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CHAPTER I 

DJTRODUCTION 



Vesalius was able to leaTe a great gif't for medical science juat 

because he had enough courage to disregard old traditions and inves

tigate disease by doing post :mortem examinations. Our present soi

entific progress is also based on examinations of the bodies, tissues 

of the diseased, of e�erimental animals and correlation of the 

proven pathology, with signs seen prior to death and therapeutic 

methods and agents used. 0ph1;halmology is just a. part of the -.hole 

medicine but highly ilftegrated with other specialties because so 

many pathological conditions and events in the h� body leave 

characteristic changes in the eye visible durmg life, and some can 

be found after death. In reverse, just a few ocular conditions may 

leave their signs somewhere else further from intra.orbital structures. 

Gross and micros opie e:x:a:mination of the enucleated eye in 

ophthalmology has the same meaning as autopsy and tissue examination 

in general pathology. Our failures, mistakes, inevitable conditions 

and progress 1n therafeutio IMt'thods, surgical as well as pharma

ceutical, are olearly reflec1Jed in the specimens which, 'When seen 

by an experienced eye reveal a great deal of information. My past 

experience in this particular field inapired me to look into thie 

source of information and present gained knowledge to the ge:neral 

practitioner or the U:aited S11atee, and part-ioularly Nebraska. I 

refer to the most oommon conditions and failures ,which cause the 

eye to become enuoleatedJ also to point out how much can be gained 

by proper recognition of pathology in the doctor's office, proper 

administration of thet'apeutic aid and proper use ot today•s drugs 
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which have progressed so much in the past couple or decades. 

During the past twenty-five years, in the section or Pathology 

ot· the Department of OphthalJDology, University ot Nebraska College 

ot Medicine, six hundred and seTenty- pathological specimens have 

been accumulated. This great increase in number and variety is a 

sign of expansion even under unsatietaotory conditions and should 

be accredited to the head of this particular section of the depart

ment. 

O:t the vast maj�ity of the specimens submitted from the 

phyaicians doing ophtb.almic surgery all over Nebraska., just a f,nr 

of these are specimens or animals used tor some sort of investiga

tion. It should be noted that the ujority of the cases sul:mlitted 

to surgery were first seen bf general practitioners. There are 

numerous occasions llh.-re the general practitioner tried at first to 

treat the diseased organ and when he be.came lost in the complexity 

ot developing patholotic proeess, turned it over to the physician 

specially trained in ephtha].-.ology. There were other cases also 

where the destructive injuries were ot such a degree and extension 

that it was impossible to save the eye. 

The classified list (Table No. I) ot pathological specimens 

does not reflect the actual pathology found but the final diagnosis 

of the conditions that resulted in the eye to be enuoleated and 

also specimens of ocular adnexa involved by their 0\19ll particular 

pathology or extended from the eye. 

As we see from tais si11).'ple list, marked by names and numerals, 
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Secondary glauoo:ml 
Pri:mary glaucoma 

TABLE NO. I 

Lesions of' Bulbus Oouli 

Congenital gle.uC011.a 
Traumatic p erf'ora-tiion 
Corneal ulee.....-
Phthisis 
Panophthalmitis 
Sympathetic ophthtlnda 
Acute Anterior uveitis 
Poat-operative expulsion hemorrhage 
Retrolental fibro�lasia 
Toxoplasmoaie 
Coat's disease 
Malignant melanoma or the choroid. 
Ma.ligne.nt melanoma of the iris 
J.{alignant melanoma or th9 ciliary body 
Metastatic adenocarcinoma in the uveal tract 
Retinoblastoma 
Bowen's disease 
E9topio lacrimal land in the eyeglobe 
Benign melanoma ol the choroid 
Benign melanoma ot the iris 
Benign melanoma of the cilia.ry body 
Intra.ocular neurof ilr oma 
Hypertensive reti�opathy 
Polyarteritis nodesa 
Papillary edema 

186 
27 

7 
68 
22 
46 
11 
5 
l 

3 
l 
l• 
l 

46 

6 
6 
1 

20•• 
2 
1 

3 
1 
1 
1 
l••• 
l••• 
l••• 

• No organism deiionstri:t::ed. based upon the c-linioal history
and X•:ray find ings •

•• Recurrences inoluded.
••• Autopsy spe cimans. 

we can realize that within the past tiwenty-:t"ive years, many eyes 

were lost and the ma:ority ot them were lost only because we were 

not in a position to save them. Looking through this list, two 

major groups dominate the numbers, one is aeoondary glaucoma. and 

the other is ma.lign.&lft tumors of the eye. 

Secondary glaucctma is the major result of various complications 
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in a diseased eye and particularly in en inflamed one. Tumors are 

prone to arise trom lthe apparently normal tissue, in an unknown 

manner, and even witl the recent advances in medicine we are etill 

looking for a cure. The same is true in intlamatory conditions. 

Discovery os new fields 1n different branches of science adds to

our knowledge in combe.tting diseases, but at the same time it brings 

new thoughts and questions, br�adening some subjects which pre• 

viously appeare d  so simple. 

TABLE NO. 2 

Lesions ot and from the Ocular Adnexa.e 

Cavernous hema.ng,io• of the orbit 
Er,JthroleukeiG inf'Utra.tiln of' the conjunctiva 
Mixed t�or of the laarimal gland 
:Metastatic a.denooarc�inoma n the l!d 
Epithelial cyst of she con unotiva
Granulation tissue 
Cavernous helldlngiold of the lid 
Basal cell carcinoma of the lid 
Squamous oell carc in:oma. of the lid 
Cutaneous benign pe.J: illoma of the lid 
Extrabulbar intraorb>ital malignant melanoma 
Xanthelasma 
Cha.la9ion 

Sebaceous cyst of the lid 

t 

. One•case of premalignant cutaneous  pa.pilloma.

l 
1 
6 
l 
2 
4 
l 
5 

2 
6• 
l 
6 

5 

4 

For a better undet,st�U.g and realization of iihe progress made 

in medicine, I would like to go through the history ot medicine, 

touching just the major points, primarily paying attention to the 

events importez1:� to oplthalmology or directly connected with it. 

This will help us to a �recia'be things that were discovered and 

• 
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placed into our hands in the past quarter century and years prior 

to it when ea.ch simple step took hundreds of years. 
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CHAPTER II 

EARLY HISTORY OF THERAPEUTIC PROGRESS 



B. C.

2250 - Code of Hammul"abi (Babylon) describes precisely the fees for 
eye treatment and consequences i-n case o� unsuccessful treatment. 

2000 - Writings of King Ch8Jllllurapi (Egypt) mentions operations on 
the eye. 

1500 - Ebers Papyrus (ques-tion that this dates back as far as 3400 B.C.) 
Dynasty, gives a fairly definite description of cataract (this one 
is incorrect), epithora., tracho:ma and its sequellae and treatment 
for these conditio11s. 

900 - Coptic Medical Papyrue has this prescription for the eyes (1). 

Ann.eaian Borax 
'White Lead 
Pepptr 
Giugtr 
Verdl"igis 
Stareh 
Sa.la.mnoniao 

10 Obols 

2 Obols 
l Obol
l Obol

2/3 Obol 
2 Obols 
l Obol

Pound them well, s•rain through a fine sieve; apply to the eyes 
which are dim and th'1 will beoome quite clear. 

460 - Hipprocrates Birth - Mpprocra.tes describes anatOJny ot the 
eye as being me.de from th:Pee membranes which were distended by 
ocular humors nemec aqueous, vitreous and crystalline; describes 
optic nerve but does not know its function. His theory for 
various conditions consists mostly of restricted diets and hot 
foot baths. "B-lepllaroxysis" is used for granulations on the lids 
(Tra.-Choma) and thia ie done by rubbing the conjunoti val surface 
of the lids w.i th MUesian Wool and wound on a stick of wood. 
{Basically this same treatm.ent for Trachoma survived up to the 
Sulfonamide period') 

300 - London Papyrus descri'bes what seems to be Trachoma and remedies 
for ingrowing eyelJshes. They inelude Liuard's Blood, Bath's Blood, 
clipping the laahe• or pulling them out until the eyes imprc�e. 

A. D.

29 - Celsus' book, ah Medieina", reveals a somewhat different type 
of treatment from that previously used. He advocates Collyria of 
different kind for each condition known to him, (Collyria was a 
small bar of mediclne dissolved in water or oil just before use)J 
for m:ydriosis - pu,-gation. pterygiu:m: - aurgic�l excision, docry
oeystitis - campleie resection of the sac -whioh is followed by 
ca.utery. Trichiasis end distichiasis by burning out the hair 
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follic.les with a het needl,e J lagophtholmos by surgery based on 
oontracture of the scar tissue, cataract - by couohing (actually 
dislocating oataracstous lens). He evidently does not understand· 
what the actual opaoity is or 1m.ere it exists, nor does he under
stand the ',hypel"l!le1;topia. pt-<>duoed by displacing the lens. 

131-201 - Galen 'Writes "Optics", �Diagnostics ot the Eye" and
"Anatomy- and Physitlogy of' the Eye". He believes that eye coats
are extensions ot the brain, "Cr,stalline Body" essential for
vb ion, hypochymati. (cataracts) are formed between crystalline
humor and the cornfa; the lens is nourished by the vitreous body,
the vitreous body is nourished by extension from the brain, making
a. thin coat around it, (apparently retina) and this one is nourished
by a net-like membrane which he calls choroid. Next oomes the
sclera-tendinous sheath, which, from the description seems to be
what is now called Tennon's Capsule, (first tixne described in the
literature) and extension from the periosteum for protection ot
the eye, (now Cenjtnctiva). He uses the name 9Irie", but its
meaning is di.ffere•t. This, to our understanding, he calla
•Rragoeides, (gra� skin}. The cornea, believed by Galen, is
derived tram the Mningeal eheats of the brain, and the pupil,
is filled with air. In p:tiysiology of the vision in his thoughts
are that •v1sue.l R•ys• are initiated from the bra.in, go through
all transparent pat-ts of the eye towards object, then the rays
reflect this same wa.y back and are transmitted by the retina. and
the optic nerve baok to the brain; but how all this happens is
a mystery to hi.m. Cataract treatment is performed by vigorously
she.king the pa.ti en1 's head.

850-860-932 - Rhases discovers reaction of the pupil to the light
as "In the middle of the icy humor (iris) appears a hole which now
dilates and now co•traets, acoordlng to how the icy humor feels
the need or the lieht; it contracts when the light is strong, and
dilates in obseuri1y. The hole is the pupil and the membrane is
the uvea.9 (5t 676).

960 - Ammar starts 9extractton" of the cataract with the needle 
entering through the sclen and aspirating liquitied lens material. 

965-1036 - Alhazen is the first 1m.o proves that "angle of incidence
is equal-to the antle of reflection, and that the perpendicular to
the plane ot inoidtnoe, the incident ray and the emergent ray, all
lie in this same plane" (St 578}. He is also the first to teach
that "vi1ual rays pass not from the eye to the object, but from
the object to the eye, and that an infinite number of rays are
emitted or reflected, as the case uy be, from ea.ch and every
point comprised within the surta.oe ot that objeot" (5z 578}.

1018-1087 - Constantinus Atricanus invents the word "Ca.taraota". 
(Greeks ased the word •Rypophyu." and Rom.ans, "Sui'fusio".) He 
translates many Arabian Medical books into Latin. 
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. � 1027 - "Ali Ben Osa, Erinnetungsbuch fur Augenarzte, aus arabiachen
Handsehriften uberitetzt uad erlautert•·. 

1313 · - Alexander de fpine re-invents convex glasses with fr8llles. 

1317 - Salvino degli Arma.ti made glasses and fitted them to the 
patients. 

1399 - Beginning of 'Acta. Fa.cultatis Medicae Vennensis". May 6th. 

1452 - 1619 - Leonar4o da Vinci first compared the action of the 
eye to the camera o.bscura. 

1462 - Hieronymus Brnnsch11Yek describes removal of the magnetic 
metallic imbedded foreign body from the eye by means or magnet 
or lodestone.

1500 - Berengario de. Capri f'or the first time describes correctly 
conjunctiva, proTiig also that conjunctiva is not an extension of 
perioeteum. 

1504 - Vesalius born. H.e di soovers that removed crystalline lens 
act l il:e convex l,ens �· · 

1517 - Pope Leo Xis kno'Wll to have worn concave ·lenses for myopia. 

1619-- Publioation of Friesem.'s 9Spiegl der Jrtsny• and •synonuu.". 

Felix Platter -writes that received images in the eye are projected 
upon retina and not upon the optio disc as previously described 
by Leonardo da Vino�. 

1550 - Hollerius prescribes apectacles for myopia. 

1559 - Caspar Stroma,�r publ�shes in Sudhoff •Ophthalmic Treatise". 

1660 - Franciscus Me.urolyou• describes myopia. hypermetropia and the 
optics or the lens. and also proves that Galen's doctrine of Cryst
alline lens1 as being the moat important organ for vision, is incorrect. 

1564 - Eustaohius dhcovers e.bdueens nerve and suprarenal glands. 

1675 - Pare introduces arti:ricial eyes. 

1583 - George Bartisah publishes his book "Ophthalmodouleia das 

ist 
Augendienst"', ancestor of all modern textbooks; and is also the 
first to remove the eye in toto. 

1584 - Sir Walter Ral�igh demonstrates curare which he brought from 
Guiana. 

8 



1685 - Gu1llemeau publishes treatise on diseases of the eye. 

1690 - Invention of oanpoun4 m.ie:roacope by Hans and Zacharias Jansen. 

1600 - Fabricius of Lquapen4ente demonstrates and desoribes correct 
position of the crystalline lens. 

1604 - Johann Keple first d�onstrates inversion of optic image on 
the retina. 

1619 - •0culus• by Cltristoph Scheiner is published. 

1635 - Descartes proTes that aocommodat1on depends upon the change 
in form and thickness or the lens. 

1644 - Descartes publishes treatise, on dioptrios and reflex action. 

1656 - Rolfink: proves that oataract is clouding of the lens. 

1662 - Meibom disoov!!trs and describes :Meibomian glands. 

1664 - Willis publislles his "Cerebri Anatomen in which he classifies 
bulbar nerves. 

1689 - Leeuwenhok di covers end describes anatomy of the cornea 8lld. 
rods in the retina. 

1697 - Pa.cchiomi disoovers glands (Paeehion1 bodies) in the dura 
matter. 

1704 - ·Jean Meey observes and describes ref"lection from the pupil 
of a oat's eye sublterged in water. 

1705 - :Michel Brisseau first performs autopsy on dead soldier who 
had eataraot and auto:mat idllly proves that ca-tar act is an opac1ty 
in the lens itself - "Mira.bile dictu" he explains 1n his script. 
All together he pe:r-:t'orms f'1 ve autopsies to prove his doctrine 
about ea.taraot. Maitre""Jati1 co .. 190rker ot Michel Brisseau, supports 
very energetically ideas about his findings. 

1713 - Auel for the .first t1-e probes laorimal ducte. 

1722 - St. Ives is the first lfho removes cataract "en masse" from 
the li,ring subje.ct by dislec .. ting cau.ractous lens into Anterior 
Chamber and then r•ving it through corneoscleral incision. 

1728 - Introduction or operative artificial pupil by Cheselden. 

1730 - Improvement ot cataract operation by' Daviel. 
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1746 - Daviel does the aatat'act operation on patient by the name ot 
Brother Felix, Hermit of Aigu1lle :f'rom Provence arid during oper

ation accidentally breaks the lens capsule, spilling loose oortioal 
material into the anterior chamber. He then opens the anterior 
chamber and washes the loese opaque material out, (extraoa�aular 
extraction). On Ai,ril 8, 1747, while operati ng on patient M. 
Garion, he meets with the difficulty of dislocating the le�s, so 
he makes a lower oorneosclera incision and removes the lens in 
toto (intra-oapsui..r extraction). The section is me.de using 
lanoe and scissors and cornea lifted with forceps (5). 

1752 - De la Faye in"trents corneosclerar section made by the knife. 

1756 - Publication bj Nicolas .Audri on ini'raorbital neuralgia. 

1773 - First professqrate in opb�h•�logy erreoted in Vienna 
occupied by Joseph Barth tmder the title or •Professor der 
Augenheilkunde•. 

1780 - Benj.amin FraJ'.ilc'lin invents bitocal lenses. 

1786 - Description of exophthalmic goiter by Parry. 

1794 - Oct. 31 •. Publi�ation upon colorblindness by Dalton. 

1798 - Joseph Beer invents iridect� (Vienna) and describes it 
in 1805. 

1801 - Publication on Astigd.tism and states undula.tory theory of 
light by Thomas YoUllg. First ophthalmologic journal is printed 
by Himly and Schmidt in Brt-unsohweig and Jena. 

1804 - Royal London Qphthalmic Hospital founded. (1806?) 

1816 - Beer describes lumino1ity of the pupil in albino and inTenta 
new te�, "km!.uroti,o oe.t 1 s eye". 

1829 - Introduction o P print for blind by Louis Braille. 

1830 - Sir William Ma.ekenzie first recognizes increased intraooular 
pressure, essential sympt011 of glauoema. 

1831 - Homatropin profuced by Dadenburg. 

1833 - Geiger and Hesse isolate atropin. 

1839 - Beer observes and desaribes reflection seen in case of 
aniridia. Velpea.u reintroduces ancient method of lacrimal sac 
extripation. Dieffenbach performs tenotom.y' on the living patient. 
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1840 - Basedaw deaorlbes enphthalmic goiter and associates both 
conditions. 

1841 - Guerin describes opei,ation ot advancement (rese-ot.iou), but 
his described procedure is not accepted because of danges involved. 

1842 - Publication of treatise on Strabismus by Dieffenbach. 

1842 - Nikolaus Keya for the first time describes removal metallic 
intraooular f'oreigJl body :f'rom the fSY8 applying magnet to the -.ound 
ot entrance in the sclera. 

1843 - Kuohler invents test chart for visual aouity. Fromnuller, 
general practitioner, inve11ts trial case. 

1845 - Kussmaul first to expl'ain why f'undus is not visible normally 
and that eye� refractive power prevents it from seeing. 

1846 - r.uming first observes fundus reflection in e.rtiticially 
dilated pupil. 

1847 - Bruoke (Vienna) first to obserw fundus, using his own con
structed instrument 1'here he passed tube :through the flame of the 
candle 1'hile lookin. into pupil'laa-7 aperture. 

1851 - Hermann Relmoltz, (Koaigsberg} invents ophthalmosoope and 
describes it in 43 pag�d book "Beschrelbtmg eines Augenspiegels 
zur Un'ber1uchung der N'etzhaut im lebenden Auge". 

1852 - Ruete reports in his work, "Der Augenspiegel und der Optometer" 
the indirect method of oph�habnoscopy. Rekoss publishes article 
•a�koss Discs" describing the rotary discs containing lenses in
Vierord' s Archiv.

1863 - Epkens oonstruots mir�or with the hole in the center for 
ophthalmoscopy. 

1854 - Jaeger publishh complete standardized test charts tor

visual acuity. British Med1co-8urgical Review, Vol. XIV, p. 426, 
"Report on Ophthalmoacope" stating that Babbage, seven years prior 
invented ophthalmoaoope; report by Thomas 'ffharton Jones. 

1854 - Foundation of A�chiv f'ur Ophthalmologie by von Graefe. 
Discovery ot the function 0£ vaso-dilatory nerves by Claude 
Bernard. 

1856 - Von Graefe int�duees 1ridectomy' for glaucoma. 

1857 - First ophthalmologic society meets first time in Brussels 
from September 13th ·to 16th. Strangely enough, this .first society 
was not of a loaal charactei- but international and was called 
•First International Ophthalmologic Congress".
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1857 - Introduction of operation for strabismns by Von Grae£e. 

1859 - Discovery and Nialysis of spectrnm published by Kirchhoff and 
Bunsen. 

1859 - Von Graefe desdibes embolism observed in retinal vessela. 
Dixon f'irst makes incision through all layers of eye:glebe f'or 
extraction of the iniraocult.r foreign body nth magnet. 

1862 - George Criteheti in Heidelberg Congress reports safe advance
ment operation. Sir Willia:a Bowman introduces method and grad
ation of digital intraocular tonometry. 

1862 - Publication ot the stu4ies on astigmatism and presbyopia by 
Danders. 

1863 - Weber induces lacrimal probe oombined with knife. 

1864 - Von Mooren of Dusseldorf', introduces •prel:bn.inary iridectomy-• 
to cataract extraction. 

1865 - Isolation of eserin by Vee and Leven. 

1866 - Von Graefe publishes d�scription on sympathetic ophthalmia. 

1867 - Publication treatise on physiological optica by Helmolta. 

1870 - Description by Saemisoh of Serpinginoua ulcer of the cornea.

1874 - YoKeown first nserts tip of the magnet into the vitreous 
for removal of the ntraoeular foreign body. 

1875 - Julius Hisohberg consb"uots first electromagnet for extrac
tion of magnetic intr&ooular foreign body. 

1884 - Crede introduces silver nitrate (ArgentUlll Nitricum) instal
lation into conj'QD.ctival sae for newborn. Cocaine used in eye 
surgery by Carl Koller. 

1897 - Hirschberg introduces Holooain. 

1900 - Gartner introdaoes tonometer. 

1905 - Braun introduoes novoeain. 

1906 - Bara?1y publishes his theory on vestibular nystagums. 

1909 - Ehrlich introduces his •Kugel 609" - Salvarsan. 

1911 - Gullstrand received Nobel Prize for optical research. 
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CHAPTER TII 

THERAPEUTIC AGENTS DURING PAST TWEH'l'Y-FIVE YEARS 



As we looked thtough the pathology in the first chapter we 

were able to see a great variety ot conditions for llhioh the eye 

had to be enuoleated• but taking the last twenty ... five years as a 

whole, we would not �e able to see what had been done in connection 

with medical progress. In order to see clearly the influence of it 

in certain oondition1 and diseases, it is necessary to divide these 

tlfflnty-tive years into three periods; the period before Sulfonamides 

became available tor clinical use (1929-1937)1 the period when we 

had Sultonamides (1938-1945 )J and the period when e.ntibiotics started 

to reach our sick. The last period actually extends up to·the 

present time in a modified torm. Correlating the introduction of 

new therapeutic agents, we will be able to see which conditions -were 

eliminated, -which became more rare, and how surgery was made safer. 

Today's art or healing is greatly simplified by advancements 

in therapeutic agents, highly specialized methods of examination and 

surgery. Most of thei young physicians do not fully appreciate the 

present drugs and hijhly advanced technical aides in our profession, 

not ree.li zing how mulSh work, skill and ingenious thinking has been 

put into medical progress within the past f6ff years. Just a quarter 

of a century ago very few had but a slight idea about possible 

developments in the treatment; of the diseases. For many years since 

mim-oorganisms were discovered as being the source of diseases, many 

different methods ha"Te been used to try to destroy them without doing 

any he.rm to the host. 

The first major success in this particular field was reached 
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by Dr. Ehrlich, with his mil.'8.culous "Kugel No. sos• - Salvarsa.n, 

which was finally found and evaluated in 1909. This product proved 

to be effective aga.ast spiP-Ooheta pallida, but the toxioitity to 

the host meant great caution had to be used in order to avoid harm 

to the patient. The ch9Dlical name for Salvarsan is dioxy-diamido .. 

arseno-benzol-dihydr•ohloride, which was the origin for the later 

drug-, Ntosalvarsan (1n this country called Neoa.rsphenaaine) and 

this proved to be leas toxic. 

Market advancements before 1929 were also macle in the field of 

vaccination, making 1-,istory in the discovery of smallpox prevention. 

Immunization sera for diphtheria was introduced from logical obser

vations and. conclusi�s made b1 Friedrich Lof:fler, and this was the 

actual scientific detelopme!i't of the idea used by Mithridates IV, 

King of Pontus, who sed gradually increasing amounts of poison in 

order to protect him•elf from a large dose of it. 

The Schick test came to life in 1913 and immunolegy was intro

duced. Serum. against tetanu.s was evaluated and first used during 

World War I. In 192•, Dr. Albert Claudette ma.de a strain of weakened 

'l'. B. bacilltls, opening a wide, new field of progress. Fighting a 

disease with another disease, initiated by a Vienniese doctor, Julius 

Wagner, Jauregg, showed great promise. The idea of focal infection 

and slow toxin excretion harming the organism was realized and 

attacked by means of surgery. 
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Presulf'o Period 

1929 • 1938 

Thia period in this eOllntry and also in Nebraska, lasted up 

to 1938. This time toular surgery was already well advanced but 

the greatest menace fall was infection of any kind. which oi'ten 

ruined the most perfiet surgical results. 

In this period 1ihe main drugs to combat infection of any kind 

were compounds of silver or mercury., such as Silver Nitrate
., 

Col

largol, Protargol ., Argyro-1, Ammoniated Mercury, Ophtha.lmio OintJ11ent, 

Yellow Mercurio Oxide Ointiner1.t, Mercurio Oxyc�de, Phenyl.mercuric 

Nitrate, Nitrom.ersol, Merourcchrome and others as: :Medicinal Zinc 

Peroxide, Ethyl Hydroouprem, Hydrochloride, Bensalkonium Chloride. 

All these drugs were suocesafu:lly used and some ot them helped to 

control infections but they were far from. good. In connection with 

these nbacteriastatio a.gettts" (as they were then oalloo but which 

actually should be termed as graded ,trength disinfectants), dry and 

moist heat were used, also intra-red short wave irradiation and some 

corrosives. Copper S�ltate and Silver Nitrate Crystals were used 

in the treatment of tta.cho:ma. 'l'richloro•acetic Acid was employed 

in the cauter1£ation f prol•paed uveal tissue or ulcerating lesions. 

Tincture of Iodine wa used in combatting Dendritic Ulcer ot the 

Cornea and is still et>nsidered the best treatment at the present 

time. Boric Acid in combination with Zinc Sulfate and occasionally 

with Epinephrine, was widely used as eyedrops for irritation or 

inf'eetious conditions. 
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Primary glauaom, lJlBdical and surgical treatment was e.lrc,ady 

well advanced, based on scund judgement and drugs such as 

Pilocarpdne, Eserine, Meeholyl and Prostigm.ine. Buffer solutions 

were also advanced and in this pa.rt 01' t'he continent it was 

accepted solution developed by Gif'ford end used as artificial tears 

and as a vehicle for some drugs. 

Otherwise, trea1rment al"Ound 1929 was mostly symptomatic and 

diseases such as infectious lesions 1n the body or the eye were 

attacked indirectly by local exploration ot chemically har.mf'ul 

medicine which usual ly not Qnly d&a�royed the mieroorgani8lllS,- but 

also d&Jnaged the tissue in the area of application. Another be.sic 

method was the suppowt of organiSJ!l or by creating a. physiological 

status enabling the l!lody to tight the infection.
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Period ot Sulfonamides 
1938 - 1946 

A relatively sudden and sharp turn took place in 1932 when 

Dr. Gerhard Domagk discovered a chemotherapeutic agent 'Which opened 

new possibilities and hopes for the future in the method of combat

ting mecroorga.nisms in the 11 ving host. The first of this type of' 

drug was deTeloped under the protection and support of T. G. 

Farbenindustrie in Germany. Dr. Do:magk named this drug •Prontosil". 

It was a dark red dye compound consisting of 4-sultonamido-2, 4-

diamino-azobenzene (6). Acoording to the combined reports in German 

literature published on December 20, 1932, it appears that this 

compound was actually found two years prior and during this time it 

was clinically evaluated. Soon after, multiple improved similar 

compounds were developed that have less toxicity end more baoteri

ostatic power. They were thrown ento the market under different 

names such as, ilbucid Uliron, Cibasol, etc. Improvement of the 

basic compound is still in progress, eTen at the present time. 

Chronologically, soon after Domagk, trench scientist J. Trefouiel, 

F. Nitti and D. Bovett, disoovered that para-amino-benzenesultona

mide was also affective. In 1936, Dr. Leonard Colebrook, very 

sarcastically criticized the newly developed drug as being un

scientific and unconvincing. Out of' curiosity he started to inves

tigate this new drug by using it in Queen Charlotte's obstetrical 

hospital on the cases of puerperal sepsis, and later had to admit 

that this drug was one of the best Jie,:ever used. He even carried 
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his work further by establishing necessary doses in order to reach 

the neoessary concentrations in the blood for the best possible 

curative effect. But at any rate his first unfavorable report left 

a bad impression in England and the Western Hemisphere and tempor

arily blocked the way tor this new drug in those countries. In 

spite of' Colebrook'& propaganda, Buttle, Gray and Stephenson, also 

in England, beceme interested in this new compound and soon published 

observations on cases of maningoooccus meningitis, reporting wonder

ful results (6). At this time the United States also opened its 

doors tor inwstigation in the use of this drug. So�)J1 after, thia 

compound •s used in trying to combat other microorganisms and was 

found to be succesatul against gonococcus, pneumocoocus, haemolytic 

streptococcus, and staphylococcus. 

New compounds were investigated and given to the 1 11. A. J. 

Ewins and K. A. Phillips succeeded 1n making an effective compound 

consisting of 2-sulfaailylaminopyridine in abbreviated form called 

Sulfa.pyridine. In 19S9, Sultathiazole, (2-Sulfanilylaminothiasole) 

came into use, and in 1941, Sulf'adiazene (2-Sultanilami.dopyrimidine), 

then Sulfaguanidine (2-Sultui.lami.noguanidine), Sulfasuccidine 

(Succinyl-2-Sultanilaainothiazole). 

Delayed introduction of Sultana.mi.des in this country opened 

this new period here just about 1938 and by 1939 they -.ere beginning 

to be used in the eye diseases (8). In the first place. a.dministra-

tiona or sulfonaaides was just systemic in different intlamatory 

condition, ot the eye and its adnexa. and proved to be a good agent 
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in control ot infection seated in the tissues well supplied by' 

blood. This raised the problan ot administration of sulfonamides 

to the surtaoe area or parts of the eye where no blood supply is 

peraent, and in this way the topieal administration of sulfonamides 

waa investigated and advanced. From. my own experience I remember 

that in 1942 we used to grind a tablet of Ciba.sol and this powder 

was placed on the conj1motive.l sac. Soon we realized that this 

way secondary damage ot the cornea. oocaaionally ooourred, apperentl7 

caused from too high a concentration of chemical. compound. Then 

we tried to dissolve tablets in normAl saline and used as drops. 

Soon after, ophthalndo preparations appeared on the market. Prepar

ations used tor topical administration were of great "f'B.l'iety and 

ot different carrying vehicles. The most common and most useful 

were liquid solutions, and tor prolonged action, ointments. The 

following sult'o ccapo.nda were in use in ophthalmologyt Sultoceta

mide, 5-10% ointment and 30,C solution, Sultathia.zole, Sultamyloll, 

etc. 

Baoterioatatic action ot sulfonamides was investigated tho?°"." 

oughly and the following conclusions were, that it prevents multi

plication of pathogenic mioreorganisms suseptible to this drug, 

giving the host's orpnism time and a chance to pha.gocityt:e them 

and to develop immune bodies specific tor these m1croorganiaa. 

In eye conditions, aystemio use ot sulfonamides is effective 

only where the drag can reach the tissues by blood or diffuaion. 

It has to be mentioned that interesting observations have been made 
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that Sulfadiazine easily diffuses into aqueous humor a.nd Sulfa

thiazole shows practically no diffusion. Topical administration 

of sulfonamides requires 3o% of' Sulfocetam.ide in order to have 

enough penetration through the cornea in order to reach the adequate 

concentration in the eJlterior chamber. 

It should be mentioned that effective concentration of sulfon-

amides depends on several factors: 

1- The rate of absorption of this drug.

2- Factors of diffusion.

3- Rate a.nd degree of excretion or elimination.

4- Extent o.' acetylation. (7)

It is known that protein bound and acetylated sulfonamides are

not available for the�apeutic action and just free sulfonamides act 

upon microorganisms. Sulfonamide action upon the microorganisms 

is based upon inhibition of essential enzyme systems involved are

those which have to d:> with oxidation-reduction process of metabolism. 

Sulfonamides a.nd its ierivitives arrest mitosis in high form of life 

and individual cells increase in size above the normal because of in

ability to divide under the influence of these components, until 

finally they reach such a size that they break down. It is also 

proven that sulfonamides are effective against some e.naerobio 

microorganisms inhibiting thtir. respiratory process. 
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Period of Antibiotics 

1946 .. 1954 

Already in 1877, Pasteur observed and concluded that antrax 

bacillus does not survive in soil because of the peculiar inter

action of other microorganisms. This was the first known observa

tion made a.bout competition of survival among minute organisms, 

giving further impulse and start of the period now known as anti

biotic period. 

Bacillus brevis was the first microorganism to serve in this 

progress when in 193-3 Dubos made an extract from what was then 

called Thyrotrisin, 1,tnd demonstrated that it destroyed certain 

cultures of some pathogenic gram-positive microorganisms. 

Penicillium notatum was noted to have inhibitory or destructive 

action on bacteria. This observation vm.s made by Fleming, 'Who after 

long years of work, came out with a new drug and introduced a new 

era in the history of the healing art. This drug was called 

Penicillin and was used in the second world war among United States 

service men. The civilian population started to receive penicillin 

in very small amount� at the end of 1944 and it beoame fully avail

able by 1946 (9). 

The ice was broken and new antibiotics were investigated and 

released into the meiket at a very rapid rate, and the better known 

following antibiotics were Streptomycin, Dehydro-streptomycin, 

Chloramphenicol, Aureomycin, Terramycin, etc. 

Their action upo::i the microorganisms is different than of 

21 



sulfonamides. Sulfonamides are bacteriostatio agents whereas anti

biotics are bactericidal in higher concentrations, but they are 

baoteriostat:i.o. like sulfonamides, in low concentration. Bacteri

ostatic action of th7 sulfona.�ides is an interference with fission 

of the oioroorganism by combining themselves with proteins contain

ing sulfhydryl groups, cysteine and thioglyoolio acid. The anti

biotics bactericidal action is based upon interference with develop

ment of bacteria by .nhibitS.on of essential metabolic functions, 

and this, in some ca-,es, acts upon cell division and some may 

interfere with vitaHty of the cell. Penicillin, for example, 

inhibits the synthes.Ls of deri�,ative of nucleic acid which is an 

active participant in bransport of the certain amino acids through 

the wall of the cell, Streptomycin., on the other hand., acts by 

blocking of the reacr.ion between pyruvate and oxiylacetate in Krebs 

condensation cycle. Combination of two or more drugs has its 

advantages vm.ere two different components act simultaneously upon 

different phases of metabolism. Combination of Streptomycin and 

P A S is proven as h:i.ghly efficient. Using in combination,. Baci

tracin with PenicilHn ., it requires much smaller doses of each in 

order to reach full tactericidal therapeutic effect. On the other 

hand, combination of Penicillin and Chlora,'llpheniool is dangerous 

because microorganisrr is held in the state of suspended animation 

until Penicillin is excreted, and Penicillin is only effective 

against dividing cells. whereas Cbbra.m.phenicol inhibits the cell 

division, and where there is no cell division, penicillin does not 

22 



have any cha.nee to act upon the sensitive stage of life of suoh 

microorganisms .. 

'When the antibiotics were started to be used a t  the bedside� 

enthusiasm was so great that sulfonamides were practically thrown 

out the window, but 30on disadvantages became apparent in the form 

of allergic mani:fest:ttions, decreasing susceptibility of some 

microorganisms. Decreased susceptibility or 11acclimatising11 to 

the antibiotics theo�y is that few organisms survive while under 

the influence of the antibiotic and start to propagate a new strain 

with changed metabolic complement of enzymatic system. Other 

thoughts are that in this same genus of microorganism, there are 

individually stronger microorganisms and these, when they survive, 

propagate a strain which has no weak fellows and in this way a 

new., 
more resistant population becomes dominant. Another thought 

is that antibiotics :_nduce mutation which forces the change of 

metabolic mechanisms by which organisms live and multiply. 

Many physicians make a great mistake at this particular point 

by using indiscriminately, antibiotics were actually they are not 

needed, or administering inadequate amounts so that under this 

inadequate level of drug, many organisms, even susceptable to this 

drug., survive and oroate new antibiotic resistant strains of organisms. 

Another false method in the use of antibiotics, not as common as the 

one mentioned above, is that the physician, thinking that certain 

infection appears to him as not very serious, starts the treatment 

with a low dose of a:ntibiotics and as days go by he realizes that 
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the condition of the patient is not improving, maybe even getting 

worse, and then, paralell to this picture, he increases the amount of 

the antibiotic. �inally he reaches amount of the drug which really 

should help b�t actually does not. The answer here again lies in a 

cl,aar and ,imple pattern. This acts upon microorganisms just like 

immun izati,)n of the children against tetanus or diphtheria and giving 

booster shots. li'or example, colon bacillus, in case of improper 

treatment, )an become resistant against streptomycin to a thousand 

times the o,·iginal lethal concentration, within a week, where M. 

tuberculosi3, on the other hand, needs about three months of improper 

treatmen� until it becomes streptomycin-fast (7). 

Some of the mic�oorganisms are not susceptible to antibiotics 

because they produce specific enzymes which actually destroy active 

antibiotic agents. .I. good exa11ple is E. coli, which contains large 

amounts of the enzym,3 callee! Penicillase which very rapidly 

inactivates Penicillin. A similar enzyme was also found in a great 

variety of mold-like flora. Here we face snother problem; the 

coexistance of many microorganis;ns in the human body, of which a 

great number are real pathogens, and the resulting balance of all 

these organisms prevents production ">f the disease. In case of 

antibiotic therapy, susceptible organisms a.re eliminated, and this 

way the ooexistance balance is upset. RAcently we are finding more 

and more reports in medical literature about such complications where 

pathogenic organism used to be in the normal flora of the body as 

non-pathogen, predominant are from tho group of the fungus 
I 
and when 

the balance is 
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upset, they take the U?per handJ start to multiply very rapidly, 

invading the organism Jf the host. Sound judgement and proper use, 

even of these miracle drugs, is necessary. Overconfidence can 

often bring a tragedy upon a fellow patient. 
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Therapeutic Agents of Today 

For some time, 8Ulfonamides were pushed out of t.�e medioal 

field in the period (•f great joy, e:xpectanoy and confidence in 

new rising antibiotir.s. It soon was realized that they can not 

give everything we nAed to combat the infections and diseases produced 

by microorganisms. Sound thinking and judgement brought 

them back and both antibiotics and sulfonamides, with equal importance, 

became our mair_ weapon against the disease-producing organisms. At the 

present time vre have a great variety of compounds in use and most 

important are stamnarized with indications as to which organisms they are 

most useful against (Table No. 3). 

Antibiotic acti -.·ity against viruses appears unsuccessful because

they do not have any intrinsic metabolic activity. But borders of 

viruses are not certE:-in and we have the impressions that some of 

the larger viruses, :ike chla.mydozoaoea.e, may be influenced by 

antibiotics so that the course of the disease can be altered and similar 

action is a.ho observed in the group of Rickettsia.l diseases. 

Pra.otioa.lly all antibiotics are effective against microorganisms in 

the stage of active growth. Aureomycin, Terramycin, Chloramphenical are 

be.cteriostatic wr ile Penicillin, Streptomycin a..'1.d just recently 

introduced, the new crug, Erythromycin, are bactericidal in sufficient 

concentr ations and bfcteriostatic in lower concentrations. From 

this observation and conclusion it seems it would be rational to 

use proper antibiotics in active or progressing infectious process 

and all chronic condjtions due to microorganisms should be treated 
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TABU: NO. 3 

TBERAPEt.JTIC AGENTS - E'OW THEY ABE USED 
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(Con•t.) 

Erysipelothrix 
Erysipeloidis .. ' 
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:S� - For topical use and drug of choice in case drug 
marked 11A11 h not available for topical use.

C - Effectiveness not certain 
E - Effective j�st 1n vitro 
0 -·Not effective 

•• Neomycin produces a lease of hypersensitivity reactions
(10, 11, 12). 

*•• Reports on Erythrom,rcin are incomplete at the present 
time. There are reports of some inves,tigation 
available- and it 1B certain the.t this drug. in many 
inf �ct ior�s, is supArior to other drugs, especia.117 
when microorganism� become reeistant to an.other 
a:o.tibiotic and they are in the range of the spectrwn 
of ErythroID1cin. A le.st report (23) is on concentra
tions in the t:f¥f' when given s7stemicall7. It 18 as 
follows: 
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TABLE NO. 3 (Con1 t.) 

Studies Done on :Rabbits 

Time After Injection 

1 hour 
2 hours 

In Serum Aqueous 

o.24

o .. 24

Vitreous 

0.06 
0.06 

He further :•eporte that in "eye infections due to 
1 1lotycin 1 (tl"fl.de name for Er1thromyein) susceptible 
organisms have responded quite favorably to doees of 
20()...400 mgm. every six to eight hours•. Approach can 
be chosen as systemic or topical, depending on the loce,
tion of the infected area. Clinical trial '118.s given and 
favorable results were obtained in ac:nte and chronic 
co njunct1vitia, keratitie. dacryoeyst1t1s, me1bomit1e, 
marginal blepharitis, corneal ulcer and ophthalmie. 
neona.torum (proph,ylact1c use). HJ".Persensitive reactions, 
according to their report, a.re rare. 

with sultonam1des in ease these microorganisms are susceptible to 

them. 

Mow enters the question as to how we oan determine which kind 

of organisms we have in a. part1ei.1lar case. In the first place. 

organisms have certain prop�rties that produce certain symptoms 

or complexes of symptoms or diseases. In case it is diffic:nlt to 

recognize them from just the. clinical. history and picture, there are 

a few simple suggest.I.one briefly summarized (see appendix). giving 

suggestions as to wh"'n certain organisms can be expected, how to 

determine their presence, and other important microscopic features 

seen in the specimen, Until such an answer is reached, a patient 

may- be treated with t:ome antibiotic or sul fona.'1l1de or whatever 

seems feasible, basec upon logical thinking, clinic.�l h1etoey and 

the presenting features of his condition. 
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Desox,vcorticosterone, Cortisone and Hydrocortisone finally 

were found usef'ul it ophthalmic practice. Their action can be 

claflsified into majer groups; alternating effect upon infiammator1 

response and alterruit1ng effect upon allergic response. Cortisone 

changes the inflammetory response in lllt:mY instances, such as bac

terial infections, chemical irritation, infiammation due to foreign 

protein and thermal bums. Its action produces such changes that 

can be observed in his tologic preparations. It reduces the infiam

mator3 process by diminishing leu.cocytic infiltration, tr&.nsudation, 

capillarr thrombosis and hemorrhage, delays pbagocytosis and delays 

fibroblast proliferation eo ipso inhibits formation of the sear. 

This action of Corti,one ls the same elsewhere, as in the eye. It 

mu.st be mentioned that such an alternation, 1n case of active in

fection., meJ' have very t11erious results because all the natural 

mechanisms of defense are inhibited and invasion of microorganisms 

is facilitated. Destruction of the organ by infectious inflammatory 

process ma7 follow and even generalized bacteremia can be the final 

result in ce.se of im:::irudent use of Cortisone. 

Further. Cortisone alters hypersensitivity reactions in the 

form of protection b:r dim.intthing generalized organism response to 

the antigen. Antiboj,y formation is influenced but it seems that 

production of the su':>stance, which gives rise to the b.3Persensit1vity 

response, is just monera.tely altered by Cortisoneq Here we should 

keep clearly in mind the difference between hypereensitirlt1 an.d 
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imm:anit1. Cortisone and Corticotropin do not inhibit antigen and 

a.ntiboey reaction f:>llows; Cortisone is no help in anaphylactic 

shock; neither changes the local histamine reaction although they 

do diminish the rea.ctivit1 to histamine of tissues altered by 

allergic disease (11.). To conclude these statements it is possible 

to state the. t Cortisone 1a helpful in dela,yed reactions but not in 

immediate h,Y,persensttivitf reactions, in which drugs of choice are 

antihistaminic prepnration�. 

Dr. Hoods sum.mnr1zes clinical usefulness in his article (13) 

as follows: 

"(a) In certain inflarnmatori conditions of the eye, especially 
those affecting +;he corn.ea, uveal tract. and external eye. 
the parenteral administration of ACTH or cortisone, or the 
topical administration of cortisone, is followed in a high 
percentage of cases b7 a dramatic control of the inflamma-
tory and exu.datiYe phases of disease. These agents do not 
affect the cause of the disease but rather influence the 
reaction of tissues to the cause or to the irritant. 

"(b) In ma.Ill' favorably infiuenced there is a definite tendency 
for the inflammation to recu.r after cessation of treatment. 

•(c) In certain edematous and inflammatory conditions, es
pecially secondary glaucoma, infiammations of the retina and 
optic nerve, and edematous corneal grafts, and also probably 
in s,:phili tic interstitial keratitis, the action of cortisone 
and ACTH 1tJ variable and cannot be accurately predicted. 

"(d) In some haemorrhagic and ex:udative conditions (Coat•s 
disease. Eales• cisease, malignant exophthalmos, diabetic 
retinopathy and retrolental fibroplasia) no consistent 
therapeutic resu.tls have as yet been demonstrated. 

"(e) Iu degenerative disease, whether of the cornea. retina. 
or uveal tract, these agents are totally ineffective (lJ)." 

Curare �nd cu.rare-like agents, investigated by Dr. Mcint7re, 

also reached ophthalmolog.r. Two years ago Dr. Kirby stated that he 
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very extensively us�e this dru.g in ophthalmic surgery with very good 

remilts (14). More physic:tans apparently became interested in these 

drugs producing muscle-relaxing properties, which are so important 

in the precise surgery in ophthalmology, giving the surgeon a better 

chance to proceed wHh the operation without an., disturbance from 

the patient. Antih1staminetJ found their va,lue in ophtha.lmology, 

also in instances where the release of histamine or histamine-like 

substances is the cs:u.ee of the S.Y11lPtoms. 

Hya,luronic acid also began being used in ophthalmology by 

adding it to local anesthetics and reports in the majorit1 are 

favorable. This is �lso used in degenerative keratitis. Strepto

k1nase, Streptodornaee and Trypsin were brought into the market 

but they are still not safe enough f or use in ophthalmology. 

Toda,y, antibiot1cs and sulfonamides are equally important as 

weapons against infeotions, plus recent additional drtl.gs, some 

which partially changed the outcome of the disease process. One 

of these is Oortieon� which first was widely used, and maJl¥ compli

cations were apparent until the accurate action of this drug was 

finally realized, anc its use was discontinued 1n conditions where 

microorganisms ma.r invade or spread and local suppressed inflammator,1 

reaction would not be able to bar the destntctive action of such an 

invasion. 

On this basis thg stud,y of pathology will be divided. into these 

three basic periods with intention to demonstrate, for teaching 

personnel, how this progress in healing arts influenced treatment 



and to point out, ·for the physician in practice, the most common 

conditions in our st.ate. Knowing this, the professor will stress 

certain points whih· teaching the etudente, and the ph,ysieian in 

practice will ha:ve en idea as to what happens to the ey-e and how he 

would b e  able to prPven.t complications. 



tISCUSSION OF THE PATHOLOGIC 

PROCESS IN THE EYE 



To present all the information about the �ioroseopic prepara

tions accumulated during the past twenty-five years in this depart

ment, it was necessary to r'9-ex.amine all of them. The reason for 

this was that, just in the ?ast few years, specimens sent to this 

institution were acc'.)mpanied by clinical history. Many early 

preparations apparen�ly were not exa;mined at all or had descriptive 

terminology which co.i.ld not be understood by the physician of today. 

Because of lack of mmy clinical histories, my presentation is 

based purely on pathological findings in order to avoid confusion. 

In some cases it was difficult to rebuild the possible chain of 

events in the diseas,,d eye and in such eases Dr. Gifford helped 

to make the final to1ohes. 

I have divided ~;hese t,-;-enty-five years into three major 

periods and have discussed briefly the progress of drugs which so 

greatly changed our httitude and methods of treatment. The found 

pathology I also div�ded accordingly into three groups and shall 

correlate the che.nget. into a certain pattern, bringing out the 

advantages of our progress and finally to bring out some problems 

that ,ve have to face to find the way for further improvement. I 

shall limit myself tc the conditions of the eyeglobe itself, leaving 

out !ldnexa pe.thology. The presenting pathology of the eyeglobe is 

classified in Tables No. l and 4. In addition to these 469 specimens, 

there are also specimens of ocular adnexa from which few are from 

major clinical importance. In this group of conditions the progress 

of medical therapeutic agents is not as well refleoted as in inflam

matory conditions of the eyeglobe. Here, more or less, we can see 
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the edUcational progress of our ph,ysic1ans and alertness in recog

nizing malignant lesions and realizing the importance of the early 

fmrgery. '!'he following list is again divided into the same periods 

as above for the salce of uniformit,1. (See Table 2 and 5) 

These specimens of adne.,:a represent pathology submitted to 

this department. but knowing tha.t many such lesions, when operated 

upon, are sent to g�neral pathologist! and never reach our hands 

it should be mentioned. that they a.re more common than can be expected 

from this lirit. 

Any kind of trauma causes s.n inflammatory process in the tissue. 

This can be phyf!ics.:., chemical. or thermal traume. or tndUced bf 

pathogenic microorganisms. 'Before I start to analyze the pathology 

in detail in each p�rticular group of pathogenic processes in the 

eye, I shall present the general concept of inflammatory events and 

basic morphology occurring in the e1e. The reason for thii ie that 

the eye, being a highl7 specialized organ in its parts, and its 

reaction, as broken down into specific structures of the eye, ree.cts 

differently to the trauma and even to different kinde of trauma; 

repair has a differ�nt :pattern for each specified part of the eye. 

Pain, swelling, heat and redness cannot be forgotten as the classical 

sign of inflammation. Increased blood flow to the inflamed area 

results in increasee tempera.tu.re and redness. Transudation and 

emd.a.tion into the eyeglobe may alter the physiological balance of 

the fluit'l exchange and result in increased intra.ocular pressure. 

lf inflammation occurs in t�e ad.nexa, visable swelling is apparent. 



Diagnosis Based 
on Micros copio 

Examination 

Secondary Glaucoma 

Perforating Corneal 
Ulcer 

Panophthalmitis 

Acute Anterior 
Uveitis 

Sympathetic 

Ophthalmia 

Traumatic 
Perforation 

Phthisis 

Coat's Disease 

Primary Glaucoma 

Congenital Glaucoma 

Toxoplasmosis 

Postoperative 
Expulsive Intra-
ocular Hemorrhage 

Retrolental 
Fibroplasia 

Hypertensive 
Retinopathy* 

Periarteritis Nodosa 

Papillary Edema*** 

Malignant Melanoma 
or the Choroid 

Malignant Melanoma 
of the Iris 

TABLE NO. 4 

LESIONS OF THE EYE 
rNo & % of cases) \ . 

1929- 1938-
1937 % 1945 % 

40 37.5 56 42.6 

10 19.3 5 3.8 

3 2.87 4 3.0 

.a 

3 2.3 

14 13.l 16 12.2 
-""'t,tc"'"-"' 

11 10.3 12 9.2 

3 2.8 12 9.2 

2 1.9 2 1.5 

l !'8

l .8

.a 

l 

12 11.2 11 8.4 
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1946-
1955 % Total % 

89 38.7 185 39.5 

7 3.0 22 4.7 

4 1.7 11 2.3 

l .2

2 .9 5 l.l 

38 16 .. 6 68 14.5 

23 9.9 46 9.8 

1 .4 1 .2 

12 5.2 27 5.8 

3 1.3 7 1.5 

1 .2 

2 .9 .7 

l .2

l .2

l .4 l .2

l .4 1 .2

23 9.9 46 9.8 

l .4 1 .2 



(Con •t) 

Diagnosis Based 
on Microscopic 

Examination 

Malignant Melonoma of 
the Ciliary Body 

Malignant �elanoma 
of the Limbus 

Retinoblastoma*** 

Bowen I s Disease 

Benign Melanoma of 
the Choroid 

Benign. Melanoma of 
the Iris 

Ectopic Intraocular 
Lacrim.al Gland 

Metastatic Adenocar- • 

TABLE NO. 4 

(No. & % of cases) 

1929-

1 
1937 

5 

1 

1 

1938-
% 1945 

2 

l 

.9 

.9 2 

1946-
% 1955 

1 .. 5 3 

l 

.8 14 

l 

1.5 1 

l 

l 

cinoma in the Uveal l .9 
Tract 

Intraocular 
lieurofibroma. 

TOTAL 

* Autopsy Specimen

l 

107 99. 9 131 100 231 

cf 
/0 

.4 

6.l

.4 

.4 

.4 

Total %

5 1.1 

1 

20 4.3 

2 

4 

l 

1 

l 

l 

.4 

.8 

.2 

.2 

.2 

.2 

100 469 100 

** Autopsy Specimen of the patient who had cerebellopontine tumor
*** Recurrences inc:.uded 

Pain is due to :presS'U.re or stretching of the tissues or compreHion 

of the nerve endings, Migration of th.e white cells is a protective 

process, also emcE- ti on which ce.n he.ve low or high protien content, 

precipitation of fibl"in, anc because of local damage, dis.petesis of 

the red blood cells ne.y occur. The process of healing refiects 

itself in fibroblast activity. new vascularizat1on, and changing 
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morphology- of the Wr\1 te blood cells • 

The inflamma.tion in itself can be classified into three major 

groups - acute, subr.cute a:rd chronic. The cellular morphology is 

the indicator for classification while examining microscopically. 

The clinical picttu·1, is based upon certain findings, such as appear

s.nee. local and gent,ral reaction, laboratory studies and clinice.l 

evaluation of respor.ses to the specific treatment. 

Acute inflammation is characterized by polymorphonuelear leuco

cyte-s which activel� take part 1 n pha.goe,tosis of the microorge.nisms 

and. cellular debris, Tr.eir action is based upon proteolytic enzymes. 

Allergic mani:f'f•stations. a.nd infestations with parasites, 

represent increased amount� of eoeinophils; for some unknown reason 

they also are seen in subacute end.o:phtholmitis (27). 

Chronic inflammatory cells are predominantly l;mphocytes. Their 

increase in number i;_sually is :panJ.lel with rising antibody ti tere .. 

The second important cell in chronic inflammation is the plasma 

cell, appearing la tu· than lymphocy-tes. This cell is usually not 

seen in the bloodsti-eam. At the side of the lesion this cell slowly 

undergoes degenerative mutation, first becoming a so-called plasmo

cytoid cell and ther. known as Russell body. 

In case of con�unctive.l inflammation. lymphoc,tic follicle 

proliferation is v et·y active, giving. in certain conditions, char

acteristic velvet-like appearances. 

In acute intla.1t.Jmtory lesion and also in the ste.ge of su.bacu.te 

i nnamma t1on, after polrmorphonucl M.r l eucocytes appear. mono nu cl ear 
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TABLE NO. S 

1.ESI ONS OF THE OCULAR A.DNEXAE

. 1929- 9 1938-

1937 194.5 

1946- . Total 
1955 

No. of cases 

Mixed Tumor of the J .acrime.1 Gland 

Extrabul bar Intraor'hi te.l Malignant 
Melanoma•~ 

:Basal Cell Carcinome of the Lid 

Squamous Cell Carcir.ome. of the Lid. 

Metastatic Adenocar�inome. in the 
Lid 

Cavernous Ha.mangiomt, in the 
Retro'bu.lbar Space•• 

Cavcrnoul't HemangiomE: of the Lid 

Erythroleu.kem1c Infiltration of 
the Conjunctiva 

CU taneous Benign Pat illoma• 0 

Granulation Tisme 

Xanthelasma 

Che.lad.on 

Epithelial Cyet of the Conjunctiva 

Sebaceous Cyst of the Lid 

TOTAL 

J 

1 

4 

2 

1 

l 

2 

1 

l 

1 

1 

18 

l 

1 

1 

1 

1 

3 

l 

1 

10 

• No other malignant melanoma tumors were found.
•• Eye was remove:\ and no pe.thology found.

2 

1 

l 

2 

2 

2 

2 

4 

20 

6 

1 

5 

2 

1 

l 

2 

3 

s 

4 

6 

5 

2 

4 

48 

*** One case ot premalignant :papilloma. in the period of 1929-2937.

wandering cells, better kno"1?1 ae microphages, will follow. Their 

function ls also phe.�cytic. es:peoially for cellula.r cebris. in

cluding hemoglobin, Lipo1es ane degenerated polymorphonuclear leuco-

e,vtes. 
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Foreign 'bod,y rqaction, TB, lues, Boeck's sorcoid, and sympa

thetic ophthalmia, fire accompanied by fixed tissue microphages 

(epithelioid. cells), The1 usually form a nest, known as granuloma 

or giant cells, a.ls1> callee. foreign bod,y giant cells, or in some

instances. Langhan' 1; giant eel l • 

Seldom seen in ocular infia.mma.tory lesions are mast cells and 

basophils. Their f\mction and significance is not well understood. 

Repair processf,s are dgnified by fibt"obla.sts which are derived 

from connective tlsmes anc. form the scar. Endothelial cells orig

inate from fixed tif sues or capillaries giving origin to new blood 

vessels and. granulation tissue. 

The greater ma,'ority of disease-producing microorganisms are 

found as saproph,yter existing on the epithelial surfaces. Of these. 

the most common are colon bacilli (Escher. coli) 1n the intesti:aal 

tract. streptococci 1 pneumocoeci and other gram negat.tve cocci on 

the mucous membraner of the mouth, and micro cocci ( staph,Ylococci) 

on the surfe,ce of tte skin. Saprophytic microorganisms. in case 

they invade the body. ma:r :produce an inflammatory process locally, 

or even a specific cisease. This invasion has different character

istics for each organism, attacking in its own way the living cell; 

Example: Pa.steruella tularensis proliferates 1ntracellular1¥ and 

Brueella suis in the mesodesmal endothelium of the vessels. Reaction 

to the invaded miercorganism is often specific for the invading 

- microorganism and invaded tissue; T :!3 a.nd lues are characterized bf

epithelioid cells or so-called granulamotous reaction; while the
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most common pathogens, like streptococcus. etaph,yloceus and pneu

mococcue, ca.uses pyocenic reaction. 

Toxin-producing organisms, important in ophthalmology; are 

tetanus and d.iphther1�; one in case of injury and the other a 

possible manifesta.Ucn on tht> conjttnctiva. 

An ent1rel¥ diff�rent origin inflammatory process should be 

mentioned in this spe::ific field of medicine and this is due to 

hypersensi ti vi t1.. In the pr,,cess of developing acquired resistance 

to certain noxious agents. organisms mey become hypersensitive and, 

pla,Ying a major role as in immunit1, this is a response of the anti

bodies to the antigers. It seems that in acquired immu.nity, anti

bodies change the microorganisms so that the7 become more suscept

ible to the e.ntibe.cti·rial agents of the organism. Hypersensitivity. 

on the other side, appears to reach such an alternation that anti

bodies alter the cel:.s of the bod,Y so that by introduction of antigens 

these cells are damaged by combined action of antigens and antibodies, 

evoking inflammatory effects which can be localized or generalized. 

A. R. Rich (24,2,5) classifies hypersensitivity into two major groups; 

the anaphylactie state and the bacterial bn>ersensitivity. 

Re further su.bclassifies the anapeyla.ctic state into (a) Ana

phy'lactic reaction, (b) Arthus phenomenon, and (c) Pollen tf'Pe 

hypersensitivity. Anaphylectic reaction is rarely seen in the 

human being, which :s characterized by rapid development of urticaria 

and erythema in ca.s,1 specific protein is injected into the skin. 

Further, if a large� a.mount is given, the result is serum sickness 
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PAl'OPH'?HALMITIS, SID!lROSIS, & TRAUMATIC CAT.AliOT 

11g. 1 

Caee No. S82. Male. 26 rears old.. Ere was struck b.Y aomethlng 
while working under car en.gire ■ix dal's prior to enucleation. X,.ra,e 
demonstrated metallic foreign bod,y in the e7e. RemoT&l with giant 
magnet was uneucceHf'U.l. SubafllqU.t1nt acute intlammatory proceH 
forced. rMoTal of the e.re. llnucleation in 1952. 

42a 

Examination - Perfora
tion of the globe at 
8 o'clock near the 
limbue. Anterior cham
ber is :tilled with pur
ulent exudate containing 
prima r.r polymorphonuclear 
leo.cocyte1 and some red 
celle. Marginal tinue 
of the wound is necrotic 
and packed vi th poly
morphonuclear celle, 
this same cellular 
morpholoa 18 present 
in the iris and ciliary 
bod.,' (Fig. lA & l»). 

(con•t.) 

:rig. lA 



Fig. lB 

Lene capsule is ruptured nd cortex invaded also by polymorpho
nuclear cells (Fig . I ) ad thP-re is cataract formation at the 
point of rupture o. the capsule. Retina is detached with hemor
rhsges underneath. Vitreous and retina are also moderately in
vaded by polymorph nuclear cells. Ferrous foreign body found 
,just behind the ci. iary body with marked local eiderosis of the 
tissue. 

42b 



and if such protein r�Aches the blood stream and is dispersed 

through.out the bod,y anaphylactio shock and death result. Protein. 

or a substance conte.in1ng :protein, is usu.ally a sensitizing agent. 

In some instances inorganic chemicals, believed forming a new complex 

with the already' prf'sent protein in the bod.v. then becomes foreign 

to the organism of the host. 

Arthus phenomenon 1� an exaggerated reaction basicall,v similar 

to the anaph,Ylactic state. Here the site of damage oecw."s in invol

untary- muscles and v!<\saular endothelium, and this actually- is re

sponaible tor local ::hanges found in this type of reaction. 

Clinically sim11e.r, Shwartzma:n 1 s :phenomenon should be different

iated because this one does not depend on �peoific antigen antibod,y 

combined reaction ann the local pathological changes are different, 

a.s "A marked. degree r,f venous and. capillary dilatation and engorge

ment. This is immediately followed by severe hemorrhage, and shortl¥ 

thereafter, there occurs a striking edema. and intense leu.cocyt1c 

in:f'iltratioll. 11 , (26) tesulting in vascule.,. presta.sis and stash. 

thus producing occlusion of the vessels and blocked nutrition. 

Origin.�tion for this particu.lar area is followed by local necrosis. 

Polen type hypersensitivity 1s produced not onlT by pollens 

but also by other proteine. Here. side effects are conjunct1m, 

nasal mucosa, sinus linings. bronchioles and the skin. 

Bacterial hypers�nsitivity or hypersensistivity to infection 

can be local or eystem1e and is delayed and progressive. This tn,e 

is produced by contact of the bod,Y with living or dead whole bacteria 
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Em)OGENOUS ENDOPHTHALMITIS 

i'ig. 2 

�ase No. 645. Male, 73 years old. Episode of influenza six weeks 
previous. Eye beeame inflamed since and vision was gone shortly 
after. Generalized orbital edema was round; very marked deep and 
superficial in infeotion; anterior chamber filled with bloody coag
ulum. Translumination suggested opaque mass within the ,sye. Eye 
is blind. Enuoleation, 1963. 

Microscopic examination reveals edematous soler& with necrotic 
perforation (upper part in Fig. 2). AC• filtration angle filled 
with blood. Complete posterior eynecchiae. Lens shows incipient 
cataract. Cyclitio membrane formed from young fibrous tissue and 
many fibroblasts. Vitreous cavity is filled with disorganized 
vitreous and residual fragments of the retina. Episcleral tissue 
thickened with multiple new vessels. Iris, oiliary body, vitreous 
space, choroid, sclera around perforation and episcleral tissue 
are heavily infiltrated predominantly by lymphocytes and ple.sma 
cells end few polymorphonuolear leucocytea and giant cells.· 

�Anterior chamber. 
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or viru.s only; but. where hypersensitivity is already developed, 

response can be obtained with that specific bacterial protein or 

intact bacteria. Differentiation of this t7Pe of hJ:persensit1vit7 

from Arthns phenome;1on is based upon that in Arthus type, hJ:persensi

tive response is no'. elicited by intro&lcing intact bacteria. Hyper

sensitivity to the infection can manifest itself in local, focal 

and generalized, or systemic reactione 

In Ollr special-:;y. there is a wide variety of ocnlar conditions 

due to bn>ersensi t1tl ty phenomena. One of them is endogenous endo

phthalmi tis which hes shown rapid increase in recent years. 

In closing, it should be mentioned that there were several 

deaths reported (l?: ?h) that followed repeated intravenous infec

tions of thyphoid veccine which is usually used in ophthalmology 

as a non-specific protein therapeutic agent. 

As I stated, processes of inflammation and repair have some 

characteristic pattern for ea.ch stru.etura.l part of the eye. Con

junctiva bas unkeratinized epithelium which ma.y very rapidly form 

a hornified layer of the cells when exposed to drying conditions 

as in lagophtha.lmos. la.ck of lacrimal glands• or. a well known 

condition - keratitia sicc.�. The cornea is ver1 sensitive to the 

fiuid exchange in balance. A 20% increase of fluid in the cornea 

results in clouding. Endothelial distroph.r is the major cause of 

such disturbances ae�n in infections t disturbances of the ophthalmic 

branch of the :fifth nerve, and glaucoma. 

Each layer of the co:rnP.a also bas its own properties. Complete 
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loss of epithelium is not serious, if infection can be prevented, 

a.nd usually grows back within 24 to :36 hours. :Bowman's membrane 

consists primarily of collagen; its characteristics are that in 

case of injury it is repaired by :f'i brous scar producing corneal 

ope.cities. It aleo has a tendency to become calcified in prolonged 

local disturbances or generalized disturbances of calcium metabolism� 

Descement• s membrane is mesodermal in origin and consists of 

the separate la,ers - outer. elastic and inner cuticular. Repair 

usually takes place ?rimar1l7 by fibrous tissue which later is 

completely or partially replaced by proliferation of the cells 

existing at that place and usually clearing the opacity to a certain 

extent. In case the cornea is under prolonged irritation or has 

extensive damage, ne1,, vascu.:arization usually takes place. 

The sclera is a fibrous covering of the eye which is practicall7 

avaseu.la.r; in contrast. the episcleral tissue is highly vascular. 

Infection from inside the eye, or outside, usually penetrates the 

sclera. along the blo'ld vess,els, being called perivascu.lar infil tra

tion. This same pattern is also followed by malignant tumors. The 

sclera. itself is ver:, resistent to any disease process but in ce.se 

it becomes invaded, �reatment is difficult because of la.ck of direct 

blood. supply. The tt>::lera. being f1 bro,u in origin. oft p,n takes pa.rt 

in the gene?'E,.lized d:'.seases of tendons and their shes.ts; Example: 

lues, tuberculosis 1 ·�heumat:i.c fever, gout and other collagen diseases. 

A wnund of the sclern is repaired by fibroblast migration. 

Anatomical stru�ture of the lens consists of three major parts. 



CLINICALLY SYMPATHETIC OPHTHALMIA 

MICROSCOPICALLY PANOPHTHALMITIS 
Fig. 3 

Case No. 377• 
Male, 63 1ears old. 
Fellow eye was re
moYed because of 
destructive inJury 
with a nail. 3 wks. 
later thi1 e1e be
came inflammed and 
dneloped secondary 
glaucoma. LaGrange 
aclerectODIJ' was per
formed without effect. 
!nucleation 2 wks.
later, 1944.

Local purulent in• 
fla.mmator7 process 
when eurgl. cal sec

tion was made. Anterior periteral eynecchiae conrpletel7 occludes 
filtration angle. Lens capaule ruptured and showe eataractou.e 
changes. Iris, ciliar7 bodf and choroid are infiltrated by l11lJ>ho
crtes e.nd epithelioid cells with few giant cells. Retina has pre
vaemilar infiltration of this se.me cellular morphology and multiple 
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area of ne
croeis. J'ig.JA 
represents 
area when lens 
capeule was 
ruptured and 
demonstrates 
amount of 
cellular in
filtration 
which are 
pol,morpho
nuclear 
leucocrtea. 

:rig. JA 
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COAT 1 S DISEASE 

Fig. 4 

Case No. 603. 
Femal&, 3 years 
old. No history 
or trauma or 
other diseases. 
E}ye enucleated 
because found 
yellowi.sh eleva
ted le$ion in 
the fundus and 
retinoblastome. 
was suspected. 
Enueleatlion -
l,952. 

:U:iorosoopically 
the only change 
found were thic►-
ening or the re�

tina with cyst-like spaces and some areas dearranged cellular 
pattern (Fig. 4) and in one area reveals subretinal large col
lection !)t�so called foamy cells or bladder cells surrounded 
by small amount of exudate (Fig. 4 & 4A). Choroidal vessels 
were coagested and perivascular spaces showed lym.phocytic in
filtration. 

Cause of this condition is just speculative, but is of importance 
because this disease frequently gives in to more pathologic 
changes like 
deposit of 
cholesterol 
crystals, l!pOll

taneous intra
ocular hemor
rhages, for
mation of 
hyalinized 
shes.ts and 
sooner or 
later ends 
with se oond ... 
ary glaucoma. 

Fig. 4A 
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these being: capsule, cortex and nucleus.. Each one responds dif

ferently to trauma. The lens capsule, under tl-..e influence of in

flammation of the n eighboring parts of the eye, und.ergoes proliferation 

of the subcapsular e�ithelium. The cort�x, in the process of aging, 

undergoes sclerotic �ha.nges and condensation which gives a clinical 

picture of nuclear e�lerosis. Knowing the pattern of the growth 

makes it clear v.h,Y t1.is ma1nifeste.tion is apparent in the midc'tl.e of 

the lens. In ce.se o.,. injury or infla.mma tory process, the lens 

cortex undergoes 1iq11efaction, the character and ra.pitlity depending 

on multiple fe,ctors -ncluding severity of inflammation, length of 

time, age of patient extent of injury, or disturbance of normal 

physiology su.pportiUt; metabolism of the lens. All these changes 

produce l�ns opa.ci ties. The mo st commonly seen cataracts are 

SP-nile. Secondar)• catnracb me,.,y b e  associa.ted with scleroderma., 

1�.ioey, myotonie gravis. c.iabete�, tetanus, rickets, inborn faulty 

metabolism of g9lactose, deficiencJr of riboflavin and tryptophime, 

poisoning with 2-4 Dinitroph.enol or Thallium, radiation, infrared 

rays. trauma. etc. 

The vitreous anrt its metabolism is the lea.st known part of the 

eye. It seems that the vitreous does not have any active metabolism 

and in the event that microorganisms invade, it is found to be very 

good culture media. Infection in the vitreous is the most difficult 

to cope with becaus e penetration of t he a.rug is practically nil. 

There is no b lood or lymphe.tic supply and if anything reaches it. 

1 t reachef!. just by di ffusior;. l-Ietabolic waste products from adjacent 
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structures ma1 be taken up by the vitreous e.nd result in cryste.lized 

soaps of calcium or cholesterol representing a clinical picture known 

as asteroid hyalit1s. Floaters occasionally seen in the vitreous 

are condensations of vitreous eheats dUe to aging, subclinical trauma 

Ol' neighboring infia'llJlla.tor.r conditions. In ce.se of vitreous atroph,y, 

it is replaced by ag_-ieous • 

The iris is oft.en involved in one or another kind of inflam

matory condition e.nd injurf. The :ieticulo-endothelial system of the 

iris ta.Ms an active :part in phagocytosis of the microorga.nisms. 

Post1nflemmatory adh�sions of the iris ple.y a major :i:art in ocular 

complications by upsetting normal circulation of the aqueous. A 

very specific chara.cter1stic of the iris is that its fibrous tissue 

does not proliferate if traumatised., cut or infected; as a result 

we do not see en.r scar formation in this particular organ of the 

eye. 

The ciliary- bod,:r has 1 ts pecu.lie.ri ties too.. Its epithelium 

takes part in aqueou.:a formation and selective reabsorption of it. 

Long standing 1nfle.lllrJ8. tion r. timule tes epithelial growth or produc

ti on of exudate which forms eyclitic membrane when organized and 

is in the snterior surface of the lene. or if this is in the poster

ior surf'ace of the l,;ns, the fibrous bands pull off the retina and 

further complete distortion and disorganization of the ere, this 

known as phthisie bu:1.bus ocu.11 .. 

Choroid is composed of the blood vessels and connective tissue 

with some pigment in it.. Because of 1 ts e tru.ctur@, this is most 
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common place in the e7e for metastatic tumors and embolic infiam

matory lesions. Close prorimity of the retina explains para.llel 

involvement in such lncidents but an abu.dne.nce of blood in the choroid 

gives healing a bett�r chance while in the retins collateral cir

culation is poor and the damage done here usually is greater. The 

choroid is also a conmon ple.ce for primary malignant melanoma. 

Selera. from one s id•� and Bru.ch' s membrane, from the other Bide, 

keep such tumors lim�"ted a rele,tively long time to the space but 

they can ultimatelJ be invacied. 

Two different structural layers compose the retina. One, which 

embryolog1cally is origi.118.ted from the outer wall of the optic vesicle, 

is a pigment la7er and next to the inner wall of the vesicle is a 

sensor3" layer which 1 e a.gain subdil'ided into another seven la1ers. 

Agine first reflects itself 1n the region of the orre. serrate. by 

fonns.tion of H. Blessig cysts, and eeccnil, distinct1Te features 

in senile macnlar degeneration. Trauma t 
inflammation ana degener

ative che.nges result in glial proliferation, formation of copora 

amylacea, cytoid bodigs, edema, e:m.d.ation, retinal neo�aaculariza

tion, cretoid. degeneration and :proliferation of the pigment. 
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CHAPTER V 

SEOONDARY GlAUOOMA 



The largest enc most dominating group presenting the chief 

cause for enucleatie,i:1 among the specimens 1s second.arr glaucoma. 

Multi:pl1c1ty of pathology found in the ey e with secondary glaucoma 

is amazing and I shall discnse ea.ch one of these changes separately 

as I feel tha.t i:n many instances, complica.ting factors which 

actually resul tEld. 1n secondary- glaucoma, could have been prevented, 

especially a.t the time when treatment and modern means of examination 

are available. In some cases, secondary glaucoma again can be a. 

manifestation cf space occupying lesions and making :further investi

gation imperative. 

As we follow Tables No. 6, 7, 8, 9, and 10, listing pathologic 

changes among the sp�cimens listed under secondary glaucoma, we can 

see that a great majority of these cases are traumatic. bearing 

complicating sequellae a.nd secondary infection; the second group 

were more or less prtmary i:nflammator,r conditions and their compli

cating changes; f1na1ly. thE> last group. which consists of miscellan

eous pathology pre-t11.xisting prior to the final disease, or an inter

current addition to �;he sum of all pathologic changes. 

Contusion of th� eyeglobe is one of the more common cases of 

second8,ry glaucoma. w�ich often resu.lts in eventual enucleation. 

The presence of anterior ehl",mber hemorrbe.ge and diminished vision 

is the most common presentir,g clinical sign. The flow through 

Seblemm's canal may l,e occluded by hemorrhe.ge itself or secondary 

membranes formed curing the organha.t.ion of this hemorrhage. In 

th� presence of antetior che.mber hemorrhage. the 1ntrocular pressure 



TRAUMATIC INJURY WITH SUBSEQUENT 

SIDEROSIS ENDING WITH SECONDARY GLAUCOMA 

Fig. 5 

Case No. 548. Male, Age 40, was struck in the eye while 
pounding with hammer on file at age 15. Foreign body 
entered through cornea, was extracted. Infection developed in 
the panophthalmitis which gra�Ually subsided. 25 years later 
eye became .very painful. Examination revealed 40 degrees 

exotropia, no LP, iris yellowgreen, AC shallow and hazy, heavy 
pupillary membrane. Tension 34 mm. Hf• Enucleation in 1952. 

Corneal vascularized scar. Multiple lymphocytic KP's. 
Dense anterior peripheral synecchiae. Atrophy of iris 
and ciliary body. Enclosed in cyclitic membrane are remnants 
of lens capsule. Complete detachment of the retina which is 
disorganized and beneath it massive hemorrhage and exudate. 
Very marked siderosis in the uvea, corneal epithelium, retina 
and Schlemm 1 s canal. Diffuse infiltration of inner structures 
by lymphocytes. 
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OBSTRUCTION OF CENTRAL VEIN, SECONDARY GLAUCOMA 

Fig. 6 

Case No. 606. Fem.ale, 76 years old. Pain in the eye 
of 6 weeks duration. Somebody outstate did trephine 
operation. At present time eye has LP, tension 64 mm. 
Hg. Enucleation 2 days later - 1953; with diagnosis 
absolute glauconi . 

Microscopic: Cornea is irregular, at the limbus trephine 
opening closed by prolapsed ciliary body and fibrous mass. 
Filtration angle obliterated by anterior synecchiae. Lens 
has cataractous changes in the cortex. Areas of hemorrhage 
in the vitreous and most in suprachoroidal space and in the 
retina. Marked cystic degeneration of the retina. Marked 
glaucomatous cupping. Central vein occluded in the area of 
lamina cribrosa, revealing accumulation of subendothelial 
lipid containing cells, multiple fibrous plaques and 
thickened outer coating. 
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increases. blood pigment penetrates into the cornea end damages 

the corneal endothelium which :further upsets the normal balance 

of intraocular fluid exchange. Hemosiderin deposits change trans

parency of the corne:<t and 1n2ke 1 t appear greenish. 

The iris a.ncl citiary body may be injured by blunt trauma of 

the eyeglob�. Irregll.arity of the pupil is observed in such ce.ses 

or m,ydriasis which f,>llows rupture of the sphincter� Cyclodia.lyds

with n:assi ve hemorrhage as well as iris rupture are serious compli

cations and need special attention. 

Contusion contr�coup ei'fect upon the retina. produces specific 

changes chare..ctE!ristle of this kind of trauma. Retinal tears with 

c.etachment, retinal •�dema. which later ends in eystoid degeneration,

and retinal hemorrhages are the most common findings. The fovea 

is the most sentitiv� place 1n c�se of commotio ret1Me and teers 

are most common in t·"le area along the or:ra serre.ta. Retinal hemor 

rhages are absorbed or a.re followed by massive glia.l proliferatbn. 

The lens can be invol.ved a.ho. Contusion cataract, with or without 

rupture of the lens capsule and. dislocation of the lens which can be 

complete or incomplete, can dislocate anteriorly or posteriorly. 

Perforating 1njuries in themselves do not produce the seccndar7 

glaucoma; but wher1 perforation is not severe enough and does not 

require immediate enuclee.tion the scleral or corneal wouncl heals re-

Astabliehing continuity of the outer covering of the eyeglobe, 

changes in the ere due to trauma, introduced infection, secondary 

changes• retained 1ntraocu1a.r forAign boey, me.ssive intra.ocular 

50 



hemorrhage, prolaps� of the intraoe11l�r tissue, inplantation of 

epithelial c.rst in the ante,rior chamber; or  traumatic cataract 

upsets the normal pr,ysiology of the e)•e. A more specific d.escription 

of all traumatic in;uries to the eye will be discussed in a later 

chapter. 

Infection and Eecondary changes which follows it are the most 

common causes of secondary glaucoma. Infection ce.n be int rodueed 

by a perforating inj�r1, by a superficial inflammator1 lesion 

penetrating through ,he cornea by endogenons or on the basis of 

hypersendt1v1 ty. 

Keratitie ane, c,,rneal ulcers often produce secondary so-called 

irritation iritis an,1 sterile hy"popyon. When a. corneal ulcer per

fo:-ates. microorganirims inva.de the intraocillar space, resulting in 

acute purulent iriti�. Endogenous purulent iritis is rare. When 

the irie heals do.ring the infiemmatory process, connective tiswe 

increases on the strcma. The posterior surface of the iris gets 

bound to the lens because fibrinoue exu.date
t 

which develops during 

the in:flammetoey staee. is organized; a similar process goes on also 

in the anterior surface and complete or incomplete obliteration of 

the anterior chamber angle occurs. Besides bacterial-purulent iritis 

there is another :f'orm of iritis, correctly called infiammator,r reaction 

of the iris. This on� is due to noxious agents present in the host's 

bod,Y, such as protein from broken down orga.nisms, some absorbed from 

intestinal tract and �ome coming from local infection, and in some 

instances the origin ,.nd even media precipitating su.ch inflammator.r 
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reaction cannot be found or its origin is obscure. In any case, 

such patients s hould be checked for possible concurrent systemic 

infection like s.n,hilb, tuberoulosis. sarcoid. etc.. This type of 

infla.rrunatory reaction may also follow injection of antigens to 

which the patient i s  sensitive or during active therapy of lues. 

In this particular group th�re are three clinically known types. 

One is multiple minute lesions which can be found microscopically. 

Externally there ce.n be seer. mild sclere.l congestion and there are 

practically no subjective complaints. Where these lesions heel. they 

produce minute foci of fibrons an d smell adhesions to the lens. The 

onl7 trouble is th,.,t this focal inflammatory reaction recurs every 

month or year. in a me,t ter of day 1n rare cases, the final result is 

complete :posterior synecchiae and possibly anterior peripheral 

synecch iae and finally ends in secondary glaucoma. The second t.YFe 

is that •:1hich usually starts abruptly. The lesions are slightly 

larger and ,,.re easil1 seen with the na.ked e7�. They- ea.n be eingle or 

multiplf and ren as acute inflammation leaving permanent dama.ge to 

the il'is and post-inflammatory adhesions but which can be prevented 

if the case is under substantial medical care. Recurrences in this f 

ype are rare. The third type starts suddenly and as a violent infl 

amma.ticn. The anterior chamber is usually 

r.,acked with infl�.!ll:!!l&,t or1 cells a.nd occasionally with fibrin. Msr'ke.d 

scleral injection, occasional hemorrhages in the anterior chamber. 

edema of the iris with ms.rked congestion of its vessels, anil small 

hemorrhages in the anterior chamber complete the picture. The 
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disease is self-lim:1 ted and signs and symptoms subside rapidly. 

Recnrrences are comm.:>n varying from two to three month intervals 

up to several years$ Under gooi care this t.YJ')e usually does not 

develop any com:plica.tions. Photophobia. is the main complaint from the 

patient's point of view. Microscopically, in all these three type.s of 

infia.mmatory reaction of the iris, the cellular pattern 

p redomin�ntly concists of lymphocytes and wandering mononuclear 

leucocytes domina.te the pic;ure.. Another type of iritis iA'hich often 

ends in second.e.ry glaucoma is called heterochromic iritis. This 

disease is practically always unilateral. Its course is very mild but 

consequences can be serious. fu.ring the disease, translucent 

kera.titic precipitatss can ;e observed in the ope.cities in the ant�r

ior vitreous. After re:peated atta.ck s the iris loses its pigment. 

Cataracta compl:icata and seconaary glaucoma is the ending result. 

In these cases, secc�dary glaucormt usually is permanently cured b.Y' 

cataract extract:ton. Etiology of this disease is obscure but 1 t is 

believec. and some believe th.Pt it is confirmed br animal experiments, 

that 1 t is due to a disturbance of ocular sympathetic innervation 

without apparent Horner » s syndrome. However, if patient has Homer's 

synd.rome at birth, cepigmentetion of the iris of this pe.rticu.la.r eye 

usually occurs wi thcut any signs of iritis and people who have 

ac�uired Horner•s sync.rome 10 not show any changes of the iris nor 

do they develop suer an iritis. Ciliar� body inflrunma.tion by itself 

is a rare conc.ition s.na. its etiology is obscure. The specific reac

tions of the ciliary bo d.y epithelium and cycli tic membrane formetion 

53 



has been described. Clinice.lly, patienh: are found to hav-e deep 

sclere,l injections, vitreous opacities and visual disturbances. 

Involvement of the ciliary body and iris in inflammatory 

processes is ca.l led iridocycli tis and by some, anterior uveitis. 

Here the combined clinice,l features can be observed and the most 

dangerous complications are anterior periphera.l a.nd posterior syn

echia and anterior chamber hemorrhages resulting in secondary 

glaucoma; cyclitic membrane forma.tion cs,using destructive changes of 

the eye; and finally phthieie and ser:ondary cataract which also may 

produce second.a.ry glaucoma. 

Endophthalmi tis may be exogenous or endogenous. Exogenous 

is usually the result of trnumatic perforating injuries, or :penetrat 

ing ulcerations and, in thi� particular occasion, the corneal ulcer. 

Exogenous endophthalmi tis will be discussed in more det1:i1l in a chapter 

about perforating injuries. Endogenous encotha.lmitis is 
l

fairly well kno�m a s  to its clinical behavior and pathologice.l findings 

but its etiology is not very clearly understood. Bacteriological 

examination ,of fl.uids or tissue, taken from such an eye. :fail to give 

us the answe·4
• Its classification d.epends on the pe.st experience and 

correla.·�ion wit.h pathologica.1  findings.. Based upon 

this it is cla.s sified into gra.nulomations and. nongranulorM\tione e 

Cellule.r morphology wa.s previmsly described and on this bA.sis two 

tn>es can be differentiated adding the typical clinical pictures 

characteristic for each type and adding the acuteness of the con-

di tion. 
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r Polymorphonuclea.: cells in the anterior chamber fluid do 

not agglutinate and keratitic precipitates, seen under the slitlamp, 

are fine. Such a cornea appears frosted with a mignifying aid. In 

contrast to this� lymphocytes form clumps in the aqueous and 

keratitic precipitates appear larger when examined with the slitlamp 

or ophthalmoscope. The largest keratitic precipitates are seen with 

the presence of epitheloid cells, macrophages and endothelial 

phagocytes, w:1ich can be seen even 'With the naked eye. 

A granulomotous 1veitis onset is usually insidious. Vascular 

reaction is slight to modera.te. The iris shows nodularity and is 

especially clearly sean at the pupilla.ry margin but it loses its 

normal pattern of traoeculation. Secondary cataract possible and 

posterior synechia are common. Anterior chamber cellular morphology 

is dominated by epitheloid cells with increased a.mounts of protein in 

the aqueous. 

A nongranuloma.tcus uvei tis onset is acute. Extreme photophobia, 

lacrimat ion, blurred vision or even pain, are prominent complaints of 

the patient. Scleral injection and congestion can be seen very 

markedly on examinat:'..on. The iris does not lose its trabeculation 

pattern but loses itf clear appearance or may have a grayish hue 

and iris vessels a.re dilated. There is very prominent anterior 

chamber flare _or may even have already visible fibrinous or gel 

atinous exudate. Ponterior or anterior synecchia may occur after few 

recurrences. During the acute stage, intra.ocular pressure can be 

elevated because :i.eavy exudation in the anterior chamber blocks 

outflow of the aqueo:.is. 
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Panophthalmitis is a purulent infection of the interior eye. 

Some ophthalmic pathologists use th is term for indication of any 

purulent infection, ,-egardless of the extent, as long as it is inside 

the eye. My understr.nding and use in this paper is thr..t panophthe.1-

mitis is a bacterial-purulent infection of the interior eye with all

internal structures nore or less involved in the inflammatory pro

cess, but not indicai ing that the ·whole eye is in the state of 

suppuration. The reison for this is that sometimes we can have, 

for example, bacterifl iritis due to perforation, but without any 

inflammatory reactior in the retina or infl8.nh'110.tory cells in the 

vitreous. In this cfse, I certainly feel that the term panophthal

rnitis is not justii'if'd. On the other hand, when the iris is actively 

involved in a purulert inflammatory process, and I see cellular 

inflammatory reactior throughout all the structures, I feel that 

this term is proper. 

Panophthalmitis is usually an infection with virulent patho

genic microorganisms, very rapid in its developement and destructive 

in action. In case i:erforation is small enough or is sealed by 

scar formation, or bJocked by prolapsed intraocular tissue, second

ary glaucoma is the result. Inability to control the infection 

necessitates enucleation of such an eye because of the danger of 

extension into adjacent structures, destruction of the eye by acute 

inflammatory processEs or sympathetic ophthalmia. 

Vitreous abscese is one of the worst complications because 

antibacterial a:':ents cannot, in sufficient concentrations, reach 
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pathogenic organisms present in the vitreous. 

In case acute irfeotion is contraUed and secondary glaucoma 

subsides, the procesI usually goes into subacute and then chronic 

stages and usually rEsults in phthisis bulous oculi. Its clinical 

picture is of the :mort violent infla.mma.tion, corneal ederna, very 

marked injection and congestion of scleral and conjunctival vessels, 

edema of the conjunctiva and possibly of the lids and periorbital 

tissue. The inside ,r the eye usually cannot be seen because of a 

whitish-yellow purulent material present :in the anterior chamber. 

General malaise, pair , severe headaches and vomiting are not un

common symptoms associated with violent panophtholmitis. 

Another very imrortant factor producing secondary glaucoma 

in intraocula.r hemorrhage is anterior chamber hemorrhage and its 

causes, already described, and the mechanism producing secondary 

glaucoma. explained. 

The wear and tear ?m.ioh blood vessels can withstand are 

principally dependent on their inherited characteristics and signs of 

it usually i:na.nifest themselves in the senium. In case these 

signs e.re found in younger p9rsons, two etiologic factors should 

be considered; (1) innerited deficiency of the vessel wall and, 

(2) intensification er wear 3.nd tear causing the vessels to become

prematurely senile. :me of ,he most important factors in premature 

changes is the persistent increase in blood pressure or attacks of 

narrowing of the peripheral arterioles producing temporary nutri

tional and oxygen sup?lY deficiency to prearterioles and capillaries, 
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Fig. 7 

Case No. 628. 
Female, 70 years 
old, poor vision 
noted 1.5 years 
ago, blind for 
pa.st 6 months. 
Secondary glau
coma. The iris 
shows extensive 
atrophy of the 
stroma with on-
ly pigment layer 
remaining stretched 
across from limbus 
one one side, half 
way to the per

ESSENTIAL IRIS ATROPHY

iphery on the other. The rest of the iris stroma is thin with few 
vessels remaining. Erucleation in 1953. 

Essential iris atrophy is one of the causes of secondary glaucoma. 
It is believed that tPis is congenital vascular disturbance of the 
minor circle of the iris, a mechanical stretching of the iris -which 
causes narrowing and occlusion of the radial arteries with a nutri
tional disturbance, c ngenit l anomaly or local abiotrophy (17: 379). 
Secondary glaucoma du to progressive essential atrophy of the iris 
is resistant to treatment, is unilateralQndmore common among women. 
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Fig. 8

Case No. 636. Male, 
no history present. 
Enucleation - 1953. 
Iris is thin, 
irregular loss of 
stroma, decreased 
amount of blood 
vessels, marked 
loosening of pig
ment layer. 
Secondary glau
coma. 



which, in turn, initjates primary changes in the vascular wall and 

afterwards the process takes its course (local vasomotor constriction). 

Under the conditions follovrlng should be listed eclampsia and pre

ecle.mpsia, Raynaud' s disease, migra.ne, mitra.l stenos is, severe 

hemorrhage, severe a:cemia, p:::iisons such as tobacco, excessive intake 

of' coffee (Sedan Foyle), Qui-:1ine, polycythemia vera, beri beri glau

coma, lues, angioneurotic hypertension, Bright's disease (constant 

suboxidation), Renal amiloidosis, periarteritis nodosa, chronic lead 

poisoning, polycystic kidneys, and tumors of the adronal medulla. 

As Aschoff describes, «·ire understand by arteriosclerosis a 

chronic disturbance or the vessels which becomes irreversible on 

reaching its climax i'.l vessels impaired by changes attending the 

process of aging with result ;_ng deformation of lumen and brittle

ness of the vascular ,all."(27) 

According to El:�1n 1 s explanation (28), arteriosclerosis mani

fests itself by an in�rease �n the connectiveJ also elastic tissue 

of the. intima and red1plicat:�on of the marginal elastic layer, some

times showing increas�d connective tissue in the muscularis, all 

together resulting in the thickening and hardening of the walls. 

The elasticity of sue 1 a. vessel is greatly reduced and in the pro

cess of advancing patholog y, stretching of the vessel wall occurs 

with resulting temporary dilc..tation of the vessel and producing a 

tortious pattern of the vascular tree. 

Basic pathological patterns of the sclerotic vessel consists 

of atherosis, hyalinods, lipoidosis and nodular deforrr..ation. The 
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process itself is different in various vessels. The well developed 

intima. of the artery i irst shows a deposit of fat and lipoids in 

the cells of intima ar-d a very fine lipoid deposit in the ground 

substance; at the sam<" time, a gelatinous transformation of the 

ground substance occurs. Such an area of fatty infiltration slowly 

increases in size and the center becomes liquified, forming an 

atheroma:tous plaque. Parallel with this process, a localized pro

liferation of elastic and connective tissue takes place between the 

endothelium and athera.:matous plaque ,-mich prevents the liquified 

ms,terial from breakin; into the lumen of the vessel. In case such 

atheroma breaks into ·;he lumen, an atheromatous ulcer is formed, 

initiating the focus )f thrombus formation. In atheromatons plaque, 

fatty acids are set f�ee and attract calcium which becomes deposited 

in this lesion and so processes of lipoidosis, athero:ma plaque 

formation, calcinosis, end nodular thickening of the intima con

stitutes the picture of the arteriosclerotic vessel. 

The pathological process and progress in the arteries of the 

extremities is different. Here the primary process is deposition 

of calcium in the grcund substance of the connective tissue surround

ing the muscle fibers. As the deposit of calciu."Il deposit increases 

it forms plates whicr usually arrange themselves in a circular 

manner. 

Again, pa.tholog:.c progress in arterioles and precapillaries 

is different. Here 'i;he proC"ess consists of a deposition of hyaline 

and hyalinisation of the basal membrane underneath the endotheliu."Il. 
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EX.FOLIATION CF THE LENS CAPSULE, SECONDARY GLAUCOMA 

Fig. 9 

Case No. 659. Female 80 ye rs old. Progressive loss of vision 
for past 5 years, painful eye for last 6 months. Cornea clinically 
cloudy, no LP, AC shallow. Tension over 90 mm. Hg. Enuoleation,1953. 
Fig. 9 microscopicallv early bullous keratophothy. Extensive 
anterior peripheral cynecchiae. Reduplication of corneal endothelium 
in AC angle. Ciliary body is atrophic with advanced hyalinization. 
Lens is cataractous. Anteri r surface of the lens capsule, ciliar¥ 
process and posterior surfac of the iris are covered with "baumartig" 
(branching-arborization) precipitated material. 
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Fig. 10 

Courtesy of 
Dr. Gifford 



• 

�ig. lOA 

Courtesy of 
Dr. Gifford 

Ex.foliation of the le s capsule• causes secondary glaucoma or is 
found in eyes with prematurely advanced cataracts. In case such a 
lens is not removed, ye sooner or later goes into status of glau
coma. Etiology of condition known as exfoliation of the lens is 
not known. 

.Fig. 11 

Courtesy of 
Dr. Gifford 

* More than three years ago I expressed the opinion that this is 
not ex.foliation of th lens c psule but substance is precipitated
on these surfaces. M present professional status does not permit
me to express my opinion about the etiology of this condition.
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EX.FOLIATION OP THE LENS CAPSULE, SECONDARY GLAUCOMA 
( con •t) 

Fig. 12 

Figures 10, lOA nd 11 demonstrate the characteristic 
arborization in cases of exfoliation of the lens cap-
sule. 

Figure 12 represents si ilar pattern precipitate in 
case of chromic endophtralmitis complicated by sec-
ondary glaucoma. 
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Following through multiple microscopic slides it seems that it begins 

with fibrinoid precifitate but fibroblasts of different maturity, 

up to fibrills and mature fibrous cells, are also found. The fats 

and lipoids are found in hyaline material. These changes are basic 

signs following a disturbance in the nutrition.of the arteriole 

just as the primary deposit )f fat in the elastic vessel and cal

cium in the muscular vessel 9.re results of local disturbances in 

nutrition. 

Diabetes mellitus is responsible for vascular changes character

istic in tl is particular disease; in addition, producing; arterio

sclerosis, it demands special discussion. Anyone can recognize the 

specific vascular chanr;es o:ui.racteristic for diabetes. The etiology 

of this pathology is ,bscure. 

It is rn.y belief �hat diabetes mellitus, in which the mechanism 

for the maintenance o:' normal bloodsuge.r is inherently deficient, 

instead of retaining its nonnal stability throughout the life, 

becomes unstable at birth, in early or middle life. This cause of 

the instability is no:; to be found in the effector organs
., 

such as 

liver, pancreatic isl3..Ilds or peripheral vegetative nerve system but 

it is to be found :n ;he mechanism as a whole or in its central 

regulation in the brain. Furthermore, gross pathological changes 

in the brain cannot b� found because this is an inherited weakness 

of the proper gearing of the indi vidua.1 parts of this mechanism 

which is already pres•�nt in the germ plasm. The etiology of blood 

vessel changes in thi, condition is also obscure. One thing which 
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appears certain is tr.at dilatation and prestasis in the terminal 

vessels are responsille for initiation of the characteristic vascu

lar changes in diabetes mellitus. 

Visible arteriosclerotic manifestations in the fundus of the 

eye, such as, tortuosity of the vessel walls and variations of the 

arterial light reflex, are important clinically and can be explained 

in the prior described events occurring in the ,vall of the blood 

vessel. Secondary glaucoma, in this case, is a result of :intra.

ocular hemorrhage due to the sclerotic process gradually diminishing 

the lumen of the vessel; occlusion occurs when the blooclf'low is so 

slow that it becomes extremely concentrated and finally coagulates; 

or obliteration of th:1 vessel occurs, b ecause of encroaching wall 

tissue into the lu.�en and obstructing it; or by local thrombus for

mation initiated by a sclerotic plaque broken into the lumen. 

Embolic occlusion of ;he ret�nal vessels is very rare. 

When, in the pro·Jess of phlebosclerosis, the retinal vein 

becomes occluded massive hemorrhages, retinal and optic disc edema 

results. Vision fair Ly rapidly becomes greatly diminished. At 

first, some cases hav0 react�ve hypotony of the eye but in a few 

months, in spite of t:1e therapy, the majority of cases develop 

secondary glaucoma.. 

The last major socondary glaucoma-producing factor is the 

intra.ocular tumor. BP.nign intra.ocular tumors which do not grow at 

all or grow· very slow�.y, cause no symptoms if they are not located 

in vital points of vbion or do not disturb normal biophysiology 
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SECONDARY GLAUCOMA DUE TO SIDEROSIS 

Fig. 13 

Case No. 520. Female. No history present. Enucleation in 1950. 
Foreign body found in ciliary body, size 2x2 mm. which by histo
chemical reaction identified as iron. Corneal epithelium is 
discolored by diaiolved iron particles (Fig. A), also very marked 
discoloration is present. throughout the whole retina, iris 
muscles and ciliary body. A.C. trabecular meshwork and Schlemm's 
canal is packed with orphous discolored material. Ciliary body 
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and iris show 
atrophic changes. 
Cataractous lens 
is dislocated 
posteriorly. 
There is reces
sion of the 
lamina cribrosa. 

Fig. 13A 



.CONGENITAL GLAUCOMA 

-Fig. 14 

�ase No. 521. Female; ge of the patient not given. 
Eye has been larber since infancy. Vision LP, 
tension 56 mm. Hg. 

Fig. 14 represents filtration angle which in deep, 
chamber angle is obliterated by the iris tissue which 
starts in area at the end of Desoement's membrane, 
increased fibro tissu amount fills the trabeculae. 
Schlemm's canal not dem nstra.ted. 
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of the eye. Malignant tumors, if the eye is not enucleated early 

enough
., sooner or later prod,2ce a. true picture of secondary glau

coma. Tumors will be discussed in more detail in a later chapter. 

Eyes which had t) be enucleated because of uncontrolled in

creased intra.ocular pressure have many different interesting path

ological findings. From the summarized tables following we can see 

exactly what was takictg place in such an eye. Injuries and infections 

and their complica.tio"ls, dominating the field of causes
., 

reflects 

clearly the necessity to look soberly into the problems of preventive 

measures against injuries and to look for more effective vrays and 

means of controlling jhe inflammatory process in case of infection 

or inflarnme.tory react�ons from which some are not yet completely 

understood. 

Loss of an eye b::ca.use of secondary glaucoma, during the past 

twenty-five years tot1led 185 from 469 cases, or 39.5%. This is a 

very impressing perce:1tage. But how does it look when it is broken 

down into definite pe�iods where medical science really ma.de its 

steps forward� In th,, pre-sulfo period, we have 107 specimens from 

·which 40 of the:::i. were labeled secondary glaucoma., or 37 .5% of the

total; in sulfonamide period the total specimen count shows 131,

secondary glaucoma, 5·:i, result - 42.6�'°; and finally the last period

of antibiotics in combination with sulfonamides, the number of

specimens being 231, of these, 89 v1ere glaucoma. cases and the result

as 38. 71�- Actually there is an increase of cases. Why?
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TABLE life. 6 

INCIDENCE OF TRAUhlA IN SECONDARY GLAUCOMA 

11929-
� 

1938- c-1 

1

1946

-1
% !Total ,..,; 

1937 1945 70 1955 '/o 

Trau.�atic Contusion 8 2) 9 16.l 7 7.8 24 12.9 

Traumatic 
11 27 .5 13 23.2 18 20.2 42 22.7 Performs.tion 

Surgical 
3 7 ♦ 5 5 8.9 5 5.6 13 7 Perforation 

Chemical Trauma l l.8 2 2.2 3 1.7 

'2:ABLE !W • 7 

TRA.Ul':Li.TIC LS ;IOMS ff EYES WITH SECONDARY GLAUC01\1A. 

Aphakia 4 10.0 6 10.7 10 11.2 20 11.4 

Displacement of 
2 5.0 l 1.8 10 11.2 13 7.0 the Lens 

Traumatic Cataract 6 15.0 4 7.1 20 22.5 30 16.8 

Surgical Extracapsu-
lar Cataract Ex- 1 2.5 3 5.4 4 4.5 8 4.3 

traction 

Prolapse of Inner 
5 12.5 2 2.2 3 1.7 Contents of the Eye 

Retained Foreign 
6 15.0 l 1.8 10 11.2 17 9.2 Body 

Siderosis 4 10.0 l 1.8 8 8.9 13 7.0 

Retinal 
11 27. 5 9 16.l 21 23.6 41 23.2 

Detachment 
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TABLE NO. 8 

VASCULAR LESIO:JS IN SECONDARY GLAUCOMA 

1929-
o1 �

1938-
% �1946-

af %1937 
/C 

1945 1965 /0 'Total 

Intra.ocular 
23 57.5 18 32.l 32 35.8 73 39.5 Hemorrhage* 

Central Vein 
5 12.5 3 5.4 8 8.9 15 8.7 Occlusion** 

Anter ior Chamber 
7 17 .5 3 5.4 5 5.6 15 8.lHemorrhage*** 

Central Artery 
Occlusion 1 1.1 l 0.6

Proliferating 
Retinopathy 1 2.5 2 3.6 5 5.6 8 4.3 

:Rubia.sis Iridis 1 2.5 l 1.8 3 3.3 5 2.7 .. 

* Intraocular hemorrha.ge is usually traumatic; some cases should
be considered hut not included here because there was no
history and it ha.ppenert that in sections ma.de for microscopic
ex8ll'ina.tions no ocolusion was possible to demonstrate. 

** Cases included with definite history or findings under micro
scopic examination. 

*** Cases where just 1interior chamber hemorrhage was present. 

By analysis of t:1e microscopic preparations made from the 

specimens enucleated because of secondary glaucoma, we can see that 

that (Table No. 6) 20% of the eyes which suffered contusion in the

presulfo pe r iod were enucleated; 16. lf; in the sulfo period and just 

7.8% in the period of antibictics. T here is no direct connection 

of this particular l edon with the progress of therapeutic agents, 

but indicates improver-1ent of general therapeutic rnana.g;ement and 

indirectly for new dr,,gs which frequently prevents secondary 
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TABLE NO. 9 

INFLA.MMAT(•RY LESIONS IN SECONDARY GLAUCOMA 

H129-
c: 

1938-
% 

1946- !J'l Total 
L,37 

/v 
1945 1955 '" ,,, 

Corneal Ulcer -
5 12.5 2 3.6 l 1.1 8 4.3 

Perforated --

Active 5 12.5 3 5.4 1 1.1 9 4.9 
----

Healed 4 10.0 8 14.3 2 2.2 14 7.6 

Active Kera ti tis 4 10.0 l 1.1 5 2.7 
JIP''W. .... 

Iritis (only) 6 15.0 2 3.6 l 1.1 9 4.9 

Anterior Uveitis Z3 57 .5 14 25.0 10 10.1 47 25.4 
(Iridocyclitis) 

Endophthalmitis 2 6.0 9 16.l 30 33.6 41 22.2 

Panophtha.lmitis 9 22.5 3 5.4 3 3.4 15 8.1 

Vitreous Abscess 1 1.1 l 0.6

'rABLE NO. 10 

POST-INFLA1v"J1IATOR'{ CHA1WES IN CASES OF SECONDARY GLAUCOMA 

Posterior 
8 20 3 

Synecchiae 
5.4 1 1.1 12 6.2 

A:nterior Peripheral 17 42.5 9 16.l 6 6.7 32 17.3 
Synecchiae 

Iris Bombe l 1.8 5 5.6 6 3.1 

Cyclitic Membrane 2 5.0 1 1.8 3 3.3 6 3.1 

invasion of microorgenisms when superficial layers of the eye coat

ing are interrupted. 
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Traumatic perfo�ation which ended in secondary glaucoma also 

shows a decline of 2 1 .5% in the presulfo period, 23.2% in the sulfo 

period and 20. 2% in ·;he antibiotic period. Here it reflects definite 

improvement of manag,�ment of per.fora.ting lesions inspite of a. 

marked increase, as ;·au see in a later chapter, in the number of 

violent traumatic in;uries in recent years. 

Surgery and its safety are reflected in numerals representing 

postsurgical complic�tions which usually are of an inflammatory 

nature and as a result of it, ended in secondary gla.ucoma as follows: 

7.5% in the presulfo period, 8.9% in the sulfo period a nd 5.6% in the 

antibiotic period. It seems that the use of antibiotics post

operatively achieved ;:;his pr'Jgress. 

Chemical trauma shows an increase in number in recent years 

but this is because r;,ore che1-;ical compounds are used now in the 

household than 20 yea.r-s ago and it does not reflect directly on our 

pror�ress in management. Knowing the approximate amount of cases 

nowdays and 12 years ago when I just started t o  work in the eye 

hospital in Lithuania. I dare to state that a comparatively much 

greater part of such  cases are cured now than were then. 

Table No. 7 represents the traumatic lesions which complicated 

the process of healinf or contributed factors partially or totally in 

the development of secondary glaucoma. From pathological changes 

which rnay complicate the prim:lry injury in the loss of t he lens, 

keeping a.bout this sa;rr;e level in numbers, extra.capsular cataract 

extraction and retinal detachment later shows � ma rked increase 
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this being contributed by at increase of traumatic cases. A 

similar pattern, <ret::;al detachment, also shows traumatic cataract 

which frequently initiates increased intraocular pressure and, con

tributing culture mec;ia for microorganisms, helps spread the in

fection because therapeutic agents us ually do not reach the inside 

of the disorganized n:ass of the lens material. Prolapse of the 

inner contents of the eye, w}1.ich is more common in recent yeaxs, 

shows declining; numbers beoa,.1se surgical management supported with 

antibiotic therapy ve':'y frequently gives good results. 

Retained foreign bodies and siderosis goes hand in hand because 

most of the foreign b,)d ies were of the iron origin. Siderosis 

may alone cause secondary glaucoma and toxicity of dissolved iron

is not explained comp:.etely e.t the present time. The technique 

of the removal of forE·ign boc.ies in many cases is greatly advanced. 

About 20-30 years ago metallic foreign bodies were left in the eye; 

now they are removed end such an eye is given a chance of recovery 

and is usually supported by antibiotic therapy.

Dislocation or st:bluxatLm of the lens is a possible fe.ctor

initiating secondary glaucoma. This, as w ith traumatic injuries 

of the eye, is increasing in nu.-nber. Extraction of such a lens is 

the only treBtment knom end �;his has to be accomplished as soon as 

possible. 

Vascular lesions �an be secondary to trauma or infectious pro

cesses in the eye or cnn be primary factors initiating secondary 

glaucoma. Looking thruugh Table No. 8, we see that of the eyes ,tlth 
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secondary glaucoma had one type or another of intraocular hemorrhage 

or vascu1.·u  lesions 1nich cen be responsible for the development of 

this condition. The later group includes central vein occlusion 

which shows a definite increase in recent years; rubeosis iridis 

has a similar patterr and proliferating retinopathy. Central vein 

occlusion1 as stated previoi.:sly, is a condition of the se:nium, 

giving only an imprersion that our avera6e age and tension of our 

civilized life is increasing. Therapeutic a.gents and the :mana.ge:nent 

of this condition is still unsatisfactory. Proliferatin;;:; retinopathy 

is a result of some trauma which can be mechanical or infectious. 

It is increasing too, indicating that more eyes survive after serious 

daw.age and have time to develop this secondary condition of  repair, or 

can go along "fl'lith �ondition of rubeosis iridis because both conditions 

are found �n diabetes mellitus and can be precipitating factors of 

secondary ;laucoma. Its increase in number indicates that management 

of th3 diabetic patient is better today and patients survive longer, 

ha.v:in_i: time ,:;o develop these changes in the eye. Much can be said 

abou:; this condition, but prevention of it at the present time is not 

v,ry advanced and many studies a.re needed in this field. 

Inflammatory les_ons found under :microscopic exa.."11ination are 

summarized in Table Nn. 9. Superficial and anterior segment of      

the  eye  inflammatory  lesions  demostrate  clearly  the   effect   of  

new drugs. These are corneal lesions, iritis, and iridocyclitis. 

Perforated  corneal  ulcer,   found  in  12. 5J�   in   the   presulfo   period, 
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dropped to 3.6% in the sulfo period and finally to just 1.1% in the 

antibiotic period. A very similar pattern is seen in oases with 

act:tve corneal ulcer. Keratitis, due to infection, was common before 

sulfonamides were put to use and just one accidental case was found 

in recent years of' tbe antibiotic period. 

Iris and ciliar� body involvement in inflammatory processes 

shows a definite decline wi t:l advancement of new dru gs, dropping 

from 72.5% in the presulfo period to only 11.2% in the antibiotic 

period. 

A reverse pictur3 is prasented in two inflammatory lesions of 

the eye. These two lesions ':l.re panophthalnitis and endophthalmitis. 

Panophthalmitis shows a decline as new therapeutic agents are started 

but endophthalmitis is increasing in m.L.'!lber. 

PanophthaL�itis, as was discussed earlier in this chapter, is 

an infle.mmatory condition of the eye structures due to bacterial 

invasion or, in other words, a purulent inflammatory process. This 

lesion is progressively controlled by new drugs as demonstrated in 

Table Uo. 9, being fo.md in 22.5% of the eyes with secondary glaucoma 

in the presul.fo perio 1, 5.41{ in the sulfo period and just 3.4);; in 

the antibiotic period. 

Endophthalmitis, in some instances. has an unknown origin but 

it seems that when mo·e eyes are saved by controlling the purulent 

infection, very often these eyes go into a sterile inflamJnatory 

process and end with secondary glaucoma or phthisis. Here it seems 

to be the actual caus�, insp�te of new drugs and better surgical 
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technique, for secondary gla�coma still being as high in frequency 

as it is. 

Table No. 10 rep:-esents the complicati ons that occur during or as 

a result of the inflarn:uatory process. All of these changes may 

be the factors of irr3versibility of secondary glaucoma when the 

healing process is co;npleted. Actually, these chances are just 

part of a natural rep·�ir mechanism during the inflammation but they 

upset the physiolo6ic·;1,l mechanism of fluid circulation by obstructing 

normal channels of flow. These changes show definite decline with the 

therapeutic ::irogress of drugs and keeps approximately parallel with 

declini�g inflammatory lesions of the cornea, iris

and ciliary body. In other words, our present drugs may be 

administered in the anteri)r segment of the eye and have sufficient 

concentration t o  achi,3ve control of infection. 

In conclusion of this chapter we can say that secondary glaucoma 

is still and will be one of the major factors for enucleation 

of the eye as long as our preventive measures do not reach larger 

;uasses of the populat ion because trauma and secondary infection is 

a. major factor in initiating secondary glaucoma. Drugs that we have

now are effective in the anterior segment of the eye but studies 

are necessary ooncern�ng the way to reach adequate concentrations 

in the parts of the eye where fluid exchange is slow. 

Endophthalmitis presents a new task to our profession. It 

needs to be better cla.rified with a development of therapeutic agents. 

The surgical progress is adequate in combinati on with therapeutic 
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agents in our hands. 

Secondary glaucoma in association with intraocular tumors 

will be discussed in a later chapter. 
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CHAPTER VI 

TRAIDlATIC INJURIES OF THE EYE 



From a total of •l:69 enucleated eyes in the last quarter century, 

220, or 46. 9% were d·.:ie to trauma with all the complice.tions possible 

to be expected with _njuries. Ninety-one of them were taken out 

because of immediate destruction of the eye during the trauma or 

because of early complications. All of the eyes had perforating 

injuries. Eighty-twJ had delayed complications and were enucleated 

because of secondary glaucor.a. Thirty-three healed after trauma 

but underwent degenerative changes and reached the stage of phthisis. 

Having such a g�eat number of cases where injury directly 

caused immediate los3 of the eye, or initiated further complications, 

I 1'eel the subject of' trau..'llla to t.he eye should be discussed in detail. 

Nebraska, prima�ily an agricultural state besides having a 

fairly well develope1 industrial center right here in Omaha, has 

its typical injuries particular to this part of the country. Besides 

the injuries of prof3ssional character there are a few �nich are 

from carelessness ani some which come from the fact that the state 

legally permits chiliren to own and use firearms. 

Professional hazards and their results are reflected in injuries 

such as steel particles penetrating the eyeglobe, blast injuries, 

cattle's horns, cattle's tails, corn stalks, branches, etc., all 

of which occurs amon� labor�rs, factory workers, road gangs, farmers, 

etc. Among children, vmich are represented in a high number, the 

BB gun accidents are far greater than any other, such as knife 

wounds, toys, milk bottles, etc. Chemical injuries are seen quite 

often in office practice, b:J.t the present modern treatment in most 
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cases are saved and 10 not reach that stage of complication which 

would necessitate enQcleation. 

I visited a few factories and corporations in the immediate 

vicinity just to satisfy my own personal curiosity and was left 

with an impression wiich forces me to say that the use of prevent

ative measures and t1e teacl1ing of workers to protect themselves 

is low in comparison with industry in eastern states and that in 

Germany before the w.:1.r. 

To clarify the ?Ossible pathology in case of injury, I shall 

discuss it stressing; the injuries found among eyes lost in our area. 

To keep some order i:1 discussing this particular problem it is 

necessary to divide tihem into penetrating or perforating and non

penetrating or nonperforating injuries. Perforating injuries can 

be due to laceration, ruptu�e, surgical incision, punctures and 

injuries caused by fJreign oodies which have enough velocity to 

penetrate through th, lids, cornea or sclera. The seriousness of 

a perforating injury depends on extent, depth and structures involved. 

Laceration type injuries mostly involve the cornea. Sudden loss of 

the anterior chamber fluid causes prolapse of the iris or even the 

lens. Laceration may be large enough so that it involves the sclera 

and ciliary body. Blunt force of sufficient violence causes rup

ture of the globe. Jestruc�ion in this type of injury is usually 

great. Rupture of t,te ocular coats occurs at the point of the force 

implied, countrecoup at the point of weakness, or according to the 

motion of fluid and 1emifluid contents of the eye, which can be 

73 



Fig .. 16 

Anterior Dislo
cation of the 
Lens. 

Courtesy of 
Dr. Vickery 
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Fig. 15 

Corneal Foreign 
Boey. 

Courtesy of 
Dr. S. Sugar . 

Fig. 17 

Dislocation of 
the Lens. 

Courtesy of 
Dr. Vickery 



Fig. 19 

Dislocation of

the Lens. 

Courtesy of 
Dr. Vickery 

?Jb 

Fig. 18 

Dislocation of 

the Lens. 

Courtesy of

Dr. Vickery 

Fig. 20 

Corn al Ulcer 

Courtesy of 
Dr. Judd. 



Fig. 22 

Chemical Trauma 

Courtesy of 
Dr. Sugar 
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Fig. 21 

Traumntic Evulsion 
of the Eye. 

Courtesy of 
Dr. Rasgorshek 

Fig. 2.3 

H.Ypersensitivity 
Reaction. 

Courte yo� 
Dr. Judd 



Fig. 25 

Corneal 
Laceration 

Courtesy of' 
Dr. Judd 

13d 

Eig. 24 

Macular Hole 
after Contusion 

COJl'tesy of' 
Dr. Vickery 

.Fig. 26 

_Traumatic Rupture 
of the Root of' 
the Iris. 

Courtesy of 
Dr. rrison 



Fig. 27 

C rnee.l Ulcer. 

Court ey of Dr • Judd 

Fig. 28 

Late Results of Chemical Trauma. 

Courtes7 of Dr. Judd 

?Je 



proven by physiomatheratical calculations. 

In case of surgical wounds, the most commonly involved structures 

are the lens capsule End iris. Prolapse of the vitreous or uveal 

tissue causes the mos-t complications resulting in delayed wound 

healing, secondary inf actions and downg;rov.th of the epithelium. 

Punctures are thE :nost treacherous injuries of all. Externally 

they usually appear ir significant and very often heal per pr imam 

faciem, but what is left from this little wound often causes con

siderable grief to the physician and sometimes the loss of the eye 

to the patient. It hes to be emphasized here that puncture wounds 

cannot be taken lightreartedly. It must be realized that the depth 

of penetration and the potential infection are two major problems 

which must usually be coped with .. Such injury may involve the 

cornea, iris, lens, v1treous, choroid, sclera and the track of the 

injuring object may er. i somewaere in the retro-orbital tissue or 

even in the intracranjal cavity. It is very possible that in such 

cases, pathogenic orgsnisms were seeded all along the path of the 

penetrat:Lng object anc here we have the problem on our hands which 

can be serious immedie tely or become serious when we think that we 

have taken care of thjs small wound somewhere in the corr.ea. Puru

lent meningitis, intrecrania.1 abscess, suppuration of the retrobulbar 

tissue and acute pru-10fhthalmitis may be the end result.. Punctures 

penetrating the eth.�ojjal or rrontal sinuses open spaces which are 

seldom steril. Involvement or the lacrimal ducts needs early recog

nition in order to prevent su2puration and scarification strictures, 
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PANOPHTHAL4ITIS FOIJ,OWING PERFORION INJURY 

74a 

Fig. 29 

Case No. 639. 
Male, 6 years 
of age. 

Eye was struck 
by dart. Local 
physician 
treated this 
eye by local 
administration 
of drugs for 
three days 
until patient 
was admitted 
to the hospi
tal. On ad
mission, temp-

erature was 102° F., some 
rigidity of the neck,peri
orbital edema and purulent 
material filled entire con
junctival sack covering the 
eye, AC was filled with 
yellow purulent exudate, 
iris not visible, intra
ocular tension low. 
Microccocus pyogenes and* 

--Fig. 29A 

* 

gram positive 
rods were cul
tured. Systemic 
antibiotic 
therapy rapidly 
brought tempera
ture to normal 
and meningeal 
signs disappeared. 
Ten days later, 
patient was dis
missed and 
ordered to come 

Fig. 29B 
( con 't) 



PANOPRTHAUflTIS FOLLOWING PERFORION INJURY 

( con 't.) 

Fig. 29C 

(can't. from P• 74a) 

back in six weeks to 
have this eye enuole
ated. Enucleation, 1953. 

Eye underwent phthisic 
changes and stayed 
moderately infla.mmed 
inspite antibiotic 
therapy. 

Microscopically, per
foration found near 
the center of ·the cor
nea. AC shallow an d 
iris and residual of 
the lens material with 
capsule adherent to 
the posterior surface 

of the cornea (Fig. 29). Practically all cortical material absorbed 
and capsule is wrinkled. Dense cyclitic membrane. Shallow AC filled 
with fibr in coagulum with polymorphonuclear cells (Fig. 29C). Iris 
�eorotic and also infiltrated by.polymorphonuclear cells (Fig. 29D). 
Fig. 29A dem-
onstrates cel
lular morph::llogy 
predominant 
cell being 
polymorphonu
clear leuco
cytes and a 
few plasma 
cells. Fig. 29B 
shows young fi
broblasts II poly
morphonuc lear 
cells & lympho
cytes found in 
forming corneal 
scar. 

Fig. 29D 
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or, if severed, need recognition as soon as possible to est�blish 

the continuity of the:n. 

The same must be said or intraocular foreign bodies. Very 

often, intraocular foreign bodies are very small and the majority 

of them are metallic. The wound., in such a case, is very small
., 

but infection., injury cf vital parts of the eye, e.nd toxicity of 

the foreign bodies-intraoculo1.r-should be kept in mind. Among cases of 

eyes examined m .. tr: retain•:1d foreign bodies was one v.o. th. a pieoe 

of button, two with e. BB pellet, one with multiple gravel pieces 

from explosion, two of plant origin, one bre.ss, one copper e.nd the 

rest had iron origin foreign bodies. The majority of magnetic 

foreign bodies can be removed by usiag a giant magnet. In c ase the 

original injury is not too great and there a.re no seconds,ry 

complications, fair or even good vision may be expected, but in case 

of massive hemorrhage or infeotion, enucleation is very ofte:o 

necessary. Infection may be controlled sonetimes and the eye saved, 

but even then there is a great chance ths.t the eye will g o  into 

progressive degeneration and end with phthisi:h 

Ferrous retained foreign bodies and its alloys results in sid

erosis. The degree of siderosis and the time it starts depends on the 

number of pe.rticlen
., 

solubility, posi tion in the eye and their 

encapsulation. It is a gene1·ally e.ccepted thought that siderosis 

develops one year after such a foreign body enters the eye globe 

(l?: 169), but in our own collectfon we have one case where definite 

siderosis was demonstrated three weeks after the accident a.nd more 

in less than one year 

75 



TRAUMATIC INJUR WITH LOSS OF INNER CONTENTS OF THE EYE 

Fig. 30 

Case No. 57;. Female, 
11 rears old. ye was

stru.ck with golf ball, 
immediate enucleation -
1952. 

Multiple laceration 
through cornea and 
sclera. Around 
lacer tion there were 
alread,y polymorpho
nuclear leucocytes 
infiltration.(Fig. JO A) 
Whole globe was filled 
with blood (Fig. JOB). 
In the corneal wound 
were prolapsed iris & 
fr ginents of lens cap

sule. There was no retina and very little of vitreous. 

Fig. 30 Fig. 30:B 
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TRAUMATIC PERFO TION WITH LOSS OF INTRAOCULAR STRUCTURES 

Case No. 559. Female, Age two years. Her older brother 
dropped milk bottle and fragment of the glass flew. pene
trating through he lids and perforating the eye. Enucle
ation next d 1 - 1951. 

Fig. 31 represents the extent of destruction done by such 
trauma. Lens an part of the iris absent. Wound. is 5 mm. 
long in anterior'segment of the eye. Prolapsed tissue in 
the wound consists of iris oiliary body and some vitreous; 
all prolapsing tissues and edges of the wound are heavily 
infiltrated by polymorphonuclear leucoeytes. Vitreous is 
filled with detache� and disrupted retina; also choroid 
is se;parated by ubchoroidal hemorrhages. 
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Dissolved ferruL are taken up by the cells and epithelial 

structures take up t}e greatest part. The toxic effect of the ferrous 

ion is very rtrong and under its influence the retina undergoes 

rapid atrophy, the retinal vessels become occluded and may cause 

cataract for:mai. ion and seconds.ry glaucoma is very frequently an end 

result of sidE'rosis. 

Copper and bras� are as toxic as iron, producing similar reac

tions in the eye. BE:ing non-magnetic, such foreign bodies present 

specie.l problems in iheir removal. 

Eyeglobe injuriEs by blunt objects may cause contusion, or, 

if severe enough, rurture of the globe. Rupture of the globe in this 

instance usuallJ is associe.ted Vl"ith great a.mounts of destruction of 

the structures inEide the eye and also prolapse of the inner oculer 

tissues. 

Contusion withot: t dis�ption of' the sclera may also result in 

magnifold destructivE lesions of the structures inside the eye. 

The most common are: retinal detach..'ll.ent, intraocular hemorrhages, 

rupture of the iris Ephincter, rupture of the iris at the pupillary 

margin or at the root, a tea: through the scleral spur, retinal 

and preretinal hemorrhages, rupture of the choroid which has a 

characteristic location betw�en the optic disc and macula, and dis

location of the lens. Later sequellae from contusions a.re also 

multiple as in contusion cataract, which, e.s a rule, is rosette-like

in appearance and located in the posterior cortex. Hemorrhage in the 

anterior chamber frequent:ly results in formation of secondary 
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membranes which block the anterior chamber angle and produce secondary 

glaucoma.. Seoonde.ry glaucoma. may also be the r esult of 

intraocular hemorrhage in the posterior pa.rt of the eye. Counter

coup force in instances of ::,ontusion produces a known feature called 

0

commotio retinae. M3.rked edema of the retina is very frequently 

associated with hemorrhages in different sizes a.nd locations. Such 

1 

a retina undergoes a more Ol less degenerative process after such 

injury and hemorrhagrn are absorbed or organized into membranes mixed 

with glial tissue pr ,ducing a. knovvn picture of traumatic proliferative 

retinopathy. Retina.. tears most commonly occur along the ora serrate. 

and retinal detachme:1t follows the accumulation of the fluid. 

Thermal, particnle.rly chemical burns of the eye e.nd the lids, 

is fairly common in +:his ste.te. Such injury produces necrosis of 

the involved structures snd heals by dense scar formation .. vlhich 

distorts the lids or produces adhesions between the eyeglobe and 

the lids, this being known es symblepharon. Corneal burns are fol

lowed by ulceration, slow healing and formation o f  the opacities. 

Prom the chemicr l agents most commonly ca.using injuries of the 

eyes are lime, lye, srnmonia, sulfuric acid and phenol. The most 

unpredictable burns ere produced by alkali and at first they do not 

look severe but a fev hours later the extent of damage increases 

due to the inability of the tissues to neutra.lize
1 

and acid penetra

tion is limited by a buffering reaction. 

Radiant energy also plins an important role in produci.ng ocular 

lesions but their dam9.ge ver:r seldom induces such lesions that it 
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would be necessary t) enucleate the eye, but sometimes contributes 

to the initial facto� for further complications or impairs the 

normal function of t1is organ. Types of radiant energy that should 

be mentioned are visible licht and its fractions and ionizing 

radiant sources. 

Direct visible Light in excess injures the retina and leaves 

permanent scotomas. Injury here occurs because of large amounts 

of energy concentrat,}d on relatively sma.11 areas producing a 

burning effect on the sp·)t. Cor,guh.tion occurs in the cells of 

this area end death of th0,se cells follows. This is usually seen 

am.ong people who have lost their lenses because of cataracts as the 

lens absorbs a great deal of infrared waves. Ultraviolet ray damage 

to the eye is superficii,l and rroduces a known pathological picture 

named keratoconjunct· vitis raivealis. Healing, if not complicated by 

infection, is usm.lly ra:rid. 

Roentgen and racdum da:rr:a.ges are now rare because pa.st exper

ience has taught a.bot t dangers and protective measures were applied. 

The most common comp:icatior. from such sources of irradiation was 

and still is secondary cataract or loss of eyelashes or eyebrows 

when, for therapeutic reasons, this area has to be irradiated. 

Retinal lesions in tte form of exudates and hemorrhages are observed 

among the patients requiring whole body irradiation. 

One more source of energy that produces injury to the eye and 

is quite common is electric shock. Resulting damage ranges from 

acute conjunctivitis--ef'fect of ultraviolet light--and directly--
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cataracts that devebp with great rapidity producing diffuse 

cloudiness of the le1s. 

TABLB NO .. 11 

TRAlTh'IATIC INJURIES 

1129- A 1938- r:1 ,1945- (ff (; Total U37 10 1945 /0 1955 /0 

. 

Perforating 
�5 52.l 35 56.4 79 71.9 139 

Injuries 

Contusion 9 18.7 13 21.0 15 13.7 37 

Thermal and Chemical
l 

Injuries 
1.6 3 2.7 4 

Surgical 
L4 

Perforations 
29.2 13 21.0 13 11.7 40 

TOTAL 18 100.0 62 100.0 110 100.0 220 

TABLE 1JO .. 12 

REASOrs FOR Ei'WCLEATION 

lJ29- 1938-
% 

'1946-1 
% I Total 

U37 1945 1955 

Secondary Glaucoma �2 45.9 28 45.2 32 29.l 82 

Irrepe.irable Injury .4 29.2 21 33.8 56 50.9 91 

Phthisis 9 18.8 8 12.9 16 14.6 33 

Other Complicating 3 6.2 5 8.1 6 5.4 14 Factors 

TOTAL .,a 10(.0 62 100.0 110 100.0 220 
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18.2 
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Table Ko. 11 re)resents types of injuries which, directly or 

because of infection or oth0r post-traumatic complications, resulted 

in enuolea.tion of thJ eye. The majority of' eyes enucleated because 

of traumatic injurie, and sustained perforating injuries show a very 

marked increase in f 1mber in recent years. The answer to this is 

that progressing mechanizat:ton of our life is not followed by in 

creased security dev.ses or safety education of the general popu 

lation. The same ca1� b e  said in cases of contusion and chemical 

injuries which also ihow a n:arked increase of incidence. Surgical 

perforation of the e:'eglobe shows increased safety and is easily 

reflected in figures as therapeutic agents advanced with the use of 

sul fonai--:nide s. 

Reasons for enudeatior are sunnnarized in Table lJo. 12, where 

secondary glaucoma, cue to trai.;ur.a., post-trauma.tic infection or 

postinflammatory changes, produce increased intra.ocular pressure, 

showing interesting chanres in the different periods. Presulfo and 

sulfo periods have a.most identical numbers; the 8-"lltibiotic period 

shows a marked declir e indicating that ini'lammation due to infection 

in some cases i'ffl.s poc sible to control. 

An entirely different picture represents itself in the pattern 

of numerals where thE e:5,e was removed because injury was too great 

or too v iolent and tr e eye was impossible to save and was taken 

out immediately or a short t'.me after trauma occurred indicating the 

same as in Table 11, that more and more accidents occvr as 

mechanization advances. 
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'.'AELE NO. 13 

PA'l.'FOLOGICAL FI iDIHGS ::r,; TfIE EYES ENUCLEATED BECAUSE OF

TRAUMATIC INJ JRIES 0•' POST-TRA1JMA'fIC COliPLI CATIONS

19�9-
% 

1938-
% 

1946-
"l Total I � 

19:\7 1945 1955 /0 

Perforation o:f'
l' 35.• 33 53.2 75 68.2 115 52.3 

the Cornea 

Perforation of 
12.f 13 20.9 57 51.9 76 34.6 

the Sclera 

Destruction of the 
8. � 1 1 .. 6 4 3.7 9 4 .. l 

B:yeglobe 

Prolapse of the 
12.! 2 3.2 19 17.3 27 12.3 

Iris 

Prolapse of the 
4.i l 1.6 10 9 .. 1 13 5.9 Ciliary Body 

Loss of Entire In-
4.) 3 2.8 5 2.3 

traocular Cataracts

Traumatic Aphakia 6 .. ... 5 7.1 13 11.8 21 9.5 

Prolapse of the
8.7 2 3.2 9 8.2 15 6.8 

Vitreous 

Surgical Aphakia 4.1 4 6.5 3 2.8 9 4.1 

Traumatic 
Iridodialysis 

4 3.7 4 1.8 

'l'rauma.tic Cyclodialys�s l 1.6 3 2 .. 8 4 1.8 

Dislocation of the 
� 4.1 l 1.6 12 10.9 15 6.8 Lens 

Rupture of the ' 2.1 1 .5 Choroid J 

Traumatic Cataract lE 31.3 16 25.7 39 35.5 70 31.8 

Retinal Detachment lE 33.3 11 17. 7 26 23.7 53 24.l

Traumatic Aniridia l 2.1 2 3. 2 4 3.7 7 3.2 

Retained Foreign 
c 16.6 7 11.3 26 23.7 41 18.6 Body 
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TLBLE NO. 13 
( con 1 t.) 

1s::s-1 %
1938-1 

of. 
1946-

o1 
!Total l %19.,7 1945 

/0 1955 ;<> 

Siderosis 14.f 2 3.2 11 10.0 20 9.1 

Intraocule.r 
lL 29.� 8 12.9 24 21.9 46 20.9 Hemorrhage 

Anterior Chamber 
14.EHemorrhage 3 4.9 4 3.7 14 6.4 

Postoperative (after 
Ca.tarect Extraction) l 1.6 1 .9 2 .9 

Expulsive Hemorrage 

Panophtha.lmi tis l, 3"' r, V •'- 10 16.l 16 14.5 42 19.l

Endophthalmitis 19.� 8 12.9 28 25.5 45 20.5 
·--

Acute Ir ido cycli tis 7 9 14.5 4 3.7 17 7.7 

Corneal Ulcer 14. f 5 7.1 l .9 13 5.9 

llypopion 6. � - 1 1.6 4 1.8 

Vitreous Abscess 2.1 2 3.2 2 1.8 5 2.3 

Sympathetic 
3 4.9 3 1.4 

Ophthalmia 

Anterior Sy,neochia e 12.t 12 19.3 6 5.5 24 10.9 

Posterior Synecchiae L 8.7 4 6.5 2 1.,8 10 4.5 

Cyclitio Membrane 4. 2 4 3.7 6 2.7 

Staphyloma. 4. ( 3 4.9 6 5.5 11 5.0 

Phthisis 19.2 8 12.9 16 14.5 33 15 

Ossification L: 8.7 4 6.5 4 3.7 12 5.5 

Calcification 2.1 1 1.6 3 2.8 5 2.3 

A.'llyloid Bodies 2.1 4 3.7 5 2.3 

Cholesterol Crystols 1 2.1 2 1.8 ,;: l.4u 

Secondary Glaucoma h 29.2 25 40.3 26 23.7 66 29.5 
Bullous :i{eratopathy " 6.3 3 1.4 
Endothelial Dystrophy 1 1.6 1 .5 
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TRAUMATIC DESTRUCTION OF THE EYEGLOBE 

82a 

Fig. 32 

Case No. 531. Male, 
Dynamite blast inJury, 
Enucleation this same 
day. 1949. 
Fig. 32 speaks for 
itself showing degree 
of destruction. Mas
sive hemorrhage 
filled the vitreous 
and all tissues were

edematous. It is 
remarkable that this 
eye was enucleated 
just a few hours 
after accident. 
Polymorphonuclear 
cells were found 

throughout all tissues in 
a great nµmber (Fig. 32A). 

Fig. 32A 

Fig. 33 



TRAUMATIC PERFORATION, INTRAOCULAR FOREIGN BODY, 

PANOPHTHALMITIS, VITREOUS ABSCESS 

Case No. 473. Male, 46 years old. While pulling a nail, a piece 
of it penetrated the eyeglobe. One month later, enucleation, 1950. 
Section does not show the side of penetration. Foreign body 
found, size 3x4x2 mm. KP 1 s on the posterior surface of the 
cornea. Filtation angle and Schlemm's canal are packed with 
lymphocytes and plasma cells. Extensive posterior synecchiae and 
organized membrane (Fig. 33A). Cataractous lens in subcapsular 

Fig. 33B 

(Con 't) 
cells, a 
few lymph
ocytes and 
red cells. 
Uveal 
tract shows 
ineipient 
siderosis. 

82b 

area is invaded by 
polymorphonuclear 
cells 
(Fig. 33B). Ciliary 
body 
is detached and 
disorganized. 
Vitreous is dis
organized and 
there is formed 
vitreous abscess 
with predominantly 
po lymorphonuclear. 

Fig. 33A 



TABLE NO. 13 
{con •t.) 

Retained Foreign Bodies 
I -Ferrum (34). II -Cuprum (l), III -Brass (l). IV -Plant origin (2), 

V -Gravel (1). VI -BB Pellet (2). e.nd VII -Button Fragment (1). 

Phthisis which follows traumatic injury can not be evaluated 

according to the pattern ot the three periods within the past twenty

five years because this condition, in many cases. was tolerated by 

the patient for many years be.fore such an eye was removed. 

Table No. 13 represents all the miorosoopic findings summarized 

and computed for each separ�te lesion found in the removed trauma

tized eye. The first group shows the degree of injury. Looking 

through the figures and oomp&ir ing them for each period we see a 

very marked increase of more serious and extensive lesions in the 

last period and this presents the same answer as before. that in 

recent years we have more violent forces injuring the eye. 

The second group represents the inflammatory lesions associated 

with trauma and our interest lies in demonstrating our progress. 

In spite of more extensive injuries in the reeent years we 

see that purulent infection o.f the whole eye, panophthalmitis, shows 

a definite decline as new, more specific drugs are advanced. 

In the presulfo period, 33.3% of the enuoleated eyes, because 

of trauma. showed purulent infection meaning that microorganisms 

invaded the eye and this infection was not controlled. In the 

sulfo period the number decreased to 16.1% end finally in the 

antibiotics period. reached as low as l�.5%, in:spite of more ex

tensive lesions as 1,18,S demonstrated above. 
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A reversed picture is pr•sented in the case of endophthalmitis. 

This inflammatory process is not known as well as it should be, but 

it seems that when baoterial invasion is controlled, tissue reaction 

and advancing changes are carried further. as sterile, acute, sub

acute or chronic inflammation, which u•ally changes the physiology 

of the eye to such an extent that in this case the eye ends with 

secondary glaucoma or phthisis. If the eye beo&111e: badly infected 

in the presulfo periocl it was enucleated as is shown in the group 

of panophthabnitis. Iow the bacterial infection is more frequently 

controlled and such an eye has more cha.nee to develop endophthalmitis, 

secondary glaucoma. or phthisis • 

.Anterior segments and corneal lesions due to microorganiams 

were very effectively eradicated by new drugs as is apparent from 

the figures in this table. 

The vitreous abscess does not give any conclusive evidence, 

but it is well known from clinical experience, that bacterial inva

sion into the vitreous is usual.1¥ disasterous to the affected eye 

because no antibiotic can adequate!)' concentrate it that would bac

teriooidal, and the Titreous represents itself as a very good oult� 

media. 

The third group in thi■ table summarizes the postintlammAt�ry 

changes in the traUI'IU!ltized eye. All these changes ere expected in 

any eye which has had any inflammatory process. Secondary glaucoma 

was covered in a previous chapter and the phthis will be discuss 

later. 
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In closing this ehapter it i� clear that many eyes whioh became 

infected were saved. Entophthalmitia requires more studies, expec

ially in regard to tissue reaotions of sensitizing agents and their 

prevention. Advancing mechanized life should also be followed by 

increasing perfection or protective measures and safety education 

of the whole population. 
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CHAPTD VII 

CORDA!, LESIONS 



:Before eulfoDNlidee &nd antibiotics, corneal ulcers were one 

of the most difticul t 1.nflalaator.r leaiona of the eye to cope with. 

Corneal ulcera are ot great nriet7 and their presentin,; pathological 

and clinical picture 1• different in each caee. :Baaica.117, troa the 

clinical standpoint the7 ca.n be divided into marginal, central, 

aerpiglnoue and ring abeceea of the cornea. 

Marginal. ulcera uauall7 are caused by mlcrococeua and Kocb

Week1 s bacillua which is an epithelial para.Bite and 1B eeen under 

the microacope ae a llinute gain negative elender rod. Thia lcind. of 

ulcer starts at the llll!Lrg1n in the corneal epithelium or under the 

epithel1'11l, inUiallJ forming a emall abecesa. It baa no tenden07 

to apread to the center of the cornea. Recurrence• in thia particu

lar tn,e of lll.cer la common. !his leeion under a 111.croecope show• 

predominantl,- pol,morphozmclear cell infiltration and the deetra.ction 

of epithelium and atroma beneath. When macrophages reach the 1 eaion, 

repair is accomplished by ■car fonaation and Y&■eo.lar inn■ion. fro• 

the li:mba.e. 

Central corneal ulcers are more aerioue becauae the opacities 

left atter healing usualJ.T interfer1 with normal Tiaion. l'wlgu 

and ml tiple p7opnic lllicroorganisae '118¥ procluce auch a lea ion.. !he 

most common organiams are: beta heaol,tic streptococcnia. klebliella 

pnew10niae, Friedaender• s bacillus, p7oey-aneua • diplobacill111 de 

Petit, and neiaaeria gonorrheae9 '?his type of ulcer tend.a to pene

trate deep into the cornea; 1t underainea and forme an abaceae and

occaaionall.r reaults 1n perteration. Pol,morphonuclear cell• are 
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Fig. J4 

Case No. 373. Male, 82 years old. Thie ere was trauma
tized b1 a calf's horn. Corneal ulcer with perforation. 
Enucleation in 19 5. Cornea perforated in the center and 
the defect is closed with young organized fibrous tissue 
mixed with many p l7morphonuclear leucoc1tee; this same 
cellular infiltra ion is seen in the remaining cornea. The 
anterior chamber is shallow and filled with pu.rulent 
exudate which e2:t nds behind the cataractous lene. These 
same cellular morpholog,y, polymorphonuclear leucocytes, 
are found in great numbers throughout the iris, ciliary 
body, retina, ehoroid and even the optic nerve. Necrotic 
changes are found throughout all inner eye structures. 
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PERFORATING CORNEAL ULCER 

Fig. 35 

Case No. 670. Ma.le, 70 years old. History of rheumatoid 
arthritis of 20 years duration and keratitis sicca for four 
years. Recurrent corneal ulcer which responded well to 
antibiotic therapy. During the last episode of corneal 
ulcer, patient did not consult peysician for one month at 
which time diagnosis of ulcer ante perforationem was made. 
Enucleation in 1954. 

Microscopic - The central area of the cornea shows com 
plete necrosis filled with polymorphonuclear leucoeytes 
and iris pigment. The anterior chamber is completely 
obliterated and extensive posterior synecchiae are pre
sent. The anterior surface of the iris also shows 
polymorphonuclear cell infiltration. The remaining 
cornealepithelium shows marked keratinization. 
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abundant in this leaton and partlclpatlon in the lnflamator,r proceH 

la a een ln the irle and cillal'7 boq. Sterile cell aceumlation ln 

the anterior chamber 1e common. Mlcroorgani•• for iclentificatlon 

are found in the perlpherr of the ulcer. In caee of perforation. 

panophthalaitis aq follow or if healing of the perforated ulcer take• 

place when the perforation ls sealed b7 prolapaed. lrte. corneal 

etapqloaa la the reault. 

Aaperglllu nigrua corneal uloe11-we laye one apeclmen of ach

a leeion-ie equally 1�-n.aiTe and perforation le colllllon. 

:Ring abecees 1• oauaed b,r py-ogclc microorganlau of high 

Tirulence. A characteristic aicroecopic picture la tba t of complete 

necroaia of the deep lqera in the center of the cornea with leas 

lealon1 in the auperticial la7ers. MaHlTe lnflltraUon. b1 pol.r

morphonuclear cell• la uauall7 seen thro"Clghout all the la,rere of the 

cornea. Ueual.17, endothellua and epithellua la gone, but Bowman'•

and Desceaet • • aembranes are intact except for the small opening of 

perforation. This la most deatru.ctive of the leat ons of the cornea 

and yery often renl ta in the turther spread of lnf ection after 

perforation. 

Corneal ulcer yery aeld.om akrh with intact epithelium mt

the most minute dlaruption of epithelial continnit.r ma.r eerve as the 

port of entrance for pathogctc 11lcroorgania11a. 

We baYe 60 epeciaena ln our collected aerie• which demonatrate 

acti Te or healed corneal leaiona, llllld.ng 12 .5'1, of the cases of enucle

ated eyes. 
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Perforated corn~al ulcer takes first place with all poBsible 

complications which nay be essocia.ted or follow the perforation. 

From these are :panop} th91mitis; endophth.a.lmitis. anterior uveitis, 

anc! oth£-rs like. ante1ior stephyloma,, synecchia.e, cyclitic membrane, 

etc. 

Tables No. lL~ ar d 15 represent ver:, well how such lesions were 

influenced by sulfonEmides anti. antibiotics with 22.4% before the 

rnlfonamide period, J 8 .J% during the time sulfonamides were avail

able and. just 4. ?% o:i all en:icleated eyes during the time that anti

biotics started to b£ ueed. Secondary co:nplications also show a 

definite decline. 

TA.BLE NO. 14 

CCBJUJAL LES IONS 

::::: 

Perforaten Corneal tn cer 
Corneal Ulcer A.~te Ptrforationem 
Active Corneal m.cer 
Perfore,ted Corneal U: cer He.?led 
Previ ously 

Tra.choinfl, with Ulceret ion 
Complicated Dendriti, Ulcer 
Ring Abrcess; of the ( ornea 
Healed Nonperfora.ter:. Cornea.1 Ulcer 
Corneal Ulcer fue to Af.i-;;.sergi Bue J716"l"'tls 
Deep Active Kerotiti, 

TOTAL 

Total eyes em.1cleated. 
ir pll'rcent 

88 

1929-!1938-f1946-1 Total 
1937 11945 jl955 I 

8 
4 
2 

2 

l 

2 

6 

24 

7 
4 
3 

5 
l 
l 
l , ... 

1 

24 

J 
1 
2 

2 

l 

l 
l 

11 

107 131 231 
22.4 18.,3 4.7 

18 
9 
7 

9 

3 
1 
1 
4 
l 
7 

60 

469 
12.5 



'.:'ABLE NO. 15 
PATHOLOGY MUND ASSOCIATED WITH CORNEAL LESION'S 

11929- 1938- 1946= Tota.l 
,1937 11945 19.55 

Panophth~lmi tis 7 2 2 11 

Endoph thalm1 tis 1 "l 
.) l 5 

Acute Anterior Uveiti i ? ? 4 18 
Subacute AntArior tJve iUs 2 1 '1 ., 

Chromic Anterior Uvei~is 1 J 4 

Cyclitic M~mbrane. l 1 

Secondary Ce,tara.ct 2 2 1 5 
Pos terio:r Syrrncchit1e, ,, 

1 l 4 ,~ 

Anterior Periphf."•rsl S mecehine 4 l 1 6 

Anterior Stapbyloma 2 1 :3 
Secondary Olm:tcomEt, 6 6 2 14 

Phthisis 2 1 J 

Prolapse of the Irit 2 3 2 7 

Reti!'..al Dete.chment l l 

Intraocular Remorr~ag~ 1 2 1 4 

Foreign Boey in the, C>rnea 1 1 
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CHAPTD VIII 

PRTHISIS :BUL!US OCULI 



Phthiai■ bulbu.■ oml1 le under■tood in patholoc, as ahra.nken 

qegl.obe. !he phthl■ic qe uaul.lJ doea not prodllc• UT a,mptoaa 

for a long period. ot tiae bu.t after IBJ2I' rear■ become• more and more 

irritable u.d final.17 so paintu.l that enucleatlon becoaea necesaar7. 

Thia final ■tage 1a called phthiai■ doloroaa (2?: 363). 

!he process of sbrink:lng is initiated bJ perforating inJuri,es,

retianed f oreigri botiee, recarrent infiamaation which can be end� 

genoua or emgenoue, and contueion ( eee Table Bo. 16). 

The dnelopaen, of shrinkage of the e1e 1 a ba■ed. upon progreaai ve 

pathologic chances going on pr1.Jlar11J in the ciliar, boa., Bild the 

Yitreoue. Dieorpnlzation b1 trauma of an, kind fails to prodllce 

an adequate amount of 1ntraoe11lar tlu.ide and the e,e become■ ■oft. 

B:ighl.7 vulnerable vitreous, for this rea■on, undergoe■ progressive 

atroph.Y ueuall,r d.ue to contracture of the ■car ttane which forms 

in the eye aa an attempt of repair_after mechanical or infiammator, 

tra:ama. Decr•eing intraoaal.ar preaau.re and acarificaUon up■eta 

the vaaClllar a.,atem which ia going into obliterative changea. fhe 

retina is ptl.lecl off by scar t1ane and hJaline-11lce material acCllm

ulates beneath and ,arallel to it; qal1ne degenera,1on atarta in 

the choroid and fl:ir\lier calc1f1catlon and oaa1ficat1on tabs place. 

Anal,Ysia of the epeclmeu ■hova that 46 emcl•ted phth181c 

eyes occur out of a total of "69 mak1nc 9 .8�� !he preaul.to period 

■how• 11.1i of the iotal n1111ber of e7ea ezmcleated; in the sul.fo

period, 8.,.�; and in the antibi otlc perio4, 9 • .5�. Tbeee figvee, 

ae ,he7 are, are tnconclueive for a atatement about ,herapeutio 
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TABLE NO. 16 

PHTRISIS WTIATJ:D BY J'OLLOWING 

CONDITIO!TS AND THEIR COMPLICATIONS 

ll929-ll9)8-ll946-I 1937 1945 195, 
Total

Surgical Perforation 2 2 
Perforating lnjurJ' 4 3 14 
Perforating In.Jur.y i th Retained 

1 1 4 6 lore1gn Bod7 
Perforation of the Corneal Ulcer 2 1 
Recurrent •dophtballlitis 2 1 
Chemical :Burn Perfoation 1 l 
Jlndogenous Panophthalmitis 2 2 
Contusion 2 2 4 

TOTAL 1) 11 22 46 

Total ll7es Jnucleated 107 1)1 2)1 469 
Phthisic -••in� 11.1 8.4 9.5 9.8 

progreea, but vhen we look closer into other :tiaues (Table No. 16) 

we see that in apite of a •rked increaae 01 traumatio injuries, 

the number of phthiaic e7ea is relat1Telf smaller and there is a 

definite decrease of corneal 1.nflaamatoq leaiona rellUl.ting 1n 

phth1■1s. Surgical perforations were also expoeed to more danger• 

because of the iabUity to control infection befoN ohemotherapmtica 

and antibiotic• app•red. Jlndogenoua endophthalmit11, it appeara, 

has not been. influenced b1 �erapatlc progreae. 

The whole picture of this diseuaeion preaente the conclusion 

that in spite of an increa■tng mmber ot traumatic cases,- rela�inly 

fewer eyes reach a deetru.cth·e form of phthiais blllbu.a ocali c!D.e 

to progressing therapea.tic factors. 
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ENDOGENOUS IRilXlOYOLITIS 
(Endophthalmitis) 

Str.BSEQ,UENT ATROPHY OF THE GLOBE 

Fig. 37 

Case No. 655. Female. 3? years old. Rheul!l8.toid arthritis 
of ten years duration. E1e gradually lost vision 
associated with pain and redness. Enucleation in 195u. 

Cornea vascu.larized and scarified in the level of Bowman's 
membrane. Anterior chamber practically completely 
obliterated by anterior synecchiae. Iris and ciliary body 
are displaced anteriorly and show marked disorganization 
and infiltration by lymphoc tee. Lens shows cataractous 
changes. Anterior segment of the choroid aleo shows some 
leucocytic infiltration. Retina shows mrked atrophy and 
most of the vessels are occluded. 
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PHTHI SIS AF'l'ER CHEMICAL TRAUMA. 

Case No. 625. 
enucleation. 

Male, 67 years of age. Lime burn 47 yea.rs prior to 
For pa. t two years eye became irritable and finally 

TBA MATIC 

Fig • .39 

Case No • .3JB. Female: 
76 years old. Trau
matic detachment of 
retina, 36 yrs. 
Painful eye for p:ist 
3 mos. Previously 
soft eye became ha d. 

Cornea 1s thickened 
and vascularized. AC 
is filled with 
organized emdate 
which contains ne 

painful. Enucleation - 1953. 

Phthisic eye, cornea thickened  
and vascularized. Inner 
structures of the eye are 
grossly and microscopically 
disorganized and infiltrated 
by·plasma cells, various 
m a  turi ty fibroblasts and 
few lymphocytes. Few areas of 
recent hemor rhages. 
Bone formation is advanced. 

Fig. 38 

TACF...MENT FOLLOWED BY PHTHISIS 

vessels, lymphocyte, 
& plasma cells. 
Postinfle.mmatory 
Pupilery membrane 
fuses with cycliticm embrane enclosing cataractous lens. Retina 
detached and mostly replaced by glial tissue. Subretinal and sub
choroidal hemorrhages of recent origin. Choroid is fibrosed and 
shows plasma cell and lymp ocytic infiltration. Bone formation is 
present in and along the deg nerated choroid. 
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SIDEROSIS AND PHTHISIS BULBUS OCO'LI

Fig. 40 

Case No. 513. Male, 44 
years old. Was hit in 

· the eye by something
while hs111mering on a
sickle bar. 2 days
later first unsuccess
ful attempt to remove
foreign body which wa
located in the eye &
measuring lxlxl mm.
5 a.aye aft er t reuma,
one fragment was re
moved. 2 days later
x-ray showed residual
fragment; by that time
severe panophthalmitls
developed. 3 months
after trauma.,phthisis, no LP, painful, enucleation in 1949. (Fig. 40). 
Enucleated eye measured 19 mm. AP diameter, 17 mm. vertically and
15 mm. horizontally. Perforation injury at the limbus, down growth of 
corneal epithelium, marked infiltration by lymphocytes. Cornea highly 
vascu.larized. Foreign body particles demonstrated in ciliary body 
(Fig. 40A), ferr us discoloration - siderosis prominant in epithel ium 
of oiliary body, iris and anterior chamber angle. Remnant lens capsule 
is folde and enclosed into cyclitic membrane which is adherent to 
disorgani ed detached retina. Lymphocytes are numerous
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throughout al 1 
structures except 
sclera. There is 
atrophy of the 
nerve. General
ized endophthal 
mitis. 

Fig. 40A 



TOXOPLAS OSIS - PHTHISIS 

Fig. 41 

Case No. 404. Female, a e 13. At age of three months 
noted that affected eye as turning in, and eye appeared 
to be smaller. At age 13 sharp pain in this eye for 
two weeks. No light perception, 1/3 of normal size, 
cornea scarified. Anterior periferal synecchiae, pupil 
very small. Roetgen reveals multiple areas of calcifi
cation in the cranial cavity. Enucleation in 1946. 

Anterior-posterior measurenent of the eye 17 mm. 
Extensive anterior synecchiae. Fiorosis of iris end 
ciliary body. Dislocated cataractous lens in the vitreous. 
Retina disorganized with very marked gliosis. Early bone 
formation between retina and choroid. Marked irregular 
pigment proliferation of the r etinal pigment. 
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CHAPTD IX 

roMOBS OJ' TBJl :nE 



Malignant melanoma of ,he uveal tract talcaa first place. in 

our &election. aaong tmlors :tound 1n enuclea,ed. e7e■• 

Malignant melano•• &ri■e froa Schwalm cell. atromal aelano

blaet or nevus cell. !en1p melanoma have the aame origin (29: 221). 

Benign melan01118. JDA7 also becoae malignant apontaneoual71 1rr1 i&ted 

by an in:tlaamator1 proceaa or ,rauma. A preclomimmt theory exiata 

that all maliga&ZLt aelanomaa ban their ■tart ln pre-ai■Ung benign 

aelano• (291 223). 

Malignant melanomas are clae■ified on the baai■ of the cell iJPe. 

pigment, and ararop¥,c fiber content (17: 399). Spin41.e A la the 

most malignant t1P•• It baa a. apinclle ■haped cell and a narrow nncleua 

with an ill-defined zm.eleolu■• Second ln malignanc1 la lp1nclle l3 which 

la di■tinguiahable froa TJPe A b7 a more o..-al. miclea.■ and a well defined 

nucleolus. .-fh.lt'd.•. in aaligD&llC1' ia the� so-called taacicullar tn,e 

in which cell1 are arranged in a faacicullar pattern. '?he epithelold 

t7Pe ia next ha'V'i.n« a large round cell. T&J7ing in size, wi,h ac1do

ph111c homogeneous c7toplaam n.uclei. aomeUmes more than one, and a 

well defined nucleoli. The laat �n>e 1■ a so-called Jlized \J'J)e which 

ma, have two or more of the above &•scribed trpea of cell■• Millignanc7 

of th1e laat t7Pe can T&r'T grea.tl7 depending on 1 h atra.cwral. ba■ia . 

A.a there la no known dro.g '\o deetro7 thie mlignant lesion. 

early recopiUon and 1111l"gical intervent ion 1• eeeential. .U the 

preaaet time, nation-ride eu,1atice ahow that about 1� ot the 

patient& die v!.thln one Teat' atter enucleatton ot the e1e v!.th malig

nant melanom, and tiff-fear -.rvifl.l doea not exceed � (17, 388). 
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The tWAOr next in frequency is reUnoblaatoma. This aalignant 

tumor ia found in the e.,ee of children with an ayerage age being two 

7ears old.. Beeee (29: 67) r91M>rta from hia seriea that the T011J1&Nt 

patient who lad retlnoblastoa waa one month old and the oldest, 11 

years old. Werhoeff reporta one case, 48 rear• of age, haying tru.e 

retlnoblaatoma ()0: 643). 

It 1• falrl7 well proven that reUn.oblaato11a baa bered1tar1 

tendenciee but a great nulli, er of eporadio cases were obsened where 

the faally history was apparentl,1 negative. 

Retinobiaatoma ueuallJ baa a multiple origl.n and arlae1 from 

either external or internal nllClear la.,era of the reUna, and also 

hae a tendenq to appear in both of the eyea of a patient. Mioro

acopically, thie tuaor 18 claasified 1n two typea: one is •de up 

of undifferentiated retinoblaat and the e\her of a apongioblastic 

series torminc eo-called tme roaettee. Paeudoroaettea are diaUncaiehed 

fro• tme roaettes bf the var the cells are arranged; p19'1doroeette ia 

the condition where eel.le surround a nall T&sm.l.ar channel, while 

true rosettes do not bl.Te the veaaels in the middle • 

Retinoblaatoma of the paeo.doroeette tne grow■ faster and more 

commonl7 undergoes necrosia in the pa.rte :ta.rther from the vaaa11lar 

channel. Tme roaette reUno,laatoma is a slower groving t,pe. 

Retinoblaatoma in the firat etage grove by direct extenaion 

but later, tumor cell■ break off from the surface of the masa and-, 

implant an,where in tha e.,e that �-•1 be.Ye aufficient mtr1'1on to 
• 

eunlYe and ml tiply on. The most common aitea of au.ch tran■ferred 
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MALIGNANT MELANOMA OF THE CHOROID 

Fig. 4.2 

Case No. 661. 
Male, 65 years of 
age. Four years 
prior the enucle
ation, a failing 
vision was noted in 
this eye. Seen by 
ophthalmologist 
just shortly before 
enucleation. At 
that time he had 
questionable light 
perception. 
Translumination 
indicated large 
intraocular mass. 
Ophthalmoscopically; 

mass seen protruding into h�lf of vitreous. Tension 14 mm. Hg. 
Enucleation in 1953. ig. 42 represents size and location of the tumor 
which occupies temporal half of the globe and has ped!enucleated dome 
on top, extends from ciliary body almost up to optic nerve; retinal 
detachment is present behind the tumor. Tumor is heavily pigmented 
and cellular pattern is fascioular of spindle type_cells. Fig. 42B 
represents sections where tumor is invading along blood vessel 
ohanel through the sclera. 

Prognosis in this 
case is poor. 

Fig. 42B 
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Fig. 43 

Case No. 599. 

No clinical 
history with 
the specimen. 
Enucleation in 

1951. 

MALIGNANT MELANOMA OF THE CHOROID 

Fig. 43 repre
sents gross 
view of the 
eye with the 
tumor a.rising 
from posterior 

tempOral side of the choroid, which appears to be ped enucleated. 
Tumor is very heavily pigmented and highly vascular. Retina is 
completely detached and sp�ce is replaced by fluid with high 
protein content. Side of invasion into sclera can be seen in 
Fig. 43A. 
Prognosis: poor. 

Fig. 43A 
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MALIGN.Al T MELANOMA OF THE CILIARY BODY 

Fig. 45 

Case No. 387. Female, age 63 years. Patient noted failing vision 
two months before enuoleation. Examination revealed bulging of 
the iris at the root. Goniosoope showed brownish mass covered 
with small vessels be�ind the iris. Enucleation in 1946. 

Figure 45 represents che gross picture and location of the tumor. 
Anterior cpamber angle is invaded by tumor. AC contains moderate 
amount of loose pigment particles. Fig. 45A represents origin of 
the tumor which is highly vascular. 

Fig. 45A 
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Fig. 47 

Case No. 402.

Noclinical 
history known. 
Enucle.ation in 
1946. 

BOV'lEN I S DISEASE 

Fig. 46 

Case No. 169. Male, 68

years old. Injury of 
the cornea one year 
prior the enucleation. 
One month after 
trauma growth on the 
cornea was noted. 
Diminishing vision 
since trauma. Vision 
at the time of 
enucleation -light 
perception. 
Enucleation m 1934. 

Fig. 46, 47, and 47A represent intraepithelial epithelioma of the 
cornea or known also as Bowen's disease. Pictures represent just 
part of the corneae. This neoplasm is considered as premalignant 
lesion which may becoree frank squamous cell carcinoma and charac
terized by pleomorphism, loss of basal polarity, inflammatory 
reaction in stroma (Fig. 47), disappearance of basement membrane, 
vacuolated cells with hypercromic nuclei and cells with multiple 
nuclei. In both oases, neopl sm has destroyed Bowman's membrane, 
clearly seen in Fig. 47A. (p. 93e) 
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Fig. 48 

Ce.se No. 466. 
Ma.le, 70 years 
old, gradual loss 
of vision of one 
year. Vision 
20/160, elipti
ce.1 mass in the 
iris between 9 
and 11 o'clock. 
Cate.ractous lens. 
Surgically broad 
biopsy of the 
iris ttiken and 
cataract extrac
tion done. Path
ologic report 
-malignant me la
noma, immediate 
enucleation of 
the eye - 1946. 

MALIGNANT MELANOMA OF THE IRIS 

Fig. 
47A 

Figure 48 represents gross view of the eye 
tum.or being extended into ciliary body but no 
invasion into the sclere.. Tumor is lightly 
pigmented and is of spindle subtype B. 
Surgical suction with silk sutures clearly seen 
in Fig. 48A (p. 93:f). Prognosis: favorable. 
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Fig. 49 

Fig. 48A 

RET INOBLASTOMA 

Case No. 514. 
Female two years 
of age. Parents 
noticed hollow 
appearance of the 
globe and took 
her to the phys
ician who referred 
the patient to an 
ophthalmologist. 
Findings: lOD 
elevated retina 
by whitish mass 
with dilated 
vessels. 
Enucleation 
followed; three months later local recurrence in the orbit 
followed. Roentgen therapy foll wed but 6 months later patient's 
general status started to deteriora.te rapidly, multiple subcutaneous 
masses appeared over the side of the face end head. Symptomatic 
treatment started to comfort tho distress. Enucleation - 1951. 
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Fig. 50

Case No. 649. Female, 
2 years 
of age. History 
of eye turning 
in at 3 1/2 mo. 
duration. Oph
thalmoscopic 
examination 
revealed two 
p_inkish-whi te 
areas superior 
and temporal to 
the disc. 
Elevation 5D. 
Examination five days 
later showed increase 
in size of these 
lesions. Enucleation 
in 1953. 

Fig. 50A 

This tumor of childhood 
occasionally observed 
at birth. Can be unil t
eral. Retinal detachment 

(con't.) 

RETINOBLASTOMA 

Fig. 49A 
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RETINOBLASTOMA 
(oon't.) 

tumor itself or intre.ooular hemorrhage usually is observed. 
Fig. 49 - Origin of the tumor near the optic disc, sections 
showed invasion. Tumor itself protruding far into the inner 
of the eye retina is detached. Lamina Vitrea destroyed and mult
iple invasions into the ohoroid. Multiple independent origins 
of other smaller masses o£ tum.or. 
Fig. 50 represents very well, multilocular origin of tumor. 
Fig. 49A and 50A - Cellular pattern of retinoblastoma, true rosettes. 
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implante are: Ohoroidal eurface, iris. c1lia17 bod7 and, occaaionall.Y. 

the filtration angle. When a tumor br•b into the choroid. rapi4 

growth occurs becauae. of the Yer7 rich blood nppl7. Retinoblaeto• 

ha.a one apeoific characteriat1c that haa predilection for the inT&d.inc 

optic nen-e (29: 81), this bein& one of the most important faotore that 

should be remembered in regard to therapeutic evalll&tion. 

Local exteneion of the tumor, if not treated, 1a uaual.17 not 

limited. to the eyeglobe itself. It bran thr011Ch the sclera, 

invades intra.orbital etructuree and orbital bonee, and reaches as 

f'ar aa the brain atructurea. Distant metaataaea are common and the1 

are bloodborn. 

:la.rly diagnoeia and proper therapy ia ••••ntial • !herapy 

u.nally conaista of' ,enuclea.tion and irradiation of the fellow e7e and, 

1n some caaes, a combination of emcleation and irradiation. 

To make a diagnosi• of retiaoblastoma or to ao.apec\ one is not dif

fic:,ilt, but because of the •rl7 age of' the patient, he is brought 

to the pbJreician after the \umor manifests iitelf in the p11pil, or 

distorts the e7e in aize or shape. The usual color of the endopbT-tum 

t7Pe tumor is pinkish with a cream.,- lm.e, with blood Ynsels on 

the w.rf'ace; on rare occasion• it:11181 be white with Yiaible yeesela. 

Appearance help■ to make th e diagnoais. The exoph.Ytum ttpe, which 

1s rarer and starts in outer la7era of the retina, if' the tumor does 

not break through the retina-, preaenta a picture of funnel ebaped 

retinal detachment w ithout an, visible hole in ,he retina. Calcium 

depoeits frequently occur and can be d•onstra,ed by x-rq e:r&lltnation. 
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!hie 1• one teet df'f'l!!r:f'.•"llot �.� in. confil'llinc the dtagnoeie 

'before therapeu.tic intert'enUon.. In ad.Yanced case• of eecondarJ" glaucoma 

fllrther co11plications lead to ba.phthal.aoe. Seconc1arJ" cataract 'lll&T contuse 

the picture 'b7 the firet iapreedoa but COIIJ)lete examination, a good h1eto17 

and knowing the age of the patient will aid in arriving at the correct 

diagnoei■• 

Another malignant tumor worth diecneeing is the mixed tumor of 

the l&crimal gland. The mU:ed tuaor of the lacrimal contains epi thel

ial and meeen�l element• and occaeionally 90me trand tional Uan.e 

which is how this t1111or received euch a name. 

Under the micreecope this tumor appears to be coapoeed of apithel tum 

forming cor48 and al Teoli with some mucous preeent in the luien. Stroma 18 of 

the m.,xomatous trpe occaaionally found with particles of bone or cartilage. 

!he tumor 1e encepnlated mt the capsule baa element■ of the maligmnt 

tumor. Depending on the hietologiaal patten.. mixed tumor■ ma.7 'be more or 

leee malignant.  Tallon ha.nag a well clnelc,ped capsule and more -.rxo•toue 

■tro• are definitely radioreeistant. bore in which epithelial element•

prevail and grow in adenoid c1etic formation U11Jall1' have an ill defined 

capsule, are more mlignant and tend to in•de neighboriag structures 

including the 'bone, and are aoderatel7 radioeenaUiTe. 

A patient vi th euch a tumor ua•ll.7 require■ coaplete orbi tal 

ex:enteration followed b7 irradiaUon and in cases where bone 1• 1n 

To1Ted remo'Y&l ie alao neceeaary. 

'rhe prognosis for the patient vi th a mixed tu.or of the lacrinal 
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TABLE NO. 17 

INTRA.oCULAR AND INTRAORBJTAL TUMORS 

Malignant Melanoma of the Uveal Tract• 
Retinoblastoma•• 
Malignant Melanoma of the L· bus 
Bowen's Disease 
Metastatic Adenocarcinoma in the Uveal 

Tract 
Extrabulbar Intraorbit al Malignant 
Melanoma*** 

Benign Melanoma. of the Uveal Tract 
Benign Epithelioma of the Cilia.ry Body 
Intraocu.lar Neurofibr ma 
Ectopic Intraocular Lacrimal Gland 

Mixed Tumor of the Lacrimal Gland•*** 
Cavernous Hemangioma of the Orbit 
Invasion of Squamous cell Carcinoma 
Into the Orbit 

11929-'1938,t1946- Total 
1937 1945 1955 I 

15 
5 

1 

l 

l 

3 
1 

4 
1 

1 

14 
l 

1 

27 
11 

1 
1 

1 

1 
1 

1 

51 
17 

l 

2 . 

l 

1 

4 
1 
l 
l 

6 
l 

l 

*This includes six cases of malignant melanoma of the iris and 
five cases of t he ciliary body. One ce.se had distant metastases. 

••Includes three r currences. 
•••Origin unknown, o history. 

****Includes one re rrence . 

gland is poor. Local invasion through the bone and into the brain 

is the most common case of eath. 

Intra.epithelial pithelioma, also known as Bowen's disease, 

is not common. This l esion 1s more prevalent among males and can 

be seen in an average age of sixty years. Bowen's disease is com

pletely intraepitheli 1 and under the microscope one can see a 

marked variation int e size and shape of the cells proliferating 

from basal cells. Thi s lesion does not have invasive ehara d;er-



istics but there is a possibi lity of metastases;therapy in this 

condition in surgical , accompli~hed by complete excision of the 

lesion. Irradiation herapy is of no value. 

TABLE NO. 18 

ASSO IATED FINDINGS WITH TUMORS 

Invasion into Adjacent Tissue 
Structures 

Invasion into the Orb t 
Retinal Detachment 
Intraocmle.r Hemorrhag 
Secondary Glaucoma 
Anterior Chamber Hemor rhage 
Anterior Synecchiae 
Bullous Keratopa.th,y 

'1929-'1938-'194~• 
1937 1945 1955 

12 14 19 

4 3 1 
4 4 16 
3 1 2 

? 5 4 
3 l 2 
1 

1 1 

Total 

45 

8 
24 

6 
16 

6 
1 
2 

Malignant tumors of the e.,ye, as we see from Table No. l?, are 

dominated by malignant melanoma, the second place taken by retino

blastoma and the thirl, an extrabulbar intraorbital tumor--mixed 

tumor of the le.crimal gland. For the sake of uniformity, figures 

are divided according to the three periods of therapeutic progress 

even though we have n drugs to cu.re these lesions except surger,1 

and irradiation therapy. 

None of these t ors can be prevented at the present time and 

the physician's most mportant task is early detection of such 

tumors so that perma.n nt cure ma,y be achieved b,- means of surgeey 

or surgery combined th irradiation. 
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Table No. 18 giv s a genera.l idea of when the peysician detects 

these tumors and the f igures do not show very pleasant features. 

The ma.jori ty of the malignant tumors revealed a spread beyond orig

inal structural barriers; large numbers had detached retims, intra

ocular hemorrhe.ges an secondar1 glaucoma. All these signs show 

that the tumor wa.s lar ge en0t1gh to produce secondary glaucoma. or 

hemorrhage because of necrosis or invasion; retinal detachment 

because of bulk sufficient to raise the retina, or accumulation of 

the fluid. Much can e said of the importance of earl1 detection 

but more important is lmowin that such lesions do exist, that they 

are comparatively common,. and the thing to do is to look for them. 
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CRA.Pl'ER X 

SENILE MACULAR DEGENERATION 



Senile macu.lar d generation in one of the ocular conditions 

ca~ed b,r vascular changes of the aged. This particular condition 

is fairly common among older individuals of both sexes . Among 

1,041 patients over s i xty years of age who sought medical. advise 

because of nonpainf"ul failin vision, it was found that 11.24% had 

1enlle macu.lar degeneration (15: 145). Dr. O. C. Anderson (15) 

estimates that if the population over sixty rears of age would be 

taken as a whole, 2.26% would have this condition. 

Senile macula degeneration changes in the f"undus can usually 

be without recognized difficu.lty during ophthalmoscopic examination 

of the ere, especially when using redfree light.• Many different 

tn>es are described and the ophthalmoscopic appears.nee is of a great 

variet,r. 

Drusen is one of the commonest findings; ther are rellowish 

or reddish in color, sharply circumscribed and usually U is dif'

ficul t to distinguish one from another. Drusen are npt pigmented 

and produce visual di sturbances just in the cases where they are in 

the macula itself or very close to it. In case no dru.sen can be 

seen in the me.cula an the o her findings suggest that they should 

appear, usually an emmination using redfree light will reveal not 

onlr already fully developed drusen but also drusen in their early 

formation. Dru.sen, der redfree light, usually appear as light 

flecks and they are e pecially prominent in contrast to other fundus 

structures. Increase pigmentation of very fine distribu.tion is 

• My own experience nd also widely used among European ophthal
mologists. 
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found to be in the ar as bet reen the dru.sen and appear darker than 

the rest of the fund.us where no dru.sen are present. Increased 

amounts of pigm.entation cs.n e seen between the long standing dru.sen. 

Pigm.ent, in such cases is irreg1:1larly dispersed as coarse granules. 

Glial and fibrous prol iferation also takes place. 

It is not necessary to have dru.sen in senile ma011lar degenera

tion. In some cases, only increased irregular pigmentation or 

only scar formation n be seen. In another, forms like hole forma

tion or so-called disciform macular degeneration is a presenting 

picture. 

The wear and tea of thev«fcular bed during a lifetime produces 

changes in the vessel which are characteristic of the aged. These 

changes result in pre tasis. stasis, and finally. in complete occlu

sion of the minute vessels causing anox1a and inade~uate nutrition 

of the areas supplied by these particular vessels. These changes, 

in return, c8llse the egener tion of the structural tissues of the 

e1e visible both grossly and under microscope. 

The elements of t he reti na ta.kes certain patterns, limiting 

the membranes and the Mueller fibers become thicker. Diminution of 

the neuronal elements and gli al proliferation takes place and the 

pigment migrates into these areas . Vacuoles appear between the 

inner nuclear and outer plexiform layers and by coalescence form 

cystoid spaces appeari ng as tunnel in the fiat preparation of the 

retina. The Drusen. amyloid bodies located in the fiber la,-er, 

according to Dr. Weil (16:11 ) are formed after the cells die "by 
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precipitation of int rescellular colloid substance 11 or, "by degener

ation of the axis c linder ". However, some believe (l?: 4?) that 

these drusen result from d generative changes in the glial cells. 

Mucoid material is predominant in these bodies. 

The cystoid degeneration of the macu.la is rare. Complete loss 

of the retinal tiss e is visible microscopically. Two types are 

the most common. One, whi h German medical literature calls Pigment 

Verschieburg, is where irregular areas of pigmentation are interlaced 

with areas of incre sed pigmentation. These changes occur in the 

pigment layer of th retina along with irregular colloid excrscences 

on t:te :Bru.ch1 s membrane. Over the areas of depigmentation, neuro

P-pithelium of the r etina i usually damaged and if these changes 

occu.r in the macul.ar area, vision is greatly impaired. Arterio

sclerotic changes of the v ssels in the form of b,yaline deposit8 

and fibrosis after i s possible to demonstrate. 

The second typ is on of disciform senile macul.ar degeneration. 

The initial :pathology here is also primarily based upon aging vessels 

in the form of weakening vascular walls and at the stage of stasis, 

hemorrhage by diape esis or serous exudation. :Bruch' s membrane breaks 

and an accumulation of serous or serosangu.inous fluid detaches the 

epithelium pigment f the retina. When a sanguinou.s element is pre

dominant in such e date, the resulting organization being massive 

proliferative chang s. Three elements are found in this proliferat

ing tissue. The first is fibroblastic; the second is endothelial, 

derived from damage blood vessels; end the third is glial, originating 
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from rupture of the pigment l ayer of the retina. Irregularly dis

tributed fragments of destroyed epithelium pigment is found in this 

scar which will occasionally roliferate locally. In t his same 

group is the circinate type i n which the pathological process is 

the same except that its maximum changes are in the periphery of 

the involved area. This type and its subtype have disciform con

figuration when seen trough an ophthalmoscope. 

Prognosis in the oase of senile ma.cular degeneration should be 

looked upon from two points of view. One is the lesion itself which 

is not good because if the pat ient is seen with a fully developed 

picture of this condition it must be known that the lesion cannot 

advance much further. The other view is that when the condition is in 

just incipient stage. Many t y to stop the progress of degeneration 

with nicotinic acid, ni cotinic acid in combination with Metrazol, 

or just Potassium Iodi e (KI) . It has not been proven yet that 

these drugs stop the p ogress but no harm is usually done either. 

The patient should be ssured that complete blindness is not possi

ble from this oonditio but no known therapeutic intervention will 

improve the vision. S ecial t elescopic glasses are helpful in some 

cases to aid i n adequat e readi ng vision. 

This chapter is p esented, not because I have seen senile 

macular degeneration i our mi croscopic preparations, but because 

I feel i t necessary, b sed on my past experience while working in 
( 

the eye clinic of our nivers ity where I observed numerous patients 

sent for cataract surge y who did not have cataracts at all. 
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Gradual and painl ss loss of vision has more causes than the 

cataract. One of the most common is senile macular degeneration 

and chronic simple gla~co:ma. It takes little time to inspect the 

fundus, look at the optic disc and macula, dilate the pupil and 

check the whole fundus. Such an examination would preserve the 

physician's good reput tion and the patient would not be impressed 

by false hopes. If a hysician does not look for an intraocular 

lesion, it may be that he doe s not know any better but who is to 

blame. In my opinion i t is t he school he attended to acquire his 

basic knowledge in the art of healing. 
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CHAPTER XI 

SUMMARY 



Gross and microscopic examination of the diseased organs and 

their tissue represent one of the best sou.roes of proof of our 

mistakes or of progres in the art of healing. For this reason, 

this particular source of information was chosen to present the in

fluence of new drugs o diseases of the eye and parallel with this, 

to point out the most isaster ous eye conditions in this state in 

order to bring particul ar attention to them for presentation to 

medical students. 

For the reader ' s ppreciation, the most important events are 

presented from the hist ory of therapeutic and diagnostic progress 

starting as far back a 2250 B.C. up to the years before sulfonamides 

were used as therapeut i c agent s. 

The last 25 years are divided into three periods: 

1. Presulfo period - from 1929 to 1937. 

2. Period of sulfonamides - 1938-1945. 

3. Period. of antibi otics - 1946-1955. 

Treatment of eye conditions before the sulfonamide period was 

based mainly on differ nt compounds of silver, mercury, zinc, tincture 

of iodine and supportive therapy in the form of radiant energy. 

Pilocarpine, Eserine and Mecholyl had then been used for primary 

. glaucoma and are even ow maj or drugs used for this condition. 

Dr. Domagk, in 1932, announced for the first time an effective 

proven sulfonar.~ide. I t took s ix years before drugs of this group 

were put into use int is country, due to misinterpretations regard

ing original work done with early compounds of sulfonamides. 
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As people became interested in improving this drug, their adverse 

effects were rapidly liminated by making new compounds with similar 

bacteriostatic action as the original. Sufonamides were first used 

systemically but powd rs and crystals were soon applied to the surfaces 

and ointments were used for topical installation in the conjunctival 

sac. 

The first observation of the present day antibiotic agents were 

published by Pasteur in 1877 but not until World War II was the new 

useful drug, Penicillin, presented by Fleming. This drug became 

available for civilia population in Nebraska in 1946. New multiple 

antibiotic from many different sources were investigated and the 

suitable ones were released on the market. 

Antibiotic actio is bactericidal if in sufficient concentration 

but in low concentration it is like one of the sulfonamides--bacterio

static. Combinations of two or more antibiotics are useful in many 

instances with the exception of Penicillin and Chloramphenicol be

cause they have an interfering action with each other. Some organ

isms became resistant to antibiotics as was the case with ·sulfonamides. 

When antibiotics were first used, enthusiasm about them was so 

great that sulfonamides were practically forgotten. Today, both 

types of drugs are equally accepted to control certain types or 

groups of microorganisms. Today's most common antibiotics are com

paired in Table No. 3 as to t heir usefulness against the more common 

microorganisms. 

Cortisone and other corticotropic drugs also found their place 
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in ophthalmology. St tes of ~y:pe~stfisit~~~llergy and nonpurulent 

inflammatory lesions re altered by t his type ·of drug. 

Curare and curan like a gents have a limited use in ophthalmology. 

Table No. 4 repr sents t he final diagnosis ma.de by microscopic 

examination which was assumed as the reason for enucleation. From 

469 cases, 39.6% were enucleated because of secondary glaucoma; 

14.5% were irrepairabl e traumatic injuries; 9.8%,ma.lignant melanoma; 

9.8%, phthisic eyes; 4 .3%, r etinoblastoma (recurrences i ncluded.); 

4.7%, corneal uloer, and others in diminishing numbers. 

Inflammation resulting f rom trauma and invasi on by pathogenic 

or endogenous organisms a.re t he major factors in the destructive 

process ?f the eye. I t can be classified into acute, subacute or 

chronic cellular morphology. 

Hypersensitivity and al l ergic states also play a major role in 

oouler pathology and as yet i s not verywell understood. Hypersensi-

tivity reaction can induced by any foreign protein or by inorganic 

chemicals which may f orm, in the body, new components with proteins 

of the host already pr esent which then become foreign to this organism. 

Each structural part of the eye reacts differently to trauma. 

Corneal epithelium regenerates very rapidly, Bowman's membrane always 

heals by forming an ·opaque scar, Descement's membrane, by a scar 

which has a tendency t o clear or become vascularized. Very extensive 

lens injuries result i n cataract formation; injuries of the retina, 

by glial proliferatio and new uscula.rization. 

Secondary glaucoma has very multiple initiating factors but 
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the most common is inflammation which can be caused by many factors. 

The most common are tr umatic, exogenous and endogenous inflammation. 

Postinflammatory and post-traumatic changes upset the nonnal physi

ology of the eye and ocular pressure increases. Massive hemorrhages 

accompany trauma and act as a space occupying substance, blocking 

the filtration angle o forming secondary membranes. Intraocular 

hemorrhages may also occur in the senium because of arteriosclerosis 

or in diabetes mellitu where typical changes predispose the vascular 

tree to occlusion and ew vascularization in the retina and iris. 

Siderosis, tumors and di splacement of the lens may upset the 

physiology of the eye a.using intraocular pressure to increase. 

The second most c nmion cause for enucleation is traumatic 

injury. They play a major part in producing secondary glaucoma, and 

also often force thee e to be enucleated because of extensive des

truction. If the eye ~eals and does not develop secondary glaucoma 

it may go into the deg nerative process known as phthisis. From 

469 specimens, 220 or 46.~%, microscopically showed signs of trau

matic injury. Eighty-woof t hem, or 37.6%, ended with uncontrolled 

secondary glaucoma; 33, or 15% became phthisic; and 91, or 41.7%, 

were enucleated immedi tely or within a short time because of extensive 

irrepairable destructi n of t he globe. Most of the traumatic injuries 

occurred because of c elessness or were to children who were per

mitted to handle dange ous tools. 

Corneal inflammat ry lesi ons, very common before 1938, have 

become rare since sulf namides and antibiotics have been put to 

use for this condition. The corneal ulcer is well represented among 
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these specimens with all possible complications, such as, perforation, 

prolapse of the iris, staphyloma, the invasion of microorganisms into 

the inner eye, and pht isis. 

Phthisis bulbus oculi is the final result of a traumatized 

eye if the eye survive extensive traumatic iesion or a massive 

inflammatory process and does not develop uncontrolled secondary 

glaucoma. The primary pathological changes occur in vitreous and 

ciliary bodies; the vit reous shrinks, the ciliary body undergoes a 

degenerative process ad does not produce an adequate amount of 

aqueous causing the ey 

elude degeneration of 

to become hypertonic. Further changes in-

11 structures of the eye and subsequent cal-

cium deposition and os ificat i on. 

Sulfonamides,anti iotics , Cortisone and improved surgical 

technique have markedl altered the picture of ocular pathology. 

Inflammatory lesions de to pathogenic microorganisms are, in most 

instances, controlled s long as such lesions are in the structural 

parts of the eye where these drugs can be administered in adequate 

concentration. Vitreo sand l ens present the most difficult problem. 

Even the most recent dugs are of little value when organisms invade 

these structures becau e of poor concentration in these structures, 

since the already pres nt organisms are then the source of continuous 

focus in the eye. 

Endophthalmitis, hioh i s the i nflannnatory process due to hyper

sensitivity, shows am ked i ncrease, a reverse proportion to purulent 

infections. From the istories of these patients there is definite 

indication that this c ndition develops after the purulent inflam-
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matory process is cont olled--eo ipso this is the pathologic process 

due to a hypersensitivi ty phenomenon to proteins of destroyed organ

isms which left debris behind. 

Secondary glaucom also shows an increase and it is visible 

from computed tables tat more eyes survive acute inflammation or 

physical trauma. Cons quently , because we have learned to destroy 

pathogenic microorgani ms but have not learned to prevent the sec

ondary changes in the ye that follow such lesions, there are more 

damaged eyes available to develop this condition. 

~lignant melanom is the most commonly found tumor of the 

eye with 51 oases. The second in frequency is retinoblastoma with 

17 specimens. 

Malignant melanoma usual l y arises from the choroid and for a 

period of time is confi ned to this space. Retinal detachment was 

found in 24 cases; in sion into adjacent structures such as the 

sclera and retina or penetrati ons of the sclera was found in 45 

cases, secondary glaucoma in 16 cases. 

Retinoblastoma is a childhood tmnor. Its rapid growth and 

local invasion is common. Survival is possible only when far 

reachinh extensions or metastases are not present. 

Medical progress n the group of tumors is reflected in different 

ways which are actually poorly demonstrable but the physician should 

be more alert and detect these -lesions as early as possible. 

Senile macular de enerati on is of importance because of the prog

nostic value to the pat ient . This lesion, I believe, is a result of 

a decreased blood suppl y to the macula because of senile changes of the 

v.ascular tree. 
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CONCLUSION 

Su.lfoMllides and antibiotics have solved many problems . A 

great majority of the microorganisms producing diseases may be 

controlled by these gs . The incidence of developing strains of 

sulfonamide-antibiotic re.sista.nt microorganisms are rare if these 

components are use pr perly. 

Corneal lesions re almost completely healed if , in the stage 

where no major damage has occu.rred, these lesions are caused by 

microorganisms sensiti ve to these drugs . This same can be said for 

similar inflammatory l esions in the other parts of the eye that are 

well suppli@d with blood. T pica.l or systemic use concerns the 

location of the lesio and proper judgement as to which drug should 

be used. The vitreou and 1 ns present a major problem in treatment 

if they become invaded by microorganisms. 

Preventive use of sulfonamides and antibiotics have saved many 

eyes in spite of the f act that we lost many eyes to infection because 

of improper handling. 

Many different nds of traumatic injuries cause the loss of 

eyes and the incidenc shows definite increase in recent years . 

The major post-trauma ic- complication is secondary glaucoma. which 

also shows a marked increase during the periods of sulfone.mides

antibiotice because o invasion of microorganisms being better 

controlled in traumat i zed eyes which then develope a combination of 

post-traumatic and :po tinflammatory changes, upsetting the normal 

physiology of the, an thus it goes into the stage of secondary glau

coma or phthisis. 
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Sterile inflammat ory les ions d.u.e to tiasue sensitization to 

the foreign protein shows a r everse ratio to the purulent lesions 

which are controlled by new dr:u.gs. Investigation in this field is 

desi1'8.ble. 

Malignant melanoma., among our specimens, in many instanc~s 

shows that invasion to adjacent tissues was present. Physicians 

and medical students hould. keep in mind that earlr recognition of 

such a lesion may sav J many l ives. 

Our medical echo ls should present the serious and more common 

lesions of the eye; al so, other common diseases should be presented 

in more detail to impr ess upon the students, who will become general 

practitioners in this state, the sound basic management of such 

conditions. 
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APPENDIX 

This additional appendix is given for those who wi l ry t o .Jro.ke 

the correct diagnosi of inflammatory lesions of the e1e. There 

are a few nggeetion which can be easily carried out i n a moderately 

equipped office oft e general practitioner in this country. 
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BACTERIOLO Y CF THE EYE AND EXTEBN'AL DISEASES 
(Modified rom Frederick H. Theodore, M. D.) 

Cultures: In practical office bacteriology, cultures are generally 
reserved for: 

(1) chro ic conjunctivitis, (2) 'chronic blepha.ritis, 
(;) recu.rr nt chalazia, {4) unusual or resistMt types 
of acute i fections, and (5) corneal ulcers. 

A cottons b moistened with broth is touched to the 
conjunctiva and then i mmediately inoculated upon blood and mannitol 
agar. The lid is cultured separately. 

Staphylococcus "A" (t :rlc) is distinguished from staphylococcus 11B11 

(non-toxic) by: 

(1) pigm nt formation, {2) hemolysis, (J) positive 
coagu.l.ase ~est, (4) fermentation of mannitol, Md 
(5) li~uef ction of gelatine. 

Tests 1, 2, and 4 are easily performed and generally 
suffice. The presence of staphylococcus "A" indicates staphylococcus 
toxoid or vaccine. 

0 TLINE OF SLIDE DIAGNOSIS 
(Mod~fied from Dr . Tcygeson) 

Giemsa stain for epit elial scrapings: 

1. Label slide 1th diamond marking pencil. 
2. Fix in methyl alcohol for 3-5 minutes. 
J. Immerse inc plin jar eontining 40 cc. of dilute Giemsa 

solution (1 drop of Giemsa to 1 cc. of distilled water), 
for 1 hour. (Alternate technique: 1 drop of Giemsa to 
2 cc. of distilled water and stain overnight.) 

4. 'iuickly pass slide through two jars of 95% ethyl alcohol 
and allow o dry . 

Polymorphonuclear emdates occur in: 

1. All bacterial infections of the conjunctiva, except N. 
Catarrhali ... and Diplobaoillus {Morax-Axenfeld) which 
is characterized by much fibrin Md no mucus . 

2. Fnngi-streptothrix. 
'.3. Certain 11 1ntermed1ate 11 viruses: {a) trachoma, (b) inclusion 

conjunctivitis, (c) lymphogranuloma venereum. 

113 



Mononuclear exudates (usually small lymphoc1tes) occur in the 
following virus infe tions: 

(l) epidemic kerato-conjunctivitis, (2) acute follicular con
junctivitis of eal, (3) molluscum conta.giosa conjunctivitis, 
(4) herpes simplex conjunctivitis, and (5) verl"llca vulga.ris 
conjunctivitis. 

Eosinophiles and Bas philes occur in allergic conjunctivitis (usually 
of long standing): 

(1) vernal catarrh, (2) hay-fever conjunctivitis, (3) atropine 
conjunctivitis, and (4) other drug, consmetic, and non-specific 
allergies. 

In pilocarpine and e erine sensitivity and in phlyctenular kerato
conjunctivitis !!.Q. eo inophilia ocrurs. 

Diagnostic findings in trachoma: 

(1) plasma cell in scrapings and emdates, (2) follicular 
expression (easily obt ained): 

(a) lymphoblasts (from germinal center), (b) macrophages 
(Leber cells), and (c) necrotic cells. 

(In non-trachomatous follicles - expressed with difficulty - only 
small lymphocytes ar found.) 

KPratinized epithelium - (cells stain reddish; nuclei are absent or 
degenerated) occur i : 

(1) avita.minosi , (2) exposure due to cicatricial changes or 
radiation, and (J) kerato-conjunctivitis sicca (also shows an 
increase in goblet cells and excessive mucus with absence of 
pus cells). 

Note: Keratinization of epithelium is normal at lid margin, so there 
is no source of material. 

Epithelial inclusion of ocular importance: 

(1) Elementary odies 150-200 millimicra in size. 
(2) The followir.g stain w1 th Giemsa: (a) elementary bodies of 

trachoma (cytoplasmic), (b) inclusion conjunctivitis (cyto
plasmic), and (c) lymphogra.nuloma venereum (cytoplasmic). 

(3) Special stains needed for: (a) herpes simplex (intranuclear), 
(b) herpes zoster (intranuclea.r), and (c) vaccinia (cyto
plasmic). 
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Cocci 

Gram positive: 

(1) 

(2) 
{J) 
(4) 
(5) 

Scattered. r ound, clumps or pairs; never on living epithelial 
cells - S aphylococcus. 

Pairs or sh rt chai ns - Streptococcus. 
Lancer-shap d diplococci (end to end) - Pneumococcus. 
Varying--siz d minut e coccoid orga.insms - Streptothris. 
Large round bodies . varying in size, budding - Yea.st. 

Gram negative: 

(1) Numerous co fee-be n intracellular diplococci, (side to side ) 
found on ! iving pithelial cells - Gonococcus or meningo
coccus. 

(2) Similar mo hology- , not intracellular nor epithelial para
sites. 11 tle pu - N. Catarrhalis. 

Bacilli 

Gram positive: 

(1) Pleomorphic . large , curved; epith. parasite - c. Diphtheriae. 
(2) Similar morphology; not epith. parasite - c. Xerosis. 
(J) Short, fat, clubbed - C. Hoffmann!. 
(4) Branching f rms and filaments - Streptothrix. 

Gram negative: 

(l ) Large diplo acillus , numerous. no pus - Mora.x-axenfeld. 
(2) Always sing e, encapsulated - Friedlander. 
(J) Large rod - Coli. 
(4) Minute cocc bacillus; not epith. parasite - Influenza. 
(5) Minute elen er rod from corneal ulcer - P1ocyaneous. 
(6) ?-Iim1te slen er rod; epith. parasite - loch-weeks. 
(?) Large fusif rm baci llus (pos.) & spirilli {neg.) - Vincent's. 

Common causes of bact erial conjunctivitis: 

Hy:peracute Pu. ent: Gonococcus or meningococcus. 
Acute Catarrhal : Staphylococcus 11A11 , pneumococcus. influenza, 

and streptococcus. 
Subs.cute: Pne o, in uenza. staph. "A", strept., Morax-Axenfeld. 
Chronic: Staph. "A", Morax-Ax:enfeld. · 
Post-o:perative: Staph. 11A11 • (mainly). 
Conjunctivitis r Newb orn: Staph. 11A11 • pneumo., inclusion 

virus . influenza. lacrimal infection, coli, 
strept •• gonococcus. 
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