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T INTRODUCTION

Although | the value of sealing retinal
Choles in the cure of retinal detachment,
_pointed out by Gonin,1-s (1921-1930), has
been confirmed by maost subsequént workers
in the field of retinal detachment surgery, a

significant percentage of surgical failures’.

continues to occur. Numer_ous techniques and
almost every conceivable type of instrument
have been employed to seal retinal holes. It
therefore seems reasonable to. investigate
further any supplementary. aids which are-
“available to help reduce the number of fail-
ures. One of these aids is scleral resection or
scleral shortening. ) . -
Reduction in Volume_ of the scleral coat
by rescction was introduced in 1903 by Leo-
pold Miiller.* Miiller mentioned its use in
7 instances all with satisfactory results. His-
stated aim was to reduce the volume of the
sclera ‘to that of its contents, Various
reports have since appeared in the literature
regarding the use of scleral resection, Miil-
fer,” 1930, reported results in 19 patients,
In 1934, Lindner® reported its use in
“retinal detachments carrying poor prognoses
such as those associated with aphakic eyes,
nystagmus, proliferating retinitis, and fun-
nel-shaped detachments with bands follow-

. ing previous retinal detachment surgery.

Lindner described: his technique in detail,

* From the Pepartment of Oplnh:ﬂmn]ozy, Medi-
cal School, University of Pennsylvania, Supported
by a grant from the John and Mary R, Markle .
Foundation, New York City.. .

t Part of a thesis submitted to the faculty of the
Graduate School of Medicine of the University of
Pennsylvania, in partial fulfilinent of the require-
ments for the degree of Docior of Medical Sci-

“ence (1D.Sc.(Med.)) for graduate work in oph-

thalmology. . -
The microscopic slides were prepared by Dy,

Larry Calkins and reviewed Iy DBr. Wilfred E.

Fry and Dr. Calkins. )
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D PATHOLOGIC CHANGES PRODUCED

Pennsylvania

He was very conscrvative in estimating his §

results and advocated doing the procedure
only after electrocoagulation had previously
heen done. Pischel Borlex ™ Vail 1t gnd
Bogart’? have written recently on the subject

in our own _country, Vail pointed out its }.

“value “in retinal detachment with equatorial
staphyloma, = ) o S :
Shortening of the eveball or reduction in
volume of the sclera has been accomplished
by excising a picce of sclera. This can be
a technically difficult procedure. There is
-reason to believe that some reduction jn
ocular - volume can -also be produced by elec-
‘trocoagulation. Albaugh and Dunphy,"“"
- 1942, first commented upon the marked in-
“itial rise in pressure associated with the
cyclodiathermy operation. Stocker, 1943,
made the same observation. Meyer and
Sternberg'® claimed that the volume of the
‘eyeball is decreased in cyclodiathermy opera-
tions because of shrinkage of the sclera.
Berens, Pischel, and Thorpe, in discussing a
‘paper by Pischel,” stated that electrocoagula-
tion consistently produced rather marked
shrinkage of the sclera during retinal de-
tachment opcrations. One of us (H. G. S)
made  similar  observatioris indl‘p«ndenﬂ_\'
which led to the work presented in this
paper.

Little is known about the actual changes |

in volume’ associated” with' cither electro-
coagulation of the sclera or scleral resection.
Such knowledge and a comparison of the

changes in volume produced by either tech- |

nique might be of some value. 1f reduction
in ocular volume could be safely produced by
clectrocoagulation which was comparable in
amount to that resulting from scleral resec-
tion, a much simpler mcthod of approach
might be made available for clinical use. The
duration of such changes should also be as-
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“certained. The fol
was therefore performed

lowing experimental work "

" 1L Purrose 'or ExperisenT

The dBject of the ex

deseribed wag -

A. Fo measure the ‘volume changes occur-
£

ring in the eve as
tion of the sclera.

~ B. To . establish
-changes in volume
C. To compare the ch

curring in eyes so

Fig. 1 (Scheie and
volume measy

aresult of electrocoagula-

" experimental scleral resection. )
D. To observe the pathologic changes oc- _

coagulated..

Jerome). Apparatus for
rement, assembled.

periments about to be

“the " duration of such

anges in volume re-
sulting from electrocoagulation with these of
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11 Tm:l»mngurs'.a;\'u: APPARATUS
'.S_e__veriil methods for ‘measurd
ume of :an eveball and subsequent volume
changes suggested themsclives. After some
trial, a fluid displacement method was de-
cided upon ‘and suitahle apparatus. devised
(hgs. 1 and 2). This consisted of a bell-

"Fig. 2 (Scheie and Jerome). Device for volume
measurement. (A) Etched mark indic.ﬁ_!ing level to

which device is filled. (B) Ground-glass surfaces

~on “bell” and base, lightly ciled. (C) Hooks, on
from base are astened. (D) -

which rubber banks

Glass tube to fill device, with etched. mark at zero
level.

which was open at the bottom, rested upon a
base with a flat surface. Their approximating
surfaces were of ground glass, ‘ .
The dome of the bell was surmounted by
a cannula that was etched at the level cor-
responding to 15 cc. when the apparatus was
filled. At the center of the base was a small
opening conmmunicating with a small cannula
which connected through ‘a short piece of
heavy rubber tubing to a 10-cc, analytical

shaped chamber of 15-cc, capacit.y. The’ bcll,.

certified burctte calibrated in 0.02-cc. divi-

sions. :
A fine film of oil applied to the ground

‘glass surfaces achieved a water-tight union

between the base and the bell. This union
was given support by the traction of clastic
bands: . )
The eye was debrided of its muscles and
all *adherent connective tissues and was -
placed on the center of the base and covered
by the bell. Fluid was then allowed to enter
the chamber filling it to the mark on the can-
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* Fig, 3.(Scheic and Jefome). Surface and pene-
trating electrode employed in experiments.

" nula surmounting the bell. The difference be-
‘tween the volume of fluid required to fill the

" apparatus containing the eye and the volume

- when empty gave the amount of fluid dis-

placed by the eye, or its volume. Various’

control measurements were made.
Measurements repeated on the same eye
. could be duplicated with an average error of

The apparatus used for eleét_rocoagﬁ]atioh
was the standard Walker retinal detachment

~ unit. The 1.1-mm. penetrating electrode from

the Liebel-Flarsheim retinal detachment kit

- was used. The surface electrode was'made 6f

aluminum and designed to give a contact sur-
face of oné square mm. in area (fig. 3).

The " technique of electrocoagulation in
both enucleated eyes and on living animalg -
“was that employed at the hospital of the Uni-
versity of Pennsylvania in clinical retinal de- s
tachment surgery both in regard to intensity

of current and time of application. A current

of approximately 90 ma. was applied for -

* All intraocular pressures in these experiments '

were recorded with a Schigtz tonometer.

o - TABLE 1 - . :
ACCURACY OF VOLUMETRIC APPARATUS DETERMINED RY REPEATED MEASUREMENTS OF THE SAME DOG EYE

(Intraocular Pressure Constant, Schigtz)

Eye 1 Eye 2 Eye 3 Eye 4 Eye s Eye 6 Eye 7 Eye 8

5.32%c. | 5.26 ce. S.44 cc. | 6.10 ce. 6.06 cc. 5.34ce..]. 5.71 cc. 5.68 cc.

5.34 5.25 5.42 6.10 6.08 5.3¢ 5.70 5.68

5.32 t5.25 5.40 6.08 6.08 .

5.31. 5.24 5.40 6.08 6.07

5.35 5.24 . 5.39 6.08 6.05 .

o i Average Error
Between
Successive
- Measurements =

.01 cc.

RN .

that control of the process is impossible and

the degree of coagulation is uncertain, °

Pischel, in discussion following his paper,
implies that shrinkage of the sclera is much
greater in degree when coagulation is applied

to a wet field, but he believes that much of

‘this shrinkage is temporary. Thorpe,? in the
same discussion, warns that puncture coagu-

- lation must be carried out in a dry field ot an

“hour glass” eyeball will be produced by ex-
cessive shrinkage. S0
In our experience, a dry field would be
difficult to maintain because of capillary
suzing, even if it were desirable. To obtain’
uniform results an arbitrary number of ap-

- HAROLD G. SCHEIE AND BOURNE JEROME ' ELECTROCOAGULATION OF THE SCLERA .
0.01 cc. (Table 1). The eyes were kept ata-. ' § - ) o B ‘TABLE 2 s _
‘constant intraocular pressure, for obviously 8 " " VOLUME OF DOG EYES AT VARIOUS INTRAOCULAR PRESSURES, DEMONSTRATING MINIMAL VARIATIONS: T
- ~an eye displaces less fluid when soft than' - 4 b - . BETWEEN 10 AxD 25 Mx. Ho (Scargrz) ~ - o _ o V
¢ when: hard. To_ evaluate this relationship, - Eve No. Too Soft to Register| Vol. Diff. {0 mm. Hg Vol. Diff 23 mm. Hg' Vol. Diff. |50 mn. Hg.
B “measurements of five eyes were made ‘with =t — - ; - 'f —— . ; -
: g’}- " “pressures varying from an eye too soft to ; : ’ N g‘;; ce: ’ ~{§§"—°°'- §§2 e 8; e I 2:7;8 e (1)? c ggg «
o measure with a Schigtz tonometer* t¢ 50 3 5.04 i .59 5.63 | .06 5.69: .09. 5.78
& mm. Hg (Schigtz) (Table 2). S H Ii Pt O O I oo | Sl m
B The average dii’fcrencé-bctwc_en these two — i S - ! ) — -
i " extremes of pressure was 0.48 cc. The differ- | Average D'”‘?r?"cel -35 i o3 I T L
:’ ence between 10 mm. Hg and 25 mm. Hg . R ' . T e B
¢ was only 0.02 cc: while that between 25 mm. about two seconds. The factor most variable plications of the electrodés was used for the : if‘
it “Hgand 50 mm. Hg (Schigitz) was 0.1 ce. All " and-difficult to control in applying coagula-  purpose of our measurements, Fourteen sur- ris
i volume  measurements “were subsequently tion was the degree of wetness of the sclera. - face applications were employed because dog. 5
+ * done in these experiments on eyes in which Klein'® has pointed out the importance of. . eyes seemed o tolerate this .number .well. .
. . the intraocular pressure was maintained-be- keeping the sclera moist because-the electrical  Thirty punctures were used in the experi- |
N tween 15 and 25 mm. Hg because of the resistance of dry sclera is so unpredictable ments with penetrating electrocoagulation, a i
v . small error at that level. ' .

number which we felt did not ‘exceed that

used in ‘some retinal detachment operations.

V. _Exi’.ERlM‘ENTALDATA
A. SELECTION OF SPECIES o

The carlier experiments were attempted
upon rabbit eyes, but these were found to be

entirely -unsatisfactory because of the thin-. .

ness of the sclera. The eyes tolerated clectro-

coagulation poorly, and the sclera necrosed. . -
Measurements were also difficult because of.

the constant escape of intraocular fluid
through openings in the thin sclera with low-
ering of intraocular pressure, Dog cyes were
then used and found to be quite satisfactory.

TABLE. 3 ' '
COMPARISON OF VOLUME OF THE RIGHT AND LEFT NORMAL DOG EYES
Intraocular Intraocular : - . .
Volume Volume Difference in Volume
Press h A
Rli’gzsts‘[]ir;e LCr,?: ?‘I;Z Right Eye - Left Eye pct\\'cen Eyes .
10 mm. Hg 10 mm. Hg 5.94 cc. 5.98 cc .04 cc.
16 15 .5.44 5.43 .01
’ 5.14 4.89 .25
4.69 4.65 .04
5.26 5.26 .00
4.17 4.19 .02
4.97 4.97° .00
5.73 5.72 .01
5.54 5.53 01
5.79 5.80 01
S. .
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o . TABLE. 4 . Size by 0.25 ¢ The average difference he..
ONTRACT URE O IsoLaTx), STRIPS F SCLER 4 FROM- Wee > e s : A . T
FRESHLY ENUcL1 ATED HUMAN EYE FOLLO“’”\(‘ = tw (»Ln the tw o (T_\ o8 Of ! ! pairs ‘h(rLfO’?(; ““L\.
Eu:crkocmcuuno.w OF ENTIRE EXTERNAL only 0.037 c. :
. SURFACE B - ’ . -
fw’ e———— "B, EF¥recr op SURFAcE COAGULATION oN EX-
e?:;l;;rs c’gz&‘:e of Mg"’[sr?; :f"Ae{'t';f."f Percent CISED STRIpPS oF SCLERA _
" Electre. " Electro- Shﬂnkagf meo Before n, cedine cPer; o -
coagulatiog coagulation engt -, “before procec ing to eXperiments upop an
'\\‘9 . = PV — ? IMact eye, coagulation vy, performed on 150-
435 M- 2 ;53."‘5’"" a4 lated Strips of sclera from freshiy tnucleated
21 %6 T 13%3 38 human ¢ ‘es. These str; ‘ontracte ap-
19%6 12x4. 37 STy ) . bs ¢ cted ‘J
g 243 - Proxiniately 38 Percent ip length (Table 4).
25X6 15X3.5 40 o L : _
‘25X6 143 44 C EFFEC:{ OF ELE ULATION ypgy

- control. qual
had to be deter
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and com
Yolume bety
ranged only

uced |

dog

from zerg to 0.04
cc, (Tablc‘.?). The 11¢

h pair differed jn

]cmmc). Flaucning and

Y surface coagula-

€yes.) (A) Rear.

Pared. . The-
¢en the eyes of 10

- OF ENUCLEATRy

Before utilizing the living
iation was carrj

animaj, coagy-

ed out upon enucleate dog -

. Fig. s (Scheie ang Jerome). Effect of increas-
g amounts of surface Coagulatioy upon the intra.
ocular Dressure, (Frcshl_\' enucleated dog eves.)

eyes, Pcnctrating (’flcctrocongulalion was un-
satisfactory )

measurementg impussible. Experimen
therefore carried ont using surface
Coagulation. - o
) Marked shrinkage of the
ering and ﬂaltcning at the site of applica-
tion of the surface clectrode
4). The intraocular
(fig. 5), After only 4
surface clcctrode,

electro-
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1o 6 applications of the -
the average- intraocylay
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Pressure roge from- y level tog Iow 1o record
9l tonometer g 40 mm, Hg. After 9 or 10,
applications, the fnlraocular Pressure ap. -
proached 70 mm.. Hg bevond which further.’
ible because ruptures gc-
curred in he sclera, ‘ N V
“These exXperiments )
SCFVations regarding conlraclure'of sclera
and incrcixsc-_in intraocular Pressure follgy-_
ing surface coagula'lion., These ol_)s'v('rvations_
€ necessity of reducing
ocular cc'mlehts
10 permit the scl

cra to-
¢ resistance of increasing‘ ’

the volume of the

Lontract withouy (j
inlmocuh_r pressure, Thcrcfore, in succeed-
ing exXperiments, iy order (o maintain the
intraocular pressure as'm:arlyr:ls Possible he- -
tween 15 g 25 mm, Hg, aqueous
aspirated by Paracentesis witha N
inscrted through the limbus obliq

0.27 needle
uely,

E COAGULATION 1y k.
DUCING Thg VOLUME oF ENUCLEATED pog
' Reduction volume follm\'ing surface

clectrocongulatio was  studied in
tyes. The usual 14 applications of the sur-
face clectrode Were used (Taple 5). All of
the Meastirements were taken with’ the teén: -
Son within the limits noted above, If the eye

1T dog

TABLE 5
COAGULATION jx REDUCING Ty
ENUCLEATED pog EYES

(14 Applicalions of Elcclrodc-)
e )
Volume After

VOLUME oF

Volume Refnr'c;/ Reduction in

Coagulation Coagulalion Volume
4.70 ¢ 3.89 cc .81 ¢,
5.28 4.42 .86
5.32 4.52 .80
5.94 4.72 1.22
5.98 4.77 1.21
5.44 4.42 1.02
5.43 4.40 1.03
5.14 3.91 1.23
5.89 3.86 1.03
4.69 4.09 .60
4.65 80

Average Reduc.-
tion jp Volume
96 = 18.59,

©Was tdg soft fol

“EFFECT oF SCLERAL RESECTION

during: =~

was

“the volume

E. Eppper OF SCLERAL

-6

T

lowing coagulation; asa result
racentesis, saline sohnioy was
h the same fine needle to ele-
Vate-the intraocylay Pressure to g dependable
level, The smallegt reduction in volume ‘wag
0.6 cc., the largest 1.23 ¢¢. An average reduc-

of excessive pa
injected throug

TABLE ¢ - . .

ION (4X22 My

IN RED[TC!NG THE VOLUME OF E.\‘UCLE_A
. DOG £yEs :

ELLipsy)
TED . .

Volume of Eye. Volume of Eye

Before . After Re{izﬁ::;;: n
Resection Resection. . -
4.96 cc 4.46 cc. 50 ¢c, .
4.88 - 3.90 . : . .98
5.1 4.39° .72
4.70. 3.66 1.04
5.17 4.44 .73
6.23 5.58 .65
4.86 421 .65
6.04 5.55 .49
5.26 4.68 .58
4.97 4.35 .62

Average Reduc-
tion in Volume
Y cc.=13.39,

tion in volume of 0,94 cc. or t of
of the eye

185 percen
resulted,

RESLECTION 1
E

N REDUC-
ING TUE voLUME of NUCLEATED DOG Eygs
Scleral resections, consisting of the re.
moval of apy cllipse of 4 by 22 iy, were per-
formed oy 10 cenucleated dog eyes. The tech-
fique was the standard one for scleral. re-
section deseribed in some detail by Lindner.s
The average reduction iy
(Table
aan that occurring
lation of enucleated eyes, -
F. In MEDIATE EFFECT oF SURFACE COAGULA-
Tion IN REDUCING Thg VOLUME OF 1y
POG EYE 1N THE LIVING ANIMAL ’

One cye of cach of § animals wag prepared
by incision of the conjunctivy and tenotomy -
of the external rectus muscle tq €Xpose the
sclera, Cautery iy then carrieq out in 3

R I
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ELECTRQCQA,GULATAI'O‘_N, OF THE sd;b_:_l_m._- S CL er

T manper similir (o thit in .thvi-\per' — . o . S -1 . . : o Lo e
B L h ‘ments on was closely compiirable - R R T e . e . .o
: rds E ] able (¢ tha - . e . are? ot 5 . . X
the previously enucleated eves: Care was ta). P t obtained 1, t M the manher just described and the eyesof - of the eyes of these two groups of animals

The imraocularpressurc Was normal in each, treated by various perforating techniques—

' Fig, :6 -(Sc.hei T .l_ ] ‘ . . . R -
me - Jerome exXcept jn animals - subjected to short-term actual cautery . (Herzfeld 1 1930, Luntz,s K

reduction jy volume iy dog eveg

). Comparisen of  stant oozing of .blood nto the field of operi-
‘otis: operative ‘Procedures,

produced. by vari-

€N 1o avoid e,lectrocongulminn of the cilinry :;‘:;:l:rl ,;iﬁrcl\c(t:ionh ‘As Sh”“i’.’- in the tabk'r, a - S’dogs, .were.r,i'mov(:d and méasgrcd at c:{d-f cannot be ex[')hix_lcd.‘ The és:<qxutiéil fact :-re';:.

1 body. Fourteen applications nf the surfae bopr '« s(trepanc.y m results exists  of the fn”p\\jmg__pgnods: 2{ hours, 3 days, 3 mains -Fhat although red.ucll'o'n m{volqn?e :

§ - S L urtace et\\.(,en the 0])eratlon_p¢rforxx1cd upon eyes days, 1 week, 2 weeks, 3 weeks, 4 weeks; and”  with this number of applications did occur,

: - ' : ’ _-p_r‘_evn?u?dy _e.nl'ldcath and the Operations © 8 weeks (fig, 7). o c - the amount was only approximately - half - _
L - T sl 5 ldof’e m t1’1e ’f"”?{s’_?"”"’al.'(ﬁg. 0): This can * The reduction in volume f-eHAslo“_"ly during  that produced ‘by. the technigue of surfa_c? o
i 3 v I ORI PR . best-be explained as due o varations i ef. the first two weeks when a reduction of AP~ coagulation used i our experinients (fig; 6).
ir . EE’ ) "J‘__'t""e“l's»\"_ of 1?’1(‘ clectrode, S ﬁmximatcly 0.5 ¢c.or9 pereent was reached, This was undoubtedly due to the fact that a
s H f - ‘»’ he cyes a'r}‘-'ldy_ enucleated wer,. coagu- ;- S_ubscqu(:m to the -ség‘o:xd weck the reduction smaller area of the sclera \\fas.-_aﬁgcted by th_e,_l
4 & 'afecl_ 3ff_€r IlllllSanlng the area of contact remained unchanged and the Operated eye ré-. _Penetrating teqhniquc.'th‘an b,\-"_the"vsurface
3 : with saline solution which, an excellent - mained smaller than the uhbperated’,eye " application,. . . .. R
i 4 . conducgor_. Thcian_mum of current delivered throughout the period of 6bs’ér-_\;'at-ion of two' .. e I T
H . ?nd'the_cﬂ'fect of each apph'.'ca.tion_ was there.: months. This was 1rué.cvm _thqugh both eyes. © - P vn_ PATHO.LOG,Y~ - .

= Ore quite uniform, In the living anmal sipch, | ‘ppeared normal 1o external examination, Previous experimental “stydies. on cyes
}; hd Application 5 more difficuly beca : . .
I

~ i,

.tion and in'e\'il:iblc \:1r'ialinn.in,l

he delivery ; cXperiments,
of currept, C :

1939) perforating diathetmy (v, Szily ang’
Machemer, 1 1933, ‘Cordero, 0 1934), elec:

N

electrode were made, Para¢en1esis had'to be - H. Tue EEFi;cr.or-* PENETRATING ELECTRO-

{' R . o k . trolysis, trephining with application of caus- |

/ performed 1o Prevent the rise of intraocylay. G- Perststence: or REDUCTION 1y VOLUME: COAGULATION 1N REPUCING THE voLyme tic to the choroid (v. Szily and Machemer'?),

{ pressure to an extremely high Jevel ang to  FRODUCED py SURFACE coaGuLaTION ¢ OF THE DOG EYE IN THE Livixg ANIMAL © o d berforation with a sharp instrument

f <lpcr{mt reduction ip volume, Immcdiat'e]y fol- Ha\'ing -determined the fact that electro f Contro} mcasurements on cnucleated eyes (Weekers21 **) have shown a general agree-

P owing the coagulation Procedures both €yes  coagulation of the sclera Produced 1'reduc 1 using penctrating diathermy were uhsuccess-  ment a fo nature and sequence of pathologic ‘
1‘; were Cnu(‘h'-'lt_cd. The unoperated €¥e. was  tion'ip volume of the eye in the I'ivin( s v

» g aitimal ful because of the low intraocular pressure - changes in the eyes S0 treated. Weekers ésp?- ‘
ation of Comparable with that of 5 scleral. resection of resulting from vitreous Joss prough  the Sietape o hasizes e e hlsmpa'hdogit

a size ysed clinically, i seemed i,
. establish the duratiop of such ch
To determine this, a

it

“volume changes, - . : .
Th»eu'avcrage reduction ip Volume wyg
found ‘to be 0,64 cc. (127 percent) which

i

ortant o punctures. Tt wag not - possible b'y injecting pic’tur? is essentially the same regardless of
anges. fluid into the ¢ye 1o raise the tension to a d_e- the nature of the pel.'forah.n;_,.r agent, HeAco_n-:
nimals wer, operated i Pendable Jevel (15 to 25 mm. Hg). The fluig c'luslvely shows that the origin of the ﬁbrot_ls

escaped as fast as it was injected. The same  tissue band that holds the retina. so firmly in
- was true in experiments i the living animal place after perforating wounds is in the
where the €yes were enucleated shortly after episclera, and that this fibrous tissue invades

operation. The 'diﬁicu]tics, however, were  the wound toward the retina in a remarkably

'7; obviate_d by Ppostponing cnucleation of the short time after the injury,

"
F—

-

e —— T
—

] " eyes until one week after operation, By this The first stage in the sequence of the
; ; _ g i time the Punctures had sealed and the ¢ye  pathologic change referred to is character-
i . " * could be injected 5o that the intraocular pres- ized by mechanical adherence of retina to
! ? { sure was within the limits satisfactory for - choroid af the operative site (Herzfeldr),
! i fa volume measurements, edema and vascular ¢ngorgement of the
' 3 Thirty applications of {he benetrating  sclera, choroid, and retina, outpouring of
) - clectrode distributed over almost half of the fibrin or blood into the wound, and mild in-
|
J made. The average reduction in volume by polymorphonuclear lcukocytgs predominat-
C this technique wag 026 cc. or 4.9 percent.  ing, : . oL
’ ' Eyes of another group of 5 animals were These changes are followed in from 1 to 2
i {

enucleated 4 weeks following operation. A weeks by a sccond phase consisting of sub-
reduction in volume of 0,36 ¢, or 6.9 percent acute inﬂamm:nion, in whick mononuclear
was found, - ccllsﬁrcduminmc. The sclera loses jts nuclei

The discrcpancy between volume changes  and begins to look necrotic, but it does not

Fig. 7 "(Scheie and Ierome).
surface coagula

(1) volume reduction of dog
ween coagulation and enuyclea

i
i
. /’j scleral surface behind the ciliary body were ﬁammato‘ry changes of the acute type, with
tion, [
A

; / it
m_\ . ) ” ‘ ] -n
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sclera, choraid,

HAROLD G. SCHppp
disintegrage. - ;'\L'livv cmjnccti've-lfssile ‘pro-
liferation starting from. the episclera’is seen.

The choroid and reting loseytheir vascular en-
- Borgemeny

sand pi’gnwm rtaﬁ:m;{vnlcnl Oc¢-
curs, : Lo . )

Metion of 4 fipm librous: tissye bridge which
UXtends Detween ¢pisclera and choroid, fre-
Gquently reaching to or invading ‘the retimi,
Losalized hlmphy_ and thinning of sclers, -
choroid, ang reting are seen. The reting at .
this stage is very firmly attached o the scar
beneath jr, ST S

]"nllowing surface coagulation,
Llopiithologic -chimges  show ‘essentially {he

basic hix-

e matre and’ sequence, according 10 mgst

obscrvvrs, with the exception that the inva-

“Sion of. the necrotized sclern by scar tissue

from the episclera is munéh slower and is not

mentioned by several

at all, T -
Werkerg?t emphasizes thay broad, fairly

firm adnhe dons form between  reting and

choroid -afier surface m:lgu?;llion, hut he

does noy mention or illllslf;llc'ﬁbroc)'lic inva-

" sion of the sclera as OCCUrring with this tech-

nitue, d(-spile the fact thyt some of the eves
in his serjes remained in vivo for 3 weeks
affer operation, o o _
Pischel* obtained lessfirm byt broader
retinochoroida] adhesions using surface o
agulation than he did with the penctrating
technique, He emphasized thag changes in
and reting spread farther
from the operative site with surface coagy-
lation. The longe it period helwven'opcmlion
and enucleation ip his: serieg i5 two weeks;
sections of eves coagulated with the penc-
trating electrode show marked fibrosis into
the seleral wound, but no sych change is scen
in surf:u‘c-magulalc(l eycs. ’
Cordersze studies of eves enucleated in
periods ranging from 3 1o 70 days after sur-
face and benetrating diathermy (] not dis-
close instances of fibrous tissye invasion of
the selera after the former hmthu(l, but con-
firmed the simil::’rit_y
changes oreurring

with cach mcthod. He

: t,,,.mw 4"-: ?_;:ﬂ;‘.»

OCOPY_MAD

101

AMD BOURNE JEROME
"Thé -thirg stage i\:'ch:n'r;mtvrizc(l by com-- .

* leshnique Tigted by
" Vilreous Opacities,
deposits within the eve, retinal hcmurrhagus, ’

_well bevond the

authors ag occurring -

of ()lhcr_p:llhu]ogfc .

founid that the reaction of the uveal fryqq and

retina is more severe 1o surface Cvagulation,

He based thig conclusion on ()phth:i‘lmnsmpic '

and. micmsc()pic _evidence, . )
" Bucallo:izs yy able to.demon-traie iy, rab-

bit eves that 4 bridge of fibrous conneetjve
lissue connecting dépiseler;, to reting g pres-

- htone month afger surfuce coagulation witl

caustics or Hathermy!

He was o, ibly the

Sonly in\'vslig:;mr to desceribe this Feaction,

Occasional o frequem

corneal édemy,” cellular

retinal .fnlds,'dgtaéhnwnls, retinal tears, and
degencration of reting and choroid extending
operative sites. The fre.
quency - angd 'intcnsit_\f' of " these reactions
sccmé_ to be directly- related to the amaowit
of operative trauma; S :

A. Patnorocic CHANGES occURRING . 1x ‘

EYES COAGULATED wiry SURFACE ELgc.
TRODES (TABLE 7) ‘

_Slides for microscopic study

mens were fixed ip formalin, after which-
they wcrc'cmbuldcd n nilroccllulose. Sec- -

14 10 20 microns in thickness,
stained  with hematoxyiin and
Cosin an( mounted in Canada balsam. ¢
were  thus follow the histologic
changes resulting from clcclrocoagulalion at

tions were
They were

able -to

the same periods of time used for studying -
_the volume chaniges. The Sequence followed,

therefore, involved eYes of periods ranging
from those enucleated immcdi:itdy after co-
agulation (o those followed for as long as
8 weeks, e -

In general, (he changes seen confirme]
thase of previous obsetvers. The histologic
changes seen i the episclera were sonmewhiy
modificd becayse the episclera) coimnective-
tissue manle had to be dissceted .'n\fay as
completely ay possible to pvrmil'nccurncy of

volume measurements, l<‘hlln\\'illg removal of

~

tnnmniimm-
changes with hotly: p_(;rforat-'ing and surface
these invesﬁgators_ are:

-~

FLE

Tenon’s “capsule and (his connective-tissye

mantle, the sclery appeared somewhat dark-
~ened and thinned ¢ each site where the

clectrode had beer applied. This WAS true

. for eyes treated with j_)@rfora‘!ixig-as well as

.éurface_di:l(h_crmy, _ .

1. Changes in_cves removed immc'diah‘ly
after coagulation (fig. ). Ophthnlmosmpic
examination revealed white exudative arcas

" point. The fifih eve had
Loventing a view of the
eves had retinal detachment. A large retinal -

TROCOAGULATION OF THE SCLERA .. - . 69’

A coagulation revealed the sume white areas of.

retinal exudate at.the site of ¢ach coagulation’
i hyphemia pre-

hemorrhage could be seen in ane exe i the
arca of coagulation,

The microscopic changes were nuich more
“marked than those which had occtirred iy the,

TABLE 7.

Ophthalméscopic -

. .

Sclera’ | Choroid o
White retinal exu- | Edema moderate. Vascular _engorge- Eﬁcn;laz Degenera. | Deposits of granulo-
dates; spotty or con- | Coagulation ficcro- ment.  Edéma “ip. tion ‘with irregular. . cytes and pu:ml(_-nt on
Acute fluent, site of coagu- | gjg, - . creasing. ity of layers, - cornc?l endothelium, |
to lation. . . ) ) .
s days Retinal hemorrhages Pmns, fibrin, fibro. Pmng maximum at 3 Vascular_. engorge- \’n'n‘«_wus: clumps of rbe -
in coagulated area. blasts on surface. . ays. ment. occasional, .
Retinal detachment | New vessels occa- Occasional hemor. Detachments  fre. -Ramlledcm occa-
frequent. sionally, rhages. : Quent. ‘Hemorrhages sional, .
E ' T occasional,

——— = ~ \\ - - \*-—-‘ .
Retinal exudates ab. | Coagulation necro- { Vascularity decreas- Atrophy increasing. | Deposits of whe plasm
sorbing, etinal |. gis. Fibrocytes cover | ing, Edf'ma subsi_d- Detachment . fre- cf‘lls fnn_d -llm'gm?l"“.

1 week hemorrhages, Occa. | surfuce,  Whe de- | ing. Pigment  dis. qauent. - Hemorrluge S,amf']l)'m C} s inci ;o—_

: to sional localized reti- creasing. New vee- | persed. Hemorrhage occasional, sclera smu_sh requently,

2 weeks | nal detachment. Vit- | sels occasionally, occasional, . (\)cné:;:l:al emorrhage

Yeous opacities ocea-
tional, .

. ————— \\ \_\

: StMMaRY oF PATHOLOGIC CHANGY S.RESULTING FroM SURFACE COAGULATION T
. - - _;ﬁﬁ%,‘-_‘\_;;i e

Coagulated Area

Histopathologic Findings

Associated Findings

Reting

———

Atrophy severe. De- | Retina: lrregulauly of

i exudates | Coagulation necro- Vascularity decreas. .
r?een(rll’;?l ahsogbcd. _Sis. gFibmcyu's in- { ing furtlu-'r. Pium_cnl tachment wccasional, layf:rs near Cfilag(l‘l!'{l’l(‘d
3 weeks Hemurrlmucs persist, vading necrotic re. | ¢ ispersal Increasing, ljvmnrrlm;:c oCca- | area «.)c(;a'slun..a "l lary
ta Occasional retinal | gion. A few new ves. Thickening frequent, sional, lhr_{ly.'l lasma cells oc-
4 weeks detachment, Begin- | scls. Thinning occasional. -carional,
. ning retingal atrophy i . I
- | coagulated area, . . .
Atrophy coagulated Coagulation necrosia Vascularity same as [ Atrophy severe. De. ermnf nlmp)ay flte-
area. Pigment  dig. Sitme as gt 4 weeks. | ut 4 weeks, Thinning tachment occasional. | quently ex_u.n R be-
8 weeks | turbance frequent. ‘ibrocytes cover Sur- | incunstang, Firm adherence be- yond operative site,
Hemorrhage occi- | face and invade ne. tween  retina  ang
#ionally, Vitreous crotic region. Pig- ‘choroid frequent.

opacities  occasion. mentation oceasion.

ally, ally seen,

i 1 ’
e h‘-_\\__

at the site of ¢ach application of the surface

clectrode. The media appeared clear,

“Only onie eye was studied nn'crosmpicnlly.
The sclera was thickened by edema, severe
engorgement of the choroidal vessels was
Present. Hemorrhagic foci were scen in the
choroid.  Retinal cdema and degeneration
with irregularity of the various retinal lay-
¢rs was present, No other pathologic changes
were scen,

2. Changes in eyes removed 24 hours afier
coagulation, Ophlhalmoscopic examination
of 4 of the 5 oyes removed 24 hours afier

X
Tiar bl

oy

‘-n. o

ICINE

FOR_PURPOSES OF STUDY OR

e

eyes removed immvdinlcly. Coagulation ne-
c'ro s had occurred; edema of the sclera was
Present; fibrin could be seen on the surface
of the sclera; some infiltration with poly-
morphonuclear cells had oceurred. The cho-
roid showed marked vascular engorgement,
Many polymorphonuclears were alsor scen,
as well as a few monocytes. Edema of the
choroid was present. The retina was cdema-
tous, Detachment of the retina had t)ccurrw'l
over the congulated sjte in 2 of the eyes, Pig-
ment disturbance was present in 1 eye. The
retinal vessels were engorged. A few cellufar

Gk

fundus. Two of the -
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iy,

ST 2

i ' rhagic. Rather marked - vascular engorge-  cases. Retinal detachment was present in two
;;! ment was present. . LT " of ‘the four cyes exanined. The changes
l A' ’ < Nty '-" ... .‘.-'-‘- Y » i » ‘.- -‘:-
vi’.' ! The retina over the coagulated area was elsewhere m the! eyes were lml% differeng _
i folded and edematous, Iis layers again weres fronr those recorded in the preceding groups

~irregular. Cellylar deposits could be seen in except that one cornea showed wh:it__ ap-
A l.he-;ullcrio'r chamber, The ciliary body was. pearcd 1o be all'irll(-rls'_liligll keratitis near the
7("(](“111&(0[!5 and the iris showed some en-  limbus, S o .
A s 5 ¥ ' gorgement. The nervehead of onceye was - g, Clzail_(_/r.r i cyes "L‘:‘.’l(lif{‘f] 2 wcck.: qf.lmj :
S ‘ s cdematous, . - . coagulation, Ophth:n]moscoplc examination
5. b/zan_qes i exes removed oncweek af-  revealed absorbing retimal exudates and hem-
ter c(m_q:Z/alirm. Ophthulmoscopic examina- . orrhages. Both phenomena were less marked:
“tion revealed Jess retinal exudation than'was . thap at one week, _ S o s
" present in_ eves pr,e\.'ious}y described.  The Three cyes of those. rcmo\'ed‘ at the end of
{ retinal hemorrhages remained. o 2 weeks were examined microsco])icully. The
i The sclera showed evidence of ‘congulation sclera again sho\\'cd-coagul:ninn necrosis and _
+ necrosis, The fibroblastic mantle was thick 3 connective-tissue mangle more heavily de- -
and Cmnpluicl_y covered the operative site, veloped., Fibrocytes were beginning 1o in--
Vascul;nritv’ of the choroid was decreasing.  vade the sclera in one cye. The choroid
The retina showed beginning atrophy in all * shoived dispersion of pigment with dimin-

.

- - — T ot o- : .

e Tl e

and Jerome). I’hmomicrograph of section (X160) from an eye removed directly after
g cdema and. density of Staining reaction at the sclera] operative site, as well as edema,

Fig. 8 (Scheie
operation showin

P - folding, and architectuyry] distortion of the retina, H
. deposits could beé seen on the corneal en. irregular, as is shown in Figure 9, ¢
) : dothelium of 2 eyes Uthe iris vessels wereen- Qe of the 4 eyes examined revealed some
‘J gorged; the ciliary body wag edematous in 2 cellular deposits bn_lhc corneal endothelium,
of the cyes studied, . L The iris vessels were engorged in 2 of the .
. -3 Changes in e_vm_rcmovrd. 72 hours aftey cyes. The ciliary body was edematous in 3 of

coagulation, Ophthulnws_cnpic eXamination the eyes. The choroid wis diffusely edema-

revealed little change from that in the €y¥es  tous in 1 eye. Clumps of cells were found in ‘!
cnucleated immediatd_v and at 24 hours. vitreous of 2 eyes. ‘ -

Retinag hemorrhages were more commeon, 4. Changes in €yes removed 5 days after
, _I\ﬁcrosmpicall_\f, the sclcra_ revealed litle Coagulation. White retinal exudate and reg--
o change from thay in eyes Femoved - at 24 nal hemorrhages over the coagulated arcas
‘ hours, The mantle of connectiye tissue and were characteristjc by ophthalmoscopic ex- i
‘ cellular infiltrate oyer the coagulated area  amination, S N

was probably more marked. The sclera at the Three €Yes were examined microscopical-

uperative sites now appeared ‘slightly necro- Iy, The sclera over the coagulated area was
tic. The choroid was engorged and edema- cdematous ang showed necrosis. The fibro-

tous. The same type of cellular infiltyy ras astic mantle ¢ : see : coagu- - ; y 7

S 2)41 h i € iy Dlastic mantle -‘Oum b'L seen over th-L coagu Fig. 9 (Scheie and Jerome), Phnmmicrngra];h of scction (xl(_bO) (rulp an eye removed 72 hours after
Present as ;“t % hours. The reiing was lated arca, Th‘s contamed m.’l.!.ly. W.h'te blood } operation showing coagulation necrosis of the selera at the operative site; edema, vessel engorgement, and
edematous in A eyes over the coagulated  cells and fibroblasts, The choroid n the co- j moderate inflammatory reaction in the choroid: flnig retmal detachment ang edema and architectura)
area and the varioys cellular Jayerg were  agulated area was edematous ang -hemor- distortion of the retina, ’

Wiyl |
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lated area; ]

“Ishing vas tar engorgement. )
Fhe reting was atrophic over the coagu-
. l:l_lc(l area with détachment pr(;sth in all 3

- eyes, One eve was nurmal outside:the coagu-

5 .
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ot Ff‘.‘
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o

o

Fig. 10 (Schefc and: Jerome), ]‘Imlumicmgﬂr.'lph of section (x80
nfl(-[ operation showing neerotic scleral operative site; hemorrl)

retinal atrophy: immediately under the operative site,

of the ciliary body near the operative site,
Apparently a’portion of the ciliary body had
been coagulated. B )

7. Changes in Cves removed 3 woccks af-
ter coagrlation - (fiy. 10). Op_hlhalmoscopic
examination révealed that the white retinal
exudates had nearly absorbed. Retinal hem-
orrhages were still present. Loca]izcd"pi'g-'
‘ment disturbance was common. Localized
retinal atrophy over the coagulated
could be scen in 2 of the 6 cyes,

The sclera in all of the eves still demon-

area

strated coagulation necrosis and formatjon
of a connective-tissue

mantle. In 2 7of the

OV IPY MADE

MARDLD G SCHEIR AN BOURNE JEROMi:

showed degenerative change.  The

;2.,;:

.L;"'
Z;f',
2Ky
b

the site of - coagulation,

date was present bencath the detactiment in
cach of these eyes. :

agulated area in §
body showed pigment disturbance and some
atrophy in'2 eyes in which the coagulation
‘was near this region. The other cyes were

normal clsewhere than at the site of coagu-
lation,

coagulation. Opht}ialmoscnpicnll_v the hemor-
rhages were less marked and retinal atrophy
was much more obvious, - .

L e A

v THE NATIONA

-

CYeS COnneetive tissue. was seen) imnvading (he
congulated selery:

The choroid showed- Tess
vascular

engorgement with | some” Pigment
disturbance at (he site

reting was detached 'in 2 of- 1y exes at

SRR

SRR e
3

) from an cye removed three weceks
agic retinal dcln(‘hmvnt'; and “band type”

Hemorrhagic exu-

Retinal atrophy was marked over the co- 1
of the eyes. The ciliary

T I S

& Changes in cyes removed 4 weeks after

T

P

5 kg L
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,
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of the coagulation, -

i .t - -
wng M o

- ELECTROCOAGUT A”
“ The scleracinall 3 of the eyes _cx:nni'l_li‘«l
ll)i(rr_i)S(‘Ul)i('.’i”.\'- showed coagulation necrosis

and  again the commectivesty
Fibrous ti

ssue - mantle,

retinit hoth showed irregilar atrophy over
the coagulated arci. The eves were Cssen-

“tially normal aotherwise, although ' the ciliary

“hady adjacent 1o the site of the, coagulation

marging of the sclera,

showed some pigment disturbance and prob-
ably atrophy, o . .

9. Changes in eyes remorved 8 weeks after
coagrlation (fig.. I1). Retinal hemorrhages.
were seen in but 1 eve 0;:hlh:\]nmsdopica]vl'\‘.
These were small and deep: Retinal atrophy
was present, ) ’

?\ficmscupic:llly, necrosis of
was still visible,

the sclera
CThe area of necrosis wits
covered and deeply invaded by fibrous tissue,
The choroid showed diminished vascularity
and atrophy over the caagulated sites, The
retina was similar. Retinal (lclnchmenl_\\'ilh
subretinal hemorrhagic exudate was seen in

2 of the eves. A vitreous hemorrhage was -

found microscopically in 1 of the eyes,

iy s b

PLRPOSES

. _ i:()

MEDICING

SSue oW extended decply into the-
necratic selera in all 3 eves. The chorgid and

" holes.,

Fig. 11 (Scheie and Jerome), l’holumirr(_)gr;lph of scction
after operation showing advanced cicitrization ahout the

FION OF =PHE SCLER A T

B Parnorocie criaxg OCCURRINGIN By
- COAGULATED wWiTir p
TRODES (TABLE8) - -+ "~

A studv of these

Cattempt. to prove or disprove: the observa-~

tion of \\"v'ckcr_s',lh.;n ‘fibroblistic tissue from’
the episclera . migrated mward toward " the
choroid and’ ritina through the puncture
From™ our “observations

()(160)- from mn eve removed cight weeks

scleral aperative <ie and confliience of the

sclerotic choroid, and atrophic retina, Note dense episcleral “mintle” of fibrous
“tissuc over necrotic zone of sclera, ..

above, we could well predict that Weekers’s
observations would he confirmed because one
of the earliest phenomeny following electro-
coagulation of the sclera is the formation
of the fibroblastic comective-tissue mantle.

This " fibroblastic mantle in the carly
stages involved  only the surface of the
sclera. In 1 of 6 eves at the end of 3 weeks
ad inall eves at 4 wee §, it was shown
that these fibroblastic cells ‘invaded the ne-
crotic selera jtself. Presumably this inva-
sion would  have occurred much  more

promptly and earlier had openings been pro-

vided into which fibroblasts might grow,
In the microscopic study of the eyes co-

agulated  with . penetrating

diathermy, the

ETRATING “ELEC

s owas made inan

deseribed -
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SAME intervals Were ysed
'mc:lxurcmcnls; namely, 1 and 4 weeks,
1. Changes '
aftcr Penctrating coagulation ﬁ;:'._-IZ). O
lh:nhnus&ipiq_ examinatijon,
lies Were seen jp 1. eye
- exves had ‘soft -white
‘rounding

of 4 examined

cach puncture, Two
depigmentation near the pune

as for vul{x)ﬁclrig
neeyes remoreds e weck
Vitreous o]

retinal exudates sur-
€xes showed -

JEROME
) riloscopié‘examiﬁatidn: Two of '35
nonfloating vitréous strize over
tached to the coagulated arca. Jn 4 S, cho
oretinal atrophy was seen’

ture. In gne case
parl'iall_)(«'()'tlﬂllcxlt.
white “exudative

" posed on the atrophy,

ph-’
i the atrophic
All while, in another,

c-yes had
and “at--
ri-"
around each pune- -
areas were

a soft
APpedrance’ wag superiny-

ure.sites. In- All 5 eyes were exainine microscnpica”_\'
I evea small }u'mnrrha;:c Was scen, .- All showed scleral cn:i;:ulaﬁon.nccrosis at
Three eyes were examined microscopi-' the operative site; 3 had a substantial core

. . TABLE 8

Summary o PATHOLOGIC CHAN

Lengih
of time
Observed L.
T e————

Ophthalmoscopic

" Coagulated Area S . Associated Findings
. g : i T ———
. . Sclerg g Choroid B Reting . .
White _Tetinal exy. Coagulation necrosis Moderate pigment Moderate necrosis or Essent ially normal,
. K ites sites of coagu- | ap ODCTitive . gjteg chorcid dispersal. degencration with ir- .
1 week lation: occasionally traversed by core of Necrosisg occasion- regularity of layers, ;
confluent., Pigment fibrocytes extending ally.. Fibrosis occa- casional - hemor. .
disturbance At coag- | fruom fidrous mantie sionally, . rhage, . Occasional
uiated site occasion- | on surface deep into . small detachments,
ally. sclery, Monocyteg in .
necrotic areq, o . :
—— !

;Clmriorelinal atro-
phy at each coagy-
lated site;- uceasion.
ally conflueny. Stri.
ated vitreous opaci- 1
ties occasionally. ().
casional retingf hem. ;
aorrthage or persisting [
exudate, .

Coagulation necrosis
at  operatjve
.4 weeks

to clioroid or i
€ven retina, |
. - i

"i:;t”_v. All showed scleral coagulation necrosis
at the operative site

traversed by a core of
fibrous coimective tissye which appeared
o arise from ap episcleral fibrous-tissue
mintle and ‘c.\'!cndcd almost {o the choroid:

or invaded its substance, Pigment dispersion
-at the operative unifornly
in 1 eye,

‘The retina under the
eye was normul; in

site wasg

puncture site i
another jt wag necrosed

3ina 3rd, fibro.
sis had extended into jts sub,

episclera and through ‘the
hemorrhagic detachments we
the operative site in this eye,
abnormal findings in the othe
these eyes, . )
2. C hanges iy CXes removed 4 qec g after
penetrating coagulation (fig. 13).

stance from (he
choroid ; small

T structures of

Ophthal- -

MAD

RESULTING Froy PkNEThumg COoAGUL

’ Degeneration 0
atrophy localizpd to
| operative sjeq,
Creased vascularity, |
Figment disturbance "
{ Occasionally,

Present

EBY

ATION- - © .-

Histopathologic Findings

— \.‘\' .
r body: Pigment
disturbance, irregular.

ity of structure ocea.
| sionally,

Localized atrophy, Ciliary
Close adherence 1o
De. choroid ag operative
| sites,

T

of fibrous connective
a fibrous episcleral

operative site way

the episcleral
fibrous tissye was

vascularized and there
were only a few fibrocytes in the depth of
the sclera. In the Sth eye the episclefal tissue
was itself necrotic, ’

The choroid at the operatjve site was de-
generating or atrophic in aj. eyes, with de-
creased vascularity and pigment disturbance
the rule, In 1 eve, a small inwar prolifera-
tion of pigmented tissue from the choroid
was scen, In all § cyes the retina showed
a bandlike atrophy confined to the opera-
tive site. In all cases it was in firm apposi-
tion with the choroid at these points,

Findings in ihe other structures of these
eyes included pigment disturbance and mild
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. With penetration of comnective tiss

" ing reting] tissue,
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coagulation was Placed
- Hyalinosis of the ¢ilia
‘ent in another eye. O
bleb fo'rmati'm]," mild
cibiary body, and ‘pigment deposits” in
anterior chamber, One eye showe ‘ker:
of the anterior third of the corneal stroma.
) Inexplicably, 4 small vascularized central
corneal  staphyloma was seen -grossly . in
-.another cye, : .

near its. pars plana

witis

PR e a3 T ey . .3';;5,:«’-}4
Fig. 12 (Scheie and Jerome), Pho(omicrograph

of section (_leO) removed one weck

tion showing well-marked episcleral
fibrous tissue

after opera-
“mantle” of
intermediate stage of healing

necrotic sclera o
which itself shows atrophy
mation. Note edema and ear

mass
and fibrous tissue for.

ly necrois of surround-

VI. Discussion

- The work- reported: herci :
taken to determine the amount of scleral

shrinking which could be produced by elec-

trocoaguhtion of the sclera and to compare

n was under-

_dogencraﬁon of the- ciliary: body ‘when g

ry pProcesses wags pi’ieé-.-':
ne eye showed corneal -

dége_ncfation of the
' the

Tt e s ey i S S BN T e
A ELECTROCOAGULATION OF THE SCLERA "~

.Fig.' 13 (Scheie and Jerome), Pl!otoﬁicrograph
of section (% 160) removed one month afger opera-
tion showing marked episcleral fibrosjs and healed”

Penetrating diathermy wound. There is underlying
choroidal am} retinal fibrosig and retinal atrophy,
Note close adbesion of chorioretinal tissue 1o scleral
scar at the operative site,

" these ‘rcsu]ts with those obtained by
mental scleral resection,
uring the volume of an
displacement technique
found to be reasonably
was done upon the dog ¢ye because the
sclera was thicker and more like that of man
than was that of the rabbit: : :
Surface ‘and puncture
used. in different experime
thermy  produced marked
puckering of the sclera
cation with rapid rise of intraocular pressure
signifying reduction in volume, Ip enucle-
ated eyes, the lension could he clevated 1o
70 mm, Hg, beyond which scleral ruptures
would occur and the tension would risc no.
higher, These experiments confirmed the
ohservations of several wnrkcrsA\\'ho had

experi-
A method for meas- .
cve through a fiuid-

was  devised and
accurate. The work

' diathc'rmy were

nts. Surface dia-
shrinkage and

at the site of appli-
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“noticed a similar rise in intrancular pressure
during . q:clruli:«lhwmy. a

To ascertain the amount- of volume change-

~Wwhich “¢ould produced, paracentesis: of
the anterior chamber had o be done per-
mitting “the sclera to-shrink.- Fourteen ap-
Plications of surface clectrode which-had
T contact surface of onc square’ mm. wer¢
used i all syr ace coagulation exXperiments,

An A 0.96 [N

e

average reduction of
fent of the volume resulted in experiments
on 10 enucleated dog eves. This Was.approxi-
mately 0.25 ce. more than that Produced by
scleral resections of 4 by 22 yim. also per-
formed on enucleated dog eves. The same
‘amount of coagulation on the living animai

Was somewhat Jess cffective, the average re-
0.64 cc. Subsequent _

duction’ in volume being
experiments- dcmonslrutcd. that this volume
“change fel during the firs 2 weeks to about
0.5cc. or9 percent, after which, during our
obsvr\'ati(_m period of 2 months, the volume
remained unchanged,

The effeet of c]éctméo:nguhtion with the
penetrating electrode  was then  studied,
Thiry applications were used, which was
felt to be within the range-of at least some
Operations  for the clinical
retinal detachment. These eyes were studied
and a reductjon of about 6 pereent in volume

was found, about two thirds that of the re-
duction obtaine by surface coagulation. Be-

“ause a smiller o1a) area of sclera was
Coagulated, the reduction in volume by pene-
trating din(hcrm_\"wus less than thay pro-
duced by surface dinthérmy. Even so the
imount wag pet insignificant, _ _

" An objection tg these observations can im-
mediately he raised, for it is certainly not 3
commor, observation that the refraction of
N eye operated upon for retinal detachment
undergoes 5 marked change in refraction
toward the hyperopic side, as one might ex-
beet. This we gre mable 1o rationalize, uy-
less ‘the change iy volume resylts from a

flattening of one side of the cye, rather thap
a shorlcning of the anteroposterigr
eter. 1t does seem It(:rl:lin,

diam-
howcver, that at

HAROLD G SCHEIE AND BOURNE :j;é;;o,\‘;‘p_- :

least some degree

or'18.5 per-.

Ireatment of

i diathermy but the

of scleral shrinking
ducéd with every clectrocongulation opera-
tion - for retinal detachment and suggests
that further st‘udy
VisC more effective means of shortening by

(flectmco_:lg‘ul:ation. The present experments

Slend to explain the :1(l\fzmt:ngcs‘ claimed for

surface coaguluation ang Possibly alsg serve
AS an argument . for Langdon‘sz:. thermo-
‘phore technique, e :
The pathologic studiés carried out, ip
general, confirm those of previous obsery-
‘crs.'_The sclcra,bchoxjoid‘, and reting. béc_ainc
edematous ang engorged'[shonl_v ‘after ¢o-
agulation. The sclera had g coagulated ap-
pearance, Changes of acute inflanmmation
presented, which in from 1 14 2
formed " subacute: Appearance  with
mononuclear cejfs, Finally, -fibroblasts pro-
liferated throughout the area, and the sclera,
choroid, and retina underwent atrophy - in
varying degrees, i :

Weckers’s?? yorl dcmonslrating a fibro-
blastic plug growing toward the choroid ang
“relina through the opening in the sclera
made by the penetrating clectrode was con-
firmed. This seems of great importance since
it causes the retina to adhere firmly to the
choroid }'ollm\'ing such operations, Similar
changes tend ¢, oceur following surface
fibroblasts grow through
necrotic sclera and hence the pProcess takes
place much more slowly, '
months, After using the
nigue, the plug can be
week Postoperatively,

The changes which occurred following
surface diathermy, wheré the coagulation
Wwas more extensive and intense,
severe than those fo”owing the pPenetrating
technique; The engorgement of the retinal
vessels, particularly in the nerve-fiber layer,
Was more marked, The Appearance of thege
engorged  vesselg might e explain the
tommon occurrence of preretinal and vit-
.reous hemorrhagc, scen clinically, following
too heavy coagulation of the sclera,

The changes ensuing after surface dja-

pencetrating tech-
Seen as early a5 1

A L

1s pro-~

ought to be -done to de--

weeks trans- .

requiring 1 or 2

were nore’

-

"~1-hvrnn'. where the volunie changes were
u'n:n'k('.(l', were such that one would be -hesi-
ant to use this degree of “coagulation clin-
ically. Not only. was the ngorgement - of ]
vessels pronounced, but the - final “retinal,
atrophy was considerable, and, :lltllough the
CNCS were negative externally, thejr histo-
vh')g'ic :11)'])(-:1mm‘_e_ would counsel caution. -

I'n coilclusion, it can be stated that electro-
coagulation is capable of p_ro_ducing'a’high .
degree of . scleral shrinkage manifest by re-

volume: of the eye, This un-
inevery -
by the

duction in
doubtedly occurs tor some degree
opération " for retinal detachmient
clectrocoagulation technique, S

J?xpe_finu-nta]ly, surface diathermy pro-
duces more scleral shrinkage than penetrat-
ing” diathermy, no doubt because a greater
area of the sclern is affécted. However, the

B iy s

“shrinkage vet be Jess destructive
derlying <horoid

-compariable o

“duced

o xé‘r.E‘CTRO_COAGL'LATJON OF THE SCLERA .

to the uns

and reting ‘because there

seems sufﬁcicnf'e\'!'g]encc- fo believe -ghat Te-
duction in’ volume of the ‘scleral shell is of

at least supplementary valye ix_-)—n-lin:l[ de- . -

tachiment surgery, ;

: \II StMarary

cussed,

1. The value of scleral rcscction'is‘dis-_g :

2. Surface clectrocoagulation. was- found .

to produce a reduction in ocular volume in

enucleated eves and exves in the living animal

scleral - rescetions of 4 by..

22 mm, Ponclr;lting clectrocoagulation pro-.

a smaller reduction: in volume,
3. The reduction in ocular volume_rosult{

ing from. ¢clectrocoigulation persisted dur-

ing the periQ(i of observation of 2 months.
of the amount .used

in these experiments produced pathologic’

to suggest eau-

Ann. d'ocul, 164 :817,1927.
Ann. d'ocul., 45 :555, 1928,
frang. d'éphih., 41 :275, 1928,

Tr. Ophth. Soc. U, Kingdom,

Monatshl, {. Ailgﬂlh..

detachment operations with special reference to

Ophth., 23:1181, 1940,
29:785, 1946.

glaucoma to treatment with cyclodiathermy punc-

anagement of plavcama m relation with. gontascopy

f_ ;i:nthologic changes resulting from surface 4. Elcctmmzlgulation
g coagulation are of such 4 severe nature that .
i clinical application to the same extent would changes of such a nature as
! . N - . . 3 [ . . ~.
probably be innd\'xsal_)]e. - bonvin its clinical use,
"~ Further 'wark should be done 1o devise a 313 Sou!h 17th S‘frcc_f (3).
technique  which  would produce  scleral ‘ o .
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L o o DISch_sxorf{- o . :
. "'Dr. Joxas S, FRrIEDENWALD (Baltimore, “Dr. Davip G, Cocan ( Boston, Massachu-
“Maryland) " T think we are all familiar with
the fact that, "after successful ‘detachment
‘operations, the area of the fundus that has
been cauterized s often visible ‘with » higher
plus lens than corresponding areas in other
parts of the periphery, but in general the
axial refraction s not sigriiﬁcantly changed..
I would like to ask _Dr..-Scheie, therefore;
whether the contraction that he gets is not
rather a flattening of the sclera at the point
of cauterization than the general reduction

surface diathermy of the sclera is inuch
more extensive during the diathermy than
immcdiately following it This suggests that
the retinal opacification is not, as géncrally
“assumed, one of coagulation. With the dia-
“thermy applied 1o the sclera of an excised
‘and bisected ‘€¥e, it can- be shown that the
opacification is due, in some measure at least,
to the formation of numerous bubbles jn-
in radius of the eyeball that one gets with  {he retina,  bubbles which, when massaged
the scleral resection. . - out, leave the retina transparent. : o
Dr. Cownrap BerExs (New York, New Dr. Scuemn: (closing): The question

York): I should like to ask Dy, Scheie which Dr, Fricdenwalg raised occurred to
whether he tried the Walker bident using  us, We certainly haven’t seen a marked de-
the back part of it, not the points? We have gree of hyperopia occurring in our patients
thought that we got better shrinkage of the with operations. for retinal detachment, and
sclera by using the back of the Walker the only way to explain it js just as Dr.

bident than by using the individual clec- Friedenwald has, Marked flattening of one
trodes or the two points in contact with the  side rather than of (he anteroposterior diam-

sclera, Iy certainly seems to. work out in  eter of the eve can be seen in the slides of
Practice that way, although scientifically T animal eyes, :
cannot say why. 'shrinknge is greater than In réply to Dr. Berens, we have not used
with two points introduced scparately, ‘the Walker bident..
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Episcleral reaction’ in the operative treatment of retinal detachnient. Brit, J.
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setts): It is of Jinterest to note ‘that the
‘white opacification of - the ‘retina from . p.
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that choline or 3 precursor- was essential in
the diet of rats 10 prevent the ‘a_ccunmlaﬁun_
of excess amounts of fat in the liver, Later, -
Criffith: and Wide (1939) reported hem-
“orrhagic d(~gcx1cration of the kidneys of
. -weanling rats_deprived of dietary choline.
- The renal lesion \\’:is.:usuall)' responsible for
-the animal’s Jéath within two weeks, These
.authors -also noted intraocular 'hémorrhage
- in “the animals ‘whose kidneys were most
:s'c\’crcly affected. . :
Christensen (1940) stated that this in-
- traocular hemorrhage occurred mainly from
the blood vessels of the éiliary body and
iris. Engel and Salmon (1941) reported that
the' hemorrhage “appeared to originate in
the ciliary vessels and spread into the pos-
terior chamber.” They also demonstrated the
presence of uremia in the rats by determing-

tions of the levels of the nonprotein nitrogen  strain, .
-in the blood, and by the xanthydral reac. - - MeTHODS
tion applied to sections of brain. All the Diets

foregoing invcstigﬁtors were interested pri-
marily in the renal, rather than the otular,

lesions, | : ) precursors, but is believed to be adequate
The first investigations concerned mainly in all other respects. Diet B (Lucas; 1948) is
with the ocular changes were those of Bel- somewhat less deficient in lipotropic agents,

lows ‘and Chinn (1943). Théy found that

10 10 33 percent of their animals  showed

sonme type of ocular hemorrhage, usually

within the 48 hours preceding death. The

most frequent form wag a column of blood .
i Cloguet’s canal; the next, was a “hemor-

“rhage apparently arising in the region of the

ciliary body, and. shortly spreading beyond

_

*From the Department of O_phth:ilmology-and .
the Banting and Best Department of Medical Re-
search, University of Toronto, . .

t Percy Hermant Fellow in Ophlhnlmolngy.

¥ Assistang professor, Banting and Best Depart-
ment of Medical Rescareh,
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INTRAOCULAR HEMORKRHACLS IN YOUNG RATS ON"..

Best amd Huntsman (1932) dcm-ons_(r:ltc'd'

- CHOLINE-DEFICIENT DIETS»
:_[. Ll.o_\"n,li'i'ux".-\fs,*_ MD AND \V.S‘TA.-\'LQ’ HA_ﬁko_l:'r',f M.D}:_- .
: L LT Toronto, Oniarip EE o

the crystalling lens.”” Tess commonly, hem-
orrhages visible to {he naked eye :ippca!fec_l -
as hyphemia. o S -
'Microscopically.-lhc_v noted that the ves- _
- sels of the eyeball were generally 'e‘ngor_g,ed,.v :
" and.that the ciliary processes were swollen. .~
“and frequéntly hémbrrhégié._ They found
“free blood most ‘often between . the anterior
limiting membrane of the vitreous and the
- crystalline lens, and not uncommonly in the -
anterior chamber. - Puppies on the same diet
developed fatty livers, but hemorrhagic de- -
generation -of the kidneys, eves, and other -~
organs did not occur.b S .
The present paper will deal with further-
" observations regarding the intraocular hem-
orrhégcsbccurring in weanling rats on. diets -
-low in choline, and after nephrectomy, The,
results are based on observations involving
more -than 330 albine rats of the \’\’is_ta_r

Two diets were used. Diet A (Lucas;
1948) is extremely low in choline and its

but is belicved 1o be adequate in al) other
respects except possibly in certajn amino
acids. This dict takes 1 to 2 days longer to
produce its results in weanling rats than does
dict A, The animals were fed these dicts at
pleasure in each instance,

E-XAMINA-TIONS OF  LIVING ANIMALS

A small percentage of the hcmorfhages
were visible to the naked eye in the form

¥ Since this paper was prepared, these findings
of Bellows and Chinn have been confirmed by
Briickner, R., and Viollier, G.: Helvet. physidl.
acta, 6:3, 1948,
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