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checked by the use of his nomogram for pressure and rigidity. Daily
observations were not made, as this has already been done, whereas
the observation over a longer period of time has not been reported
so far as known.

In reply to Dr. Verhoeff, this adaptation of the Souter tonometer
has not been used because of lack of courage. The possibility of an
abrasion of the cornea because of the edges of the plastic tips has
been a deterrent factor.

The interest in this problem was prompted by Terry’s discussion
of Harrington’s paper in 1941. Further work will be necessary be-
fore the value of the adaptation is demonstrated.
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The subject of cycloelectrolysis (cyclocatholysis) for the
reduction of intra-ocular pressure in various types of glau-
coma is presented for several reasons: (1) because of the
great importance of any operation which may partially or
completely control tension, especially in patients with in-
tractable glaucoma, (2) encouraging results obtained in 65
eyes of 61 patients critically analyzed for a period of 6 months
to 4 years, (3) to discuss the electrochemical effects of the new
operative procedure on the ciliary body and processes, (4) to
evaluate the possible advantages of this operation in prefer-
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ence to cyclodiathermy (penetrating and nonpenetrating)
from both theoretical and clinical standpoints, (5) to de-
scribe the indications, contraindications and technic of the
operation, (6) to evaluate briefly the results obtained in the
patients subjected to this procedure and to refer to some
findings in animal experiments,* (7) because no description of
the use of cycloelectrolysis for the control of tension in
glaucoma has been found in the literature by us or the library
of the American College of Surgeons.

The concept of applying galvanic current to the ciliary
body arose from a study by one of us (C. B.) of its effect in
retinal detachment operations.! Galvanic current was first
applied to the retina by H. Schoeler? in 1889, but the applica-
tion of this method to the ciliary body as a treatment for
glaucoma by inducing localized atrophy of the tissues by
chemical action was first used by one of us (C. B.) in 1945.
The procedure has been twice referred to briefly.* ¢

Cycloelectrolysis is a new operative technic devised for the
purpose of reducing intra-ocular pressure in various types of
glaucoma and differs from perforating cyclodiathermy prima-
rily in the type of current employed to produce an atrophy
of part of the ciliary body.

In cycloelectrolysis there is a controlled chemical decom-
position of tissue which is produced by means of galvanic
current. In cyclodiathermy (penetrating and nonpenetrating)
a high frequency current of more than a million oscillations
per second is employed. The needle or ball electrode remains
cold but the resistance of the tissues to the passage of current
through them generates enough heat to cause an instanta-
neous coagulation of the protein present. A high frequency
current produces no chemical (electrolytic) changes in the
tissues. In cyclodiathermy the surface tissue is dehydrated
and shrunken and some sparking of tissue may occur, with
subsequent undesirable carbonization.

* A complete report of the experiments on rabbits and the pathologic findings
in human and rabbit eyes is in preparation.
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In cycloelectrolysis the amperage determines the amount
of chemical tissue destruction in the ciliary body in a specified
time, whereas in cyclodiathermy the amperage indicates only
the current passing through the ciliary body and cannot be
used as a measure of the amount of tissue destruction, since
the resistance of the tissues is a variable factor in each case.
The essential difference between the 2 procedures accounts
for the apparently greater effectiveness of cycloelectrolysis in
the control of intra-ocular pressure, the lessened congestion of
the ciliary body and eyeball as well as the minimal amount
of destruction and contraction of the sclera observed after
cycloelectrolysis as compared with cyclodiathermy.

It has been pointed out by Vogt,®* Wagner® and Stocker?
that there is an immediate postoperative rise of intra-ocular
pressure in nonperforating cyclodiathermy due to a puckering
of the sclera, with reduction in the size of the globe. This
elevation in tension is also increased by the application of
cyclodiathermy through congestion and shrinking of the eye-
ball. There is less marked increase of intra-ocular pressure
following cycloelectrolysis since there is only a mild reaction
in the tissues and insignificant shrinking of the eyeball.

Many of the objections stressed by surgeons® ° who prefer
nonperforating to perforating diathermy are overcome, and
some of the complications noted following nonperforating
diathermy are eliminated.

Several patients have developed sympathetic ophthalmitis
following cyclodiathermy when no sympathetic ophthalmitis
has so far followed cycloelectrolysis. Chemical destruction
versus heat destruction may account for the difference if it
can be proved to be statistically significant. Trichloracetic
acid applied to a prolapsed iris seems to be less dangerous
than heat cauterization of the uveal tissue.

In cycloelectrolysis, the negative pole of a galvanic current
attached to a fine needle is used as the ‘““active’ electrode, and
the positive pole or ‘“‘dispersive’’ electrode is placed beneath
the patient’s shoulder. When the current is applied and the
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needle penetrates the ciliary body, the sodium chloride,
present in solution in all body tissues, is ioniged. The sodium
ion migrates to the cathode, is neutralized, then reacts with
water to form sodium hydroxide with a release of hydrogen.
Sodium hydroxide is a strong caustic agent which causes a
chemical liquefaction of the cells around the needle. By regu-
lating the amperage and the duration of the application, the
amount of tissue dissolution may be controlled accurately.

We have elected to use the negative pole as the active
electrode on human eyes since we found in animal experi-
ments that when the positive pole of the galvanic current was
connected to the needle, the tissues became hardened through
the action of the hydrochloric acid formed and adhered to the
needle. There was also more damage to the sclera, increasing
the possibility of herniation of the ciliary body.

There are 2 main mechanisms to be considered in the main-
tenance of normal intra-ocular pressure: (1) the production
of fluids, generally considered to be a function of the ciliary
body and its processes and (2) an adequate drainage system.

Cycloelectrolysis is a procedure designed to reduce the
production of aqueous by a chemical destruction and subse-
quent atrophy of a part of the ciliary body and its processes
with the least possible trauma and a minimum of complica-
tions.

In a subsequent paper, we propose to present data concern-
ing the value of cycloelectrolysis compared with both per-
forating and nonperforating cyclodiathermy which also are
operations designed to diminish the production of aqueous.

Indications for Cycloelectrolysis:

1. Chronic Primary Glaucoma (21 cases are reported in
Table 1).

a. Chronic primary glaucoma, especially in Negroes. It is
a well-established fact that the Negro tends to have excessive
keloid formation and consequently does not usually respond
to filtering operations.
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Because cycloelectrolysis causes so little reaction and dis-
comfort to the patient, it may be advisable, when we have
gained more experience, to consider cycloelectrolysis more
frequently as a primary procedure in whites as well as in
Negroes.

2. Glaucoma in Aphakia (9 cases are reported in Table 1).

a. Cyclodialysis has been the operation of choice hereto-
fore because of the limited application of filtration opera-
tions. Cycloelectrolysis must be considered a valuable pro-
cedure in this type of glaucoma.

3. Cycloelectrolysis is especially indicated in narrow angle
types of glaucoma.

4. Absolute Glaucoma (7 cases are reported in Table 1).

a. Cycloelectrolysis has been proved to be of great value
in those cases of absolute glaucoma with intractable pain, and
this procedure may be recommended in some cases in prefer-
ence to enucleation.

5. Uveitis with Secondary Glaucoma (4 eyes reported in
Table 1).

a. The comparative freedom from reaction has encouraged
us to try cycloelectrolysis in uveitis with uncontrolled pres-
sure. Case number 62 was operated upon for glaucoma
secondary to uveitis in sarcoidosis.

6. Other forms of Glaucoma. Cycloelectrolysis may prove
of benefit in the following types of glaucoma:

a. Central venous thrombosis (3 cases)

b. Hydrophthalmos and Buphthalmos (5 eyes)

¢. Rubeosis of the iris (4 cases)

d. Hemorrhagic glaucoma (5 cases)

e. Acute glaucoma (5 cases)

f. Secondary glaucoma resulting from trauma (3 cases)

Contraindications for Cycloelectrolysis:

1. Intra-ocular tumor. It is obvious that every precaution
should be taken to rule out any possibility of an intra-ocular
tumor before attempting cycloelectrolysis.



TABLE 1.—CYCLOELECTROLYSIS FOR GLAUC

Chronic Simple Glaucoma—21 Cases, 23 Eyes

Shallow anterior chamber

5 ma. 5 sec.

' Preoperative _ .- . ive Visi . .
Cases Diagnosis me(tstzzd T)emmm P ik 'm" us Of:éa;.’gnme gchtamwe’tz")t’“ Cycloelectrolysis Additional Surgery P os%pm e( »Sych“iaz i z)and Visual Fields and Remarks
1612 o
1. J. W., aged 52 Chronic simple, wide e0.D. | V. 0.D. 4/200sc. | 10/48 Indocorneosclerectomy 12/48 Cycloelectrolysis O.D.— 12/48 Iridocorneosclerec- | 5/49 V. 0.D. 20/200 Preoperative gunbarrel field unchanged.
' .flemal’e,agvhite' ’ Slight cuppul:g’o D. anel 20; ce. 0.D. V. 20/200 T. 48 50 punctures tomy O.D. T.0.D. 20 Tension controlled 5 mos. Vision im-
T. 0.D. 35 10/48 Posterior Sclerectom 58 5 ma. 5 sec. T. 40 proved. Miotics continued.
0.D. V. 20/100 T. . ‘
2. F. C., aged 75, Chronic simple .| V. 0.D. 20/70 ' 9/48 Indocomeosclerectomymd 11/48 %cloelectrolysm 0D.— 2/49 Cyclodmlysm and | 5/49 V. 0.D. 20/60 Postoperatwe visual fields unchanged.
female, white Nuclear sclerosis sc. and ce. Tenon’s caﬂule transplant punctures - aspiration A.C. 0.D. T. 0.D. 24 Vision improved. Tension controlled
Aphakia O.D. T. 0.D. 34 OD.V.H 5 ma. 5 sec. T. 3447 with miotics.
Endophthalmxtls 11/48 Cataract extraction 0OD. T 45 T et
3. S. A, aged 58, Chronic simple, wide angle 0.S. | V. O.S. 4/500 cc. 4/44 Indocomeosclerectomy and in- 6/46 Cycloelectrolysm and su- None 3/49V.0.8. H.M. Tension controlled 4{1’8 without miotics.
male, white T. 0.8. 40 carceration O.S. perficial keratectomy 08. T.O0.8. 19 Full fields with light uncha.nged
12/44 Intracapsular extraction and ir- —48 punctures
ldocomeosclerectomy (o)
‘ 08.V.HM.T. 50 - . , o
4. E. S, aged 62, | Chronic simple O.8. Onset 6 yrs. | V. 0.8. 5/200 cc. | 4/42 Cyclodialysis O.8. 6/45 cloelectrolysis 0.8.— 1/46 Superficial keratec- | 3/49 V. 0.8. L.P. Tension controlled 4 yrs, without miotics,
. femaie, white Shallow A Cp T. 0 S, 47 10/42 Cyclodialysis O.S. g punctures -~ tomy O.S. T.08. 17 Shght field loss with light.
08.V.LP.T. 29 5 ma. 5 sec. _
5. C. M., aged 49, | Chronicsim leO D.Onset 3yrs. | V. O.D. 20/20 cc. None™ n 5/48 %cloelectrolysm 0.D.— ' None , 5/49 V. 0.D. 20/40 "Tension controlled 1 yr. with miotics.
female, white Normal A. (? T. 0.D. 49 " : unctures T.0.D. 20 Preoperative concentric ' contraction
; 5ma. b sec. ‘ v unchanged.
6. S aﬁd 72, Chronic simple O.S. Onset 2 yrs. | V. O.8. 20/50 cc. None 3/48 Cycloelectrolysis and para- | 10/48 Cyclodialysis O.8. 1/49 V.0.8., 3/200 No improvement.
ma.le, white Shallow A Cp [ T. 0.8. 48 - céntesis 0.S.—50 punctures R T. 0.8.' 50 i o
| ) 5 ma. 5 sec. 1 .
7. M. B, a.ged 40, Chronic si Cple 0.D. Onset 7 yrs. | V. 0.D. N.L.P. Had 1 operation O.D. Brevidusly 3/48 (%vcloelectrolysm 0.D.— None _&/49 V.N.L.P. 0.D Tenslon controlled 14 mos. without miot-
female, white Shallow A T. 0.D. §0 No light perception O. punctures T.0.D. 18 cs. No pain.
Severe pain 5ma. 5 sec. (
8, N. E., aged 74, Chronic simple O.D. Onset 4 yrs. | V. 0.D. HM. .8/47 Iridencleisis 0.D, 5/48 Cycloelectrolysis 0.D.— None 3/49 V. 0.D. L.P. Tens;on controlled wnth mmtxes No pain.
male, white Marked uyveitis T. O.D. 47 Complete subluxation lens 0.D. 32 punctures T. 0.D. 22 Vision samq No fields.
’ Cupping 0.D. ...B4ma. 5 sec. S
9. A. 8., aged 64, Chronic simple O.D. Onset 3 yrs. | V. O.D. L.P. None 5/48 Cycloelectrolysis O.D.— None 5/49 V. 0.D. L.P. ,Tenslon controlled 12 mos. without rmot-
male, %ite ’ Marked cu; e ing T. 0.D. 90 punctures. Upper half T. 0.D. 20 . ies. No pa?; Vision same; no fiel
Shallow A i ) o . 5ma. 5 sec. ‘
10. 0. V., aged 52, Chronic smple O.8. Onset 2 yrs. | V. 0.8. 20/200 cc. 3/47 Iridocorneosclerectomy O.8. 5/47 %'cloelectrolysls 0.8.— None 5/49 V. 0.8. 20/200 Tension controlled 2 yrs. without miotics.
female, white Shght cuxpmg T. 0.8. 90 ) 'V.0.8.20/200 T. 45 punctures. Lower half T.0.8. 20 Preoperative concentric contraction
1 : 5'ma. 5 sec. field w1th light uncha.nged postopera-
L0 tively.
11. R. L., aged 68, | Chronicsimple O.D. Onset 6mos. | V. Q.D. 20/200 cc. None 10/48 %rcloelectrolysxs 0D.— None 5/49 V.0D. 20/30 Tension controlled 7 mos. wnt.hout miot-
male, white Disc and A.C. normal T. 0.D. 90 ' : punctures Upper half T. 0.D. ics. Vision improved. No change in
12. H. R., aged 70, Chromc smple 0.8.0nset Lyr. | V. O.8. 20/30 cc. 4/37 Trephine O.S. © | 11748 cloelectrolysls 08.— None 5/49 V 0.8. 20/50 Tension controlled 6 mos. without miot-
female, white I?Pm& 313' shallow A.C. | T. 0.8. 42 11/42 Combined intraca ula.r extrac- punctures T.0.8 ics. Vision improved. No change in
inhole pup tion 0.8. T. 45 V. 5 ma. 5 sec. visual fields.
13. T. G., aged 49, Chronic simple O.D. Onset 3 mos. | V. 0.D. 20/100 4/47 Indocomeosclerectomy 11/47 Cycloelectrolysis 0.D.— | 11/47 Trephine and iri- | 3/49 V. 0.D. 20/40 Tension controlled 15 mos. with miotics.
male, white Advanced cupping T. O.D. 65 0.D. T. 20-50 ; punctures dencleisis O.D. : T.0.D. 20 - Vision improved. No fields
Normal A.C. 10/47 Paracentesis 0.D. T. 40 5 ma. 5 sec.
: _T. 0.D. 32-40
14. P. B,, aged 58, Chronic simple O.D. Onset 13 mos.| V. Q.D. 20/30 cc. None 3/48 cloelectrolysis 0 D.— None .3/49 V. 0.D. 20/50 cc. | Tension controlled 12 mos. with miotics.
male, white %hsht a‘i“ PCmK T. 0.D. 40 punctures with para- T. 0.D. 20 Slight contraction visual fields
orm
/ 5 ma. § sec.
15. L. B., aged 59, Chronic simple O.D. Onset 10}'1'3 V. 0.D. 20/50 cc. None 4/48 Cycloelectrolysxs 0D.— 6/48 Trephine O.D. 3/49V.0.D.L.P. Tension lowered. Complicated cataract
male, white Shght cupping T. 0.D. 47 38 punctures T. 0.D. 30 0.D. No fields.
Normal A.C. 5 ma. 5 sec.
0D.T. 50
16. A. D, aged 49, Chronic simple O.D. Onset 4 yts. | v, 0.D. L.P. 3/48 Iridectomy O.D. T. 90 3/48 (brcloelectrolysm and iris | Enucleation 0.D. Eye becomes soft and dangerous—re-
male, white Shght WKP“!S T. 0.D. 90 u}c usion 0.D moved.
. H. R., aged U. . 0.D. . None 1/47 Cycloelectrolysis O.D. None 3/49 V. 0.D. 20/20 sc. | Tension controlled O.D. 13 mos. O.8. 11
1 gal% N egro‘ﬂ’ lgll;rr?:;f ?ilizzple OU.Onset 3 days | V 8? %8%&% ::c:. / 36 punctures. T. 20-50 0.8. 20/20 sc. mos. without mioties. Vision and visual
’ Shallow A.C. O.U. T. O.D. 48-65 2/48 cloelectrolysls 0.D. T.0.D. 20 fields improved O.U.
.. 08. 3045 ' ctures. 5 ma. 5 sec. 08. 20
. » 4/48 Cycloelectrolysm 08.
50 punctures. 5 ma. b sec.
18. G. H., aged 41 Chronic simple O.S. Onset 1 yr. | V. 0.8. 20/20 cc. 3/4b Iridecorneosclerectomy 3/48 Cycloelectrolysis and as- None 3/49 V. 0.8. 20/30 cc. | Tension controllegl 1 yr. without miotics.
fema.lé,&lglegro ’ Shallow A Cp ¥ T. O.8. 45/ / - 0.8.V.20/50 T. 40 piration A.C. O.8. T.08. 20 Slight contraction fields.
: Disc normal _ . NS
. H. K., aged 43, Ch: le O.U. Onset 2 V. 0.D. 20/50 cec. 3/47 Perf; clodmtherm,y 3/47 cloelectrol 0S8. 12/47 T 0.D. 5/49 V. 0.D. 20/30 cec. | Tension controlled 2 0.8. without
19 female, Negro u;o ’;111038&“;3) N U meeh S ym. 0S8. 20;70 gg / 0. D°V"§'(‘)‘/% T. 65 / Qy ysns 2/48 Iri enclemls and 0.8. 20/30 cc. nuotxcs, cycloelectrol Y;':m done as pri-
. 8 ow Up T. 0.D. 40 9/47 cloelectrolysns 0.D. sclerectomy O.D. T.0.D. 20 procedure. Preoperative gun-
08. 48 32 punctures 4/48 Cycloelectrolysis. 08. 22 barrel ﬁelds unchanged postopera-
_ punctures O.D. : tively O.U.
20. A.D., aged 62, | Chronic simple O.S. Onset 3 yrs. | V. 0.8. 20/40 cec. 7/38 Iridocorneosclerectomy ' 2/49 Cycloelectrolysis O.8. None - 5/49 V. 0.8. 20/70 cc. | Pain relieved. Case requues further ob-
female, Negro T. 08. 23 0.S.T. 50 ‘ - 3) punctures T.08. 22 servation.
4/40 Trephine 0.8. T. 40 5‘ma 5 sec. : -
12/48 Aspiration A.C. T. 32
21. L. W., aged 45, Chronic simple O.D. Onset 9 mos. | V. O.D. 20/50 cc. 4/47 Iris inclusion operation O.D. 5/48 %cloelectrolyms 0S8. None 5/49 V. 0.8. 20/70 Tension controlled 1 yr. without miotics.
male, Negro Marked cuppmg 0.D. T. 0.D. 70 T.08. 20
5 ma. 5 sec.
Secondary Glaucoma Following Cataract Extraction—9 Eyes
22. H. B., aged 60, Immature cataract V. 0.D. 20/200cc. 6/43 Combmed extra.ctlon 0.D. 8/48 gzycloelectrolysls 0.D. None 3/49V.0.D. H.M. Tension lowered. Miotics continued.
e, white Thrombosis central vein 0.D. 6/47 V OD.F punctures T. 0.D. 40 Vision decreased O.D. No fields.
T. O.D. 65 5 ma. § sec.
23. A. W, aged 63, Posteapsular cataract O.S. V. 0.8. 20/70 cc. 4/43 Optical iridectomy O.8. 11/48 Cyecloelectrolysis O.S. None 3/49 V. O.8. 20/40 cc. | Tension lowered; miotics continued.
male, white 6/43 Extracapsular extraction O.8. punctures - T.OS8. 30 Vision lmproved Small entral field
8/43 V. 0.8.5/100 T. 43 5 ma. 5 sec. retained postoperatively.
10/43 Cyeclodiatherm:; 08.T. 30
1/44 Iris inclusion O.8. T. 40
3/44 Discission O.8. V. 20/40 T. 40
24. B. G., aged 62, Immature senile cataract O.D. V. 0.D. 20/70 cc. 3/44 Combmed intracapsular extrac- | 12/47 Cycloelectrolysis 2/48 Trephine 0.D. 3/49 V. 0.D. H.M. No improvement.
male, white n 0.D. T. 40 unctures T. 0.D.
4/44 Indenclems 0.D. Q0.D.T. 55
6/44 Cyeclodiathermy O.D. T. 40
2/45 Indectomy 0.D. T. 55-65
25. A. B., aged 65, Immature cataract V. 0.8. 3/200 ce. 4/47 Preli iridectomy O.8. 10/47 Cycloelectrolyms and as- None 5/49 V. 0.8. 20/30 cc. | Tension controlled without miotics 19
male, white Secondary iritis : 9/47 X.A.P. 0.8. T. 47-58 tion A T.O0S8. 18 mos. 0.8. Visual fields unchanged post-
Aphakia 0.8 9/47 Cyclodialysxs 08. gga}'mnctures operatlvely
& ma. 5 sec.
26. F aﬁd Immature cataract O.S. V. 0.8. 20/200 cc. 5/47 Cataract extraction O.8. T. 90 | 11/47 gzycloelectrolysm 0s. None 3/49 V. 0.8. 20/100 cc. | No improvement in tension.
male, ite 8/47 Indocapsulotomg S T. 38 punctures T.0.8. 50
10/47 5 ma. 5 sec.
) 11/47 Pmoentems 08. T .
27. R. F,, aged 57, Incipient cataract O.S. V. 0.8. 20/200 cc. 2/42 Extra-intracapsular extraction 2/48 Cycloelectrolysis O.S. 3/48 Enucleation O.S. Eye became hypotonic.
female, white 08.T. 16-60 V 20/20.ce. punctures ¥ PO
5/44 Shallow A.C. cu i:f and atro 5 ma. 5 sec.
¢ odmlysxs a.n dectomy )
. 0.8.4/100 T. 65 ‘ y
28. 8 aﬁd 74, Hypermature cataract O.D. V. OD. L.P. 1/47 Combined extracapsular extrac- | 2/48 Cyeloelectrolysis 0.D. None 3/49 V.0.D. HM. Tension controlled 13 mos. without mi-
" male, white tion 0.D. V. 20/40 T. 3340 40 punctures T.0.D. 20 oties 0.D
5 ma. 5 sec.
29. F. W,, aged 68, | Postcortical cataract-sclerosis V. 0.8. 20/200 6/48 Intracapsular extraction and 7/48 Cycloelectrolysis O.S. 7/48 Cyclodm.lysl.s 0S. Retina detached following cyclodia-
_ male, white 0.U. T. 08. 17 peripheral iridectomy O.8. T. 60 punctures T. 65 thermy. Iris was completely adherent
5 ma. § sec. 8/48 Asglratlon (3 times) to vitreous. Eye became gerously
(0) soft. Eviscerated 12/48 O
8/48 Cyclodialysis
9/49 Indoeomeosclereo—
10/48 Cyci;dmthermy
Evisceration
30. V. M,, aged 73, | Mature cataract O.D. V. 0.D. HM. 6/47 Cataract extraction 0.D. 11/47 cloelectrolysxs 0.D. None 5/49V.0.D.F. 2 Tension controlled O.D. 18 mos. without
male, white V.HM.T. 40 punctures T. 0.D. 20 miotics. Slight improvement vision.
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Secondary Glaucoma following Trauma—3 Eyes

S Preoperative Previous Operations—Postoperative ; " P ative Vision and . .
Cases Diagnosis Vision and Tension Vision and Tension (Schidtz) Cycloelecirolysia Additional Surgery ension (Schidtz) Visual Fields and Remarks
31. H.8,, aged 68, Struck in 0.D. V.0D. k.Y 9/47 Cataract extraction O.D. 1/48 Cyecloelectrolysis O.D. None 5/49 V. 0.D. 20/70 Tension controlled O.D. 16 mos. without
male, Dislocated lens and secondary | T. O.D. 48 punctures T.0.D.1 mioties. Vision improved.
glaucoma 5 ma. 5 sec.
32.J.8, aﬁ:‘d 50, Sulphuric acid burn. Secondary | V. O.S. 20/100 5/45 Keratectomy and peridectomy | 7/45 cloelectrolysls 0.8. None 3/49 V. 0.8. 20/100 Tension controlled O.8. 314 yrs. with mi-
male, white ucomsa O.8. T. 0.8. 70-76 0S8. punctures T.0.8. 30 otics. Vision same.
6/45 Cataract extraction O.8. T. 72 5 ma. 5 sec.
33. M. C,, aged 45, Alkali bums Keratltls-eecondary V. 0S8. N.LP 7/48 Radium treatment; conjunctival | 12/48 Cycloelectrolysis and elec- | Beta irradiation continued | 1/49 V. 0.S. N.L.P. Tension controlled without miotics.
male, White glaucoma O.S. T. 08. 22 flap over perforatmg wound O.8. troparacentesis O.8. T.0.8. 12
35 punctures
Seamdary Glaucoma Associated with Uveitis—/ Eyes
Ma.ture cataract O.S. V. 0.8. 20/100 3/48 Combined extracapsular extrac- | 6/48 5Coycloelectrolysm 0.8. 12/48 Iridocorneosclerec- |3/49 V. 0.S. 20/100 Tension controlled with miotics. Post-
femai wlnte Choroidal atrophy, | T. 0.8. 48 ‘tion 0.8. V. 20/100 T. 48 punctures tomy O.S T.O08. 25 operative fields unchanged.
Eakm seeondary glaucoma, 5/48 Cyclodialysis O.S. T. 35 5 ma. 5 sec.
uveltls
35.J.G,, aﬁd 74, Secondary glaucoma, uveitis 0.8. | V. 0.8. L.P. Had cataract extraction 20 syrs ago 0.8. | 3/48 Cyecloelectrolysis O.S. None 5/49V.08. L.P. Tension controlled O.8. 14 mos. No visual
male, white Bullous keratitis. Edema K.P. | Temporal side only | 10/31 Ant. sclerotomy O. ‘50 punctures - T.O0S8. 22 improvement.
Shallow A.C. T. 65 4/34 Ant. sclerotomy O.S. Electroparacentesis. Sup.
5/43 Cyclodiathermy O.S. keratectomy
36. A. E., aged 45, Secondary glaucoma. Uveitis 0.U. | V. 0.D. L.P. None 2/48 Cycloelectrolysis. 656 punc- None 5/49 V.0.D.L.P. Tension controlled 0.U. with miotics 15
female, white 0.8. HM. tures O.U. V.0S8. HM. mos. No fields.
T. 0.D. 60-65 5 ma. 5 sec. T. 0.D. 20
0.8. 40 0.8. 20
Secondary Glaucoma (Misoellanemw) 4 Eyes )
37. V.8 Seeon ucoma O.S. Onset | V. 0.8. 20/70 None 4/48 Cycloelectrolysis O.8. None 3/49 V. 0.8. 20/50 Tension controlled 0.8. without miotics
femai whlte 1yr. myopisa. Interstitial | T. 0.8. 3 punctures "T.0S8. 19 11 mos. Vision improved. Fields un-
keratxtls Positive serology - PR _ i
38. C. R., aged 65, Seeonde glaucoma O.S. Onset | V. 0.8. 20/70 10/45 Iridencleisis and iridectomy O.8. | 7/45 Superficial  keratectom 7/45 Paracentesis O.8. 10/47V.0.8. 5/200 Tension controlled with miotics. De-
female, white ormal A.C. T. 08. 35 T. 40 and cycloelectrolysis O.S. | 8/45 Trephine O.8. T.0S8 crease in vision.
6/45 Iridocorneosclerectomy O.S. 55 punctures 10/45 Iridencleisis and ir-
T. 50 > idectomy O.8.
‘ 7/45 Aspiration A.C. T. 40 ) ,
39. T.S Secondary glaucoma O.S. Onset | V. 0.8. L.P. None 6/48 cloelectrolysm 0.8. None 1/49V.0S8. L.P. No improvement.
femsie, ite 8 yrs. CApgé:.h'a-cupping. Shal- | T. OS. 50 @ punctures T. 0.8. 50
: ow )
40. H. M,, aged 74, Secondary glaucoma. Thrombosm V. 0.D. HM. None 2/48 Cycloelectrolysis and pos- None 1/49 V. 0.D. HM. Tension controlled O.D. 13 mos. without
male, w central vein O.D. Shallow A.C. | T. 0.D. 654 terior sclerotomy. 50 punc- T.0.D. 20 miotics.
Disc cupped tures 0.D.
Acute Glaucoma—5 Eyes
41. J. G, 62, Acute hemorrhagic glaucomsa. Ex- | V. 0.D. N.L.P. None - 4/47 Cycloelectrolyais 0.D. None 5/49 V. 0.D. N.L.P. Tension controlled O.D. 23 mos. without
e, whi tensive edema. Posterior syne- | T. 0.D. 70 unctures T.0.D. 15 - miotics. No pain.
chise. Shallow A.C. O.D. 5ma. 5 sec.
42. M. R., aged 69, | Acute glaucoma O.D. Shallow | V. O.D. 20/100 cc. None 1/48 Cycloelectrolysis O.D. None. 3/49 V. 0.D. 20/200 cc. | Tension controlled O.D. 14 mos. without
male, white A.C. Diabetes mellitus-hyper- | T. 0.D. 60 punctures T.0D.19 . ‘| miotics. No pain.
tension 0.D. . 5 ma. b sec.
43. C. T, aged 67, Acute hemorrhagic O.D. Incipi- | V. 0.D. 20/200 cc. | 11 /48 Iridocorneosclerectomy O.D. 11/48 ggcloelectrolysm 0.D. None 5/49 V. 0.D. 20/70 cc. | Tension controlled O.D. 6 mos. with mi-
fema.le, white ent cataract. Diabetic retm- T. O.D. 80 T. 70 punctures T.0.D. 20 otics. Vision improved
opathy. Chorioretinitis O.D : , 5 ma. 5 sec. . .
44. N. Y., aged 62, Acute ucoma O.D. Shallow | V. 0.D. HM. None 1/48 Cyecloelectrolysis and para- None 3/49 V. 0.D. H.M. Tension controlled O.D. 14 mos. with mi-
male, white A.C. Disc cupped T. O0.D. 654 o tesxg 0.D. 50 punctures T.0.D. 25 otics. No pain. No visual improvement.
ma. 5 sec.
45. A.F,, &gd 57, Acute glaucomsa O.D. Bullous | V. 0.D. L.P. None 2/48 Cycloelectrolysm and para- None 5/49 V. 0.D. 20/200 cc. | Tension controlled O.D. 15 mos. with mi-
male, white keratitis. Corneal edema; deep | T. O.D. 70+ centesis 0.D. 40 punctures T.O0.D. 22 otics. No pain. Vision improved.
AC deep cupping disc 0.D. 5 ma. 5 sec.
Hemorrhagic Glauooma—b’ Eyes ) _
46. W. L. aged 51, | Hemorrhagic glaucomsa OS V. 0.8. 20/80 6/48 Cyclodialysis O.S. V.H.M.T.50 | 7/48 %'cloelectmlysis 0.s. 1/49 Cycloelectrolysis 5/49 V. 0.8. 20/100 cc. | Tension controlled with miotics. Post-
male, white Traumatic cataract. Disc | T. 0.8, 40 - : punctures S. 50 punctures T.08. 20 operative visual fields unchanged.
cupped; deep A.C. Hemorrhage . 5 ma. 5sec. T. 40 5 ma. 5 sec.
in macular region O.8. o
47. 1 G. aged 72, | Hemorrhagic glaucoma. Disbetic | V. 0.8. H.M 11/47 Trephine 0.8. V. H.M. T. 50 1/48 cloelectrolysis 08. 1/48 Cycloelectrolysm 2/49V.0S8. HM. Tension controlled with miotics. No
a{u retinopathy. Rubeosis iridis | T. 0.8. 65 punctures punctures T.OS8. 20 visual improvement. No fields.
0S8. Aphakm, lentlcular N 5ma 5secT35 5ma sec.
. . changes O8. . g ‘ . e SN N s —
48. A. N.; 72 Hemorrhagic glaucoma. Atrophy; | V. 0.D. H.M. None 3/48 Cycloelectrolysis and as- None 5/49V.0.D. N.L.P. Tension controlied 0.D. 14 mos. w1th -
male, ’Walfiﬂ ' edemaha%lf gcl:mea. 0D Y) : | T. OD. 65 iration A.C. 0.D. T. 0.D. 20 otics. Vision lost. i
cupped Poor vision 10 yrs un- punctures
5 ma. 5 sec. »
49. H. B., aged 60 Hemorrhaglc glaucoma. Multiple | V. 0.D. F. 1’ None 2/48 Cycloelectrolysis 0.D. None 5/49 V. 0.D. 10/200 cc. | Tensi trolled 0.D. 15 mos. with mi-
male, 'white thrombosis (central and sec- | T. O.D. 55-65 50 punctures T.O0.D. 25/ (l;lt'silc(;l.1 g;)igigg improved. ﬁ)o?iemfl ™
ondary veins). Rubeosis iridis. 5 ma. 5 sec.
Traumatic cataract 37 yrs ago
0.D. .
aged 65, Hemorrhagic glaucoma. Dw.betlc V. 0.8. 20/70 ce. 5/45 Iridocorneosclerectomy and ‘iri- | 7/45 Cycloelectrolysis and as- 7/45 Paracentesis O.S. 2/49 V 0.8. 20/200 cc. | Tension controlled O.S. 32 mos. with mi-
femai e, white retinopathy O.S. Onset 3 yrs. | T. O.8. 35-40 dectomy O.8. T. 30 | piration A. CyO S.T T. 65 T.O08. 26 otics. oS, With mt
6/45 Iridocorneosclerectomy O.8. 8/45 Trephine and per-
T. 556 ! ghera.l iridectomy
‘ ' 7/45 Aspiration A.C. 0.8. T. 65 i
Buphthalmos and Hydrophthalmos-# Cases, 5 Eyes ' '
51. 0.E, aged 14, | Hydrophthalmos - microcornea; | V. O.D. L.P. None 4/48 cloelectrol i O.D. None 3/49V.0.D. HM. Tension lowered with miotics O.D.
ema.le, white co nital cataract. Shallow | T. O.D. 60 i Oy yee T.0.D. 25 Taiotics
A. C. Nasal iris missing O.D.
52. K. M. aged 5, Buphtha.lmos 0.U. V. 0.D. 20/50 cc. 2/46 Elliott Trephine 0.U.T.0.D. 556 | 5/46 Cycloelect.rol 0.D. None 5/49 V. 0.D. 20/40 cc. | Tension controlled O.U. 3 ithout
e, W] ﬁlsc normal O.U. T 8183 §g/70 cc. 0.8. 65 . 6/48 Cy lo&lci;ureslySIS o8, - 8% g/‘io cc. miotics. Vl%glnds improved. mop‘gat?:rle
yopia . 0.D. , cloelectro] . 0.D. concentric unchanged posto
" 08. 66 unctures’ 08. 22 tively. §6¢ poctopera-
53. A. P. ngfd 23 Hydrophthalmos and Lagoph- | V. O.D. L.P. 0.8. Operated upon at infancy. Atro- 2 48 Cycloelectrol a.nd iri- None 2/49 V. 0.D. 20/70 Tension controlled. Vision improved. N
male, white thalmos 0.U. T. O.D. 50 phy following surgery with loss of ' / goycaps ysm D. Sup. T.0.D. 18 fields. prov °
Congenital cataract O.D. Corneal vision keratectomy g
ulcers , 32 punetures v
54. M.N. agedlﬁ “Hydrophthalmos O, V. 08. ? “Tridectom andneedhn 0.U. at age of |, 2/48 Cyclodiath 08. 25 None 5/49V.08. ? Tension controlled with miotics. T
months Brain Kemorrhages at birth; con- | T. 0.8. 47 3mos. 8 e f / Clﬁcturzs i T.08. 20 you'lnsto :cmamygm&min‘ *
female, white %)emtal cataract. A.C. absent A6 ma. 5 sec.
|
Absolute Glaucoma—? Eyes , A
85. C.R., aged 65, Absolute glaucoma O.D. Onset | V. 0.D. N.L.P. §/45 Cyclodiathermy w1th aleohol in- 7/45 Su rﬁcml keratéctomy | 2/46 Evisceration 0.D. Eye b ft and dan X
fema.le, 4 yrs. T. 0.D. 80 jection 0.D. T. 8 . and cyeloelectrolysis O. D _ Y6 becaine sofb an gerous
56. M. R,, aged 69, Absolute glaucoma V. 0S8. N.L.P. None . 1/48 cloelectrolysis O.D. 2/48 Cycloelectrolysis 5/49T.0.D. 19 T tr lled 14 -
fem.a.le, " | Diabetes mellitus T. 0.8. 60-70 punct; wys v Cy D. 4(})';unc- e:ﬁlc(;nﬁgnpa?n mos. without mi
Hypertension O.S. 5 ma. 5 sec. turee g ]
R punctures '
57. N.C,, aged20 Absolute glaucomsa V. 08. N.LP. 7/47 Corneal tattoo 2/48 Cycloelectrolysmos None 3/49T.0S8. 26 Tension controlled without miotics 13
fi e, white Leuksoma cornea and central scar [ T. 0.8. 69 1 mos. No pain.
8. |
|, Coloboma iris ;' L
aged70 41 Absolute glaucoma V. 0.D. NLP. None | 4/48 cloelectrol N 5/49 T. 0.D. 22 Tensi . wi i-
femai , white ' Keratitis. Large central sear O.D. | T. O.D. 90 Y ggatlon oTgpnd e one / o Nonbeoned 13 mos. without mi
0 punctures
59. R. G aged 75, Absolu’w glaucoma O.D. Onset | V. 0.D. N.L.P. None . 5/48 Cycloelectrolysis O.D. 5/48 Enucleation O.8. Eye became hypotonic.
male, 7 yrs. T. O0.D. 656+ i 508' unctures. Paracentesis |. PO
60. R. M., aged 69 Absolute glaucoma O.8. Diabetic ¥ 83 %\Isfia_P None '11/48 Cycloelectrolysis O.S. None 2/49 T. 0.8. 50 Tension lowered slightly. No pain.
e, wl ion . 08. : . . : .
61. P.D., aged 76, | Absolute glaucoma O.8. Bullous | V. 0.8. N.L.P. None . ' 3/48 Cycloelectrolysis 0.D. None 5/49 T. 0.D. 20 Tension controlled without miotics 14
male, white ~ | keratitis. Lens edems, Mature | T, O.S. 65 50 prnmaryels mos. No pain. e

cataract 0.8.

5 ma. 5 sec.
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2. Glaucoma capsulare.
3. Lens dislocated into the anterior chamber.

Preoperative Preparation:

1. Preoperative sedation of nembutal (grs. iii) is given
1 hour before operation.
2. Tonometer readings are made before and after surgery.

Amnesthesia:

1. Topical anesthesia is obtained by instillation of ponto-
caine (19).

2. Retrobulbar injection (1.0 cc. of 29, procaine with
minims iii of epinephrine hydrochloride (1:1,000) into the
ciliary ganglion.

Apparatus Required:

A galvanic machine with a potential of at least 22.5 volts
and a milliampere scale sufficiently large to show small
variations between 0 and 10 milliamperes.

The positive pole or dispersive electrode is placed some--
where on the patient’s skin, using an electrolytic jelly to
insure a good contact. The negative pole or active electrode
is a specially designed platinum straight conical electrolysis
needle* (Berens) measuring 1.5 or 2 mm. in length, and 0.18.
mm. in diameter.

We have found in our animal experiments that a needle
which is long enough to penetrate through the ciliary body
causes exudation at the site of the puncture.

The setting of the rheostat is determined by applying the
needle to the conjunctiva and adjusting the rheostat so that
the milliammeter registers 5 ma. Experience has indicated
that 5 ma. for 5 seconds gives an optimum amount of destruc--
tion in the ciliary body with minimum ocular reaction.

* Made by Mueller & Co., Chicago, Ill.



370 BERENS, SHEPPARD AND DUEL:

Technic:

The eyeball is immobilized with a bipronged scleral
hook.

The inferior half of the globe is usually selected as the
preferable site for operation, conserving the upper half for
possible subsequent surgery.

Procedure when the conjunctiva vs unusually fibrosed and
thick:

The globe is retracted superiorly and the conjunctiva is
incised 10 mm. from the limbus, extending over the lower
half of the globe.

The conjunctiva is thoroughly undermined to within 1 mm.
of the limbus (Figure 1) and the punctures applied through
the sclera (Figure 2), using a 1.5 mm. special electrolysis
needle.

When the conjunctiva is normal, cycloelectrolysis punc-
tures may be applied directly through the conjunctiva, using
a 2 mm. electrolysis needle in 2 rows, 1.0 and 3.0 from and
parallel to the surgical limbus (Figure 3) (the peripheral
border of Descemet’s membrane lying over the root of the
iris), which is determined by transillumination. In this man-
ner the ciliary body and processes are affected as demon-
strated by the measurements of Troncoso.!® Possibly the
position of the aqueous veins' should be determined and
avoided when their position is known.

From 30 to 70 punctures have been used, depending upon
the degree of intra-ocular pressure. In cases which did not
respond satisfactorily to the original treatment, the pro-
cedure has been repeated in another area with no apparent
deleterious effects upon the eye. Too few operations have
been performed to establish a workable formula whereby the
number of punctures may be accurately calculated. At the
present time we believe that in many of the cases in which
cycloelectrolysis was employed an insufficient number of
punctures was made and that the initial number of cyclo-



Fig. 1.—If the conjunctiva is especially thick and fibrosed, it is incised
10 mm. from the limbus, extending over approximately 14 the circumference of
the eyeball, undermined to within 1 mm. of the corneal limbus with Stevens
scissors.

s

Fig. 2.—Galvanocautery punctures are applied to the sclera 1 and 3 mm. from
the surgical limbus, using a 1.5 mm. straight needle.



Fig. 3.—1If the conjunctiva is normal, the galvanocautery punctures are applied
through the conjunctiva, using a 2 mm. straight conical electrolysis needle.
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electrolysis punctures at one operation should be between 50
and 75.

Cycloelectrolysis performed through the conjunctiva has
been found to be a safe procedure, causing so slight a reaction
that it may be considered an office procedure in some cases.

If a conjunctival flap has been made, the wound is closed
with silk or plain 5-0 catgut.

If the intra-ocular pressure remains high immediately fol-
lowing surgery, from 0.5 to 1.0 cc. of aqueous is aspirated
from the anterior chamber.

A solution of atropine (19) is instilled, 1:3,000 metaphen
unguent ophthalmic applied and a monocular dressing placed
over the eye. '

Postoperative Treatment:

Postoperative care is important. The head and torso
should be elevated but rest in bed is unnecessary. Atropine
(19, or hyoscine (149%,) solution should be used to immobi-
lize the iris and ciliary body and to lessen congestion. The use
of neosynephrin (1 to 2149, solution) may be helpful in
lessening congestion and in producing mild dilation of the
pupil.

Complications:

We have previously stated that because cycloelectrolysis
produces such a mild reaction the complications which may
result are relatively infrequent.

1. Iridoeyelitis. A mild reaction is present in the ciliary
body following cycloelectrolysis. This may be controlled by
the use of atropine postoperatively and will prevent the
formation of synechiae. A positive aqueous beam, when
present, is usually of short duration.

2. Corneal anesthesia. Some of our patients have had
bullous keratitis preceding surgery, due to persistent high
tension, but we have not found this complication following
cycloelectrolysis. The relief of pain is a most striking and
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consistent postoperative finding following cycloelectrolysis.
It is probable that the corneal anesthesia which may be
present subsequent to the operation is caused by trophic
changes affecting the branches of the ciliary nerve.

3. Intra-ocular hemorrhage. The complications of intra-
ocular hemorrhage, opacities in the lens, sympathetic oph-
thalmia, and herniation of the ciliary body into or through
the sclera have not been observed in our series of cases.

4. Hypotony and detachment of the retina. In one case
(Table 1, Case 29) in which cycloelectrolysis was performed
(50 punctures) hypotony developed following a series of
operations for glaucoma following cataract extraction, includ-
ing cyclodiathermy, and was followed by retinal detachment.
A severe hyperplastic sphenoiditis and serious psychologic
factors complicated this case. The vision had been lost before
cycloelectrolysis because the glaucoma secondary to uveitis
had been diagnosed as facial neuralgia by a general physician.

Results of Cycloelectrolysts:

The results of cycloelectrolysis obtained in 65 eyes are
tabulated in Tables 1 through 7.

TABLE 2.—RESULTS OF CYCLOELECTROLYSIS FOR GLAUCOMA
ON VISUAL ACUITY, TENSION AND VISUAL FIELDS ON 65 EYES
OBSERVED FROM 6 MONTHS TO 4 YEARS.

No. of Eyes Tension No. of Eyes
Vision improved. . .25 (39%) } 71% Controlled without
Vision unchanged . .21 (32%) ©| miotics......... 28 (43%) 849,
Vision decreased. . .14 (21%) Coth;qlled with 27 (41%)
miotics. ........
Uncontrolled... ... 5 ( 8?3)
3 Enucleated.......... 3
3} % { Beisooratsd.. 1110 } 38
65............ Total................ 65

Visual fields not recorded because of poor preoperative or postoperative
vision: 42 eyes

Results of visual fields in remaining 18 eyes:
Improvement................. 2 (11%)
Stationary .. .................. 12 (67%) 8%
Slight contraction............. 4 (22%
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TABLE 3.—RESULTS OF CYCLOELECTROLYSIS FOR CHRONIC
PRIMARY GLAUCOMA IN 21 PATIENTS, 23 EYES
No. of Eyes Tension No. of Eyes
Vision improved. . .10 (449, f) } 709 Controlled without

Vision unchanged 6 (26 miotics. ........ 13 (57%) 929
Vision decreased. . Controlled with o
miotics......... 8 (35%)
Uncontrolled... ... 1(4%)
1 ( 4%) Enucleated (Case 16) 1(4%)
72 S Total............. 23
Visual fields:
Improved........................... 2 (15%)
Stationary.......................... 8 (62 :) } %
Contraction. . ....................... 3 (23%)
Not recorded (poor vision)............ 10

Patients observed from 6 months to 4 years.

TABLE 4.—RESULTS OF CYCLOELECTROLYSIS FOR
SECONDARY GLAUCOMA

Secondary Glaucoma Following Cataract Extraction—9 Eyes
No. of Eyes Tension No. of Eyes

Vision improved. . .4 (44%) Controlled without miotics.3 (33%) } 55%
Vision gecreased. ..3 (33%) Controlled with miotics. .. .2 (22%) o

Uncontrolled. . .......... 2 (22%)
1 Enucleation—detached retina. .. .... 1 (22%)
1 Evisceration—hypotonic............ 1 °
[ Total............... 9

Secondary Glaucoma Following Trauma—3 Eyes
Vision improved. . .1 (25%) } 1009 Controlled without

Vision unchanged. .2 (75%) miotics. ........ 2 (75%)
? Controlled with ? 100%
miotics......... 1 (25%)
2 Total............. 3

Secondary Glaucoma Associated with Uveitis—4 Eyes

Vision unchanged. .4 (100%) Controlled without miotics..2 (509,)
? Controlled with miotics. . ..2 (50'7"’ 100%

Secondary Glaucoma, Miscellaneous—/4 Eyes
Vision improved. . 1 (25%) } 75% Controlled without

Vision uncha.nged (507 miotics......... 2 (50%)
Vision decreased. . .1 (25%),) Controlled with ° 75%
miotics. ........ 1 (25%)
Uncontrolled. . .. .. 1 (25%)
4. Total...... e, 4

Patients observed from 10 to 34 months.
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TABLE 5.—RESULTS OF CYCLOELECTROLYSIS FOR
ACUTE GLAUCOMA—5 EYES

No. of Eyes Tension No. of Eyes
Vision improved. . .2 (40%) } 80% Controlled without

Vam memerd. 0 1 oometie a2 0% a0
miotics. ........ 3 (60%)
5. Total............... 5
Results of Cycloelectrolysis for Hemorrhagic Glaucoma—5 Eyes
No. of Eyes Tension No. of Eyes

Vision improved. . .1 (20%) } 409 Controlled with
Vision unchanged. .1 (20%) 0 miotics. ........ 5 (100%)
Vision decreased. . .3 (609%,)

Patients observed from 12 to 32 months.

TABLE 6.—CYCLOELECTROLYSIS FOR GLAUCOMA—4 CASES,

5 EYES
Hydrophthalmos No. of Eyes Tenston No. of Eyes
Vision improved. . .4 (80%) Controlled without
Too young to miotics. . ....... 2 (40%) 1009
examine. ....... 1 (20%) Controlled with °
miotics. ........ 3 (60%)
S Total............... 5

Patients observed from 11 to 26 months.

TABLE 7.—CYCLOELECTROLYSIS FOR GLAUCOMA-—-7 EYES

Absolute Glaucoma— Preoperative Viston—7 Eyes

Tenston
No light perception Controlled without miotiecs. . . .. 3 (43%)
Controlled with miotics. . . .. ... 1049 [ 5%
Encoiltr&laed ................. 1 (14%)
nucleated. . . ............... 1
Eviscerated.................. 1 } (29%)
Total..................... 7

Patients observed from 11 to 13 months.
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DiscussioN

The tables show the results in 65 eyes following cyclo-
electrolysis for various types of glaucoma on patients ob-
served from 6 months to 4 years.

Because most of these operations were performed on eyes
with advanced glaucoma, many of which were considered
hopeless and had had previous operations, no final evaluation
of the procedure can be considered until many more opera-
tions have been performed and the results have been critically
analyzed. However, the results are sufficiently encouraging
for the procedure to be recommended to others for trial.

Twenty-nine eyes had previous surgery performed (from 1
to 4 operations) which not only failed to control tension but
was associated with decrease in vision and further constric-
tion of visual fields. Fourteen eyes required additional surgery
following cycloelectrolysis to lower further or control tension.
In 3 of these cases, cycloelectrolysis had to be repeated, ap-
parently due to the fact that an insufficient number of punc-
tures was applied at the first operation.

CasE REPORTS

Cask 17.—H. R., Negro male, aged 54 years. Patient complained
of blurring of vision and rainbow colors for 3 days prior to examina-
tion. Uncorrected vision O.D. 20/40—1; O.S. 20/30. Intra-ocular
pressure O.D. 48 to 65 mm. Hg. Schiétz; O.S. 30 mm. Hg. Schistz.
Slit-lamp examination revealed edema of the corneal epithelium
0.D. No cupping of the discs. Anterior chamber was normal O.U.
There was a generalized constriction of the peripheral fields and
bilateral enlargement of the blindspots (Figure 4A). A diagnosis of
chronic primary glaucoma was made and the patient was given
medical treatment for 6 months.

Thirty-six cycloelectrolysis punctures (5 ma. for 5 sec.) were
made over the ciliary body in the lower half of the right eyeball by
Dr. Truman Boyes. Intra-ocular pressure O.D. was reduced to
20 mm. Hg. Schi6tz, and maintained for 10 days but then gradually
increased over a period of 3 months to 50 mm. Hg. Schiétz despite
medical treatment. Vision was 20/20 sc. in both eyes. Tension O.S.
20 mm. Hg. Schiotz.
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Thirty-two additional punctures were made through the con-
junctiva (5 ma. for 5 sec.) in the upper half of the right eyeball.
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Fig. 4.—Comparison of preoperative (A) and postoperative (B) fields in a
Negro patient with chronic simple glaucoma.
A. Preoperative fields, July 1, 1946, 2/1000 white test object. Per(igheral fields
generally constricted and a bilateral enlargement of the blindspots.
B. Postoperative fields, Agsril 17, 1949, 2/1000 white test object. Peripheral
fields and scotoma normal O.U.

The tension was reduced to 20 mm. Hg. Schiétz and vision was
20/70—-3 O.D.
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Two months later, tension of the left eye fluctuated from 25 to
45 mm. Hg. Schiétz. Fifty cycloelectrolysis punctures (5 ma. for
5 sec.) were made through the conjunctiva with a 2.0 mm. needle
on the inferior half of the left eye, combined with aspiration of
0.5 cc. of aqueous. Tension in both eyes remained normal for 11
months without medication and vision improved to 20/20 in each
eye, without correction. The peripheral visual fields and blindspots
returned to normal (Figure 4B).

CasE 19 (Chronic primary glaucoma).—H. K., Negro female,
aged 43 years. Cycloelectrolysis was employed as a primary pro-
cedure on the left eye, and cyclodiathermy was performed on the
right eye. The tension in the eye where cycloelectrolysis was per-
formed was controlled without further surgery, but the eye in which
cyclodiathermy was employed required cycloelectrolysis, trephin-
ing, iridencleisis and sclerotomy before the tension was finally
controlled.

CasE 62 (Iridocyclitis [Sarcoidosis] with secondary glaucoma.
[Not included in Tables because 6 months have not elapsed from
time of operation.] )—P. S., Negro male, aged 26 years, entered the
hospital on December 22, 1948, complaining of failing vision in each
eye with occasional pain which, at times, was severe in the left eye.
Past history: Patient had been told that there was an increase in the
intra-ocular pressure in June, 1948, which was controlled by miotics.
Vision on admission was 20/70 in the right eye and 20/200 in the
left eye. The tension was 35 mm. Hg. Schiétz O.D. and 40 mm. Hg.
Schiotz O.S. Slit lamp showed the usual findings of iridocyeclitis.
Examination of a lymph node revealed sarcoidosis.

Under conservative treatment the tension of the left eye varied
from 30 to 65 mm. Hg. Schittz. The tension was not controlled with
miotics, mydriatics or vasoconstrictors which were used in conjunc-
tion with aspiration of the anterior chamber. The left visual field
showed definite constriction of the superior nasal quadrant and it
was considered wise, even in the face of a moderately advanced
iridocyclitis, to perform cycloelectrolysis. On January 13, 1949, 30
punctures were made over the inferior nasal quadrant by one of us
(L. B. 8.) using 5 ma. for 5 seconds of negative galvanic current.
The tension subsided slightly but again became elevated to 42 mm.
Hg. Schistz, and cycloelectrolysis was repeated on March 3, using
70 punctures, 5 ma. for 5 seconds over the temporal half of the
globe. During the subsequent 2 weeks the tension in the left eye
dropped to 14 mm. Hg. Schiétz but gradually became elevated to
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40 mm. Hg. Schiotz where it has remained with very little fluctua-
tion. Patient retains 20/200 vision in the left eye, has no pain, and
the field is unchanged.

Comment: The iridocyclitis was not aggravated by either of the
above cycloelectrolysis operations.

SUMMARY AND CONCLUSION

1. Cyecloelectrolysis (cyclocatholysis) is a new operative
technic in the field of glaucoma, giving the surgeon an ac-
curately controlled method of chemically destroying the
tissues of the ciliary body.

2. This procedure has been used over a period of 4 years
and critical investigations have been carried out on 65 human
(observed from 6 months to 4 years) and 80 animal eyes.

3. The technic of cycloelectrolysis is simple and requires no
elaborate equipment, and only ordinary skill on the part of
the surgeon.

4. The procedure consists essentially of treating the lower
half of the eyeball with from 50 to 75 punctures made with a
fine conical straight needle. A needle 1.5 mm. in length is
used through the sclera, and a 2 mm. needle through the
conjunctiva between 1.0 and 3 mm. from and parallel to the
surgical limbus using 5 milliamperes of galvanic current
(cathode) for 5 seconds.

5. Because the operative and postoperative reaction is
slight and complications infrequent, the operation may be
performed as an office procedure.

a. There is no marked postoperative rise in intra-ocular
pressure such as that which occurs following nonperforating
cyclodiathermy because of contraction of the sclera and
greater secondary congestion.

b. There is no carbonization of tissue around the puncture
wounds or thinning of the sclera, thereby avoiding the pos-
sibility of herniation of the ciliary body into the scleral
defect.

¢. The punctures may be safely made through the con-
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junctiva. In eycloelectrolysis the minute punctures are steri-
lized chemically and are immediately sealed with serum, re-
‘ducing the likelihood of infection.

d. There is less congestion of ocular tissues in cycloelectrol-
ysis as compared with cyclodiathermy.

e. The chemical destruction of the ciliary body from
electrolysis may be less dangerous than the destruction
produced by diathermy from the standpoint of sympathetic
ophthalmitis (chemical versus thermal destruction).

6. Cycloelectrolysis is indicated particularly in elderly
people where the complications of thrombosis, pneumonia
and infections may occur due to the recumbent position.
Patients need not be confined to bed following this oper-
ation.

7. The Negro race is susceptible to cicatrix and keloid
formation and it is generally recognized that Negroes usually
do not respond to a filtering operation. Cyecloelectrolysis
therefore should be of value in the Negro and was successful
in controlling tension in 7 eyes.

8. The relief of pain is the most striking and consistent
postoperative finding. There has been a decrease of tension in
most cases (849), no loss of vision has been found in many
of the cases (719)). The visual fields were retained without
deterioration in the majority of cases (789).

9. Results following cycloelectrolysis are so encouraging
that the procedure warrants consideration, investigation and
clinical trial by other ophthalmologists.
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DISCUSSION

Proressor G. B. BieTTi, Pavia, Italy (by invitation): I would
like to express my sincere congratulations to Dr. Berens for his
outstanding paper. He gives us the advantage of a large statistical
analysis on a new method which, I am sure, will gain more and
more favor in the future. When an idea arises at nearly the same
time in 2 different brains it is most probably a very good one. In
effect I, too, used in a few cases perforating electrolysis instead of
diathermy to coagulate the ciliary body, deriving the idea from
Vogt’s catholysis for retinal detachment. But electrolysis was par-
ticularly employed by Schreck, although with somewhat different
aims and technic. In a paper read at the last meeting of the
German Ophthalmological Society in Heidelberg in August, 1948,
Schreck reported the results he obtained by using anodic, that is,
positive, acid electrolysis in glaucoma. He introduces a cyclodialysis
spatula-shaped electrode between the sclera and the ciliary body
(as did Thiel with diathermy to reduce the heating effects) and per-
forms first an electrolytic cyclodialysis or fistula between the supra-
choroidal space and the anterior chamber, then coagulates the long
posterior ciliary artery by placing the spatula parallel to the limbus
just under the tendon of the lateral or medial rectus and in some
instances also the external surface of the ciliary body in the upper
quadrants. Schreck has operated, so far, 44 eyes showing different
types of glaucoma. The tension was controlled with or without
miotics in 33 cases (75%).

I, too, began lately to use this procedure called cilocyclo-anolysis,
especially for more severe cases. I have already operated upon 10
cases of glaucoma and the tension was so far controlled in 8, but
the time elapsed since the operation is still too short to say if the
results of Schreck’s method are as permanent as those shown by
Dr. Berens with his technic, which is moreover simple and deserves
all our attention.
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Dr. H. R. HiupreTH, St. Louis, Mo.: I enjoyed the paper very
much, and the results speak for themselves. I would like to raise
what might be considered a theoretical question. Dr. Berens men-
tioned some experimental work on animals. Several years ago, when
we heard more about this work with retinal detachments, I could
never find out exactly what the dosage should be. I ran a series on a
rabbit, starting with a control puncture, and ran on up to a dosage
in intensity and duration that would be far beyond anything that
had been recommended in the literature. I am speaking of elec-
trolysis for retinal detachment. I asked our pathologist, who was
then Dr. Lamb, to make a study of these punctures. The curious
thing was that the pathologic response was the same in all the
punctures. It is very easy to be sure that electricity was passing
through the machine because the meter was functioning and hydro-
gen bubbles formed at the cathode. I would be very much interested
if Dr. Berens could tell what his experimental studies showed.

Dr. L. BeEnsamMIN SHEPPARD, Richmond, Va. (by invitation):
I want to thank Dr. Berens for the opportunity to be associated
with him and to assist in one of his initial experiments. It was
especially a pleasure to follow through on some of the animal work.

To answer Dr. Hildreth’s question, we are not yet in a position
to state definitely what the animals will show. The pathologic slides
are now in the process of going through the laboratory, so complete
reports are not available at this time. OQur early slides indicate that
changes take place in the region of the ciliary body when cyclo-
electrolysis has been used. A final answer will have to await the
results of further observations.

Dr. ConraD BERENS, closing: I appreciate the discussion, par-
ticularly that of Professor Bietti, and I am delighted that he re-
ferred to his method of applying carbon dioxide snow. I have not
had the opportunity of trying it. His paper was received only 2 days
before I left New York, but it appears to me to be an excellent
procedure, and one which will produce little unnecessary tissue
destruction. It may control the tension as well as these other
procedures, which are more destructive in their nature. Certainly
cyclodiathermy and cycloelectrolysis produce a certain amount of
tissue atrophy.

Just one word to Dr. Hildreth concerning retinal detachment.
Electrolysis was employed by Dr. Verhoeff as early as 1915. I have
been using electrolysis for retinal detachment for 15 years and
have found no reason for change. There is a downgrowth of the



382 BereNs, SHEPPARD AND DUEL

episcleral tissue with these puncture wounds which seems to make a
pretty firm adhesion, so far as my experience is concerned. The
question of whether we should use 1 or 3 ma. depends on how long
we are going to apply the current. We have selected 5 ma. for
5 seconds for cycloelectrolysis. People who have timed me with a
stop watch say I have been using it up to 7 seconds.

One thing we have not mentioned is the fact that with this
procedure we apparently can, as Professor Bietti can with his snow
procedure, vary the dose of the application we wish to use. We can
use 50 to 70 punctures, and if that is not sufficient we can go back
and use 30 to 40 more. In our earlier experiments when we used
only 20 to 30 punctures in the more advanced and hopeless cases
of glaucoma we often obtained little result, and improvement was
not at all permanent.



