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I. ':RE DEVELOFMENT MID TESTIID OF A
NEW RESPlPATOR·

Earl A. Schultz, M. D.
John R. Gordon, M. D.

D. Stuart P. Weatherhead, M. D.
Frederick H. VdD Bergen, M. D.

Joseph J. Buckley, M. D.
Charles W. Field, M. D.

The search for a mechanical appara
tus capable of efficiently maintaining
normal ventilation in the apneic patient
has been in progress for many years.
Various devices powered by mechanical,
electrical or manual means have 1'>een
ut ilized in the experimental and thera··
peutic ventilatory maintenance of
animals and man for short periods of
time. In man, early methods were
directed primarily at resuscitating the
drowned or asphTLiated patient,l as
well as faciliatating surgical procedure
involving the ~pen thorax. 2

7he artificial maintenance of venti
lation in individuals over long periods
of time (iays, weeks or months) is a
relatively recent concept. Drinker..
and ShawJ in 1929 described a tank type
respirator as a means of ventilation of
individuals suffering frOID chronic res
~iratory paralysis or paresis. This
machine was the forerunner of the modern
tank respirator, popularly known as the
"iran lung." Interestingly enough, a
similar apparatus was described in 18404

and in 18765 .

Some attempts have been made to
diminish the bulk of the tank-type
machine by employment of various chest
or tboraco-abdominal models. Such mod
ifications have been only partially
s'J.ccessful J however, s inees ignificant
diminution in ventilatory efficigncy
accompanied the decrease in size .
While such modified negative pressure
type respirators may have some function
in the convalescent poliorryelitis
~atient, current opinion indicates that
such devices are inefficient during the
acute phase of the diseas~. The rock
ing ted9 carries similar limitations.

The electrophrenic respiratorlO has
reen used in the treatment of apnea due
to rulrar poliomyelitis with a modest
negree of success. wt"ile this apparatus
on occasion is caparle of producing an
adequate respiratory exchange in the
apneic patient, its effectiveness is
variable and unpredictable, especially
with repeated use in the same individual.
It is ineffective in high spinal polio
myelitis where phrenic involvement is
present.

Consequently, the tank type respira
tor has remained the most popular machine,
roth in this country and abroad, for the
support of the patient requiring arti
ficial ventilation for prolonged periods
of time. During these twenty-five years
the apparatus has undergone no signifi
cant basic alteration. Numerous acces
sory features have been added, suchcas
emergency signal lights and buzzers o,
deep breathers, ~xsufflators,7 eccentric
driveshaft cams, and positive pressure
domes. Despite these embellishments the
intrins ic des ign pers is ts essentially
unchanged -- the trunk and limbs of the
~tient, either wholly or in part, must
remain enclosed in a rigid.J r~ively

air-tight tank.

During the ~pidemics of poliomyelitis
in Minnesota in 1952 and in western
Canada in 1953 an opportunity was
afforded to study a large group of pa
tients confined·to tank type respjrators.

It was observed that the apparatus,
although effective in many cases, was
quite ineffective in others. The machine
actually contributed to the demise of
some patients, due to certain character
istics outlined in Table I. In addition,
it was observed frequently that patients
who were deteriorating in the tank res
pirator actually improved when they were
removed from the tank and ventilated by
intermittent positive pressure breathing
provided by manual compression of the
rebreathing bag of an anesthesia machine.

'I'ABLE I

I
t,
I
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TABLE I

Classification of Deficiencies of Tank
Type Respirator

Problems referable to:

A. Inaccessibility of Patient:
1. Nursing Problems:

a) Essential routine and special
nursing functions rendered dif
ficult.

b) Special nursing training re
quired to attain necessary
efficiency.

c) Strenuous nature of above
duties render nurse prccure
ment difficult and costly.

2. Physician Problems:
a) Accurate physical diagnosis

difficult.
b) Therapeutic procedures.

3. Problems of Allied Personnel:
a) Roentgen examination.
b) Laboratory specimen procure

ment.
c) Physiotherapy.

B. Immobility of Patient:
1. Pulmonary drainage impairment
2. Decubitus ulceration
3. Phlebothrombosis
4. Nephroli thias is

C. Lack of Rigid C.ontrol of Respirator
Function:
Effective respirator function in
fluenced by:
1. Mechanical weakness at such points

of rubber collar, side ports, etc.
2. Alteration in pulmonary compliance

and patency of airway of patient.
3. Changes in 1) and 2) cause hypo

ventilation or hyperventilation
with attendant physiologic altera
tions.

4. Changes in 1) and 2) make defini
tive instruction of non-medical
personnel in intelligent operation
of respirator difficult.

D. Mobility, Size and Cost of Respirato~:

?!he inaccessibility of the patient
in a tank type respirator constitutes
a serious impediment to efficient nurs
:ng care. It is paradoxical perhaps
that apneic patients requiring respira
tor main+'enance are those most in need
of vigorous, unennumbered nursing

procedures. 10 Frequent positional
changes, prevention of ischemic damage
to the skin over bony pressure points,
rathing, linen changing, prompt removal
of tracheobronchial and other secretions
are examples of routine and special
nursing details which are impaired by
enclosure of the ratient in the tank.
~o a~tain any satisfactory degree of
efficiency of nursing care against such
an obstacle, a period of specialized
nurses' training has been found to be
desirable. Such additional qualifica
tions are not found with any reasonable
frequency in the average nursing roster.
~is is attributable to a great extent
to the strenuous nature of nursing pro
cedures under such circumstances. The
above mentioned duties (positioning,
skin care, bed-making, suctioning) are
rendered extremely arduous and exhaust
ing. This tends to discourage efficien
cy in the average nurse. For these
re~aons, nurse procurement for such
patients sometimes proves to be quite
difficult.

The inaccessibility of such critical
ly ill patients in addition works con
siderable hardship on the attending
physician. Physical diagnosis J especi
ally as regards pulmonary and cardi6
vascular lesions, is rendered extremely
difficult. 10 Likewise therapeutic
procedures such as intravenous therapy,
surgical wound dressing, and catheteri
zation are impeded unless the patient is
removed temporarily from the tank. The
latter procedure requires special equip
ment and personnel acquainted with tech
niques of positive pressure respiration.
Similarly, satisfactory roentgen studies,
which often are "extremely important in
diagnosis and assessment of effective
ness of treatment of pulmonary complica
tions, requ1:r.e tempbrary interruption of
tank respiration and necessity of the
emplo,yment of one of the positive pres
sure methods of artificial respiration.
Procurement of laboratory specimens and
administration of physiotherapy are addi
tional instances of procedures rendered
difficult or impossible without inter
rupting the operation of the tank.

Many patients develop complications
peculiar to respirator therapy. The

\.

\
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high incidence of atelectasis and pneu
monia doubtless is the result of several
factors, not the least of which is the
fact that such patients are relatively
immobile in the tank respirator. In
spite of tracheotomy, frequent broncho
scopic aspiration, and what appears to
be adequate ventilatory exchange, pul
monary drainage is compromised serious
ly. The prone position, optimal for
drainage of secretions fram the pul
monary treell,12 is virtually impossible
to achieve in the tank type respirator.
Assumption of the lateral position is
extremely trying, both for the patient
and .for the attending personnel. Pa
tients are prone to develop decubitus
ulcers because of immobility and be
cause. freq uent pos i tional change is
difficult. Phlebothrombosis is seen
frequently. Hyperthermia, which on
some occasions is due to the disease
process itself,13 often is augmented
by the high temperature and humidity
within the tank. These are all prob
lems important in. the acute phase of
the disease. With convalescence and
chronici ty arise other difficulties.
TImmobility is certainly a contributing
factor to the development of renal.
calculi which are seen freq uently in
such patients.

Satisfactory control of respirator
function, especially 4uring the acute
stage of poliomyelitis, is often a
difficult and perplexing problem.
Respiratory gaseous exchange is ef
fected by regulated tank pressure
changes which are transmitted to the
chest and abdominal walls. Pressure
alterations required to effect ade
quate exchange in different individu
als are quite varied; depending on the
compliance of the thorax and lungs and
the. resistance to air flow imparted ~y

the varying caliber lind length of the
tracheobronchial tree. While a nega
tive pressure of 12 centimeters of
water may produce an adequate tidal
exchange in one indiVidual, a negative
pressure of 22 centimeters of water
may be ineffective in the next patient.
Even when an adequate pressure cycle
is acrdeved (us ually "by the process
of trial and error), factors tending to

alter these optimum conditions may be
come active. An imperfect collar fit or
improperly closed port will result in
failure to attain the desired pressures.
A change in the resistancre of the tracheo
bronchial tree caused by a mucous plug
or a change in the pulmonary compliance
(due, let us say, to fighting of the
respirator cycle by the patient) will
likewise alter efficiency of respirator
ventilation. It has aeen our experience
that such alterations are the rule rather
than the exception. Consequently under
such circumstances, respirators often
deliver either too high or too low a.
tidal volume. The clinical signs of
overventilation are less readily recog
nized than those of underventilation and
as a result, this complication of res
pirator therapy often goes unrecognized
for hours or days. Chronic hyperventila
tion produces definite pal~iologiC

changes which Brown et al have dis
cussed. Renal compensation of the res
piratory alkalosis occurs, resulting in
a marked fall in the chief blood buffer,
the· bicarbonate. If the mechanical
ventilation of such an. individual is
withdrawn, a rise. in pC02 and fall in pH
occur. This acidotic change elicits a
hyperventilation response ss the body
attempts to restore the pH to normality.
Thus it is apparent that the process of
"weaning" patients subjected to mechani
cal hyperventilation for any prolo~~ed

period of time can be difficult and
hazardous. Spontaneous hyperventilation
places severe stress on the compromised
musculature and pulmonary reserve of
such debil~tated patie~ts15.

The significance and hazards of hypo
ventilation are well documented. Pro
vision of inadequate tidal exchange may
result in little or no alteration in
oxygen saturation of the blood, especi
ally when high oxygen concentrations are
inspired. 16 However, elimination of
carbon dioxide is impaired severely
during hypoventilation, resulting in
serious alterations in blood pH. Such
acidotic states have been shown to be
important factors in the production of
cardiac irregularities, blood pressure
alterations, suppression of kidney func
tion and even cardiac arrest. 17,15,19
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Finally, the large size and weight
of the tank type respirator present
difficulties in transportation and stor
age. The cos t 0 l' such an apparatus is
about $1800, w'hich is prohibitive for
many small hospitals requiring only
occasional use of such an apparatus.

Design and Development of a New
Respirator

Numerous unsatisfactory experiences
with the tank respirator during 1952
and 1953, most of which were related
directly to one or more of the above
described deficiencies of the appara
tus, indicated clearly that research
into the design and developnent of a
new respirator was necessary. A ma
chine which \muld obviate the hazards
of the tank respirator and yet provide
adequate ventilation was sought.

Maxtmum accessibility of the patient
was a prime requisite. To accomplish
this end, a method of providing venti
lation via a face mask, oral endotra
cheal tube or tracheotomy seemed mos t
applicable. This then would entail,
the use of intennittent positive Pl'fJs"',:
sure breathing (I.P.P.B.). In V:i~ of
our past experience with deterioratit:l8.
tank respirator patients who appeared.
to improve when they were transferred.
to LP.P.B. as supplied 'by manual ,can- .
pression of the rebroathing bag.,of an
anesthetic .machino, .supfl.an endeavor
seemed promising.

I.P.P.B. has been used in the
management of surgical pneumothorax.
for about. 15 years. Its applica~1on

to the long term maintenance of the
chronically apneic patient is relative
ly recent, however. Most striking is
the experience of Lassen of Denmark20
in the management of numerous apneic ..
patients with poliomyelitis for months.
by the use of manual I..P.P.B. provid,ed
by shifts of medical students. Studies
on tho physiologic cha~es o~casioned.

by the use of I.P.P.B.2 ,22, 3 indicate
that while most techniques are capable .
of satisfactorily perfonning their
prtmary function, that of ventiiating

the lungs, they may, under certain c ir
cumstances, impair circulation. It is
the current opinion that I.P.P,B. in',
which inspiration is of equal or of
greater duration than expiration will
produce deleterious changes in the c,fr
culatory state of the apneiC patiQnt.
Tho important factor appears to be the
integrated mean airway pressure attained
over the entire respiratory cycle. '.
During the period of increased airway.
pressure (inspiration), this press'lIro .is
transmitted to the right atrium and, in
trathoracic groat veins. Impairment .01'
right ventrioular filling and output
results. The effect of this diminution
of right vontrioular .stroke volume is
reflected wi thin the space of.a few.,' .
hoart beats by a diminished left ventri
cular inflow and in turn, left veI,1tricu
lar strolce volume. Unloss thero p:,ovelops
a concurrent tachycardia or a compens&t
ory vasoconstriction during this period,
systemic blood pressure will fall.

If, however, the respira,tory cycle is
so phased that expiration occupiosa
leng'tllof time longer than inspiration,
and if.thepressures delivered are s.o
regulated .that .they act over short
periods, venous return is impeded .mini ...
maliy and the stroke volume which has
siminished during the positive pressure
phase increases, during .the expiratory
phase" resulting in no reduct.ion in the
net cardiac output during that respira
tory cyc'le. It is of interest to note
that dUring I.P.P.B. of optimal cycling
and pressure, the intr~thoracic prpss'ure
alterations and the rate of venous re
turn are in opposite directions to those
fluc~4uations seen in spori taneous breath
ing. c ,25 During. I.P.P.B. tho reduction
in cardiac output is a function of the
integrated mean airway pressure. The
lower tho mean pressure th~ less reduc
tion in output ocqurs.2~ The above dis
cussion applies to apneic individuals
having a relatively normal cardiovascu
lar state. The effects upon patients
having circulatory tmbalonce will be
discussed below.

Our firs t trials in the management of
chronic apnea by I.P.P.B. involved~he

use of ,the Mautz anesthesia machine

\

\.

\
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attachment. 27,28 Results with the
use of this system were encouraging.
The pressure curve produced was of the
desirable type described above. Un
towalu clinical effects on cardiovas
cular dynamics were not observed.
Ventilation was adequate as indicated
by normal alveolar gas) blood gas and
hydrogen ion determinations. Chronic
ally apneic patients were maintained
for periods as long as three weeks
without incident referable to the tech
nique. However, such an arrangement
proved undesirable for several reasons.
Since the apparatus was pneumatically
operated, careful observation and fre-
quent changj.ng of compressed gas tanks
were required. For the same reason,
this respirator was relatively expensive
to operate. Complete control of res
piratory volume was not assured, since
the gas conduit system involved was
non-rigid. Constant adjustment of
respiratory gas flows was necessary in
order that the rebreathing bag did not
became overdistended or collapsed. The
carbon dioxide absorber required system
atic replenishment.

The next step undertaken therefore
was that of adaptation of the principle
of intermittent positive pressure res
piration, incorporating the features
found desirable in the Mautz apparatus
and eliminating those features which
were objectionable. An apparatus* was
designed and constructed which employed
a rigid system of gas delivery to the
patient and which provided accurate
control of tidal volume and respiratory
rate. An escape valve arrangement was
incorporated which permitted precise
limitation of the pressure at which
the inspiratory gas surge would be
delivered to the lungs. This concept
of a rigid delivery system) employing
a piston within a cylinder is neither
original nor new. As early as 1788
Goodwyn29 utilized a syringe-·like pump
in resuscitation of the drowned.
Erichsen,3 0 a Scotsman, in 1845 em
ployed the same principle. In 1947,

*Developed through the cooperation of
the Smith Welding Corporation,
Minneapolis, Minnesota.

M~rch31 in Copenhagen reported the use
of such an arrangement for rhythmic
ventilation in thoracic surgery. Inno
vations in the present apparatus are to
be found in the character of the respir
atory cycle produced) the system of
safety spill valves and indicators, the
precise degree with which tidal volume
and rate can be regulated separately,
the adaptability of the apparatus to in
halati.on therapy, and the mobility and
compactness of the unit.

The current model is capable of de
livering tidal volumes ranging from 200
cubic centimeters to 850 cubic centi
meters, with an accuracy of 15 cubic
centimeters. Adjustment of tidal volume
is accomplished by mechanically altering
the length of stroke of the piston. The
cycling rate ranges from 10 to 35 strokes
per minute and is controlled by altering
the speed of the motor which operates
the piston. It should be noted that the
above functions can be regulated inde
pOlldent ly.

TIle importance of producing a res
piratory pattern in which peak pressures
are attained rapidly and are allowed to
persist only briefly before returning to
atmospheric pressure has been indicated.
Likewise the necessity of producing low
integrated mean airway pressures measured
over the entire respiratory cycle has
been emphasized. With these factors in
mind, a cam was designed which would
propel the piston in such a manner that
these criteria were fulfilled. Compari
son of respiratory wave tracings obtained
on this model with those cited as optimal
by Cournand shows excellent agreement.

Three important safety devices are in
corporated in the machine. Two spill
valves and an aneroid manometer are
interposed in the inspiratory limb of
the system. One spill-valve, with its
green indicator ball is so arranged that
the inspiratory gas volume is caused to
pass through it. Consequently, activity
of the indicator ball is evidence of
ventilatory flow, while immobility of
the ball indicates failure of the piston
to deliver the gas flow to the inspira
tory line. The aneroid manometer
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indicates the pressure attained in the
inspiratory line. The second spill
valve, with its red ball, does not
operate unless a critical pressure,
pre-set by the operator, is exceeded.
The critical pressure is monitored by
a diaphragm type resulator sensitive
to 0.5 cent:iIDeters of water. Conse-
guently, actiV.ity of the red ball over
lying the second spill-valve indicates
that the critical pressure has been
exceedad and that a portion of the in
tended tidal volume is not being de
livered to the lungs. Such a circum··
stance would occur if a patient devel
oped a large mucous plug or llegan
fighting the respirator. Thus -this
simple safety mechanism serves in addi
tion as a sensitive diagnostic indicator
of obs·tructive complications in the
airway.

The expiratory' function of this type
of artificial respiration is completely
passive, depending on the elastic prop
erty and wej.ght of the patient IS thorax.
The expired gases are conducted out of
the system via appropriately valved
ports. No provision for rebreathing
is made in the interest of s implici ty
of mainterance. Resistance to expira
tory gas flow thro~h the machine is
2.5 centimeters of water at a flow rate
of 100 Iitel's per minute.

Although the apparatus ordinarily
deli vel's room air to the patient, the
intake line can be fitted with a reser
voir containing 100 per cent oxygen or
any other gaseous combination which
might be desired. Likewise aerosol
medications can be incorporated in the
inspired gases by appropriate adapta
tion.

Laboratory Application

At the time of wri Ung, part ono of
the studies on normal dogs is nearing
completion. Results of this work in
dicate that the respirator fulfills
the requirements as.to its capacity to
perform adequate ventilation. The
stroke volume, cycle rate and maximum
desirable airway pressure could be ad
justed readily and precisely to maintain

the pC02 at the pre-respirator level as
indicated by mass gas spectrometry.
Flow velocities with the respirator did
not differ markedly from those of spon
taneous breathing.

Cardiac output measurements after one
hour or more of mechanical ventilation
showed ins ignificant changes from control
values. Blood pressure, cardiac rate
and rhythm remained stable when compared
by continuous recording with pro-respira
tor readings. Detailso! methodology and
results of the animal work will be the
subject of a subsequent report.

Revort of a.Clinical Case

The respirator has been used clinical
ly irithe treatment of a case of sevore
systemic tetanUs. The patient, an 8
year old white female) had developed
cardiac arrest during aspiration broncho
scopy twelVe days after admission. She
was succiessf'J.lly resuscitated and it was
decided to commence more radical therapy
using muscle relaxants.32 ,33

The patient accordingly was curarized
With Flaxedil (Gallamine triethiodide)
and ventilation was maintained by the
respirator with a cuffed endotracheal
tube via the tracheotomJT ostium. At
this time there was considerable elect
rolyte imbalance and evidence of a com- .
pensated respiratory acidosis. The
patient was edematous and had Gxtensive
pilateral pneumonia.

'It.e :irnm:edia te pas t -arres t peria d Wd.S

complicated by hemorrhage from the
thoracotomy inc is ion which necoss Hated
transfusion therapy and surgical inter
vention for hemostasis. Three days after
the arrest, hemorrhage into the gastro
intestinal tract began and was accompa
nied by marked abdominal distention. _
The distention hindered satisfactory
pulmonary ventilation and was relieved
by jejunostomy. Bowel continuity was
restored on the seventh day.

Apart from these complications the
subsequent course was uneventful. ~er

edema subsided in twenty·four hours.
Clinically and radiologically the lung

\
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fields were clear after three days.
Daily electrolyte and blood gas studies
were done. Nine days after the insti
tution of respirator therapy tho blood
chemistries had returned to normal
(Table II).

This patient was maintained in a
state of a.pnea and mechanically venti"
lated for a continuous period of more
than thirty days. Thus opportunity was
afforded to evaluate the clinical appli_~

ability of the respirator. ~he nurses
in attendance; who were experienced in
the care of patients in tank respira
tors) found the performance of their
duties remarkably facilitated. Routine
clinical evaluations such as blood
pressure and temperature readings were
no longer laborious and awkward pro··
cedures. H;yperthermia was not a prob,
lemas the patient could ~e cooled and
heat regulating mechanisms maintained.
Positioning problems were decreased and
any posture) including the prone; was
accomplished easily. The patient's
toilet was readily performed and at no
time was there evidence of skin break
down 'due to pressure. The execution
of physiotherapy was facilitated by the
accessibility of the patient. Tracheo
bronchie.l suction, so vital in the
management of these patients) was'
easily performed. Elective pulmonary
drainage by appropriate positioning was
fac ili to. ted.

Diagnostic and therapeutic procedures
could be conducted with more accuracy
and dispatch and without cyanotic epi
sodes. AE an example of this one may
cite a respiratory emergency which arose.
The patient, whose course had been
stable for some hours. suddenly began
to exhibit evidence of deoreas ing pul··
monary compliance. This was indicated
llrrmediately by the pop-off signal of
the pressure regulator during inspira
tion. Physical examination of the
chest indicated obstruction high in the
left main stem bronchus. Radiological
examination confirmed the diD.6nosis of
massive atelectasis of the loft lung.
Pr8mpt positioning, heavy percussion
and selective suctioning relieved the

obstruction within minutes. Such rapid
ity of diagnosis and therapy is, of
course, not usually possible when tank
respirators are employed.

On several other occas ions early
difficulties with ventilation werE; indi ,.
cated by the respirator. At one po~nt;

when the pop-off signal of the pressure
regulator heralded trouble, the cause
was found to be encrusted secretions in
the'endotracheal tube. The existence, of
this partial obstruction was not det'ect·,
able on suctioning as sufficient ll~en
s tal exis ted to permi t insertion of the
sllctbn catheter beyond tho and, of the
tu1:o. When the tube wa.s removed and
cleaned the pop-off signtll again func ..
tioned normally. This same signal indi
cated impairment of ventilation in the
early stages of the thoracic homorrnage
and the abdominal distension described
previously. At such times the pressure
regulator setting could be increas~d so
tha t an adeq un-te tidal volume was do·,
11vered, inspi te of the decreased ";pul
monary compliance, until the existing
difficulty was corrected.

This prolonged period of continuous
operation prOVided an adequate clinical
test of the \functional efficiency of the
respirator. On~y two mechanical diffi
culties occurred. These both involved
breaking of the cotter pins on the in
halation valve. Each of these was re,
placed and operation of the respirator
resumed within five minutes.

Mindru~ of the recent physiologic
evidenco 34,35 which indicates a delet
erious effect of I.P.P.B. upon the
cardiovascular dynamic:> of ::mimals and
human beings subjected to circulatory
stress) the second model of this appara
tus incorporates a negative component
whicr. is applied in:mediately follOWing
the inspiratory phase. Laboratory and
clinical evaluations of the effectiveness
of this innovation in combatting tho
above noted disadvantages of I.f.P.B.
will be the subject of a subsequent
report.

Summary
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TABLE II

F1axedil Temp. Rasp. Resp. Dally. *P.M.G.l:h Art. Ca.1c •.
Day on Dose of Stroke Rate Press PC02 pH pC02

Resp. MG/Day (Rectal) c.c. CM H2O. mm Hg mm Hg

1. 470 101 3/
2 850 100 1/
3 1460 100 9/ 7.60
4 2290 100 7.57
5 440 100 1/ 375 20 20 44 7 ·51 47.5
6 220 99 1/ 350 20 20 44 7·55 44
7 440 100 2/ 300 20 16 40 7.527 41.5
8 250 99 7/ 325 20 20 40
9 340 98 9/ 325 20 18 40

10 420 98 4/ 375 20 15 44 7.431 44
11 460 97 3/ 300 20 14 40
12 670 97 6/ 300 20 14 40 7.483 39.4
13 670 99 4/ 250 20 12 40
14 190 98 9/ 250 20 12 40 7.459 39.6
15 720 100 280 20 14 40
16 550 99 1/ 250 20 14
17 510 99 4/ 250 20 14 40 7.465 40
18 530 99 5/ 250 20 14 36.4
19 590 100 250 20 14 40
20 680 100 250 20 14
21 600 100 250 20 14
22 550 100 250 20 14
23 400 99 8/ 250 20 c 14 7.478
24 450 99 6/ 250 20 14
2<:; 400 250 20 14j

26 400 250 20 14
27 400 250 20 14
28 300 250 20 14
29 100 250 20 14 \.

30 G 250 20 14

* Portable Mass Gas Spectrometer

\

,
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(HCOi)P . (C0

2
)p~ Day on Na K Cl Protetn B.D.N. CO"CPt Resp. rrM./ mM7L M.E.Q./L M.E.Q./L M.E.Q./L GM/% MB·?~ l\illQ~/L

t 1
2
3 137 87 5.8 19 424 147 99 425 36.89 38.32 149 4.0 97 406 36.43 37.62 150 4.6 99 397 32.15 33.40 154 4·5 103 5.8 22 378 145 4.2 107 1) 339 135 4 ? 99 30.~

10 28.41 29· 73 133 3.8 98 5.2 3211 138 3·7 98
12 28.41 29.59 141 4.0 98 5·213 3·9 5·1 1514 2"{ .20 28-39 5·915
16
17 27.80 29.00 140 5.4 97 7·0 1918
19 137 5 0 102 1820
21
22 140 4.9 98 6.6
23 138 4.4 100 6·924
25
26
27
28
29
30
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§unnnary

The historical background of the
mechanical maintenance of respiration
in chronically apneic patients was re
viewed. The deficiencies of the various
devices and their significance were dis
cussed.

Physiologic factors involved in the
use of intermittent positive pressure
breathing (I.P.F.B.) were outlined with
reference both to its effect on venti
lation and circulation.

The des ign and development of a new
respirator was described. Advantages
of this respirator over those in current
use were discussed.

'ilie laboratory evaluation of this
respirator ar.d its use in a clinical
case were reported.

13. Brown, I. A. and Baker, A. B.
Bull. Univ. Minn. Hosp. & Minn. Med.

Found. 23: 116, 1951.
14. Brown, E. B., et al.

J. c.pple Physio1. 1: 333, 1948.
15. Riley, R. L.

Ann. Int. Med. 41: 172, 1951+.
16. Whitehead, R. W. et al.

Anesthesiology 10: 54, 1949.
17. Miller, F. A. et al.

Surgery 32: 171, 1952.

18. Dobkin, A. B. and Van Bergen, F. H.
Bull. Univ. Minn. Hosp. & Minn. Med.

Found. 23: 410, 1952.
19. Buckley, J. J. et a1.

Anesthesiology 14, 226, 1954.

20. Lassen, H. C. A.
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* * *
Dr. Good Named Legion Professor

* * *

Continuation Course in Radiology for Specialists.
Leo G. R.1g1er Lecture; "Rachitic Response in Bone;" Dr. Edward B.

D. Neuhauser, Radiologist-in-Chief, The Children1s Hospital,
Harvard Medical School; Mayo Auditorit~; 8:15 p.m.

Continuation Course in Infectious Diseases for General Physicians.
Journal-lancet Lecture; "Mechanism of Action of Penicillin;"

Dr. Harry Eagle, Chief, Section of Experimental Therapeutics,
National Microbiological Institute, National Institutes of
Health, U. S. Public Health Service, Bethesda, Maryland; Mayo
Auditorium; 8:15 p.m.

Continuation Course in Fractures for General Physicians
Continuation Course in Obstetrics for Specialists

November 9 - 13
November 10

November 18 - 20
November 18

November 22 - 24
December 2 - 4

£!::._Kn igh~.H onored

A testimonial banquet was held on September 4, 1954, in honor of Doctor Ralph T.
Knight on the occasion of his retirement from the position of Director of the Divi
sion of Anesthesiology of the University of Minnesota. Ninety former residents and
their wives were present at the Campus Club to pay their tribute to Doctor Knight's
outstanding achievements. As a token of esteem Doctor and Mrs. Knight were presented
With a silver platter. It was announced that the Knight Anesthesia Research labora- .
tory has been established in the Mayo Memorial to improve research activities in
anesthesiology. After the dinner an informal group of anesthesiology alumni from the
University of Minnesota was organized to meet annually during the American Society of
Anesthesiologists' yearly meeting. Doctor S. Ross Melgaard of Kansas City, Missouri,
was elected as secretary of the organization.

1
I

Dr. Robert A. Good has been promoted to the American legional Memorial Research
Professor succeeding Dr. Lewis Thomas who resigned this fall to become Professor of
Pathology at New York University. Dr. Good, a graduate of the University of Minne
sota Medical School, has been Associate Professor of Pediatrics since July 1, 1953.
He has been a Fellow of the National Foundation for Infantile Paralysis and a holder
of a Markle Scholarship. The entire faculty joins in extending its congratulations
to Dr. Good who 'by his outstanding work has merited this recognition.

* * *
Continuation Course

The University of Minnesota announces a continuation course in Infectious Dis
eases for General Fhysicians which will be held at the Center for Continuation Study
next November 18 to 20. Practical and fundamental aspects of the diagnosis and man
agement of infectious diseases of all types will be taken up. Guest speakers will be

J Doctors Harry Eagle, Chief, Section of Experimental Therapeutics, National Micro-
1 biological Institute, National Institutes of Health, Bethesda, Maryland; and Ellard M.
I Yow, Assistant Professor of Medicine, Baylor University School of Medicine, Houston,

r,
?
!

I
I
f

I
I

1
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Texas. Dr. Eagle will also present the annual Journal-·Lancet lecture on 'Thursd.ay
evening, November 18. 'The course will be presented under the direction of Dr. W. W.
Spink) Professor, Department of Medicine, and members of the faculty of the University
of Minnesota Medical School and the Mayo Foundation will complete the faculty. ~

* * *

Dr. Schuman Joins School of I'ublic Health

Dr. leonard M. Schuman, formerly Director of the DJvision of Preventive Medicir:e
of the Illinois Health Department, has been named Associate Professor in our 8chool
of Public Health. He will be in charge of epidemiology, a position which has been
unfilled since the departure of Dr. Franklin Top. It is a pleasure to welcome Dr.
Sch uman to our faculty.

* * *

Faculty News

Minnesota was well represented at the recent meeting of the Central Society for
Clinical Research which was held in Chicago on October 29 and 30. Several members of
the Departments of Internal Medicine, Pediatrics, and Bact~riology and Immunology
attended the meeting. Minnesota papers presented during the program ,included the
following: "Fecal Urobilinogen Excretion in Hemolytic Anemia: Comparison '.J"i th Results
of Average Red Cell Life Determined by Ra.diochromium Red Cell Tagging" by Dr.' Paul S.
Hagen and Rose M. MacDonald; "Urinary Uroporphyritl" Porphobilinogen and Coproporphy
rin Excretion in Lead-:-Exposed Workers" by Dr. F. n. Bashour; "'::.'he Specific Diagnosis
of Po liomyeli tis by Use of a Human Epithelial Cell, Strahl ReLa (Gey) ,in Continual
Culture" by Doctors J. O'R. Tobin, K. T. Brunner, P. M. Ellwood, and J. T. Syverton;
"Clinical Investigations in Patients with Agammaglobulinemia;" by Dr. Robert A. Good.

Dr. Lloyd D. Maclean, tviedical Fellow, Department of Surgery, attended a meeting
sponsored by the National Vitamin Foundation in Cincinnati on October 22. The sub
Ject of the meeting was "Nutritional Aspects of Blood Formation."

Dr. Ancel Keys, Professor and Director, Laboratory of Fhysiological Hygiene,
is at present in Geneva, Switzerland, attending the Joint Experts Committee on
Nutrition of the World Health Organization and the Food and Agriculture Organization.

'The School of Public Health was recently host to Dr. Ernst L. Abrahamson,
Director of the National Institute of Public Health in Sweden.

"•

..
•

Dr. James F. Marvin, Assistant Professor, Division of Radiation Therapy, ,
attended the recent meetir.g of the Electron Microscope Society of America at Highland
Park, Illino is •

* * *
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III. UNIVERSITY OF MINNESOTA MEDICAL SCHOOL
1.JElTI<LY CALENDAR OF EVENTS

Physicians Welcome

November 8 - 13; 195i..

Monday, November 8

NeurolQgy Roundsj A. B. Baker and Staffj Station 50, U. H.

Tumor Conference; Doctors Hitchcock, Zimmermann, and Stenstrom; Todd
Amphitheater, U. H.

Obstetrics and Gynecology Journal Club; Staff Dining Room, U. H.

Physiology Seminarj Clinical Studies of j~ammaglobulinemia; Robert A.
Good; 214 Millard Hall.

Pediatric-Neurological Rounds; R. Jensen, A. B. Baker and Staff; U. H.

Dermatology Hospital Roundsj H. E. Michelson and Staffj. Der.matology
Histopathology Room, M-434, U. H.

Anesthesiology Conference; F. H. Van Bergen and Staff; Room 100, Mayo
Memorial.

Public Health Seminar; 15 Owre Hall.

Pediatric-Medicine Infoctious Disease Roundsj Station 33, U. H.

Physiology-Surgery Conference; Todd Amphitheater, U. H.

Urology-Roentgenology Conferencej C. D. Creevy, O. J. Baggcnstoss and
Staffj Eustis Amphitheater.

8:30 - 10:30

10:00 - 12 :00

11:00 - 12 :00

12 :30 - 2:30

2:00 - 3:00

2:30 - 3:00

3 :00 - 4:00

3:00 - 4:00

9:00 - 9 :50

9:00 - 10:50

10:00 - J2 :00

11:30 -

12 :15 -
12 :30 - 1:30

1:30 - 2 :30

1:30 - 3 :30

4:00 - 6:00

4 :30 -
4 :30 -
5:00 - 6:00

5:00 - 6:00

Medical School and University Hospitals

Roentgenology-Medicine Conference; L. G. Rigler) C. J. Watson and
Staffj Todd Amphitheater, U. H.

Obstetrics and Gynecology Conferencej J. L. McKelvey and Staff; W-612,
U. H.

,
t
1

(
t,
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Monday, November 8 (Cont.)

Minneapolis General Hospital

Tuberculosis Conference; J. i~. Myers; Station M.
I

Pediatric Rounds; Stations I and J.

Pediatric Rounds; Richard Railo; Station K.

12:00 Medicine Rounds; fuomas Lowry; Station F.

Orthopedic and Fracture Rounds; Drs. John Moe and Arthur Zierold;
Station B.

Pediatric Seminar; Erling Platou; Classroom, Station M.

Surgery Grand Rounds; Dr. Zierold, Station E.12 :30 -

1:30 2 :30

2:00 -

9 :30 

10:30 

11:00 -

11:00 -

Veterans Administration Hospital

9 :30 

1:30 -

Infectious Disease Rounds; Drs. Zinnemann and Middlebrook.

Cardiac Conference; Drs. 8mith, Berman, Hoseth, Simonson, Swerdlow,
Shapiro, and J. Brown; Conference Room, Bldg. 1.; Rounds immediately
following conference.

\

\

Tuesday, November 9

9:00 - 9:50

12 :30 - 1:20

12 :30 ..

12 :30 -

4:00 - 5:00

4 :30 - 5 :30

Medical School and University Hospitals

Roentgenology-Pediatric Conference; L. G. Rigler, Irvine McQuarrie
and Staffs; Eustis Amphitheater, U. H.

Pathology Conference; Autopsies; J. R. Dawson and Staff; 104 Jackson
Hall.

Bacteriology and Immunology Seminar; Report of European Travels; J. T•
Syverton; 1050 Mayo Memorial.

Anatomy Seminar; Review of the International Conference on Hematology;
R. Dorothy Sundberg; 226 Jackson Hall.

Pediatric Rounds on W~rds; Irvine McQuarrie and Staff; U. H.

Clinical··Medical Pathological Conference; Todd Amphitheater, U. H.

\

\

Ancker Hos pital

8:00 - 10:00 Visiting Staff Rounds.

11:00 - 12:00 Medical X-ray Conference; Auditorium.

4:00 - 5:00 Medical-Pathological Conference; W. F. Mazzitello; Auditorium.

Minneapolis General Hospi tal

9 :30 

10:00 -

10:00 -

Pediatric Rounds; Elizabeth Lowry; Station J.

Cardiac Rounds; Paul F. Dwan; Classroom, Station I.

Psychiatry Grand Rounds; R. W. Anderson) Station H.

11:30 .. 12 :30 Neurology-Neurosurgery Conference; Classroom, Station M.

12:30 - 2:30 Dermatology Rounds on Clinic; Carl W. Laymon and Staff
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Tuesday, November 9 (Cant.)

linneapolis General Hospital (Cont.)

12 :30 

1:00 

3 :30 -

ECG Conference; Boyd Thomes and Staff; 302 Harrington Hall.·

Tumor Clinic; Drs. Eder, Coe, and Lipschultz; Classroom.

Pediatric··Psychiatry Rounds; Jack Wallinga; Station 1.

Veterans Administration Hospital

1:30 - Combined Medical-Surgical Chest Conforence; Conference Room Bldg~ I.

2:00 - 2:50 Dermatology and Syphilology Conference; H. E. Michelson and Staff;
Bldg. III.

4:00 - Thoracic Surgery Problems; Conference Room, Bldg. I.

1:00 - 2:00 Dermatology Clinical Seminar; F. W. LJ~ch; 300 North Clinic.

1:30 - 3:00 Pediatric Allergy Clinic; Albert V. Stoasser and Lloyd Nelson; W-211,
U. H.

3 :30·· 4 :30 Dema to logy-Pharmacology Seminar; 3rd Floor Conference Room, Heart
Hospital.

Anesthasiology Conference; Surgical Conference Room, Bldg. 43.

Hematolo~r Rounds; Drs. Hagen and Wexler.

Surgery Journal Club; Conference Room, Bldg. I.

Surgery-Pathology Conference; Conference Room, Bldg. I.

Surgery-Tumor Conference; D. Ferguson and J. Jorgens.

Review of Pathology, Pulmonary TUberculosis; Conference Room, Bldg. I.

7 :30 

8 :30 '-

8:30 

9:30

10:30 ..

1:00 -

Wednesday, Novem~er 10

Medical School and University Hospitals

8:00·· 9:00 Roentgenology-Surgical-Pathological Conference; Paul Lober andL. G.
Rigler; Todd Amphitheater, U. H.

11:00 - 12:00 Pathology·Medicine-Surgery-Pediatrics Conference; Todd Amphitheater;
U. R.

12:30 - 1:20 Radio-Isotope Seminar; Betatron Room in Cobalt Underground Section,
U. H.

f
r
j
I,
I

~
~

J
I,
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*8:15 p.m.

4:30 ..

5:00

5 :30 

7 :30 -

5:50 Dermatology-Infectious Disease Seminar; 3rd Floor; Conference Room,
Heart Hos pi tal.

5:50 Urology-Pathological ConferencG; C. D. Creevy and Staff; Eustis
Amphitheater, U. H.

7:30 Dermatology Journal Club and Discussion Group; Hospital Dining Room.

9:30 Dermatology Seminar; Review of Interesting Slides of the Week; Robert
W. Goltz; Todd j@phitheater, U. H.

Leo G. Rigler Lecture; "Rachitic Response in Bone;" Dr. Edward B. D.
Neuhauser, Radiologist-in-Chief, The Children's Hospital, Harvard
Medical School; Mayo Auditorium.
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Wednesday, November 10 (Cant.)

Ancker Hospital

8:30 - 9:30 Clinico-Pathological Conference; J. Noble; Auditorium.

11:00 - 12:00 Medicine Resident Rounds.

Minneapolis General Hospital

8:30 - 9:30 Obstetrical and Gynecological Grand Rounds; William P. Sadler and Staff.:
Station C.

9:30 Pediatric Rounds; Henry Staub; Station I.

10:30 - 12 :00

12 :15 -

1:30 -

1:30 -

Medicine Rounds; Thomas Lowry and Staff; Station D.

Pediatrics Staff Meeting; Classroom, Station I.

Pediatric House Staff Seminar; Erling Platou; Station I.

Pediatric Rounds; Erling Platou; Classroom, Station I.

8:30 - 10:00

8 :30 - 12 :00

9:00 -

Veterans Administration Hospital

Orthopedic X-ray Conference; E. T. Evans and Staff; Surgical Conference
Room, Bldg. 43.

Neurology Rehabilitation and Case Conference; A. B. Baker.

Gastro-Intestinal Rour.ds; Drs. Wilson, Zieve, Ferguson, Brake1,
O'leary, Konig, and Swenson.

10:30 - Psychosomatic Conference; C. K. Aldrich; 7th Floor, Bldg. 43.

12:30 Medical Journal Club; Doctors' Dining Room.

12:30 - X-ray Conference; J. Jorgens; Conference Room, Bldg. I.

1:30 3:00 Metabolic Disease Conference; Drs. Flink and Latts.

3:30 - Urology Pathology Slide Conference; Dr. Gleason; Conference Room,
Bldg. 1.

7:00 Lectures in Basic Science of Orthopedics; Conference Room, Bldg. I.

1Eursday, November 11 (HOLIDAY)

Friday, November 12

Medical School and University Hospitals

8:00 - 10:00 Neurology Grand Rounds; A. B. Baker and Staff; Station 50, U. H.

9:00 - 9:50 Medicine Grand Rounds; C. J. Watson and Staff; Tbdd Amphitheater, U. H.

10:30 - 11:50 Medicine Rounds; C. J. Watson and Staff; Todd Amphitheater, U. H.

10:30 - 1:50 Otolaryngology Case Studies; L. R. Boies and Staff; Out-Patient
Department, U. H.

11:00 - 12:00 Vascular Rounds; Davitt Felder and Staff Members from the Departments
of Medicine, Surgery, Physical Medicine i and Dermatology; Eustis
Amphitheater, U. H.
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Friday, November 12 (Cont.)

,
1
j
I

~ical: School and University Hospitals (Cont.)

11:45 - 12:50 University of Minnesota Hospitals Medical Staff Meeting; Absorbable
Bronchographic Contrast Media; Drs. Nice, Azad, and Niknejad; Mayo
Auditorium.

1:00 - 2 :50 Neurosurgery-Roentgenology Conference; \{. T. Peyton, Harold O.
Peterson and Staff; Todd Amphitheater, U. H.

1:30 - 2 :30 Dermatology Grand Rounds; Presentation of Cases. from Grouped Hospitals
(University, Ancker, General and Vetera~s) and Private Offices; H. E.
Michelson and Staff; Eustis Amphitheater, U. H.

2:30 - 4:00 Dermatology Hospital Rounds; H. E. Michelson and Staff; Begin at
Dermatological Histopathology Room, M-434, U. H.

3:00 - 4:00 Neuropathological Conference; F. Ti~hy; Todd Amphitheater, ~. H.

3 :30 - lj. :30 Dermatology-Physiology Seminar; 3rd Floor Conference Room, Heart
Hospital.

4:30 - 5:20 Ophthalmology Ward Rounds; Erling W. Hanson and Staff; E-534, U. H•.

5:00 - Urology Seminar and X-ray Conference; Eustis Amphitheater, U. H.

1 Ancker ;Hospital

3 :00 ..

4:00 

4:00 -

4:00 Medical-Surgical-Pathological Conference;, Auditorium.

5:00 Medical Journal Club; Conference Room, E5.

5:00 X-ray Surgery Conference; Auditorium.

Veterans Administration Hospital

Minneapolis General Hospital.

1:00 - 3:00 Clinical-Medical Conference; Thomas Lowry; Classroom, Station M.

Saturday, November 13

Pediatric Contagion Rounds; L. Wannamaker; Station K.

CPC Conference; Conference Room, Bldg. 1.

Pathology Slide Conference; E. T. Bell; Conference Room, Bldg. I.

Pediatric Rounds; Elizabeth Lowry; Station J.

Pediatric Surgical Conference; Tague Chisholm and B. Spencer; Class
room, Station 1.

Surgery-Pathology Conference; Drs. Zierold and Coe; Classroom.

1:30

1:00 

2:00 -

9 :30 

10:30 -

12 :00 -

10:30 - 11:20 Medicine Grand Rounds; Conference Room, Bldg. I.

12:30 - Urology X-ray Conference; X-ray Department.

Medical School ~ University Hespitals

7:45 - 8:50 Orthopedic X-ray Conference; W. H. Cole and Staff; M-I09, U.H.

9:00 - 9:30 Pediatric Grand Rounds; Eustis Amphitheater, U. H.
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Saturday, November 13 (Cont.)

Medical School and University Hospitals (Cont.)

9:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; Heart Hospital Amphi
theater.

9:15 - 10:00 Surgery-Roentgenology Conference; L. G. Rigler, J. Friedman, Owen H.
Wangensteen and. Staff; Todd Amphitheater, U. H.

10:00 - 11:30 Surgery Conference; Todd Amphitheater, U. H.

10:00 - 12:50 Obstetrics and Gynecology Rounds; J. L. McKelvey and Staff;
Station 44, U. H.

Ancker Hospital

8:30 - 9:30 Surgery Conference; Auditorium.

9:30 - 11:00 Medicine Grand Ward Rounds.

Minneapolis General Hospital

8:00 

9:00 

9 :30 -

Urology Staff Conference; T. R. Sweetser; Main Classroom.

Psychiatry Grand Rounds; R. W. Anderson; Station H.

Pediatric Rounds on all Stations; R. B. Raile.

"

11:00 - 12:00 Medical X-ray Conference; O. Lipschultz, Thomas Lowry and Staff;
Main Classroom.

Veterans Administration Hospital

8:00

8 :30

Proctology Rounds j W. C. Bernstein and Staffj Bldg. III.

Medical X-ray Conferencej Conference Room, Bldg. I.

~icates special meeting.
same time on the s'ame day.
conferences.

All other meetings occur regularly each week at the
Meeting place may vary from week to week for some


