to those patients who require
mechanical ventilation at least 6 hours per day,
were ventilated at least 30 consecutive days in a
hospital or other institution, would need to re-
main institutionalized if home respiratory care
were not reimbursed and would have been eligi-
ble for Medicaid inpatient benefits, want to go
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home, and have adequate social support services
to do so. ~

Under the provisions of Medicare Part B (Sup-
plementary Medical Insurance), durable medical
equipment (DME) is covered in the home when
it is supplied directly by a DME vendor. Medicare
pays 80 percent of reasonable charges, and the
remaining 20 percent is the patient’s responsibil-
ity. Prior to changes in Medicare regulations that

"There had been several earlier proposals in Congress to extend
respiratory care services to the home. The “ventilator bills” pro-
posed in 1985(H.R. 2703 and S, 1249) would have provided manda-
tory coverage under both Medicaid and Medicare. Supporters
of these bills projected annual savings of $20 million to Medicaid
and no increase to Medicare (3). In contrast, CBO estimated that
these protrusions would be cost neutral for Medicaid but add $18
million to Medicare costs in fiscal year 1986, largelv due to the pro-
iected number of new elderly patients (1 17).

went into effect in February 1985, almost all dura-
ble medical equipment for mechanical ventilation
was rented. Medicare currently requires purchase
of all items costing less than $120 and provides
a purchase option for more expensive equipment
whose expected rental cost over time would ex-
ceed the purchase price.

Effect of Reimbursement on Choice
of Treatment Setting

For at least some ventilator patients, the avail-
ability or lack of reimbursement is a major influ-
ence on the choice of treatment setting. At times,
the setting whose use is encouraged by reimburse-
ment policy is not the most economical or the least
restrictive. According to a representative of AARC,

Photo credit: Foster Medical Corp

Some elderly patients make successful adjustment to chronic ventilator dependence.
Supportive family members and caregivers are essential.
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“there are literally hundreds of people-young and
old—around the nation who are needlessly con-
fined to their hospital beds by current reimburse-
ment policy” (2). Based on their 1985 survey, AARC
reports that 34 percent (813) of all hospitalized
chronic ventilator patients identified in 37 States,
including 349 ventilator patients over age 65,
would have been able to leave the hospital if reim-
bursement had been available for ventilator sup-
port in the home (21). In addition, some home ven-
tilator patients have had to return to the hospital
in order to reduce their out-of-pocket costs (21).
The hospitalization of ventilator patients who
could be safely cared for at home, AARC argues,
not only subjects patients to unnecessary institu-
tionalization, but also wastes up to $278,524 per
patient per year, much of which is taxpayers’
money.

The availability and level of reimbursement also
affects health care institutions’ capacity to pro-
vide care. Hospitals facing high unrecoverable
costs under Medicare’s prospective payment sys-
tem have strong incentives to limit access to ICUs,
to discharge patients earlier, or to transfer patients
to other facilities. Some observers fear that com-
munity, acute care hospitals will no longer be will-
ing or able to care for Medicare patients who re-
quire prolonged mechanical ventilation (127). Also,

This figure represents the difference between annual hospital
charges ($300,760) and annual home care charges ($22,236). Although
this calculation probably overstates the potential savings to payers
by assuming that hospital charges are fully reimbursed, the poten-
tial savings do appear to be substantial (21).

acute care hospitals’ incentives to discharge pa-
tients earlier increase the pressure on other kinds
of facilities to admit them. Currently, available
reimbursement for nursing homes provides only
limited incentive to develop facilities for ventilator-
dependent patients (115).

In States where Medicaid reimbursement is
available, nursing home care is now a real alter-
native for ventilator-dependent patients. In some
cases, however, this development has unwanted
results. In at least one case in Illinois, a family was
forced to move a ventilator-dependent child from
home to a nursing home in order to reduce the
cost to Medicaid (44).

CBO estimated that if coverage for respiratory
therapy were available in the home, an additional
200 elderly COPD patients would be discharged
home with a ventilator each year (117). Some ob-
servers caution that extending coverage for home
care would give impetus to the use of mechanical
ventilation for new categories of patients and
could lead to a repeat of the “Pandora’s box”
phenomenon exemplified by Medicare’s End-Stage
Renal Disease program (see ch. 7). Those who dis-
miss this warning argue that no change in reim-
bursement will change the medical indications for
home mechanical ventilation. Moreover, the Amer-
ican College of Chest Physicians’ clinical guidelines
for home care indicate that most COPD patients,
because of the complex medical management they
require, are unlikely candidates for long-term me-
chanical ventilation at home (44,86,102).

OUTCOMES OF MECHANICAL VENTILATION

The outcomes of mechanical ventilation reflect
the wide variability in patients’ physiological re-
serve, mental capacity, social resources, and will.
Across and within each age group, patients’ life
expectancy and ability to cope with this technol-
ogy vary greatly and often cannot be predicted.
The following cases illustrate the extremes of pa-
tients and outcomes:

senator Jacob Javits was told he had amyo-
trophic lateral sclerosis (ALS) in 1979, at age 75,
Within 2 years, the progressive muscle weakness
had confined the avid tennis player to a wheel-

chair; then an episode of pneumonia and respira-
tory faﬁure necessitated a tracheostomy for the

3 ventilation. Thanks to ex-
, @ supportive family, and a port-
able veritilator, hie was able to return to his own
home. For 2 years he maintained a busy teach-
2 then returned to an

3Unlike victims of the more serious G.e., bulbar) form of ALS,
which attacks the muscles responsible for swallowing, speech, and
breathing, Senator Javits retained his ability to speak (54).
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Because most causes of respiratory failure are
either short-term and treatable or have a rapidly
terminal course (7), most reports in the literature
measure the outcomes of mechanical ventilation
in the general terms of survival or, conversely,
mortality. Few reports differentiate survival with
successful weaning from survival with chronic
ventilator dependence. The studies that have ex-
amined age-related differences in survival are few,
and the studies that have focused on the social
and psychological impact of prolonged mechani-
cal ventilation describe, for the most part, younger
patients or exceptional elderly patients who can
return to their own homes. Prospective, random-
ized, controlled studies to test the outcomes of
mechanical ventilation have not been performed,
nor would they be ethically feasible (21).

Clinical Outcomes of Mechanical
Ventilation

Survival of Respiratory Failure

There are serious problems in comparing sur-
vival data from available studies. None of the
reported studies is based on a representative sam-
ple of ventilator patients, much less a representa-
tive sample of elderly ventilator patients. Rather,
each of the available studies was conducted at a
single hospital, with a unique patient population,
resources, criteria for admission to the ICU, and
criteria for instituting mechanical ventilation. Pa-
tients in different hospital studies may not have
started with equal chances of survival.

In addition, methodological differences, such as
how “survival” is defined, abound. Studies that
measure survival of ventilator patients only in the
short term (e.g., survival of the ventilation episode
or survival until hospital discharge) probably over-
estimate the benefits of mechanical ventilation.
On the other hand, the benefits of this technol-
ogy may be underestimated if one attributes all
mortality of ventilated patients to the ventilator.
A mechanical ventilator cannot be expected to pro-
tect a patient from myocardial infarction or any
of the numerous other dangerous conditions that
threaten all critically ill patients and many healthy
elderly individuals. Furthermore, mortality some-
times results from instituting mechanical ventila-
tion too late (83).

OTA'’s review of the literature from 1973 to 1985
found eight clinical studies that examined survival
rates among patients receiving mechanical venti-
lation in acute care hospitals. Despite problems
of comparability and some dissimilar results, the
available studies reveal a general consistency—
i.e., mortality among critically ill ventilator patients
is high, and it increases with increasing age, As
shown in table 6-6, the five studies that reported
survival rates for patients in ICUs, found survival
rates ranging from 36 to 89 percent, with an aver-
age of 63 percent. In five of the six studies that
reported survival of critically ill ventilator patients
to hospital discharge, the survival rates were even
lower, averaging 55 percent. In the months fol-
lowing hospital discharge, survival rates dropped
even further.
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Table 6-6.—Survival Rates for Patients Receiving Mechanical Ventilation in Acute Care Hospitals, All Ages

Survival rate

Number of  Patients’ Minimum To hospital

Study date patients ages ventilation In ICU discharge 1 Year
Nunn,etal............ .. ... . 1970-74 100 0 to 75+ 4 hr. 670/0 47700 N. A=
Pierson,etal............... ... ... ...... 1971-72 113 70 to 95 1hr N.A. 51 % N.A.
Petheram & Branthwaite . . ............... 1972-77 91 3to 75 N.A. N.A. 54% 380/0
Zwillich,etal. .......................... 1972-73 314 15 to 95 1hr. 640/0 N.A. N.A.
Davis,etal................ ... 1975-76 104 Mean 68.7 48 hr. N.A. 44% 37%
Schmidt,etal........................... 1976-77 137 N.A. 48 hr. 360/0 N.A. 300/0
Witek,etal............... ... ... ... .. ... 1980 100 17 t0O 70+ N.A. 600/0 50 "/0 330/0
McLean,etal............... ... ... 1982-83 1,010 14 to 95 N.A. 890/0 820/0 N.A.
“N.A. = Not available,

SOURCES: 1. J.F. Nunn, J.S. Milledge, and J. Singaraya, “Survival of Patients Ventilated in an Intensive Therapy Unit, " British Medical Journal 1(6177): 1525.1527, June

9, 1979.

2.D.J. Pierson, T.A.Neff, and T.L. Petty, *Ventilatory Management of the Elderly,” Geriatrics 26(1 1): 66-95, 1973,
3. I.S.Petheram and M.A.Branthwaite. “Mechanical Ventilation for Pulmonarv Disease.” Anesthesia 35:467-473. 19S0.

4. C.W.2willich,D.J. Pierson, C.E.Creagh, et al., “Complications of Assisted” Ventilation: A Prospective Study of 354 Consecutive Episodes, "

Journal of Medicine 57:161-170, 1974.

American

5. H.D. Davis, Ill, SS. Lefrak, D. Miller, et al., “Prolonged Mechanically Assisted Ventilation: An Analysis of Outcome and Charges,” Journal of the American

Medical Association 243(1):43-45, 1980.

6. C.D. Schmidt, C.G. Elliott, D. Carmelti, et al., “Prolonged Mechanical Ventilation for Respiratory Failure: A Cost-Benefit Analysis,” Critical Care Medicine

11(6):407-411, 1963,

7. T.J. Witek, Jr., E.N.Schachter,N.L. Dean, et al,

“Mechanically Assisted Ventilation in a Community Hospital:

Immediate Outcome, Hospital Charges,

and Follow-up of Patients,” Annals of Internal Medicine 145:235-239, 1985.
6. R.F. McLean, J.D. Mcintosh, G.Y. Kung, et al., “Outcome of Respiratory Intensive Care for the Elderly,” Critical Care Medicine 13(8):625-629, 1965, © by

Williams & Wilkins, 1965.

Published studies from Denver (85,87,88,129);
Philadelphia (95); Toronto (75); and London (83)
have consistently reported that mortality is high-
est for ventilator patients who are elderly. While
noting that advanced age is an important predic-
tor of survival, however, almost every author is
quick to point out that age alone is not a good
predictor. Other factors that bear on survival in-
clude primary disease process (21,81,98)128); num-
ber of failed systems (27,59); time to reversal of
organ failure (21); and specific physiological values
(98).

OTA found only two studies that specifically ex-
amined survival among elderly patients receiving
mechanical ventilation in the hospital. The first
study, by Pierson and colleagues (88), followed all
113 patients over age 70 who were treated with
mechanical ventilation at either of two Denver
hospitals between January 1971 and December
1972. The investigators found that survival to hos-
pital discharge-51 percent overall-declined with
increased patient age, but that differences among
subgroups of elderly patients (i.e., 70 to 74, 75
to 79, and 80 to 95) were not statistically signifi-
cant. The researchers concluded:

These data do not support the contention that
mechanical ventilation in the elderly is inappropri-
ate or usually unsuccessful. On the contrary, they

suggest that the potential gains from such treat-
ment may be as great in this age group as in any
other . .. (88).

The second study of elderly ventilator patients,
by McLean and colleagues, was conducted in the
respiratory ICU (RICU) of St. Michael’s Hospital,
an affiliate of the University of Toronto (75), Re-
sults of this study are displayed in tables 6-6 and
6-7. The first observation is that survival rates for
each age group in this study are high relative to
the survival rates in the other studies summarized
in table 6-6. (This is explained by the RICU’s pol-

Table 6-7.—Survival Rates for Patients Receiving
Mechanical Ventilation in the St. Michael’s Hospital
Respiratory Intensive Care Unit, by Age

Survival rate

Number of To ICU To hospital
Age admissions ~ discharge  discharge
14-19 . ............ 4 1000/0 75%0
20-34 .. 50 94 88
3544 ... ... 102 93 91
4554 ... ... . 213 95 92
55-64............. 377 91 86
65-74 .. ........... 213 80 69
75-95 . . ... L. 54 76 54
Total ........... 1,013 890/0 82%

aThere were eight repeat admissions and five patients Of unknown age among
1,010 patients.

SOURCE: Adapted from R.F. McLean, J.D. Mcintosh, G.Y.Kung, et al., “Outcome
of Respiratory Intensive Care for the Elderly, " Critical Care Medicine
13(8):625-629, 1965, € by Wiliams & Wilkins, 1965.
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icy to admit only those patients with cardiorespira-
tory failure due to “potentially reversible causes”).
Equally clear from the figures in table 6-7 is the
decline in survival rates with increasing patient
age. The researchers attributed this in part to the
fact that more of the younger patients were in
the RICU following elective cardiovascular sur-
gery (19). Survival rates were significantly lower
for patients over age 75 than for younger patients.
However, no difference was found in survival rates
between subgroups of patients 65 to 74 versus
75 and older. On followup of the St. Michael’s pa-
tients conducted between 12 and 24 months after
hospitalization, 18 of the 49 patients over age 75
were alive, and 14 of them were living in their
own homes. The researchers concluded that some
elderly patients can benefit from mechanical ven-
tilation and that a patient’s age alone does not have
good prognostic value.

Chronic Ventilator Dependence

For many patients, especially those with chronic
or degenerative diseases (e.g., muscular dystrophy,
spinal cord injury or disease), medical stability with
chronic ventilator dependence is the best realis-
tic outcome. For others, chronic ventilator depen-
dence is an unexpected, devastating outcome. For
individual patients with irreversible disease proc-
esses, “failure to wean” is often impossible to pre-
dict prior to instituting mechanical ventilation (21).
Some observers regard inability to wean as a
“feared but rare complication” (34).

Although the risk of failure to wean is prob-
ably greatest for patients with conditions associ-
ated with advanced age (e.g., COPD), the patient’s
age is not the critical factor. Experience with 355
ventilator-dependent patients treated between
1980 and 1985 at the Prolonged Respiratory Care
Unit of Minneapolis’ Bethesda Lutheran Medical
Center led investigators there to conclude that “age
is not a deterrent to attempting the weaning proc-
ess” (21). Difficult weaning and failure to wean
are associated with a variety of factors that origi-
nate either in the patient, the ventilator system,
or the artificial airway (50).

Physicians working in pulmonary rehabilitation
hospitals have provided OTA the following infor-
mation about patients at their institutions requir-
ing prolonged ventilator support. At New York

City’s Goldwater Memorial Hospital, most of the
patients who require long-term mechanical ven-
tilation are elderly persons with chronic lung
disease or neuro-muscular-skeletal diseases. Al-
though they must remain in the hospital with me-
chanical ventilation indefinitely, most of these
patients are judged to have “quite favorable” prog-
noses. Most of them are said to remain mentally
competent and to lead satisfying lives within the
rehabilitation milieu of the hospital, for from 1
to 10 years (21).

The Prolonged Respiratory Care Unit at Minne-
apolis’ Bethesda Lutheran Hospital is a regional
center, serving ventilator-dependent patients from
the entire upper Midwest. The majority of patients
are over 60 years old, and nearly half of those
individuals are over 70. Between August 1979 and
April 1983, patients had lengths of stay ranging
from 2 to 831 days, with an average stay of 148
days (52). Of the 86 patients admitted during the
first 9 months of 1985, 73 percent survived and
71 percent of them were completely weaned (21).

Complications Associated With
Positive Pressure Ventilation

The incidence of complications associated with
positive pressure mechanical ventilation and in-
cubation, especially in acute care, is high. Com-
plications range from relatively minor conditions,
such as elevated body temperature, to severe and
potentially fatal complications including obstruc-
tion or displacement of the tracheotomy tube,
pneumothorax, pulmonary emboli, and nosoco-
mial pulmonary infections.

Above-atmospheric pressure during inspiration,
never present in a spontaneously breathing indi-
vidual, frequently results in decreased arterial
blood pressure and decreased cardiac output, po-
tentially causing inadequate blood return to the
heart (99).

Controlled mandatory ventilation produces a
“clinically important” decrease in renal function
(110). In one study of 100 patients ventilated for
a minimum of 48 hours, 18 suffered associated
renal failure (27). Impaired renal function, in turn,
often leads to increased retention of water and
salt, which sometimes is associated with, among
other things, respiratory problems.
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One study reported 400 individual complications
or potential complications in 354 episodes of acute
mechanical ventilation (129). The above-cited study
of patients who required ventilation for 48 hours
or longer reported that 11 percent experienced
life-threatening complications (27). A 1981 review
cited one study in which serious complications
were associated with long-term endotracheal in-
cubation in 4 percent of patients and another in
which serious complications accompanied 16 per-
cent of tracheotomies (112). For adults, the risk
of most complications is not affected by increased
age (105), but even minor complications can lead
to increased morbidity and mortality in patients
who are already critically ill or severely debili-
tated. When complications are identified promptly,
steps to prevent serious conseqguences can usu-
ally be taken (85).

Effects on Mental and
Physical Functioning

Improved Mental Functioning

Many patients with even mild chronic respira-
tory insufficiency have chronically impaired men-
tal function due to hypoxia (i.e., insufficient oxy-
gen) or hypercarbia (i.e., an excess of carbon
dioxide). Even in mild degree, these conditions are
associated with fatigue, hypersomnolence, and de-
creased mental function (21). Patients in acute res-
piratory failure are frequently severely hypoxic
and their level of consciousness may, as a result,
“be grossly altered” (111). Mechanical ventilation
with or without supplemental oxygen (or, for less
serious cases, supplemental oxygen alone) can cor-
rect the exchange of oxygen and carbon dioxide
and thus may improve a patient’s mental func-
tioning, alertness, and clarity of thought (21).

Discomfort

Positive pressure ventilation imposes numerous
stressful physical effects. These effects, which are
at their most extreme for acutely ill patients, have
been described not so much as “pain,” which can
be relieved in most cases by morphine or other
drugs, but as a multitude of relatively minor com-
plaints that add up to what one survivor called
a condition of being “chronically uncomfortable”
or “just plain miserable. » Contributing to the pa-

tient discomfort are such things as ‘(the raw post-
tonsillectomy feeling in one’s throat after a naso-
gastric tube has been in place for 31 straight days,”
chest tubes reminding you every time you try to
breathe or move, nausea, abdominal cramps and
hiccoughs (related to swallowing of air and dis-
tension of hollow organs), feeling dirty, having a
bad taste in your mouth, and fatigue (124). other
causes of discomfort related to the ventilator are
ability to take only shallow breaths, potential
hypoxia (resulting in restlessness, confusion,
change in blood pressure, or tachycardia), heavy
tubing, impaired ability to cough, inability to yawn
or sigh, impaired ability to swallow, and over-
heated air (71).

Patients who are unable to move secretions from
the lungs by an effective cough must routinely
undergo “one of the most unpleasant experiences
that a ventilator patient has”” —suctioning (71). This
technique for removal of secretions from the air-
way involves passage of a catheter through the
trachea and into each mainstem bronchus, with
the application of suction for 10 to 15 seconds.

Eating Difficulties

Ventilator patients who are intubated endo-
tracheally, i.e., through their nose or mouth, can
take no food or liquid by mouth. Those who re-
quire endotracheal incubation of more than 2 or
3 days (as well as those who are malnourished)
require tube feeding or other forms of nutritional
support (see ch. 8). Patients intubated by trache-
otomy, on the other hand, can eat if they have
normal swallowing ability.

Speech/Communication Problems

Inability or severe restriction in speech is a
pervasive problem for patients receiving positive
pressure ventilation. Those who are intubated
endotracheally cannot speak. Tracheotomized pa-
tients can speak during ventilator-delivered inspi-
rations if the tracheotomy cuff is partially de-
flated or if they have special *“speaking-cuffed”
tracheotomy tubes (45). These options are only
feasible, however, for patients who are medicalley
stable with stable respirations (68).

Communication problems can be a major source
of frustration for ventilator patients as well as their
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family members and caregivers. Patients’ fears re-
garding their prognosis and the procedures and
equipment to which they are subjected may make
the need to communicate especially intense. Pa-
tients who are sufficiently alert may try to express
themselves in writing. Computers and other much
simpler devices (e.g., the “Speak and Spell” toy)
may be used. Some patients are helped by provi-
sion of a poster or set of cards depicting things
patients frequently want to express, such as “I'm
thirsty,” “l want to go to sleep,” “l want my fam-
ily,” etc. (One communication aid of this type, “The
Patient’s ABSee,” developed by Siemens, is shown
in figure 6-1. ) Other forms of nonverbal commu-
nication include hand-squeezing and other kinds
of signals that might be established before the pa-
tient is intubated. Maximizing the patient’s abil-
ity to communicate helps restore his or her sense
of control and, sense of personal value (38). For
acutely ill patients, nonverbal communication op-
tions are reduced by sedation, medication, con-
fusion, and limited ‘mobility.

Figure 6-1 .—Patient’'s ABSees

In the nursing literature, ventilator patients’ dif-
ficulty in communicating is regarded as probably
the patients’ most pressing problem (36). Commu-
nication problems may be not merely frustrating,
but dangerous. One former ICU patient reported:

On two occasions, the janitor pulled the respi-
rator plug out of the socket without realizing it,
leaving me on a closed system with no movement
of air. | am told that emergency alarms were sup-
posed to go off, but my only memory was having
to detach the respiratory tube from the trache-
otomy myself in order to breathe room air (124).

The inability to call out for help is a source of great
fear. Psychologists studying the matter have sug-
gested that the inability to communicate triggers
feelings of helplessness and despair that may neg-
atively affect the course of the illness (94). Com-
munication problems are made still worse by the
fact that too few caregivers and visitors know how
to talk to a person who is critically ill or appreci-
ate how much these patients crave human contact.

SOURCE: Siemens-Elema AB, Ventilator Division, The patients ABSees.
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It becomes a matter of routine for the staff to
frequently check the ventilator and all the tub-
ings, connections, etc. All too often this is all that
is done—that is, we check the equipment but for-
get about the patient who is lying there worrying
if everything is working correctly. A simple state-
ment to the patient such as, “Everything checks
out fine, ” could go a long way to reassure the pa-
tient that not only is the equipment functioning,
but that the staff is concerned enough to check
the ventilator frequently and verify that it is work-
ing (36).

Decreased Mobility

Patients tethered to a stationary mechanical ven-
tilator are partially or totally immobilized. Limited
mobility brings physical discomfort, as well as the
risk of developing embolism, phlebitis, and pres-
sure sores. In addition, the loss of control over
one’s physical movements is often experienced as
a constant fear of falling (out of bed). Perhaps most
serious is the physical “reconditioning” associated
with remaining relatively still for an extended time
and nonuse of the muscles of respiration (71). This
is manifested by general weakness and, after about
3 days of continuous ventilation, specific recon-
ditioning of the respiratory muscles that makes
weaning from the ventilator more difficult after
that time.

For ventilator patients who do not need to be
confined to bed, portable ventilators allow mo-
bility and a variety of physical activities. Even with
portable ventilators, however, logistical constraints
remain. Furthermore, portable ventilators can
only be used as the primary device for selected
patients.

Psychological Outcomes of
Mechanical Ventilation

A patient experience of severe respiratory im-
pairment and treatment with mechanical venti-
lation, as with other life-threatening illness and
treatment, is a function of a variety of personal
and environmental factors. Among the most im-
portant are the patient’s personality, prognosis,
level of consciousness, social support, the quality
and sensitivity of care received, and treatment set-
ting. Individual patients cope better or worse with
the physical, psychological, and social stresses to
which they are subjected.

These topics are addressed to some extent in
the nursing literature and in a handful of articles
by former or chronic ventilator patients; the scant
attention to these topics in the medical literature
is conspicuous except for some interest in patients’
psychological reactions to ICUs in general. In one
study of the psychological effects of ventilation,
the dissimilar perspectives of patients and their
family members, on the one hand, and nurses and
physicians, on the other, was singled out by the
researchers as their most striking finding (94).

Initial Reactions to Mechanical
Ventilation

Acutely ill ventilator patients experience many
of the significant psychological outcomes of me-
chanical ventilation that are characteristic of crit-
ical illness, institutionalization in general, and the
ICU environment in particular. Intense physical
problems, sleep deprivation, and medication in-
teract to produce psychological problems that may
include depression, confusion, disorientation to
time and place, anxiety, and acute delirium, along
with fears of permanent dependency and preoc-
cupation with death. These effects are particu-
larly disturbing to acutely ill patients who are self-
aware. One former ventilator patient described
his ‘(psychotic thinking” and loss of emotional con-
trol as frightening and embarrassing. He feared
that he might recover physically but not mentally,
and worried about his ability to resume his ca-
reer, family roles, etc. (124). Difficulties in com-
municating, as described above, and the lack of
privacy typical in hospitals may exacerbate these
problems.

Initially, for many patients experiencing the dif-
ficult breathing that is characteristic of respira-
tory distress, the assistance offered by the venti-
lator provides a great sense of relief (71). Often,
however, this relief is subsequently replaced by
a sense of lost autonomy and lost control.

The patient . . . being mechanically ventilated
is expected to trustingly permit others to manipu-
late his physical and psychological self, his envi-
ronment, and his significant others. A formerly
independent, self-reliant human being must
breathe artificially and be fed intravenously; he
is dressed and undressed, bathed, pulled, pushed,
and moved about without much control over his
keepers or himself. Finally, he finds his physical
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and psychological nakedness exposed to strangers
who have varying levels of empathy (71).

Psychological discomfort can be minimized by
skillful caregivers and visitors. The sources of psy-
chological distress include inadequate information
about why the ventilator is needed, its reliability
and alarm system, lack of confidence in the care-
givers, difficulty communicating, lack of privacy,
loss of sleep, sensory deprivation or overstimula-
tion, and loss of power and control.

Conscious adult patients on mechanical venti-
lation may experience what have been identified
as “the problem of threat)” ‘(the problem of loss)”
and “the problem of meaning” (38). According to
this analysis, in the early phases of treatment,
ventilator dependent patients exhibit a pervasive
anxiety about their survival. Feelings of being
threatened are reflected in fear of mechanical fail-
ure of the equipment and in a love-hate relation-
ship to it. Many patients display a “hostile grati-
tude,” toward the ventilator and the caregivers
on whom they are dependent. According to one
formerly ventilator-dependent patient, “It was the
enemy. How dare a mass of steel and dials and
tubing take control of my life?” (38). In contrast,
another ventilator patient described the life-sus-
taining devices as “friends. ”

Loss of spontaneous breathing is accompanied
by loss of the ability to communicate, eat, and
move. lliness and institutionalization bring loss
of social roles within the community and family,
loss of accustomed life style, loss of positive body
image and self-image, loss of privacy, and general
loss of independence. For elderly patients, venti-
lator-related losses come at a time when other seri-
ous losses—retirement, income, social status,
friends, or spouse-are accumulating, Behavioral
responses to this multitude of losses are said to
resemble grief behavior, with a period of denial
followed by a period of depression. The ventila-
tor patient’s greatest psychological problem is the
lack of control, the inability to do anything for
oneself or for anyone else.

By the same analysis, the other most serious
problem ventilator patients face is the need to re-
assess or reorder their basic values, “to discover
meaning in a drastically altered state of existence”
(38). This is sometimes described as a religious

crisis, focused on the struggle between living and
dying, and between meaning and despair.

Ironically, for patients who improve to the point
where weaning from the ventilator can be at-
tempted, independence from the ventilator can
engender tremendous fear and anxiety (36), some-
times severe enough to impede the weaning proc-
ess (61).

Adjustment to Chronic Ventilator
Dependence

Available information about the psychological
effects of chronic ventilator dependence pertains
to patients who have been able to leave the hospi-
tal. These individuals are medically stable, have
been through a period of rehabilitation designed
to help them adjust to their new lifestyle, and have
an established support system. To date, few
elderly patients have been included in this excep-
tional group.

Survivors of the polio epidemics of the 1940s
and 1950s constitute a special group of ventilator-
dependent patients. Of an estimated 300,000 per-
sons who survived polio with some degree of dis-
ability, there were, in 1959, 1,200 who were ven-
tilator dependent (63). Some of these people have
remained ventilator dependent ever since and now
are approaching age 65.“Despite more than 25
years of ventilator dependence, many of these pa-
tients have managed to maintain a positive out-
look, as the following cases illustrate (62):

Statement by a 52-year-old respiratory polio
quadriplegic, ventilator dependent since age 23:
“By being disabled we do miss out on many things.
Yet the kindness and consideration that we re-
ceive from others compensates in some small mea-
sure. . ,, After several years at home with my hus-
band and son, | ended up with pneumonia and
a blocked lung and moved to Pearson.”In the
early 1970s | switched to positive pressure via
trach full-time. . .. I knit with a mouthstick and
enjoy reading and music. . . . | live one day at a
time and look forward to tomorrow. ”

“Also, some polio survivors are experiencing the delayed respi-
ratory problems typical of post-polio syndrome and face the possi-
bility that mechanical ventilation will again become necessary (63).

A long-term respiratory rehabilitation facility in Vancouver, Brit-
ish Columbia.
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Statement by a 52-year-old respiratory polio quad-
riplegic, ventilator dependent since age 30: “1 was
living with my husband and seven children when
I contracted polio. . .. This is certainly not the kind
of life I would have chosen, but since it is the one
I’'m living—I’m going to live it. ”

OTA found no information describing the polio
survivors or others whose psychological response
to ventilator dependence was poor. However, one
article, based on the author’s personal experience,
suggests that psychological problems among dis-
abled people in general are great and that these
problems have been ignored by the mental health
professions (37). The author of that article esti-
mates that at least one-third of spinal cord injured
persons, many of whom are ventilator dependent;
suffer serious anxiety or depression:

Morbid passivity is common. Drug and alcohol
abuse levels are high. Between 12 and 50 percent
of all deaths of spinal cord injured persons is by
their own hand (37).

A significant aspect of adjustment to chronic
ventilator dependence is actually adjustment to
institutionalization or to an otherwise changed liv-
ing environment. Initiation of mechanical venti-
lation always necessitates a period of institution-
alization and is frequently, especially for elderly
persons, the precursor to permanent institution-
alization. A person who had been living in his or
her own home must be transferred to the acute
hospital and, subsequently, perhaps to a long-term
care facility. For patients already in a nursing
home, the need for ventilator support typically
requires transfer to the acute hospital and may
preclude return to the nursing home. Even home
care may involve a major adjustment—especially
if it requires the patient to move in with adult
children or vice-versa.

Effects on the Patient’s Family
and Caregivers

As is any life-threatening, lingering, and costly
illness, ventilator dependence is stressful not only
for the patient, but for those around the patient.
For the spouse and children, serious illness and
hospitalization can be physically, emotionally, and
financially exhausting. In addition to the strain
of frequent trips to and from the hospital over

an extended period, the severity of the patient’s
condition puts the family ‘(through many emo-
tional highs and lows” (77).

In the early days or weeks of mechanical venti-
lation, family members typically experience the
same kinds of grief reactions that alert patients
experience. Like patients, they need understand-
ing and communicative professionals to help them
cope with the changed situation of their relative,
its impact on their own lifestyle and, perhaps, its
spiritual meaning (38). The strain may be particu-
larly great on the adult children of elderly venti-
lator patients. This “generation in the middle,”
often must, simultaneously, meet responsibilities
to their (possibly several) elderly parents and their
own children, as well as their spouse, work, etc.
(15).

The effects on the family are perhaps greatest
when a patient returns home and family mem-
bers participate in their care. Certainly, home care
offers a far greater sense of normalcy and the
opportunity for the family to stay close. However,
having the patient at home means the patient’s
family “will be solely responsible for a patient’s
life.” According to one observer, the “very men-
tion” of this fact “is overwhelming for the long-
term ventilator-dependent patient and his fam-
ily” (77) whose members must be responsible for
routine patient care and equipment maintenance,
recognizing signs of distress in the patient, and
knowing how to handle emergencies. Caring for
a ventilator-dependent person is a difficult, respon-
sible, round -the dock job. Its time demands alone,
if not the economic and emotional drain, can
drastically change a family’s lifestyle; in a sense,
the whole household becomes tied to the machine.

Often, the physical and psychological load on
family caregivers is lightened if more people share
the work, Also, if financial resources permit, the
family’s workload can be lightened by employment
of nurses, attendants, and other helpers. For
elderly patients, both the number of relatives who
are available to help and the feasibility of purchas-
ing assistance may be reduced.

Caring for critically, terminally, or chronically
ill ventilator patients also takes a toll on physi-
cians, nurses, and other professional caregivers.
Unlike patients and family members, professional
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caregivers, especially physicians and special res-
piratory personnel, are involved with illness and
ventilator-dependent patients by choice. Still, care-
givers who are constantly faced with dying pa-

tients, grieving families, and their own fallibility
are under enormous stress, which can lead to per-
sonal problems, “burnout” and possible effects on
the quality of care they can provide (see ch. 10).

MAKING DECISIONS ABOUT STARTING AND
STOPPING MECHANICAL VENTILATION

Decisions about the use of mechanical ventila-
tion for individual patients are highly specific and
individualized, ideally focused on a comprehen-
sive assessment of one patient’s condition and
prognosis and taking into account his or her per-
sonality and personal wishes. Such decisions occur
within the context of the laws, ethics, and customs
of the society, as well as the specific governmental,
institutional, and professional policies that limit
what is possible and what is permissible. Such de-
cisions are also influenced by the diverse perspec-
tives and objectives of the numerous parties in-
volved in the decisionmaking process.

Some of the decisionmaking dilemmas that arise
in the care of individual patients are illustrated
by the following case:

The most fundamental decisions that must be
made about mechanical ventilation are: 1) whether
to initiate or withhold it, and 2) whether to con-
tinue or withdraw it. These decisions frequently
are not end-points, but rather part of a continuum
of momentous decisions. That is, decisions about
mechanical ventilation are often preceded by de-
cisions about diagnostic tests, admitting the pa-
tient to the hospital or to the ICU, and providing
resuscitation. And, the decision to initiate mechan-
ical ventilation is often followed by decisions con-
cerning the transfer of a patient from one setting
to another and the provision of other life-sustain-
ing technologies in the event of complications or
new illness. In making a decision about the use
of mechanical ventilation for a particular patient,
caregivers, patients, and family members must
be prepared to make subsequent difficult choices,
and policies must be broad enough to leave open
all suitable options.

Complicating decisions about initiation of me-
chanical ventilation is the fact that the need for
ventilation is sometimes unforeseen. In some sit-
uations, the diagnosis is known and the patient’s
eventual need for mechanical ventilation can be
anticipated. For patients with progressive diseases
like COPD and ALS, for example, eventual respi-
ratory failure may be foreseen over a period of
years. There is time for collection of data perti-
nent to the prognosis as well as the patient’s
wishes. In other situations, however, patients ex-
perience respiratory failure without warning.
When a patient is in the throes of acute respira-
tory failure, there is no time to make a careful
diagnosis, to determine his or her wishes, or to
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inform the patient and gain consent for incuba-
tion and initiation of ventilation.

Patients in respiratory failure are typically un-
conscious or, at best, in a severely altered mental
state due to hypercapnia, acidosis, and/or hypoxia.
Even once ventilated, some patients remain in a
compromised mental and emotional state that im-
pairs or precludes their ability to participate in
decisions about their treatment. For decisions
about mechanical ventilation in these patients,
caregivers and family members acting as sur-
rogates frequently play a fundamental role (see
ch. 3 and OTA background paper on surrogate
decisionmaking by A. Buchanan, M. Gilfix, and
D.W. Brock (16).

Decisions about the use of mechanical ventila-
tion are also very difficult for the health profes-
sionals who are regularly involved in them. A re-
cent workshop on “Withholding and Withdrawing
Mechanical Ventilator Support,” sponsored by
the National Heart, Lung, and Blood Institute
(NHLBI) and several professional organizations,”
provided valuable insights into the process of and
problems in clinical decisionmaking (see app. E).
Physicians expressed humility with respect to the
difficult clinical decisions they must frequently
make and particular trouble with the conflicts in
their joint roles as patient advocate and hospital
employee. This workshop was regarded by the
invited experts as a historic event, signifying im-
portant change in clinicians’ attitudes about me-
chanical ventilation and, in particular, their widely
held belief that the technology has come to be used
too frequently in cases where the patient does
not benefit. Perhaps, suggested one physician, if
more attention had been paid 10 years ago to deci-
sionmaking about inititating mechanical ventilation,
a workshop on withholding and withdrawing
would not have been needed (107).

Physicians have different views about their role
in the decisionmaking process. Some physicians
believe that decisions about ventilator support
are entirely medical. The patient or surrogate must

*Cosponsors were the American Association of Critical-Care
Nurses, American Association for Respiratory Care, American Col-
lege of Chest Physicians, American Thoracic Society, and the Puri-
tan Bennett Foundation. The workshop was held in Washington,
DC, Sept. 30 through Oct. 2, 1985.

give permission for the physician’s decision to be
carried out; but patients should not be expected,
perhaps not even allowed, to “shoulder the bur-
den” of such a grave decision (58). Others find
this view paternalistic and believe the physician’s
role should be mainly to educate and advise pa-
tients regarding treatment options. Ultimately, the
attending physician is responsible for the patient’s
care and is legally liable for action taken or not;
thus, the attending physician usually makes the
final decision or reviews the decision of house
staff. Increasingly, physicians view themselves as
members of a decisionmaking team, whose role
is to facilitate consensus of the, possibly disparate,
perspectives represented by the patient, family
members, consulting physicians, and other health
professionals (see ch. 10).

Clinical Considerations

Clinical evaluation of a patient’s condition is the
logical first component of the decision process.
Details of a patient’s physiological condition are
needed both for decisions about whether to initi-
ate mechanical ventilation and about when to ini-
tiate it. Respiratory insufficiency or failure is not
always apparent by clinical observation alone, par-
ticularly in elderly patients.

The clinical manifestations of acute respiratory
failure . . . are nonspecific and seldom point
directly to the lung; in the elderly they may be
especially subtle. The most frequent signs—rest-
lessness, confusion, and tachycardia—may be in-
terpreted in the elderly patient as “sundowning,”
“senility,” or just “cantankerousness, ” and may not
arouse concern until respiratory arrest or other
serious complication occurs (87).

The clinical evaluation includes objective meas-
urement and analysis of air volumes and pres-
sures, blood gases, electrocardiogram, and
changes in heart rate. Other important clinical ob-
servations include vital capacity, breathing rate,
inspiratory capacity, tidal volume, and the degree
of physical and mental exhaustion. Because of time
limitations and variations in facilities, complete
data may not be available.

For each of the measurable parameters, levels
indicating adequate ventilation have been deter-
mined; for some parameters, however, there is
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a range of acceptable values. The patient’s
precipitating conditions and previous state must
be taken into account; “absolute blood gas levels”
are “difficult to assign” (1 11). Inpatients with estab-
lished chronic respiratory insufficiency, interpre-
tation of blood gases is particularly difficult (1 11).
Thus, moving from physiological assessment to
treatment decisions may still be very difficult.
“Laboratory and clinical findings,” according to
the American Association of Critical-Care Nurses
Procedure Manual, “aid [emphasis added] the deci-
sionmaking process” (74).

Other clinical considerations focus on the pa-
tient’s prognosis and judgments about whether
or not mechanical ventilation will improve it. Prog-
nostic uncertainty is the nemesis of clinical deci-
sionmaking. Will the patient live or die? Will wean-
ing be possible or will the patient be permanently
ventilator dependent? What will be the quality of
the life saved? For elderly patients, as any others,
clinicians must be able to incorporate their knowl-
edge and experience of previous patients into de-
cisions without making unjustified generalizations
about likely outcomes. Clinicians at the NHLBI
workshop rejected chronological age as an inde-
pendent predictor of the outcomes of mechani-
cal ventilation and expressed great interest in prog-
nostic tools currently being developed. The need
for better means of predicting the outcome of me-
chanical ventilation is clearly reflected in the fol-
lowing comment:

We should accept that we really are only slightly
wiser than the apes in regard to the science of
living and dying and that we know very little about
quality of life or the balance between a life of ter-
ror or a death of peace. When making an irrevoca-
ble decision for someone else, our actions should
be guided by a notion of our fallibility and a surge
of humility. . . . | have witnessed many instances
where nature, in its greater wisdom, has taken
the final step out of my hands and made my puny
efforts at life-support impotent. In other words,
when the end has come, it has come, and often
there is not much for us to decide. The opposite
may occur when, with great solemnity, we switch
off the respirator, and the patient goes on living
and may perhaps do even better than he had pre-
viously. ... (11).

In deciding whether it is appropriate to continue
or discontinue ventilation, caregivers consider

many of the same physiological parameters that
were used to determine the need to initiate venti-
lation, Clinical evaluation of the appropriateness
of continuing ventilation includes determination
of the patient’s basic condition, acute or chronic
disease; whether the patient’s need is for a breath-
ing aid, for oxygen, or for airway patency;”and
the likelihood of the patient’s ability to sustain
spontaneous breathing.

Decisions to stop mechanical ventilation may
take one of two dramatically different forms. On
the one hand, there may be a decision to wean
the patient from the equipment he or she has be-
come dependent on, with the goal of restoring
normal spontaneous breathing. Ventilator patients
who are stabilized and able to breathe spontane-
ously for 10 minutes out of an hour are widely
regarded as ready for weaning. The clinical evalu-
ation of a patient’s readiness for weaning also in-
cludes assessment of possible psychological de-
pendency. For patients who are terminally ill,
complete weaning from the ventilator is usually
not feasible, but the possibility of temporary or
partial weaning should still be considered. Since
restoration of ventilator independence is the best
possible outcome for the patient and, since it rep-
resents therapeutic success for caregivers, the de-
cision to attempt weaning is relatively unprob-
lematic.

In almost every case where the patient is venti-
lator dependent, the need eventually arises to de-
termine whether continued ventilation is indicated
or whether further treatment is futile. If the pa-
tient is terminally ill, and especially if the patient
is in a permanent noncognitive state or brain dead,
clinicians might recommend that ventilation be
discontinued or withdrawn. In contrast to wean-
ing, a decision to discontinue or withdraw me-
chanical ventilation signifies the removal of equip-
ment without which the patient is not expected
to survive. In such cases, some physicians advo-
cate what they call “terminal weaning, ” i.e., the
deliberate, gradual withdrawal of ventilation from
a patient for whom further treatment is deemed

"Patients who have been successfully weaned from a ventilator
may be unable to maintain a patent airway. Therefore, removal of
the artificial airway may have to be delayed. Readiness for extuba-
tion is indicated by a vigorous cough capable of clearing secretions
from the airway. Also, many patients who no longer require me-
chanical ventilation cannot be weaned from supplemental oxygen.
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to be futile. Whereas simply “pulling the plug” can
cause abrupt and painful dying, withdrawal of
the ventilator over a period of hours usually per-
mits the inevitable death to proceed peacefully
(46).

Many of the physicians, nurses, and respiratory
therapists at the NHLBI workshop expressed
strong opinions that despite lawyers’ and ethicists’
claims to the contrary, (90) at-the-bedside decisions
to withdraw mechanical ventilation are entirely
different from decisions to withhold it. For profes-
sional caregivers, the decision to withdraw a ven-
tilator is an admission of failure or an admission
that the initial decision to ventilate was wrong (80).
Moreover, while patients sometimes participate
in decisions to withhold treatment, the decision
to withdraw a ventilator is almost always made
by people other than the patient. All parties, i.e.,
family members, and the numerous caregivers
who have become involved with the patient, must
be prepared for this event. Workshop participants
indicated that withdrawal of ventilators occurs
much more frequently now than it did 5 years
ago (some of this increase results from more fre-
qguent initiation) and that families are now more
involved in the decision to stop treatment.

Ethical Considerations

The prolonged use of mechanical ventilation
with patients of any age raises important ethical
issues. These issues have to do primarily with how
decisions should be made to initiate, withdraw,
or withhold mechanical ventilation for a specific
patient, with the balance of benefits and burdens
this treatment brings, and with the distribution
of technological resources. In the words of one
leading pulmonologist:

.. all who are seriously involved in respiratory
care or intensive care in general recognize that

a great deal of harm and suffering can be caused
by the inappropriate or irresponsible use of me-
chanical ventilators in hopeless situations (84).

Some of the ethical quandaries involved in defin-
ing what constitutes “harm,” “suffering,” or a
“hopeless” situation, and what is “appropriate” and
“responsible” use of this technology are illustrated
by the case of the 79-year-old widow outlined here
(and detailed in ch. 4).

After short-term treatment with mechanical
ventilation for her congestive heart failure and
COPD, the patient said she “absolutely refused”
to be intubated ever again. Upon subsequent re-
Admission the hospital, she initially repeated
this wish, but said she would accept basic CPR
is she suffered cardiac arrest. Over a hospital stay
of approximately 40 days, her condition wor-
sened; her lucidity, and her conviction about what
treament she wanted wavered. When she was
eventually reintubated, she made it clear that she
wanted mechanical ventilation and maximal care.
However, in a few days she had lapsed into a coma,
and her physicians judged that her condition was
irrversible. With the concurrence of her son, a
DNR order was written, and she was allowed to
die (65).

The ethical principles that are features of the
decisions taken in this case are: respect for the
patient as a person, yielding to the patient’s au-
tonomous wishes, being of benefit to the patient,
and avoiding harm through the extension of suf-
fering. This case also illustrates some of the moral
and practical difficulties in respecting patients’
wishes. By her wish to receive basic CPR but not
to be intubated, the patient put her caregivers in
a position that some people find illogical, i.e., to
restore her circulation but not support her breath-
ing. This indicates some of the difficulties in draw-
ing lines between treatments that are part of a
logical continuum, for example, between a full
resuscitation code and a limited code (see ch. 5),
or between mechanical ventilation and other life-
sustaining treatments (23). The significant changes
in this patient’s medical condition, in her wishes
regarding treatment, and in her ability to express
those wishes illustrate how, even if physicians are
determined to carry out the patient’s wishes, it
is not always possible for them to do so.

A case in which the patient family demanded
maximum care provides an interesting contrast.

A 75-year-old married man was admitted to the
intensivecareuninof hospital in acute

"espuratmy disg'ess He was anxious but fully alert
and gasping"for hélp.A retired laborer, Mr. wat-

kins had been suffering from a chronic pulmo-
nary disease for the past 15 years. For the past
5 years he had become progressively debilitated.
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The possibility of permanent ventilator depen-
dence and the patient’s view of this must be in-
cluded in any comparisons of harms versus ben-
efits in the decision to initiate ventilation in the
first place. In the view of Mr. Watkins, dependence
on a ventilator 24 hours per day had an over-
whelming impact on his quality of life. He con-
cluded that his quality of life on the ventilator was
so unsatisfactory that death would be preferable.
(The constancy of treatment also seems to put me-
chanical ventilation in a class by itself from the
standpoint of caregivers and other observers.
“Physicians seem to find it easier,” for example,
“to decide not to continue hemodialysis” (47).)

Mr. Watkin’s expressed wish “to die” could be
interpreted either as suicidal or the more neutral

wish to avoid mechanical ventilation. The former
interpretation raises additional ethical questions
which are of both philosophical and practical con-
cern. Does, for example, the use of a life-sustaining
technology sometimes actually facilitate suicide?
If caregivers accede to a patient’s wish to with-
draw treatment, are they assisting suicide? (see
ch. 4). Some observers have noted that before care-
givers accede to a patient’s request to disconnect
a ventilator, they must determine whether this
request results from conditions that are reversi-
ble, such as temporary depression, fear based on
misperceptions or misinformation, or underlying
problems between the family and patient.

The above case also highlights questions about
the role of family members and the proper weight
of their wishes. When, as in this case, the patient
is alert and able to participate in treatment deci-
sions, there is wide agreement that the family’s
wishes should always be secondary to the pa-
tient’s. The family, after all, is not the physician’s
patient; nor in a case like this is a family member
the patient’s proxy (96).

The physician must remember that he has only
one client—the patient. He is the advocate of the
patient—not the family, nor the welfare agency,
nor the kindly clergyman, squeamish at the sight
of tracheotomy (32).

Finally, there is an important ethical issue re-
lated to when obligations to patients end. The ini-
tiation of mechanical ventilation for acute care
often creates many long-term needs (e.g., for con-
tinuing professional services, reimbursement, so-
cial support). Indeed, mechanical ventilation itself
(and not merely the disease or condition originally
leading to its use) maybe the cause of a person’s
loss of spontaneous breathing. Prolonged use of
mechanical ventilation can irreversibly suppress
spontaneous breathing in some cases in which it
might have resumed. Patients and professionals
closely involved with this technology suggest there
is a need to reconsider how the boundaries of this
treatment have been defined (21). Do obligations
to a patient end with discharge from an ICU or
hospital, or do obligations stand as long as the
patient is ventilator dependent? If the latter, reim-
bursement policies and inadequate community re-
sources that commit some medically stable venti-
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lator-dependent patients to ICUs and some to
poverty are in clear need of revision.

Legal Considerations

Mechanical ventilation, as an arbiter of life and
death, raises legal questions concerning suicide,
assisted suicide, homicide, and medical malprac-
tice. Decisions regarding the use of this technol-
ogy are greatly influenced not only by laws and
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Informed Consent

A patient’s legal right to make decisions about
his or her health care is well established. Under
the doctrine of informed consent, patients have
the right to acceptor to refuse treatment, as well
as the right to request that treatment be with-
drawn. Moreover, there are available legal provi-
sions to specify treatment preferences in advance
(see ch. 3). Highly publicized court cases have con-
sistently upheld the right of decisionally capable
patients to have mechanical ventilation withdrawn,

However, in practice, patient’s choices regard-
ing mechanical ventilation are not always known,
knowable, or carried out. Exercising the right to
direct one’s own care requires a patient who is
mentally competent, alert, and informed. In the
case of respiratory insufficiency or failure, these
conditions frequently do not obtain. Disease, medi-
cations, pain, and the urgency of the situation may
render the patient incapable of participating in
treatment decisions.

Informed consent for instituting mechanical
ventilation is, at best, difficult to obtain. Partici-
pants at the NHLBI workshop emphasized the im-
portance of ascertaining the patient’s preferences
early and documenting them in the medical rec-
ord. (They also emphasized the difficulty for both
physicians and patients in discussing these sensi-
tive subjects.) Even if time, the patient condition,
and the relationship between the patient and phy-
sician permit careful discussion, it maybe impos-
sible to fully inform a patient about mechanical
ventilation. In fact, some physicians believe that
no one can recognize the impact of being on a
ventilator in advance (67). In a life-threatening
emergency, consent is often “implied. ” When con-
sent is explicitly obtained, it is most often verbal.
Often, a patient silence is interpreted as consent.

If the patient is not decisionally capable, a sur-
rogate decisionmaker or legal guardian, or a court
order regarding treatment may be sought. (These
mechanisms are reviewed in ch. 3 and analyzed
in detail in a background paper to this report (16)).
Other legal problems arise from the variation State
to State, institution to institution, and physician
to physician in how directives by patients or their
surrogates are handled.

Because some caregivers are willing to override
the patient’s wish and because practice and the-
ory are not the same, one respiratory therapist
reported:

Elderly patients are often not active participants
and . .. their preference is not an issue in the de-
cision. Many patients are (or are perceived to be)
unable to understand, poor communicators or
historians, not “responsible” or capable of mak-
ing decisions, and difficult to deal with. There is
usually more involvement by the patient when
the care is more long-term. . . . The goals of long-
term ventilator management could never be ac-
complished in a patient who is not desirous of this
form of therapy (21).

Advance Directives

By means of a formal advance directive—a liv-
ing will or durable power of attorney for health
care-or informal means, a patient attempts to
ensure his or her participation in decisions regard-
ing life-sustaining treatment in general or mechan-
ical ventilation in particular. In some instances,
advance directives specify particular treatments
an individual does or does not wish ever to re-
ceive. A patient may, for example, indicate that
he or she does want to receive nutritional sup-
port, but not mechanical ventilation.

In practice, caregivers do not always comply
with a patient’s advance directive to withhold life-
sustaining treatment. Often there is simply no
mechanism or time for discovering that a direc-
tive exists or to produce it. In an emergency, or
with a decisionally incapable patient, even if the
patient has an advance directive, it is unlikely the
physician on the scene will know of it. Another
reason caregivers sometimes do not comply with
a patient’s advance directive is that they feel that
the directive is not sufficiently clear or that it does
not serve the patient’s best interest, Some people
are skeptical about patients’ ability in general to
specify treatment preferences in advance. And,
some are particularly skeptical about directives
made prior to the—terrifying-experience of se-
vere breathing difficulty. According to one phy-
sician, “patients who think they don’t want to be
ventilated change their mind when they are chok-
ing to death” (22).
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Fear of the Law

The fear of legal liability remains a major issue
for caregivers—especially when a patient is not
decisionally capable, when the patient’'s wishes
are not known, and when there is disagreement
among the patient and family, caregivers, or be-
tween caregivers and their employing institution
about what to do. Differences in State laws and
precedents add to the confusion.

The fear of being sued for malpractice may at
once encourage physicians to use all available life-
sustaining technologies and discourage them from
taking any action that is contrary to the patient’s
wishes. In practice, these two objectives may con-
flict, thus adding to caregivers’ uncertainty about
legally correct action. There has been no success-
ful suit against any physician who followed the
wishes of the patient, but there has been at least
one case (Barber v. Superior Court of Los Angeles
(20)) in which physicians were accused of crimi-
nal intent and murder despite carrying out the
family’s wishes. Physicians and other health
professionals are acutely aware of the possibility
of malpractice claims and fearful of what appear
to be uncertain and shifting legal boundaries (56).
(Malpractice and other legal questions are more
fully discussed in ch. 3.)

professional and Institutional
Guidelines

Standards and guidelines developed and promul-
gated by professional associations and institutions
are other important factors in decisions about the
use of life-sustaining technologies in general and
mechanical ventilation in particular. They help to
guide treatment decisions as well as procedures
for making those decisions. Although these do not
have the force of law, and their intent is usually
to solve clinical and ethical dilemmas more than
legal ones, they may be used in legal proceedings
to determine whether or not acceptable care was
provided. They may address a variety of issues,
including who should make the treatment deci-
sion, where or by whom care should be provided,
and when it should not be.

Standards of care (or standards of practice), as
established formally or informally by professional
associations provide some, limited, guidance in

decisions about mechanical ventilation. Although
voluntary professional standards serve primar-
ily to assure quality of care (and to protect profes-
sional interests), over time, they become the ex-
pected norm. In legal proceedings, particularly
malpractice cases, health professionals and insti-
tutions may be held accountable to the standards
of care in their community. Knowing this, health
professionals have a keen interest in observing
these voluntary guidelines,

One example of professional standards relevant
to mechanical ventilation is the *“Guidelines for
Management in the Home and at Alternate Com-
munity Sites,” published in 1986 by the American
College of Chest Physicians (82). These guidelines
identify factors that should be considered in the
selection of ventilator-dependent patients for care
at home or in other community settings. Another
example is the standards of care for providing me-
chanical ventilation in nursing homes, developed
jointly by the American Association for Respira-
tory Care and the American Health Care Associa-
tion (1). Among other things, these standards ad-
dress staffing, quality assurance, infection control,
safety, and continuing education.

Such policies and standards may assist in legal
proceedings or they may, at times, be the focus
of the legal debate. For example, the point of con-
tention in the 1986 case of Tune v. Walter Reed
Army Medical Hospital was a policy of the Depart-
ment of the Army precluding the withdrawal from
any patient in an Army medical facility of life-
support systems that have been put in place.

Many institutions now have policies that specify
categories of patients who should not be resusci-
tated. DNR policies (see ch. 5), although usually
meant to address only the question of resuscita-
tion, may directly or indirectly resolve or preclude
guestions about the use of mechanical ventilation.
The DNR policy of the Veterans Administration
(VA), for example, explicitly states, “a DNR order
is compatible with maximal therapeutic efforts
short of resuscitation” (122). Patients for whom
a DNR order has been written might still receive
nutritional support, antibiotics, or mechanical ven-
tilation that had been started; subsequently, how-
ever, withholding of resuscitation almost always
precludes initiation of mechanical ventilation. In
addition, some institutions have “disaggregated
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DNR policies,” i.e., policies that distinguish Do Not
Resuscitate from “Do Not Intubate” (DNI) (e.g., (76)).
Patients coded DNI might be resuscitated but not
receive mechanical ventilation. Disaggregation of
the DNR order is thought by some observers to
reduce uncertainty or the possibility that the direc-
tive will seem unclear. However, others argue that
specifying what treatments should or should not
be provided raises new questions about potential
treatments that remain unspecified.

In addition to addressing substantive issues,
standards of care and institutional policies may
address decisionmaking procedures-e.g., docu-
mentation in patients’ charts, the role of surro-
gates, ethics committees, etc. In 1976, for example,
the Joint Commission for the Accreditation of Hos-

FINDINGS AND

A large proportion of patients who become can-
didates for mechanical ventilation-and a large
proportion of patients whose need for ventilation
becomes prolonged—are elderly. Some elderly in-
dividuals, although permanently ventilator depen-
dent, manage an active life and maintain a strong
will to live. Senator Jacob Javits was an example.
Other individuals are severely debilitated and se-
verely brain damaged with no prospect of recov-
ery or rehabilitation. Clinical studies consistently
show that mortality, which is high for mechani-
cally ventilated patients in general, is highest for
elderly patients. Advanced age alone, however,
is an inadequate predictor of the outcomes of me-
chanical ventilation.

Survival, functional capacity, and an individual’s
ability to cope with prolonged ventilator depen-
dence are often difficult to predict at the time the
decision to initiate mechanical ventilation is made.
Many physicians and other health professionals
involved in mechanical ventilation believe that this
technology is frequently used when it should not
be. The lack of definitive prognostic measures for
patients with respiratory failure subjects some pa-
tients to needless suffering and precludes efficient
use of health care resources. Research is needed
to reduce prognostic uncertainties and to support
improved decisionmaking. There has been prac-
tically no research focused on the clinical and be-

pitals published standards for hospital respiratory
therapy departments. These standards require
that a physician’s order for services indicate the
criteria for continuing or ending each therapeu-
tic procedure prescribed. Another example is the
VA’s requirement of written consent for a trache-
otomy (123).

The level of activity surrounding the develop-
ment of standards and guidelines suggests an
awareness within the professions associated with
mechanical ventilation that guidance is needed to
improve treatment decisions and decisionmaking
procedures. It also suggests that professionals are
interested in developing these guidelines them-
selves.

IMPLICATIONS

havioral aspects of mechanical ventilation with
elderly patients.

In patients with chronic or progressive diseases
affecting respiration, eventual respiratory failure
can be anticipated. When a patient is in acute res-
piratory failure or unconscious, he or she cannot
give informed consent to mechanical ventilation.
This observation suggests the special importance
of early and frank conversations between physi-
cians and patients and between family members
and patients regarding the potential need for
mechanical ventilation, and the importance of
advance directives that are clear and welldocu-
mented.

The decision to initiate mechanical ventilation
is frequently only one of several very difficult de-
cisions regarding this technology. As the patient’s
condition and circumstances change, choices must
be made about other medical treatments, and the
benefits of continuing ventilation must be re-
evaluated.

Despite ethical and legal pronouncements to the
contrary, caregivers involved in providing me-
chanical ventilation argue that, at the patient’s bed-
side, the difference between withholding and
withdrawing this life-sustaining treatment is vast.
Needless suffering and expense could be reduced
if there were provisions to make withdrawal of
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ventilation less difficult when the treatment has
proved to be futile or no longer wanted by the
patient.

Mechanical ventilation is an extraordinarily ex-
pensive treatment, with a large share of the cost
borne by Medicare and Medicaid. For hospitals,
the cost of treating patients who require this tech-
nology sometimes far exceeds Medicare’s current
DRG-based payments. Thus, hospitals have finan-
cial incentives not to treat some seriously ill Medi-
care patients. In most States, however, limited
Medicaid payments for ventilator-dependent pa-
tients favor the use of acute care hospitals over
other treatment settings.

Interest in providing ventilator care for patients
in their own homes and in skilled nursing facil-
ities is strong, To date, however, few elderly ven-
tilator patients have been discharged home, and
few nursing homes are able to admit ventilator
patients. Some observers warn that extension of
Medicare and Medicaid coverage for home care
of ventilator-dependent patients would stimulate
an explosion of utilization and cost. Those who
dismiss this warning argue that no change in reim-
bursement will change the medical indications for
long-term ventilation, and that more liberal reim-

bursement for home ventilation would permit
more efficient use of resources.

There is significant potential for prevention of
the need for mechanical ventilation. The Surgeon
General reports that COPD, the single greatest
cause of respiratory failure, would almost disap-
pear if Americans quit smoking. Moreover, the
benefits of stopping smoking are significant,
regardless of the individual’s age and years of
smoking.

Ventilator-dependent persons have ongoing
needs for resources and services. These needs may
be unforeseen or unavailable. In addition to med-
ical care and equipment-related resources, many
patients and families need facilities and services
to help them cope with the social, emotional, and
financial costs of ventilator dependence.

While the burden as well as the promise of me-
chanical ventilation for individual patients, fam-
ily members, and caregivers are identifiable, it re-
mains very difficult to assess the magnitude or
urgency of societal problems associated with this
technology. Data on utilization and cost are very
inadequate, and there is no consensus on what
constitutes appropriate usage or public ex-
penditure.
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