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rl`his invention relates to improvements in 
electro-surgical apparatus which operates 
by cutting the flesh or other tissue and which 
may be employed for removing abnormal 
tissues, for dissecting normal tissues, and for 
various other surgical purposes. The cut 
ting of the flesh or tissue is eñ‘ected without 
carbonization of the tissue by a high fre 
quency electrical discharge such as that 
which is employed in radio sound transmis 
sion. The body of the patient forms one ter 
minal or electrode of a secondary circuit and 
the other terminal or electrode of this cir 
cuit serves as the operating instrument which 
is manipulated by the surgeon duringthe 
process of performino` the operation or dis 
section. This second’ary circuit in which 
these terminals or electrodes are connected, 
is inductively related by an adjustable high 
frequency oscillation transformer with the. 
circuit in which the high frequency oscilla 
tions are produced and the frequency of thel 
oscillationsmay be 3,000,000 per second, for 
example, or even higher, which is very much 
higher than any frequency which has here- 

’ tofore been employed in any form of electro 
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surgical apparatus. Efforts have heretofore 
been made to use electrical current discharges 
for‘ dessication surgery and the like but no 
satisfactor apparatus has heretofore been 
produced or surgical dissection and opera' 
tions such, for example, as the removal of , 
cancers, tumors, ̀ and Y other abnormal 
growths. ` 

The apparatus of the present invention has 
vnumerous advantages and distinguishing 
features. The electrode itself is not sharp 
and does not itself sever the flesh, since the 
cutting is effected by an electric discharge 
of high frequency, but the electrode ̀ ‘may be 
conveniently manipulated by the surgeon to 
move the ath of the electric discharge and 
thereby e ect a rapid separation of the tis 
sue. Although the _electrode is not hot, the 
electrical discharge operates to seal the tis 
sue like a hot iron, thereb preventing the 
spread of malignant cells uring operations 
for the removal of cancer growths, for ex 
ample. The electrical effect also serves to 
kill cancer cells in the immediate 'vicinity 

ofthe travel of the electrode. Operations 
performed by means of this apparatus are ' 
almost bloodless except whereflarge blood 
vessels are severed, and the wounds heal 
quickly, even more quickly than wounds4 
which are made by ordinary surgical instru 
ments. The cut surface is not burnedk by 
the apparatus of this invention, but only 
slightly dehydrated and this brings about a 
more rapid healing of the tissues than would 
otherwise be possible. The apparatus makes 
possible a greater speed of operation with 
less fatigue to the patient and also with less 
fatigue to the surgeon because of: the re 
duced time of the operation and the fact 
that no pressure is required on the operating 
instrument. Another important advantage 
of the invention is that the dehydration pre 
vents bleeding except from large blood ves 
sels which may readily be held by clamps, 
so that there is little blood loss and the 
strength of the patient is conserved, while 
at the same time the operating field is clear 
due to the fact that the tissues to be operated 
on are not saturated with blood. The ab 
sence of blood in the field of operation re 
duces the liability- of infection and no in 
fectioniis ossible from the o` erating instru 
ment itsel because the woun s are automati 
cally sterilized by the high frequency oscil 
lations as they are being cut. 
In addition to the use of the apparatus for 

the removal of cancerous growths, tumors, 
ulcers, and malignant lesions of all kinds, the 
apparatus of the present invention may be 
employed for all ordinary cautery and fulgu 
ration work and with improved results due 
to the fact that there is less scarring and no 
burning of the tissue. ' 

Various other objects yand advantages of 
the invention will appear more clearly from 
the following specification taken with the ac 
companying drawings in which ‘one embodi 
ment is illustrated. ̀ In the' drawings Figure 1 
is a diagrammatic view showing the circuit 
connections of the apparatus and the princi 
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pal parts thereof;,Fig. 2 shows an enlarged ' 
elevation of the operating handle and elec- ~ 
trode with parts-thereof broken away to illus 
trate the interior construction 1n section; 100 
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Fig. 3 is an enlarged section through the 
movable operating electrode, taken on the line 
3-3 of Fig. 2; Fig. 4 shows a top plan view 
of the cabinet in which the apparatus is 
mounted with the cover thereof removed; 
Fig. 5 shows a partial front elevation of the 
cabinet and apparatus illustrated in Fig. 4; 
Fig. 6 shows a front elevation of the appara 
tus with the front of the cabinet and appa 
ratus carried thereby removed; Fig. 7 shows 
a transverse section taken on the line 7-7 of 
Fig. 8 ; Fig. 8 shows a horizontal section taken 
on the line 8_8 of Fig. 6; Fig. 9 ~shows a ver 
tical section through the high frequency oscil 
lation transformer, and Fig. 10 shows a top 
plan view of the structure illustrated in Fig. 
9 with parts thereof broken awa-y. 
In Figure 1 of the drawings there is shown 

a diagrammatic representation of the electri 
cal circuit connections which are preferably 
employed inthe radio-surgical apparatus of 
the present invention. These circuit connec 
tions are in some respects similar to the con 
nections which are employed in one form of 
apparatus for radio sound transmission of the 
continuous wave type but differ therefrom in 
certain important features. As shown in the 
drawings, the apparatus comprises a low fre 
quency transformer 20 having a primary 
winding 2l, a high voltage secondary winding 
22 and a low voltage secondary winding 23. 
The terminals of the primary winding 21 are 
connected by conductors 24 to a suitable 
source of supply 25, which may preferably be 
a 110 volt, 60 cycle7 alternating current sys 
tem. A switch 2G is connected in the primary 
circuitfor controlling the operation of the 
apparatus.> The apparatus comprises two 
vacuum tubes 27, each comprising a plate 28, 
a filament 29, and a grid 30, these parts being 
similar in construction to those commonly 
employed in radio sound transmission. The 
high voltage transformer winding 22 has its 
terminals connected by conductors 31 to the 
plates 28 of the vacuum tubes, and the middle 
point of the secondary winding 22 is con 
nected by a conductor 32to one terminal of 
the primary winding 33 of a high frequency 
transformer 34, of the variable type as indi 
cated by the inclined arrow 34“, which has a 
secondary winding 35. In order to maintain 
an exact electrical balance between the divi 
sions of the secondary winding 22 of the 
transformer 20, condensers 36 are connected 
between the conductors 31 and the conductor 
32 which leads from the middle point of the 
winding 22, thereby effecting the impression 
of equal voltages upon the two plates 28 of 
the vacuum tubes. The low voltage winding 
23 of the transformer 20 is connected to the 
filaments 29 of the vacuum tubes which are 
arranged in parallel electric circuits. A con 
ductor 38 leads vfrom one terminal Àof the 
winding 23 and is connected to branch con 
ductors 38a which lead to one terminal of 
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each of the filaments 29. A conductor 39 
leads from the other terminal of the winding 
23 to a rheostat 40 and a conductor 41 leads 
from the other terminal'of the rheostat to 
the other terminals of each of the filaments 
`29 so that by varying the adjustment of the 
rheostat 40 the voltage which is impressed on 
each of the filaments may be regulated as de 
sired. This voltage is indicated by a volt 
meter 44. The middle point of the secondary 
winding 23 of the transformer 2O has a con 
ductor 42 leading therefrom to the terminal 
of the primary winding 33 of the high frc 
quency transformer 3'4 opposite that to which 
the conductor 32 is connected, it being appar 
ent therefore that the terminals of the pri 
mary winding 33 are connected to the middle 
points of each of the secondary windings of 
the transformer 20. 
The grids 30 of the vacuum‘tubes 27 are 

connected by conductors 45 to a common con 
ductor 46 which leads through a non-induc 
tive resistance 47, having a condenser 48 con 
nected in parallel therewith, to another con 
ductor 49 which is connected to one terminal 
of a variometer 50 comprising two inductive 
windings 51 and 52 which are connected in 
series and which are capable of relative angu 
lar movement in order to vary their inductive 
effect. The other terminal of the variometer 
is connected by a conductor 54 to the con 
ductor 32, previously referred to, which leads 
to one terminal of the transformer winding 
33. The variable transformer 34 may be lo 
cated in inductive relation to the variometer 
50 or oscillations may be set up in the trans 
former due to the usual “feed-back” relation 
commonly existing in radio circuits. 
The switch 26 in the supply circuit of the. 

transformer 20 controls the operation of the 
apparatus, andfhaving closed this switch and 
impressed a suitable voltage on the primary 
winding 21 of the transformer 20, secondary 
voltages are induced in the windings 22 and 
23 and are impressed thereby on the plates 
28 and filaments 29 of the vacuum tubes. The 
voltage on the filaments is indicated by the 
voltmeter 44, and is regulated by the rheo 
stat 40 until it reaches the value for which the 
apparatus is designed, preferably about 10 
volts. The voltage which is impressed upon 
the grids 30 of the vacuum tubes and the in 
ductance of the grid circuit are varied by the 
regulation of the variometer 50 until the 
whole circuit is brought into oscillation by 
reason of the oscillatory discharges which 
take place between the plates 28 and the fila 
ments 29 through the grids 30 which, in the 
actual construction of the apparatus, are lo 
cated between them. These undamped high 
frequency oscillations, are transmitted 
through the variometer to the primary wind 
ing 33 of the oscillation or high frequency 
transformer 34 with the result that high fre 
quency oscillations >are induced in the secon 
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dary winding 35 of this transformer. The 
wave length of the oscillations generated by 
the apparatus may preferably be vapproxi 
mately eighty metersor less with a corre 
sponding frequency of about three thousand 
seven hundred and fifty kilocycles per second. 
@ne terminal of the secondary winding 35 of 
the oscillation transformer is connected. by a 
conductor 55,'leading through a series con 
denser 56„.to a plate 57 constitutinglan indif 
ferent electrode adapted to contact with the 
body of the patient yconstituting the subject to 
be operated on. A conductor 58 leads from 
the other terminal of the secondary winding 
35 to the movable operating electrode 60 
which, upon being brought in proximity to 
the body of the patient, represented at 61, 
completes the secondary circuit of the trans 

` former 34, the high frequency discharge be 
29 
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tween the terminal of the operating electrode 
60 and the body of the patient operating to 
sever the flesh or tissue so that a cut is pro 
duced substantially like that made by a sharp 

. knife. A neon tube 62 is connected to the con 
ductor 58, as shown in Fig. l, to act as an in 
dicator, the 'character of the dischargeÁwithin 
the tube indicating the existence of a suffi 
ciently active high frequency discharge to 
permit the use of the apparatus for operating 
purposes. The operating electrode 60, em 
bodied in the apparatus described above, is 
constructed as shown more particularly in 

' Figs. 2 and 3. v. It comprises a tubular handle 
 65 of insulating material having mounted 
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therein a metallic member 66 which termi 
nates in a more or less sharp metallic termi 
nal or electrode proper 67 which is only slight 
ly exposed at the end of the insulating handle 
so that a point discharge is insured. The 
metallic member 66 is curved longitudinally 
and somewhat elliptical in cross-section, to 
facilitate its use in small openings. The end 
of the insulating handle 65 adjacent the ter 
minal 67 is tapered as shown at 65a in order . 
to permit the more ready insertion Aof the in> 

' strument" into relatively inaccessible places 
and at the other end of this operating instru 

‘ ment the metallic conductor 6.6 is connected 
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by a sleeve 68 with the extremity of they con 
ductor 58 leading ‘from the oscillation trans 
former 34. A11 insulating sleeve or ferrule 69 
surrounds the conducting sleeve 68 so that the 
hand of the surgeon is fully protected by in 
sulating material. In using ̀ the operating 
electrode 60 on the body of the patient, the 
point or extremity of the terminal 67 is di 
rected toward the surface to be cut so that the 
electrical discharge takes place from the 
point, as distinguished from'the surface or 
curved sid-e of the terminal. When the ex 
tremity of the terminal 67 is brought into 
proximity with the surface of the flesh or tis 
sue of the patient, a cutting of the íiesh or tis 
sue begins immediately due to the high fre 
quency .electrical discharge .which takes place j 

3 

and this cutting is effected without actual 
`contact of the terminal 67 with the patient. 

rll‘he voltage between the body of the pa 
tient or subject and the movable operating 
electrode 60 is regulated'by the adjustment of 
the variable transformer 34, the proper con 
ditions for operating purposes being indi 
cated by the character of the discharge in the 
neon tube. rl‘he variable transformer may 
preferably be constructed as shown in` Fig. 9, 
where it is shown as comprising an outer 
stationary sleeve 75 having wound thereon 
the primary winding 33, and a relatively 
movable sleeve 76 having wound thereon the 
secondary winding 35. rl‘he windings are 
arranged on the two sleeves so that they are 
of the same length longitudinally of the 
sleeves and the inductive eñlect is varied by 
regulating the position of the secondary 
winding within the primary winding. This 
is accomplished by means of an adjustable 
threaded member 77, the threads of which 
are engaged by prongs 78 formed on a bracket 
79 which is secured to the movable sleeve 76. 
lWhen the adjusting member 77 is rotated, the 
engagement of the prongs 78 with the threads 
wille?ect a corresponding movement of the 
secondary windingin one direction or the 
other. The rotation of the adjusting mem 
ber 77 is effected by means ‘of an insulating 
cap or handle 80 which is secured to the re 
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duced stem 81 of the adjusting member by 'i 
means of a set screw 82. The cap 8O is 
mounted on the end of the part 81 above a 
collar 83 which seats on an insulating sup 
porting member 84 having mounted therein 
a bushing 85 Yin which the part 8l rotates. 
The roper adjustment of the transformer ` 
may e determined by trial of the operating 
electrode or by observing the neon tube 
which preferably shows a substantially white 
light when the proper adjustment of the ap 
paratus is attained. ` l 

The various parts of the apparatus which 
are sho'wn connected’in the circuit of Fig. ’l 
are housed within a box or cabinet 90 having , 
the form illustrated particularly in Figs. 6 
4and 7. This cabinet is provided with a cover 
91 which is hinged at 92 so that it swings 
upwardly and toward the right as viewed 
in Fig. 7 in order to reveal certain parts of 
the apparatus which must be inspected by 
the surgeon during the operation of the ap 
paratus. The cover is normally held in 
closed position by means of a spring latch 
member 93 which is secured on the inside 
of the cover and which has a hooked ex 
tremity 93a adapted to engage alug k94 se 
cured to the box’or cabinet. The latch mem- 
ber 93 is released’from the lug 94 by means 
of a push-button 95. The top of the box or 
cabinet is closed beneath the cover by means 
of the insulating supporting plate 84, pre 
viously referredto, and by means of a me-A 
tallic plate or casting 96 which 1s secured t0 
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the edges of the box andwhich supports the 
insulating plate. » 
The transformer 34 is mounted in the cab 

inet 90 as shown in Fig. 6 with the outer cyl 
inder 7 5 thereof secured to the insulating 
plate 84 by means of screws or the like con 
nected to the cross arms 97 which are at 
tached to the upper end of the cylinder as 
shown in Figs. 8 and l0. The lower end of 
the transformer 34 is spaced somewhat above 
the'bottom of the cabinet and the bottom wall 
has mounted thereon insulating lugs 99 
carrying spring contact clips 100 which are 
connected in the electrical circuit and which 
are adapted to establish electrical connection 
with the seondary winding 35 of the trans 
former through spring vanes 101 which are 
attached to the cylinder 75 and which have 
upwardly directed arms within the cylinder 
terminating in bifurcated parts 102 which are 
adapted to slide on contact plates 103 which 
are suitably insulated and connected to the 
secondary winding so that an electrical con 
nection is made with the secondary winding 
in all positions of the sleeve 76. 
The variometer 50 is located in the cabinet 

in a position oppositevthat of the transformer 
34 and is similarly suspended from the in 
sulating plate 84. The variometer is pro 
vided with an operating handle 105 which 
is located above-the plate 84 so that it is 
exposed for operation when the cover is 
lifted upwardly. The casing of the variom~ 
eter is provided adjacent the lower part 

' thereof with contact terminals 107 which are 
adapted to be engaged by flexible springs 
108 extending upwardly from' an insulating 
plate 109'located on the insulating lugs 110 
secured to the bottom wall of the box or 
cabinet. In this way an electrical connection 
is readily made with the terminals of the 
variometer, it being understood that the 
springs 108 are connected in the circuit by 
the conductors heretofore described which 

' are located within the cabinet but are not 
shown in the drawings, for the sake of clear 
ness. ` ' 

The grid resistance 47 which 1s connected 
Vin the grid circuit, is located in an insulating 
tube 111 mounted on the bottom wall of the 
casing by means of contact springs 112 which 
are connected to insulating blocks 113 car 
ried by the bottom wall. ' ._ 
The two vacuum tubes 27'are located in the 

rear corners of the box and their upper ends 
project through openings 115 in the plate 
96 so that they are exposed when the cover 
91 is elevatedfThese vacuum tubes are suit 
ably supported «on the bottom wall of the 
casmg as shown particularly in Fig. 7. u 
Between the openings for the vacuum tubes 

27, ̀ the plate 96 is provided with an upward 
projection 116 having a flat face 117 which 
carries the dial 118 of the voltmeter hereto 
fore referred to. In front of the voltmeter, 
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the plate 117 is rovided with an opening 
119 through whic the neon tube 62 may be 
observed by the operator, this tube being 
mounted on a bracket 120 immediately be 
neath the plate 84, as shown in Fig. 7 . The 
plate 84 also has mounted therein terminal 
sockets 121 and 122, as shown in Fig. 4, these 
sockets being located adjacent the front edge 
of the insulating ,plate 84 and being adapted 
to receive the terminals of the conductors 
which lead to the electrode 57 and the mov 
able operating electrode 60, respectively. 

Other parts which need to be manipulated 
by the operator of the apparatus are located 
conveniently in the front wall of the cabinet, 
as shown in Fig. 5, these being the devices 
for regulating the resistance in the filament 
circuit and the switch for controlling the 
primary circuit of the transformer 20. As 
shown in Fig. 8, the end wall of the cabinet 
is provided with a socket 125 through which a 
connection can be made with the ordinary 
110 volt, 60 cycle, alternating current light~ 
ing circuit by which the primary of the trans 
former 20 is supplied. The connections from 
the socket 125 are controlled by means of the 
switch 26 which is operated by a shaft ex~ 
tending through the front wall of the cabinet 
and controlled by an operating handle 126. 
This handle has an arrow 127 .thereon which 
points toward the various positions of the 
switch which are indicated by the words “On” 
and “Off” mounted on a dial plate 128 located 
around the handle 126. At the other side of 
the front wall, there is provided a handle 130 
for operating the rheostat 40 by which the 
voltage on the filaments of the vacuum tubes 
is regulated. ̀ The handle 130 is similarly pro 
vided with an arrow 131 pointing toward a 
dial plate 132 which is mounted around the 
handle and which markedthereon an arrow 
133 to indicate the direction in which the 
handle should be turned to increase the volt 
age, this voltage being determined by obser~ 
vation of the voltmeter, as heretofore indi 
cated.` The rheostat 40 is mounted immedi 
ately behind the front wall of the cabinet, as 
shown in F ig. 7, sot-hat the operating handle 
130 can be directly connected thereto. 
The transformer 20, which is relatively 

heavy as compared with the other parts of 
the apparatus, is Vmounted between the 
vacuum tubes 27 and between the positions 
occupied by the transformer 34 and the vari 
ometer 50, as shown in Fig. 7. The frame of 
the transformer 20 is secured to the rear wall 
of the easing by means of screws or> other 
fastening devices 135 which also serve as fast 
ening means forsecuring in place a handle 136 
by which the entire apparatus can be carried 
from one place to another. In'this way the 
heavy part of the apparatus has a direct con 
nection with the supporting handle. The 
condensers 36 are mounted above the casing of 
the transformer and the other condensers 48 
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and 56 are loca'ted in proximity to the front 
Wall of the casing, as 'shown in Fig. 8, so that 
all of the principal parts of the apparatus are . 
contained within the cabinet. All of the 

5 Wiring connections, except those leading 
from the source of supply and the insulated 
conductors Which lead to the electrodes 57 and 
60, are also contained within the cabinet, but 

' for the sake of clearness these conductors have 
10 not been shown in the drawings of Figs. 4 to 

l0 inclusive. In order that the heat gener 
ated by the apparatus may be dissipated and 
the apparatus maintained in a sufficiently 
cool condition during its operation, the cabi 

15 net 90 is provided with a plurality of venti 
lating openings which are covered by per 

forated vcaps 140 having. openings there 
through of suliicient size to permit a thor 
ough ventilation of the interior of the cabinet. 
The parts of the apparatus of the present 

invention may be constructed according to 
«various designs and the resistances, induc 
tances, and capacities may have various val 
ues and relative values. In one form of ap 
paratus which has heretofore been success 
fully operated for surgical purposesv of the 
type hereinbefore referred to, a 110 volt, 60 

, cycle alternating current was impressed on 
the primary of the transformer 20 and the 
secondaryv windings of the transformer were 
designed to give 2000 volts across the secon 
dary winding 22, this voltage being equally 
‘divided between the two halves of the wind 

\ in on opposite sides of the conductor 32, 
while the secondary winding 23 was designed 
to give a pressure of 10 volts, subject to 
regulation by the rheostat 40. The condens 
ers 36 had a capacity of .002 microfarads 
each and the condensers 48 had a capacity of 

. .0003 microfarads, while the resistance 47 in 
the grid circuit had a resistance of 5000 ohms. 
In the apparatus referred to, the high fre 
quency oscillation transformer 34 was de 
signed so that the primary winding 33 bore 
the relation to the secondary winding 35 of 
99 to 49 and the condenser 56 employed in 
the work circuit had a capacity of .002 micro 
farad. With these proportions, the apparatus 

' operates to . cut the flesh or tissue readily 
without burning. ` 

It will beapparentàthat the apparatus not 
only has the advantages hereinbefore referred 
to, as well as many others._but that it is com 
pact andmav be used and moved about con 
veniently. In assembling the apparatus in 
the cabinet the various devices carried> by the 

c plates 84 and 96 are first assembled thereon 
and then upon a plying the plates tothe cab 

’ inet, the transformer 34 and the variometer 
60 50 automatically becorìiâ electrically connect 

ed to the spring conta vanes carried`4 by the 
casing. In the use ofthe device, it may be 
moved .from place to place and, in general, 
it may be operated from the usual lighting 

5 

Although one form of apparatus has been 
shown and described by way of illustration, 
it will be understood that it may be embodied 
in .various other forms without departing 
from the scope of the appended claims. 
I claim: ` . 

1. In electro-surgical cutting apparatus, an 
electrical circuit, a vacuum tube device con 
nected in said circuit, said device comprising 
a plate and a filament and a grid, a source 
of electric current, means connected to said 
source> for impressing voltages on said plate, 
said filament, and said grid, said means com 
prising a plurality of branch circuits, means 
for varying the voltage impressed on said ñla- 
ment, a variable inductance in the circuit of 
said grid, a transformer in which high fre 
quency oscillations are produced by the l,op 
erationof said vacuum tube device, means for 
connecting one terminal of said transformer 
to a surgical patient, means for connecting 
another terminal of said transformer to a 
movable operating electrode, and means for 
regulating the inductive effect of said trans 
former. . 

2. In electro-surgical apparatus, asource 
of oscillating current, _means for connecting 
one terminal of said source to the surgical 
subject, a movable electrode connected tothe 
other terminal of said source and having a 
_sharp point, and an insulating member sur 
rounding said electrode and leaving only the 
extreme tip portion thereof exposedn 

75 

80 

85 

90 

95 

3. In electro-surgical apparatus, a?source ' 
of oscillating current, means for connecting 
one terminal of said source-to the surgical 
subject, a movable electrode connected to the 
other terminal of said source, and an‘insulat 
ing member surrounding said electrode, and 
leaving the extreme end portion thereof ex 

100 

vlos 
posed, said insulating member and said elec- ` 
trode adjacent said exposed portion of-said 
electrode being curved longitudinally, said 
exposed portion terminating in a point. 

.4. In electro-surgical apparatus, the source 
of oscillating current, means for connecting 
one terminal of said source to the surgical 
subject, a movable electrode connected to the 
other terminal of said source, and an insulat 
ing member surrounding said electrode and 
leaving the end portion thereof exposed, said 
exposed extremity of said electrode being el 
liptical in. cross section. 
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