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SUFFERERS from arteriosclerotic peripheral vascular disease constitute a
much neglected group of patients when compared with those suffering from
the other forms of peripheral vascular disorders which have received so much
attention during the past decade. Arteriosclerosis, with the present interpreta-
tion of its meaning, is responsible for the vast majority of disturbances of
the peripheral arterial circulation, and; during the past two years, it has
been assigned as the etiological factor in 76 per cent. of the patients admitted
to our vascular disease clinic. The economic loss which results from the
disabilities brought about by this degenerative process is very large when
we consider the total cost to charitable organizations and to the State when,
following amputation of the extremity, its sufferers have ceased to be
objects of interest to the medical profession. Fortunately, this neglected
group of patients has, within the past two or three years, attracted the inter-
est of an increasing number of internists as well as surgeons, and many are
now devoting much time to the study and treatment of arteriosclerotic
peripheral vascular disease.

As a result of these recent studies have come observations which tend to
shake faith in the old idea of hopelessness with which this chronic degenera-
tive process has been stigmatized for so many years. Among these studies
have been the important observations of Allen and Smithwick ** and others
who, by their extensive experiences, have been forced to the conclusion that
in some instances the symptomless extremity may exhibit definite evidences
of a much more advanced arteriosclerosis than the corresponding painful
extremity which exhibits signs of beginning gangrene of the toes. Also,
very advanced peripheral arteriosclerosis may be found among patients who
have never shown any signs or symptoms of a disturbance of the arterial
circulation. There are records of patients who have survived one or more
periods of threatened or beginning gangrene of the toes without a major
amputation and who have later become practically free from symptoms
referable to that extremity.

The arteriographical studies of extremities amputated because of arterio-
sclerotic gangrene reveal the greatest variation in the size and number of
patent arteries and arterioles. Why should not the extremity which exhibits
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an apparently adequate arterial bed survive as long as the amputated extremity
which, by arteriography, shows practically no patent arterial bed? Extreme
caution must be exercised in drawing conclusions as to the adequacy of an
arterial bed from rontgenologically visualized arteries of the dead or living
extremity. Certainly, for the present at least, there are no definite standards
by which we can determine from the visualization of the arterial bed alone
that an extremity must be amputated or is even doomed to an amputation.
The only criterion is whether or not the tissues, through visualized or non-
visualized arteries, are receiving or can be made to receive the nourishment
required for their normal metabolic processes. The high incidence “of
arteriosclerotic gangrene during the winter months has become an obvious
challenge of our therapeutic ability. These and many other equally impor-
tant observations are rapidly changing the general attitude from one of wait-
ing for the time of amputation to one of actually combating the deficiency of
the arterial circulation before the trophic changes have begun to make their
appearance.

The growing conservative attitude toward this degenerative process has,
within the past few years, found expression in the more active education of our
patients in a wider and more meticulous use of all of the measures dealing with
the local hygiene of the feet, general health, optimum position for the resting
extremities, Buerger-Allen exercises, etc., which have been emphasized re-
peatedly and which have undoubtedly been of tremendous value in tiding many
patients through the threatening stages'of peripheral arteriosclerosis until an
adequate collateral circulation could develop.

To these measures, which go a long way toward encouraging the develop-
ment of a collateral circulation, we have, within the past two years, added the
method of passive vascular exercises (Pavaex) as a means of actively promot-
ing the development of an adequate collateral arterial circulation. This method,
as many of you already know;:consists of the rhythmic alternation of negative
and positive pressures-about the affected extremity or extremities.

The physiological effect of diminished atmospheric pressure upon the body
or extremity and the marked increase in the arterial circulation which could be
brought about in this way was described in detail over 100 years ago and has,
at intervals, been rediscovered apd redescribed since that time—most recently
by. Landis and Gibhen 2% and:by ourselves.?”> 18 20 Sjr James Murray,! ¢
of; Dublin, was, perhaps; the firstto apply this principle to the treatment of dis-
ease. - As early as 1812 he subjected animals as well as patients to various de-
grees of rarefied and:compressed air. It was not until 1832, however, that he
began to publish:the results of his experimental and practical studies. In 183s,
he described. the effects of diminished atmospheric pressure upon man in the
following words:-‘‘The effects of a rare atmosphere are pointed out by those
who have ascended-very elevated situations;:but in such cases the air inhaled was
aslight asthataround the body. Ormrthe contrary, it is natural to expect different
resylts if;yaucplace a:man in a rarefied atmosphere, who is at the same time
breathing:air.of the usual density and pressure. Abstraction of a ton and half
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a ton of weight from the surface of the body permits the cutaneous vessels
easily to fill, and favours their distention as it were by suction, while, at the
same time, the lungs receive a column of the usual expansive force supporting
the interior trunk and organs, pressing and propelling blood out from the
center to the circumference. In this consists the novelty and value (if any)
of the principle I propose.”

Since that time there have been many variations in the methods of applying
negative or positive environmental pressure to modify the circulation of blood
in the various parts of the human body. In 1833, Victor Junod? 3 published his
thesis for doctorate from the University of Paris in which he described the use
of negative pressure in the treatment of various diseases under the title of
hemospasia and aérotherapeia. In 1835, W. Reid Clanny,’ of Sunderland, Eng-
land, working independently of Murray and Junod, published a description of
the apparatus which he had devised for removing the pressure of the atmosphere
from the body or limbs. It was not until 1887, however, that negative and posi-
tive pressures were used alternately to modify the arterial circulation in the
extremities. It was Edgar Bluck,® of South Hamstead, England, who first
applied the rhythmic alternation of these pressures as he described it : “‘to bring
about an influx and efflux of the blood in the part or parts affected.”

It is quite apparent from the chart (Fig. 1), which shows in a chronological
order the development of this form of therapy during the past 122 years, that
the idea is a very old one and still more important is that the beneficial effects
of changes in the environmental pressure were well established many years ago.
We have attempted to revive interest in this form of therapy and suggest means
by which it can be used as a practical form of therapy for that large group of
patients who are suffering from pain and disability because of organic disease
of the peripheral arteries.

The first record of the application of diminished atmospheric pressure as a
treatment for organic peripheral arterial disease was published in 1917 by
Sinkowitz and Gottlieb.10 They applied the Bier’s” suction hyperamia treat-
ment to four patients with thrombo-angiitis obliterans with very good results.
In 1930, Braeucker? applied the same method of treatment to nineteen patients
with true Raynaud’s disease with equally good results.

. In 1932, Herrmann?® designed and built apparatus which would automati-
cally bring about the rhythmic alternation of the environmental pressure of an
extremity from any desired amount of negative pressure to any desired amount
of positive pressure and at any selected rate of alternation. Because of the fact
that this apparatus was essentially causing passive exercise of the vascular sys-
tem, he called the method of treatment Pavaex (passive vascular exercises).

In order to conform to the generally accepted principle of dilating or stretch-
ing muscular tissue, it appeared quite necessary to cause the pressure to change
gradually rather than suddenly. Our original Pavaex unit was so constructed
that the change of pressure was brought about slowly, the complete cycle of the
variation from atmospheric pressure to seventy millimetres of mercury nega-
tive pressure than to seventy millimetres of mercury positive pressure and
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finally back again to atmospheric pressure, took about thirty seconds. After
much experimentation we came to the conclusion that four complete cycles
of alternating pressure from about eighty millimetres of mercury negative
pressure to twenty or forty millimetres of mercury positive pressure will
bring about the greatest increase in the arterial circulation with the least
damage to the tissues of the extremity. In one complete cycle of fifteen sec-
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F1c. 1.—Chart showing, in their chronological order, the more important methods of
applying negative and positive pressure to the body or extremities.

onds about five seconds are used for the positive pressure phase and about
ten seconds are used for the negative pressure phase. Until about four months
ago we were limiting each treatment to thirty minutes but recently DeTakats?3
has pointed out to us that much more benefit can be brought about by increas-
ing the time of the individual treatments to one or two hours or even more.
There seems to be no limit to the length of time the treatment can be carried
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out without discomfort or untoward effects. The frequency or length of the
treatments should depend entirely upon the urgency of the condition to be
treated, as for instance, acute arterial occlusion either by operation, trauma,
thrombosis or embolism must be considered as surgical emergencies and
treated intensively until adequate circulation has been permanently established.
For patients who are hospitalized the number of hours of actual treatment
vary from four to eight each day, while the less urgent and ambulatory patients
receive from three to seven hours of treatment each week.

In the method advocated by Landis and Gibbon'® considerably greater
degrees of positive and negative pressure are being used and the alternation
is so arranged that only five seconds are allowed for the eighty millimetres
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F16. 2.—Chart showing the analysis of results obtained by intensive Pavaex therapy in a
series of seventy-five unselected patients with arteriosclerosis obliterans.

of mercury positive pressure to act upon the extremity and twenty-five seconds
are allowed for the negative pressure of 120 millimetres of mercury to be
maintained about the extremity which is being treated. This method may
prove to be most efficient in those cases of extensive arteriolar obliteration
which require greater pressures to bimg about an exchange of blood in the
distal parts of the extremity. Much experimental work is still necessary be-
fore one can say with certainty which of the two methods will give the better
results. It is highly probable that each of these methods will have its definite
field of application in the treatment of the obliterative arterial diseases of the
extremities. Herrmann?? has now constructed apparatus which will not only
bring about the rhythmic exchange of environmental pressures slowly but
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will, at the same time, create 80 to 100 short oscillations each minute during
both the negative and the positive phase of the cycle. (Fig. 1.). It is be-
lieved that this addition to the cycle which we now use will increase the dilat-
ing efficiency of the negative pressure a well as increase the possible canalizing
effect of the positive pressure, especially in those cases where venous and lym-
phatic obstructions are being treated.

In applying the negative and positive pressures slowly to the extremities
of patients which organic arterial diseases, we found that pressures over 100
millimetres of mercury occasionally caused petechial hemorrhages and not
infrequently secondary arterial thrombosis. We found, after a large series of
determinations, that approximately eighty millimetres of mercury megative
pressure and twenty millimetres of mercury positive pressure were the opti-
mum pressures for patients with extensive organic changes in the arteries of

Fi16. 3.—The Pavaex treatment unit with the treatment boot of pyrex glass. Note that the foot and
leg have been elevated several inches above the level of the patient’s heart.

the extremities. The elevation of the extremity several inches above the level
of the heart (Fig. 3) has been found to be more satisfactory than the use of
large amounts of positive pressure to free the extremity of venous blood.
However, certain variations of these pressures have frequently been neces-
sary as, for example, when treating the cyanotic or static type of vascular dis-
turbance which is associated with extensive arteriosclerosis, it has been found
advisable to decrease the amount of negative pressure to about sixty milli-
metres of mercury and to increase the positive pressure to about forty milli-
metres of mercury. (Fig. 4.)

In the course of over 12,000 Pavaex treatments we have learned, as one
might have anticipated, that the most startling results have been obtained
among those patients suffering from a more or less sudden occlusion of one
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of the major arteries of the extremity, for instance, in the cases of ligation
of a major artery, major arterial embolism or rapid arterial thrombosis. It
has been our experience that the worry of gangrene in such cases can be
eliminated by the early application of this form of therapy.

The usefulness of the Pavaex method of treatment in cases of the
arteriosclerotic type of peripheral vascular disturbances seems to depend
largely upon the part of the vascular tree which is mostly affected. It was,
therefore, necessary that all patients be studied carefully before the treatment
was begun. An accurate diagnosis of the type and extent of the arterial dis-
ease was made upon each patient by the oscillometric and calorimetric studies
before and after vasomotor relaxation and under controlled conditions of

Fr16. 4.—Photograph showing the details of the control panel of the Pavaex treatment unit.

temperature and humidity. As a result of these studies we have classified
all of our patients with arteriosclerotic peripheral vascular disturbances under
one of three main types depending upon the part of the arterial tree which
showed the greatest involvement. ‘

A series of seventy-five unselected cases of arteriosclerosis obliterans
which have received intensive Pavaex therapy has been analyzed and the
results obtained in each group are presented in the following tables. Repeated
follow-up examinations have been made on the majority of the patients in
this series.

Type 1. Predominant Involvement of the Major Arterial Pathways of the
Extremity—Of the seventy-five unselected cases of arteriosclerosis obliterans,
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only ten were found to belong to this group. All of the patients of this group
came to the hospital because of acute or subacute thrombosis of some major
peripheral artery. (Fig. 2.) All of these patients were seen within twelve
hours after the onset of the acute pain and intensive treatment was begun
very shortly thereafter. After varying amounts of treatment, depending upon
the extent of the arterial occlusion, all of these patients reported complete
relief of all major symptoms including the severe intermittent claudication
which had preceded the onset of the acute occlusion in the majority of the
cases. No amputations were necessary.

Type 11. Predominant Involvement of the Secondary Arterial Pathways of
the Extremity—Of the seventy-five unselected cases of arteriosclerosis ob-
literans which were analyzed, forty-six were found to belong to this group.
This group is made up largely of patients who were not aware of the fact
that they had organic arterial disease until some trivial infection of a toe or

A B o B,

F16. 5.—Result obtained by intensive Pavaex therapy in a patient (J. K., age fifty-eight years)
with extensive peripheral arteriosclerosis obliterans associated with severe diabetes mellitus. This
patient lost his right leg eighteen months previously because of gangrene. (A)—Extending gangrene
of the left foot. No pulses palpable in the foot. (B)—Three weeks after a Lisfranc’s amputation had
been performed. At the time of the amputation not a single bleeding vessel was encountered. After
forty-two hours of Pavaex therapy the stump was covered with healthy granulation tissue. This
amount of treatment was given over a period of ten days. Small pinch grafts of skin were applied
and the surface was almost completely epithelialized when photograph B was taken. The stump has
remained healed and he bears weight on it without discomfort. :
corn developed into a spreading infection in the foot or gangrene of the toe.
Thirty of these patients were diabetics. Many of these patients were treated
for weeks or months for fallen arches, rheumatism, sprained ankles or meta-
tarsalgia before the real nature of their disturbance was suspected.

Of these forty-six patients who received intensive Pavaex therapy, twenty
patients (43.37 per cent.) were completely relieved of all major symptoms.
Twenty-two of these patients (47.83 per cent.) were greatly improved and
were able to resume their work without further discomfort but were not com-
pletely relieved of all of the former pain. Four of these patients (8.69 per
cent.) showed definite gangrene of the distal part of their foot at the time
of admission to the hospital and before any Pavaex treatments had been given.
The gangrene was definitely limited by the intensive Pavaex treatment hut
various types of amputations through the foot were necessary to remove the

gangrenous tissue. We feel that the Pavaex therapy made possible this less
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radical type of amputation ; nevertheless, in the summary of the results (I7ig.
2) we have listed these patients as having had amputations rather than in the
group showing improvement. At the time of the amputations the tissues of
the affected feet were avascular but the Pavaex treatments soon caused
healthy granulation tissue to appear and rapid healing of the stumps was
effected by skin grafting. These stumps have proved to be serviceable for
weight-bearing and far superior to any artificial foot or limb. (Fig. 5.)

Type I11. Predominant Involvement of the Arterioles of the Feet—Of
the seventy-five cases of arteriosclerosis obliterans which were analyzed, nine-
teen were found to belong to this group. All of these patients showed evi-
dence of generalized vascular sclerosis with relatively little involvement of the
major and secondary arteries of the extremities but with evidence of extensive
obliteration of the arterioles of the feet and toes. Many of these patients
showed the purplish-red discoloration of the feet with more or less mottling
and irregular pigmentation of the skin of the entire lower part of the ex-
tremity. The disturbance was usually bilateral but more marked on one side.
Both feet were always cold and the patients complained of a constant dull
aching pain in the entire foot with some radiation of the pain up the leg as
high as the knees.

Of the nineteen patients in this group only three (15.7 per cent.) stated
that they had been relieved of their pain with a definite improvement in the
color of the feet. Eight of the patients (42.1 per cent.) stated that they were
definitely improved although not completely relieved of all the pain. They
were, however, able to sleep, which they considered extremely important and
attributed it to the reduction in the severity of the pain. Eight of the patients
(42.1 per cent.) were apparently not benefited at all by the Pavaex treatments
as their pain continued to grow worse and the gangrenous lesions when pres-
ent continued to progress in spite of the intensive treatment; consequently
these eight patients were subjected to mid-thigh amputations. In this latter
group of patients the Pavaex treatments frequently caused the pain to increase
in severity.

SumMmmARY.—Seventy-five unselected patients with arteriosclerosis obliter-
ans who had received intensive Pavaex therapy were analyzed. It was found
that thirty-three of these patients (44 per cent.) reported that they had been
completely relieved of their major symptoms; thirty of the patients (40 per
cent.) reported that they were greatly improved by the treatment; four of the
patients (5.34 per cent.) were admitted to the hospital with definite gangrene
of the foot and this gangrene was limited and sufficient collateral arterial cir-
culation developed after this treatment to permit an amputation to be per-
formed through the foot followed by prompt healing of the wound ; and only
eight of the patients of this entire series (10.67 per cent.) actually lost their
extremities because an adequate collateral circulation could not be established
by the Pavaex method of therapy. We believe that the results obtained in
this series of patients justifies the faith which we have placed in this conserva-
tive method of treatment of such a serious form of obliterative arterial dis-
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ease of the extremities as arteriosclerosis has proved itself to be in the
past.

ConcrusioNs— (1) The variability in the clinical manifestations of
patients suffering from arteriosclerotic peripheral vascular disease should
make us endeavor to tide them through the periods of threatening disaster as
well as endeavor to promote actively the development of an adequate or bal-
anced collateral circulation.

(2) The addition of passive vascular exercises (Pavaex therapy) to
all those measures of general care advocated by Allen,'! Buerger, Reid'* and
others, will materially aid in bringing comfort to the patient and preventing
serious sequelee from making their appearance in patients with arterioscle-
rotic peripheral vascular disturbances.

(3) Thus far the benefits of the Pavaex treatments have been least ob-
vious in those patients with extensive obliteration of the arteriolar bed of
the feet, and most striking when the pathological changes were primarily
limited to the major or secondary arterial pathways, especially when there
was a rapid occlusion of the artery by embolism, trauma, surgery or
thrombosis.

(4) The active treatment of the obliterative arterial diseases of the ex-
tremities is, as a result of recent work, rapidly becoming a truly non-surgical
procedure and may soon rightfully become the function of the departments
of internal medicine.

\
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