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High-frequency Positive-pressure Ventilation (HF PPV):

What Role in Ventilatory Insufficiency?

RECENT DEVELOPMENTS in mechanical ventilatory sup-
port indicate that a major shift in emphasis has oc-
curred. Although support of alveolar gas exchange is
still paramount in importance, the adverse effects of
positive-pressure techniques have received increasing
attention during the past decade.

The major complications of ventilator therapy —
pulmonary barotrauma and cardiovascular depres-
sion—were not a serious problem when diseases such
as poliomyelitis were treated with negative-pressure
tank ventilators. Such devices, which mimicked the
natural pattern of spontaneous ventilation, were
required to generate a low subambient intrapleural
pressure, since pulmonary parenchymal damage was
usually minimal. Shortly after the introduction of
positive-pressure ventilation, Cournand and others'
showed that blood pressure and cardiac output could

" be depressed significantly, particularly when a long
inspiratory phase was employed. The increased dura-
tion of positive airway and intrapleural pressure sub-
sequently was shown to decrease thoracic venous in-
flow, stroke volume, and cardiac output.

In 1967, positive end-expiratory pressure (PEEP)
was advocated to offset the pathophysiologic changes
associated with acute ventilatory insufficiency? (later
called the adult respiratory distress syndrome, or
ARDS). Improvement in Pag, and decrease of intra-
pulmonary shunting represented beneficial effects of
such therapy, but PEEP when used in conjunction
with mechanical ventilation was also alleged to in-
crease the incidence of pulmonary barotrauma and
cardiovascular depression. Subsequent attempts to
minimize these complications included the use of
PEEP in spontaneously breathing patients® and the
development of intermittent mandatory ventilation
(IMV),* techniques that eliminated or decreased the
adverse effects of mechanical ventilation per se.

Since 1967, a completely different approach, high-
frequency positive-pressure ventilation (HFPPV), has
been advocated by a few investigators. The techniques,
apparatus, experimental studies and clinical results
have been reported.® Briefly, HFPPV incorporates the
following characteristics: 1) ventilatory frequency ap-
proximately three times greater than that of conven-
tional IPPV (although cycling frequencies as high as
5,000 min~! have been reported); 2) inspiratory:ex-
piratory ratio <0.5; 3) small tidal volume, usually ap-
proaching that of the calculated dead space, Vp; 4)
positive airway and subambient intrapleural pressures

throughout the entire respiratory cycle, thereby
maintaining a continuously positive transpulmon-
ary pressure.

Advantages that have been claimed for HFPPV in-
clude less cardiovascular depression as a result of
lower tidal volumes and airway pressure, more ef-
ficient pulmonary gas distribution, and reflex suppres-
sion of spontaneous ventilation, thereby avoiding
asynchronous patient-ventilator breathing. Most of
the work thus far has emanated from Sweden, and
experience in the United States has been limited.
Most reports have dealt with experimental animals or
patients undergoing diagnostic laryngoscopy or
bronchoscopy. There has been no report of a con-
trolled, randomized study in which the results of
HFPPV were compared with results of more conven-
tional forms of mechanical ventilatory support in
patients with acute ventilatory insufficiency, although
the results reported by Bland in the treatment of
neonates with respiratory distress syndrome are en-
couraging.® In this issue, however, Carlon et al.” report
a more limited application of HFPPV in the treatment
of bronchopleural fistula, which is interesting, pro-
vocative, and of potentially great value. Patients in
whom this complication occurs as a result of positive-
pressure ventilation present a significant therapeutic
challenge, which has been met with variable suc-
cess.*~!* Mechanical support, which is necessary to
ensure adequate alveolar ventilation, may be rendered
ineffective by escape of a large portion of the tidal
volume through the fistula. Attempts to improve ven-
tilation by increasing tidal volume or inspiratory air-
way pressure usually compound the problem. At-
tempts at operative closure of the fistula usually fail,
in part, at least, because of the frequent presence
of infection.

Mechanical ventilatory support, which employs a
low tidal volume and low peak and mean airway pres-
sures, should decrease the tendency for volume loss
through the fistula to occur and improve the distribu-
tion of gas throughout the rest of the lung. All other
things being equal, improved alveolar ventilation, evi-
denced by a decrease in Paco,, might be anticipated,
and indeed was found by Carlon et al.”

Many questions remain to be answered concerning
HFPPV. The fact that it works in selected clinical
circumstances cannot be denied, but why and how, in
my estimation, is entirely unclear. Although airway
pressure remains positive throughout the entire
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respiratory cycle, HFPPV is not entirely analogous to
conventional PEEP. Pacg, increases in apneic patients
treated with PEEP, whose lungs are not ventilated
manually or mechanically, but characteristically de-
creases with HFPPV. Low internal compliance and cir-
cuit volume appear to be prerequisites, so that a
maximum amount of the delivered tidal volume ac-
tually reaches the patient’s lungs. But why is a tidal
volume, which is equal only to the calculated dead
space of a normal individual and probably much less
than that of a patient with acute ventilatory failure,
associated with a normal Paco,? Speculation concern-
ing eddy-flows and non-square-wave jet pulses down
the airway, which improve alveolar mixing, really
translate into the fact that we have no good idea what
is happening. Classic pulmonary physiology has not
prepared us to understand HFPPV! Perhaps the
mechanism is similar to that which allows a panting
dog to maintain normal or low Pacg,. In the latter,
the respiratory frequency is high and the tidal volume
low. However, we have no knowledge whether rapid,
low-tidal-volume spontaneous breathing in animals
with normal lungs is analogous to the clinical set-
ting of acute ventilatory insufficiency treated with
HFPPV, in which spontaneous ventilation is de-
liberately suppressed.

High-frequency positive-pressure ventilation has
been studied for 12 years. Thus far, most of the in-
formation is anecdotal, and the ultimate role of this
support has yet to be ascertained. We need basic
physiologic information and facts. Eriksson et al.!!
and Borg et al.'* have demonstrated that the ef-
fects of HFPPV compared with conventional 1PPV
may be different under certain circumstances. In
deeply anesthetized dogs total peripheral resistance
was lower while cardiac output and stroke volume
were higher with HFPPV than with IPPV. In contrast,
when a light plane of anesthesia was employed, which
allowed regulatory and compensatory cardiovascular
mechanisms to remain operative, there was no sig-
nificant difference in these variables with either mode
of ventilation or the frequencies utilized (20-60
cycles-min~). Borg et al.® suggest that the critically
ill patient with ventilatory failure may simulate the
deeply anesthetized dog in terms of a loss of these
regulatory and compensatory mechanisms. Such an
individual might indeed benefit from the cardiovas-
cular sparing effects of HFPPV if ventilatory func-
tion can be maintained in a satisfactory manner.

It is the latter point upon which attention must be

focused. In 12 years, only two cases of ARDS treated
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with HFPPV have been reported.” Presently, be-
cause of a lack of clinical information. HFPPV can-
not be recommended as a primary form of therapy.
However, it may be very useful in cases such as the one
described by Carlon et al. We can hope that further

work and prospective studies will delineate the future
role of HFPPV,
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