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CHAPTER I

INTRODUCTION



Vesalius was able to leave a great gift for medical science just
because he had enough courage to disregard old traditions and inves-
tigate disease by doing post mortem exeminations. Our present soi-
entific progress is also based on examinations of the bodies, tissues
of the diseased, of experimental animals and correlation of the
proven pathology, with signs seen prior to death and therapeutie
methods and agents used. Ophthalmology is just a part of the whole
medicine but highly inttegrated with other specialties because so
many pathological conditions and events in the human body leave
characteristic changes in the eye visible during life, and soms can
be found af'ter death. In rewerse, Jjust a few ocular conditions may
leave their signs somswhere else further from intraorbital structures.

Gross and mioros opie examination of the emnucleated eye in
ophthalmology has the seme meaning as autopsy and tissue emamination
in general pathology. Our failures, mistakes, inevitable conditions
and progress in therapeutic methods, surgical as well as pharma-
ceutical, are clearly reflecthed in the specimens which, when seen
by an experienced eye reveal a great deal of information. My past
experience in this paf#ticular field inspired me to look into this
source of information and present gained kmowledge to the general
practitioner of the United States, and particularly Nebraska. I
refer to the most common conditions and failures which cause the
eye to become enucleated; also to point out how mmuch can be gained
by proper recognition of pathology in the doctor's office, proper

administration of therapeutie aid and proper use of today's drugs



which have progressed so much in the past couple of decades.

During the past twenty-five years, in the section of Pathology
of the Department of Dphthalmology, University of Nebraska College
of Medicine, six hundred and seventy pathological specimens have
been accumulated. This great increase in number and veriety is a
sign of expansion even under unsatisfactory conditions and should
be accredited to the head of this particular section of the depart-
ment .

Of the vast majority of the specimens submitted from the
physicians doing ophthalmic surgery all over Nebraska, just a few
of these are specimens of enimals used for some sort of investiga-
tions It should be noted that the majority of the cases subtmitted
to surgery were first seen by general practitioners. There are
numerous occasions whire the gensral practitioner tried at first to
treat the diseased organ end when he baceme lost in the complexity
of developing patholofic proecess, turned it over to the physician
specially trained in ephthalmolegy. There were other cases also
where the destructive injuries were of such a degree and extension
that it wes impossible to save the eye.

The classified list (Table No. I) of pathological specimens
does not reflect the actual pathology found but the final diegnosis
of the conditions that resulted in the eye to be enucleated and
also specimens of ocular adnexa involved by their own particsular
pathology or extended from the eye.

As we see from this simple list, marked by names and numerals,



TABLE NO. I

Lesions of Bulbus Oculi

Secondary glauooms 186
Primery glaucome 27
Congenital gleucona 7
Traumatic perferetion 68
Corneal ulcewe 22
Phthisis 46
Panophthalmitis 11
Sympathetic ophthalmia 5
Acute anterior uveitis 1
Post«operative expulsion hemorrhage 3
Retrolental fibroplasia 1
Toxoplasmosis 1=
Coat's disease 1
Malignant melanoma of the choroid 46
Malignent melanoms of the iris 6
Malignent melanema of the ciliary body B
Metastatic adenocsrcinoma in the uveal tract 1
Retinoblastomea 20%*
Bowen's disease 2
Ectopie lacrimel 1land in the eyeglobe 1
Benign melanoma of the choroid 3
Benign melanome. of the iris 1
Benign melanome of the ciliary bedy 1
Intraoculer neurofibroma 1
Hypertensive retinopathy laxx
Polyarteritis noddsa pEL
Papillary edema 1#%x

* No organism dedonstrated, based upon the elinical histery
and x-ray findings.
**x Recurrences indluded.
*** Autopsy specimens.

we can realize that within the vnast twenty~five years, many eyes
were lost and the majority of them were lost only because we were
not in & position to save them. Looling through this 1list, two
major groups dominate the numbers, one is secondary glaucoma and
the other is malignamt tumors of the eye.

Secondary glauodma is the major result of various complieations



in a diseased eye and partieularly in en inflemed one. Tumors are
prone to arise from the apparently normal tissue, in an unknown
manner, and evsen wit! the recent advances in medicine we are etill
looking for e cure. The same is true in inflametory conditions.
Discovery os new fields in different bramches of science adds to

ouwr knowledge in combatting diseases, but at the same time it brings
new thoughts and questions, br’pad‘ening some Subjects which pre-~

viously appeared so simple.

TABLE NC. 2

Lesions of and from the Ocular Adnexae

Cavernous hemangiomp of the orbit 1
Erythroleukenic infiltratién of the comjunctiva 1
Mixed tumor of the lacrimal gland 6
Metastatic adenocarc¢inoma n the lid 1
Epithelial eyst of fhe con unctiva 2
Granulation tissue 4
Cavernous hemangiom¢ of the 1id 1
Basal cell carcinoms of the lid 5
8quamous cell carcinome of the lid 2
Cutaneous benign parilloma of the lid 6%
Extrabulbar intraortital melignent melanoms 1
Xanthelasma 6
Chalasion 5
Sebaceous cyst of the lid 4

4
One ease of premalignamt &utaheous papilloma.

For a better undefstendipg and realization of the progress made
in medicine, I would like to go through the history of medicine,
touching just the major points, primarily paying attention to the
events important to ophthalmology or directly connected with it.

This will help us to a preciabe things that were discovered and



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

to it when each simple step took hundreds of years.



CHAPTER II

EARLY HISTORY OF THERAPEUTIC PROGRESS



B. C.

2250 ~ Code of Hammurabi (Babylon) describes precisely the fees for
eye treatment and eonsequences in case of unsuccessful treatment.

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

1500 - Ebers Papyrus (question that this dates back as far as 3400 B.(C.)

Dynmasty, gives a fairly definite description of cataract (this one
is incorrect), epiphora, trachoma and its sequellae and treatment
for these conditions.

900 - Coptiec Medical Papyrus has this prescription for the eyes (1).

Armemian Borax 10 Obols
White Lead 2 Obols
Peppér 1 Obol
Ginger 1 Obol
Verdrigis &/3 Obol
Stareh 2 Obols
Salasmoniac 1 Obol

Pound them well, s%rain thirough a fine sieve; apply to the eyes
which are dim end théy will become quite clear.

460 - Hipprocrates Birth - Hlpprocrates describes anatomy of the
eye as being mede from three membranes which were distended by
ocular humors namec aqueous, vitreous and orystalline; describes
optic nerve but does not know its function. His theory for
various conditions consists mostly of restricted diets and hot
foot baths. ®Blepharoxysis” is used for grsnulations on the lids
(Trachoma) end this is done by rubbing the conjunctival surface
of the 1lids with M!lesien Wool and wound on a stick of wood.
(Basically this same treatment for Trachoma survived up to the
Sulfonemide period)

300 = London Papyrus describes what seems to be Trachoma 8&nd remedies
for ingrowing eyeldshes. They include Lizzard's Blood, Bath's Blood,
clipping the laghes or pulling them out until the eyes improve.

A, D.

29 - Celsus' book, "Be Medieina", reveals a somewhat different type
of treatment from that previously used. Ee advocates Collyria of
different kind for each condition kmown to him, (Collyria was a
small bar of medicine dissolved in water or oil just before use);
for mydriosis - putgation, pterygium - surgical excision, docry-
ooystitis - camplefe reseetion of the sac which is followed by
cautery. Trichiasis and distichiasis by burning out the hair



follicles with a hot needle; lagophtholmos by surgery based on
oontracture of the scar tissue, cateract - by couching (actually
dislocating cataraptous lens). He evidently does not understand
what the actual opacity is or where it exists, nor does he under-
stand the-hypermet¥opia produced by displacing the lens.

131-201 - Galen writes "Optics", "Diagnostics of the Eye" and
"Anatomy and Physiélogy of the Eye". He believes that eye coats
are extensions of the train, "Crystalline Body" essential for
vision, hypochymatd (cataracts) are formed between crystalline
humor and the corn¢a; the lens is nourished by the witreous body,
the vitreous body is nomrished by extension from the brain, making
8 thin coat around it, (appsrently retina) and this one is nourished
by & net-like membrane which he calls choroid. ¥ext comes the
sclera-tendinous sheath, which, from the description seems to be
what is now called Temnon's Capsule, (first time described in the
literature) and extension from the periosteum for protection of
the eye, (now Conj$nctiva). He uses the name "Iris", but its
meaning is differemt. This, to our understanding, he calls
"Hragoeides, (grape skin). The cornea, believed by Galen, is
derived from the méningeal sheats of the brain; and the pupil,
is filled with air. In physiology of the vision in his thoughts
are that "Visual Rays” are initiated from the brain, go through
all transparent parts of the eye towards object, then the rays
reflect this same way back and are transmitted by the retina and
the optic nerve back to the brain; but how all this happens is
a mystery to him. Cataract treatment is performed by vigorously
sheking the patient '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 comtracts, according to how the icy humor feels
the need of the light; it contracts when the light is strong, and
dilates in obscurify. The hole is the piupil and the membrane is
the uvea”(5: 676).

960 - Ammar starts "extraction" of the cataract with the needle
entering through the sclera and aspirating liquified lens material.

965-1036 -~ Alhazen is the first who proves that "angle of incidence
is equal to the anfle of reflection, and thet the perpendicular to
the plane of incidénce, the incident ray and the emergent ray, all
lie in this same plane" (8: 578). He is also the first to teach
that "visual rays pass not from the eye to the object, but from
the object to the sye, and that an infinite number of rays are
emitted or reflected, as the case may be, from each and every
point comprised within the surface of that object"™ (5: 578).

1018-1087 - Constantinus Africenus invents the word "Cataracta”.
(Greeks wsed the word "Hypophyma" and Romans, "Suffusio".) He
translates many Arabian Medical books into Latin.



1027 - "Ali Ben Qsa, Er innerungsbuch fur Augen%rzte, aus arabischen
Handschriften ubertzetzt umd erliutert™.

1313 - Alexander de 8pine re-invents convex glasses with frames.

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

1399 - Beginning of 'Acta Facultatis Medicae Vennensis”. May 68th.

1452 - 1519 - Leonardo da Vinci first compared the action of the
eye to the camera obscura.

1462 - Hieronymus Brunschwyek deseribes removal of the magnetie
metallic imbedded foreign body from the eye by means of magnet
or lodestone.

1500 - Berengerio de Capri for the first time describes correctly
conjunctive, proving also that conjunctiva is not an extension of
periosteum.

1504 - Vesalius born. He discovers that removed crystalline lens
act like convex lens.

1517 « Pope Leo X is known to have worn concave lenses for myopia.

1619-= Publiocation of Friesem's "Spiegl der Artsny™ and “Synonime".

Felix Platter writes that received imegeés in the eye are projected
upon retina and not upon the optic dise as previously described
by Leonardo da Vinoi.

1550 - Hollerius prescribes spectacles for myopia.
1559 - Caspar Stromeyer publishes in Sudhoff "Ophthalmic Treatise™.
1560 - Franciscus Meurolyocus describes myopia, hypermetropia and the

optics of the lens, and also proves that Galen's doctrine of Cryst-
alline lens, as being the most important orgsn for vision, is incorrect.

1584 - Eustachius discovers ebducens nerve and suprarenal glands.

1675 - Pare introduces artificial eyes.

1583 - George Bartisch publishes his book "Ophthalmodouleia das
Augendienst®™, ancestor of all modern textbooks; and is also the

isPirst to remove the eye in toto.

1584 - Sir Walter Ralpigh demonstrates curare which he brought from
Guiana.



1685 = Guillemeau publishes treatise on diseases of the eye.
1590 - Invention of gompound miaroscope by Hans end Zacharias Jansen.

1600 = Fabricius of lguapendente demonstrates and describes correct
position of the crystalline lens.

1604 - Johann Eeple first demonstrates inversion of optic image on
the retina.

1619 - "Oculus™ by Cliristoph Scheiner is publisghed.

1635 = Descartes proves that accommodation depends upon the change
in form and thickness of the lens.

1644 - Descartes publishes treatise on dioptrics and reflex action.
1656 - Rolfink proves that cataract is clouding of the lens.
1662 - Meibom discoveérs and describes Meibomian glands.

1664 - Willis publislies his "Cerebri Anatome” in which he classifies
bulbar nerves.

1689 - Leeuwenhok di covers snd describes anatomy of the cornea and
rods in the retina,

1697 - Pacchiomi diseovers glands (Pacchioni bodies) in the dura
matter.

1704 - ‘Jean Mery observes and describes reflection from the pupil
of a cat's eye submerged in water.

1705 - Michel Brisseau first performs autopsy on dead soldier who
had cataract and automatliamlly proves that cataract is an opacity
in the lens itself - "Mirabile distu" he explains in his script.
All togsther he performs five autopsies to prove his doctrine
about cataract. Maitre-Jah, co-worker of Michel Brisseau, supports
very energetically ideas about his findings.

1713 - Anel for the first time probes lacrimal ducts.

1722 - St. Ives is the first who removes cataract "on masse" from
the living subject by dislecating cataractous lens into Anterior
Chamber and then removing it through corneosclerel incision.

1728 - Introduction of operative artifiecial pupil by Cheselden,

1730 - Improvement of cataract operation by Daviel.



1745 - Daviel does the catapact operation on patient by the name of
Brother Felix, Hermit of Aiguille from Provence end during oper-
ation accidentally breaks the lens capsule, spilling loose oortical
material into the mnterior chamber. He then opens the anterior
chember and weshes the lo¢se opaque material out, (extracapsular
extraction). On April 8, 1747, while operating on patient M.
Garion, he meets with the difficulty of disloecating the lems, so
he makes a lower corneosclere incision and removes the lens in
toto (intra-capsultr extraction). The section is made using
lance and scissors end cornméa lifted with forceps (5).

1752 - De la Faye intvents corneosclerar section made by the knife.

1756 - Publication by Nicolas Audri on infraorbital neuralgia.

1773 - First professqrate in ophthalmolegy errected in Viemna
occupied by Joseph Barth umder the title of "Professor der
Augenheilkunde®.

1780 - Benjamin Franklin invents bifocal lenses.

1786 - Deseription of exophthalmic goiter dy Parry.
1794 -~ Oct. 31. Publication upon colorblindness by Dalton.
1798 - Joseph Beer invents iridectomy (Viemna) and describes it

in 180s.

1801 - Publication on Astigmatism and states undulatery theory of
light by Thomas Young. First ophthalmologic journal is printed
by Himly and Schmidt in Braunschweig and Jena.

1804 - Royal London Ophthalmic Hospital founded. (18057?)

1816 - Beer describes luminosity of the pupil in albino and invents
new term, "Amaurotic cat's eye®.

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

1830 -~ Sir Williem Maekenzie first recognizes increased intraooular
pressure, essential symptom of glauocemsa.

1831 - Homatropin produced by Pademburg.
1833 - Geiger and Hesse isolate atropin.
1839 - Beer observes snd desaribes refleection seen in case of

aniridia. Velpeau reintroduces sncient method of lacrimal sac
extripation. Dieffembach performs tenotemy on the living patient.

10



1840 - Basedow desoribes exsephthalmic goiter and associates both
conditions.

1841 - Guerin describes operation of advancement (resection), but
his desoribed procedure is not accepted because of danges involved.

1842 - Publication of treatise on Strabismus by Dieffenbach.

1842 - Nikolaus Meyer for the first time desoribes removal metallic
intraocular foreign body from the eye applying magnet to the wound
of entrance in the sclera.

1843 - Kuchler invents test chart for visual acuity. Frommuller,
general practitionar, invemts trial case.

1845 - Kussmaul first to explain why fundus is not wvisible normally
and that eyes refractive power prevents it from seeing.

1846 - Cumming first observes fundus reflection in ertificially
dilated pupil.

1847 - Brucke {Vienna) first to observe fundus, using his om con-
structed instrument where he passed tube through the flame of the
cendle while lookin into pupillary aperture.

1851 - Hermann Helmoltz, (Komigsberg) invents ophthalmoscope and
deseribes it in 43 paged book "Besehreibung eines Augenspiegels
zur Unbtersuchung der Netzhaut im lebenden Auge”.

1852 - Ruete reports in his work, "Der Augenspiegel und der Optometer"
the indirect method of ophbthalmoscopy. Rekoss publishes article
"Rekoss Biscs" describing the rotery discs containing lenses in
Vierord's Archiv.

1863 ~ Epkens construets mirror with the hole in the center for
ophthalmoscopy.

1854 - Jaeger publishés complete standardized test charts for
visual acuity. British Medico-Surgical Review, Vol. XIV, p. 426,
"Report on Ophthalmoscope™ stating that Babbage, seven years prior
invented ophthalmoscope; report by Thomas Wharton Jones.

18564 - Foundation of Archiv fur Ophthalmologie by von Graefe.
Discovery of the function of weso-dilatory nerves by Claude
Bernard.

1856 - Von Graefe introduces iridectomy for glaucoma.
1867 - First ophthalmologic society meets first time in Brussels
from September 13th bto 16th. Strangely enough, this first society

was not of a local character but international and was called
"First International Ophthalmologic Congress”.

11



1857 - Introduction of operation for strabismus by Von Graefe.

1859 = Discovery and edalysis of spectrom published by Kirchhoff and
Bunsen.

1859 -~ Von Graefe descfibes embolism observed in retinal vessels.
Dixon first makes ineision $hrough all layers of eyeglebe for
extraction of the intraocular foreign body with magnet.

1862 - George Critchetl in Heidelberg Congress reports safe advence=
ment operation. Sir William Bowmen introduces method and grad-
ation of digital intPaocular tonometry.

1862 = Publication of the studies on astigmatism and presbyopia by
Danders.

1863 - Weber induces lacrimel probe combined with knife.

1864 ~ Von Mooren of Dusseldorf, introduces "preliminary iridestomy™
to cataract extraction.

1865

Isolation of eserin by Vee and Leven.

1866

Von Graefe publishes description on sympathetic ophthalmia,
1867 - Publication treatise on physiologicsl optics by Helmoltge

1870

Descriptien by Saemisch of Seringinaus ulcer of the cornea.

1874 - MocKeown first nserts tip of the megnet into the vitreous
for removal of the ntraocular foreign body.

1875 = Julius Hischberg construots first electromagnet for extrac-
tion of magnetic intraocular foreign body.

1884 - Crede introducés silver nitrate (Argentum Nitricum) instal-
lation into conjunctivel sac for newborn. Cocaine used in eye
surgery by Carl Koller.

1897

Hirschberg introduces Holocain,
1900 = Gartner introduces tonometer.

1905 Braun introduoes novoeain.

1906 - Bareny publishes his theory on vestibular nystagmms.
1909

Ehrlich introduces his *Kugel 609" - Salvarsan.

1911

Gullstrand received Nobel Prize for optical research.

12



CHAPTER III

THERAPEUTIC AGENTS DURING PAST TWERTY-FIVE YEARS



As we looked thfough the pathology in the first chapter we
were able to see a great veriety of conditions for which the eyes
had to be enuclestied, 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 condition: and diseases, it is necessary to divide these
twenty-five years into three periods; the period before Sulfonamides
became available for clinical use (1929-1937); the period when we
had Sulfenamides (1988-1945); and the period when entibiotics started
to reach our sick. The last period abtnally extends up to the
present time in a modified form. Correlating the introduction of
new therapeutic agents, we will be able to see which conditions were
eliminated, which beeame more rare, and how surgery was made safer.

Today's art of healing is greatly simplified by advancements
in therapeutic agents, highly specialized methods of examination and
surgery. Most of the young physicians do net fully appreciate the
present drugs and highly advenced technical aides in our profession,
not realizing how mueh work, skill and ingenious thinking has been
put into medical progress within the past few years. Just a quarter
of a century ago very few had but a slight idea about possible
developments in the treatmemt of the diseases. For many years since
miecroorgeanisms were discovered as being the source of diseases, many
different methods have been used to try to destroy them without doing
any harm to the host.

The first major success in this particular field was reached
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by Dr. Ehrlich, with his mireculous "Eugel No. 806" - Salvarsan,
which was finally found and evaluated in 1909. This product proved
to be effective against spirocheta pallida, but the toxicitity to
the host meant great caution had to be used in order to avoid harm
to the patient. The chemical name for Salvarsan is dioxy-diamido-
arseno-bengol-dihydréchloride, which was the origin for the later
drug, Ntosalvarsan (in this country called Neoarsphenemine) end
this proved to be less toxic.

Msrket adveancements before 1929 were also made in the field of
vacoination, making history in the discovery of smellpox prevention.
Immunization sera for diphtheria was introduced from logical obser-
vations and conclusigns made by Friedrich Ldffler, and this was the
actual scientific development of the idea used by Mithridates IV,
King of Pontus, who sed gradually increasing amounts of poison in
order to protect himself from a lerge dose of it.

The Schick test came to life in 1913 and immunolegy was intro-
duced. Serum against tetanus was evaluated and first used during
World War I. In 1924, Dr. Albert Claudette made a strain of wsakened
T. B. bacillas, 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 exeretion harming the organism was realized and

attacked by means of surgery.
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Presulfo Period
1929 - 1938

This period in %his country and also in Nebraska, lasted up
to 1938. This time 6cular surgery was already well advanced but
the greatest menace f all was infection of any kind, which often
ruined the most perféct surgical results.

In this period the main drugs to combat infection of any kind
were compounds of silver or mercury, such as Silver Nitrate, Col-
largol, Protargol, Argyrol, Ammoniated Mercury, Ophthalmic Cintment,
Yellow Mercuric Oxide Ointment, Mercuric Oxycyamide, Phenylmercuric
Nitrate, Nitromersol, Merocurochrome and others as: ¥edicinal Zinc
Peroxide, Ethyl Hydraoguprein , Hydrochloride, Bensalkonium Chloride.
All these drugs were success¥ully uséd and some of them helped to
control infections but they were far from good. In connection with
these "bacteriestatio agents™ (as they were then oalled but which
actually should be termed as graded strength disinfectants), dry and
moist heat were used, also imfra-red short wave irradiation and some
corrosives. Copper Silfate eand Silver Nitrate Crystals were used
in the treatment of trachome. Trichloro-acetic Acid wes employed
in the cauterization  prol#psed uveal tissue or ulcerating lesions.
Tincture of Iodine wa wused in combatting Dendritic ¥lcer of the
Cornea and is still considered 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

infectious conditions.
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Prinmary glaucoms medical and surgical treatment was elready
well advanoed, based on scund judgement and drugs such as
Pilocarpine, Eserine, Mecholyl and Prostigmine. Buffer solutions
were also ad-vanced and in this pert of the continent it was
accepted solution developed by Gifford and used as artificial tears
and as & vehicle for some drugs.

Otherwise, treatment around 1929 was mostly symptomatic and
diseases such as inféctious lesions in the body or the eye were
attacked indirectly by loeal exploretion of chemically harmful
medieine whiech usually not anly desbroyed the microorganisms, but
also damaged the tissue in the area of application. Another basie
method was the suppo¥t of organism or by creating 2 physiological

status enabling the lody to fight the infection.
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Period of 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 end hopes for the future in the method of combat-
ting meeroorganisms in the living host. The first of this type of
drug was developed under the protection and support of T. G.
Farbenindustrie in Germany. Dr. Domagk named this drug "Prontosil”.
It was a dark red dye compound consisting of 4-sulfonemido-2, 4~
diamino-azobenzene (6). According 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 thet have less toxicity end more baoteri-
ostatic power. They were thrown ento the market under different
names such as, Albucid Ulirom, Cibasol, etc. Improvement of the
basic compound is still in progress, even at the present time.
Chronologically, soon after Domagk, french scientist J. Trefouiel,
F. Nitti and D. Bovett, discovered that para-amino-~-benzenesulfona-
mide was also affective. In 1936, Dr. Leonard Colebrook, very
sarcastically criticized the newly developed drug as being un-
scientific and uneonvincing. 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 he:ever used. He even carried
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his work further by establishing necessary doses in order to reach
the necessary 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 for this new drug in those countries. In
spite of Colebrook's propaganda, Buttle, Gray and Stephenson, also
in England, became interested in this new compound and soon published
observations on cases of meningoooccus meningitis, reporting wonder-
ful results (6). At this time the United States also opened its
doors for investigation in the use of this drug. Soon after, this
compound was used in trying to combat other microorganisms and was
found to be successful against gonococcus, pneumocoocus, haemolytic
streptococcus, and staphylococcus.

New compounds were investigated and given to the ill. 4. J.
Ewins and M. A. Phillips succeeded in making an effective compound
consisting of 2=-sulfamilylaminopyridine in abbreviated form called
Sulfapyridine. In 1939, Sulfathiazole, (2-Sulfanilyleminothiazole)
came into use, and in 1941, Sulfadiazene (2-Sulfanilamidopyrimidine),
then Sulfaguanidine (2~Sulfanmilaminoguenidine), Sulfasuccidine
(Succinyle-2-Sulfanilaminothiazole).

Delayed introduction of Sulfanamides in this country opened
this new period here just about 1938 and by 1939 they were beginning
to be used in the eye diseases (8). In the first place, administra-
tions of sulfonamides was just systemic in different inflamatory

conditions of the eye and its adneme, and proved to be a good agent
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in control of infection seated in the tissues well supplied by
blood. This raised the problem of administration of swlfonamides

to the surfaoe area or parts of the eye where no blood supply is
persent, and in this way the topieal administration of sulfonamides
was investigated and advanced. From my own experience I remember
that in 1942 we used to grind a tablet of Cibasol and this powder
was placed on the conjmnotival sac. Soon we realized that this

way secondary damage of the cornesa occasionally ocourred, apperently
caused from too high a concentration of chemicel compound. Then

we tried to dissolve tablets in normeal saline and used as drops.
Soon after, sphthalmic prepsrations appeared on the market. Prepar-
ations used for topical administration were of great variety and

of different cerrying wvehicles. The most common and most useful
were liquid solutions, and for prolonged action, ointments. The
following sulfo compounds were in use in ophthalmology: Sulfoceta-
mide, 5=10% ointment and 30% solution, Sulfathiazole, Sulfamylonm,
etc.

Bacteriostatic action of sulfonamides was investigated thor-
oughly and the following coneclusions were, that it prevents multi-
plication of pathogenic mioreorganisms suseptible to this drug,
giving the host's orghnism time and a chance to phagocityze them
and to develop immune bodies specific for these microorganisms.

In eye conditions, systemic use of sulfonemides is effectivs
only where the drug can reach the tissues by blood or diffusion.

It has to be mentioned that interesting observations have been made
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that Sulfadiazine easily diffuses into aqueous humor and Sulfa-
thiazole shows practically no diffusion. Topical administration

of sulfonamides requires 30% of Sulfocetamide in order to have
enough penetration through the cornea in order to reach the adequate
concentration in the enterior chamber.

It should be mentioned that effective concentration of sulfon-
amides depends on several factors:

1- The rate of absorption of this drug.

2=~ PFactors of diffusion.

3- Rate and degree of excretion or elimination.
4- Extent o acetylation. (7)

It is known that protein bound and acetylated sulfonamides are
not available for therapeutic 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 and its ilerivitives arrest mitosis in high form of life
end 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 dowm. It is also
proven that sulfonamides are effective against some enaerobic

microorganisms inhibiting thazir 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 about compstition 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 1933 Dubos made an extract from what was then
called Thyrotrisin, and 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 was 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:s at the end of 1944 and it beceme fully avail=
able by 1946 (9).

The ice was broken and new antibiotics were investigated and
released into the meket at a very rapid rate, and the better kmown
following antibiotics were Streptomycin, Dehydro-streptomycin,
Chloramphenicol, #Aureomycin, Terramycin, etc.

Their action upon the microorganisms is different than of
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sulfonamides. Sulfonamides are bacteriostatic agents whereas anti-
biotics are bactericidal in higher concentrations, but they are
bacteriostatic, like sulfonamides, in low concentration. Bacteri-
ostatic action of ths sulfonamides is an interference with fission
of the microorganism by combining themselves with proteins contéain-
ing sulfhydryl groups, cysteine and thioglycolic acide The anti-
biotics bactericidal action is based upon interference with develop=
ment of bacteria by :nhibition of essential metabolic functions,
and thig, in some cases, acts upon cell division and some may
interfere with vitality of the cell. Penicillin, for example,
inhibits the synthesis of derivative of nucleic acid which is an
active participant in transport of the certain amino acids through
the wall of the cell. Streptomycin, on the other hand, acts by
blocking of the reaction between pyruvate and oxylacetate in Krebs
condensation cycle. Combination of two or more drugs has its
advantages where two different components act simultaneously upon
different phases of metabolism, Combination of Streptomycin and

P A S is proven as highly efficient. Using in combination, Baci-
tracin with Penicillin, it requires much smaller doses of each in
order to reach full tactericidal therapeutic effect. On the other
hand, combination of Penicillin and Chloramphenicol is dangerous
because microorganisn is held in the state of suspended animation
until Penicillin is excreted, and Penicillin is only effective
against dividing cells, whereas Chbramphenicol inhibits the cell

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

22



have any chance to ast upon the sensitive stage of life of such
microorganisms.

When the antiviotics were started to be used at the bedside,
enthusiasm was so great that sulfonamides were practically thrown
out the window, but soon disadvantages became apparent in the form
of allergic manifestntions, decreasing susceptibility of some
microorganisms. Decreased susceptibility or "acclimatising" to
the antibiotics theory 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 wesk 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
inadeguate level of drug, many organisms, even susceptable to this
drug, survive and crcate 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 antibiotics 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 bat actuaily does not. The answer here again lies in a
clear and 3imple pattern. This acts upon microorganisms just like
immunization of the children against tetenus or diphtheria and giving
booster shots. For example, colon bacillus, in case of improper
treatment, >an become resistant against streptomycin to a thousand
times the original lethal concentration, within a week,where M.
tuberculosisz, on the other hand, needs about three months of improper
treatmens until it becomes streptomycin-fast (7).

Some of the microorganisms are not susceptible to antibiotiecs
because they produce specific enzymes which actually destroy active
antibiotic agents. A good example is E. coli, which contains large
amownts of the enzyms called Penicillase which very rapidly
inacti-vates Penicillin. A similar enzyme was also found in a great
variety of mold-like flora. Here we face another problem; the
coexistance of meny microorganismas in the human body, of which a
great number are reel pathogens, and the resulting balance of all
these organisms prevents production »f the disease. In case of
antibiotic therapy, susceptible organisms are eiiminated, and this
way the coexistance balance is upset. Recently we are finding more
and more reports inmedical literature about such complications where
pathogenic organismused to be in the normel flora of the body as
non-pathogen, pre-dominant are from the group of the fungus  and when

the balance is
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upset, they take the upper hand, start to multiply very rapidly,
inveding the orgenism >f the host. Sound judgement and proper use,
even of these miracle drugs, is necessary. Overconfidence can

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

For some time, sulfonamides were pushed out of the medical
field in the period ¢f great joy, expectancy and confidence in
new rising entibiotics. It soon was realized that they can not
give everything we need to combat the infections and diseases pro=-duced
by microorganisms. Sound thinking and judgement brought
them back and both antibiotics and sulfonamides, with equal import-ance,
became our meir. weapon against the disease-producing organisms.At the
present time vwe have a great variety of compounds in use and most
important are summarized with indications as to which organisms they are
most useful against (Table No. 3).

Antibiotic activity against viruses appears unsuccessful becsuse
they do not have any intrinsic metabolic activity. But borders of
viruses are not certtin and we have the impressions that some of
the largsr viruses, -Zike chlamydozoaceae, may be influenced by
antibiotics so that the course of the disease can be altered and similar
action is also observed in the group of Rickettsial diseases.

Practicelly all antibiotics are effective against microorganisms in

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

bacteriostatic I&ile‘Penicillin, Streptomycin and just recently
introduced, the new ¢rug, Erythromycin, are bactericidal in sufficient
concentrations and becteriostatic in lower concentrations. From

this observation and conclusion it seems it would be rational to

use proper antibiotics in aetive or progressing infectious process

and all chronic conditions due to microorganisms should be treated
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A = Drug of choice

B -~ Effective

B* .. FTor topical use and drug of choice in case drug
marked "A" ie not available for topical use,

C - Effectiveness not certain

E - Effective just in vitro

0 - Not effective

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

*** Reports on Erythromycin are incomplete at the present
time. Threre are reports of some investigation
availadle and it is certain thet this drug, in many
infectiors, is superior to other drugs, especially
when microorganisms become resistant to another
antibiotic and they are in the range of the spectrum
of Erythromycin. A last report (23) is on concentra~
tions in the eye when given systemically. It is sas
follows:



TABLE NO. 3 (Con't.)
Stwdies Done on Rabbits

Time After Injection In Serum Aqueous Vitreous
1 heur 1.92 0.24 0.06
2 hours 9.96 0.24 0.06

He further :eports that in Yeye infections due to
'Tlotycin' (trade name for Erythromycin) susceptible
organisms have responded quite favorably to doses of
200-400 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 was given and
favorable results were obtained in acute and chronic
conjunctivitis, keratitis, dacryocystitis, meibomitis,
marginal blepharitis, corneal ulcer and ophthalmia

neonatorum (prophylactic use). Hypersensitive reactions,
according to their report, are rare.

-

with sulfonamides ir case these microorganisms are susceptidble to
them.

Yow enters the juestion as to how we ¢an determine which kind
of organisms we have in a particular case. In the first place,
organisms have certain proparties that produce certain symptoms
or complexes of sympioms or diseases. In case it is difficult to
recognize them from just the clinical history and picture, there are
a few simple suggestions briefly summarized (see appendix), giving
suggestions as to when certain organisms can be expected, how to
determine their presence, ard other important microscopic features
seen in the specimen. Untll such an answer is reached, a patient
may be treated with some antibiotic or sulfonamide or whatever
seems feasible, base¢ upon lagical thinking, clinical history and

the presenting features of his condition.
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Desoxycorticosterone, Cortisone and Hydrocortisone finally
were found useful ir ophthalmis practice. Their action can be
clasgified into mejer groups; alternating effect upon inflammatory
responge and alterneting effect upon allergic response. Cortisone
changes the inflammetory response in many instances, such ag bac-
terial infections, chemical irritation, inflammation due to fereign
protein and thermel burns. 1Its action produces such changes that
can be observed in ristologic preparations. It reducee the inflam-
matory process by diminishing leuncocytic infiltration, transudation,
capillary thrombosis and hemorrhage, delays phagocytosis znd delays
fibroblast proliferation eo ipso inhibits formation of the scar.
This action of Cortisone is the same elsewhere, as in the eye. It
mist be mentioned that such an alternation, in case of active in-
fection, may have very serious results becsuse all the natural
mechanisms of defense are inhibited and invasion of microorganisms
is facilitated. Destruction of the organ by infectious inflammatory
process may follow and even generalized bacteremia can be the final
result in case of imprudent use of Cortisone.

Further, Cortisone alters hypersensitivity reactions in the
form of protection by diminiching generalized organism responsze to
the antigen. Antiboiy formation is influenced but it seems that
production of the suhstance, which gives rise to the hypersensitivity
response, is Just moderately altered by Cortisone. Here we should

keep clearly in mind the difference between hypersensitivity asad
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immunity. Cortison:z and Corticotropin do not inhibit antigen and
antibody reaction fallows; Coritisone is no help in anaphylactic
shock; neither changes the local histamine reaction although they
do diminish the reactivity to histamine of tissues altered by
allergic disease (1.). To conciude these statements it is possibdle
to state that Cortizone is helpful in delayed reactions dut not in
immediate hypersens‘tivity reactions, in which drugs of choice are
antihistaminic preparations.
Tr. Hoods summarizes c¢linical usefiilness in his article (13)

as follows:

"(a) In certain inflammatory conditions of the eye, especially

those affecting “he cornea, uveal tract, and external eye,

the parenterzl administration of ACTH or cortisone, or the

topical administration of cortisone, is followed in a high

percentage of cases by 2 dramatic control of the inflamma-

tory and exudative 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 many favorably influenced there is a definite tendency
for the inflammation to recur after cessation of treatment.

*(c) In certain edematous and inflammatory conditions, es-
pecially secondary glaucoma, inflammations of the retina and
optic nerve, and edematous corneal grafts, and also probably
in syphilitic interstitial keratitis, the action of cortisone
and ACTH is wvarizble and cannot be accurately predicted.

®(d) In some haemorrhagic and exudative conditions {(Coat's
disease, Eales'! (isease, malignant exophthalmos, diabetic
retinopathy and retrolental fibroplasia) no consistent
therapeutic resutls have as yet been demonstrated.

"(e) In degenerative disease, whether of the cornea, retina,
or uveal tract, these agents are totally ineffective (13)."

Curare snd cnrere~like agents, investigated by Dr. McIntyre,

also reached ophthalmology. Two years ago Dr. Kirby stated that he
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very extensively uscee this drug in ophthalmic surgery with very good
results (14). More physicians apparently became interested in these
drugs producing mus:le-relaxing properties, which are so important
in the precise surgery in ophthalmology, giving the surgeon a better
chance to proceed with the operation without any disturbance from
the patient. Antihistamines found their wvalue in ophthalmology,
also in instances where the release of histamine or histamine=like
substances is the canse of the symptoms.

Hyaluronic acidé also began being used in ophthalmology by
adding it to local anesthetics and reports in the majority are
favorable. This is nlso used in degenerative keratitis. Strepto-
k¥inase, Streptodornase and Trypsin were brought into the market
but they are still nnt safe enough for use in ophthalmology.

Today, antibiotics and sulfonsmides are equelly important as
weapons against infertions, plus recent additionsl drugs, some
which partially changed the outcome of the dlsease process. One
of these is Cortisone which first was widely used, and many compli=
cations were apparent until the accurate action of this drug was
finally realized, ané its use was discontinued in conditions where
microorganisms may invade or spread and local suppressed inflammstory
reaction would not be able to bar the destructive action of such an
invasion.

On this basis th: study of patholozy will be divided into these
three basic periods with intention to demonstrate, for teaching

personnel, how this progress in healing arts influenced treatment
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and to point out, fcr the physician in practice, the most common
conditions in our state. Knowing this, the professor will stress
certain points while teaching the students, and the physician in
practice will have en idea as to vhat happens to the eye and how he

would be able to prevent complications.



TTEPTER IV

LISCUSSION CF THE PATHOLOGIC
PRGCESS IN THE LYE



To present all the information about the mieroscopic prepara-
tions accumulated during the past twenty-five years in this depart-
ment, it w=s necessary to res-examine all of them. The reason for
this was that, just in the »ast few years, specimens sent to this
institution were accompanied by clinical history. Many early
preparations apparensly were not examined at all or had descriptive
terminology whieh co1ld not be understood by the physician of today.
Because of lack of many clinical histories, my presentation is
based purely on pethological findings in order to avoid confusion.
In some cases it was difficult to rebuild the possible chain of
events in the diseassd eye and in such cases Dr. Gifford helped
to make the final touches.

I have divided “hese twenty-five years into three major
periods and have discussed briefly the progress of drugs which so
greatly changed our attitude and methods of treatment. The found
pathology I also divided accordingly into three groups and shall
correlate the cheange: into a certain pattern, bringing out the
advantages of our progress and finally to bring out some problems
that we have to face to find the way for further improvement. I
shall limit myself tc¢ the conditions of the eyeglobe itself, leaving
out adnexa pathology. The rresenting pathology of the eyeglobe is
classified in Tables No. 1 and 4. 1In addition to these 489 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 reflected as in inflam-

matory conditions of the eyeglobe. Here, more or less, we can see
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the educationel progress of our physiclians and alertness in recog-
nizing malignant lesions and realizing the importance of the early
surgery. The following list is again diviéed into the same periods
as above for the sake of uniformity. (See Table 2 and §)

These specimens of adnexa represent pathclogy submitted to
this department, bus knowing that many such lesions, when operated
upon, are sent to genersl pathologiste and never reach our hands
it should be mentioneéd that they are more common than can be expected
from this list.

Any kind of trauma causes sn inflemmatory process in the tissue.
This can be phyeica ., chemical, or thermal trsume or induced by
pathogenic microorganismse. Before I start to analyze the pathology
in deteil in easch perticulsr group of pathogenic processes in the
eye, 1 shall present the general concept of inflammatory events and
basic morrhology occurring in the eye. The reason for this ie that
the eye, being a highly specialized orggn in its parts, and its
reaction, as broken down into specific structures of the eye, rezcts
differently to the trauma and even to different kinds of trauma;
repair hes a different pattern for each specified part of the eye.
Pain, swelling, heat and redness cannot be forgotten as the clessical
sign of inflammation. Incresased blood flow to the inflemed area
results in incressel temperature and redness. Transudation and
exuédation into the eyeglobe mey alter the physiological balance of
the fluid exchange and result in increased intraocular pressure.

If inflammation occurs in the adnexs, visable swelling is apparent.
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TABLE NO. 4

LESIONS OF THE EYE
(Wo. & % of cases)

Diagnosis Based
on Microscopie -iggg" % igzg' % iggg' % JTotall %
Examination

Secondary Glaucoma 40 {37.5} 56 42.6} 89 (3847} 185 {39.5
Perforating Corneal | 15 l19.3) 5 | 3.8] 7 |35.0| 22 | 4.7

Ulcer a— et OeY
Panophthalmitis 3 2.87f 4 3.0 4 1.7 11 2.3
Acute Anterior

Uveitis 1 -8 1 -2
Sympathetic

Ophthalmia 3 2,3} 2 .9 5 | 1.1
s 14 [13.1{ 16 [12.2{38 [6.6] 68 [14.5
Perforation s R s
Phthisis 11 {10.3} 12 9.2 23 9.9} 46 }9.8
Coat's Disease 1 .4 1 .2
Primary Glaucoma 3 2.8112 9.2 112 5.2 1 27 (6.8
Congenital Glaucoma 2 l1.9¢ 2 l.61 3 1.3 7 1.5
Toxoplasmosis 1 «8 1 .2
Postoperative

Expulsive Intra. 1 .81 2 .9 3 o7

ocular Hemorrhage

Retrolental

Fibroplasia 1 -8 1 -2
Hypertensive 1 1 2
Retinopathy#* *
Periarteritis HNodosa 1 4 1 .2
Papillary Edema#** 1 .4 .2
Malignant Melanoma

of the Choroid 12 11.2 111 8.4 123 9.9 | 46 9.8
ialignant Melanoma

of the Iris 2 o4 1 -2
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TABLE NO. 4
(Con't) (No. & % of cases)

Diagnosis Based 1929- % 1938~ % 1946-]

on Microscopic z 7 1Totall %
Exeminetion 1937 1 1945 1955
Malignant lelonoma of 2 1.5 3 1.3 5 | 1.1

the Ciliary Body

Malignant kelanoma

of the Limbus 1 -4 1 -2
Retinoblastomax** 5 4.7 1 «8( 14 6.1 20 | 4.3
Bowen's Disease 1 <9 1 4 2 4
Benign Melanome of 1 E 9l 2 1.5 1 .4 4 .8

the Choroid

Benign HMelanoma of
the Iris % 1 .4 1 .2

Ectopic Intraocular

Lacrinmal Gland 1 -4 1 -2
Metastatic Adenocer-
cinoma in the Uveal 1 9 1l .2
Tract
Intraocular 1 Al 1| .z
Heurofibroma
TOTAL 107 99.9 131 100 231 100 469 100

B T ——
* Autopsy Specimen
** Autopsy Specimen of the patient who had cerebellopontine tumor
**¥% Recurrences inciuded

Pain is due to pressure or stretching of the tissues or compregsion
of the nerve endings. Migrztion of the vhite cells is & protective
process, also exudation which can have low or high protien content,
precipitation of fibrin, and because of local damage, dispetesis of
the red blood cells mey occur. The process of healing reflects

itself in fibroblast activity, new vascularization, and chengling
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morphology of the wkite blood cells.

The inflammeticn in itself can be classified into three mejor
groups - acute, subscute erd chronic. The cellular morphology is
the indicator for classification while examining microscopically.
The e¢linical picture is baced upon certain findings, such as appeer=
ance, local and general reaction, laborztory studies and clinical
evaluation of resporses to the specific treatment.

Acute inflammation is characterized by polymorphomiclear leuco=
cytes which actively take rart in phagocytosis of the microorganisms
and cellular debris. Their action is based upon proteolytic enzymes.

Allergic manifestations, and infestations with pesrasites,
represent increased amounts of eosinophils; for some unknown reason
they also are seen in subacute endophtholmitis (27).

Chronic inflammstory cells are predominantly lymphocytes. Their
increase in mumber vsually is parsllel with rising antibody titers.
The second important cell in chronic inflammation is the plasma
cell, appearing later than lymphocytes. This cell is usually not
seen in the bloodstream. At the side of the lesion this cell slowly
undergoes degenesrative mutation, first becoming a so-called plasmo-
cytoid cell and ther known as Russell body.

In case of conjunctivel inflammation, lymphocytic follicle
Proliferation is very active, giving, in certain conditions, char-
acteristic velvet=like aprpearances.

In acute inflammetory lesion and also in the stzze of subacute

inflamma tion, after pclymorphenuclear leucocytes appear, monornuclear
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TABIE NO. §

LESIONS OF THE OCULAR AINEXAE

. 1929- . 1938~ . 1946~ . Total
1937 1945 1955

No. of cases

Mixed Tumor of the Tacrimel Gland 3 1 2 6
Extrabul bar Intraorhital Mzlignant 1 1
Melanoma®*-
Basal Cell Carcinoms of the Lig L 1 5
Squamous Cell Carcirome of the Iid 2 2
Metastatic Adenocarcinome in the
1 1
Lid
Cavernous Hamangioms in the 1 1
Retrobulbar Space**
Caverneus Hemangiome of the Liad 1 1 2
Erythroleukemic Infiltration of 2
the Conjunctiva 1 3
Cutaneous EBenign Papilloma**# 2 1 2 s
Grammlation Tissue 1 1 2 L
Xanthelasma 1 3 2 é
Chalazion 1 i 5
Epithelial Cyet of the Conjunctiva 1l 1 2
Sebaceous Cyst of ths ILid 1 3 L
TOTAL 18 10 20 Le

¥ No other malignant melanome tumors were found.
#% Eye was removed and no pathology found.
*** One case of vremelignant papillome in the period of 192%-2937.

wvandering cells, better known as microphages, will follow. Their
function iz also phegoeytic, especially for cellular debris, in-
cluding hemoglobin, Lipoids and degenerated polymorphonuclear ]leuco-
eytes.

Lo



Foreign body r=action, T B, lues, Boeck's sorcoid, and sympa-
thetic ophthalmia, are accompanied by fized tissue microphages
(epithelioid cells). They usually form a nest, known as granuloms
or giant cells, slss calleld foreign body glant cells, or in some
instances, Langhan's: giant cell.

Seldom seen in omular inflammatory lesions are mast cells and
basophils. Their funection and significance is not well understood.

Repair process=ns are #ignified by fidbroblasts which are derived
from connective tisrues and form the scar. ZEndothelial cells orig-
inete from fixed tissues or capillaries glving origin to new blood
vessels and gramlation tissue.

The greater ma S ority of disease-prodicing microorganisms are
found as saprophyter existing on the epithelial surfaces. Of these,
the most common are colon taciili (Escher. coli) in the intestinal
tract, streptococci, pnsumccocci and other graim negative cocci on
the mucous membrazne: of the mouth, and micrococci (staphylococci)
on the surface of tle skin. Saprophytic microorganisms, im case
they invade the body, may rrodice an inflammsatory process locally,
or even a gpecific fisease. This invasion has different character-
istics for each orgenism, attacking in its own way the livinz cell:
Example: Pasteruella tularensis proliferates intracellularly and
Brucella suis in the mesodesmal endothelium of the vegsels. Reaction
to the invaded miercorganisam is often specific for the invading
microorganism snd invaded tissue; T B and lues are characterized by

epithelioid cells or so-called granulamotous reaction; while the
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most common pathogens, like streptococcus, staphyloccus and pneu-
mococcus, causes py ©fenic reaction.

Toxin=»producing organisms, important in ophthalmology, are
tetanus and diphtherisn; one in case of injury and the other a
possible manifestatlisn on the conjunctiva.

An entirely diffarent origin inflammatory process should be
mentioned in this spezific field of medicine and this is due to
hypersensitivity. In the pracess of developing acguired resistance
to certain noxious agents, organisms may become hypersensitive and,
vlaying a major role as in immunity, this is a response of the anti-
bodies to the antigers. It seems thzat in acquired imminity, anti-
bodies change the microorganisms so that they become more suscept-
ible to the sntidbacterial agente of the organism. Hypersensitivity,
on the other side, appeasrs io reach such an alternation that anti-
bodies alter the celi.s of the body s¢ 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 (24,25; ciassifies hypersensitivity into two major groups;
the anaphylactic state and the bacterial hypersensitivity.

He further subclassifies the anaphylactic state into (a) Ana-
phylactic reaction, (b) Art'ms phenomenon, and (c) Pollen type
hypersensitivity. Anaphylectic reaction is rarcly seen in the
muman being, which is characterized by rapid development of urticaria
and erythema in cas« specific protein is injected into the skin.

Further, if a large: amoun* is given, the result is serun sickness
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PANOPHTHALMITIS, SIDEROSIS, & TRAUMATIC CATARACT

Fig. 1

Case No. 582. Male, 26 years old.

Eye was struck by something

while working under car engimeix daye prior to enucleation. X-rays
demonstrated metallic foreign body in the eye. Removal with giant
magnet was unsuccessful. Subsequent acute inflammetory process
forced removal of the eye. Emucleation in 1952.

42a

Examination - Perfora-
tion of the globe at

8 o'clock near the
limbus. Anterior cham-
ber ig filled with pur-
ulent emdate containing
primery polymorphonuclear
leucocytes and some red
cells. Marginal tissue
of the wound is necrotic
and packed with poly-
morphonuclear cells,
this same cellular
morphology ie present

in the iris and ciliary
body (Fig. 1A & 1B).

{(con't.)

Pig. 1A






and if such protein reaches the blood stream and is dispersed
throughout the body anaphylactic shock and death result. Protein,
or a substance conteining protein, is usually a sensitizing agent.

In some instances inorgenic chemicals, believed forming a new complex
with the already present protein in the body, then becomes foreigm

to the organism of the host.

Arthus phenomeron is an exaggerated reaction basically similar
to the anaphylactic state. Here the site of damage oe¢curs in invol-
untary muscles and vascular endothelium, and this actually is re-
sponsible for local shanges found in this type of reaction.

Clinically simiar, Shwartzman's phenomenon should be different-
iated because this one does not depend on specific antigen antibody
combined reaction and the lecal pathological changes are different,
as "A marked degree «f venous and capillary dilatation and engorge-
ment. This is immediately followed by severe hemorrhage, and shortly
thereafter, there occurs a siriking edema and intense leucocytic
infiltration”, (26) resulting in vescular prestasis and stasis,
thus producing occlusion of the vessels and blocked nutrition.
Origination for this particular area is followed by local necrosis.

Polen type hypersensitivity is produced not only by pollens
but also by other proteins. Here, side effects are conjunctiva,
nasal mucosa, sinus linings, bronchioles and the skin.

Bacterisl hypersensitivity or hypersensistivity to infection
can be local or systemic and is delayed and progressive. This type

is produced by contact of the body with living or dead whole bacteria
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ENDOGENOUS ENDOPHTHALMITIS

Fig. 2

€ase No. 645, Male, 73 years old. Episode of influenza six weeks
previous. Eye became inflamed since and vision was gone shertly
after. Generalized orbital edema was found; very merked deep and
superficial in infection; anterior chember filled with bloody coag~
ulum. Translumination suggested opaque mass within the sye. Eye
is blind. ®nucleation, 1953,

Microscopic examination reveals edematous sclera with necrotic
perforation (upper part in Fig. 2). AC* filtration angle filled
with blood. Complete posterior symecchiae. Lens shows incipient
cataract. Cyclitic membrene formed from young fibrous tissue and
meny fibroblasts, Vitreous cavity is filled with disorganized
vitreous and residual fragments of the retina. Episcleral tissue
thickened with multiple new vessels. Iris, ciliary body, vitreous
space, choroid, sclera around perforation and episcleral tissue
are heavily infiltrated predominantly by lymphocytes and plasma
cells and few polymorphonuclear leucocytes and giant cells,

*Anterior chamber.
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or virus only; but, where hypersensitivity is already develoyped,
response cen be obtained with that specific bacterial protein or
intact bacteria. Differentiation of this type of hypersensitivity
from Artims phenomenon is based upon that in Artlms type, hypersensi-
tive response 1is no'. elicited by introdncing intact dbacteria. Hyper-
sensitivity to the infection can manifest itself in loczl, focal

and generslized, or systemic reaction.

In ocur special-y, there is a wide variety of ocular conditions
due to hypersensitivity phenomena. One of them is endogenous endo=
phthalmitis which hes shown rapid increase in recent years.

In closing, it should be mentioned that there were several
deaths reported (17: 7&) that followed repeated intravenous infec-
tions of thyphoid vesccine which is usually used in ophthalmology
as a non-aspecific protein therapeutic agent.

As 1 stated, processes of inflammation and repair have some
characteristic pattern for sach structural part of the eye. Con~
Junctiva has unkeratinized epithelium which may very rapidly ferm
a hornified layer of the cells when exposed to drying conditions
as in lagophthalmos, lack of lacrimal glands, or, a well known
condition -~ keratitis sicca. The cornea is very sensitive to the
fluid exchange in baiance. A 20% increase of fluid in the cornea
results in clouding. ZFndothelial distrovhy is the major cause of
gech disturbances se=n in infections, disturbances of the ophthalmic
branch of the fifth nerve, and glaucoma.

Bach layer of the cornea also has its own properties. Complete



loss of epithelium is not serious, if infection can be prevented,

and 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 fibrous scar producing corneal
opacitiess It also h1as 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 layers = outer, elastic and inner cuticular. Repair
usually takes place orimarily 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 demage, new vascuiarization usually takes place.

The sclera is a fibrous covering of the eye which is practically
avascular; in contrast, the episcleral tissue is highly wascular.
Infection from inside the eye, or outside, usually penetrates the
sclera along the blond vess=1ls, being called perivascular infiltra-
tion. Thie same pattern is also followed by malignant tumors. The
sclera itself is ver:r resistent to any disease process but in case
it becomes invaded, sreatment is difficult because of lack of direct
blood supply. The galera, heing fibrous in origin, often takes part
in the generslized d:.seases 0of tendons and their sheats; Example:
lues, tuberculosis, rheumatic fever, gowt and other collagen diseases.
A wound of the sclera is repaired@ by fibroblast migration.

Anntomical strusture of the lens consists of three major parts,
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CLINICALLY SYMPATHETIC OPHTHALMIA

MICROSCOPICALLY PANOPHTHALMITIS

Figo 3

Case No. 377.

Male, 63 years old.
Fellow eye was re-
moved because of
destructive injury
with a nail. 3 wks.
later thig eye be-
came inflammed and
developed secondary
glaucoma. LaGrange
sclerectomy was per-
formed without effect.
Enucleation 2 wks.
later, 1944,

Local purulent in-~
flamma tory process
when surgical sec-

tion was made. Anterior periferal synecchiae completely occludes
filtration angle. Lens capsule ruptured and shows cataractous
changee. Iris, ciliary body and choroid are infiltrated dby lympho-

cytes and epithelioid cells with few giant cells.

Retina has pre-

vascular infiltration of this seme cellular morphology and multiple

isa

area of ne-
crosis. Fig.3A
represents
area when lens
capsule was
ruptured and
demonstrates
amount of
cellular in-
filtration
which are
polymorpho-
nuclear
leucocytes.

Fig. 3A



COAT'S DISEASE

Fig. 4

Case No. 603.
Female, 3 years
old. No history
of trauma or
other diseases.
Eye enucleated
because found
yellowish eleva
ted legion in
the fundus and
retinoblastoma
was suspected.
Bnucleation -
1952.

Microsscopically
the only change
found were thick-
ening of the rew.
tina with cyst-like spaces and some areas dearrsnged cellular
pattern {Fig. 4) and in one area reveals subretinal large eol-
lection ¢f-so called foamy cells or bladder cells surrounded

by small amount of exudate (Pig. 4 & 4A). Choroidal vessels
were colgested and perivascular spaces showed lymphocytic 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, spon-
taneous intra-
ocular hemor-
rhages, for-
mation of
hyalinized
sheats and
sooner or
later ends
with second«
ary glaucoma.

Fig. 4A
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these being: capsule, cortex and nuclews. Each one responds dif-
ferently to traume. The lens capsule, under the influence of in-
flammation of the neighboring parts of the eye, undergoes proliferation
of the subcapsular epithelium. The cortex, in the process of aging,
undergoes sclerotic zhanges and condensation which gives a clinical
picture of nuclear s:lerosic. Knowing the patterz of the growth
makes it clear why tiis meinifestation is apparent in the middle of
the lens. In case o0¢ injury or inflemmatory process, the lens
cortex undergoes liguefaction, the character and rapidity depending
on multiple fectors including severity of inflammation, length of
time, age of patient extent of injury, or disturbance of normal
physiology supporting metabolism of the lens. All these changes
produce lens opacities. The most commonly seen cataracts are
genile. Secondary cataracts may be associsted with scleroderma,
idiocy, myotonis gravis, diabetes, tetanus, rickets, inborn faulty
metabolism of geslactose, deficiency of riboflavin and tryptophane,
poisoning with 2-4 Dinitrophenol or Thaellium, radiation, infrared
rays, traums, etc.

The vitreous snc its metabolism is the least lmown part of the
eye. It seems thzt the vitreous does not have any active metabolism
and in the event that microorgaenisms invade, it is found to be very
good culture media. Infection in the vitreous is the most diffienlt
to cope with because penetration of the drug is practically nil.
There is no blood or lymphetic supply and if anything reaches it,

it reaches just by diffusion. HMetabolic waste products from adjacent
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structures may be taken up by the vitreous znd result in crystalized

soaps of calcium or cholestéerol representing s clinical picture known
as esteroid hyalitis. TFloeters occasionally seen in the vitreous

are condensations of vitreous sheats dus to aging, subcliinical trauma
or neighboring inflammeatory conditions. In case of vitreous atrophy,
it is replaced by aqieous.

The iris is oftsn involved in one or another kind of inflem=
ratory condition and injury. The mticulo-endothelial system of the
iris takes an active part in phagocytosis of the microorgenisms,
Postinflemmetory adhesions of the iris play a major part in ocwlar
complicetions by upsetting normal circulation of the aqueous. A
very specific charscteristic of the iris is that its fibrous tissue
does not proliferate if iraumatised, cut or infected:; &s a result
we do not see any scar formation in this particular organ of the
eye.

The ciliary bodr has its peculierities too. Its epithelium
talktes part in aqueous formation and selective reabsorption of it.
Long standing inflammation stimuletes epithelial growth or produc-
tion of exudate which forms eyclitic membrane when orgenized and
ie in the anterior surface of the lens, or if this is in the poster-
ior smrfece of the l:ms, the fibrous bands pull off the retina and
further complete dis<ortion and disorgenization of the eye, this
kmown as phthisis bulbtus ocvli.

Choroid is compnused of the blood vessels and connective tissue

with some pigment in it. Because of its structure, this is most
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common place in the sye for metastatic tumors and embolic inflam-
matory lesions. Close proximity of the retine explains parsllel
involvement in such incidents but an abudnance of bloscd in the choroid
gives healing a better chance while in the retins collateral cire
culation is poor and the damage done here usnally is greater. The
choroid is also a cormon plece for primary mslignant melanome.

Sclera, from one sid: and Bruch's membrane, from tlre other side,

keep euch tumors lim‘ted & reletively long time to the space but

they can ultimately he invaced.

Two different structural layers compose the retina. One, which
embryologically is originated from the outer wali of the optic vesicle,
is a pigment layer ard next to the inner wall of the vesicle is a
sensory layer which is again subdivided into another seven layers.
Aging first reflects itself in the region of the orrs serrate by
formation of H. Blessig cysts, and seccnd, distinctive features
in senile macular degeneration. Tresuma, inflammation and degener=
ative chenges result in glial proliferation, formation of copora
amylaces, cytoid bodiss, edema, exudation, retinal neovascnlariza-

tion, cyetold degeneration and proliferation of the pigment.



CEAPTER V

SECONDARY GLAUCOMA



The largest an¢ most dominating group presenting the chief
cause for emucleaticn among the epecimens is secondary glaucoma.
Multiplicity of patlhology found in the eye witk secondary glaucoma
is amazing and I shall discnss sach one of these changes separately
as I feel that irn meny instances, complicating factors which
actually resulted ir secondary glaucoms, could have been prevented,
especially at the time when treatment and modern meens of ememination
are avallable. In some cases, secondary glaucoma again can be &
manifestation of 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 spacimens listed under secondary glaucoma, we can
see that a great majority of these cases are trasumatic, dearing
corplicating sequellze and secondary infection; the second group
were more or less primary inflammatory conditions and their compli-
cating chenges; finaily, the last group, which consists of miscellan-
eous pethology pre~existing prior to the final disease, or an inter-
current addition to “he sum of all pathologic changes.

Contusion of thz: eyeglobe is one of the more common cases of
secondsry glaucomae w2ich often results in eventual emucleation.

The presence of anterior chember hemorrhege and diminished vision
is the most common presenting clinical sign. The flow through
Schlemm's canal may e occluded by hemorrhege itself or secondary
membranes formed during the organization of this hemorrhage. 1In

the presence of anterior chember hemorrhage, the introcnlar 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 gradually subsided. 25 years later
eye became very painful. Exsmination revealed 40 degrees

exotropia, no IP, iris yellowgreen, AC shallow and hazy, heavy
pupillary membrane. Tension 34 mm. Hy.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's canal. Diffuse infiltration of inner structures

by lymphocytes.
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OBSTRUCTION OF CENTRAL VEIN, SECONDARY GLAUCOMA

Fig. 6

Case No. 606, Female, 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 glaucon .

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 coribrosa, revealing accumulation of sub-endothelial
lipid containing cells, multiple fibrous plaques and
thickened outer coating.
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increases, blood pignent penetrates intc the cornea end damages
the corneal endothelium which further upsets the normal balance

of intrascular fluid exchange. Hemosiderin deposits change trans-
parency of the cornez snd meke it appear greenish.

The iris and cliiary body may be injured by blunt trauma of
the eyezlcbe. Irregalarity of the pupll is observed in such cases
or mydriasis which follows rupture of the sphincter. Cyclodislysis
with nassive hemorrhage as well as iris rupture are serious compli=-
cations and need spezial attention.

Contusion contracoup effect upon the retina produces specific
changes charscteristic of this kind of treuma. Retinal tears with
detachment, retinsl =3dema, which later ends in cystoid degenerestion,
and retinal hemorrhaxes are the most common findings. The fovea
is the most seneitiv> place in czse of commotio retinse and tears
are most common in t“e areca along the orra serrata. Retinal hemor-
thages are absorbed or are followed by massive glial proliferatbn.
The lens can be invol.ved also. Contusion cataract, with or without
rupture of the lens capsule ané dislocation of the lens which can be
complete or incomplete, can dislocate anteriorly or posteriorly.

Perforating injuries in themselves do not produce the seccndary
glaucoma; but when perforation is not severe enough and does not
require immedizte enuclestion the scleral or corneal wound heals re-
establishing continuity of the outer covering of the eyeglobe,
chenges in the eye due to trauma, introduced infection, secondary

changes, retained intraocular foreign body, messive intraocular

50



hemorrhage, prolepse of the intraoculer tissue, inpiantation of
epithelisl cyst in the anterior chamber; or traumatic cataract
upsets the normel prysiology of the eye. A more specific description
of all traumatic in/uries to the eye will be discissed in a later
chapter.

Infection and secondary changes which follows it are the most
common causes of seccndary zlaucoma. Infection cen be introduced
by a perforating injary, by a superficial inflammatory lesion
penetrating through she cornea by endogenons or on the basis of
hypersensitivity.

Keratitis and corneal ulcers often produce seccndary so-called
irritation iritis and steriie hypopyon. When a corneal ulcer per-
forates, microorgsnisme invade the intraocular space, resulting in
acute purulent iriti=. Endogenous purulent iritis is rare. When
the irie heals during the inflemmatory process, connective tissue
increases on the strema. The posterior surface of the iris gets
bound to the lens because fibrinous exudats, which develops during
the inflammetory stage, is organized; a similar process gues on also
in the anterior surface and complete or incomplete obliteration of
the anterior chember angle occurs. Besides bacterial-purulent iritis
there is another form of iritis, correctly called inflammatory reaction
of the iris. This on2 is due tc noxious agents present in the host's
body, such as protein from broken down organisms, some absorbed from
intestinal tract and some coming from local infection, and in some

instances the origin ::nd even media precipitating such inflammatory
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reaction cannot be found or its origin is obscure. In any case,
such patients should be checked for possible concurrent systemic

infection like synhilis, tuberculosis, sarcoid, etc. This type of
inflammatory reaction may also follow injection of antigens to

which the patient is sensitive or during active therapy of lues.

In this particular group there are three clinically known types.

One is rmltiple minuze lesions which can be found microscopically.
Externally there cen be seen mild sclerel congestion and there are
practically no subjective complaints. Yhere these lesions hesl, they
produce minute foci of fibrons and smell adhesions to the lens.The
only trouble is thet this focal inflammatory reaction recursevery
month or year, in a metter of day in rare cases, the finel result is
complete pusterior synecchiae and possibly anterior peripheral
synecchiae and finally ends in secondary glaucoma. The second type
is that which usually starts abruptly. The lesions are slightly
larger and rre easily seen with the nsked eye. They canbe single or
miltiple and rvn es acute inflammation leaving perma-nent damege to
the iris and post—inflammatory adhesions but which can be prevented
if the case 1s under substantial medical care.Recurrences in this 1
ype are rare. The third type starts suddenly and as a violent infl
armmaticn. The anterior chamber is ususlly

vacked with inflemme!ory cells and occasionslly with fibrin. Merked
sclersl injection, oceczsional hemorrhages in the anterior chamber,
edema of the iris with marked ccngestion of its vessels, and smail

hemorrhages in the anterior chamber complete the picture. 7The
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disease is self-limited and signs and symptoms subside rapidly.
Reurrences are comman varying from two to three month intervals
up to several years. Under good care this type usually does not

develop any complicasions. Photophobis is the main complaint from the

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

inflemmatory reaction of the iris, the cellular pattern
predominently coneists of lymphocytes and wandering mononuclear
leucocytes dominste the picsure. Another tyre of iritis which often
ends in secondery glaucoms is called heterochromic iritis. This
disezse is practically always unilateral. Its course is very mildbut
congequences carn be serious. During the disease, translucent
keratitic precipitatzs can bYe observed in the opacities in the anter-
ior vitreous. After reneated attacks the iris loses its pigment.
Cataracta complicata and secondary glaucoma is the ending result.

In these cases, seccadary glaucoma usuaily is permanentiy cured by

cataract extraction. Etlology of this disease is obscure but{ it is

believed, and some believe thest it is confirmed by animal experiments,

that 1t is due to & disturbance of ocular sympathetic innervation
without apparent Norner's syndrome. However, if patient has Horner's
syndrome at birth, cdepigmentation of the iris of this perticular eye
usually occurs withcut any signs of iritis and peorle who have
acouired Horrer's syn&fome do not show any changes of the iris nor
do they develop suck an iritis. Ciliery body inflammation by itself
is a rare condition and its etiology is obscure. The specific reac-

tione of the ciliary body epithelium and cyclitic membrane formetion
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has been described. Clinicslly, patientzs are found to have deep
scleral injecticns, vitreous opecities and visual disturbances.

Involvement of the ciliary body and iris ir inflammatory
processes is called iridocyclitis and by some, anterior uveitis.
Here the ccmbined clinicsl features can be observed and the most
dangerous complications are anterior peripheral and posterior syn-
echia snd anterior chamber hemorrhages resulting in secondary
glaucoma;cyclitic membrane formation csusing destructive changes of
the eye;and finally phthieie and secondary cataract which algo may
rrodice secondary glaucoma.

Endophthalmitis may be exogenous or endogencus. Exogencus
is usually the result of trsumatic perforating injuries, or penetrat-
ing ulceratione and, in thie perticular occasion, the corneel ulcer.
Fxogenous endophthalmitis will be discussed in more detall in achapter

about perforating injuries. ZEndogencus endothelmitis is

fairly well known as to its clinical behavior and pathological findings
but its etiology is not very clearly understood. Bacterio-logical
examinetion ‘0f fluids or tissue, taken from such an eye, fail ts give
us the answe~. Its classificaticn depends on the past ex-perience and
correlazion with pathological findings. Based upon

this it is classified into gramlomations and nongramulomntions.
Cellalar morphology Qas previously described and on this basis two
types can be differentiated adding the typical clinical pictures
characteristic for e;ch type and adding the acutenmss of the con=

éition.
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Polymorphonuclear cells in the anterior chamber fiuid do
not agglutinate and keratitic precipitates, seen under the slit=lamp,
ere fine. Such a cornea appears frosted with a mignifyingaid. In
contrast to this, lymphocytes form clumps in the agueous 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 endo-thelial
phagocytes, wiich can be seen even with the naked eye.

A granulomotous ‘iveitis onset is usually insidious. Vasculer
reaction is slight to moderate. The iris shows nodularity and is
especially clearly seen at the pupillary margin but it loses its
normal pattern of trabeculation. Secondary cataract possible and
posterior synechia are common. Anterior chamber cellular morphology
is dominated by epitheloid cells with increased amounts of protein in
the aqueous.

A nongrenulometcus uveitis onset is acute. Extreme photophobia,
lacrimation, blurred vision or even pain, are prominent complaints of
the patient. Scleral injection and congestion can be seen very
markedly on examination. The iris does not lose its trabeculation
pattern but loses its clear appearance or may have a grayish hue
and iris vessels are dilated. There is very prominent anterior
chamber flare or may even have already visible fibrinous or gel-
atinous exudate. Posterior or anterior synecchia may occur after few
recurrences. During the acute stage, intraocular pressure can be
elevated because lieavy exudation in the anterior chamber ®locks

ocutflow of the aqueous.
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Panophthalmitis is a purulent infecticn of the interior eye.
Some ophthalmic pathclogists use this term for indication of any
purulent infection, :epgeardless of the extent, as long as it is inside
the eye. My understending end use in this paper is thrt panophthal-
mitis is a bacterial-purulent infection of the interior eye with all
internal structures riore or less involved in the inflammatory pro-
cess, but not indicaiing thet the whole eye is in the state of
suppuration. The reeson for this is that sometimes we cen have,
for example, bacteritl iritis due to perforation, but without any
inflemmatory reactior. in the retina or inflammatory cells 1n the
vitreous. In this ctse, I certainly feel that the term panophthal-
mitis is not justif'ied. On the other hand, when the iris is actively
involved in a purulert inflemmatory process, and I see cellular
inflammatory reactior throughout all the structures, I feel that
this term is proper.

Panophthalnitis is usually an infection with virulent pathow
genic microorganisms, very rapid in its developement and destructive
in action. In case perforation is small enough or is sealed by
scer formation, or ©locked by prolapsed intraocular tissue, second-
ary glaucoma is the result. Inability to control the infection
necessitates snucleation of such an eye because of the danger of
extension into adjacent structures, destruction of the esye by acute
inflammatory processes or sympathetic ophthalmia.

Vitreous abscestc is one of the worst complications because

antibacterial acents cannot, in sufficient concentrations, reach
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pathogenic organisms present in the vitreous.

In case acute irfection is contrdled and secondary glaucome
subsides, the proces:. usually goes into subacute and then chronic
stages and usually results in phthisis bulbus oculi. 1Its clinical
picture is of the most violent inflammation, corneal edema, very
marked injection and congestion of scleral and conjunctival vessels,

edema of the conjunctive and possibly of the lids and periorbital

tissue. The inside ¢f the eye usually cannot be seen because of a
whitish=yellow purulent meterial present in the anterior chamber.
General malaise, pair , severe headaches and vomiting are not un-
common symptoms associated with violent panophtholmitis.

Another very important factor producing secondary glaucoma
in in$raocular hemorrhage is anterior chamber hemorrhage and its
ceuses, already described, and the mechenism producing secondary
glaucome. explained.

The wear and tear which blood vessels can withstand are
principally éependent on their inherited characteristics and signs of
it usually manifest themselves in thesenium. In case these
signs are found in younger psrsons, two etiologic factors should
be considered; (1) innerited deficiency of the vessel wall and,

(2) intensification cf wear and tear causing the vessels to become
prematurely senile. Jne of she 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 supply deficiency to prearterioles and capillaries,
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ESSENTIAL IRIS ATROPHY

Fig. 7

Case No. 628.
Female, 70 years
old, poor vision
noted 1.5 years
ago, blind for

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

Essential iris atrophy is one of the causes of secondary glaucoma.
It is believed that this 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 1 anomaly or local abiotrophy (17: 379).
Secondary glaucoma du to progressive essential atrophy of the iris
is resistant to treatment, is unilateralandmore common among women.

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,
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which, in turn, initiates primary changes in the vascular wall and
afterwards the process takes its course (local vasomotor constriction).
Under the conditions following should be listed eclampsia and pre-
eclampsia, Raynaud's disease, migrane, mitral stenosis, severe
hemorrhage, severe areals, poisons such as tobacco, excessive intake
of coffee (Sedan Foyle), Quinine, polycythemia vera, beri beri zlau=
coma, lues, angioneurotic hypertension, Bright's disease {constant
suboxidation), Renal amiloidosis, periarteritis nodosa, chronic lead
poisoning, polycystic kidneys, and tumors of the adrenal medulla.

As Aschoff describes, "Ve understand by arteriosclerosis a
chronic disturbance of the vessels which Becomes irreversible on
reaching its climax i1 vessels impaired by changes attending the
process of aging with resulting deformation of lumen and brittle-
ness of the vascular wall.,"(27)

According to Elwyn's explanation (28), arteriosclerosis mani-
fests itself by an inszrease n the connective, also elastic tissue
of the intima and reduplication of the marginal elastic layer, some-
times showing increassd comnective tissue in the muscularis, all
together resulting in the thickening and hardening of the walls.

The elasticity of such & vessel 1s greatly reduced and in the pro-
cess of advancing pathology, stretching of the vessel wall occurs

with resulting temporary diletation of the vessel and producing a

tortious pattern of thie vascular tree.

®asic pathological watterns of the sclerotic vessel consists

of atherosis, hyalinosis, lipoidosis and nodular deformation. The
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process itself is different in various vessels. The well developed
intima of' the artery {irst shows a deposit of fat and lipoids in
the cells of intima ard a very fine lipoid deposit in the ground
substance; at the same 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
atheromatous plaque. Psrallel with this process, a localized pro-
liferation of elastic and connective tissue takes place between the
endothelium and atheramatous plaque which prevents the ligquified
meterial from breakinz into the lumen of the wessel. In case such
atheroma breaks into she lumen, an atheromatous ulcer is formed,
initiating the focus >f thrombus formation. In atheromatons plaque,
fatty acids are set free and attract calcium which becomes deposited
in this lesion and so processes of lipoidosis, atheroma 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 cealcium deposit increases
it forms plates whicl usually arrange themselves in a circular
manner.

Again, pathologic progress in arterioles and precapillsries
is different. Here the process consists of a deposition ef hyaline

and hyelinisation of the basal membrane underneath the endothelium.
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EXFOLIATION OF THE LENS CAPSULE, SECONDARY GLAUCOMA

Fig. 9

Case No. 659, Femele 80 ye rs old. Progressive loss of wvision

for past 5 years, painful eye for last 6 months. Cornea clinically
cloudy, no LP, AC shallow. Tension over 90 mm. Hg. Enucleation,1953.
Fig. 9 microscopically early bullous keratophothy. Extensive
anter-ior 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, ciliary
process and posterior surfac of the iris are covered with "baumartig

(breanching-arborization) precipitated material.

L]

Fig. 10

Courtesy of
Dr. Gifford
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Fig. 104

Courtesy of
Dr. Gifford

Exfoliation 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 exfoliation of th 1lens ¢ psule but substance is precipiteted
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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EXFOLIATION OF THE LENS CAPSULE, SECONDARY GLAUCOMA
(con't)

Fig. 12

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

Figure 12 represents si ilar pattern precipitate in
cagse of chromic endophthalmitis complicated by sec-
ondary glaucoma.
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Following through multiple microscopic slides it seems thet it begins
with fibrinoid preciritate 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 of fat in the elastic vessel and cal-
cium in the muscular vessel are results of local disturbances in
nusrition.

Diabetes mellitus is responsible for vascular changes character~
istic in tiis particular disease; in addition, producing arterio=-
sclerosis, it demands special discussion. Anyone can recognize the

specific vascular changes characteristic for diabetes. The etiology
of this pathology is sbscure.

It is my belief s5hat diabetes mellitus, in which the mechanisnm
for the maintenance o? normal bloodsugar is inherently deficient,
instead of retaining its normal stability throughout the life,
becomes unstable at birth, in early or middle life. This cause of
the instability is noi to be found in the effector organs, such as
liver, pancreatic islands or peripheral vegetative nerve system but
it is to be found in he mechanism as a whole or in its central
regulation in the brain. Furthermore, gross pathological changes
in the brain cannot bs found because this is an inherited weakness
of the proper gearing of the individual parts of this mechanism
which is already pressnt in the germ plasm. The etiology of bloed

vessel changes in this condition is also obscure. QOne thing which
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appears certain is tlat dilztation and prestasis in the terminal
vessels are responsitle 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 importent clinically and can be explained
in the prior describef events occurring in the wall 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 vesssl; occlusion occurs when the ®loodflow is so
slow that it becomes extremely concentrated and finally coagulates;
or obliteration of thsz vessel occurs, because of encroaching wall
tissue into the lumen and obstructing it; or by local thrombus for-
mation initiated by a sclero%tic plaque broken into the lumen.
Embolic occlusion of she retinal vessels is very rare.

Yihen, in the prosess of phlebosclerosis, the retinal vein
becomes occluded massive hemorrhages, retinal and optic disc edema
results. Vision fairiy rapidly becomes greatly diminished. At
first, some cases havzs reactive hypotony of the eye but in a few
months, in spite of tiie therapy, the majority of cases develop
secondary glaucoma.,

The last major s=condary glaucoma-producing fector is the
intraocular tumor. 3B#nign intrasoculer tumors which do not grow at
all or grow very slowly, cause no symptoms if they are not located

in vital points of wvisicn or do not disturb normal biophysiology
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SECONDARY GLAUCOMA DUE TO SIDEROSIS

Fig. 13

Case No. 520. Femele. 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 dimolved iron particles (Fig. A), also very marked
discoloration is present. {hroughout the whole retina, iris
muscles and ciliary body. A4.C. trabecular meshwork and Schlemm's
canal is packed with orphous discolored material. Ciliary body
and iris show
atrophic changes.
Cataractous lens
is dislocated
posteriorly.
There is reces-
sion of the
lemina cribrosa.

Fig. 134
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LCONGENITAL GLAUCOMA

Fig. 14

Case No. 521. PFemale; ge of the patient not given.
Eye has been larger since infancy. Vision LP,
tension 66 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 Descement's membrane,
increased fibro tissu amount fills the trabeculae.

Schlemm's canal not dem nstrated.
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of the eye. Malignant tumors, if the eye is not enucleated early
enough, sooner or later produce & true picture of secondary glau-
coma. Tumors will be discussed in more detail in a later chapter.

Eyes which had to be enucleated because of uncontrolled in=-
creased intrasocular pressure have meny different interesting path-
ological findings. ZIrom the summarized tables following we can see
exactly what was takinag place in such an eye. Injuries and infections
and their complicaticas, dominating the field of causes, reflects
clearly the necessity to lools soberly into the problems of preventive
measures against injuries and to look for more effective ways and
means of controlling She inflammatory process in case of infection
or inflammatory reactions from which some are not yet completely
understood.

Loss of an eye b2cause of secondary glaucoma, during the past
twenty-five years totiled 185 from 469 cases, or 39.5%. This is a
very impressing percentage., But how does it look when it is broken
down into definite periods where medical science really meade its
steps forward? In th: pre-sulfo period, we have 107 specimens from
which 40 of them were labeled secondary glaucoma, or 37.5% of the
total; in sulfonamide period the total specimen count shows 131,
secondary glaucoma, 53, result - 42.6%; and finally the last period
of entibiotics in combination with sulfonamides, the number of
specimens being 231, of these, 89 were glaucoms cases and the result

as 38.7%. Actually there is an increase of cases. Why?
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TABLE 10. 6

INCIDENCE OF TRAUMA IN SECONDARY GLAUCOHMA

1929-}  |1938-| _ |1l946- o

los7 | % |loas | # |1955 | # [Totelf %
Traumatic Contusion 8 22 9 l6.1 7 7.8 24 12.9
Traumatic .

Performstion 11 27.5 13 23.2 18 20.2 42 22.7
Surgical 3 9.5 5 89 5 5.6 13 7

Perforation
Chemical Trauma - - i 1.8 2 2.2 3 1.7

TABLE NO. 7
TRAUMATIC LEICNS I EYRS WITH SECONDARY GLAUCCMA
I T T T
Aphakia 4 10.0 6 10.7 10 11.2 20 1ll.4
Displacement of 2 5.0 1 1.8 10 11.2 13 7.0
the Lens
Traumatic Cataract 8 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 Imner

Contents of the Eye 5 12.5 - - 2 2.2 5 1.7
Retained Foreign .

Body 6 15.0 1 1.8 10 11.2 17 9.2
Siderosis 4 10.0 1 1.8 8 8.9 13 7.0
Retinal _ .

Detachment 11l 27453 9 15.1 21 23.6 41 23.2
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TABLE NO. 8
VASCULAR LESICNS IN SECONDARY GLAUCOMA

1629~ , 41938~ % h 1946~

ar of oi
1637 | * |1945 1955 | # [Totell 7%
I’;Z;ii:;:g:* 23 57.5 18 32.1 32 35,8 73 39.5

Central Vein

Qceclusion** 12.5 3 5.4 8 8.9 15 8.7

(93]

Anterior Chamber
Hemorrhage**x*

Central Artery

Occlusion - - - - 1 1.1 1 0.6
Proliferating
Retinopathy L 2.5 2 3.6 5 5.6 8 4.3

—
D
.

w
et

Rubiasis Iridis 1.8 3 3.3 5 267

* Intraocular hemorrhage is usually traumatic; some cases should
be considered but not included here because there was no
history and it happened that in sections made for microscopic

examinations no occlusiion was possible to demonstrate.

** Cases included with definite history or findings under micro-
scopic examination.

**x Cases where just enterior chamber hemorrhage was present.

By analysis of tlie microscopic preparations made from the

specimens enucleated because of secondary glaucoma, we can see that
that (Tabls No. 6) 20% of the eyes which suffered contusion in the

presulfo period were enucleated; 1€.1% in the sulfo period and just

7.8% in the period of antibictics. There is no direct connection

of this particuler lesion with the progress of therapeutic agents,

but indicates improverment of general therapeutic m&nagement and

indirectly for new drigs which frequently prevents secondary
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TABLE NO. 9

INFLAMMATCRY LESIONS IN SECONDARY GLAUCOMA

1029-] .. 11938- 1046-| . |, o
1wz7 |~ loas | % {lgss | P |Total| %

Corneal Ulcer -
5 12.5 L ] L *

Perforated e 2 §“§ 1 %-} 8 4.3
Active 5 12.5 3 5.4 1 l.1 9 4,9
Healed 4 10,0 8 14.3 2 2.2 14 7.6
Active Keratitis 4 %9:9 - - 1 l;} 5] 2.7
Iritis (only) 6 1.0 2 3.6 1 1.1 9 4.9
Anterior Uveitis 23 57.5 14 25,0 10 10.1 47 25.4
(Iridocyeclitis) o R Do
Endophthalmitis 2 5.0 9 16.1 30 33.6 41 22.2
Panophthelmitis 9 2.5 3 5.4 3 3.4 15 8.1
Vitreous Abscess - - - - 1l 1.1 1 0.6

TABLE KO. 10
POST-INFLAMMATORY CHANGES IN CASES CF SECONDARY GLAUCCHA

| | | | l | ! !

PosterioT 8 20 3 5.4 1 1.1 12 6.2
Synecchiae

Anterior Peripheral 4, 405 9 16,1 6 6.7 32 17.3
Synecchiae e e e

Iris Bombé - - 1 1.8 5 5.6 6 3.1

invasion of microorgenisms when superficial layers of the eye coat-

ing are interrupted.
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Traumatic perforation which ended in secondary glaucome also
shows a decline of 27.5% in the presulfo period, 23.2% in the sulfeo
period and 20.2% in he antibiotic period. Here it reflects definite

improvement of management of perforating lesions inspite of a
marked increase, as :ou 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 complicetions which usually are of an inflammatory
nature and as & result of it, ended in secondary glaucoma as follows:

7.6% in the presulfo period, 8.9% in the sulfo period and 5.6% inthe

antibiotic period. 1t ssems that the use of antibiotics post-
operatively achieved 5his progress.
Chemical trauma shows an increase in number in recent years

but this is because more cheniical compounds are used now in the

househeold than 20 years ago and it does not reflect directly on our
prozress in management. Knowing the approximate amount of cases
nowdays and 12 years ago when I just started to 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 healing or contributed factors partially or totallyin
the development of secondary glaucoma. From pathological changes
which may compliecate the primary injury in the loss of the lens,

keeping ebout this same level in numbers, extracapsular cataract

extraction and retinal detachment later shows 2 merked increase
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this being contributed by ar. increase of traumatic cases. 4

similar pattern,”reé%hal detachment, also shows traumatic cataract
which frequently initiates increased intrasocular pressure and, con-
tributing culture mecia for microorganisms, helps spread the in-
fection because therapeutic agents ususlly do not reach the inside
of the disorgenized mass of the lens material. Prolapse of the
inner contents of the eye, whiich is more common in recent years,
shows declining numbers becauise surgical management supported with
antibiotic therapy wve-y frequently gives good results.

Retained foreign bodies and siderosis goes hand in hand because
most of the foreign bodies were of the iron origin. Siderosis
may alone cause secondary glsucoma and toxicity of dissolved iron
is not explained comp..etely 2t the present time. The technique
of the removal of foreign bocies in many cases is greatly advanced.
About 20~30 years ago metallic foreign bodies were left in the eye;
now they are removed snd such an eye is given a chance of recovery
and is usuallvy supported by antibiotic therapy.

Dislocation or svbluxation of the lens is a possible fzctor
initiating secondary glaucoma. This, as with traumatic injuries
of the eye, is increasing in number. Extraction of such a lens is
the only trestment knowm end <his has to be accomplished as soon as
possibdble.

Vascular lesions :an be secondary to trauma or infectious pro-
cesses in the eye or can be primary factors initiating secondary

glaucoma, Looking through Table No. 8, we see that of the eyes with
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secondary glaucoma had one type or another of intrsocular hemorrhage
or vascular lesions vhich 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
occlusion, as stated previovsly, is a condition of the senium,
giving only an impression that our average age and temsion of our
civilized life is increasing. Therapeutic agents and the management
of this condition is still uwasatisfactory. Proliferating retinopathy
is a result of some traume which can be mechanical or infectious.
It is increasing too, indicating that more eyes survive after serious
damage and have time to dewelop this secondary condition of repair, or
cen go along with sonditien of rubeosis iridis because both conditions
are found in diabstes mellitus and can be precipitating factors of
secondary zlaucoma. Its increase in number indicates that management
of ths diabetic patient is better today and patients survive longer,
havinz time wo develop these changes in the eye.Much can be said
abou; this condition, but prevention of it at thepresent time is not
viry advanced and many studies are needed in this field.

Inflammatory les.ons found under microscopic examination are
sumarized in Table No. 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 12.5% in the presulfo period,
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dropped to 3.6% in ths sulfo period and £inally to just 1.1% in the
entibiotic period. A very similar pattern is seen in cases with
active corneal ulcer. F¥eratitis, due to infection, was common before
sulfonamides were put to use and just one accidental case was found
in recent years of ths antibiotic period.

Iris and ciliary body iavolvement in inflammatory processes
shows a definite decline wit: advancement of new drugs, dropping
from 72.5% in the presulfo period to only 11.2% in the antisiotic
period.

A reverse picturz is prasented in two inflammatory lesions of
the eye. These two lzsicns are panophthalmitis and endophthalmitis.
Panophthalmitis shows a decline as new therapeutic agents are started
but endophthalmitis is increasing in number.

Panophthalmitis, as was discussed earlier in this chapter, is
an inflammatory condition of the eye structures dus to bacterial
invasion or, in other words, a purulent inflammatory process. This
lesion is progressively controlled by new drugs as demonstrated in
Table Mo. 9, being found in 22.5% of the eyes with secondary glaucoma
in the presulfo perioi, 5.4% 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, wery often these syes go into & sterile inflammatory
process and end with secondary glaucome or phthisis. Here it seems

to be the actual caus23, inspite of new drugs and better surgical
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technique, for secondery glaucoms still being as high in frequency
as it is.

Table No. 10 represents the complications that occur during oras
a result of the inflammatory process. 4ll of these changes may

be the factors of irrsversibility of secondary glaucoma when the

healing process is completed. Actually, these changes are just

part of a natural repair mechanism during the inflammation but they
upset the physiologicil mechanism of fluid circulation by obstruct-ing
normal channels of flow. These changes show definite decline with the

therapeutic srogress of drugs and keeps approximately parallel with

declining inflemmetory lesions of the cornea, iris

and ciliary body. In other words, our present drugs may be
admin-istéred in the anteri>r segment of the eye and have sufficient
concentration to achisve control of infection.

In conclusion of this chapter we can say that secondary glau-coma

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
masses of the populat ion becsause 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 concern:ng the way to reach adequate concentrations
in the parts of the eye where fluid exchange is slow.

Endophthelmitis presents a new task to our profession. It

needs to be better clarified with a development of therapeutic agents.

The surgical progress is adequate in combination 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

TRAUNATIC INJURIES OF THE EYE



From a total of 469 enucleated eyes in the last quarter century,
220, or 46.9% were due to trauma with all the complications 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. ZEighty-tw> had delayed complications and were enucleated
because of secondary glaucoma. Thirty=three healed after trauma
but underwent degenerative changes and reached the stage of phthisis.

Having such a great number of cases where injury directly
caused immediate loss of the eye, or initiated further complications,
I feel the subject of traums= to the eye should be discussed in detail.

Nebraska, primerily an agricultural state besides having a
fairly well developel industrial center right here in Omaha, has
its typical injuries particular to this part of the country. Besides
the injuries of professional character there are a few which are
from carelessness ani some which come from the fact that the state
legally permits children to own and use firearms.

Professional hazards and their results sre 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 amonz laborers, factory workers, road gangs, farmers,
etc. Among children, which are represented in a high number, the
BB gun accidents are far greater then any other, such as knife
wounds, toys, milk bottles, etc. Chemical injuries are seen quite

often in office practice, but the present modern trestment in most
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cases are saved and 1o not reach that stage of complication which
would necessitate enucleation.

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 tnae teacnhing of workers to protect themselves
is low in comparison with industry in eastern states end that in
Germany before the war.

To clarify the do0ssible pathology in case of injury, I shall
discuss it stressing the injuries found among eyes lost in our area,
To keep some ordser iz discussing this particular problem it is
necessary to divide them into penetrating or perforating and non-
penetrating or nonperforating injuries. Ferforating injuries can
be due to laceration, rupture, surgical incision, punctures and
injuries caused by fireign vodies which hawve enough velocity to
penetrate through ths 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 thet it involves the sclera
and ciliary body. Blunt force of sufficient violence causes rup-
ture of the globe. Jestruction in this type of injury is usually
great. Rupture of tnie ocular coats occurs at the point of the force
implied, countrecoup at the point of weakness, or according to the

motion of fluid and semifluid contents of the eye, which can be
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Fig. 16

Anterior Dislo-
cation of the
Lens.

Courtesy of
Dr. Vichery

Fig. 15

Corneal Foreign
Body .

Courtesy of
Dr. S. Sugar.

Fig. 17

Dislocation of
the Lens.

Courtesy of
Dr. Vickery



Fig. 18

Dislocation of
the Lens.

Courtesy of
Dr. Vickery

Fig. 19

Dislocation of
the Lens.

Courtesy of
Dr. Vickery

Fig. 20
Corn al Ulcer

Courtesy of
Dr. Judd.
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Fig. 21

Traumatic Evulsion
of the Eye.

Courtesy of
Dr. Rasgorshek

Fig. 22
Chemical Trsuma

Courtesy of
Dr. Sugar

Hypersensitivity
Reaction.

Courte y of
Dr, Judd
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Fig. 24

Macular Hole
after Contusion

Caxtesy of
Dr. Vickery

Fig. 25

Corneal
Laceration

Courtesy of
Dr. Judd

Fig. 26

TPraumatic Rupture
of the Root of
the Iris.

Courtesy of
Dr. rrison
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Figo 27
C rnesl Ulcer.

Court sy of Dr. Judd

Fig. 28

Late Results of Chemical Trauma.

Courtesy of Dr. Judd
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proven by physiomatheratical calculations.

In case of surgical woﬁnds, the most cormonly involved structures
are the lens capsule e¢nd iris. Prolapse of the vitreous or uveal
tissue causes the most complications resulting in delayed wound
healing, secondary infections and downgrowth of the epithelium.

Punctures are the most treacherous injuries of all. EHxternally
they usually eppear irsignificent and wvery often heal per primem
faciem, but what is left from this little wound often causes con~
siderable gzgrief 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 lightleartedly. 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, vitreous, choroid, sclera and the track of the
injuring object may erd somewnere in the retro-orbital tissue or
even in the intracranieal cavity. It is very possible that in such
cases, pathogenic orgenisms were seeded all along the path of the
penetrating object anc¢ here w2 have the problem on our hands which
can be serious immedisztely or become serious when we think that we
have taken care of this small wound somewhere in the correa. Furu-
lent meningitis, intrzcranial abscess, suppuration of the retrobulbar
tissue and acute panornthelmitis may be the end result. Punctures
penetrating the ethmoiial or “rontal sinuses open spaces which are
seldom steril. Involvement of the lacrimal ducts needs early recog-

nition in order to prevent suppuration and scarification strictures,
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PANOPHTHALMITIS FOLLOWING PERFORION INJURY

T4a

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-
Jjunctival sack covering the
eye, AC was filled with
yellow purulent exudate,
iris not wvisible, intra-
ocular tension low.
Microccocus pyogenes and=*

--Fig. 294

*
gram positive
rods were cul-
tured. Systemic
antibiotic
therapy rapidly
brought tempera-
ture to normal
and meningeal
signs disappesared.
Ten days later,
patient was dis-
missed and
ordered to come

t
Fig. 29B (con't)



PANOPHTHAIMITIS FOLLOWING PERFORION INJURY
(con't.)

Fig. 29C

(con't. from p. 74a)

back in six weeks to
have this eye enucle-
ated. Enucleation, 1953.

Eye underwent phthisic
changes and stayed
moderately inflammed
inspite antibiotic
therapy.

Microscopically, per-
foration found near

the center of the cor-
nea. AC shallow and
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 fibrin coagulum with polymorphonuclear cells (Fig. 29C). Iris

necrotic and also infiltrated by.polymorphonuclear cells (Fig. 29D).
Fig. 29A dem-

onstrates ecel-
lular morphology
predominant
cell being
polymorphonue
clear leuco-
cytes and a

few plasma
cells. Fig.29B
shows young fi-
broblasts, poly-
morphonuclear
cells & lympho-
cytes found in
forming corneal
scar.

Fig. 29D
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or, if severed, need recognition as soon as possible to establish

the continuity of then.

The same must be sald of intraocular foreign bodies. Very

often, intraocular foreign bodies are very smell and the majority
of them are metallic. The wound, in such & case, is very small,
but infection, injury of vital perts of the eye, #nd toxicity of

the foreign bodies=intraocular-should be kept in mind. Among casesof

eyes exsmined witk retainad foreign bodies was cne witn a piece

of bubton, two with & BB pellet, one with multiple gravel pieces
from explosion, two of plant origin, one brass, one copper and the
rest had irom origin foreign bodies. The majority of magnetic
foreignbodies can be removed by using a giant magnet. In case the
original injury is not too great and there are no secondery
complications, fair or even good vision may be expected, but in case
of massive hemorrhage or infection, enucleation is very often
necessary. In-fection may be controlled sometimes and the eye saved,
but even thenthere is a great chance thet the eye will go into
progressive degen-eration and end with phthisis.

Ferrous retained foreign bodies snd its alloys results in sid-
erogis. The degree of siderosis and the time it starts depends on the
number of particles, solubility, position in the eye and their
encapsulations It is a generally accepted thought that siderosis
develops one year after such & foreign body enters the eye globe
(17: 169), but in our own collection we have one case where definite
siderosis was demonstrated three weeks after the accident and more

in less than one year
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TEAUMATIC INJUR WITH 10SS OF INNER CONTENTS OF THE EYE

Fig. 30

Cese No. 573. Female,

11 years old. ye was

struck with golf ball,

immediate enucleation -
1952.

Multiple laceration
through cornea and
sclera. Around

lacer tion there were
already polymorpho-
nuclear leucocytes
infiltration.(Fig. 30 4)
Whole globe was filled
with blood (Fig. 30B).
In the corneal wound
were prolapsed iris &
fr gments of lens cap-
sule. There was no retina and very little of wvitreous.

Fig. 30 Fig. 30B
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TRAUMATIC FFRFO .TION WITH LOSS OF INTRAOCULAR STRUCTURES

Case No. 559. Femnle, Age two years. Her older brother
dropped milk bottle and fragment of the glass flew, pene-
trating through he 1lids and perforating the eye. Emucle-
ation next 4.y - 1951.

Fig. 31 represents the extent of destruction done by such
traume. 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 ciliary body and some vitreous;
all prolapsing tissues and edges of the wound are heavily

infiltrated by polymorphonuclear leucocytes. Vitreous is

filled with detached and disrupted retina; also choroid

is separated by ubchoroidal hemorrhages.
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Dissolved ferrur: are taken up by the cells and epithelial
structures take up tle greatest part. The toxic effect of the ferrous
ion is very strong and under its influence the retina under-goe§
rapid atrophy, the retinal wvessels become occluded and may cause
cataract formai ion and secondary zlaucoma is wvery frequently an end
result of siderosis.

Copper and bras:s are as toxic as iron, producing similar reac-
tions in the eye. Being non-magnetic, such foreign bodies present
specisl problems in their removal,

Eyeglobe injuries by blunt objects mey cause contusion, or,
if severe enough, rurture of the globe. Rupbure of the globe in this
instance usually is associated with great amounts of destructionof
the structures inside the eye and also prolapse of the inner oculer
tissues.

Contusion without disruption of the sclera may also result in
magnifold destructive lesions of the structures inside the eye.

The most common are: retinal detachment, intraocular hemorrhages,
rupture of the iris ephincter, rupture of the iris et the pupillary
margin or et the root, a tear through the scleral spur, retinal

and preretinal hemorrhages, rupture of the choroid which has a
characteristic location betw2en the optic disc and mecule, and dis-
location of the lens. Later sequellae from contusions are also
multiple as in contusion cataraet, which, es a rule, is rosette-like
in appearance and located in the posterior cortex. Hemorrhege in the

enterior chamber frequensliy results in formation of secondary
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membranes which block the anterior chamber angle and produce secondary
glaucoma. Secondary glaucome may also be ther esult of
intreocular hemorrhage in the posterior part ef the eye. Counter=-

coup force in instances of zontusion produces a known feature called

commotio retinae. Marked edema of the retina is wvery frequently

associated with hemorrhages in different sizes &and locations. Such

-

a retina undergoes a more o: less degenerative process after such

injury and hemorrheag2s are absorbed or orgenized into membranes mixed
with glial tissue pr>ducing a known picture of traumatic proliferative
retinopathy. Retina. tears most commonly occur along the ora serrata
and retinal detachment follows the accwmulation of the fluid.
Thermal, particulerly chemical burns of the eye and the lids,
is fairly common in this state. Such injury produces necrosis of
the involved structures snd heals by dense scar formetion, which
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 formetion of the opacities.
From the chemictl agents most commonly ceusing injuries of the
eyes are lime, lye, esmmonisa, sulfuric acid and phenol. The most
unpredictable burns ere produced by alkali and at first they do not

look severe but a fev hcurs later the extent of damage increases

}and acid penetra-

due to the inability of the tissues to neutralize

tion is limited by a buffering reaction,
Radiant energy elso plers an important role in producing ocular

lesions but their damage 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 factor for further complications or impairs the
normal function of tils organ. Types of radiant energy that should
be mentioned are visible light and its fractions and ionizing
radiant sources.

Direct visible light in excess injures the retina and leaves
permenent scotomas. Injury here occurs because of large smounts
of energy concentrat:d on relatively small sreas producing a
burn-ing effect on the spst. Cosgulation occurs in the cells of
this area snd death of th:se cells follows. This is usually seen
among people who have lost their lenses because of cataracts as the
lens absorbs a great deal of infrared waves. Ultraviolet ray damege
to the eye is superficinl and produces a known pathological picture
named keratoconjunct:vitis rivealis. Healing, if not complicated by
infection, is usur.lly ragpid.

Roentger and racdium dsmages are now rare becaiise past exper-
ience has taught sbort dangers and protective measures were applied.
The most common comp.icatior from such sources of irradiation weas
and still is secondary cataract or loss of eyelashes or eyebrows
when, for therapeutic reasons, this area has to be irradiated.
Retinal lesions in ttre 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~-effect of ultraviolet light--and directly--
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cataracts that develsp with great rapidity producing diffuse
cloudiness of the leas.
TABLE I0. 11

TRAUMATIC INJURIES

1329~ o 1938= . 1945 .
1337 | ° {1045 | # [1355 | % [Total| %

Perforating 5 52.1 35 656.4 79 71.9 139 63.3
Injuries

Contusion 9 18.7 13 21.0 15 13,7 37T 16.7
Thermal and Chemical _ - 1 1.6 3 5.7 4 1.8
Injuries

Surgical 4  29.2 13 21.0 13 11.7 40 18.2
Perforations |

TCTAL 18  100.0 62 100.0 110 100.0 220 100.0

TABLE 1I0. 12

REASCI'S FOR EINUCLEATION

1129~ 1938-| _ [1sas-{ )
1937 | ® lioas | % |19s5 | 7 [Tovel} %

—_— o
— — — —

Secondary Glaucoma 2  45.9 28 45.2 32 29.1 82 37.6

o

Irrepeirable Injury .4 2%.2 21 33.8 56 50.9 9l 4l1.7
Phthisis 9 18.8 8 12.9 16 14.6 33 15.0

Other Complicating

Factors 3 6.2 5 8.1 6 5.4 14 6.7

TOTAL <8 10¢.0 62 100.0 110 100.0 220 100.0
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Table No. 1l resresents types of injuries which, directly or
because of infection or other post-traumatic complications, resulted
in enucleation of th: sye. The majority of eyes enucleated because
of traumatic injuries; and sustained perforating injuries show a wvery
marked increase in nmmber in recent years. The answer to this is
that progressing meciianization of our life is not followed by ine
creased security dev.ses or safety education of the general popu-
lation. The same éan be said in cases of contusion and chemical
injuries which also how a marked increase of incidence. Surgiecal
perforation of the e;eglobe shows increased safety and is easily
reflected in figures as therapeutic agents advanced with the use of
sulfonamides.

Reasons for enucleatior are summarized in Table ¥No. 12, where
secondary glaucome, cue to traume, post-traumatic infection or
post=inflammatory changes, produce increased intraocular pressure,
showing interesting chanses in the different periods. Presulfo and

sulfo periods have a;most identical numbers; the entibiotic period
shows a marked declire indicating that inflemmation due to infection
in some cases was possible to control.

An entirely different picture represents itself in the pattern
of numerals where the eye wss removed because injury was too great
or too violent and tlte eye was impossible to save and was taken
out immediately or a short t{me after trauma occurred indicating the

Ho.
same &s in Table 11, that more and more accidents occur as

mechanization advances.

80



PATHOLOGICAL FI {DIWGS

CABLE ¥O. 13

TRAUKATIC INJ JRIES ®:¢ POST~TRAUMATIC CCHPLICATIONS

N THE EYES ENUCLEATED BECAUSE CPF

1920~ _ |1938-| _ [1946- ;
A : 7 |Totall %
1957 | 7 |1945 § 1955 | ’
Ferforation of 1" 35.c 33 53.2 75 68.2 115 52.3
the Cornea
Perforation of 12, 13 20,9 57 51,9 76 34.6
the Sclera
Destruction of the 8." 1 1.6 4 3.7 9 4.1
Eyeglobe
. o
Frolapse of the 12,5 2 3.2 19 17.3 27 12.3
Iris
Frolapse of the 45 1 1.6 10 9.1 13 5.9
Ciliary Body
Loss of Entire In=- ‘ o
traocular Cataracts 4. 5 2.8 & 2.3
Treumatic Aphakia : o 5 7.1 13 11.8 21 945
Frolapse of the . 87 2 3.2 9 82 15 6.8
Vitreous
Surgical Aphakia : 4,1 4 6.5 3 2.8 9 4.1
Traumat%c . - - - 4 3.7 4 1.8
Iridodialysis
Traumatic Cyclodialysis - 1 1.6 3 2.8 4 1.8
Dislocation of the
Lens H 4,1 1 1.6 12 10.9 15 6.8
Rupbure of the . . .
Chor@id J 2..1 - - - - l 05
Traumatic Cabaract 1F 31.3 16 25.7 39 35.5 70 31.8
Retinel Debtachment 1¢ 3343 11 17.7 26 23.7 53 24.1
PTraumatic Aniridisa 1 2.1 2 3.2 4 ST T 3.2
Retai B !
etained Foreign € 16,6 7 1l.3 26 23.7 4l 18.6

Body
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TELBLE NO. 13

(con't,)
15:9- 1938~ 1946-| | »
197 | % |19a5 | # |1es5 | # |Tobel]| %

Siderosis ' 14.¢ 2 362 11 10.0 20 9.1
Intracecular .

I{emorrhaae 1-‘ 290( 8 1209 2‘3: 21.9 ‘3:5 20.9
Anteri Chamb

ST 4.6 3 4.9 4 3.7 14 6.4

xemorrﬂ.age
Postoperative {(after

Cetaresct Bxtraction) - 1 1.6 1 ) 2 .9
Expul sive Hemorrage
Panophthalmitis 1o 83.& 10 18,1 18 14.5 42 19.1
Endophthalmitis ¢ 1.z 8 12,9 28 25.5 45 20.5
Acute Iridocyeclitis 847 9 1l4.5 4 37 17 7.7
Corneal Ulcer 14.¢ 5 7.l 1 -9 13 5.9
Hypopion : 6.¢ 1 1.6 - - 4 1.8
Vitreous Abscess 2.3 2 3.2 2 1.8 5 2.3
Sympathetic i - 9 - - v
Ophthalmia 5 4 5. 1.4
Anterior Synecchiae ¢ 12.8 12 18.3 8 5.5 24 10.9
rosterior Synecchise ¢ 8.7 4 6.5 2 1.8 10 4.5
Cyclitic M¥embrane : 4.2 - - 4 3.7 8 2.7
Staphyloma : 4.z 3 4.9 8 5.5 11 5.0
Phthisis ¢ 19.2 8 12.9 le 14.5 33 15
Ossification 2 8.7 4 6.5 4 3.7 12 5.5
Calcification : 2.1 1 l.6 3 2.8 5 2.3
Amyloid Bodies 3 2.1 - - 4 3.7 5 2.3
Cholesterol Crystols 1 2.1 - - 2 1.8 3 1.4
Secondary Glaucoma 1< 29.2 25 40.3 26 23.7 66 29.5
Bullous Xeratopathy ¢ 6.3 - - - - 3  1l.4
Endothelial Dystrophy - 1 1.6 - - 1 «5
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TRAUMATIC DESTRUCTION OF THE EYEGLOBE

Fig. 32

Case No. 531. Male,
Dynemite 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 number (Fig. 324).

Fig. 32A

Fig. 33
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TRAUMATIC PERFORATION, INTRAOCULAR FOREIGN BODY,
PANOPHTHAIMITIS, VITREOUS ABSCESS

Case No. 473. Male, 46 years old. While pulling a nail, apiece

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's on the posterior surface of the

cornea. Filtation angle and Schlemm's canal are packed with
lymphocytes and plasme cells. Extensive posterior synecchiae and
organized membrene (Fig. 33A). Cataractous lens in subcapsular
area is invaded by
polymorpho-nuclear
cells

(Fig. 33B).Ciliary
body

is detached and
disorganized.
Yitreous is dis-
organized and
there is formed
vitreous abscess
with predominantly
polymorphonuclear.

Fig, 33A

Fig. 33B

(Con't)
cells, a
few lymph-
oecytes and
red cells.
Uveal
tract shows
in-eipient
siderosis.
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TABLE NO. 13
(con't.)

Retained Foreign Bodies

I -Perrum (34), II -Cuprum (1), III -Brass (1), IV -Plant origin (2),
V -Gravel (1), VI -BB Pellet (2), end VII -Button Fragment (1).

Phthisis which follows traumatic injury cen not be evaluated
according to the pattern of the three periods within the past twenty-
five years because this condition, in many cases, was tolerated by
the patient for many years before such an eye was removed.

Table No. 13 represents all the microsoopic findings summarized
and computed for each separate lesion found in the removed trauma-
tized eye. The first group shows the degree of injury. Looking
through the figures and compairing 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 inflemmatory lesions associated
with trauma and our interest lies in demonstrating our progress.

In spite of more extensive injuries in the recent years we
see that purulent infection of the whole eye, panophthalmitis, shows
a definite decline as new, more specific drugs are advanced.

In the presulfo period, 33.3% of the enucleated 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% and finally in the
sntibiotics period, reached as low as 14.5%, in: spite of more ex-

tensive lesions as was demonstrated above.
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A reversed picture is presented in the case of endophthalmitis,
This inflammatory process is not kmown as well as it should be, but
it seems that when baoterial invaesion is controlled, tissue reaction
and advancing changes are cerried further as sterile, acute, sub-
acute or chronic inflammation, which usmally 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 becsme: badly infected
in the presulfo period it was enucleated as is shown in the group
of panophthalmitis, Now the bacterial infection is more frequently
controlled and such an eye has more change to develop endophthalmitis,
secondary glaucoma or phthisis.

Anterior segments and cerneal lesions due to microorganisms
were very effectively eradicated by new drugs as is apparent from
the figures in this table.

The vitreous abscess does not give amy conclusive ewidence,
but it is well kmown from clinical experience, that bacterial inva-~
sion into the vitreous is usually disasterous to the affected eye
because no antibiotie can adequately concentrate it that would bac-
teriocidal, and the witreous represents itself as a very good culture
media.

The third group in this table summarizes the postinflammatory
changes in the traumeatized eye. All these changes ere expected in
any eye which has had any inflammatory process. Secondary glaucoma
was covered in 2 previous chapter and the phthis will be discuss

later.

84



In closing this shapter it is clear that many eyes which became
infected were saved. Entophthalmitis requires more studies, expec-
ially in regard to tissue reactions of sensitizing agents and their
prevention. Advancing mechamized life should also be followed by
inereasing perfection of protective measures and safety edusation

of the whole pepulation.
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CHAPTER VII
CORNEAL LESIONS



Before sulfonamides and antibiotics, corneal ulcers were one
of the most difficult inflammmtory lesions of the eye to cope with.
Corneal ulcers are of great variety and their presenting pathologicel
and clinical picture is different in each case. Basically, from the
clinical standpoint they can be divided into marginal, central,
serpiginous and ring abscess of the cornea.

Nerginal ulcers usually are caused by micrococcus and Koch-
Veek's bacillus which is an epitlielial parasite and is seen under
the microscope as a minute gram negative slender rod. This kind of
ulcer starts at the margin in the corneal epithelium or under the
epithelivm, initially forming a small abscess. It has no tendency
to spread to the center of the cornea. Recurrences in this particu-
lar type of ulcer is common. This lesion under a microscope shows
predominantly polymorphonuclear cell infiltration and the destruction
of epithelium and stroma beneath. When macrophages reach the lesion,
repair is accomplished by scar formation and vascular invasion from
the limbus.

Central corneal ulcers are more serious because the opacities
left after healing usurlly interfers with normal vision. Fangus
and mltiple pyogenic microorganisms may produce such a lesion. The
most common organisms are: beta hemolytic streptococous, klebsiella
pneumoniae, Friedaender'!s baeillus, pyocyaneus, diplodacillus de
Petit, and neisseria gonorrheae, This type of ulcer tends to pene-
trate deep into the cornea; it undermines and forms an abscess and

occasionally results in perforation. Polymorphonuclear cells are
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PERFORATED CORNEAL ULCER FOLLOWED BY PANOPHTHALMITIS

Mg. 34

Case No. 373. Male, 82 years o0ld. This eye was trsuma-
tized by a calf's horn. Corneal ulcer with perforation.
Enucleation in 19 5. Cornea perforated in the centerand
the defect is closed with young organized fidbrous tisene
mixed with many p lymorphonuclear leucocytes; this same
cellular infiltra ion is seen in the rememiningcornea. The
anterior chamber is shallow and filled with parulent
exudate which ext nds behind the cataractous lens. These
same cellular morphology, polymorphomuclear leucocytes,
are found in great numbers throughout the iris, ciliary
body, retina, choroid and even the opticnerve. Necrotic
changes are found throughout 2ll inner eye structures.
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PERFORATING CORNEAL ULCER

Fig. 35

Case No. 670. Male, 70 Jyears 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 physician 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 leucocytes
and iris pigment. The anterior chamber is completely
obliterated and extensive posterior synecchiae are pre-
sent. The anterior surfiace of the iris also shows
polymorphomiclear cell infiltration. The remaining
cornealepithelium shows marked keratinization.
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adundant in this lesion and participation in the inflammtory process
is seen in the iris and ciliary body. Sterile cell accumulation in
the anterior chamber is common. Microorganisms for identification
are found in the periphery of the ulcer. In case of perforation,
peanovhthalmitis may follow or if healing of the perforated ulcer takes
place wvhen the perforation is sealed by prolapsed iris, corneal
staphyloma is the result.

Aspergillus nigrus cormeal ulcer-—we have one specimen of such
a lesion—1is equally invasive and perforation is common.

Ring abscess is caused by pyogenic microorganisms of high
virulence. A characteristic microscopic picture is that of complete
necrosis of the deep layers in the center of the cornea with less
lesions in the superficial layers. Massive infiltration by poly-
morphonuclear cells is usually seen throughout all the layers of the
cornea. Usually, endothelium and epithelium is gone, but Bowman's
and Descemet's membranes are intact except for the small opening of
perforation. This is most destructive of the lesions of the cornea
and very often results in the further spread of infection after
perforation.

Corneal ulcer very seldom starts with intact epithelium tut
the most minute disruption of epithelial contimity may serve as the
port of entrance for pathogenic microorganisms.

We have 60 epecimens in our collected series which demonstrate
active or healed corneal lesions, making 12.5% of the cases of enucle-

ated eyes.
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Perforated corneal uleer takes first place with all possible
complications which ray be essociated or follow the perforation.
From these are panopl thelmitis, endophthalmitis, anterior uveitis,
snd others like snterlor sitephyloma, synecchiae, cyclitic membrane,
ete.

Tables No. 14 ard 15 represent very well how such lesions wers
influenced by sulfonemides and antibiotics with 22.4% before the
sulfonamide period, 18.3% during the time sulfonamides were avail-
able and juet 4.7% of all enucleated eyes during the time that anti-
biotics started to be used. Secondary complications also show a

definite decline.

TABLE NC. 14
CCRNEAL LESIONS

1929~ § 1938-{1946- ‘ Total
1937 11945 {1955 |

Perforated Corneal Ulcer 8 7 3 18
Corneal Ulcer Ante Firforatiosnem e 4 1 9
Active Corneal Ulcer 2 3 2 7
Perforated Cornesl Ul cer Hezled 2 5 >
Previously - 9
Trachoms with Ulcerstion 1 1 1l 3
Complicated Dendriti: Ulcer - 1 - 1
Ring Abgcess of the (ornea - 1 - 1
Healed YNonperforated Corneal Uleer 2 1 1 L
Corneal Ulcer Dae %o Aspergiilus Higrue - - 1 1
Deep Active Kerotitic 6 1 - 7
TOTAL ' 24 24 11 £C
Totzl eyes erucleated 107 131 231 Ao

ir percent 22,4 18.3 4.7 12.5
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TAELE NC. 15

PATHOLOGY FIUND ASSOCIATED WITH CORNEAL LESICHS

|

1929w‘1938~
1937 {1985

1946~
1955

Totsal

Panophthelmitis
Endephthalmitie

Agute Anterior Uveitis
Subscute Anterior Uveitis
Chromic Anterior Uveiiis
Cyelitic Membrene
Secondary Catersct
Poeterior Synecchine
Anterior Peripherel Srnecchire
Anterior Staphyloma
Secondary Glaucoms
Phthisis

Prolapse of the Iris
Retinal Detachment
Intragenlar Hemorvhegs

Forelgn Bedy in the Cirnes
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CHAPTER VIII
PHTHISIS BULBUS OCULI



Phthisis bulbus oculi is understood in pathology as shrunken
eyeglobe., The phthisic eye usually does not produce any symptoms
for a long period of time tut after many years becomes more and more
irritable and finally so painful that enucleation becomes necessary.
Thie final stage is czlled phthisis dolorosa (27: 363).

The process of shrinking is initiated by perforating injuries,
retianed foreign bodies, recurrent inflammestion which can be endo-
genous or exogencus, and contusion (see Table No. 16).

The development of shrinkmge of the eye is based upon progressive
pathologic changes going on primarily in the ciliary body amnd the
vitreous. Disorgenization by trauma of any kind fails to produce
an adequate amount of intraocnlar fluids and the eye becomes soft.
Highly vulneradble vitreous, for this reason, undergoes progressive
aetrophy usually due to contracture of the scar tissue which forms
in the eye as an attempt of repair after mechanical or inflammatory
trauma. Decreasing intraocular pressure and scarification upsets
the vascular system which is going into obliterative changes. The
retina is pnlled off by scar tissue and hyaline-like material accum-
ulates beneath and parallel to it; hyaline degeneration starts in
the choroid and fuarther calcification and ossification takes place.

Analysis of the specimens shows that 46 emcleated phthisic
eyes occur out of a total of 469 making 9.8%. The presulfo period
showe 11.1% of the total number of eyes emicleated; in the sulfo
period, 8.4%; and in the antibdiotic period, 9.5%. These figures,

as they are, are inconclusive for a statement about therapeutic
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TABLE NO. 16

PHTHISIS INITIATED BY FOLLOWING
CONDITIONS AND THEIR COMPLICATIONS

1929-11938-|1946-
11937 195 1955 | Ot
Surgical Perforation 2 2
Perforating Injury i 3 1%
Perforating Injury ith Retained 1 1 4 6
Yoreign Body
Perforation of the Corneal Ulcer 2 1
Recurrent Bndophthalmitis 2 1
Chemical Burn Perforation 1l 1l
Endogenous Panophthalmitis 2 2
Contusion 2 2 L
TOTAL 13 11 22 L6

Total Eyes Bmmcleated 107 131 231 L69
Phthisic Ryee in % 11.1 8.4 9.5 9.8

progress, but when we look closer into other figures (Table No. 16)
we see that in spite of a marked increase of traumatic injuries,
the mmber of phthisic eyes is relatively smaller and there is a
definite decrease of corneal inflemmatory lesions resulting in
phthisis. Surgical perforations were also exposed to more dangers
because of the inadbility to control infection before chemotherapeutics
and antibiotics appemred. Endogenocus endophthalmitie, it appears,
has not been influenced by therapeutic progress.

The whole picture of this discussion presents the conclusion
that in spite of an increasing mumber of traumatic cases, relatively
fewer eyes reach a destructive form of phthisis bultmus ocali due

to progressing therapeutic factors.
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ENDOGENOUS IRIDOCYCLITIS
(Endophthalmitis)

SURSEQUENT ATROPHY OF THE GLOBE

ig. 37

Case No. 655. Female, 37 years old. Rheumatoid arthritis
of ten years duration. Eye gradually lost vision
associated with pain and redness. Enucleation in 1954,

Cornea vascularized and scarified in the level of Bowman's
membrane. Anterior chamdber practically completely
obliterated by anterior synecchiae. 1Iris and ciliary dody
are displaced anteriorly and show marked disorganization
and infiltration by lymphoc tee. Lens shows cataractous
channges. Anterior segment of the choroid also shows some
leucocytic infiltration. Retina shows marked atrophy and
most of the vessels are occluded.
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PHTHISIS AF1'ER CHEMICAL TRAUMA.

Case No. 625. Male, 67 years of age. Lime burn 47 years prior to
enucleation. For pa t two years eye became irritable and finally
vainful. Enucleation - 1953.

Phthisic eye, cornea thickened
and vascularigzed. Inner
strmctures of the eye are
grossly and microscopicslly
disorganized and infiltrated
by plasma cells, various

ma turity fidbroblaste and

few lymphocytes. Few areas of
recent hemorrhages.

Bone formation is advanced.

Fig. 38

TRA MATIC TINAL TETACEMENT FOLLOWED BY PHTHISIS

Fig. 39

Case No. 338, Female
76 years old. Treu-
matic detachment of
retina, 36 yrs.
Painful eye for past
3 mos. Previously
soft eye becameha d.

Cornea 1s thickened
and vascularized. AC
is filled with
organized exudate
which contains ne
vessels, lymphocyter
& plasma cells.
Postinflammatory
Pupilery membrane
fuses with cycliticm embrene enclosing cataractous lens., Retina
detached and mostly replaced by glial tissue. Subretinal and sub-
choroidal hemorrhages of recent origin. Choroid is fibrosed and
ghows plasma cell end lymp ocytic infiltration. Bone formation is
present in and along the deg nerated choroid.
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SITEROSIS AND PHTHISIS BULBUS OCULI

Fig. 40

Case No. 513. Male, 44
years old. Was hit in
- the eye by something
while hammering on a
sickle bar. 2 days
later first unsuccess-
ful attempt to remove
foreign body which wa
located in the eye &
measuring 1x1xl mm.

5 days after trauma,
one fragment was re-
moved. 2 days later
x-ray showed residiusl
fragment; by that time
severe panophthalmitis
developed. 3 months
after traumes,phthisis, no LP, painful, enmucleation in 1949, (Fig. 40).
Emcleated eye measured 19 mm. AP diameter, 17 mm. vertically and

15 mm. horizontally. Perforation injury at the limbts, down growth of
corneal epithelium, marked infiltration by lymphocytes. Cornea highly
vascularized. Foreign body particles demonstrated in ciliary body
(Fig. LOA), ferr ms discoloration - siderosis prominant in epithel ium
of ciliary 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

throughout all
structures except
sclera. There is
atrophy of the
nerve. General-
ized endophthal-
mitis.

Pig. LOA
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TOXOPLAS OSIS - PHTHISIS

Fig. 41

Case No. 404. Female, & e 13. At age of three months
noted that affected eye =s turning in, and eye appeared
to be smaller. At age 13 sharp pain in this eye for

two weeks. No light perception, L/S 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 measwwsenent of the eye 17 mm.

Extensive anterior synecchise. Fibrosis of iris md
ciliary body.Dislocated cataractous lens in the vitreous.
Retina disorgeanized with very marked gliosis. Early bone
forma-tion between retina and choroid. Marked irregular
pig-ment proliferation of ther etinal pigment.
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CHAPTER IX
TOMORS OF THE EYE



Malignant melanoma of the uveal tract takes first place, in
our gelection, among tmmors found in enmucleated eyes.

Malignant melanomas arise from Schwann cell, stromal melano-
blast or nevus cell. Benign melanomas have the same origin (29: 221).
Benign melanoma may a2lso become malignant spontanecusly, irritated
by an inflammatory process or trauma. A predominant theory exists
that all malignant melanomas have their start in pre-existing bdenign
melanoma (29: 223).

Malignant melanomas are classified on the dasis of the cell type,
pigment, and argyrophic fiber content (17: 399). Spindle A is the
most malignant type., It bas a spindle shaped cell and a narrow nucleus
with an ill-defined mcleolus, Second in malignancy is Spindle B which
is distinguishable from Type A by a more oval mucleus and a well defined
macleolus., Third in malignancy is the so-called fascicullar type
in which cells are arranged in a fascicullar pattern. The epitheloid
type i8 next having a large round cell, varying in size, with acido-
philic homogeneous cytoplasm muclei, sometimes more than one, and a
well defined nucleoli. The last $ype is a so-called mixed type which
may have two or more of the above déscribed types of cells., Malignancy
of this last type can vary greatly depending on its structural basis.

As there is no known drug to destroy this malignant lesion,
early recognition and sargical intervention is essential. At the
presnet time, nation-wide statistics show that about 15% of the
patiente die within one year after emucleation of the eye with malig-

nant melanoma, and five-year survival does not exceed S0% (17: 388).
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The tumor next in frequnency is retinoblastoma. This malignant
tumor is found in the eyes of children with an average age being two
years old. Reese (29: 67) reports from his series that the youngest
patient who had retinoblastome was one month old and the oldest, 11
years old. Werhoeff reports one case, 48 years of age, having true
retinoblastoma (30: 643).

It is fairly well proven that retinoblastoma has hereditary
tendencies but a great numb er of sporadic cases were observed where
the family history was apparently negative.

Retinoblastoma usually has a multiple origin and arises from
either external or interaal nuclear layers of the retina, and also
has a tendency to appear in both of the eyes of a patient. Micro-
scopically, this tumor ies classified in two types: one is made up
of undifferentiated retinoblast and the other of a spongioblastic
series forming so-called true rosettes, Pseudorosettes are distinguished
from true rosettes by the way the cells are arranged; pseudorosette is
the condition where cells surround a small vascular channel, while
true rosettes do not have the vessels in the middle.

Retinoblastoma of the psendorosette type grows faster and more
commonly undergoes necrosis in the parts further from the vascular
channel. True rosette retinodlastoma is a slower growing type.

Retinoblastoma in the first stage grows by direct extension
but later, tumor cells break off from the surface of the mass and may
implant anywhere in the eye that they have sufficient mtrition to

survive and mltiply on. The most common sites of such transferred
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MALIGNANT MELANCOMA OF THE CHOROID

Fig. 42

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 protrnding into half of vitreous. Tension 14 mm. Hg.
Enucleation in 1958. ig. 42 represents size and locetion 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

chanel through the sclera.

Prognosis in this
case is poor.

Fig. 42B
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MALIGNANT MELANCMA OF THE CHOROCID

Fig. 43

Case No. 599.
No clinical

history with
the specimen.
Enucleation in
1951.

Fig. 43 repre-
sents gross
view of the
eye with the
tumor arising
from posterior
temporal side of the choroid, which appears to be ped enucleated.
Tumor 1s very heavily pigmented and highly vascular. Retina is
completely detached and space is replaced by fluid with high
protein content. Side of invasion into sclera can be seen in
Fig. 43A.

Prognosis: poor.

Pig. 43A
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MALIGNA} T MELAKOMA OF THE CILIARY BODY

Fig. 45

Case No. 387. Female, age 63 years. Patient noted failing vision
two months before enucleation. Examination revealed bulging of
the iris at the root. Gonioscope showed brownish mess covered
with small vessels behind the iris. Enucleation in 1946.

PFigure 45 represents the gross picture and location of the tumor.
Anterior chamber angle 1is 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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BOWEN'S DISEASE

Fig. 47

Case No. 402.
No-clinical
history known.
Enucleation in
194s6.

Fig. 46

Case No. 169.Male, 68
years old. Injury of
the cornea one year
prior the enucleation.
One month after
trau-me growth on the
cornea was noted.
Diminishing vision
since trauma. Vis-ion
at the time of
enucleation =light
perception.
Enucleation in 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 become frank squamous cell carcinoma and charac-
terized by pleomorphism, loss of basal polarity, inflammatory
reaction in stroma (Fig. 47), disappearsnce of basement membrane,
vacuolated cells with hypercromic nuclei and cells with multiple
nuclei. In both cases, neopl sm has destroyed Bowman's membrane,
clearly seen in Fig. 47A. (p. 93e)
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Fig. 48

Cese No. 466.
Male, 70 years
old, gradual loss
of vision of one
year. Vision
20/160, elipti-
cal mass in the
iris between 9
and 1l o'clock.
Cataractous lens.
Surgically broad
biopsy of the
iris téken and
cataract extrac-
tion done. Path-
ologic report
-malignant mela-
nome, immediate
enucleation of
the eye - 1946.

Fig.
4ATA

MALIGNANT MELANOMA OF THE IRIS

Figure 48 represents gross view of the eye
tumor being extended into ciliary body but no
invasion into the sclera. Tumor is lightly
pig-mented and is of spindle subtype B.
Surgical suction with silk sutures clearly seen
inFig. 48A (p. 93f). Prognesis: favorable.
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Figo 48A

RET INOBLASTOMA

Fig. 49

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: 10D
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
genereal status started to deteriorate rapidly, multiple subcuteneous
masses appeared over the side of the face and head. Symptomatio
treatment starteéd to comfort the distress. Enucleation - 1951.
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RETINOBLASTOMA

Fig. 49A

Fig. 50

Case No. 649. Female,
2 years

of age. History

of eye turning

in at 3 1/2 mos
duration. Ophe
thalmoscopic
examination

revealed two
pinkish-white

areas superior

and temporal to

the disc.

Elevation 6D.
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 unii &-

eral. Retinal detachment
(con't.)
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RETINOBLASTOMA
(contt.)

tumor itself or intrsocular hemorrhage usually is observed.

Fig. 49 - Origin of the tumor near the optic disc, sections

showed invasion. Tumor itself protruding far into the immer

of the eye retina is detached. Lamina Vitrea destroyed and mult=-
iple invasions into the choroid. MNultiple independent origins

of other smeller masses of tumor.

Fig. 50 represents very well, multilocular origin of tumor.

Fig. 49A and 50A - Cellular pattern of retinoblastoma, true rosettes.
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implants are: Choroidal eurface, iris, ciliary body and, occasionally,
the filtration angle. When a tumor breaks into the choroid, rapia
growth occurs because of the very rich blood supply. Retinoblastoma
has one specific characteristic that has predilection for the invading
optic nerve (29: 81), this being one of the most important factors that
should be remembered in regard to therapeutic evaluation.

Local extension of the tumor, if not treated, is usually not
limited to the eyeglobe itself. It breaks through the sclera,
invades intraorbital structures and orbital bones, and reaches as
far as the brain structures. Distant metastases are common and they
are bloodborn.

Jarly diagnosis and proper therapy is essential. Therapy
usually consists of emucleation and irradiation of the fellow eye and,
in some cases, a combination of emucleation and irradiation.

To make a diagnosis of retimoblastoma or to suspect one ig not dif-
ficult, dbut beceuse of the early age of the patient, he is brought

to the physician after the tumor manifests isself in the pupil, or
distorts the eye in size or shape. The usual color of the endophy-tum
type tumor is pimkish with a creamy lme, with blood vessels on
thesurface; on rareoccasions it may bewhite with visible vessels.
Appearance helps to make th e diagnosis. The exophytum type, which

is rarer and starts in outer layers of the retina, if the tumor does
not bdreak through the retina, presents a picture of funnel shaped
retinal detachment without any wvisible hole in the retina. Celcium

deposits frequently occur and can be demonstrated by x~ray examination.
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This is one test dffErs-mot amish.Ky¥lpin confirming the diagnosis
before therapeutic intervention.In advanced cases of secondary glauconma
further complications lead to buphthalmos. Secondary cataract may confuse
the picture by the first impreseionbdut complete examination, a good history
and knoving the age of the patient will aid inarrivingat the correct
diagnosis.

Another malignant tumor worth discussing is the mixed tumor of
the lacrimal gland. The mited tumor of the lacrimal contains epithel-
ial and mesenchymal elements and occasionally some tramnsitional tissue
which is how this tumor received such a name.

Under the micrescope this tumor appears to be composed of epi-thel ium
forming cords and al veoli with some micous present inthe lumen. Stroma isof

the myxomatoue type occasionally found with particles of bone or cartilage.

The tumor is encepsulated tat the capsule has element s of the raligmant
tumor. Depending on the histological pattern, mixed tumors may be more or
less malignant. Tumors havinga well developed capsul e and more myxomatous
stroma are definitely radioresistant. Tumors in which epithelial elements

prevail and grov in adenoid cystic formation usually have an 111 defined
capsule, are more malignant and tend to invade neighboring structures
including the bone, and are moderately radiosensitive.

A patient with such a tumor usually requires complete orbital
exenteration followed by irradiation and in cases where bone is in-

volved removal is also necessary.

The prognosis for the patient with a mixed tumor of the lacrimal
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