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ELECTROPHRENIC RESPIRATOR: DESCRIPTION OF A PORTABLE
ALL-ELECTRONIC APPARATUS

Recently Sarnoff and his collab

have reported results of their experiments
indicating that the respiration of labora-
tory animals and human beings may be ar-
tificially maintained by electrical stimula-
tion of the phrenic nerve (1, 2, 3). The
additional discovery by them of the possi-
bility of providing artificial respiration in
the human being by stimnlating the phrenic
nerve through the intact skin of the neck
kas caused sudden increase in interest in
this investigation (4, 5).

With the apparatus used by these work-
ers a stimulator is employed which pro-
duces a biphasic pulse of 3 milliseconds
duration at a frequency of 80 per second.
By means of a special type of motor driven
potentiometer the intensity of the stimulus
may be continuously cycled from zero to
maximum to gzero at any rate from 8 to
60 cycles per minute. Such a stimulus,
when properly applied to the skin overly-

ing the phrenic nerve, p phasie con-
traction and relaxation of the diaphragm
quite like that which occurs during natural
respiration.

While equipment of this type has been
shown to perform in a satisfactory man-
ner, it nevertheless has several disadvan-
tages in that it is cumbersome, contains
moving parts which must be specially con-
structed and is not easily made spark-
proof. To meet the criteria without these
disadvantages, an all electronic, stable, in-
expensive electrophrenie respirator was de-
signed. Its performance has been found
to be equally satisfactory.

The Instrument.—This electronic stimu-
lator (fig. 1) operates from 115 volt AC
power, using 20 watts. Since portability
has been one of the objectives, the instru-
ment is housed in a 4 inch by 7 inch by 10
inch sheet metal box with a handle, and
weighs less than 7 pounds. The power

Fia. 1. Electrophrenic respirator showing ths neek elip in place over the phrenie nerve.
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ELECTROPHRENIC RESPIRATOR
F10. 2. Circuit diagram.

cord, electrodes and a bottle of saline solu-
tion are carried in the box. To prevent the
occurrence of sparks, no switches are used,
the electrodes are wired dircetly to the ap-
paratus without connectors, and tubes were
chosen which are available in unbreakable
metal types. There are four controls on
the model shown in figure 1. Peak Inspi-
ration controls the depth of inspiration by
varying the voltage output at the peak of
inspiration from 0 to 40 volts. Inspiration
and Expirations controls are used to ad-
just independently the actual time dura-
tion of inspiration and expiration. To-
gether they control the respiratory rate.
Expiration Voltage is a compensation con-
trol for loss of power in the skin, helping
to produce a longer, smoother expiration.
This control may be omitted as will be ex-
plained in the section on the circnit. The
Inspiration Indicator is a small neon glow
lamp which lights during inspiration.
Circuit Operation—The circuit (fig. 2)
consists of three units. One produces the
stimulus, one turns it on and off slowly and
rhythmically and the third amplifies the
power of the stimulus. In addition, &
standard power supply is used to provide
direct current. Figure 3 demonstrates the

vultage wave forms representing the out-
put of each of the three units. Letters D,
E, F, and H refer to the corresponding
points on the cirenit diagram (fig. 2).

The first of these three units, producing
the stimulus, is the Jeft hand dual triode
type 6SN7 multivibrator. It is a free run-
ning multivibrator that provides 2 milli-
second positive pulses of frequency 70 per
second at point D. These pulses are flat-
topped and rise and fall in less than 0.05
milliseconds (fig. 3D). The second of the
units is the right hand dual triode type
6SN7. It is also a free running multivi-
brator which provides the “envelope” that
cycles the stimulus on and off to give in-
spiration and expiration. Its output is &
square wave pulse appearing at point E
(fg. 3E). Control R16 labeled Inspira-
tion (seconds) varies from % to 4 seconds,
the time duration of the pulses producing
the inspiration phase. Control R14, la-
beled Expiration (seconds) varies the time
between these pulses over & range of % to
4 seconds.

As an alternative method of construc-
tion, these two controls, R14 and R16, may
be mechanically connected together by us-
ing a 3 gang, 5 megohm potentiometer (the
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third being R12 to be described). A single
knob then controls the respiratory rate,
varying it from 8 to 60 per minute.

The outputs of these two units are mixed
together at point F by connecting both to
the control grid of the 6V6 power amplifier
(fig. 3F). The 2 millisecond stimulus
pulse is applied to this grid through con-
denser C8 while the cyeling pulse is ap-
plied to the grid through a variable resistor
R12. C8 and R12 form a2 low pass filter
for the square wave cycling pulse from
point E. As a result, the inspiratory pulse
coming through R12 slowly charges up Ccs8
from — 80 volts to zero volts (average)
measured at point F. During the expira-
tory phase the charge on C8 falls slowly
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again to — 80 volts. The rate of rise and
f£all is eontrolled by R12 which is ganged
with R16 (Inspiration), and with Rl4
(Expiration) if desired. For a long in-
spiration R12 is large and C8 charges up
slowly; for a short inspiration, R12 is
small and C8 charges up rapidly. It is
desirable to have the charge on C8 reach
maximum just at the end of inspiration to
obtain the smoothest diaphragmatic de-
scent. These circuit constants achieve this
result. Thus, although the stimulus pulses
are continnously applied to the 6V6 grid,
during expiration the voltage on C8 is so
far negative to ground that the stimulus
pulses never cause the 6V6 to conduct. As
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Fi1a. 3. Oscillograph tracinga of voltage wave forms at points D, E, F and H in figure 2.
D: The 2 millisecond stimulus pulse occurring at 70 pulses per second. E: The variable
pulse used to cycle respiration. F: The sum of D plus the Jow frequency components of E
(the low pass filter is made of R12 and C8). H-1: Output across 2000 ohms (the approximate
akin resi with the Expiration Voltage control R10 set at 0 per cent (of peak inspiratory
voltage). H-2: Same as H-1 except the Expiration Voltage control is set to 50 per cent (of
peak inspiratory voltage). H-3: Output as in H-1 or H-2, plotted on an expanded time seale.
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¥10. 4. Rear view of electrophrenic respirator.

the average voltage at point F rises during
inspiration, each succeeding 2 millisecond
pulse drives the 6V6 grid more positive,
resulting in a series of increasing current
pulses through the tube.

The 6V6 power amplifier is a ecathode
follower. Since the grid is never driven
positive to the cathode, it never draws grid
current. The power output is taken from
the eathode resistor R3 which is a potenti-
ometer voltage divider labeled Peak In-
spiration (volts), controlling depth of res-
piration.

The ontput is coupled to the skin elec-
trode throngh C5. The flat-topped posi-
tive pulse (fig. 3D) is differentiated into
& biphasic decaying stimulus (fig. 3H-3)
by an R~C cirenit composed of C5 and the
skin resistance in parallel with R4 and
R5. Skin resistance varies with electrode
contact, but is usually around 2000 ohms.

For use with an electrode implanted di-
rectly on the phrenic nerve, the voltage is
reduced tenfold by the voltage divider
R4-R5 to prevent nerve damage by over-
stimnlation.
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As has been previously indicated, the
voltage wave forms are shown in figure 3
for circuit points D, E, F, and H. Fig-
ure 3H represents the output of the elec-
trophrenic respirator. 3H-1 is the out-
put wave form when the expiration voltage
control is set at 0 per cent, or when R-10
is replaced by a 50K fixed resistor. In
figure 3H-2 the expiration voltage con-
trol is set at 50 per cent, so the voltage of
each stimulus pulse during expiration is
held constantly at 50 per cent of the peak
inspiratory voltage. The purpose of this
control is to overcome the loss due to trav-
eling through the tissmes so that the dia-
phragm begins to contract at the beginning
of the inspiratory phase instead of waiting
while the pulse voltage rises slowly from
zero to the point where it begins to stimu-
late the phrenic nerve. It also helps to
prolong expiration as may be seen on com-
paring figure 3H-1 and 3H-2.

If this control is set at 100 per cent the
stimulus voltage remains constantly at the
getting of Peak Inspiration voltage. This
may be useful for searching for the phrenic
perve, or for manual control of respira-
tion, moving the Peak Inspiration control
to cause each diaphragmatic descent.

If, for simplification, R10 is omitted, it
is replaced by a 50K resistor and the lead
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from R12 is connected to point E. The
disadvantages of omitting it are minor,
and for most uses do not outweigh the sim-
plicity derived from having only two con-
trols—rate and depth of respiration. Fig-
ure 3H-3, on an expanded time scale,
shows the shape of the differentiated pulses
making up figure 3H-1 and 3H-2.

Power Supply—The use of resistance
coupling from the envelope multivibrator
to the 6V6 control grid requires that the
multivibrator be operated from a negative
supply voltage and the 6V6 from a posi-
tive voltage. By using a 6H6 and single
wave rectification these two supply volt-
ages, plus and minus 130 volts, are ob-
tained with one transformer winding of
125 volts AC and one rectifler tube. The
current drain for each side is 8 milliam-
peres, maximum. Two separate filament
windings are needed because of the 130
volt difference in cathode potential of the
6V6 and the 65N7s.

Electrodes—The indifferent electrode is
a metal plate covered with cloth and wet
with saline solution. This is at ground po-
tential, and is placed under the back or
strapped to the arm.

The phrenie nerve gkin clip-on electrode
is shown in figure 5. It contsins a gmall
saline reservoir to keep the cloth tip wet.

SPRING-WIRE
NECK CLIP

F1a. 5. Detail of the skin elip-on eloctrode with saline reservair,
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The tip is a perforated, rounded button
soldered to the end of the tubing reservoir.
The spring clip, reservoir and the sides of
the electrode tip are covered with a single
piece of latex tubing. In some cases, man-
ual control of the electrode is needed to
prevent it from slipping off the phrenic
nerve.

For emergency use and short term stim-
ulation, a probe electrode is more satisfac-
tory than the clip-on type. The probe
(not shown) has the same construction at
the point where it contacts the skin.

SUMMARY

An inexpensive, portable all electronie
electrophrenie respirator has been designed
to climinate some of the disadvantages of
electrophrenic respirators using motors.
The operation of the circuit and the con-
struction of elip-on neck electrodes are
discussed briefly.

SERIAL STELLATE

Many technics of blocking the stellate
ganglion have been described. We wish to
report a case in which the stellate ganglion
was continuously blocked for a period of
ninety-six hours through a plastic catheter
placed in the region of the stellate ganglion.

A 65-year-old colored man was admitted
in a semicomatose condition as 7:30 a.m.
on January 17, 1950, with right hemiplegia
of about one hour’s duration. The diagon-
sis of cerebral thrombosis was made by
members of the medieal service. At 8:30
a.m. a left stellate ganglion block was ear-
ried out with 2 per cent proeaine, with no
results. At 3 p.m., using the anterolateral
approach, a 22 gauge 3% inch spinal
needle was placed on the anterolateral sur-
face of the seventh cervical vertebra and
its position confirmed by fluoroscopic ex-
amination. A 15 gavge needle was then
passed beside the 22 gauge needle to the
same location. A small plastic catheter
was passed through the large needle to
the surface of the vertebra and the large
and small needles were withdrawn. A
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GANGLION BLOCK

small amount of neo-iopax was injected
through the plastic catheter and, on the
roentgenogram, diffusion was seen in the
tissue at the level of the seventh cervical
and first thoracic segments just to the left
of the midline.

Procaine, 5 ce. of a 2 per cent solution
in 1 to 1500 pontocsine, with out epineph-
rine, was injected every four hours for
ninety-six bours. The patient was able to
eat in twenty-four hours and had recovered
much of the motor power of the right leg
in forty-eight hours. The catheter was re-
moved ninety-six hours after its insertion.

This report is intended not to demon-
strate the value of stellate ganglion block
but only to present a method of prolong-
ing the bloek without destruction of the
ganglion.

Warrex F. Sengent, M.D. anp
JomxN J. OwEN, M.D,,
Department of Anesthesia,

St. Joseph Hospital,

Lexington, Kentucky
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