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Management
Unfortunately, recent increased understanding of

the pathogenesis (see Part I*) of adult respiratory
distress syndrome (ARDS) has not dramatically
changed patient management. Current therapy in-
cludes intensive respiratory, cardiovascular and nu-
tritional support. A definitive course of action, such
as pharmacological intervention, that significantly
alters the initiation and sequence of ARDS, has not
been realized.

Patients presenting with acute ARDS are pro-
foundly ill. Immediate, intense action must be taken
to establish adequate pulmonary gas exchange while
maintaining haemodynamic stability. As stated pre-
viously, the mortality rate for ARDS is approxi-
mately 50%o. Besides stabilizing the patient, the
precipitating causes must be identified and treated
where possible, for example, antibiotics administered
for infections, deleterious drugs removed, and ab-
scesses drained.

Treatment of acute severe ARDS includes reversal
of marked hypoxaemia by using high concentrations
of supplemental oxygen, intubation, assisted ventila-
tion and often sedation and paralysis to ensure
optimal ventilation and gas exchange. These patients
can be so fragile that turning or even suctioning them
can cause hypotension and arrhythmias. At the same
time, cardiac output is often found to be low and
intravenous inotropic agents such as dopamine or
adrenalene will be indicated. In the case of septic
shock where systemic vascular resistance is low,
pressor agents such as neosynephrine or noradrenal-
ine are of value in increasing blood pressure. If the
patient is severely hypovolaemic then careful admin-
istration of fluids might be beneficial, although
unnecessary fluid administration will only serve to
increase lung water and thus further impair gas
exchange.
The primary goal is to maintain adequate oxygen

delivery. Adequate oxygen delivery must be empiri-
cally determined in each patient at the bedside. One
must maintain a Pao2 of at least 50-60 mm Hg and a
cardiac index of not less than 22-25 I/min to
achieve adequate arterial oxygenation, cardiac out-
put and thus oxygen delivery. Positive end-expiratory
pressure (PEEP) is essential in the successful support
of many patients with acute lung injury (Divertie,
1980; Petty and Fowler, 1982; Shapiro, Cane and
Harrison, 1982). Mechanical ventilation with PEEP
is the standard method of respiratory management in
patients with ARDS. The goal of this therapy is the
improvement of oxygenation while minimizing F102
to avoid oxygen toxicity. It is important to point out
that the safe level of F,02 in patients with ARDS is
unknown, but is probably around 05-06. Also,
simply because a patient with acute ARDS on a
ventilator has been receiving an F,02 of 10 for
several days does not mean that pulmonary function
has been irreversibly impaired. Three mechanisms
have been proposed to explain the improvement in
oxygenation following PEEP therapy: (i) decreased
extravascular lung water, (ii) minimizing ventilation
perfusion (V/Q) mismatch; and (iii) increased func-
tional residual capacity (FRC).

Several investigations have examined the effects of
PEEP on extravascular lung water (Pertzman et al.,
1981; Demling, Staub and Edmonds, 1975; Caldini,
Leith and Brennan, 1975). The balance of the
evidence strongly suggests that PEEP either increases
or does not change extravascular lung water. Im-
provement in oxygenation following PEEP is not
attributable to decreased extravascular lung water.
V/Q abnormalities, including shunting, may be
partially corrected when 5-15 cm of water of PEEP
therapy is initiated. The V/Q mismatching is cor-
rected by re-opening atelectactic alveoli and 'holding'
extra-alveolar vessels open that otherwise may be
closed due to oedema (Duek, Wagner and West,
1977; Hammon et al., 1976). There is little doubt that
PEEP increases FRC. It appears that PEEP increases
FRC both by increasing the gas volume of partially

*Part I of this review appeared in the August 1984 issue of this
journal.

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.60.707.573 on 1 S

eptem
ber 1984. D

ow
nloaded from

 

http://pmj.bmj.com/


J. H. Stevens and T. A. Raffin

filled alveoli and by recruiting previously collapsed
alveoli (Weisman, Rinaldo and Rogers, 1982; Sha-
piro, Cane and Harrison, 1983; Katz et al., 1981;
Hammon et al., 1976). Thus, it appears that PEEP
therapy increases oxygenation by minimizing V/Q
mismatch and by increasing FRC.
PEEP therapy often reduces cardiac output. Cur-

rently available evidence favours impedance of
systemic venous return as the major factor in
decreased cardiac output (Weisman, Rinaldo and
Rogers, 1982; Pick et aL, 1982). Some investigators
have postulated a decrease in left ventricular function
due to either changes in contractility or to decreased
cardiac compliance. Recent evidence suggests that
depression of left ventricular function may be due to
geometric changes that decrease compliance, or cause
an intraventricular septal shift (Jardin et al., 1981;
Cassidy and Mitchell, 1981). The left ventricular
contractile state appears normal, but anatomical
cardiac abnormalities have been reported in several
cases as a cause of left ventricular dysfunction
(Calvin, Driedger and Subbald, 1981; Katz et al.,
1981).
One area of extreme controversy surrounding

PEEP therapy is the selection of optimum levels of
PEEP. There is consensus that PEEP should be
increased in increments of 3-5 cm H20, with careful
cardiac output monitoring and using volume infu-
sions and inotropic support as necessary to maintain
adequate oxygen delivery with an F,02 not greater
than 0-5-0-6 (Stetz et al, 1982; Gong, 1982). Ade-
quate oxygen delivery must be empirically deter-
mined in each patient at the bedside. In 1975 Suter,
Fairley and Isenberg proposed that maximal arterial
oxygen content could be correlated with the highest
respiratory compliance in patients treated with PEEP
(Suter, Fairley and Isenberg, 1975). However, the
correlation was derived from mean values and did
not always occur in individual patients. Since these
initial observations, several investigators have ques-
tioned the validity of this correlation (Gallagher,
Civetta and Kirby, 1978; Hudson et al., 1977). Based
on experimental and clinical data that suggest that
moderate oxygen concentrations act synergistically
with other lung injury, and clinical observations
concerning PEEP trials, we feel that optimal PEEP is
defined empirically where oxygen delivery is ade-
quate and F,02 is at a minimum (Raffin and Roberts,
1982; Nash, Blennerhasset and Pontoppidan, 1967;
Witschi et al., 1981). With the guidelines ofmaintain-
ing the Pao2 at least at 60 mmHg (90% oxyhaemoglo-
bin saturation), if possible, and maintaining an
adequate cardiac output, optimal PEEP for each
patient can be realized.

Ventilation management should also include a
large tidal volume, 12-15 ml/kg (Divertie, 1980;
Raffin and Roberts, 1982). High tidal volumes reduce

the likelihood of atelectasis in terminal air spaces.
The actual tidal volume size may be limited by the
peak inspiratory pressure (PIP). As the PIP ap-
proaches 50-60 cm H20, the probability of baro-
trauma and pneumothorax becomes unacceptably
high and there may be a significant impedance of
venous return and cardiac output; therefore, tidal
volume should be reduced, if possible.
The use of steroids in therapy for acute lung injury

is controversial and definitive clinical data are
lacking. Experimental evidence has shown that
steroids may prevent complement-mediated leuco-
cyte aggregation and superoxide damage to endothe-
lial cells in vitro (Hammerschmidt et al., 1979; Sacks
et al., 1978). It has been demonstrated that methyl-
prednisolone administration before or immediately
after endotoxin infusion in sheep prevented an
increase in lung vascular permeability (Sibbald et al.,
1981). Until well designed clinical studies that define
the efficacy and use of corticosteroids in ARDS are
completed, we cannot recommend their use. If
methylprednisolone is used, doses should be in the
range of 30 mg/kg for 1 or 2 days. Risks associated
with the use of high-dose corticosteroids include the
possibility of increased susceptibility to infection,
gastrointestinal bleeding and steroid-induced dia-
betes mellitus.

Clearly, management of the patient with acute
ARDS requires optimum therapy in every possible
respect. If the patient has survived the first several
days of intense therapy then usually a more drawn
out struggle begins. The goal now is to keep the
'chronically critically ill' ventilated patient with
ARDS alive for as long as it takes the lungs to repair
themselves. This might be 4-8 weeks. There are
many grave risks to the chronically critically ill
patient including sepsis from numerous central ven-
ous lines, nosocomial pneumonia, cardiac arrhyth-
mias, gastrointestinal bleeding and catastrophic
events such as pneumothorax. The longer the chroni-
cally critically ill ventilated patient remains in the
intensive care unit, the greater the risk for morbidity
and mortality. In fact, in some of these patients, after
many rigorous and thoughtful attempts to wean them
from ventilator support, complicated by numerous
infections and setbacks, it is reasonable to come to
the conclusion that there is no chance for the patient
to regain good quality of life and consideration
should be given to withdrawing extraordinary life
support. Of course, this is a complex decision and
must involve the patient, family and the entire health
care team.
Management of the chronically critically ill patient

with ARDS in the intensive care unit is difficult,
time-consuming and requires extensive resources.
Often the day-to-day urgent complications and
monitoring and laboratory data in need of review
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prevent the development of an overall conceptual
approach which will enable the health care team to
salvage these patients. A unifying conceptual ap-
proach that we use for managing the chronically
critically ill patient with ARDS, or any other hard-to-
wean patient, likens the patient to an athelete in
trainiig. This may seem simplistic or ironic, but the
goal of 'training' a patient to survive has many
similarities to training a champion athlete. We like to
refer, tongue-in-cheek, to this as the 'Bruce Jenner
Protocol' (Table 1) (Raffin and Roberts, 1982).

TABLE 1. Management of the patient with
ARDS: the Bruce Jenner protocol

I.

II.

III.

IV.

V.

Exercise
Respiratory and whole body
Nutrition
Attain anabolism
Fluid management
Maintain optimally dry
Emotional support
Warm and nurturing environment
Sleep
Day-night cycle

The five points of the protocol are (i) exercise, (ii)
nutrition, (iii) fluid management, (iv) emotional
support, and (v) sleep. Exercise includes both pulmo-
nary and whole body conditioning. It is important to
identify an exercise level that can be slowly increased
each day. The goal is to establish momentum so that
the patient is progressing each day.

Intermittent mandatory ventilation (IMV) is ex-
tremely useful in exercising the patient's respiratory
muscles. It requires that the patient assume a portion
of the work of breathing and can be adjusted to
increase a patient's respiratory self-sufficiency. In an
effort to maximize patient effort we will accept a
Paco2 of 45-60 mmHg if necessary. Another equally
effective weaning technique uses assist-control venti-
lation. Whole body exercises include isometrics in
bed, physical therapy, sitting in a chair and patients
with a tracheostomy should be taken for a walk,
while being ventilated by hand.

Appropriate nutritional status requires that a
patient be anabolic and have an optimal fat and
dextrose load. In general, enteral feedings are desir-
able and should be used if possible as this method
may reduce the incidence of complications, might be
physiologically better than parenteral feedings and is
certainly less expensive. Special care must be taken in
the neurologically impaired patient as aspiration is
the most dangerous complication of enteral feeding.
Parenteral nutrition may be complicated by septic,
mechanical or metabolic problems. By utilizing strict
and cautious sterile procedure during line placement

some of these complications can be minimized. An
excess of dextrose can increase CO2 production by as
much as 20o (Askanazi et al., 1981), and careful
attention should be paid to the Paco2. If it is felt that
the Paco2 is in part elevated due to the extent of the
dextrose load, then the amount of dextrose should be
decreased and substituted by an increase in calories
utilizing fat. Usually, critically ill patients with
ARDS require 40-50 cal/kg to attain anabolism.

Fluid management is of central importance in
ARDS. A fine line exists between maintenance of
adequate tissue perfusion and minimizing pulmonary
alveolar and interstitial water (Stothert and Carrico,
1981; Brigham, 1983). Patients with ARDS should be
optimally dry. This means that total body and lung
water should be removed by diuresis and the
endpoint should be empirically determined based on
pulmonary capillary wedge pressure in relation to
cardiac index. Renal function should be carefully
assessed by the creatinine clearance in order to
ensure adequate renal perfusion. However, even
though the patient may be diuresed to a sub-normal
total body water level, cardiac, cerebral and renal
perfusion must be adequate and this is the reason for
using the term 'optimally'. Patients who have viscid
tracheobronchial secretions must be diuresed care-
fully since there is the risk of drying their secretions
further and obstructing airways.
A warm, supportive relationship with the patient is

also important. It is desirable for the patient to be as
independent and active as possible with active
encouragement from the professional staff and fam-
ily. A day-night sleep pattern is also of benefit for the
patient. This unifying concept of the chronically
critically ill ventilated patient with ARDS as an
athlete in training has been useful in focusing and
tailoring intensive care unit management.

Future

Rapid growth in our understanding of the mecha-
nisms of ARDS is leading to future specific therapies
that may prevent the development or alter the course
of this devastating disease. Exciting areas of investi-
gation include pharmacological interventions aimed
at blocking the synthesis of deleterious arachidonic
acid metabolites and other injurious factors. Also,
monoclonal antibody technology may be used to
prevent aggregation of neutrophils in response to C5a
and other chemoattractants. Hopefully, an effective
therapy will be realized as a result of our continued
effort to understand the fundamentals of the patho-
genesis of ARDS.
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