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Foreword

This book is more than an atlas and a text. It has what clinicians
want most: experience.

Actual case examples are analyzed by a specialist who has
arguably treated more patients with ocular herpes than any
other ophthalmologist. Not merely an inventory of viral kera-
titis, this sourcebook explains the ins and outs of infection and
inflammation due to herpes simplex virus, varicella-zoster vi-
rus and other herpes viruses.

Herpetic eye disease needs a descriptive vocabulary, and
the author provides a sensible classification. His distinctive
terminology updates outmoded jargon, creating a new norm.

Professor Sundmacher communicates with clarity, continuity
and style.

The booK’s strength is in its details. Therapeutic decision-
making is based on clinical research, often the author’s own
pioneering trials. For medical and surgical dilemmas, practice-
based advice springs from a pragmatic explanation of virology,
immunology and wound healing.

The proficiency and scope of this authoritative resource
leads me to rephrase a century-old maxim: ‘To know herpes is
to know ophthalmology’

Kirk R. Wilhelmus, MD PhD
Houston, Texas USA



Foreword

It is a pleasure to write a foreword for this beautiful atlas of
ocular disease caused by herpes viruses. I first met Professor
Rainer Sundmacher in Freiburg many years ago when he set
up an inspirational meeting on these viruses. Since that time
in the early 1980s, he has worked tirelessly on the management
of viral disease of the external eye. Virus research has exploded
in recent years, and in particular great strides have been made
in the development of antiviral therapy. It is therefore an ap-
propriate time to produce an atlas of these diseases, which can
cause serious visual loss. The book also provides detailed ad-
vice on treatment and therapy.

It is the external disease caused by herpes simplex and vari-
cella zoster virus that is most frequently seen by ophthalmolo-
gists. This book highlights many of the difficult problems that
are encountered in the diagnosis and management of these vi-
ruses. The detailed and vivid photographs illustrate the main

features of these viruses, and the analysis of each photograph
provides unique insights in a clinical setting. Such insights will
be useful to those involved in the management of viral diseases
of the eye. There are uplifting accounts of clinical treatments
that can lead to successful outcomes, although at the same time
caution is urged, since these treatments can cause damage to
the eye if not carefully monitored by clinicians. This volume
will enable those who are not experts in corneal and external
disease to recognize conditions that may be foreign or new to
them, and thus can be recommended to benefit A&E depart-
ments, where there is no ophthalmological immediate super-
vision. On the other hand, the atlas will be valuable to both
trainees and consultants because of the considerable expertise
and experience that the authors have gathered in their clinical
careers.

David Easty, MD FRCS FRCOphth.
Professor Emeritus of Ophthalmology
University of Bristol, UK
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Introduction

When I started ophthalmologic residency in 1970, the knowl-
edge of herpetic eye diseases was very limited. Its pathophysi-
ology was mostly only suspected. Medical antiviral therapy had
just started (idoxuridine eye drops), and prophylaxis against
the frequent viral recurrences was not available. Steroids ap-
peared to be the only remedy against the downhill course of
the disease in many individuals, though this remedy was a
rather double-edged one. In quite a number of cases, eyes were
blinded from herpetic corneal scars and secondary glaucoma.
Attempts to restore vision by keratoplasty were equally frus-
trating because various risks of such a surgical procedure were
at most borderline understood, and if they would have been,
no drugs except for steroids would have been available to suc-
cessfully deal with the numerous complications.

Nowadays, after decades of medical and surgical progress,
the outcomes are much more positive. Effective topical and
systemic antiviral drugs, ever improving systemic immunosup-
pressive agents, and clinical herpes specialists who are experts
in their field allow prevention of blindness in herpes patients.

While this ideal description may hold true at present for
some of the “developed” areas of the world, it is certainly not
the case for the major part of the world population which does
not have access to qualified ophthalmologists and advanced
medical and surgical care.

However, the population in the “developed” countries can-
not be sure to maintain its current high standard in herpes care.
Ironically, it is just the high level of herpes control achieved in
the last decades that now exerts a negative feedback: topical
and systemic antiviral agents combined with steroids seem to
be so effective and readily available that disastrous downbhill
courses have become rare, and, if they do occur, specialists are
available to offer helpful advice. The pharmaceutical industry
is highly content with the status achieved, seeing no need to in-
vest into further development of anti-herpetic agents. Conse-
quently, research money for herpes projects has become rather
scarce. Young scientists prefer to start out on different, cur-
rently better funded research grounds, and the still practicing
older herpes specialists are mostly left alone with no successors
to devote themselves to further development of this area.

While this situation has certainly not yet been noted by the
majority of practicing ophthalmologists, university clinicians
clearly suggest that we have a shortage not only of herpes spe-
cialists but of anterior segment specialists in general: seven out

of ten ophthalmological chairs in Germany have lately been
given to retinal surgeons. Anterior segment specialists may be-
come increasingly rare. It will presumably take years before we
can expect a turnaround of clinical herpes research and the
emergence of a new research and teaching generation.

Meanwhile, the only thing we can do is to document our
current understanding of treatment and prophylaxis of her-
petic ocular diseases in such a way that it would serve the gen-
eral ophthalmologist seeking help for patients’ actual problems
and the potential science candidate looking out for interest-
ing unsolved topics to work on. Both items are addressed in
this atlas. The practitioner may use it like a cook book. To find
help, continuous reading from the beginning to the end is not
necessary, although it is, of course, recommended for a bet-
ter understanding of the topic. Depending on one’s individual
level of knowledge in these fields, one may either start directly
from the index and follow on to the page offering a solution to
the problem, or - if the problem in itself is still undetermined -
one may find the solution by quickly referring to the pictures.
From there, the picture-associated text with the headings clinic,
diagnosis, differential diagnosis, and therapy, provides detailed
information. Reference is frequently made to pictures, which
are relevant for differential diagnosis.

For those interested in the evidence for the statements or
recommendations provided or problems and phenomena that
are currently unsolved, I have included my judgement either
expressis verbis or by the chosen wording, e. g., study-proven,
is, can be, may be, probably, speculative, general experience, per-
sonal experience, etc. Primarily for these readers, some selected
references are included at the end of each chapter. Using these
as a starting point for individual literature search, it should
be easy to obtain quick access to the complete scientific back-
ground of most but not all herpes problems. Some topics, such
as neonatal herpes and vaccination, have been omitted. They
would have been out of the scope of an atlas.

Being one of the clinical herpes specialists who performed
quite a number of double-blind controlled therapy studies, I
may say that evidence-based medicine is, of course, of utmost
importance, but only in areas where adequate studies are prac-
tically feasible. In the herpes field, this has sufficiently been the
case with dendritic keratitis only. Unfortunately, dendritic ker-
atitis is the least significant clinical problem we face in ocular
herpes. A much larger number of other herpetic eye diseases
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have still to be managed by practical experience and “personal
conviction” only. This “unscientific” situation becomes even
more critical as many details of our view of herpes pathophysi-
ology must still be classified as “speculative belief”, irrespective
of how probable they may be. This makes this atlas partly a
personal creed based on four decades of practical and scientific
work and on experiences from the follow-up of thousands of
herpes patients.

Conference Proceedings
and Books on Herpetic Ocular Disease

Blodi FC (1984) Herpes simplex infections of the eye. Contemporary
issues in ophthalmology, vol. 1, Churchill Livingstone, NY, pp
171

Introduction

Easty DL (1985) Virus disease of the eye, Lloyd-Luke, London, pp
350

Easty D, Hill T, Shimeld C (1991) Proceedings of the International
Conference on Herpetic Eye Diseases, 25"-27" July 1990, Ox-
ford, England. Suppl to Curr Eye Res vol 10, 211 pp

Maudgal PC, Missotten L (1985) Herpetic eye diseases, Proceedings
of the international symposium at Leuven 1984, Doc Ophthal-
mol Proc Ser vol 44, W Junk Publ, Dordrecht, pp 447

Oh, JO, Dawson CR (1987) International conference on herpetic eye
diseases, Curr Eye Res 6, no 1, spec. issue, pp 286

Oh JO, O"Connor GR (1976) Symposium on herpesvirus infections.
Surv Ophthalmol 21, no 2, pp 137

Pouliquen Y, Colin J etal (1983) L "herpes oculaire. Bull Soc d"Ophtal
Fr, num. spec., pp 335

Sundmacher R (1981) Herpetic eye diseases. Internationales Sym-
posium der Deutschen Ophthalmologischen Gesellschaft 1980,
Bergmann, Miinchen, pp 522



Common Characteristics
and Distinct Features

of Human Pathogenic
Herpesviruses

Hartmut Hengel

1.1 Hallmarks of Herpesvirus Infections

The members of the family of the herpesviridae are phyloge-
netically very old viruses that co-evolved over millions of years
with their hosts. Depending on the type of the target cell that
is entered by the virion, herpesviruses can take two different
paths of infection. Virus progeny is generated only in produc-
tively infected cells. This type of infection is associated with
host cell lysis. In contrast, other cells repress lytic viral gene
expression and preserve the herpesviral genome for a very
long time, a state that is called latency. However, herpesvirus
latency can be reversed to a productive infection mode, i.e.,
the herpesviral genome replicates and produces an infectious
virus. These basic principles of herpesvirus biology imply that:
1) herpesvirus disease manifestations must be distinguished
form herpesvirus infection, 2) diseases can occur already dur-
ing primary replication, but also a long time after primary in-
fection as a result of virus reactivation, and 3) recurrent disease
manifestations can occur due to the lifelong infection.

Table 1.1 Human pathogenic herpesviruses

Designation Synonym

Abbreviation Genome

1

This chapter very briefly introduces the nature of herpesvi-
ruses and their life-style. It concentrates on those family mem-
bers of the human herpesviruses (HHV) that cause severe her-
petic eye diseases.

1.2 Virus Taxonomy

and Herpesviral Subfamilies

The membership in the family is based on the common archi-
tecture of the virion (comprising an icosahedral capsid sur-
rounding the core, a largely unstructured tegument, and an
outer lipid bilayer envelope) and a double-stranded DNA ge-
nome ranging from 124 to 235 kbp. To date, nine distinct mem-
bers of the herpesviridae have been known to cause infection in
humans as their natural hosts (see Table 1.1), which are subdi-
vided into three subfamilies, alpha, beta, and gamma. Based on
these criteria, remarkably divergent viruses have been included
in the herpesvirus family. While the alpha herpesviridae are

Subfamily Site of latency

size (Kbp)

Human HV1 Herpes simplex virus 1 HSV-1 152
Human HV2 Herpes simplex virus 2 HSV-2 155
Human HV3 Varicella zoster virus vzv 125
Human HV4 Epstein-Barr virus EBV 172
Human HV5 Cytomegalovirus CMV 235
Human HV6A HHV-6 variant A HHV-6A 170
Human HV6B HHYV-6 variant B HHV-6B 168
Human HV7 HHV-7 145
Human HVS8 Kaposi’s sarcoma HHYV-8 210

associated HV

a Sensory neurons in ganglia
(e. g. ganglion trigeminale Gasseri)

o Sensory neurons in ganglia
(e.g. sacral and vagal ganglia)

o Dorsal root ganglia neurons, trigeminal
ganglia neurons, ganglia of the auto-
nomic nervous system

y1 Memory B lymphocyte

B CD34 + hematopoietic stem cell

B CD34 + hematopoietic stem cell, monocytes?
B CD34 + hematopoietic stem cell, monocytes?
B CD4+ T lymphocytes ?

y2 B lymphocyte



Chapter 1

usually neuroinvasive, the beta subfamily members display a
broader cell tropism that includes myelomonocytic cells, while
the gamma herpesviruses are typically lymphotropic.

1.3 General Themes

of Human Herpesvirus Infections

Besides the virion structure and the length of the dsDNA ge-
nomes, human herpesviruses share further biological charac-
teristics, which are important for the understanding of their
infection and disease.

Latency and recurrent infection: Upon primary infection,
herpesviruses invariably establish a lifelong latent state of in-
fection in a specific type of target cell. Latent viral genomes
persist as closed circular episomal DNA in the nucleus as long
as lytic gene expression is repressed, i.e., no infectious virus
can be recovered from latently infected tissue. Latent genomes
are transcriptionally active by expressing a limited set of genes,
but they become periodically reactivated for transcribing lytic
genes and producing infectious progeny which then spreads
from cell to cell. Recurrences occur in the presence of both
cell-mediated and humoral immune responses (i.e., antibod-
ies). Depending on the particular herpesvirus, conditions of
the host and the site of virus shedding reactivation events can
occur without clinical symptoms but also lead to disease. The
herpesvirus produced during the reactivation episode can be
transmitted to a new host which becomes primary or super-
infected.

Gene expression: During productive (lytic) infection, herpes-
viral genes are transcribed in a temporal order and assigned
to three distinct classes, i.e., immediate early, early, and late.
Depending on the particular virus, one herpesviral replication
cycle takes between 20 and 100 hours. The transcriptional pro-
gram of the host cell becomes completely altered or even shut
off during productive herpesvirus infection.

Cell lysis: In most tissues, virus replication is lytic, i.e., it is ac-
companied by the destruction of the infected cell.

Immune control: The latent state and replication of the her-
pesviruses are controlled by cellular immunity. Of particular
importance are cytotoxic CD8 + T lymphocytes, cytokine-pro-
ducing CD4 + T lymphocytes, as well as natural killer (NK)
cells. Accordingly, immunocompromised patients lacking ef-
fective cell-mediated immune defence are prone to frequent
and extensive phases of reactivation that often lead to overt
disease.

Immune evasion: The herpesviruses are equipped with many
genes that subvert immunity. Generally, T cell recognition,
NK cell recognition, interferon responses, and apoptosis of
infected cells are avoided by all herpesviruses. Moreover, the
- and y-viruses have acquired former host genes (“molecular
piracy”), which modify the immune response. Among these
are cytokines like CMV-encoded and EBV-encoded IL-10 that
down-regulate antiviral immune responses and inflammation.
Moreover, the f-herpes subfamily expresses chemokines as
well as chemokine receptors that exploit the host immune re-
sponse: virus-encoded chemokine-receptors mediate chemot-
axis and promote the spread of infected cells.

Characteristics of Human Pathogenic Herpesviruses

Enzymes involved in nucleic acid metabolism: To achieve
a high yield of genome replication, the herpesviruses express
virus-specific arrays of enzymes that support DNA synthesis,
such as thymidine kinases, ribonucleotide reductases, and
DNA polymerases. Such enzymes allow for the therapeutic in-
hibition of viral replication by antiviral drugs.

1.4 Distinct Features of Human Herpesviruses

Human pathogenic herpesviruses also differ in many regards,
and some of these private features account for the virus-specif-
ic pathogenesis and disease pattern. These properties include
the attachment of HHV virions to target cell receptors and the
host cell tropism of infection. In addition, the site of latency,
the pattern of reactivation, and the spread of recurrent infec-
tion critically determine the clinical picture of herpesvirus
diseases. The alpha-herpesviruses HSV and VZV target neu-
ronal ganglion cells as a site of latency and are competent for
trans-neuronal spread during the primary and recurrent phase
of infection. Despite sharing neuroinvasiveness as an unique
property, the frequency of reactivation events between both
viruses differs considerably (see Fig. 1.1). The unequal reacti-
vation events of HSV and VZV have direct consequences for
boosting of antiviral immunity. The higher frequency of reac-
tivation events by HSV results in efficient endogenous boosting
that maintains immune memory. In contrast, efficient boost-
ing of VZV-specific memory responses relies to a larger extent
on exposure with exogenous VZV (i.e., household contacts
of children undergoing varicella). Waning of VZV-immunity
over a life-time leads to increased risk of herpes zoster.

Detailed analysis of Fig. 1.1

In some children, primary HSV-1 infection presents itself as her-
petic gingivostomatitis, but does not cause clinical symptoms in
the majority of infected individuals (semicircle with checker board
pattern). Primary replication is followed by intermitted phases of
latent and reactivated HSV infection. Reactivation events are fre-
quent and can occur without clinical manifestations (white semi-
circles) or cause disease, e.g., herpetic keratitis (blue semicircles).
Primary VZV replication results in chickenpox in almost all pa-
tients (blue semicircles), followed by usually only one episode of
recurrent VZV infection. In most cases, recurrent VZV replication
involves the skin (e.g., as zoster ophthalmicus), but can also pres-
ent as disease without skin manifestation (zoster sine herpete).
x-axis: time; y-axis: amount of infectious virus progeny produced.

Finally, there is still preliminary but growing evidence support-

ing the notion that genetic variabilities within most or even all

of the members of the HHV substantially contribute to the de-

velopment and manifestation of specific herpesviral diseases.
Some of the virus-specific features of those HHV which are

implicated in herpetic eye diseases are described below, i.e.,

HSV-1/2, VZV, CMV, and EBV.

Cell tropism and virus spreading

HSV-1/2: Virion attachment and virus entry are mediated by

a number of viral glycoproteins, specifically the cell surface
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Fig. 1.1 Typical pattern of latent and productive infection of Herpes
simplex virus 1 (HSV-1, top panel) and varicella zoster virus (VZV,
lower panel) in the immunocompetent host

molecules nectin-1, the herpes virus entry mediator (HVEM,
a member of the tumor necrosis factor receptor family), and
3-O-sulfated heparan sulfates. HSV shows a strong tropism to
neuronal cells, but also lymphocytes, endothelial cells, fibro-
blasts, and epithelial cells of the skin and mucosa. Following
local spread in the tissue at the primary site of infection, HSV
enters sensory neurons by fusion at the axonal termini. The
nucleocapsid of the virus is carried by retrograde axonal trans-
port along microtubules to the nucleus in the cell body of the
neuron.

VZV: Insulin degrading enzyme (IDE) was identified as a cel-
lular receptor of cell-free as well as cell-associated VZV bind-
ing to the glycoprotein, gE, of the virion. VZV has a similar
tropism to HSV, which includes neurons, lymphocytes, fibro-
blasts, and epithelial cells of the skin and mucosa. Unlike other
herpesvirus infections, primary infection with VZV, varicella,
is contracted by inhalation of infectious aerosol. Based on its
particular tropism for T lymphocytes, the virus has established
a cell-associated viremia. Thus, VZV can access neurons either
hematogenously or by centripetal neural transport after entry
at axonal termini in mucocutaneous lesions.

CMYV: CMYV usually enters the body via mucosal sites. Virion
entry involves 1 integrin expression on target cells. Upon local
replication in epithelial cells, fibroblasts, and smooth muscle
cells, the virus spreads to endothelial cells. Detached endothe-
lial cells establish cell-associated viremia to visceral organs and
the bone marrow. There, infection of stroma cells and cells of
the myelomonocytic lineage occurs, including megacaryo-
cytes and CD34 + CD38-hematopoietic progenitor cells, where
CMYV establishes a latent state of infection. Remarkably, CMV
displays a pronounced tropism to retinal pigment epithelial
cells in vitro.

EBV: The virus binds via its outer envelope glycoprotein
gp350/220 to CD21, which is also the receptor for the C3d

component of complement. Major histocompatibility class II
molecules represent a further entry receptor used by the virus.
EBV entry to B lymphocytes is thought to differ from entry to
polarized epithelial cells. The EBV integral membrane protein,
BMREF2, which binds to 541 integrin, is implicated in this pro-
cess. Oral and lingual epithelium is likely to be the primary
target of orally transmitted virus. In parallel, EBV colonization
of the B lymphocyte pool takes place, where latent EBV ge-
nomes are found in the CD27 + B cell memory subset at a low
frequency of approx. 107 infected cells. Colonization of the
B cell pool is necessary and sufficient for EBV persistence. EBV
genome carrying B cells have the capacity to seed throughout
the lymphoid system and to migrate back to oropharyngeal
sites. Primary (i.e., infectious mononucleosis) and latent EBV
infection is under strict control of antiviral T cells recognizing
latent and lytic antigens, respectively.

Latency and reactivation patterns

HSV-1/2: In a fraction of infected neurons of a ganglion which
harbor 10 to 30 copies of latent HSV genomes per cell, produc-
tive infection becomes periodically reactivated. Nucleocapsids
are carried by anterograde axonal transport along microtubules
to axon terminals where the egress of enveloped infectious par-
ticles takes place, allowing for trans-synaptic and further inter-
cellular spread (e.g., to cells of the conjunctiva and cornea).
Virus gene expression and replication in neurons is controlled
by T cells and interferon-y. The latent virus is frequently reacti-
vated after local stimuli, such as injury to tissues innervated by
neurons harboring latent HSV, by corneal scarification, or by
systemic factors (e.g., exposure to UV light, physical or emo-
tional stress, hormonal imbalance, and hyperthermia).

VZV: Latent VZV genomes are readily detected in trigeminal
ganglia and dorsal root ganglia. In some cases, latent VZV is
also found in geniculate ganglia, olfactory bulbs, and ganglia
of the autonomic nervous system. In trigeminal ganglia, VZV
and HSV genomes can be detected in the same neuron. Re-
activation and shedding of VZV from neurons along cutane-
ous nerve pathways typically presents itself as herpes zoster,
although reactivation can also lack a vesicular rash and cause
neuritis (zoster sine herpete, e.g., Bell’s palsy).

CMYV: Latent CMV genomes can be reactivated from CD34 +
hematopoietic stem cells, identifying this cell type as the prin-
cipal site of latency. The viral load produced during primary
CMV replication correlates with the copy number of latent
genomes present in organs and the relative risk of recurrent
disease. Moreover, CMV latency and reactivation is controlled
by T lymphocytes, NK cells, and IFNy, but also endocrine fac-
tors, as reflected by the increasing probability to shed virus
during pregnancy and lactation. Depending on the extent of
reactivated infection, the virus can be found in almost all or-
gans including white blood cells. The reactivated virus is dis-
seminated via infected myelomonocytic and endothelial cells
to peripheral sites where the virus spreads locally from cell to
cell. Shedding of cell free virus occurs from the salivary glands
into saliva and mammary glands and into breast milk. Further
sites of extensive virus shedding are the genital and urethral
tracts.

EBV: EBV is spread by the oral route. Shedding of EBV de-
tectable in saliva as a result of reactivation and replication at
oropharyngeal sites occurs frequently in immunocompetent
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carriers. In immunologically compromised patients, EBV in-
duces various tumors and oral hairy leukoplakia, a replicative
lesion of the immunocompromised host on the lateral borders
of the tongue.

Epidemiology

Human herpesviruses are ubiquitous agents distributed world-
wide but restricted to humans as their natural host. Seroepi-
demiological studies have determined the prevalence of virus-
specific IgG in many countries, indicating the frequency of
infection within a defined population. Geographic location,
socioeconomic status, and age are the primary factors that
influence the acquisition of infection. HSV-1, VZV, and EBV
are found in 80-99% of the adult population in all countries,
while the seroprevalence of CMV infection ranges from 50%
(Western Europe) to 99% (African and Asian countries). HSV-
2 is found less frequently than HSV-1, in 20% to 70% of adults
depending on socioeconomic status, race, and geographic lo-
cation.
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Core Messages

e In viral herpetic diseases, replicating HSV can be
isolated from the affected structures and antiviral
treatment is always the basis of therapy.

* In metaherpetic diseases, i.e., in non-viral healing
disorders after preceding viral disease, antiviral ther-
apy increases the healing problems and is, therefore,

mostly contraindicated. 2.1

The vast majority of ocular HSV diseases affect the anterior
segment of the eye and its adnexes. Diseases of the posterior
segment are relatively rare (see Chap. 6).

The topographical classification of HSV anterior segment
diseases used here was first presented at the International Sym-
posium on Herpetic Eye Diseases in Freiburg, 1980, and has
since proven to be very practical and helpful for diagnosis and
therapy (Fig. 2.1). In topographical order, on the left-hand side
it lists the HSV diseases in which replicating HSV can regularly
be isolated from the affected structures, and for which antiviral
treatment forms the basis of therapy. On the right-hand side,
the topographically corresponding metaherpetic diseases are
depicted, i. e, the non-viral healing disorders after preceding vi-
ral herpetic disease. Although minimal virus replication or per-
sistence may still be demonstrable in some of these conditions,
e.g., by PCR techniques, the term metaherpetic signifies that
virus replication pathophysiologically and therapeutically no
longer plays a significant role. Antiviral therapy increases me-
taherpetic healing problems and is, therefore, mostly contrain-
dicated. The numbers in Fig. 2.1 correspond to the subsequent
sections in which each clinical picture is described in detail.

The viral HSV diseases addressed on the left-hand side are
the following:

2.3 HSV blepharitis and HSV intermarginal blepharitis

2.4 HSV conjunctivitis

2.5 Epithelial HSV keratitis (punctate, dendritic, geographic)
2.6 Interstitial HSV keratitis and ulcerating HSV keratitis
2.7 HSV endotheliitis and disciform keratitis

2.8 HSV trabeculitis and glaucoma

2.9 HSV iritis Fig. 2.1 Topographical classification of HSV viral and metaherpetic
2.10 HSV scleritis diseases of the anterior segment of the eye (see text)

2.1
—

2.13
—

213 hronic secondary

glaucoma
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HSV limbitis is the only clinical disease that by itself is pathog-
nomonic for primary infection; it is therefore described in the
special section on primary infection (Sect. 2.12) together with
the other variants of this clinical specialty.

Viral HSV diseases of the lacrimal duct system have not
been included in this atlas due to the lack of diagnostic visual
criteria. Some references are listed in the section on blepharitis
(Sect. 2.3). The topic of neonatal herpes has also been omitted,
as it is more adequately addressed in textbooks on obstetrics
and pediatrics.

Under the heading “metaherpetic” on the right-hand side of
Fig. 2.1, the following diseases are addressed:

2.11 Superficial (epithelial) and deep metaherpetic ulcers
2.13 Metaherpetic scars and bullous keratopathy as well as
metaherpetic chronic glaucoma

Often, more than one cellular layer or circumscribed area is
affected. All diseased sites should be completely identified and
analysed as to their viral or metaherpetic contribution to ac-
tual disease before a pathophysiologically based therapy plan
is established.

HSV Diseases of the Anterior Segment
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Pathophysiology

Core Messages

* Primary ocular HSV infection is followed by HSV la-
tency in V1 of the trigeminal ganglion. From there,
endogenous neuronal viral recurrences may lead to
HSV disease in the area of primary infection.

e As primary HSV infection is mostly subclinical and
passes unrecognized, pathophysiologically, most
first observed attacks of HSV eye disease are first
endogenous recurrences already.

* The most evident trigger for HSV recurrences is
stress.

The most important pathophysiologic characteristic of her-
pes simplex viruses is their ability to get access to peripheral
sensory neurons and hide away in a latent status in the nuclei
of the associated neural ganglion cells, from where they may
cause endogenous neuronal viral recurrences leading to vari-
ous forms of peripheral herpetic disease (Fig. 2.2).

Some knowledge of the pathophysiological background
helps a better understanding of many clinical observations
and is the best basis for therapy and prophylaxis. Clinically, the
most important are the following:

Primary HSV infection typically affects the orofacial area and
passes mostly subclinically.

HSV is mostly transmitted by contact - digitally, by ca-
ressing, or by sexual contact. Primary infection used to start
in early childhood in the orofacial area by close contact with
persons suffering from infectious HSV blisters (Fig. 2.103). The
improving hygienic living conditions in “developed countries”
have continuously shifted the average age of primary infection
from early childhood to older age groups. This is accompanied
by an increasing frequency of sexually transmitted primary
HSV infections, not only in the genital area but also in the
orofacial area, thus increasing the percentage of HSV-2 rather
than of HSV-1 viruses involved. This can create a therapeutic
problem, because HSV-2 may be more pathogenetic than most
HSV-1 strains, and the susceptibility towards antiviral agents
may also be worse. The vast majority of primary infections pass
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Fig. 2.2 Primary HSV infection, latency, and endogenous neuronal
recurrences of HSV diseases in the facial area and the eye (see text)

subclinically or as such a mild disease that herpes etiology is
not suspected. The likely explanations for this phenomenon are
complex and not well understood; individually different natu-
ral resistance of the primarily infected host cells against HSV
infections, different pathogenicity of different HSV strains, dif-
ferent infectious doses, an excellent regeneration power of the
primary infected superficial epithelial cells, and, last but not
least, the individually different kinetics and efficiencies of the
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evolving immune responses of the host may work together to
inhibit clinical manifestation of disease after primary infec-
tion. In recurrent HSV disease, we are dealing with established
immunology, and antiherpetic immunology is far from being
only beneficial. Often, cellular immunology is the main reason
why recurrent HSV disease is so severe.

Once cellular immune defence has fully developed after pri-
mary infection, relative immunity exists against superinfections
of healthy epithelial surfaces.

When the level of cellular anti-HSV immunity has reached
full efficiency after about 2 weeks following the primary infec-
tion, simple contamination of intact surfaces with HSV nor-
mally does not lead to superinfections. Neither can new pri-
mary infection sites be easily created by the already latently
present endogenous virus, nor can new contaminating viruses
easily break the immune defence. It is only if an infectious
virus is forced through the epithelium into the subepithelial
tissues, e.g., by a misled injection needle, by a contaminated
surgeon’s knife, or by vigorous rubbing that superinfection
with establishment of a second site of recurrent HSV disease
is possible anywhere in the integument — with “old” and “new”
virus strains. The same holds true for the situation when virus
is spilled into the cul de sac of a healthy eye from neighboring
HSV lid blisters. As long as the eye remains non-irritated and
its epithelial surface intact and as long as no vigorous rubbing
is exerted, there is sufficient surface protection and no super-
infection is possible.

Herpetic ocular disease is a rare event compared with labial
herpes. Unilateral ocular herpes normally stays unilateral. Only
exceptionally is recurrent HSV eye disease bilateral.

For ocular herpes to become established, the surface of an
eye must be primarily infected before this has happened else-
where in the orofacial area. This sequence of events is quite un-
usual. Normally, the orofacial area is infected first, and thereaf-
ter ocular HSV superinfection becomes difficult, as described
above. The fact that primary ocular infection typically starts
unilaterally is probably related to unilaterally directed caress-
ing habits. The fact that it normally does not spread to the
other eye in the course of primary infection may be explained
by the fact that HSV shedding is too sparse in the course of
subclinical primary infection. Possibly, an early increasing effi-
ciency of immunity confers sufficient protection to the partner
eye against small load HSV contaminations. If primary infec-
tion is clinically manifested, then cross contamination and
early infection of the partner eye are more likely, and such pa-
tients are at a higher risk to develop bilaterally recurrent ocular
herpes - an exception from the rule.

Except for the rare clinical manifestations of primary infection
(see Sect. 2.12), all HSV diseases - also the ones first observed -
pathophysiologically represent recurrences with fully established
cellular immune response.

Recurrences manifest themselves characteristically in the area
of primary infection.

HSYV has the special ability to gain access to peripheral sen-
sory nerve endings. Once it has invaded the neurons in the
course of primary infection, the virus particles travel with the
bidirectional endoneuronal plasma flow. Some reach the nu-
clei of the ganglion cells serving the infected area and there
they start endonuclear replication. This may or may not lead
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to cytolysis of the ganglion cells with subsequent infection of
neighboring ganglion and glia cells. This phase of virus repli-
cation ends quickly with increasing efficiency of the immune
defence, limiting the viral spread to a topographically strictly
limited area, e.g., the ophthalmic section of the trigeminal
ganglion. Viral spread to other sections of the trigeminal gan-
glion is not the rule. Thus, labial herpes and ocular herpes do
not cause one another on the ganglion level. After virus spread
in the ganglion has been halted, HSV “retreats” into its gan-
glion host cell nucleus and there it “disappears” as naked, not
easily detectable, virus DNA attached to the host cell DNA in a
status of neuronal latency. For peripheral disease to occur, the
virus DNA must find a way to again replicate complete viruses,
which are thereafter re-transported within the associated sen-
sory neurons to the site of primary infection and its vicinity, as
depicted in Fig. 2.3.

Not every person harboring HSV in the ganglia will expe-
rience recurrent disease. It appears that only about 1/3 of the
population is at risk for recurrences and that stress is the trigger
and not immunologic insufficiency.

Only 1/3 of people belonging to professional groups with a
nearly 100% infection risk, e. g., dentists and dentistry students,
have been reported to suffer from recurrent labial herpes. This
indicates, that 2/3 of the population seem to be genetically
equipped with a sufficiently strong latency control for herpes
virus, whereas in 1/3 of the population this latency control can
be overcome by an individual exposure to stress that is too
high. In spite of wide-spread belief, immunologic insufficiency
could not be confirmed to be the primary cause for HSV re-
currences. Therefore, “immune-strengthening” strategies have

Fig. 2.3 Endogenous HSV recurrences with intra-axonal transport

of HSV particles from ganglion cells in V1 back to the area of prima-
ry infection. There, clinical disease may or may not develop depend-
ing on the accessible target cells and the natural and immunologic
defence mechanisms present



no scientific basis in therapy and prophylaxis of herpetic eye
disease.

A molecular explanation for a person’s relative resistance to
herpes disease has not yet been found. Worldwide HLA cor-
relation studies have not resulted in uniform results. It seems
that different human races and populations have developed
different genetic markers in their evolutionary battle with the
herpes viruses, which themselves are not a uniform mass, but
are made up of innumerable different strains with different
pathogenic potential for different persons. This makes it dif-
ficult to disclose general interrelations on a molecular level.

The sources of pathogenic stress are multiple and mostly not
identifiable by the patient himself. However, they probably all
end in the same biochemical pathway, which is not yet sufficient-
ly understood.

Although stress is now accepted as the basic trigger for re-
currences, the majority of herpes patients are unable to identi-
ty their individual (psychological) stress. As self-analysis is im-
possible for most patients, it is of little practical help to advise
them that their herpes recurrences are stress-triggered, and
that they should work on eliminating stress. They may need
professional help. Much easier to analyze and to handle are
those rarer situations where herpes disease follows severe so-
matic stress, e. g., the acute onset of high degree fever, or easily
conceivable stress situations like severe emotional shock after
the death of a beloved person, or exhausting situations like ex-
tremely long air travel with severe sleep deficit. It is especially
interesting that the time lag between onset of such identifiable
causal situations and the first notice of a clinical herpes recur-
rence by the patient is always in the same range: about 3 days.
In this time period, a long sequence of events must have taken
place; virus latency control must have been overcome. Virus
genes must have coded for production of the complete se-
quence of virus proteins and virus nucleic acids, and virus par-
ticles must have assembled. The virus must then have had time
to travel with the axoplasma flow the long way down to the
nerve endings, where they have to be set free. In the peripheral
tissue, the viruses must have attached to new peripheral host
cells, invaded their nucleus, and there must have again started
a complete virus replication cycle. The infected peripheral host
cells must have undergone cytolysis, or they must at least have
expressed sufficient amounts of HSV specific antigens in their
cell membranes in order to elicit significant cellular immune
reactions. Only with sufficiently strong immune reactions, does
inflammation reach the level of clinical notice. It seems that the
time required for this complex sequence of events is well in the
range of the observed time lag between onset of causal stress
and first notice of HSV disease.

Signals transferred via the sensory nerves and blood-bound
signals — humoral as well as cellular ones - probably both play
a role in herpes latency control and recurrences. A role for the
autonomous nerve system has also been demonstrated experi-
mentally (see the lightning symbols in Fig. 2.2).

The exact biochemical regulation of latency control and ini-
tiation of recurrences, i.e., the biochemical nature of the sig-
nals and their precise transmission ways, are not known in de-
tail and are at best suspected. The lightning symbols in Fig. 2.2
indicate at how many sites destabilizing influences on latency
control can be envisioned with subsequent endoganglionic re-

current virus production. There are definitely additional cere-
bral sites from which the observed strong influence of emotion
is exerted on latency control and recurrences. While viremia
does not seem to play a significant role in virus transport and
dissemination of disease in ocular herpes, the blood certainly
plays a role in the transport of stress factors and T cells, which
become operative in the ganglia. The autonomous nerve system
has also been demonstrated to be involved in HSV recurrences
in one way or another. Experimentally, epinephrine applied to
the cornea causes recurrent HSV shedding in mice. Although
epinephrine seems to fit well into our stress hypothesis, the sig-
nal transmission ways remain obscure. Even more unclear is
the way in which trauma at the site of primary infection may
trigger an endogenous recurrence, e. g., dendritic keratitis after

a corneal foreign body, or herpetic iritis after cataract surgery.

Although rare, such causal sequences have been observed and

call for prophylactic measures if surgery in eyes infected with

herpes is necessary.

Corneal sensitivity decreases concomitantly with an increas-
ing number of HSV recurrences. Testing corneal sensitivity is
nonetheless only of limited value for differential diagnosis.

Reduction of corneal sensitivity in the course of diseases
that accompany infection and functional incapacitation of cor-
neal sensory nerves comes as no surprise. It is more important
to point out why reduced corneal sensitivity is usually diagnos-
tically less helpful than one would expect:

1. Corneal sensitivity is very different in the periphery, the
mid-periphery and the centre of the normal cornea. Also,
the general level of corneal sensitivity varies considerably
inter-individually. The safest way to estimate the level of
sensitivity in a diseased eye is to test for comparison the
healthy cornea exactly at the corresponding topographic
site, and this is not easy to do.

2. Sensitivity reduction is limited to the area supplied by the
diseased neurons. This may be only a small part of the cor-
nea and may be missed in testing, especially at the begin-
ning of a series of recurrences.

3. Quantitative esthesiometrics is to be preferred. Without
considerable experience, however, its results are barely better
than those achieved qualitatively with a simple cotton tip.

4. After a disease attack, sensitivity can be recovered consid-
erably, depending on the amount of permanent damage to
the sensory ganglia. After a first dendritic attack, sensitiv-
ity may totally return to normal after a while. It seems that
adjacent dendrites grow into the denervated area and they
substitute function there.

5. All non-herpetic inflammatory diseases, which destroy cor-
neal structures and lead to significant scars, also consider-
ably reduce corneal sensitivity.

6. Sensitivity testing helps in differential diagnosis only in
those situations, therefore, when etiologically unclear small
infiltrations lie in an otherwise clear corneal stroma. If sen-
sitivity is found to be significantly reduced in comparison to
the same exact topographic area of the partner eye, then a
herpes diagnosis becomes likely.

Neurotrophic corneal disorders are another sequela of ganglionic
involvement in recurrent ocular herpes. They are the main rea-
son for trophic metaherpetic ulcers.
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The exact pathophysiology of neurotrophic disease has re-
mained disputed in spite of all studies performed. For practical
purposes it suffices to accept that sensitivity reduction is close-
ly correlated with neurotrophic disease. Complete surgical
cutting of the ophthalmic nerve leads to most severe trophic
corneal disease. Similar severe disease is observed after com-
plete loss of sensitivity in severe zoster. Compared with these
two diseases, neurotrophic disturbances in HSV ocular disease
tend to be mild but still severe enough to cause metaherpetic
superficial and deep corneal ulcers (see Sect. 2.11).

While sensory nerve damage is the endogenous reason for
metaherpetic neurotrophic disease, inadequate toxic topical
therapy may practically be even more important as the ultimate
exogenous trigger for clinical manifestation (see Sect. 2.2).

HSYV, like any virus, has a specialized host cell range prefer-
ring some cell types more than others.

HSV attaches to and multiplies in some cells better than
in others. This is the case with all viruses, but it is often over-
looked when considering pathophysiology in HSV eye disease.
Corneal epithelium allows HSV replication more effectively
and quicker than keratocytes and endothelial cells do. Also,
HSV feels more comfortable in iris cells deriving from the
optic cup (i.e., iris muscle cells and iris pigment epithelium)
than in iris stroma cells or the vascular endothelium. First
infection of keratocytes in clear corneal stroma is a slow and
mostly limited event, while recurrent stromal disease tends to
become more severe and persistent with increasing inflamma-
tory infiltration. These basic differences in virus-cell interac-
tions are further modified by different virus loads set free at
different sites, as well as by different efficiencies of the natural
and immunologic defences available at a certain time at dif-
ferent sites. Therefore, Fig. 2.3 illustrates only some potential
sites of infection. The probability of infection and subsequent
disease at a certain site are dependent on many determinants,
of which some - inflammatory infiltrates — can be therapeuti-
cally manipulated.

There is still no general agreement on the topics of latency and
persistence of HSV in the cornea.

One has to find an explanation for the clinical observation
that HSV can “survive” in a clinically “quiet” cornea and after
prolonged time cause recurrent corneal disease, even without
neuronal connections to the trigeminal ganglion. Some re-
searchers have called this peripheral latency. Others have pre-
ferred to call it peripheral persistence. I prefer the latter term.

It is debatable whether or not HSV can hide in keratocytes,
endothelial cells, or some other infiltrated cells in the cornea
in the same fashion as it does in ganglion cells, i.e., as naked
DNA in peripheral cell nuclei, from where it recurs and causes
disease. I doubt it and, therefore, I will not speak of corneal la-
tency. In my opinion, it seems more probable that in such cases
we are dealing with a very restricted, very slow infection, a per-
sistent infection, which results in expression of some HSV an-
tigens on the cell membranes, but does not lead to significant
cell death by viral cytolysis alone. Lysis of the host cells is only
brought about by reactive cellular anti-HSV immune attacks.
Consequently, the best symptomatic treatment of such condi-
tions is an adequate suppression of destructive immune activ-
ity — and this really helps, even in the long run. A strictly causal
monotherapy, however, i.e., eradication of the persistent HSV
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infection by antiviral monotherapy, offers little or no chance of
healing. There is a simple general rule: the less viral turnover,
the less chances for efficient antiviral therapy. With peripheral
HSV persistence, the viral turnover seems to be minimal, and
so are the chances for successful antiviral monotherapy.

Cellular immune reaction has a Janus-faced character in HSV
ocular disease. It is absolutely necessary and helpful in superficial
epithelial herpes. With all deep herpetic forms, however, the col-
lateral side effects of irreversible destruction of the transparent
optical system prevail and call for adequate therapeutic limita-
tion and counteraction.

As long as HSV infection is limited to the epithelial layer of
the cornea in dendritic keratitis, a powerful cellular immune
reaction is optimal. The quicker all infected cells are attacked
and destroyed, the better. Epithelial infiltration by immune cells
is by no means disadvantageous. The cellular debris is washed
away with the tear flow. Healthy epithelial neighbor cells glide
over quickly, and the lost epithelial layers are replaced by mi-
tosis, restoring an epithelial layer, which is identical to the in-
fected lost one. Therefore, with pure dendritic keratitis, every-
thing that impairs cellular immune reaction, above all steroids,
is disadvantageous.

On the other hand, everything that strengthens cellular im-
mune reactions, e. g,. topical interferon (see Sect. 2.2), is help-
ful.

With deep forms of corneal herpetic disease, the situation is
totally different. The immunological battle field attracts more
and more inflammatory infiltrates of different cells. These initi-
ate a malicious cycle of cell death and new infiltration, result-
ing in severe functional destruction of the cornea. Therefore,
the problem with deep herpetic disease is: How indispens-
able is cellular immune reaction for the termination of viral
reproduction and what is its overall value as compared to its
simultaneous destructive side effect on a clear optical tissue?
Both aspects have to be weighed against each other, but opti-
mal functional preservation or restitution of the optic system
must have priority over quick eradication of the HSV infec-
tion. Deep viral diseases, therefore, call for an intelligently
adapted combination therapy of antiviral agents plus steroids
(see Sect. 2.2).
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Basics of Therapy

Core Messages

Herpetic eye diseases may be divided into four thera-
peutic groups (see Fig 2.4):

group therapy
A viral superficial antiviral agents
(epithelial)

B viral deep antiviral agents plus
steroids

C metaherpetic super-  conservative resurfacing
ficial (epithelial)

D metaherpetic deep surgical reconstruction

In Fig. 2.4 herpetic ocular diseases are divided into viral (left-
hand side) and non-viral metaherpetic ones (right-hand side).
Drawing a second division line between superficial forms of
disease, which primarily affect the epithelium (upper part),
and deep subepithelial ones (lower part), results in four groups
of diseases whose basic therapy can be systemized. This makes
basic therapeutic decisions easy.

Table 2.1 extends the therapy scheme with more disease-
associated specifications, but still remains basic.

Practical therapy of individual cases requires case-adapted
specifications and modifications, which cannot be systemized
and are suggested and discussed in different clinical sections.

As basic therapy for groups I-1V, the following measures
are efficient:

Antiviral Agents for Superficial

(Epithelial) Viral Disease

Thousands of molecules have presumably been tested in vitro
for antiherpetic activity, but only some of these have made
their way to animal models, and only a few have been promis-
ing enough for controlled studies in humans, of which K. R.
Wilhelmus has written an excellent critical review. Study de-
tails and the abundant literature on this topic may be found

2.2

A Vviral superficial C metaherpetic

superficial

2.12
2.1
—
2.5
2.6 >)
N 26 2.1
—
2.13
—
2.13

chronic secondary
glaucoma

B viral deep

D metaherpetic deep

Fig. 2.4 The four therapy groups of herpetic eye disease (see text)
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in this work. For the purposes of this atlas, the discussion is
focused on four topics:

1. Trifluorothymidine (TFT) and Aciclovir (ACV)
Bromovinyldeoxyuridine (BVDU), a potential alternative
The lasting value of mechanical debridement

The potential value of topical interferon in combination
with topical antiviral agents

2.
3.
4.

2.2.A.1 Trifluorothymidine (TFT)

and Aciclovir (ACV)

TFT eye drops and ACV ointment are by far the most fre-
quently used topical anti-herpetic drugs on the market. They
serve most requirements for a successful topical therapy of cor-
neal epithelial herpetic disease, and the further development of
different anti-herpetic drugs has therefore come mostly to a
standstill. Although both drugs act equally well on dendritic
keratitis from the statistical point of view, there are practically
important differences (Table 2.2).

TFT and ACV are both active against the broad spectrum
of HSV-1 and HSV-2 herpes virus strains, with TFT’s binding

Table 2.1 Basic therapy of the herpetic diseases as depicted in Fig. 2.4

No Group/disease

A Viral superficial (epithelial)

2.3 HSV blepharitis

23 HSV intermarginal blepharitis

2.4 HSV conjunctivitis

2.5 Epithelial HSV keratitis (punctate, dendritic, geographic)
2.12 HSV limbitis (primary infection)

B Viral deep

2.6 Interstitial HSV keratitis

2.6 Ulcerating HSV keratitis

2.7 HSV endotheliitis and disciform keratitis
2.8 HSV trabeculitis and glaucoma

2.9 HSV iritis

2.10 HSV scleritis

C Metaherpetic superficial (epithelial)
2.11 Metaherpetic epithelial ulcer

D Metaherpetic deep

2.11 Metaherpetic deep ulcer

2.13 Herpetic scars, bullous keratopathy

2.13 Metaherpetic chronic glaucoma

Basics of Therapy

specificity for its viral target enzyme being lower than ACV’s

binding specificity. The consequences are twofold:

o In terms of topical toxicity, ACV has advantages over TFT.

« In terms of maximally broad antiviral activity and minimal
risk of development of resistant herpes strains, TFT should
theoretically have some advantage over ACV.

For practical purposes, other differences may be more impor-

tant:

« Patients’ compliance is much higher with eye drops than
with ointment, a plus for TFT in all cases where we are deal-
ing with epithelial herpes only.

o ACV ointment scores in a different field. While TFT mol-
ecules cannot penetrate in sufficient amounts into the cor-
neal stroma through an intact corneal epithelium, ACV has
this property. ACV ointment is thus superior to TFT eye
drops in all cases of dendritic keratitis that are combined
with deep corneal herpes requiring simultaneously deep
antiviral drug activity.

o Special cases of dendritic keratitis, which cannot reliably be
treated with topical drugs (e.g., uncooperative children or
mentally retarded adults), may equally efficiently be cured
by a systemic ACV regime, which is another plus for ACV.

Basic therapy/comments

Antiviral agents

(optional)

(optional)

(only occasionally necessary)

Topical antiviral drugs

Systemic antiviral drugs

Antiviral agents plus adequate steroids

Topical antiviral drugs (must penetrate corneal
epithelium) plus topical steroids,

Case-adapted systemic and topical combinations required
As with 2.6, eventually systemic antiviral agents in the beginning

Systemic combination therapy plus
additional glaucoma therapy required

Systemic antiviral drug plus topical steroids
Systemic combination therapy
Conservative resurfacing

Artificial tears, therapeutic contact lenses
(no antiviral drugs, if possible)

Surgical reconstruction
Amnion cover or related surgical measures, keratoplasty
Keratoplasty

Trabeculectomy (therapy refractive cases only)



Table 2.2 Some practically important differences of the antiviral
substances TFT, ACV, and BVDU for therapy of dendritic keratitis

TFT ACV (BVDU)
Antiviral HSV-land-2 HSV-land-2 HSV-1only
activity against
Topical Eye drops Eye ointment  Eye drops*
preparations
Topical side Reported Very rare Not known
effects
Penetration Insufficient Sufficient Sufficient
into stroma
Systemic Considerable  Very rare Very rare
side effects with short

term therapy

Systemic No Yes Yes**
therapy

* not yet available for topical therapy as a licensed product
** licensed for systemic VZV therapy in the EU

As a matter of fact, neither drug is equally available worldwide,
and a differential choice according to the special requirements
of an individual case cannot be made everywhere. While this
may not be very important from a statistical point of view, it
may matter individually, and the therapeutic recommenda-
tions in the atlas section will therefore primarily be guided by
an unlimited access to all therapeutic options.

2.2.A2 Bromovinyldeoxyuridine (BVDU),

a Potential Alternative

Since the time of its first scientific presentation decades ago,
bromovinyldeoxyuridine (BVDU) has been one of the most
promising anti-herpetic drugs. My personal experiences date
back to a controlled field study in which BVDU eye drops
proved to be as efficient as TFT eye drops in the treatment of
dendritic keratitis. Although they are equally active on a statis-
tical basis, the failures in both study groups were in different
fields, reflecting the different pharmacological and pharma-
cokinetic characteristics of the drugs. That would have made
a licensing of BVDU eye drops attractive for a differentiated
therapy. However, pharmaceutical companies then made deci-
sions from the economic point of view, and the project was
silently dropped. Admittedly, the use of BVDU involves some
risks. Its greatest strength — a rather favorable virus enzyme
specificity - is also its potential weak point: BVDU is highly
active against HSV-1 strains (about 95% of the strains affect-
ing the eye), but inefficient against HSV-2 strains. That means
that every 20th herpes patient would be left untreated if given
BVDU, unless reliable and cheap laboratory methods become

2.2.A Antiviral Agents for Epithelial Viral Disease

available to determine quickly, before the start of therapy, which
HSV type is involved. Provided that this is the case, BVDU eye
drops may become an interesting alternative to TFT and ACV
in the topical herpes therapy, with the advantage of less toxicity
than TFT and a better patients’ compliance than compliance
to ACV with equally as deep activity as ACV. For the time be-
ing, BVDU remains only a second line drug for all those cases
where viral resistance against ACV is suspected, which is not
often the case. Also, it must not be forgotten that BVDU itself
should be at least as prone for the selection of resistant virus
strains as ACV. Nonetheless, the availability of highly active
BVDU eye drops, which penetrate through intact epithelium
into the corneal stroma without damaging epithelial regenera-
tion, would certainly enrich our therapeutic armamentarium.

2.2.A3 The Lasting Value of

Mechanical Debridement

Therapy of dendritic keratitis by simple debridement of the
dendritic epithelial areas was the therapeutic gold standard
for 50 years before iododexoxyuridine (IDU) became avail-
able - the first not yet very specific and sometimes toxic an-
tiviral agent (H. E. Kaufman). Some 100 years ago, Griiter
was the first to recommend thermocautery with the aid of a
rounded hollow metallic handpiece streamed by heated steam.
The diseased epithelial areas can thus be exactly demarcated
with the epithelium adhering to the heated tip, and undesired
thermal effects on corneal stroma and endothelium avoided
by only slightly touching the area. The overall results with this
purely physical method are stunningly good (Fig. 2.5). About
70% of all dendrites heal within 3 days, 80% within 1 week,
and “only” 20% take a longer course with local recurrences,
necessitating repeated debridements with prolonged healing
thereafter.

It is these 20% of complicated courses — and not primarily
the average healing time - that are important when evaluating
and comparing the efficiencies of different therapies. Although
the average healing time after simple debridement is not nec-
essarily worse than that after antiviral drug therapy, the latter
is, without a doubt, much more effective and preferable, be-
cause the percentage of serious therapy failures - i.e., corneal
destructions and scars - is considerably reduced.

Unfortunately, the certainty with which this judgement is
expressed cannot rely on the results of controlled comparative
studies, which have never been performed. The reader has to
trust my conviction based on extended experiences with deb-
ridement. Even today, it will be difficult to meet the excellent
average healing times after debridement alone. It is important,
though, that no unnecessary additional physicochemical dam-
age is involved as is the case with the additional use of iodine
or lactic acid.

There is no iatrogenic damage to be feared, if “minimal wip-
ing debridement (mwd)” with a cotton tipped applicator (Bar-
ry R. Jones) is used to remove most — but certainly not all - of
the virus-loaded epithelial cells.

The question remains as to how to reduce 20% of prolonged
healing with debridement to about zero by additional applica-
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Fig. 2.5 Cumulative healing curve of dendritic keratitis after ther-
momechanical debridement, no additional antiviral therapy (from:
R. Sundmacher, Klin Monatsbl Augenheilkd 169:308-325 (1976))

tion of other antiviral measures. While zero may be too ambi-
tious, we can indeed approach that goal with a combination
therapy of debridement plus either topical antiviral agents or
plus topical interferon.

The combination of mwd plus topical antivirals has been
studied several times, and its value more or less verified. As
virtually no adverse side effects need be anticipated, such a
combination is at least recommendable for treatment of ba-
bies and uncooperative children and adults in whom short
anaesthesia is mostly necessary anyway. The dendrites can be
mechanically removed and a topical antiviral agent (prefer-
ably ACV ointment) applied for the first time. If further topi-
cal therapy seems to be impossible, one can thereafter rely on
systemic therapy with ACV, which has an equally good effect
as topical treatment.

The role of topical interferon plus antiviral agents in the
treatment of dendritic keratitis will be discussed below. Firstly,
it is to be noted that topical interferon is also highly successful
in combination with debridement. It eliminates nearly all pro-
tracted courses, as shown in a double-blind controlled study
(Fig. 2.6).

22.A4 The Potential Value of Topical
Interferon in Combination with

Topical Antiviral Agents

Sufficiently high-titered interferon preparations for successful
topical treatment of dendritic keratitis are still not available on
the market. German officials licensed a first commercial prepa-
ration in the 1980s, but this preparation had to be withdrawn
because of patent quarrels with an international pharmaceu-
tical company claiming that they themselves would go to the
market with their own preparation, although they never did.
After so many years of systematic clinical interferon research,
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Fig. 2.6 Cumulative healing rates of patients with dendritic kerati-
tis treated with debridement plus interferon or albumin eye drops
(from: R. Sundmacher et al., 1976)

this was bad news for patients and quite some disillusion for
clinical researchers.

Meanwhile, with the development of much more efficient
production methods for interferon, and a widespread applica-
tion of systemic interferon for various other severe diseases, it
can be hoped that interferon producing companies may again
become interested in an ophthalmologic indication - if not for
big profit then perhaps for reputation, which also has its own
value.

It shall suffice to show in a composite graph how efficient
topical interferon enhances not only the average healing rates
of dendritic keratitis treated with TFT, but also eliminates all
therapeutic failures leading to an as yet unmatched therapeutic
success. This success comes only with high interferon titres,
and it is further dependent to some degree on the interferon
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Fig. 2.7 Cumulative healing rates of dendritic keratitis with TFT-
monotherapy, and TFT in combination with various topical high-
titer interferon preparations (from: Sundmacher (1990))



species used. Combinations of different species have reduced
the need for excessively high titres (Fig. 2.7).

2.2.B Antiviral Agents Plus Steroids

for Deep Viral Disease

Cellular immune reactions against cell-bound viral antigens
exert exclusively positive effects in pure epithelial disaese where
loss of cells is quickly substituted by gliding and regeneration,
and destroyed cells as well as any inflammatory debris are
transported away with tear film. This becomes totally different
as soon as herpetic disease affects subepithelial layers of the
eye. In deep herpetic disease, cellular immune reactions have
a Janus-faced character. On the one hand, they are basically
needed to stop viral reproduction and cytolysis. On the other
hand, an unlimited invasion of immune cells and inflamma-
tory cells on a battle field, from where there is no way out with-
out inflammatory side effects, must lead to severe functional
damage with loss of transparency, loss of substance, and scar
formation. Consequently, cellular infiltration must be down-
regulated to such an extent that the antiviral potencies are still
sufficiently preserved, but any cellular infiltration which is not
absolutely necessary for viral inactivation must be suppressed.

This is achievable by a flexible, case-adapted steroid regime in

addition to full antiviral therapy. Figure 2.8 depicts the prin-

ciples of such a combination therapy for deep herpetic viral
disease.

1. The antiviral agent should always be started with a 100%
efficiency dose, and invariably kept that high as long as at
least medium dosed topical steroids are deemed necessary,
a border line which we put at 3 drops id.

. With lower steroid doses, stepwise reduction of the anti-
viral agent may be considered. While the steroid should
always be tapered out slowly, it remains unclear whether
or not tapering of the antiviral agent has an equivalent
value. Below half the effective dose of an antiviral agent
one would not expect any more much useful efficiency. If
this assumption is correct, then tapering out can end at this
border line, and no minimal doses of antiviral agents must
be given for a prolonged time together with mini doses of
steroids, which are often necessary. If the doctor feels that
his patient should have an efficient antiviral cover even to-
gether with mini doses of steroids, then the doctor should
consequently decide for sufficiently high doses of antivi-
ral agents and not just hope that mini doses will also do.
They probably will not.

3. The steroids have to be variably dosed, allowing the best
balance between ‘as low as possible” and ‘as much as neces-
sary”. Finding the safest and most successful compromise
for each individual case and course is a matter of experience
and can hardly be systemized. The great variability of cases
and courses also explains why controlled therapeutic stud-
ies with rigidly prefixed systematic therapy regimes in this
disease group can only give limited information regarding
which combination therapy might be optimal in individual
patients.
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Fig. 2.8 Principles of combination therapy of deep herpetic viral
disease (see text)

The following aspects may help in an individualized combina-

tion therapy:

o Acyclovir - because of its pharmacokinetic properties and
its lack of general toxicity - is currently the best antiviral
agent on the market for such a combination therapy, not
only as oral medication but also as an ointment.

o If ACV is given orally, which is the preferred pharmaceutical
preparation for all cases with iritis, trabeculitis, severe cor-
neal endotheliitis, and for all ulcerating interstitial diseases,
then the daily “full” dose is 400 mg 5 qd. For acyclovir oint-
ment, 5qd is also the normal, sufficient dose.

o With ACV ointment, an accompanying topical steroid
should preferably also come from an ointment, and alterna-
tively from a subconjunctival crystalline steroid injection.

o TFT eye drops cannot be recommended for combination
therapy of deep viral disease, because their penetration into
the corneal stroma is insufficient. If, however, ACV is not
available, and TFT is the only antiviral agent at hand, then
it fulfils at least the task of protecting the epithelium from
dendritic recurrences in the course of necessary steroid
treatment.

o Whenever possible, steroid therapy should not exceed mod-
erate levels. Moderate doses are 20-30mg fluocortolone
orally, prednisolone acetate eye drops 1% 3-5qd, or an in-
jection of a crystalline subconjunctival steroid depot every
week or every other week. In severe cases, combinations of
these may be necessary. Detailed examples are given in the
clinical sections.

Conservative Resurfacing

Measures for Metaherpetic
Superficial (Epithelial) Disease

Once a reliable clinical diagnosis of metaherpetic superficial
(epithelial) disease has been made (see sec. 2.11), the therapeu-
tic requirements are straight and simple:

1. Refrain from all drugs that may impair epithelial health or
regeneration from the limbal stem cells. All antiviral sub-
stances and steroids are potentially dangerous.

2. Epithelial regeneration and consolidation should be sup-
ported by efficient resurfacing measures, e. g., artificial tears
without conservatives, smooth ointments, and therapeutic
soft bandage lenses plus liquids without conservatives.



Section 2.2 Basics of Therapy

Table 2.3 Recommendable surgical options for cases with deep metaherpetic damage (see Sect. 2.14)

Deep metaherpetic problems

Irregular corneal surface from stromal scarring and loss
of substance, hard contact lenses unsuccessful

Dense central scars with clear adjacent stroma
Dense scars which can not be rotated
Deep metaherpetic ulcer, vision required, no time pressure

Deep metaherpetic ulcer, vision required, time
pressure (e. g., imminent perforation)

Deep metaherpetic ulcer or bullous keratopathy, no vision required,
or no kp possible

Bullous keratopathy vision required
Chronic secondary glaucoma, conservative treatment insufficient

Secondary cataract

3. Surgical measures are not indicated as long as metaherpetic
disease manifests itself only as punctate keratopathy or as a
shallow epithelial ulcer.

It is certainly better and easier to prophylactically inhibit the
development of metaherpetic epithelial disease instead of
treating established metaherpetic complications. One should
always add dry eye therapy without preservatives when topical
antiviral therapy is necessary. This is especially important for
cases that have already experienced metaherpetic complica-
tions in the course of previous herpes disease.

Surgical Reconstruction

for Metaherpetic Deep Disease

In this therapy group we deal with diseases that have in com-
mon chronic damages that can no longer be sufficiently treated
by conservative measures alone. Table 2.3 lists the most com-
mon surgical methods that have proven to be useful.
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HSV Blepharitis

Core Messages

e HSV blepharitis mostly heals without therapy. Only
clinically manifest primary infection, eczema her-
peticum, and AIDS patients must be systemically
treated.

¢ The different forms of HSV blepharitis are prognosti-
cally important. They allow one to predict the devel-
opment or non-appearance of complicating anterior
segment eye disease.

HSV blepharitis is rarely a therapeutic problem. It usually heals
spontaneously and completely without leaving any lid pathol-
ogy. Nonetheless, doctors tend to liberally prescribe topical
antiviral agents (e.g., ACV ointment) for HSV blisters. If this
is done to psychologically calm down unjustified anxieties of
the patient, it may be justified. However, cellular antiviral im-
munity is normally so effective in the dermis, and spontaneous
healing is so quick that topical antiviral agents can hardly speed
up the spontaneous healing course so much that a significant
therapeutic effect is reached. This is certainly the case when
therapy starts after blisters have already fully developed. It may
be, though, that ACV ointment does have a beneficial effect
if already intensively applied in the symptomatic preclinical
stage when the patient feels that a recurrence may possibly de-
velop. As many patients believe that this is the case with them,
they insist on this prophylactic application of topical antiviral
ointments. Whether or not they are right is difficult do decide.
Scientific evidence is lacking. As long as the applied ointments
do no harm, however, we face no real problem with this open
question.

There are only three indications to treat monosymptom-
atic HSV blepharitis. First, in primary HSV infection (see
Sect. 2.12), second, in the special situation of atopic patients
with eczema herpeticum, and, third, if severe immune incom-
petence is the problem, e.g., in AIDS patients. The recom-
mended therapy is then systemic ACV.

When HSV blepharitis is present with other HSV disease
in the anterior segment of the eye, therapy will always be de-
termined exclusively by the requirements of these other HSV

2.3

diseases. No special therapeutic attention need to be paid to
HSV blepharitis, which heals anyway. Accordingly, literature
dealing with HSV blepharitis exists only as far as the differen-
tial diagnosis to ophthalmic zoster is concerned.

Diagnostically, attention should be paid to the special form
of intermarginal HSV blepharitis, which is often unknown to
ophthalmologists because of its inconspicuous appearance. Its
typical form is pathognomonic for HSV disease. Prognosti-
cally, it is important to be able to diagnose monosymptomatic
intermarginal HSV blepharitis, because it alerts to the possibil-
ity of other more dangerous forms of HSV disease in the ipsi-
lateral eye during future recurrences.

Herpetic canalicular obstruction — a topic also associated
with the lids - may sometimes become clinically important,
especially after severe HSV primary infection with necrotizing
inflammation of the canalicular mucosa. As the proper diag-
nosis must mostly be suspected from associated other visible
HSYV disease rather than by the canaliculitis itself, HSV disease
of the lacrimal system is not shown in the picture part of this
atlas. Efficient therapy has to be systemic ACV due to pharma-
cokinetic reasons.

The different clinical forms of HSV blepharitis can help us
to answer two diagnostic questions:

1. Are we dealing with ordinary recurrent disease or with clin-
ically manifest primary disease?

2. Must additional anterior segment disease be expected in the
course of this blepharitis attack, or can we feel reasonably
safe that no such complication is imminent?

Detailed analysis of Fig 2.9

Clinic: Grouped, fully developed, well-demarcated vesicles with
yellowish contents on a circumscribed erythematous ground
(Fig. 2.9). Some vesicles already dry with crusts. Some slightly di-
lated conjunctival vessels. No other anterior segment disease.
Diagnosis: Typical picture of endogenously recurrent HSV blepha-
ritis with well-established cellular immunity, and without other
complicating HSV disease of the anterior segment. Whether or not
a very slight HSV conjunctivitis co-exists is therapeutically irrele-
vantas long as no other anterior segment HSV disease exists. If the
virus had spread to other tissues of the anterior segment and if it
had caused recurrent disease there, this should already have been
visible at this time in the course of the blepharitis. Therefore, we
can feel reasonably certain that no such complication is imminent
with this recurrence.




Section 2.3 HSV Blepharitis

Fig. 2.9 Recurrent HSV blepharitis in a 12-year-old girl

Exogenous HSV particles from the skin lesions can easily contami-
nate the intact corneoconjunctival surface. However, they will not
cause superinfection as long as they are not forced into the tissue
by rubbing or other injuries.

Differential diagnosis: Primary HSV blepharitis looks different, see
Sect. 2.12

Therapy: No rubbing, no antiviral therapy necessary. If rubbing
cannot be excluded: topical antiviral agents into the cul-de-sac
until crusts have fallen off (TFT eye drops or ACV ointment 5 qd)

Detailed analysis of Fig 2.10

Clinic: Later in the course of spontaneous healing (Fig. 2.10) with
more crusting than in Fig. 2.9. Both eyes white, no inflammation.
No signs of previous ocular disease on either side.

Diagnosis: See Fig. 2.9. This picture is shown to specifically illus-
trate that HSV disease of the anterior segment of the eye, together
with HSV blepharitis, normally arises from simultaneous endog-
enous spreading of the virus to the ocular sites and not from sur-
face superinfection. Even massive HSV surface contamination,
which has certainly taken place early in the course of this recur-
rence, does not lead to superinfection or new disease in the con-
junctiva or cornea, as long as the surface remains intact and HSV is
not “forced” by some trauma into the subepithelial spaces.
Differential diagnosis: None.

Therapy: Unnecessary, no rubbing.

Detailed analysis of Fig 2.11

Clinic: Acute serous conjunctivitis on the left side (Fig. 2.11). Some
small follicles near the inferior tarsus bilaterally, presumably with
no specific disease significance. Well-circumscribed epithelial le-
sion of the left lower lid margin with some exudate on it. It can
easily be overlooked without staining. No additional ocular dis-
ease nor any sequelae of previous HSV attacks.

Diagnosis: The HSV etiology of the serous conjunctivitis would
clinically remain completely obscure without the finding of the
circumscribed epithelial lesion on the lid margin. It will quickly
heal spontaneously. Intermarginal blepharitis of this type is
pathognomonic for HSV disease. HSV intermarginal blepharitis and

Fig. 2.10 Recurrent HSV blepharitis of the inner lid angle in a
10-year-old girl

Fig. 2.11 Recurrent intermarginal HSV blepharitis and conjunctivi-
tis in a 22-year-old female (Bengale-Rose)

conjunctivitis, both heal without therapy. Thus, the importance of
identifying HSV intermarginal blepharitis is to alert to the poten-
tial risk of HSV disease elsewhere in the ipsi-lateral eye, with the
need to scrupulously scrutiny the eye for other endogenous HSV
recurrence, either in the course of the present or any subsequent



Fig. 2.12a,b Recurrent intermarginal HSV blepharitis on the right side in a 12-year-old girl (unstained)

Fig. 2.13 Recurrent intermarginal HSV blepharitis. Staining helps

in detecting the otherwise often inconspicuous lesions (fluorescein)

inflammations. Caution should be used because, as HSV conjunc-
tivitis and intermarginal blepharitis are still in an early phase of
the recurrence in this case, it cannot yet be excluded that other
anterior segment disease will still develop.

Differential diagnosis: Primary intermarginal HSV blepharitis
looks different (see Sect. 2.12).

Therapy: If daily controls are possible, then no antiviral therapy
is necessary unless other HSV disease occurs. If no controls are
possible, systemic full antiviral therapy is advisable for a week.
This covers all potential risks, including that of late-developing
intraocular herpes (400 mg ACV 5 qd).

Detailed analysis of Fig 2.12

Clinic: The case in Fig. 2.12 illustrates how little attention is at-
tracted from an unstained HSV intermarginal blepharitis when
observed from some distance, especially when both eyes appear
equally white and unsuspicious (a). Only a close look discloses the
pathognomonic features of a well-demarcated HSV lesion with
some exudate on top (b).

Diagnosis: Recurrent intermarginal HSV blepharitis, see Figs. 2.11
and 2.13.

Differential diagnosis: None. Primary clinically manifest HSV inter-
marginal blepharitis looks different and would at least be accom-
panied by considerable conjunctivitis.

Therapy: None. No rubbing.

Detailed analysis of Fig 2.14

Clinic: Both lids in Fig. 2.14 are severely affected by umbilicated
herpes vesicles in different stages of development with purulent
exudate sticking the lid margins together. After opening the lids,
both eyes were surprisingly white without inflammation (not
shown).

Diagnosis: Eczema herpeticum. This may develop when HSV
- either from an endogenous recurrence or from an exogenous
source — infects eczematous skin. Distribution of the vesicles re-

flects the actual main foci of eczema, often in the lid area. In this
case, the white and unaffected eyes are another example of the
fact that established anti-herpetic immunity is efficient in preven-
tion of superinfection of intact corneoscleral surfaces even in case
of massive HSV contamination. Unlike dermis, with its multiple
eczematous alterations, the corneoconjunctival surface in such
atopic patients may still be intact and can then resist HSV super-
infections as long as no severe atopic keratoconjunctivitis leads to
breaks in the epithelial lining.

Differential diagnosis: Bacterial rashes on eczematous skin areas
may look similar, and clinical differential diagnosis may sometimes
be difficult even for an experienced dermatologist. Laboratory
help with identification of the infecting agent(s) is then needed.
Therapy: Basic therapy is by maximally dosed systemic antiviral
agents (initially 800mg ACV 5qd (or ACV infusion therapy), re-
duced to 400 mg ACV 5 qd after clear onset of healing for 2 more
weeks). This normally gives excellent results in spite of the often
severe cases. Any potential concomitant eye disease is also effi-
ciently treated with such a systemic therapy, and decision on fur-
ther therapeutic measures, which may be advisable lateron-e.g.,
additional topical steroids for deep eye disease — can be made
once the lids can be opened again spontaneously and the exami-
nation of the eyes is again possible.
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Fig. 2.14 Eczema herpeticum with severe bilateral HSV blepharitis in a young man with endogenous eczema (a). Typical aspect of both arms’

flexor sides (b)

Fig. 2.15 Mild form of eczema herpeticum. A close look at the um-
bilicated vesicles is needed in order to clinically confirm HSV eti-
ology. In this case, HSV etiology was proven by PCR. The eye was
primarily unaffected, and it remained unaffected with systemic ACV
therapy
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HSV Conjunctivitis

Core Messages

e Acute HSV conjunctivitis without diagnostically
helpful concomitant HSV disease elsewhere cannot
be clinically differentiated from non-herpetic types
of conjunctivitis, above all not from adenovirus con-
junctivitis.

¢ Avrashly prescribed and uncontrolled therapy of any
conjunctivitis of unknown origin with topical ste-
roids may induce recurrent HSV keratitis.

In this section, we will address only monosymptomatic recur-
rent or persistent HSV conjunctivitis. Conjunctivitis in the
course of clinically manifest primary infection is presented in
Sect. 2.12.

“Collateral” conjunctivitis accompanies all HSV diseases of
the cornea, sclera, iris, and trabecular meshwork. Whether this
type of conjunctivitis represents a true collateral inflammation
without HSV replication in the conjunctiva or whether HSV
also multiplies in the conjunctiva, is of no practical interest.
The other HSV diseases must be treated intensively regardless,
and, if this is done properly, virus production in the conjunc-
tiva is always efficiently co-treated anyway.

The real problem is faced when HSV conjunctivitis presents
monosymptomatically, with no diagnostically helpful herpes
signs elsewhere. In this situation, no reliable clinical differen-
tial diagnosis can be made between HSV disease and disease
of other origin, especially of adenovirus origin. More than 4%
of cases with presumed adenovirus conjunctivitis turned out
to be caused by HSV. If these had been treated with topical
steroids, as many doctors still advise for any type of presumed
adenovirus conjunctivitis, then every 25th patient would have
been put at risk of developing recurrent HSV keratitis or other
severe forms of anterior segment HSV disease in a previously
unaffected eye.

Recurrent monosymptomatic HSV conjunctivitis may in-
deed be considered unproblematic as long as only conjunctivi-
tis recurs and the disease does not involve other tissues of the
eye. Although conjunctival virus production may be signifi-
cant in these patients for a short while, the natural and immu-
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nologic defence mechanisms seem to be sufficiently effective
in limiting recurrent HSV disease to the conjunctiva and in in-
hibiting further spread to the eye. Thus, the monosymptomatic
conjunctival recurrences regularly heal quickly and spontane-
ously, and they do not need any special therapy. Most patients
with this benign type of HSV recurrences are never identi-
fied, because the clinical signs are far from being pathogno-
monic for HSV disease. Although HSV conjunctivitis presents
mostly unilaterally, this does not really help to differentiate it
from adenovirus conjunctivitis, which characteristically also
begins and sometimes remains unilateral. The fact that HSV
conjunctivitis on average coincides with smaller follicular re-
action than is seen after adenovirus infection, is of no practical
help either. As long as there are no reliable, quick, and, above
all, affordable laboratory tests for routine differential diagnosis
of HSV and adenovirus conjunctivitis, doctors should be very
reluctant to prescribe topical steroids for conjunctivitis of un-
proven origin, especially if no close ophthalmological controls
are possible thereafter.

Recurring episcleritis is another diagnostic trap that must
be mentioned. Unilaterally recurring HSV conjunctivitis may
be mistaken for recurring episcleritis and then also be treated
with steroids. This does not occur if the circumscribed topo-
graphic character of serous episcleritis is adequately consid-
ered. Also, there is no approved indication for steroid treat-
ment of episcleritis anyway.

Fig. 2.17 Serous recurrent HSV conjunctivitis and intermarginal
blepharitis in a 30-year-old woman (Bengale-Rose)
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As an exception from the rule, HSV is rarely not eliminated
from the conjunctiva after HSV infection. Instead, it persists
in the conjunctiva for months, and it presumably only then
leads to a prominent chronic follicular conjunctivitis, which is
usually unilateral (see Fig. 2.18). It may require systemic ACV
treatment for definite healing.

Detailed analysis of Fig 2.17

Clinic: Moderately dilated conjunctival vessels in Fig. 2.17 with
sparse tiny follicles and some serous exudate in the inferior fornix:
clinical etiologic diagnosis is not possible from the aspect of con-
junctivitis alone. A circumscribed intermarginal epithelial disease
area (Bengale-Rose), however, represents pathognomonic inter-
marginal HSV blepharitis (see Sect. 2.3). No other parts of the eye
are diseased.

Diagnosis: The easily overlooked pathognomonic intermarginal
HSV blepharitis is of central importance, as it proves that the con-
junctivitis is also of HSV origin. As HSV blepharitis does not ever
induce nonviral “collateral” conjunctivitis, it is also apparent that
the serous conjunctivitis in this patient is caused by a real viral
recurrence with HSV replication in the conjunctiva. As no other
tissues of the eye are diseased, and blepharitis and conjunctivitis
do not need antiviral therapy for complete healing, no therapy is
mandatory as long as the rest of the eye stays uninvolved.
Differential diagnosis: None.

Therapy: No therapy is mandatory as long as frequent controls are
possible. It is most important to consequently avoid steroids. If
close controls are impossible, 400 mg ACV 3-5 qd orally for about
a week should effectively inhibit the potential risk of developing
HSV disease elsewhere in the eye.

Detailed analysis of Fig 2.18

Clinic: Strictly left-sided, dense, medium-sized follicles in the in-
ferior cul-de-sac (Fig. 2.18), some also on the tarsal plate. Bulbar
conjunctiva and superior cul-de-sac are normal. No other eye tis-
sues diseased.

Diagnosis: Very rarely, HSV seems to persist in the conjunctiva,
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leading to a chronic follicular reaction, as has also been reported
for adenoviruses. Theoretically, not only peripheral virus persis-
tence, but also frequently recurring endogenous shedding of HSV,
may lead to such a clinical picture.

Differential diagnosis: Molluscum contagiosum conjunctivitis
(search for molluscum tumor near lid margin), chlamydial con-
junctivitis (develops much larger follicles, and upper cul-de-sac is
regularly involved), chronic drug intolerance (history), persistent
adenovirus conjunctivitis (laboratory).

Therapy: Most likely heals spontaneously after months. To pro-
mote healing, systemic ACV must be recommended, 400 mg ACV
5qd for 3-6 weeks as required.
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Core Messages

* Untreated dendritic HSV keratitis exhibits pathog-
nomonic biomicroscopic features, which are impor-
tant for differential diagnosis.

¢ Other forms of epithelial HSV keratitis (punctate k.,
stellate k., geographic k.) are clinically less charac-
teristic.

* Therapy is with topical antiviral agents.

 Differential diagnosis comprises the various forms of
non-viral pseudodendrites, metaherpetic epithelial
disease (see Sect. 2.11), map-dot-fingerprint dystro-
phies, epithelial adenovirus keratitis, and some rare
diseases, such as Thygeson's punctate keratitis and
tyrosinemia.

Dendritic keratitis is the most known form of viral keratitis.
It is still a widespread belief that the appearance of a dendritic
lesion in the corneal epithelium will allow a reliable diagnosis
of HSV disease. This is an incorrect simplification.

A fully developed epithelial dendritic lesion of HSV etiol-
ogy shows four biomicroscopic criteria, of which only two are
pathognomonic:

1. The lesion is branched, i.e., dendritic.

2. The branches exhibit a central line of epithelial decomposi-
tion.

3. The branches are bordered by a reticulate band of punctate
epithelial microdestruction.

4. The branches terminate in end-bulbs surrounded by the
same reticulate microdestruction pattern as is found along
the branches themselves.

From these four criteria, only criteria 3 and 4 are pathogno-
monic. Criteria 1 and 2 are not. The latter can also be found in a
large variety of other pathologic situations, most frequently in-
cluding non-viral pseudodendrites (see differential diagnosis).

The development of a recurrent HSV dendrite can be de-
scribed as follows: The basal epithelial layer of the cornea is a
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densely served termination area for the sensory nerves of V/1.
The topographical distribution of neurons which transport and
shed virus determines in which area HSV can cause disease.
The distribution of the neurons does not exactly determine
the microscopic aspect of the HSV dendritic figure. The latter
is mostly the result of the two competing processes: epithelial
destruction and epithelial regeneration. On one hand, viral
cell destruction results in epithelial loss ranging from punctate
to areal defects. On the other hand, healthy epithelium slides
in from all sides in curved fronts from the periphery of the
cornea towards the center to close such defects. The relative
efficiencies of these two competitive processes are different in
the course of the disease. Dendritic figures have a different bio-
microscopic appearance depending on their stage of develop-
ment. A branching, dendritic appearance alone is insufficient
to prove HSV etiology. A close biomicroscopic look at the
borders of the branches is required. In the developing and in
the fully developed phases of HSV dendritic keratitis, a typical
reticulate microdestruction pattern of the epithelium is found
(Fig. 2.19).

The second pathognomonic sign, which, however, does not
always fully develop, is the development of the end-bulbs of
HSV dendritic branches (Fig. 2.20), also surrounded by the
pathognomonic microdestruction pattern (Fig. 2.21).

Fig. 2.19 Small, fully developed dendritic lesion at the peak of viral

cytolysis exhibiting all pathognomonic biomicroscopic criteria for
HSV etiology, above all an impressive microdestruction pattern
along the borders (fluorescein, washed out quickly)
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Fig. 2.20 Large HSV dendritic lesion with prominent end-bulbs
pathognomonic for HSV etiology (fluorescein)

Fig. 2.21 HSV dendrite elevated above the surrounding epithelial
surface (fluorescein)

With progressive healing, the dendritic figure shrinks to
a fluoresceine-negative “closure line” with often still residual
branching. At this stage of disease, viral cytolysis has long been
overcome by regeneration, and “microdestruction patterns”
have long gone. An ophthalmologist who sees the patient for
the first time may then have difficulties when making a biomi-
croscopic differential diagnosis between HSV disease and sim-
ilar looking non-herpetic diseases, above all pseudodendritic
keratitis. Examples are presented in the picture section.

Differential diagnosis of punctate, stellate, and geographic
HSV keratitis may be more difficult, because the pathogno-
monic biomicroscopy of HSV dendritic keratitis may be par-
tially or totally absent. The reader is also referred to the picture
section.

Detailed analysis of Fig 2.19

Clinic: After applying fluorescein, the dye was quickly washed
out from the ocular surface in order to inhibit leakage into the
epithelium of the dendrite and the adjacent stroma, which would
have obscured the biomicroscopic details (Fig. 2.19). After this
correctly performed fluorescein staining, the typical contour of a
herpetic dendrite with rounded end bulbs and a central decom-
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position furrow can be seen, but, above all, broad reticulate bands
of punctate epithelial microdestructions surrounding the dendrite
are seen as well.

Diagnosis: Recurrent dendritic keratitis in the stage of fully devel-
oped viral cytolysis.

Differential diagnosis: None. All four pathognomonic features of
HSV dendrite are present, above all the two pathognomonic ones,
microdestruction pattern, and end-bulbs.

Therapy: Topical antiviral agents. TFT eye drops or ACV ointment
5qd, plus adjuvant artificial tears for about 3-4 days beyond the
point of “fluoresceine-negative closure” Thereafter, dry eye care
alone is normally sufficient. Prolonged antiviral therapy should
be avoided, because it may unnecessarily compromise epithelial
regeneration.

Analysis of Fig 2.20

In Fig. 2.20, fluorescein was not washed out after application.
The outlines of the figure with central decompositions areas and
impressive pathognomonic end-bulbs are clearly visible. The re-
ticulate bands of punctate epithelial microdestruction, however, are
mostly obscured by too much dye. The broad central decomposi-
tion lines show that this efflorescence is older and more advanced
than that in Fig. 2.19.

Analysis of Fig 2.21

Figure 2.21 also shows all four signs of a typical HSV dendrite. Es-
pecially impressive are the well-developed end bulbs. In addition,
it is observed that the efflorescence with its swollen cells sticks
out of the surrounding normal epithelial surface like an island in
the sea.

Analysis of Fig 2.22

Figure 2.22 was chosen to demonstrate that details of microscopic
corneal pathology can also be detected without staining. In this
case, central decomposition furrows, reticulate bands of punctate
epithelial microdestruction, and even some end-bulbs can be seen
in an area of previous disease (a). The visibility of subtle details
without staining is strongly dependent on the observation angle.
Thus, the isolated intrapupillary HSV branch could here be easily
overlooked without systematic screening. Careful investigation of
the cornea before staining should be a routine procedure. This al-
lows detection of smallest abnormalities and the appreciation of
details otherwise quickly obscured by dye. Further, if suspicious
lesions are seen without staining, this alerts to the use short-term
application of fluorescein in order to allow optimal conditions for
biomicroscopic differential diagnosis.

Detailed analysis of Fig 2.23

Clinic: The pterygium head with its prominent vessels attracts
so much attention that it may distract from detecting the multi-
branched dendritic figure in front with some end bulbs and broad
central decomposition areas bordered by gray lining (Fig. 2.23).
Immediately in front of the prominent pterygium, a larger decom-
position area has developed and is surrounded by extended areas
of thickened white epithelium.



Fig. 2.22 a Two branches of an early HSV dendrite lie in the area of previous disease. Intrapupillary, an additional isolated branch is visible

(unstained). b Fluorescein short-term staining

Fig. 2.23 Multi-branched older HSV dendrite in front of a ptery-
gium head (unstained)

Diagnosis: Older untreated dendritic keratitis, still virally active,
with large viral decomposition areas as well as epithelial linings
consisting of thickened regenerative epithelium. It seems to have
difficulties to efficiently close the virally induced cell losses. This
is especially evident immediately in front of the pterygium head,
where the prominence interferes with the build-up of a stable tear
film. The regenerative epithelium in this area is repeatedly broken
down. This may finally lead to a persisting metaherpetic epithelial
ulcer (see Sect. 2.11).

Differential diagnosis: None (two typical signs and one pathogno-
monic sign are present).

Therapy: It is important to treat not only with topical antiviral
agents but to do everything possible to inhibit the development
of a metaherpetic epithelial healing disorder (see Sect. 2.11). Ad-
ditional epithelial protection therapy is absolutely necessary. If
ACV-ointment is available, it should be used instead of TFT, be-
cause of its lower epitheliotoxic potential and because the oint-
ment base by itself gives some of the required surface protection.

Some unspecific dry eye ointment can then be given in addition to
ACV.If only TFT eye drops are available with their higher epithelio-
toxic potential, one must combine these with artificial tears plus
some ointment at night. If epithelial regeneration is very much
impeded, it may be safer to rely on the antiviral effect of systemic
ACV therapy (400 mg 5 qd for about a week) and to reserve topical
therapy exclusively for efficient epithelial protection.

Analysis of Fig 2.24

Fluorescein leaks into the cornea through pathologic gaps in the
normally water-tight cell-cell occlusions of the outer epithelial
layer, and it quickly stains the intercellular fluid green, thus ob-
scuring pathologic details. Bengal rose, on the contrary, does not
stain fluids, but diseased and dead cells and cell material only.
Therefore, Bengal rose need not be removed from the cornea af-
ter staining. It shows the real extent of the diseased epithelial area
(Fig. 2.24).

i

Fig. 2.24 Multi-branched HSV dendritic figure with especially im-
pressive staining of large end-bulbs hanging like grapes on their
stalks (Bengal rose)
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Fig. 2.25 Stellate and punctate HSV keratitis (unstained)

Detailed analysis of Fig 2.25

Clinic: Three star-shaped mini-dendrites with mini-branches each
seem to show a reticulate destruction pattern as well as some
evolving budding. However, this is by no means convincing bio-
microscopic evidence for HSV etiology as in Figs. 2.19 to 2.23. A
fourth punctate efflorescence at 6 o'clock has no HSV characteris-
tics whatsoever. While the aspect of the three stellates makes HSV
etiology probable, another observation renders it fairly safe: In
spite of massive bulbar injection (right lower border of Fig. 2.25),
the stellates lie within totally normal surrounding epithelium like
islands in a quiet sea. This “island in a quiet sea” aspect is an im-
portant characteristic for HSV stellates and punctates when com-
pared with the very similar adenovirus ones which lie “in a rough
sea” (Fig. 2.39).

Diagnosis: Recurrent stellate and punctate HSV keratitis.
Differential diagnosis: Acute epithelial adenovirus keratoconjunc-
tivitis (Fig. 2.39), VZV punctates and stellates (Figs. 3.10 and 3.11).
Therapy: Topical antiherpetic agents (TFT or ACV 5qd).

Analysis of Fig 2.26

The stellate efflorescence, or mini-dendrite, in Fig. 2.26 clearly ex-
hibits the reticulate microdestruction pattern pathognomonic for
HSV cytolysis in its early stages.

Detailed analysis of Fig 2.27

Clinic: Scattered all over the cornea, about 30 efflorescences at dif-
ferent stages of development are seen in Fig. 2.27, the majority of
which shows branching and budding sufficiently pathognomonic
for HSV etiology. There is very little injection of the conjunctiva.
Diagnosis: Recurrent HSV keratitis in an atopic patient with endog-
enous eczema. The large number of efflorescences without ade-
quate conjunctival injection must raise the suspicion of concomi-
tant steroid therapy. That was indeed the case. The atopic patient
was treated with systemic steroids for his endogenous eczema.
Differential diagnosis: None.
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Fig. 2.26 Recurrent HSV stellate keratitis (fluorescein short-term
staining)

Therapy: If steroids can be totally withdrawn from this patient,
topical antiviral therapy (ACV or TFT 5 qd) will suffice. If steroids
have to be continued, however, a combined topical plus systemic
antiviral therapy (ACV 400mg 5qd) is necessary to inhibit pro-
gression to geographic types of herpes keratitis.

Detailed analysis of Fig 2.28

Clinic: Large branching efflorescence extending from the limbal
area towards the corneal center (Fig. 2.28). Ulceration is widest at
the limbus with smooth, rounded borders, and no obvious char-
acteristics for HSV etiology in that part, although a close look after
fluorescein short-term staining (not done here) may have revealed
single areas of typical microdestruction pattern somewhere in the
borders of the geographic ulcer. This peripheral part is historically
described as geographic keratitis. It never seems develop sponta-
neously, but it is typical for the enlargement of an HSV dendrite
under steroid therapy. Towards the corneal center, the outlines
of the dendrite become more and more characteristic for an HSV
etiology. These are the parts of the dendritic figure, which have
developed only recently.

Diagnosis: Geographic HSV keratitis as a complication of topical
and/or systemic steroid therapy.

Differential diagnosis: None.

Therapy: Withdraw steroids immediately, if possible. Then, topical
antiviral therapy will suffice. If steroids have to be continued for
general reasons, maximal topical plus systemic antiviral treatment
is necessary.

Analysis of Fig 2.29

Inflammatory injection of the conjunctiva may be so suppressed
by steroids that development of HSV dendritic keratitis and its
insidious enlargement to geographic keratitis passes unnoticed
by the patient until his vision becomes affected. This is especially
dangerous, if the patient has never experienced herpetic disease
before and is unaware of this risk. A major threat comes from ste-
roid treated monosymptomatic HSV conjunctivitis (Fig. 2.29) for
which no reliable clinical differential diagnosis exists. Therefore,



Fig. 2.27 Numerous HSV efflorescences at different stages of early

development, atopic patient (fluorescein, blue light)

steroid therapy of any conjunctivitis of unknown origin is espe-
cially dangerous if no close ophthalmological follow-up can be
arranged (see Sect. 2.4).

Detailed analysis of Fig 2.30

Clinic: The residual branches extending from the old geographic
areas of the left part of the efflorescence have mostly lost their
end bulbs (Fig. 2.30). They have changed into end spikes, indicat-
ing that regeneration has overcome destruction, and healing was
finally at hand. Then, however, HSV disease evidently relapsed with
development of two new HSV efflorescences: a very typical one
with classical microdestruction pattern extending from the right
part of the old geographic area, and a second isolated linear one in
the middle of the picture with less visible microdestructions.

Diagnosis: The patient had experienced several epithelial as well
as stromal HSV recurrences. After the last attack, which improved
under ophthalmological control, the patient carried on to treat
himself with a monotherapy of topical steroids “as needed” with-

Fig. 2.28 Geographic HSV keratitis, which developed as a complica-
tion of concomitant steroid therapy (fluorescein, blue light)

out further consulting his doctor. When he finally had to seek
medical advice because his vision was continuously deteriorating,
a large geographic keratitis was detected, overlying stromal scars
and infiltrations. The patient was treated with a combination of
antiviral agents plus steroids as indicated, and the keratitis slowly
improved. He then continued with the treatment course, “ran out”
of his antivirals, and went on with steroids as usual. Consequently,
healing of the old geographic areas could not continue, and new
dendrites had a chance to flare up.

Differential diagnosis: None.

Therapy: To improve compliance of the patient is at least as im-
portant as proper therapeutic measures. The therapeutic basis is
an intensive long-term regime of topical plus systemic antiviral
therapy (ACV). Steroids should be avoided for some time unless
deep corneal infiltrations make additional steroid therapy imme-
diately necessary. If so, cautiously dosed subconjunctival injec-
tions of crystalline (depot) steroids are a helpful option. Generally,
the same principles should be followed as for interstitial ulcerat-
ing HSV keratitis (see Sect. 2.6).

Fig. 2.29 Geographic HSV keratitis that has developed unexpect-
edly under topical steroid therapy for conjunctivitis (fluorescein)

Fig. 2.30 Insufficiently treated HSV disease as documented in the

cornea: longstanding geographic HSV keratitis with recent develop-
ment of two new dendritic branches (fluorescein, blue light)
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Detailed analysis of Fig 2.31

Clinic: Large area of geographic keratitis of presumed HSV origin
but without unequivocal pathognomonic biomicroscopic findings
(Fig. 2.31). Only slight reduction of vision (incipient steroid cata-
ract), only moderate bulbar injection because the patient was on
a low dose of systemic steroids for his endogenous eczema. No
major complaints. No HSV history.

Diagnosis: HSV was isolated and the suspected HSV etiology thus
proven.

Differential diagnosis: Patients with endogenous eczema may ex-
hibit various kinds of non-viral atopic corneal epithelial complica-
tions, varying from punctate keratopathies to epithelial ulcers of
different sizes and shapes.

Therapy: With severe endogenous eczema, it is safest to start
immediately with a combination therapy of topical (5qd) plus
systemic ACV (400mg ACV 5qd). Under this antiviral cover, the
virological proof of the diagnosis can be awaited. Second, when-
ever possible, eczema therapy should be switched from steroids
to non-steroidal agents. | have had excellent experiences with oral
cyclosporine A, which can be given to many patients with great
success for a limited time period, provided proper medical con-
trols are feasible.

Analysis of Fig 2.32

The pseudodendrites in Fig. 2.32 can in fact not be mistaken for vi-

ral ones. Only one out of the four criteria of HSV dendritic keratitis

is present, this being the branching of the lesion. The pseudoden-

drite lacks the other three characteristics:

1. There is no central line of epithelial decomposition.

2. There is no reticulate band of epithelial microdestruction along
the borders of the lesion.

3. The branches do not terminate in end-bulbs.

The pseudodendrite is composed of epithelial closure lines con-
sisting completely of gray pathologic epithelium shoved togeth-
er by the regenerative movements and forces. Even if epithelial
regeneration is basically sufficient, the epithelial surface cannot
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normalize in the areas of the pseudodendrites as long as these
especially stressed areas lack the necessary protection by a suf-
ficiently normal tear film. Therefore, therapy is simple, although
by no means easy: Care for a stable, sufficiently protective tear
film, and all pseudodendrites will fade away quickly. Erroneous
treatment with topical antiviral agents, however, will deteriorate
the situation of the epithelium and potentially lead to even more
pseudodendritic complications.

There is another clue for the non-herpetic etiology: the pseudo-
dendrites are surrounded by diffusely and severely compromised
epithelium, giving a granular appearance in the picture. To the left
of the pseudodendrite, similar small lesions can be seen within
diffuse superficial punctate keratopathy. HSV keratitis can, of
course, also arise in eyes with severe sicca syndrome. In this case,
however, we see nothing but sicca signs, and no sign for a viral
etiology.

Analysis of Fig 2.33

This efflorescence in Fig. 2.33 is a good example for two features
characteristic for all pseudodendrites:

Fig. 2.32 Differential Diagnosis: Pseudodendrites in a severe sicca
syndrome

Fig. 2.31 Geographic HSV keratitis in a patient with steroid-treated

endogenous eczema (fluorescein)

Fig. 2.33 Differential diagnosis: Pseudodendrite in a cornea with
chronically compromised epithelial regeneration



1. The branches consist in all parts of equally-looking grey patho-
logic epithelium. There is no structural difference between the
center and the borders of a branch, not even in the broadest
branches.

2. The ends of branches tend to “spike”.

Analysis of Fig 2.34

The precise etiology of the lesion in Fig. 2.34, which arose in a
“quiet” eye some months after otherwise uneventful ophthal-
mic zoster, is still disputable (see Sect. 3.8, Fig. 3.38). From the
point of practical therapy, it belongs to the pseudodendrites. It
is shown here because at a quick glance it seems to be a typical
HSV dendrite with end bulbs, but it is not: This pseudodendrite is
exclusively composed of prominent homogenous crests of grey,
pathologic epithelium, with some light reflexes on the convexly
elevated branches, which give a shiny appearance. They seem to
be partly composed of pathologic mucous. Whether or not VZV
plays a role in the initiation of such “metazosteric” lesions, must
be further investigated and is interesting from a pathophysi-
ological point of view. From a practical therapeutic point of view,

Fig. 2.34 Differential diagnosis: Late pseudodendrite after ophthal-
mic zoster

however, this open question is unimportant. These late pseudo-
dendrites after zoster heal with efficient dry eye therapy only,
with or without additional mucosolvents. No antiviral therapy is
ever needed.

Analysis of Fig 2.35

The pseudodendrite in Fig. 2.35 lies within an area of diffusely
and severely altered epithelium (punctate keratopathy), typical of
Sjogrens syndrome. Rounded red flecks represent more extended
areas of epithelial disease and death, and must not be mistaken
for end bulbs. There is another important sign for non-viral eti-
ology of this pseudodendrite: severe punctate keratopathy and
elongated dendritic figures were exactly the same in both eyes with
the dendrites” position exactly symmetric on the lateral sides of
each cornea (not shown here). Such a perfect symmetric bilateral
set-up can never be of viral origin. The pseudodendrites disap-
peared after bilateral occlusion of the lower lacrimal puncti plus
adequate dry eye therapy.

Analysis of Fig 2.36

In this case, Bengal rose staining in Fig. 2.36 does not really help
with differential diagnosis of the dendritic lesion. For differential
diagnosis, fluorescein short-term staining would have been bet-
ter. However, Bengal rose uniquely reveals how diffusely, not only
the corneal, but also the conjunctival epithelium is compromised
in Sjogrens with large conjunctival areas colored red (out of fo-
cus).

Analysis of Fig 2.37

The long pseudodendrite in Fig. 2.37 within bullous epithelium
follows the contour of the lower limbus and is uniformly made up
of grey epithelial cells. The short branches form regularly arranged
arcades. Both peculiarities are uncharacteristic for HSV dendrites,
but typical for pseudodendrites in bullous keratopathies.

Fig. 2.35 Differential diagnosis: Pseudodendrite in Sjégrens syn-

drome (Bengal rose)

Fig. 2.36 Differential diagnosis: Pseudodendrite in Sjégrens syn-
drome (Bengal rose)
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Analysis of Fig 2.38

Map-dot-fingerprint (mdf) dystrophies such as that in Fig. 2.38 are
often mistaken for HSV dendritic keratitis. Admittedly, biomicro-
scopic findings in various stages of mdf dystrophies share some
similarities with HSV dendritic keratitis, but too little to explain
this frequent confusion. The main reason is certainly the chroni-
cally recurrent nature of these epithelial dystrophies.

A close biomicroscopic investigation of a mdf dystrophy as in
Fig. 2.38 will quickly reveal that no borderlines with epithelial mi-
cro-destruction pattern are present, as in HSV epithelial disease.
Instead, we find the pathologic intraepithelial basement products
of various kinds, and circumscribed micro-separations of the epi-
thelium from its basal membrane, rendering this disease recur-
rently symptomatic. Partially separated epithelial sheets form mi-
cro-bullae, which stain only faintly and irregularly with fluorescein
as long as the epithelial roof of the micro-bulla is mostly intact. Af-
ter (recurrent) erosion, however, with disruption of the epithelial
sheet, fluorescein diffusely stains all fluid pools. Both micro-bullae

Fig. 2.37 Differential diagnosis: Pseudodendrite in aphakic bullous
keratopathy
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and frank erosion normally heal quickly with any surface-protect-

ing measures and also without. No subsequent subepithelial scar-

ring is ever observed if healing is brought about quickly enough
after each attack.

There are many more criteria for differential diagnosis between

HSV epithelial disease and mdf dystrophies:

e Mdf patients typically report to have suffered from very fre-
quent attacks of dendritic keratitis, often every 3 weeks. HSV
disease does not recur after healing at such a frequency.

e According to its bilateral dystrophic nature, asymptomatic mdf
changes can often be found also in the partner eye, which then
facilitates mdf diagnosis.

o |f mdf disease goes on for months and years, the frequency of
attacks often increases, and often progression from unilateral
to bilateral disease is observed. Bilateral HSV disease, on the
contrary, is rather rare.

o Mdf patients report that each attack is very painful. This is defi-
nitely not the case with HSV disease. Therefore, questioning
regarding pain is the most important.

e Testing corneal sensitivity is also helpful in these cases: After
numerous HSV recurrences, sensitivity should be found to be
reduced. After mdf recurrences, sensitivity stays always normal,
irrespectively of the number of previous attacks.

e Mdf patients report that the affected corneal area normally
heals within only some (3-4) days with which topical therapy
ever. This is much too quick for an average healing of an HSV
dendrite, which may take about 7 days with antiviral therapy
and a number of weeks without.

o [f the patient insists to have had numerous recurrences, and
the ophthalmologist cannot find residual subepithelial scars
compatible with such a frequently recurring herpes disease,
then this is also very typical for mdf dystrophies, which charac-
teristically heal without scars.

Analysis of Fig 2.39

Adenoviruses (ADV) always infect the corneal epithelium exog-
enously. If infection is severe, a diffuse punctate keratitis results

Fig. 2.38 Differential diagnosis: Map-dot-fingerprint dystrophies with recurrent erosions (two patients, unstained (a), fluorescein (b))



with varying formations of cytolytic foci. Some of these foci may
spread to stellate lesions, which in the beginning are impossible
to differentiate from HSV stellate efflorescences. While HSV stel-
lates typically have an appearance of islands in a quiet sea (i.e.,
the surrounding epithelium appears widely normal, as in Fig.
2.25), ADV stellates appear like islands in a rough sea (Fig. 2.39):
The surrounding epithelium is diffusely affected by punctate and
aggregated cytolytic lesions as a consequence of the exogenic
ADV attack. Another image may be helpful for differential diag-
nosis: fluorescein stained severe exogenous corneal ADV infec-
tions give an appearance of a night sky densely crowded with single
stars and star constellations of all sizes (Fig. 2.39). Such a picture is
practically never encountered with recurrent HSV epithelial in-
fection. The differential diagnosis of severe ADV infection with
severe primary HSV infection may rarely be difficult. The reason
is evident: In this situation, HSV also causes exogenous infection.
However, HSV limbitis mostly allows a safe differential diagnosis
(see Fig. 2.112).

Fig. 2.39 Differential diagnosis: Epithelial adenovirus keratitis with
stellate efflorescences (fluorescein)

Analysis of Fig 2.40

Ophthalmologists not familiar with Thygeson’s punctate kera-
titis (Fig 2.40) regularly diagnose it as some frequently recur-
ring bilateral coarse punctate HSV keratitis. While the etiology
of Thygeson’s keratitis is still unknown, the frequently recurring
painful attacks symptomatically have much in common with map-
dot-fingerprint micro-erosions. Consequently, the arguments for
differential diagnosis are similar in both diseases. Additionally,
for Thygeson’s disease, it is typical that the efflorescences do not
only fade away spontaneously after some days, but their disap-
pearance can also reliably be accelerated by topical steroids. How-
ever, steroids do not have any influence on the recurrence rate. In
Thygeson’s disease, even more regularly than in mdf dystrophies,
the single attacks heal without traces, even after many years of
recurrences. All this makes differential diagnosis to epithelial HSV
disease principally easy.

Analysis of Fig 2.41

Tyrosinemia, a recessively inherited systemic dystrophy, is cho-
sen as a last example for differential diagnosis (Fig. 2.41). The kids
are conspicuous because of their aversion to light and because
of frequent tearing and complaints from bilateral erosive central

pseudodendrites. These may have some similarity with healing
HSV dendrites. However, their chronic persistence in perfect sym-
metry in both corneal centers is not compatible with HSV etiol-
ogy. If additionally circumscribed hyperkeratoses are found on
the foot plates, the clinical diagnosis of tyrosinemia becomes
probable and must be proven in the laboratory. The diagnosis is
important, because an early consequently established diet is the
only chance for these children to develop normally.

More clinical conditions with similar bilateral dystrophic corneal
pseudodendrites which are not caused by tyrosinemia exist. To
date, their biochemical background remains unknown.

Fig. 2.40a,b Differential diagnosis: Thygeson s punctate keratitis. a Strictly intraepithelial coarse punctate efflorescences consisting of “degen-

erated” epithelium. b Each efflorescence has a limited life cycle, after which it fades away without a trace
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b

Fig. 2.41a-c Differential diagnosis: Central corneal pseudodendrites in tyrosinemia (Richner-Hanhart syndrome). a Micro-erosive chronic

central corneal pseudodendrite. b Chronic aversion to light. ¢ Hyperkeratoses on the foot plates
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Interstitial and

Ulcerating HSV Keratitis

Core Messages

* In this type of deep HSV disease, viral cytolysis and
cellular immune-destructions work together. Both
are always to be treated simultaneously with antivi-
ral agents as the basic therapy, plus steroids for the
necessary down-regulation of immune-destruction.

¢ Non-steroidal immunosuppressive agents may be
an alternative if steroid therapy appears to be too
risky.

* Differential diagnosis 1: Inflammation in the anterior
chamber is generally much lower with interstitial
HSV keratitis, when compared to bacterial or my-
cotic infections.

 Differential diagnosis 2: Hypopyon is never a sign of
HSV infection itself. If presentin a herpes eye, it indi-
cates bacterial or mycotic superinfection.

 Differential diagnosis 3: In amebic keratitis, pain is
the most important symptom.

Interstitial keratitis is almost never the first clinical manifes-
tation of HSV disease. Dendritic keratitis has typically been
observed before. This facilitates the assignment of subsequent
recurrent stromal disease to HSV etiology. If a typical HSV
dendrite has not been identified before, the diagnosis of in-
terstitial HSV keratitis may become more difficult, because
the density and shape of interstitial infiltrations are not always
such to make a differential diagnosis possible. Differential di-
agnosis is often helped, however, by the fact that inflammation
in the anterior chamber is generally much lower with corneal
HSYV infections as compared with bacterial or mycotic ones.
Especially hypoyon is never brought about by HSV infection
alone. If it arises in a herpes eye, it indicates bacterial or mycot-
ic superinfection. For differential diagnosis of amebic keratitis,
which, like herpes, arouses very little anterior chamber reac-
tion, pain is the one most important differentiating symptom.
Interstitial keratitis by VZV or adenoviruses may sometimes

2.6

be impossible to differentiate from HSV disease on a morpho-
logical basis only. In these cases, the history and the course of
the disease will often give diagnostic help. Laboratory confir-
mation of a causative infectious agent, viral or other, must of
course be sought whenever necessary and possible. The diffi-
culties with laboratory confirmation of infectious eye diseases
must not be underestimated, however, and a good knowledge
of the various aspects of clinical differential diagnosis remains
the basis of successful and, above all, quick therapy.

The longer recurrent HSV disease has gone on in a patient
and the more recurrences his eye had to suffer, the greater the
incidence of stromal keratitis. Concomitantly, the incidence
of dendritic keratitis decreases. The reasons for this striking
change in disease character have not been well investigated to
my knowledge. It seems, though, that several mechanisms play
a role: a change in the stromal target cell composition, an in-
creasing stimulation of the natural and immunologic defence
mechanisms of the host, and also an increasing tendency for
HSV to establish peripherally persistent infections in the cor-
neal stroma.

The most easily accessible target cells for HSV recurrences
change in the long run. While in the beginning, corneal epithe-
lial cells are far more easily infected by HSV than keratocytes
in their normal stromal surrounding, this situation changes
once HSV has finally succeeded to also establish infection in
keratocytes. Thereafter, the stroma is invaded by various in-
flammatory, immunologic, and regenerative cell populations.
These create a target cell milieu which becomes increasingly
attractive not only for normal lytic HSV infection but probably
also for very slow HSV replication with very little cell lysis but
constant stimulation of immune reactions, a status that I call
peripheral persistence.

Whether such peripherally persistent HSV infection is the
main reason for chronic persistent keratitis and whether addi-
tional pathogenetic impact comes from frequent endogenous
HSV shedding, could not be investigated to date. However, the
necessary therapeutic measures are evident without knowing
the exact pathophysiologic background: First, HSV replication
has to be suppressed as efficiently as possible by antiviral ther-
apy. Second, the cell infiltrations have to be removed from the
stroma as quickly as possible. For this task, steroids are the drug
of choice. The quick reduction of infiltrates is above all neces-
sary to keep or restore the functional clarity of the cornea.

A change in stromal target cell composition does not ex-
plain why the incidence of dendritic keratitis concomitantly
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goes down. A reason may be an increasing stimulation of the

natural and immunologic defence mechanisms of the host.

They remain still insufficient to beat stromal disease quickly,

especially when it comes to persistent slow disease. However,

their efficiency to primarily inhibit endogenous re-infection of
the epithelium seems to increase on an average.

On the whole, therapy of interstitial and ulcerating HSV
keratitis is much more difficult than that of any other herpetic
eye disease. In dendritic keratitis, we can observe a reliable
healing endpoint, and we can then be relatively sure that the
virus has practically gone, at least for this recurrence. With
stromal types of HSV disease, such confidence can never be
expected. It has long been found that “quiet” herpes corneas
are not at all quiet and still contain inflammatory cells as well
as HSV, in which status ever. This reflects our current inability
to clinically judge what is pathophysiologically actually going
on in the corneal stroma.

Nonetheless, we need practical rules for practical handling
of this difficult disease group. I have found the following rules
and advice helpful:

1. The earlier a “clinical recurrence” arises a new after cessa-
tion of therapy, the more probably we deal with peripheral
persistence of insufficiently treated HSV disease. “Clinical
recurrences’ that follow each other after only a couple of
weeks are most probably brought about by peripheral per-
sistence and not primarily by endoneurally recurring dis-
ease, although the latter may additionally occur.

2. For safety, a sufficiently long therapy of interstitial HSV
keratitis is necessary. Therapy which is a number of months
long is safer than therapy which is a few weeks long.

3. The effects of antiviral therapy - unlike with dendritic kera-
titis — cannot directly be observed when treating interstitial
HSV keratitis. The severity and acuity of interstitial kerati-
tis are exclusively determined by the reactive inflammatory
and immunologic infiltrates.

4. Any biomicroscopically seen improvement and “clearance”
are brought about by the steroid therapy. The efficiency of
the basic antiviral therapy, which determines the lasting
success of treatment, cannot be judged as long as steroids
are given.

5. Consequently, the “moment of truth” does not come before
the last drop of steroid has been tapered, and not before
some weeks have elapsed thereafter. With every month that
the cornea remains “quiet’, the probability increases that
the combination therapy of antiviral agent plus steroids was
sufficient to eradicate (persistent) HSV infection from the
cornea.

6. Controlling herpes patients frequently enough after cessa-
tion of therapy is therefore more important than controlling
them while still under combination therapy.

7. In spite of correct and sufficiently long combination ther-
apy, some patients never become totally free from periph-
erally persisting HSV, because the efficiency of antiviral
agents goes down considerably if viral replication is reduced
to a minimum. The target enzymes are then no longer suf-
ficiently available. In such cases, a minimally dosed unlimit-
ed steroid therapy, which keeps the cornea symptomatically
“quiet” (e.g., 1 drop qd or every other day) is a justifiable
compromise, which will keep functioning longer than

would be the case after total withdrawal of steroids with fre-
quently recurring infiltrations.

8. If topical and/or systemic steroids cannot be given, non-
steroidal immunosuppressive agents may be an alternative,
e.g., cyclosporine A. These drugs also have topical and sys-
temic side effects, but they are different from those of the
steroids and may be preferable to steroids in special situa-
tions for a limited time period, e.g., in severe diabetes, or
with associated severe dry eye syndromes.

9. In ulcerating interstitial HSV keratitis, lysing inflammatory
cells cause the stroma to melt away. This may rapidly lead to
descemetocele and perforation. Normal topical steroid ther-
apy would further aggravate epithelial regeneration prob-
lems and must be avoided as long as the deep ulcer has not
been closed by new epithelium. Systemic steroids at low to
moderate doses, together with cautiously dosed injections
of subconjunctival crystalline steroid depots, are a valuable
alternative to topical therapy. They create a constant steroid
level in the cornea which suppresses destructive infiltrations
while still allowing for sufficient epithelial regeneration.

Detailed analysis of Fig 2.42

Clinic: Subepithelial dense infiltrates, like imprints of an immedi-
ately preceding dendritic keratitis at the same site of the cornea
(Fig. 2.42).

Diagnosis: Superficial interstitial HSV keratitis arising topographi-
cally exactly below preceding HSV dendrites. The epithelial viral
disease seems to have “burned” down into the superficial stroma.
Itis more likely, however, that the viruses were set free at the same
time from the same nerve trunks intra-epithelially and subepithe-
lially, the former leading quickly to dendritic keratitis, and the
latter, with a few days delay, leading to infection of the less per-
missive keratocytes with circumscribed dense immune infiltrates
thereafter.

Differential diagnosis: None, if the HSV dendrites were unequivo-
cally verified earlier. The plump “dendritic” shape of the stromal
infiltrates is also a relatively reliable sign for HSV etiology, but not
invariably a safe one.

Therapy: Topical antiviral-steroid combination, e.g., ACV ointment

Fig. 2.42 Superficial interstitial HSV keratitis after immediately pre-

ceding dendritic keratitis in the same location



5qd plus steroid ointment 2-3 qd. TFT eye drops 5 qd plus steroid
eye drops 2-3 qd are also an option, though a minor one, because
TFT in this combination can only prophylactically inhibit new HSV
dendrites. It cannot efficiently treat subepithelial HSV infection of
the keratocytes. Therefore, if only TFT is available, topical steroids
should be dosed even more cautiously. A better alternative would
then be to give systemic ACV plus topical steroids.

Analysis of Fig 2.43

Figure 2.43 demonstrates that the “dendritic” shape of subepitheli-
al HSV infiltrates, like those in Fig. 2.42, is preserved for a long time
and serves as a relatively reliable indication for HSV etiology. Ther-
apeutically, nothing needs to be done, if the patient is off therapy
already. The remaining subtle infiltrates will fade away spontane-
ously with time, e. g., within a year, provided no new endogenous
recurrence occurs. If quicker “clearance” of the scars is required,
then a normal antiviral-steroid combination therapy (see Fig. 2.42)
must be given for at a least a few months rather than only for a
couple of weeks. Because patients’ compliance with combination

Fig. 2.43 Faint scars with some residual infiltrates after superficial
interstitial HSV keratitis (stromal “imprints” of dendrites)

therapy decreases with clearing scars, premature self-determined
abrupt termination of treatment may be more disadvantageous
in the end than refraining from therapy all together.

Detailed analysis of Fig 2.44

Clinic: Fluffy new infiltrations shown in Fig. 2.44 have arisen at
three sites in the cornea a couple of weeks after topical therapy of
a previous HSV interstitial keratitis was finished. The scars of previ-
ous herpes diseases extend far into the pupillary area.
Diagnosis:Flaring-up ofaninsufficiently treated interstitial keratitis
with HSV still present in the stroma at the time when further ther-
apy was deemed unnecessary. Treatment was stopped too early.
Differential diagnosis: None.

Therapy: Resume combined topical antiviral-steroid therapy fol-
lowing the principles outlined in Sect. 2.2 and Fig. 2.42. The re-
instituted treatment should be given considerably longer than
previously.

Detailed analysis of Fig 2.45

Clinic: Infiltrations form two relatively dense balls with fluffy out-
lines involving the whole stromal thickness (Fig. 2.45). A typical
HSV dendritic keratitis was documented in the course of previ-
ous herpes disease. This time, the epithelium is normal. The in-
terstitial keratitis is the first deep herpetic disease documented
for this patient. There are only sparse cells in the aqueous humor.
The iris seems to be unharmed. Several small precipitates are

grouped on the central endothelium. There is no frank corneal
edema.

Diagnosis: Fully developed interstitial HSV keratitis plus beginning
topographically associated HSV endotheliitis (Sect. 2.7). Without
immediate therapeutic intervention, the disease will progress to
typical disciform HSV keratitis (Sect. 2.7).

Differential diagnosis: None.

Therapy: Start with combined topical antiviral-steroid therapy as
outlined in Fig. 2.42. If the endotheliitic component deteriorates
in spite of topical treatment and disease deteriorates to disciform
keratitis, additional systemic combined therapy is advisable.

Fig. 2.44 Fluffy new infiltrations in a faintly scarred herpes cornea

Fig. 2.45 Interstitial HSV keratitis plus beginning endotheliitis
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Analysis of Fig 2.46

Contrary to Fig. 2.45, in Fig. 2.46, the endothelial precipitates are
of clearly different sizes - minor gray ones and large slightly pig-
mented ones. The distribution of precipitates also follows two
principles — triangular-iritic as well as independence of aqueous
gravity flow. Finally, some deep striae and epithelial edema (vis-
ible at the right side) are signs of frank corneal edema caused by
endothelial decompensation. Altogether, interstitial HSV keratitis
is here associated with additional HSV endotheliitis (see Sect. 2.8)
and HSV iritis (see Sect. 2.9).

Detailed analysis of Fig 2.47

Clinic: Large parts of the peripheral cornea are diffusely, though
faintly, scarred, in addition to most of the pupillary area (Fig. 2.47).
Some dense infiltrates are so white, providing a “purulent” aspect.
The anterior chamber exhibits no remarkable inflammation. Also,
virtually no precipitates can be made out. No corneal edema. Sev-
eral deep vessels reach the area of most obvious stromal destruc-
tion on the left.

Fig. 2.46 Interstitial HSV keratitis plus scattered endothelial pre-
cipitates
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Fig. 2.47 Multiple separate foci of unusually dense interstitial HSV

keratitis in a partially vascularized and scarred herpes cornea

Interstitial and Ulcerating HSV Keratitis

Diagnosis: Recurrent multifocal interstitial HSV keratitis in a vas-
cularized and scarred herpes cornea that has already experienced
some recurrences of deep herpetic disease. This not only increas-
es the risk of persistent peripheral HSV disease, it must also be
suspected that additionally a granulomatous reaction against
Descemets (and possibly Bowmans) is operative in creating and
intensifying the extremely dense infiltrates.

Differential diagnosis: None. History and corneal findings are suf-
ficiently characteristic for HSV etiology. No bacterial or mycotic
(super)infection has to be suspected, in spite of the dense infil-
trations. The “clean” anterior chamber would not support such a
suspicion.

Therapy: Normal long-term combination therapy with topical
antivirals plus steroids suffices. If the clinical suspicion of granu-
lomatous reaction against Descemets is correct, the infiltrates
will be even more refractive than they are anyway in “normal”in-
terstitial HSV keratitis. Therefore, therapy has to be much longer
and requires even more patience than usually. As granulomatous
reaction is presumably a secondary inflammatory reaction inde-
pendent of a continuing presence of HSV, it may be necessary to
carry on with small amounts of steroids for a long time until the
cornea becomes “quiet”. Each definite withdrawal of steroids may
be followed by prompt flare-up of stromal infiltrates.

Analysis of Fig 2.48

The dense white interstitial infiltration-ball in Fig. 2.48 can be re-
garded as a maximal variant of the small dense white infiltrations
in Fig. 2.47. In Fig. 2.48. The impression of a “purulent” lesion is
even more suggestive because of its large dimension. However,
as the aqueous humor is practically normal, true purulent infiltra-
tion cannot exist and bacterial and mycotic etiologies become im-
probable. Inflammatory cells liberate lytic enzymes as confirmed
by the small“clearing” area supra-centrally. Subsequent ulceration
with descemetocele and perforation are therefore threatening if
no efficient therapy is immediately started. In this patient, long-
term topical combination therapy over many months inhibited
progression to ulceration and finally led to permanently quiet
scars. Loss of stromal substance with resulting corneal irregularity
caused functional loss, of course.

Fig. 2.48 Unusually dense interstitial HSV keratitis, probably com-

plicated by granulomatous reaction against Descemets



Detailed analysis of Fig 2.49

Clinic: Large vascular trunks, which split up in medium and fine
vessels, invade a diffusely and densely infiltrated stroma aiming
at the main points of infiltration (Fig. 2.49). Parts of the cornea are
colored salmon red by the vascular fans.

Diagnosis: Healing phase with aggressive vascular resorption of
infiltrates in severe HSV interstitial keratitis.

Differential diagnosis: None, if the HSV nature of disease has been
verified before. Principally, such aggressive vascular resorption
is more typical for bacterial, mycotic, or mixed severe infections
of the cornea - and classifically for syphillitic keratitis, of course.
However, occasionally, such severe vascularization is also ob-
served with HSV disease. There is no characteristic type of vascu-
lar ingrowth in corneal herpes. Ingrowth may be massive or may
be totally lacking in very similarly looking clinical conditions. It
would be important to know more about the biochemical differ-
ences that cause such different behavior in the individual cases.
Therapy: Once vessels have started to grow into a densely infil-
trated inflammatory battlefield, they can hardly be stopped, not
even by maximally enforced steroid therapy, which has its own
risks. The normal topical combination regime of antiviral agents
plus steroids should suffice and is safer. Administered long
enough, the amount of infiltrates is gradually reduced, and this
reduction also automatically reduces the vascular-attractive sig-
nals. The vessels either turn to ghost vessels or at least shrink so
much that they no longer present functionally important optic
obstacles. Therefore, such a massive vascularization is no reason
for nervousness. Simply, reduce the infiltrates, and the vessels will
regress concomitantly.

Analysis of Fig 2.50

Figure 2.50 gives an example of a slowly progressing vascular front
in an only moderately infiltrated interstitial HSV keratitis. If normal
topical combination therapy is consequent and long enough, the
vessels will halt in the present topical situation. Thereafter, they
will shrink or obliterate and present no functional problem.

Analysis of Fig 2.51

Courses with spontaneous healing offer two aspects. First, spon-
taneous healing does not regularly lead to catastrophic results.
Spontaneous healing of the severe limbus-adjacent herpetic in-
filtrations in Fig. 2.51 has lead to a dense para-pupillary vascular-
ized corneal scar. As this scar is not functionally incapacitating,
the results of spontaneous healing are still compatible with useful
function. This is not so bad. Some therapists would be content to
see such a treatment result. Second, we are reminded that iat-
rogenic success can generally only be claimed for those results
that are more successful than the results of spontaneous healing.
Comparing the para-limbal 3 o'clock region in Fig. 2.51a with the
spontaneous healing result in Fig. 2.51b suggests that proper
therapy would not invariably have led to a better result. That is
different with the dense infiltration area para-pupillary at 4 o'clock
in Fig. 2.57a. It would have certainly benefited from correct and
timely treatment with topical antivirals plus steroids. Less subse-
quent corneal distortion and functional impairment would have
developed than after spontaneous healing.

Differential diagnosis: Formally, the limbus-adjacent vascular-
ized scar in Fig. 2.51 with its rounded border towards the pupil
has some similarity with chronic interstitial demarcating immune
keratitis, as described in Sect. 3.5 (Figs. 3.23 to 3.27). The latter is
suspected to be caused by VZV. Its pathologic processes are much
slower than those in HSV disease, and vascularization is accord-
ingly much lower.

Analysis of Fig 2.52

Figure 2.52 outlines one of the main risks of steroid monotherapy
of deep herpetic eye disease, especially of interstitial HSV keratitis.
This patient with chronic flaring-up of interstitial HSV keratitis was
correctly put on a long-term topical combination therapy with
antiviral agents plus steroids. On a holiday trip, the patient ran
out of antiviral drugs and carried on with steroids only, which he
himself dosed “as needed”. A steroid associated geographic kera-
titis developed (see Sect. 2.5), which the patient did not notice
himself because of too dense infiltrations. It was only detected
when he finally saw his doctor again after 6 weeks. Still small and

Fig. 2.49 Aggressive stromal vascularization in interstitial HSV

keratitis

Fig. 2.50 Vascular front in moderately infiltrated interstitial HSV
keratitis
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Fig. 2.51 Spontaneous healing of a dense limbus-adjacent infiltration in HSV interstitial keratitis (time interval between a and b: 2 months)

comprising the superficial epithelium only (which can be taken
from the diffuse Bengale-Rose stain), this complication was man-
ageable without severe additional damage. With ongoing steroid
self-treatment, however, much more severe ulceration would cer-
tainly have occurred (see Fig. 2.53). For therapy in this case it suf-
fices to resume full dose topical antiviral therapy and to leave off
the steroids until the geographic lesion has been resurfaced by
epithelium. This should quickly be the case. Thereafter, steroids
are slowly added again as required by the interstitial process.

Analysis of Fig 2.53

The patient in Fig. 2.53 had a comparable history to the patient
in Fig. 2.52. In Fig. 2.53, however, non-compliance led to an even
longer steroid monotherapy, and, consequently, much more ex-
tended geographic ulcerations which partly already extend into
the stroma. At some sites of the geographic outlines, where the
diseased epithelium is colored deeply red, the pathognomonic
budding contours of epithelial HSV efflorescences are apprecia-
ble even at this low magnification (see Sect. 2.5). For therapy, see
Fig. 2.52.

Fig. 2.52 Small geographic HSV keratitis as a complication of ste-
roid-monotherapy of interstitial HSV keratitis (Bengal-Rose)

Detailed analysis of Fig 2.54

Clinic: Dense disseminated interstitial infiltrations and a large ul-
ceration at 6 o'clock (still mostly epithelial), together with massive
injection of the conjunctiva, show that this eye in Fig. 2.54 is at
high risk of rapid further deterioration in spite of some previous
therapeutic efforts (hyphema as sequelae of subconjunctival in-
jections). Especially noteworthy are several epithelial buddings
at the otherwise straight geographic outlines, and an additional
small dendrite para-limbally at 3 o'clock.

Diagnosis and history: Severe interstitial HSV keratitis with com-
plicated large geographic epithelial keratitis. The biomicroscopic
details document an impressive sequence of insufficient or fail-
ing therapy: A severe interstitial HSV keratitis was “treated” by
the patient himself with topical steroid monotherapy, leading to
the complication of geographic keratitis. Once this was noticed,
topical steroids were substituted by subconjunctival injections of
a crystalline steroid (which is a correct option), plus topical anti-
virals (ACV ointment every 2 hrs). The geographic lesion began
to heal slowly, as shown by the straightened outlines and by a
deeply indenting epithelial regeneration front (upper left). Then

Fig. 2.53 Large geographic HSV Xkeratitis as a complication of
steroid-monotherapy of interstitial HSV keratitis (fluorescein and
Bengal-Rose)



the patient must have felt that with diminishing infiltrations and
slowly reappearing vision, the disturbing application of ointment
so often per day was no longer necessary. The indispensable an-
tiviral therapy was no longer correctly applied, which led to quick
reappearance of new epithelial HSV lesions at the geographic out-
lines (new buddings), and it additionally led to a new separated
HSV dendrite para-limbally at 3 o'clock.

Differential diagnosis: None.

Therapy: The first task must be improvement of patient’s compli-
ance. If otherwise impossible, such patients must be treated for
a while in the hospital under strict control. Treatment consists
of intensive systemic and topical antiviral therapy (ACV 800 mg
5qd, ACV ointment every 2 hrs) plus moderately dosed systemic
steroids and subconjunctival injections of small amounts of crys-
talline steroids, as outlined in Sect. 2.2. After epithelial closure of
the ulcer, topical steroid therapy can be cautiously resumed as
needed, and antiviral therapy can be reduced to topical applica-
tion alone (5 qd). If the patient’s compliance with the application
of topical antiviral agents remains unreliable, a prolonged course
with systemic antivirals (ACV 400 mg 4-5qd) over a number of
months is often the more successful therapeutic option.

Fig. 2.54 Documentation of insufficient therapy in severe intersti-
tial HSV keratitis (fluorescein and Bengal-Rose)

Detailed analysis of Fig 2.55

Clinic: Moderately deep oval stromal ulcer immediately adjacent
to the limbus, painless (Fig. 2.55). Relatively sparse infiltration. Se-
vere adjacent vascular reaction, still without significant transgres-
sion of the limbus. Anterior chamber normal.

Diagnosis: Ulcerating interstitial HSV keratitis.

Differential diagnosis: A previously verified HSV dendritic keratitis
allows the diagnosis of ulcerating interstitial HSV keratitis. But also
without such knowledge, an HSV etiology is strongly suggested
by the absence of notable inflammation in the anterior chamber.
A non-viral marginal ulcer usually has a limbus-parallel configura-
tion and not a centrally directed one, as in this case.

Therapy: Topical combination therapy with antiviral agents (pref-
erably ACV ointment 5 qd) plus steroids (subconjunctival crystal-
line steroid injection to begin with, later switched to low-dosed
topical steroids) will quickly result in healing.

Detailed analysis of Fig 2.56

Clinic: The density of the ball-shaped infiltrates in Fig. 2.56 re-
sembles that in Fig. 2.47. In spite of this massive infiltration, the
anterior chamber appears to be relatively normal. The lower part
of the infiltration area is deeply ulcerated, but still without signs
of imminent perforation. The deep corneal stroma and the pre-
Descemet area are especially densely infiltrated. This may indicate
the additional development of granulomatous reaction against
Descemets.

Differential diagnosis: As this is a known herpes eye, HSV etiology
is definite. Bacterial and/or mycotic infections with such infiltra-
tions would cause a greater anterior chamber reaction. Amebic
stromal infection looks very different (see Fig. 2.65).

Therapy: Because of the amount of infiltration and destruction,
and because perforation must in any case at any cost be prohib-
ited, maximal systemic plus topic combination therapy is neces-
sary, with subconjunctival crystalline depots being repeatedly
injected, until the ulcer has been recovered by epithelium (see
Sect. 2.2).

Fig. 2.55 Ulcerating interstitial HSV keratitis adjacent to the
limbus

Fig. 2.56 Central interstitial ulcerating HSV keratitis with massive
white infiltrates
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Detailed analysis of Fig 2.57

Clinic: Massive diffuse white infiltrates adjacent to the limbus with
correspondingly massive deep vascular ingrowth give a salmon-
red appearance (Fig. 2.57). The upper part of the infiltration area is
already invaded by vessels, and is deeply ulcerated with progres-
sive evolvement of a descemetocele. The rest of the cornea and
the anterior chamber are nearly unaffected.

Diagnosis: Ulcerating interstitial HSV keratitis progressing to
descemetocele with massive vascular ingrowth. Comparing the
types of infiltration and the types of vascular reaction in Figs. 2.55
to 2.60 reveals striking differences in type and intensity of vascu-
larisation. The causes of this are not always evident in the indi-
vidual cases.

Differential diagnosis: None from history and the biomicroscopic
findings.

Therapy: See Fig. 2.56.

Analysis of Fig 2.58

Figure 2.58 demonstrates a constellation which is quite typical for
ulcerating interstitial HSV keratitis, although by no means pathog-
nomonic: subcentral circumscribed infiltrations seem to proceed
to ulceration more often than infiltrations at other sites. Once an
epithelial defect has formed, the stroma may so rapidly lyse, that
a descemetocele develops within short time, e.g., after 10 days al-
ready. This has not been the case in Fig. 2.58. The vascular fan ap-
proaching the infiltration shows that vascular ingrowth must have
gone on for some time already. The approaching vessels could not
inhibit the melting process. It may even be that paracentral vessel
fans of this kind, which do not grow into the infiltration area, even
enhance ulceration by enforced leukocyte migration from the ves-
sels into the ulcer, where they augment the lytic process by their
freed enzymes. It is conspicuous that with metaherpetic paracen-
tral epithelial erosions, the same constellation can be observed
of vessel fans and not healing epithelial ulcers (see Sect. 2.11). If
this speculation is correct, it might be helpful, if such vessels are
therapeutically obliterated early enough. Once such a large de-
scemetocele has developed, however, conservative therapy is no
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longer an option. One could seek resort in intermediate tectonic
surgical measures, but an immediate definite surgical solution,
i.e., perforating keratoplasty d chaud, would certainly be the best
option (see Sect. 2.14).

Detailed analysis of Fig 2.59

Clinic: The infiltration area beneath the shallow large ulcer in Fig.
2.59is composed of five round subcenters densely packed togeth-
er like cobblestones. The lowest one, at 5 o'clock, has an especially
white appearance, somehow “compact” and “chalky”, which may
be a sign of granulomatous reaction against Descemets. While the
intensive conjunctival and episcleral injections reflect the severity
of this chronic keratitis, the aqueous humor is stunningly free of
inflammatory cells.

Diagnosis: Chronically ulcerating interstitial HSV keratitis in an
eye with multiple previous typical herpes recurrences. The chro-
nicity and relative therapy resistance, which were observed in this
case, are probably due to the presence of granulomatous reac-
tions against Descemets.

Differential diagnosis: None from history and from biomicrosco-
py. Any bacterial or mycotic infection of this extent would cause
notable aqueous humor reactions or even hypopyon. As we deal
here with ulcerating HSV keratitis only, and not with concomitant
HSV iritis (which would in fact make differential diagnosis more
difficult), the normal status of the anterior chamber practically
proves HSV etiology. An amebic ulcer would have a different,
more horizontal shape and could be further differentiated by its
typical pain.

Therapy: Although it is possible to “heal” this severe keratitis by
conservative therapy or with assistance of additional intermedi-
ate tectonic measures — above all by an amnion cover - conserva-
tive therapy will not result in a great success. The suspected gran-
ulomatous reactions against Descemets will considerably prolong
healing, and after many months of systemic and topical combina-
tion therapy, the eye will still be functionally mostly useless be-
cause of too much scarring and corneal distortion. Therefore, if
the patient desires functional rehabilitation, quick keratoplasty a
chaud must be advocated, which removes all cellular infiltrations

Fig. 2.57 Ulcerating interstitial HSV keratitis progressing to de-
scemetocele with imminent perforation

Fig. 2.58 Large descemetocele from ulcerating interstitial HSV

keratitis



responsible for chronicity, restores function, and has a good prog-
nosis, provided adequate post-keratoplasty therapy and controls
can be organized (see Sect. 2.14).

Analysis of Fig 2.60

Figure 2.60 was chosen to illustrate how the corneal aspect could
appear after “healing” of a chronic ulcerating interstitial keratitis
with granulomatous reaction against Descemets, as shown in
Fig. 2.59. The ulcer has epithelized. The diffuse infiltrations are
somewhat reduced, but large calibre vessels are still present. The
granulomatous foci stick out from the surrounding still infiltrated
areas like solid yellow-white knobbles. There is no noticeable ten-
dency for them to disappear or shrink any further. The whole area
has not really healed but still represents chronically persistent in-
terstitial HSV keratitis plus multiple foci of therapy resistant granu-
lomatous reactions. As such a cornea is functionally worthless and

Fig. 2.59 Chronic ulcerating interstitial HSV keratitis with a large
shallow ulceration containing presumably granulomatous reactions
against Descemets

usually still requires a topical long-term steroid therapy to keep it
“clinically quiet’, the only good therapeutic advice in such cases is
perforating keratoplasty.

Analysis of Fig 2.61

Figure 2.61 shows a scarred herpes cornea. The white triangular
area on the right comes from degenerative lipid and possibly also
calcium deposition in the stromal scar. The pupillary area is not
densely occluded, but the reading ability is already greatly dimin-
ished. In such a case, elective keratoplasty — ideally with an excel-
lently matched corneal graft — can be advocated to restore func-
tion. Although even such quiet appearing corneas are rarely free
of all inflammatory cells, and peripheral persistence of HSV must
always be suspected, this does not reduce the good prognosis of
keratoplasty, provided all necessary therapeutic and prophylactic
measures can be taken after surgery. Waiting one or two years for
the herpes cornea to become “quiet” before keratoplasty is finally
performed, is an outdated rule. It is unnecessary and does not im-
prove prognosis. Statistically, however, it is helpful to use a well
HLA matched corneal graft for a better long-term prognosis (i.e.,
10-20 years). If organizing that takes some extra time, the waiting
time is well invested (see Sect. 2.14).

Detailed analysis of Fig 2.62

Clinic: Insidious appearance of disseminated nummuli without
preceding typical epidemic keratoconjunctivitis is characteristic
(Fig. 2.62). Not all nummuli are round or oval, some also “distort-
ed” With the onset of healing, some of them take a shooting tar-
get appearance, which seems to be typical.

Diagnosis: “Dimmers keratitis” remains a “morbus dubius” The
original description raises too many questions to be absolutely
reliable. It is clear, that adenoviruses are not the cause. The only
other viruses that may unequivocally be correlated with this
clinical picture in selected cases have been herpes simplex vi-
ruses. It seems, therefore, that clinical pictures, such as that in
Fig. 2.62, must make us suspect HSV etiology, unless proven oth-
erwise. In the case of Fig. 2.62, the herpes diagnosis remained

B

Fig. 2.60 Chronically smouldering, partly vascularized interstitial
HSV keratitis with multiple foci of granulomatous reaction against
Descemets

Fig. 2.61 Herpes scars with an area of dense lipid degeneration and

residual shrunken corneal vessels after multiple attacks of interstitial
HSYV keratitis
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Fig. 2.62 “Dimmers nummular keratitis®, a rare variant of intersti-
tial HSV keratitis

unsettled until the patient for a first time developed a classical
dendritic HSV keratitis two years after Dimmers disease. For un-
kown reasons, the normal sequence of recurrences (first dendritic
keratitis, and only thereafter interstitial HSV disease) was reversed
in this case.

Differential diagnosis: All diseases which can produce nummuli
have to be considered, and above all: adenovirus diseases, VZV
diseases, brucellosis, and chronic stromal immune reactions in
corneal transplants.

Therapy: Topical combination therapy with antiviral agents and
steroids.

Analysis of Fig 2.63

With the preceding cases, it was repeatedly pointed out that HSV
interstitial keratitis - irrespective of how massive the infiltrations
may be - does not lead to significant anterior chamber inflamma-
tory reaction, unless such an inflammation comes from concomi-
tant HSV iritis. In Fig. 2.63, this important differential diagnostic
sign is underlined from the bacterial side: There is just one minor
infiltration paracentrally at 6 o'clock. If this would be herpetic, the
surrounding corneal tissues, the aqueous humor, and the con-
junctiva would hardly show much reaction. In this case of bacte-
rial infection, however, half of the cornea is severely edematous,
as is the whole bulbar conjunctiva, and the aqueous humor shows
a dense flare (not to be seen here). That is, in spite of minimal in-
filtration, we have a maximal “toxic” reaction of the surrounding
tissues, and such reactions can never be of HSV origin.

Analysis of Fig 2.64

The disease course in Fig. 2.64 demonstrates that hypopyon must
never be mistaken as a sign of HSV disease. Either we deal primari-
ly with bacterial or/and mycotic infections, or - as in this case - we
deal with microbial superinfection of a herpes cornea: The atopic
patient had suffered multiple recurrences of HSV keratitis and tra-
beculitis with finally chronic secondary glaucoma, which made a

Fig. 2.63 Differential diagnosis: Bacterial keratitis with severe in-
flammatory reaction of the surrounding tissues

goniotrephination necessary (a). Interstitial HSV keratitis never
healed completely, and HSV endotheliitis led to endothelial dec-
ompensation and corneal edema. This facilitated bacterial su-
perinfection with rapid evolvement of a hypopyon (b). Intensive
topical plus systemic antibiotic therapy stopped bacterial infec-
tion within a few days (c), and the hypopyon disappeared. As the
incapacitated corneal endothelium would not allow a functional
clearing of the cornea in spite of all conservative therapeutic ef-
forts, it was decided to immediately perform a keratoplasty a
chaud plus I0OL implantation after surgical pupillary dilatation (d).
The transplant could be kept clear without HSV recurrences until
the patient’s death 10 years later.

Analysis of Fig 2.65

Amebic corneal infection may be misdiagnosed as herpes kerati-
tis at all stages of development. At every stage, however, there are
also relatively typical biomicroscopic signs for amebic etiology
and, above all, the patients complain about severe pain. Pain is
never a sign of HSV disease. Laboratory proof of amebic infection
remains to be difficult. Many cases are only detected, therefore, in
the course of histopathologic investigation of the excised corneal
button after keratoplasty. Even then, less experienced patholo-
gists have to be reminded beforehand of this potential etiology
in order not to miss the diagnosis. With a corneal ulcer like that in
Fig. 2.65, however, every experienced ophthalmologist would pri-
marily suspect amebic etiology. It is the shape of this often deep
central ulcer with the grey appearance of the thickened ulcer mar-
gins, together with relatively little infiltration and often together
with an additional zone of chronic epithelial ulceration (from 3 to
6 o'clock), which make a difference to ulcerating interstitial HSV
keratitis. There is no difference, however, as to a rather restricted
inflammatory reaction in the anterior chamber. In this respect,
HSV and amebic keratitis are mostly indistinguishable.
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Fig. 2.64a-d Differential diagnosis: Bacterial superinfection in a herpes eye with chronic secondary glaucoma after multiple interstitial and
intraocular HSV recurrences (a herpes scars, b infiltration and hypoypon from superinfection, ¢ superinfection successfully treated, d three

months after triple procedure)

Fig. 2.65 Differential diagnosis: Chronic amebic ulcer
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HSV Endotheliitis

and Disciform Keratitis

Core Messages

e HSV infection of corneal endothelial cells leads to
endotheliitis with circumscribed areas of edema-
tous endothelium marked by endotheliitic immune-
precipitates, which specifically adhere to HSV-anti-
gens expressed in infected cells.

* lritic precipitates, on the contrary, have no specific
immunologic attraction to endothelial cells. They
simply sediment - without any immunologic bind-
ing - on those endothelial cells which they touch
while floating in the thermal currents of the aque-
ous, and they cause no cell damage. This leads to a
triangular distribution in iritis with the largest pre-
cipitates at the base.

* In its beginning, HSV endotheliitis leads only to
circumscribed endothelial cell edema. Hydration
control of the cornea is then still sufficient. With
increasing endothelial dysfunction, the aqueous
barrier breaks and frank corneal edema evolves. It is
topographically confined to the area of endothelial
infection and dysfunction.

* Endotheliitis is often combined with topographically
associated interstitial HSV keratitis, leading to an
edematous corneal disc with significant interstitial
cellular infiltration. Such a combination of deep HSV
“sandwich disease” is traditionally called disciform
keratitis.

* Persistant interstitital HSV disease in the corneal
stroma has no specific biomicroscopic characteris-
tics. This makes therapeutic control extremely dif-
ficult. Persistent HSV endotheliitis, on the contrary,
is easily identifiable by the immuno-precipitates
which mark the persistently infected endothelial
cells. We can thus judge whether or not persistent
infection in endothelial cells is still a problem. This
makes therapy in HSV endotheliitis and disciform
keratitis relatively reliable.

2.7

The term “endotheliitis” needs some introductory explanation
because there may be difficulties in accepting the ending “itis”,
i.e.,, inflammation, for disease of an avascular cellular mono-
layer. How can an avascular monolayer become inflamed if
inflammatory vascular reactions — one of the classical criteria
of inflammation - cannot directly affect this layer? The expla-
nation is that “endotheliitis” in this special situation is used in
the restricted sense as “immune inflammation” or “immune
endotheliitis” only. It applies to cellular immune attacks on
endothelial cells which are in their outer membranes marked
with “foreign” antigens. In the case of HSV endotheliitis, we
deal with HSV antigens in the cell membranes. The immune
attacks are exerted by immune cells floating in the aqueous
humor. As soon as these primed immune cells come into con-
tact with their target receptor in an endothelial cell membrane,
they adhere specifically to this marked cell. They start their
demolition work and, by their presence, they biomicroscopi-
cally mark the infected cells. No direct vascular contribution is
needed for such an “immune endotheliitis”.

HSV endotheliitis is just one endotheliitis among many oth-
ers. The “foreign” antigens in the cell membranes vary. How-
ever, the basic pathophysiology is the same. Therefore, all types
of endotheliitis look clinically similar. Not only HSV, but also
VZV and CMYV, cause endotheliitis (see Sect. 3.5 and Chap. 4).
Also other viruses may infect the endothelium. The most of-
ten observed ones are adenoviruses. Another “foreign” antigen
situation arises after perforating corneal transplantation. Then,
foreign HLA antigens are the target for cellular immune at-
tacks on the transplant endothelium. Autoimmune reactions
against the host’s own endothelium seem to be another type of
endotheliitis, though a rare one. HSV and VZV endotheliitis
are normally easy to diagnose.

HSV endotheliitis may develop independently of other as-
sociated HSV disease in the anterior segment of the eye, but
very rarely so. Most often, it arises in combination with inter-
stitial HSV keratitis, with HSV iritis, and with HSV trabeculi-
tis. As the latter three regularly tend to mask the coexistence of
HSV endotheliitis, the endothelium must always be carefully
checked for signs of coexisting endotheliitis. If overlooked,
acute endotheliitis may rapidly destruct so much of this lay-
er that irreversible metaherpetic bullous keratopathy results
(see Sect. 2.11). More often, however, HSV leads to a chroni-
cally persistent endothelial infection with frequently recur-
ring circumscribed corneal edema, which finally also leads to
irreversible bullous keratopathy.
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The most frequent combination of HSV diseases of the eye
is that of HSV endotheliitis plus topographically correlated
interstitial HSV keratitis. As the diseased area often has a dis-
ciform appearance, this disease was historically named disci-
form keratitis. Moreover, as the coexisting HSV endotheliitis
went unnoticed until some decades ago, disciform keratitis is
still today considered by some as an exclusively stromal dis-
ease. Historic names have their own right and can rarely be
altered. It should be common knowledge by now, however, that
behind the opaque stromal disc of disciform keratitis, another
plane of HSV disease is regularly present and needs special at-
tention. This is HSV endotheliitis.

Detailed analysis of Fig 2.66

Clinic: Two small linear dendrites lie in the pupillary area (Fig.
2.66). A closer microscopic look possible in this picture would dis-
close typical features of HSV etiology. Considerable mixed injec-
tion. Lower half of the cornea slightly edematous. No endothelial
precipitates visible. Aqueous humor almost normal. Intraocular
pressure (digitally estimated) suspected to be higher than in the
partner eye.

Diagnosis: Dendritic HSV keratitis plus beginning HSV endothe-

liitis. The classical biomicroscopic features of endotheliitis are still

lacking in this early phase, but the diagnosis can already be made
with great certainty:

e The mixed injection is too intensive to be caused only by the
two small dendrites. Some additional deep disease is, there-
fore, very probable.

e The circumscribed faint edema visible from 3 over 6 to 7 o'clock
in the lower half of the cornea can only have a circumscribed
endothelial cause.

e The most probable reason for localized endothelial dysfunction
in combination with HSV dendritic keratitis is HSV endotheli-
itis.

e Inthe very beginning of HSV endotheliitis, reactive immune at-
tacks are still building up and are not yet biomicroscopically
visible. In this early stage, viral cytolysis alone leads to some
functional incapacitation of the infected endothelial cells. If de-
structive enough, it may lead to subtle corneal edema without
additional immunologic cell destruction. In this special case,
circumscribed corneal edema developed so quickly and mas-
sively (not shown here), that the typical endotheliitic precipi-
tates became only visible after the cornea had cleared again
under efficient therapy many days later.

e Elevated intraocular pressure, which is regularly associated
with intraocular HSV replication and thus may also be a sign of
acute HSV endotheliitis, must not be so high as to be easily di-
agnosed by digital palpation, especially not in the early phase
of the disease (see Sect. 2.8).

Differential diagnosis: None.

Therapy: The extended circumscribed edema in this early phase
indicates an aggressive course of the endotheliitis and calls for
primary use of maximally dosed systemic antiviral therapy to-
gether with topical antivirals. As endotheliitic precipitates are not
yet visible, it is possible to refrain from steroids in this early phase
of endotheliitis and it is possible to treat with antivirals only until
the dendrites have disappeared. As soon as this is the case, how-
ever, topical steroids must be added starting with 2 drops qd and

HSV Endotheliitis and Disciform Keratitis

Fig. 2.66 Small HSV dendrites plus beginning HSV endotheliitis
(fluorescein)

possibly not exceeding 3 (4) drops qd, while maintaining maximal
antiviral treatment until complete healing has occurred. There-
after, the combination therapy can be gradually tapered out as
described in Sect. 2.6.

Detailed analysis of Fig 2.67

Clinic: Extended multifocal area of corneal edema composed of
several rounded areas plus one area touching the limbus on the
left (Fig. 2.67). Especially in this latter area, grey small precipitates
are visible, and they are strictly confined to the edema. No precipi-
tates are present in areas where the cornea is normal and trans-
parent, especially not in the lower half at 6 o'clock. The corneal
stroma is mostly free of cellular infiltrates. Therapeutic mydriasis.
Aqueous humor with some cells only. Intraocular pressure 20 mm
Hg, compared to 14mm Hg in the normal partner eye. Minimal
mixed injection.

Diagnosis: Extended HSV endotheliitis under combination treat-
ment with antivirals plus steroids.

Differential diagnosis: None. Even if this eye would not have been
known as herpes eye, there is practically no differential diagnosis
of HSV disease. We deal with the relatively rare case of pure HSV
endotheliitis. More frequently, endotheliitis is combined with ei-
ther interstitial HSV disease (see disciform keratitis), which is not
the case here (no interstititial infiltrates). There is also no combi-
nation with HSV iritis (iritic precipitates are clearly absent, they
should have aggregated on the endothelium at 6 o'clock in a tri-
angular fashion, see Sect. 2.9). Intraocular pressure rise, as found
here, is a typical sign for intraocular HSV replication in the anterior
segment (see Sect. 2.8), and thus confirms HSV endotheliitis.
Therapy: Combination therapy with systemic plus topical antiviral
agents and topical steroids has already shown effectiveness. Most
of the injection has already disappeared and the corneal edema
begins to disappear. The stage of disease in Fig. 2.67 is about the
same as that seen after 10 days of treatment of the early endothe-
liitis in Fig. 2.66.

Detailed analysis of Fig 2.68

The ultimate biomicroscopic criterion and marker for corneal en-
dotheliitis is a cellularimmune attack on antigens in the cell mem-



Fig. 2.67 Large area of corneal edema from acute HSV endothelii-

tis with typically located immune precipitates under combination
therapy

brane of corneal endothelial cells (Fig. 2.68). In the beginning, this
immune attack leads only to endothelial cell edema, which is vis-
ible with special slit lamp techniques or endothelial microscopes
only. In this early stage, the cornea is still transparent. When en-
dothelial cell damage becomes severe and widespread enough,
the aqueous humor barrier breaks, and frank corneal edema
develops. Edema as well as endotheliitic precipitates are always
strictly topographically correlated. This is the first important dif-
ference from iritic precipitates, which follow physical sedimenta-
tion rules without specific attraction to marked cells. The second
important difference is the cell-damaging action of endotheliitic
precipitates, while iritic precipitates normally lie “innocently” on
the endothelium without doing harm. Accordingly, iritic precipi-
tates show no correlation with edema (see Sect. 2.9).

While the foregoing description applies to every endotheliitis
(e.g., also for immune reactions against donor antigens), an en-
dotheliitis of viral origin, e.g., an HSV endotheliitis, shows the ad-
ditional characteristic that endothelial dysfunction does not only
result from secondary immune attacks but also from primary viral
cytolysis. This viral effect may be quite variable. In acute aggressive
cases like that in Fig. 2.66, viral cytolysis by itself may suffice to
cause corneal edema. More often, however, viral cytolysis is only
moderate or even only borderline, i.e., development of significant
corneal edema more often needs the potentiating cell damage by
immune attacks. This pathophysiologic background explains the
need for full-dose antiviral therapy in order to stop HSV replica-
tion and antigen expression as quickly as possible, and it explains
also the need for adequately dosed steroids in order to reduce the
dangerous immune cytolysis as much as possible.

Theoretically, an endotheliitis can also develop if only humoral im-
mune attacksincapacitate the corneal endothelium.In this case, no
precipitates would develop, which would serve as a reliable mark-
er for endotheliitis. The clinical appearance of early endotheliitis,
as shown in Fig. 2.66, would be a lasting one. To my knowledge,
such pure humoral cases have not been identified with certainty,
and to date it remains questionable whether or not they exist.

aqueous
humour

circumscribed \

corneal edema

from endotheliitis \
immune

Fig. 2.68 Schematic characteristics of endotheliitis with cellular im-
mune attacks

Analysis of Fig 2.69

Figure 2.69 shows the characteristic correlation of endotheliitic
precipitates with corneal edema. The precipitates become visible
only at the borders of the edematous area. They cover, of course,
the whole backside. An undisturbed look at them is impossible
because of too dense corneal edema. The transparency of the dis-
eased corneal area is further reduced by a beginning interstitial
invasion of immune cells as a sign of coexistent interstitial HSV
keratitis, especially paracentrally at 8 o'clock. The combination of
HSV endotheliitis plus interstitial HSV keratitis is historically ad-
dressed as disciform keratitis. If the interstitial component is lack-
ing and we deal with endotheliitic edema only, as in the right part
of Fig. 2.69, such disease has also been called “disciform edema’,
which is another historic name.

Fig. 2.69 Large multifocal area of HSV endotheliitis, early disciform

keratitis
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Analysis of Fig 2.70

Figure 2.70 is the rare document of an acute HSV endotheliitis
showing the whole diseased central corneal area covered by en-
dotheliitic precipitates of various sizes. It seems that endotheliitis
began subcentrally at 6 o'clock, where the precipitates are larg-
est and most dense. From there, endothelial HSV infection has
spread in all directions with the borders between diseased and
non-diseased areas marked by a line of fine precipitates similar
to Khodadoust’s line in endothelial immune reactions after ho-
mologous keratoplasty. The large size of precipitates in the dis-
ease center indicates that quite some time must have elapsed
before therapy finally started. The relatively clear view of most of
the still densely packed precipitates after only 5 days of treatment
indicates that there is no major additional interstitial infiltration.
Accordingly, there is a good chance that consequent therapy will
lead to nearly complete clearing of the cornea. Sufficiently many
endothelial cells will presumably survive to rebuild a functioning
aqueous barrier.

Fig. 2.70 Acute HSV endotheliitis after 5 days of combination treat-
ment

HSV Endotheliitis and Disciform Keratitis

Analysis of Fig 2.71

The cloudiness of the diseased area in Fig. 2.71 is nearly exclusive-
ly caused by corneal edema from HSV endotheliitis. Significant
stromal infiltrates are not present. This is prognostically positive,
because consequent therapy will restore a mostly clear cornea.
Also, it makes therapeutic decisions easy, because we can rely on
the disappearance or persistence of endotheliitic precipitates. A
recommendable rule is the following: treatment (e.g., ACV oint-
ment 5qd plus steroid ointment 2-3 qd) has to be maintained at
full dose well beyond the date (about 2 weeks longer) when the
last precipitate disappeared. Only thereafter, therapy should be
tapered out over another 3 weeks. In case just one persisting pre-
cipitate is overlooked or ignored and therapy erroneously finished
too early, persistent HSV endotheliitis may result with prompt
flare-up of inflammation once steroids are withdrawn.

Analysis of Fig 2.72

Figure 2.72 shows classic disciform HSV keratitis. A swollen,
opaque corneal disc is surrounded by clear cornea. The disc is too
cloudy to be caused by edema alone. Additionally, infiltrates of still
low degree of interstitial HSV keratitis are present. The borders of
the discs are marked by clearly visible endotheliitic precipitates.
There are no iritic precipitates. The aqueous contains only a few
cells. Therapy is the same as outlined above for pure endothelial
disease. Also, for this “sandwich disease”, the observation of per-
sistence or disappearance of endotheliitic precipitates serves as a
reliable indicator for correct adaptation of therapy in the course
of healing. The infiltrates of interstitial keratitis will mostly leave
a faint disciform scar. The perfect disciform shape of such a lesion
may be explained by an initially small infectious focus of infec-
tion in the endothelium which spreads without hindrance in all
directions until finally halted by immune reactions. Unlike the
epithelium, where natural and immunologic defence mechanisms
are easily available everywhere, and where epithelial cell regen-
eration is very effective, endothelium has no quick response re-
generation, and natural as well as immunologic defences are not
as readily available. This probably explains why in the epithelium
we deal with dendritic lesions, while in the endothelial monolayer
such dendritic configurations cannot arise because there are no

Fig.2.71 Therapeutically much improved HSV endotheliitis, therapy

still needed for a few more weeks

Fig. 2.72 Small diameter disciform HSV keratitis



equivalent modelling regenerative movements of the endothe-
lium. Instead, primarily unhindered infectious expansion in the
endothelium leads to a perfect disciform shape.

Analysis of Fig 2.73

If significant stromal infiltration makes the observation of en-
dotheliitic precipitates difficult, as in Fig. 2.73, it is recommended
to maintain full efficiency combination therapy as long as a re-
duction in disc opacity is observed. This may take weeks or even
months. Often, the stromal infiltrates clear so much that the en-
dotheliitic precipitates then become visible for the first time. From
then on, they can serve as a reliable indicator for further guidance
of therapy.

Analysis of Fig 2.74

Figure 2.74 shows that the combination of HSV endotheliitis and
HSV interstitial keratitis must not always manifest itself in the clas-
sical configuration of disciform keratitis. It also occurs in irregu-
lar topographic combinations. That may have its explanation in
a more diffuse or multifocal endothelial and interstitial infection.
Again, biomicroscopically controllable endotheliitic precipitates
serve as the best indicator for guidance of therapy.

Analysis of Fig 2.75

Figure 2.75 is a historic document from the times when no ef-
ficient antiviral therapy was available for deep herpetic disease,
and steroid monotherapy was the only alternative to no therapy
at all. The latter regularly led to prominent disciform scars, of-
ten vascularized. Steroid monotherapy, on the contrary, led to
symptomatic removal of infiltrating cells and, thus, to an often
impressive clearance of the disc. However, this clearance was
rarely lasting. One complication of symptomatic steroid mono-
therapy was HSV persistence in the stroma and endothelium
with ever-recurring inflammations after each withdrawal of the
steroids. The other frequent complication was dendritic keratitis.
With nowadays available combination therapy of full dose anti-
viral agents plus variably dosed steroids, such developments, as
in Fig. 2.75, can no longer occur. If they do, something has gone

wrong, if not with therapy design in general, then certainly with
the compliance.

Analysis of Fig 2.76

Figure 2.76 is a historic document of a vascularized dense disci-
form scar after spontaneous healing of severe disciform keratitis.
Similar scars arise, if acute disciform keratitis does not heal, but
turns into chronic persistent infection. With access to modern
combination therapy and with adequate compliance, such func-
tionally incapacitating scars should become a rare exemption.

Analysis of Fig 2.77

Figure 2.77 is areminder that clinically “quiet” corneal herpes scars,
such as in Fig. 2.76, are often by no means quiet. Not only do they
regularly contain inflammatory cells, they may also contain the
herpes simplex virus, in whatever complete or molecular form.
Here, virus particles can be seen indicating that in this recipient
cornea, which was excised in the course of perforating kerato-
plasty, there was ongoing HSV replication, presumably in the form

Fig. 2.74 Diffuse interstitial HSV keratitis plus HSV endotheliitis
without disciform configuration

Fig. 2.73 Disciform keratitis with significant stromal infiltration

Fig.2.75 Dendritickeratitisasacomplication of steroid monotherapy
of disciform keratitis (Bengal rose)
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Fig. 2.76 Vascularized scar after multiple recurrences of HSV dis-

ciform keratitis

of chronically persistent HSV disease. With keratoplasty, we have a
chance to remove circumscribed areas of persisting HSV disease,
and with adequate post-surgical therapy, persistent HSV disease
does not seem to be an unsolvable problem (see Sect. 2.14).
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HSV Trabeculitis
and Acute Secondary

Glaucoma

Core Messages

e In HSV trabeculitis, severe acute secondary glauco-
ma is caused by infection of the trabecular endothe-
lial cells, which swell and lyse, and thus obstruct the
outflow channels.

¢ Acute pressure rise in HSV trabeculitis, and also in
HSV corneal endotheliitis (Sect. 2.7) and HSV iritis
(Sect. 2.9), is correlated with presence of culturable
HSV in the aqueous humor.

* Acute pressure rise in herpes eyes calls primarily for
therapy with systemic antiviral agents plus steroids.
Additionally, general glaucoma therapy is neces-
sary, but only in the second line.

e If an acute pathologic pressure rise is found in an
eye with an otherwise unclear inflammation of the
cornea or the iris, herpetic etiology ranges first in
the differential diagnosis.

HSV trabeculitis is still a partly speculative term, because we
are unable to directly visualize the trabecular meshwork in
vivo, and cannot be sure what is actually going on in its cells
and its lumen. But we have a hypothesis, of course, which says
that herpes simplex viruses do not only infect corneal endothe-
lial cells (see Sect. 2.7) but also the related endothelial cells of
the trabecular meshwork. These trabecular meshwork cells
may swell and lyse as a result of the HSV infection itself, but far
more swelling and lysis is brought about by the secondary im-
mune attacks on them. Cell swelling and lysis with cell debris
and inflammatory cells in the lumen can increase the outflow
resistance of the trabecular meshwork so much, that the resul-
tant acute glaucoma may mimic acute angle closure glaucoma
with pressures as high as 60-70 mm Hg.

The following observations and considerations may serve
as accumulated circumstantial evidence that the pathophysi-
ological hypothesis of viral trabeculitis is basically correct:

1. HSV can infect corneal endothelium (see Sect. 2.7). It can
most probably also infect its neighbor, the trabecular en-
dothelium, which is developmentally closely related.

2.8

2. It has been shown, that herpes eyes enucleated for absolute
glaucoma show a massive intratrabecular inflammation.

3. In HSV trabeculitis, high pressures develop with so little
associated anterior chamber inflammation that a massive
inflow of inflammatory material is not a valid explanation.
The most likely explanation, however, is an acute obstruc-
tion by swelling (and lysis) of sufficiently many trabecular
endothelial cells.

4. Tt is also hypothesized that such acute obstruction is to oc-
cur in the Posner-Schlossman syndrome (acute glaucoma-
tocyclitic crisis), which shows an even more disproportion-
ate pressure rise with minimal inflammatory signs in the
aqueous humor. Interestingly, some Posner-Schlossman
cases were recently correlated with the presence of CMV
(see Chap. 4).

5. Acute pathologic pressure rise in HSV trabeculitis, and
also in HSV corneal endotheliitis (Sect. 2.7) and HSV iritis
(Sect. 2.9), is correlated with presence of culturable HSV in
the aqueous humor.

6. Last but not least, therapeutic experiences speak in favor of
direct endothelial infection in HSV trabeculitis: The higher
the pressure, the less it is possible to reduce it by acetazol-
amide or other glaucoma therapy alone. Only together with
a basic therapy of high-dosed systemic antiviral agents plus
steroids, does the pressure reliably decrease within reason-
able time.

The correlation between intraocular HSV replication and acute
intraocular pressure rise needs some more consideration. The
pathologic pressure rise must not necessarily be high. It suffic-
es to suspect HSV etiology of an inflammation in the anterior
segment of the eye if the pressure in the diseased eye is clear-
ly elevated above the level in the partner eye, e.g., 20 versus
14 mm Hg. In such situations, HSV could regularly be cultured
from aqueous taps. While HSV endotheliitis and HSV iritis
only lead to slight increase in introcular pressure, the increase
resulting from severe trabeculitis is the most dramatic. This
does not mean that the basic pathophysiology must be differ-
ent. On the contrary, it is well conceivable that every pressure
rise in case of intraocular HSV replication is caused by HSV
trabeculitis, and that only the amount of infected and thus af-
fected endothelial trabecular cells makes a difference in pres-
sure response. While such considerations are certainly partly
“academic’, the following are important practical conclusions:
o Acute elevated intraocular pressure in herpes eyes with

intraocular inflammation must be taken as a sign of intra-
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ocular HSV replication, even if the pressure rise is relatively
low.

o Intraocular HSV replication always calls for a basic therapy
with high dose systemic antiviral agents plus moderately
dosed steroids (e.g., 800mg ACV 5qd plus 20 mg fluocor-
tolone).

« Ifanacute pressure rise is found in an eye with an otherwise
unclear inflammation of the cornea or the iris, a herpetic
etiology ranges first in the differential diagnosis.

Detailed analysis of Fig 2.78

Clinic: From gross clinical appearance, the patient in Fig. 2.78 was
primarily also suspected to suffer from acute angle closure glau-
coma with moderate pain, ptosis, deeply red and hard eye (on
palpation), dilated and distorted pupil, and moderately edema-
tous cornea with reduced vision (a). As this was a known herpes
eye with deep anterior chamber, an acute herpetic secondary
glaucoma was the correct diagnosis. After forced pupillary dila-
tion (Fig. 2.78b), the anterior segment was investigated through
a moderately edematous cornea, which contained some herpes
scars and possibly also some newer interstitial infiltrations. Mul-
tiple precipitates were visible on the endothelium. As the whole
cornea was edematous from the high pressure, a correlation be-
tween precipitates and corneal edema - as necessary for the diag-
nosis of endotheliitis — was impossible at this stage of disease. The
aqueous was not clearly visible, Tyndall not recognizable. How-
ever, significant amounts of inflammatory cells were certainly not
present. Anterior chamber depth was normal. Iris pigment epithe-
lium sheets adhered to the anterior lens capsule.
Diagnosis: Severe acute HSV trabeculitis. Minor endotheliitis, and/
or iritis, and/or interstitial keratitis are possibly associated.
Differential diagnosis: The herpetic etiology of the trabeculitis is
undisputable. The presence and acuity of accompanying other
deep herpetic diseases cannot unequivocally be confirmed at this
stage of disease:
o Interstitial cell infiltrates of HSV interstitial keratitis can be
suspected, but there is too much diffuse corneal edema to be
sure.

HSV Trabeculitis and Acute Secondary Glaucoma

e HSV endotheliitis can also be suspected. Mostly, it goes to-
gether with trabeculitis. For a positive diagnosis, a close topo-
graphic correlation with circumscribed corneal edema would
be necessary. This is impossible as long as the cornea is totally
swollen. The total corneal edema is pressure-induced.

e Form and distribution of the visible precipitates fits well with an
accompanying HSV iritis (many large precipitates on the basal
endothelium with triangular distribution). The other typical
signs of HSV iritis (focal dilator muscle dysfunction plus focal
pigment epithelium defects, see Sect. 2.9) are not (yet) visible.
They will come out clearly in the course of the disease, if HSV
iritis coexists. The pigment epithelium sheets on the anterior
lens capsule are no sign of HSV iritis. More probably, they are
simply the result of iris damage in the course of excessive pres-
sure rise with subsequent exudation of fibrin and gluing of the
pigment epithelium to the lens capsule.

Therapy: As long as the massive trabeculitis threatens survival
of the eye by the dangerous pressure of 60-70mm Hg, the hy-
pothetical presence of other deep HSV diseases plays no role in
therapeutic decisions. They will be cotreated with trabeculitis
therapy, anyway: Basic therapy consists of 800mg ACV orally
5qd (or equivalent intravenous infusions) plus 20-30 mg of oral
fluocortolone (or other equivalent steroid). Maximal mydriasis
must be contained. Symptomatic systemic glaucoma therapy
(e.g., with azetazolamide) is also necessary, but comes only third
in the therapeutic rank of order. Given alone, glaucoma therapy
will have no effect. Other measures may also be helpful but are
certainly only fourth rank (topical antiviral-steroid combination,
topical glaucoma therapy).

Without this therapy, the pressure may stay invariably high for
weeks and may cause severe optic nerve and corneal endothe-
lial damage. Also with maximal therapy, no rapid response can be
expected. After 3-5 days, however, pressure should slowly come
down, and with clearing cornea more details will become visible
around the anterior chamber. That will then make controlled ad-
justments of therapy possible.

Fig. 2.78a,b Severe acute HSV trabeculitis with a deeply red eye and high intraocular pressure (see text)



Analysis of Fig 2.79

Figure 2.79 is shown as a reminder of the old technique of esti-
mating the intraocular pressure by comparative bilateral digital
palpation. In these high-tech times, such a technique may seem
obsolete to many. This is not the case. Every ophthalmologist
should as often as possible practice in order to acquire sufficient
experience in the detection of even minor pressure differences
between a diseased eye, which cannot be evaluated by applana-
tion tonometry, and its healthy partner eye, in which the refer-
ence pressure is measured by applanation. This is the only way to
relatively reliably detect pathologic intraocular pressures in eyes
with severe corneal disease or after keratoplasty or in patients
who cannot open the diseased eye wide enough. Pressure differ-
ences of 4-5mm Hg are certainly recognizable by experienced
persons, and this is sufficiently precise for emergency decisions
relating to secondary glaucoma problems.

Analysis of Fig 2.80

The case in Fig. 2.80 is a rarity. Buphthalmus is nearly always a dis-
ease which develops intrauterine. In that stage of development,
the sheaths of the eye are easily expanded beyond normal limits
by high intraocular pressure. Already very soon in life, this “plas-
ticity” is lost. After the age of about 2, high intraocular pressure
can no longer dilate a normal eye. The postpartal development of
buphthalmus requires, therefore, that persistently high intraocu-
lar pressure develops very early in life. The boy in Fig. 2.80 was
reportedly born with two normally sized and normally appearing
eyes. He started to develop severe recurrent eye infections in his
right eye a couple of months after birth, and only at the age of
three, his mother noticed a difference in size between both eyes.
This difference had since then remained stable. When we saw the
boy at the age of 12 (Fig. 2.80a), the buphthalmic cornea with
Haab lines was severely scarred and vascularized with normal
pressure. Vision was limited to perception of hand movements
only, and the required perforating keratoplasty was, of course, not
performed, because the optic nerve was atrophic, and deep am-
blyopia would additionally make all function-restoring attempts

Fig. 2.79 Estimate of the intraocular pressure by comparative bilat-
eral digital palpation

useless. Epicritically, the boy suffered from recurrent corneal and
intraocular HSV diseases with severe secondary glaucoma, above
all, from recurrent HSV trabeculitis with persistently high pressure.
It must have started in the first year of life, but was not diagnosed
and not treated correctly. Consequently, the boy functionally lost
this eye. A spontaneous reduction of the high intraocular pres-
sure must have occurred after trabeculitis attacks had ceased.
The general message from such experience is that recurrent
eye inflammations in early childhood - especially unilateral eye

Fig. 2.80 Unilateral postpartal secondary buphthalmus (a) in a boy with early postpartal recurrent intraocular HSV disease with scarring and

Haab lines (b)
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inflammations — must be suspected as herpetic until proven oth-
erwise. For detailed investigation and diagnosis, general anesthe-
sia is necessary. Unilateral secondary glaucoma, however, could
already have been suspected easily without anaesthesia, i.e., by
digital palpation (Fig. 2.79).

Analysis of Fig 2.81

Posner-Schlossman syndrome (PS) presents clinically different

from HSV trabeculitis:

e In PS, no or only minimal conjunctival injection exists (Fig.
2.81a), while in HSV trabeculitis we may have a deeply red eye
(Fig. 2.78a).

e InPS, only single endothelial precipitates attract diagnostic at-
tention as pathologic signs (Fig. 2.81), with the cornea staying
mostly clear, while in HSV trabeculitis, we normally have lots of
associated pathologic signs in all parts of the anterior segment
(Fig. 2.78b), in addition to endothelial precipitates.

But Posner-Schlossman syndrome presents also with striking

pathophysiological similarities to HSV trabeculitis:

e Both are recurrent diseases with disease attacks leading to
acute secondary glaucoma with significant rises in pressure.

HSV Trabeculitis and Acute Secondary Glaucoma

e In both, acute massive swelling of trabecular endothelial cells is
thought to initiate the acute pressure rise.

e In both, endotheliitic precipitates are present, which by them-
selves play no glaucomatogenic role. They are a diagnostic
sign, however, of what is presumably simultaneously going on
in the trabecular meshwork. The corneal endotheliitis is invari-
ably correlated with trabeculitis.

e Inboth cases, the pressure rise is disproportionately high when
compared with the endotheliitic signs.

Therefore, it comes as no surprise that Posner-Schlossman syn-
drome - or some of its variants — has long been suspected to be
caused by viruses of the herpes group. While HSV and VZV have
lost much of its previously favored status as candidate viruses,
CMV is currently the most probable herpes virus that causes Pos-
ner-Schlossman-like diseases (see Chap. 4).

Analysis of Fig 2.82

Figure 2.82 demonstrates that, with the Posner-Schlossman syn-
drome, we observe only a mild endotheliitis with minor endothe-
lial cell edema at the corneal endothelial level (a), which by itself
does not lead to corneal edema. Only if the acute pressure rise is

Fig. 2.82 Central corneal endothelium at the beginning of Posner-Schlossman syndrome (a), and 2 weeks thereafter (b)



high enough, whole corneal areas may intermittently swell for a
short time period. As soon as the pressure is reduced, the corneal
edema disappears again without sequelae. With specular micro-
scopic investigation, we may follow the course and the gradual
disappearance (b) of the corneal endothelial cell edema, which
probably reflects what is simultaneously going on in the endothe-
lial cells of the trabecular meshwork.
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HSV Focal Serous Iritis

Core Messages

* HSV focal serous iritis exhibits typical biomicroscop-
ic signs: circumscribed dysfunctions of the dilator
muscle with subsequent focal iris pigment epithe-
lium loss.

e HSV focal serous iritis may develop monosymptom-
atically without other associated herpetic eye dis-

ease.

e Only VZV iritis leads to similar pictures.

HSV iritis has already been briefly mentioned in the sec-

tions on HSV endotheliitis (Sect. 2.7) and HSV trabeculitis

(Sect. 2.8). These three together make up the intraocular an-

terior segment HSV diseases. They lead to high (trabeculi-

tis) or low (endotheliitis and iritis) intraocular pressure rises.

Pressure rise in a herpes eye is always a strong indicator of in-

traocular HSV replication. Such disease should be treated with

a systemic combination of antiviral agents plus steroids. In so

far, the general therapeutic aspects of HSV iritis are the same

as of its topographically related diseases.

Some developmental and pathophysiologic aspects of
HSYV focal serous iritis facilitate understanding of the clinical
course:

1. HSV has a predilection for the iris muscle layer and the iris
pigment epithelium layer. These develop from the anterior
part of the embryonic optic cup and are equivalent to retina
and retinal pigment epithelium in the posterior segment of
the eye. These can also be infected by HSV (see Chap. 6).
Different from iritis in ophthalmic zoster, the iris stroma
and the endothelium of iris vessels, which are of different
embryonic origin, are not easily infected by HSV.

2. According to this cellular predilection, HSV typically rep-
licates in the double layer of iris muscles and pigment epi-
thelium on the back of the iris. Mostly, the widely extended
dilator muscle is topographically and functionally more
involved than the sphincter muscle, which is concentrated
around the pupil.
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3. One or more circumscribed foci may be infected. Also the
borders of the same focus can be infected in the course of
subsequent recurrences, and an old focus can thus repeat-
edly enlarge. Diffuse infection of the iris has not been de-
scribed.

4. First sign of focal serous HSV iritis is an irregular shape of
the pupil with a deficit in dilator function in the area of the
infectious focus. This becomes more evident as the pupil is
medically more dilated. In this early stage of the disease, the
iritic precipitates are still small and gray.

5. After several days and weeks, the precipitates grow larger
and contain more and more pigment, which stems from ly-
sed iris pigment epithelial cells.

6. Only with progressing pigment epithelial cell lysis, the area
of focal disease becomes visible at the slit lamp as a sharply
demarcated red “window” by retro-illumination.

7. The characteristic focal defects of the pigment epithelium
persist indefinitely and allow a reliable retrospective diag-
nosis of previous herpes disease even in quiet eyes without
a history of herpes.

8. HSV focal serous iritis is not only observed in herpes eyes
with other associated HSV diseases, which then facilitate
diagnosis. It may also present as a monosymptomatic re-
current iritis.

9. Up to 9% of non-traumatic iritis is estimated to be of HSV
origin.

Detailed analysis of Fig 2.83

Clinic: The eye in Fig. 2.83 is moderately red with diffuse edema
in the lower 2/3 of the cornea. The intraocular pressure is about
10mm Hg higher than in the normal partner eye. Endothelial
precipitates with triangular distribution are indistinctly visible
through the hazy part of cornea. A focal dilator deficit is evident
from 3-6 o'clock after medical pupillary dilatation. The iris color
appears to be redder in that area and the structure somewhat
thicker than in the rest of the circumference.

Diagnosis: All criteria of HSV focal serous iritis are present. It is
obvious, however, that there must also be additional associated
intraocular disease. The extended corneal edema is no sign of
focal iritis. Iritic precipitates never cause edema by themselves.
An exclusively pressure-derived edema would affect the whole
cornea and not only the lower part of it, as is the case here. The
only explanation for the circumscribed edema of the cornea is
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Fig. 2.83 HSV focal serous iritis with other associated intraocular
HSV disease

additional HSV endotheliitis (see Sect. 2.7). The edema manifests
itself quicker, the more the associated intraocular pressure rises.
The pathologic pressure itself is mainly caused by an associated
slight HSV trabeculitis (see Sect. 2.8)

Differential diagnosis: The only possible differential diagnosis
would be ophthalmic zoster, which is normally easy to exclude.
Therapy: Basic therapy is with a full dose systemic combination of
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Fig. 2.84 Educative disease course of a monosymptomatic HSV fo-
cal serous iritis with different therapeutic strategies (see text) from:
Sundmacher R (1983)
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antiviral agents plus steroids, and medical mydriasis. Additional
therapy should include symptomatic systemic glaucoma ther-
apy and a topical combination therapy of antiviral agents plus
steroids.

Analysis of Fig 2.84

The treatment of a case of monosymptomatic focal iritis, as shown
in Fig. 2.84, was started at a time when the pathognomonic signs
for HSV etiology were still unknown. Therefore, initial treatment
was only with topical steroids. Most strikingly, they did not reduce
inflammation. On the contrary, with additional subconjunctival
injection of crystalline steroids and hourly applications of steroid
eye drops, the iritis deteriorated further with increasing amounts
of cells in the aqueous humor and increasing amounts of precipi-
tates, but without hypopyon. This being in strict contradiction to
non-infectious iritis, a viral origin was suspected and an aqueous
tap was performed. From this, HSV was cultured within 3 days,
reflecting massive intraocular HSV replication. A systemic antivi-
ral therapy with ACV was immediately started, and the steroids
reduced to as little as three drops daily. This led to a stunningly
quick disappearance of all iritic signs. Also the intraocular pres-
sure fell quickly again to the patient’s normal level.

Analysis of Fig 2.85

Figure 2.85 shows a similar case as in Fig. 2.83 after some days of
therapy, at a higher magnification. The cornea has cleared with
some residual haze. One has a better look now at the area of fo-
cal disease between 5 and 7 o'clock with swollen iris, dilated iris
vessels, and dilator deficit. The precipitates have mostly been dis-
solved by therapy. At this stage of disease, a red “window effect”
would still not be clearly visible with retroillumination.

Analysis of Fig 2.86

Figure 2.86 is an example of a monosymptomatic HSV focal se-
rous iritis in its early stage. The cornea is clear. The iritic precipi-
tates are arranged in triangular fashion with the largest ones near
the chamber angle. Specular microscopy reveals no associated

Fig. 2.85 Early stage of HSV focal serous iritis



Fig. 2.86 Monosymptomatic HSV focal serous iritis

endothelial edema (i.e., no associated endotheliitis). The aqueous
contains only moderate amounts of cells (1 2 +) with a significant
Tyndall phenomenon. The intraocular pressure is elevated only
4 mm Hg above the pressure in the partner eye. The dilator deficit
associated with the focal infection is more discrete in this case,
but is evident nonetheless: between 6 and 8 o'clock.

Analysis of Fig 2.87

Figure 2.87a shows pigmented and unpigmented iritic precipi-
tates of different sizes in the early phase of disease. They do not
functionally affect the endothelium (no endothelial edema, clear
cornea). At the right of Fig. 2.87a, the swollen area of focal disease
is visible. With progressive lysis of iris pigment epithelium cells in
the focal area, free pigment granules are incorporated into the ir-
itic precipitates, which then turn brownish, while simultaneously
shrinking under therapy (Fig. 2.87b). With complete healing of
HSV focal serous iritis, precipitates disappear, occasionally leav-
ing one or the other pigment granule on the endothelial layer.
Black pigment granules may remain indefinitely on the iris stroma
and the anterior lens capsule if iris destruction was severe enough
(Fig. 2.87¢).

Analysis of Fig 2.88

In the early phase of this iritis case (Fig. 2.88a), the actual disease
area may be suspected between 7 and 9 o'clock, as judged by the
dilator dysfunction. In the same area, however, previous attacks of
focal iritis have evidently already occurred also with involvement
of the iris stroma. This gives a moth-eaten appearance (possibly
sequelae from previous HSV iris vasculitis). A large area of total
iris pigment epithelium loss already exists (Fig. 2.88b). This can-
not stem from the early phase of the actual focal iritis. The pres-
ence of defects at this stage of actual disease proves, therefore,

Fig. 2.87a-c Pigmented precipitates and pigment granules in the
course of HSV focal serous iritis (see text)
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that this area had already been diseased before in the course of
a previous attack. After complete healing (Fig. 2.88c), it becomes
evident that with the actual recurrence, focal disease has further
expanded and enlarged in the 6 o'clock direction.

Analysis of Fig 2.89

If we deal with more than one iritic foci, which are additionally
tiny, the herpes diagnosis may be more difficult. In Fig. 2.89a, a
major diseased area can be suspected between 9 and 11 o'clock

HSV Focal Serous Iritis

by the dilator dysfunction. A second less evident area is between
4 and 5o0'clock, according to the discrete pupillary distortion.
3 weeks later (Fig. 2.89b), moth-eaten, small pigment epithelium
defects appear in the suspected areas, but also at 12 o'clock, an
area which initially looked normal. Such small, moth-eaten de-
fects are not as typical for HSV etiology as the larger ones shown
in the previous figures. Mostly, however, the history and the typi-
cal pupillary dysfunction are sufficiently significant to conclude
herpes etiology.

Fig. 2.88a-c Recurrent HSV focal serous iritis in the same area
of the iris (see text)

Fig. 2.89a,b Aspect of an iris with multiple tiny patches of HSV focal serous iritis (see text)



Fig. 2.90 HSV focal serous iritis comprising a large area of the
pupillary margin

Fig. 2.91 Rare case with a large clotted hyphema in the early stage of HSV focal serous iritis (a). After healing, the area of focal disease can be
identified more clearly by the pupil distortion and the blood remnants at the site of additional stromal vascular involvement (b)

Fig. 2.92 Differential diagnosis: Full thickness focal iris destruction

with massive vascular necrosis of the iris stroma. This case was else-
where clinically classified as being of HSV origin. Because such se-
vere iris destructions with massive vascular damage are much more
typical for VZV focal iritis, however, the HSV etiology of such iris
defects should be doubted until objectively proven

Analysis of Fig 2.90

In the case presented in Fig. 2.90, retro-illumination shows a large
patchy pigment epithelium defect comprising an extended area
of the pupillary margin and thus of the iris sphincter muscle. One
would expect focal sphincter weakness with such finding. This is
not the case. Evidently, the sphincter is not so severely involved
and not as severely damaged as the iris pigment epithelium in the
same area. An analogous phenomenon can be found after cata-
ract extraction through narrow pupils. There may be large patches
of peripupillary loss of pigment epithelium, but the topographi-
cally associated sphincter still functions well.

If iris pathology is the only criteria available, differential di-
agnosis between HSV and VZV disease may be difficult. HSV
and VZV focal iris defects are indistinguishable from biomi-
croscopic appearance alone (see Sect. 3.6). If iris vasculitis is
associated, which can be diagnosed from iris bleeding and
subsequent patches of destructive necrosis, then VZV etiology
becomes the more probable the more destructive the disease
course is (Fig. 2.92). For HSV disease, vasculitis and its seque-
lae are less common. However, occasionally they are also ob-
served (Fig. 2.91).
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HSV Scleritis

Core Messages

e HSV scleritis is rarely observed in herpes eyes. It is
mostly not a therapeutic problem.

The vast majority of all scleritis cases is associated with vascu-
litis, either infectious, or autoimmunological, or both of them
in sequence. Contrary to VZV, as HSV has no specific predilec-
tion for vascular endothelium, HSV vasculitis and HSV scleri-
tis are rare.

If scleritis flares up in a herpes eye, the pathophysiologic
background (infectious versus immunogenic) will generally
remain unsettled. It is certainly not a mistake to treat it for at
least 3 weeks with a systemic combination of high dosed anti-
herpetic agents plus moderately dosed systemic steroids, which
covers both pathogenic possibilities, before eventually carrying
on with a monotherapy of steroids under close control.

Detailed analysis of Fig 2.93

Clinic: An area of circumscribed diffuse scleritis extends from the
limbus between 7 and 9o'clock (Fig. 2.93). Peripherally, a small
nodule is visible in front of the swollen plica region. The cornea
exhibits scars with some subtle infiltrations from a recent recur-
rence of HSV interstitial keratitis. When the scleritis was first no-
ticed, the patient was on a topical combination therapy, which
was already tapered out to ACV ointment 5qd and steroid eye
drops 2 qd at the time.

Diagnosis: Diffuse and nodular HSV scleritis in a herpes eye with a
recent attack of HSV interstitial keratitis.

Differential diagnosis: None.

Therapy: Systemic combination therapy of 800 mg ACV 5qd plus
20-30mg of fluocortolone qd for at least 3 weeks, tapering out
thereafter.

2.10

Fig. 2.93 HSV scleritis in an eye with vascularized corneal scars
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Metaherpetic

Corneal Disease

Core Messages

* Metaherpetic corneal healing disorders (epithelial
and deep metaherpetic corneal ulcers) develop after
preceding viral HSV keratitis.

* To promote healing of metaherpetic ulcers, ade-
quate resurfacing measures are mostly sufficient.

* Ongoing antiviral therapy may critically impede
healing and is therefore mostly disadvantageous.

The term “metaherpetic” describes diseases that develop after

preceding viral HSV disease. In the strict sense, it refers to su-

perficial and deep healing disorders of the cornea (1etaherpet-

ic epithelial and deep corneal ulcers). Only these metaherpetic

“core” diseases will be presented and discussed in this section.
Other non-viral diseases after HSV disease, which may also

be called metaherpetic in the broad sense, are presented in oth-

er sections, above all in Sect. 2.14 on intraocular surgery and

keratoplasty in HSV eyes: corneal scars and vascularization,

bullous keratopathies, and chronic metaherpetic glaucoma.
The pathophysiologic reasons, which cause metaherpetic

corneal healing disorders, are difficult to analyze in individual

patients. A varying combination of the following is generally

suspected to be operative:

 Neurotrophic disturbances after neuronal damage

o Postinfectious dry eye conditions following neuronal dam-
age and infectious destruction of production sites of tear
film components

o Toxic effects of topical antiviral therapy on the regenerating
corneal cells

« Partial inhibition of limbus stem cell function

+ Ongoing invasion into a corneal defect of inflammatory
cells with liberation of lytic enzymes

o Blink reflex anomalies, due to reduced corneal sensitivity
with enhanced instability of the tear film on an irregular
corneal surface, and with lagophthalmus sequelae

The common sign of metaherpetic healing disorders is that a
front of regenerating epithelium is halted and piled up at the
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borders of a lesion. The epithelium looks compromised and ill.
It does not easily succeed in sliding on the defect in front of it.
This is strikingly different from the easiness with which micro-
bial ulcers resurface after termination of infection, irrespective
of how destroyed is the ulcer base.

As metaherpetic corneal disease comes immediately after
preceding viral HSV disease, it is conceivable that some over-
lap exists between viral and metaherpetic disease states, and
that in the beginning of metaherpetic healing disorders, minor
amounts of HSV may still be present in the cornea for some
time. This is impossible to investigate and to prove in the in-
dividual patient. Such principal uncertainty does not affect,
however, the general therapeutic policy for metaherpetic eye
diseases. From clinical experience, it is agreed that they heal
with adequate resurfacing measures only. Ongoing therapy
with antiviral agents is not needed for such healing. On the
contrary, antiviral therapy is dangerous because of its poten-
tial cytotoxic side effects. If it is exceptionally felt that antiviral
therapy should be given in a borderline case with suspected
viral as well as metaherpetic pathophysiology for a few more
days, then an antiviral regime with minimal negative impact
on epithelial regeneration should be chosen. Currently, that
would be systemically by ACV.

Detailed analysis of Fig 2.94

Clinic: In Fig. 2.94, in the lower pupillary area, a small epithelial
ulcer persists with little if any healing progress (a). The rounded
margins of the ulcer contain a small zone of grey opaque cells
shoved together and piled up. The ulcer base is relatively clear.
Fluorescein staining shows that the epithelial cells in the grey bor-
derline have not yet made tight junctions (b). The epithelial ulcer
lies within a much larger zone of troubled epithelium with hazy
epithelial structures and punctate keratopathy.

Diagnosis: An immediately preceding HSV dendritic keratitis and
the typical signs of severely disturbed epithelial regeneration
make the diagnosis of metaherpetic epithelial ulcer easy.
Differential diagnosis: There are no signs of residual HSV rep-
lication in the ulcer margins (no microdestruction pattern, see
Fig. 2.19). On the contrary, the thickened borders of grey, piled-
up epithelium are the consequence of severely disturbed epithe-
lial regeneration and migration. From its outline, the ulcer could
be mistaken for a steroid-induced geographic ulcer, especially if
immediately stained with fluorescein (b) and not thoroughly in-
vestigated before without stain (a). Unstained, the thickened grey
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border zone makes a differential diagnosis easy: geographic ul-
cers do not contain such thickened epithelial zones.

Therapy: If the patient is still under antiviral therapy, the most im-
portant measure is to immediately end such treatment (one could
also often say “over-treatment”). Thereafter, resurfacing measures
must be taken as possible in the individual patient. The minimum
would be a conventional dry eye therapy with ointments and
artificial tears without preservatives. Mostly, a short term course
with a soft therapeutic contact lens plus artificial tears without
preservatives every two hours is more effective. However, such a
therapy requires that the patient is compliant and that adequate
controls are possible, at least in the beginning. The contact lens
can mostly already be removed after about 10 days. Thereafter,
conventional dry eye therapy should go on as required by the cor-
neal epithelium.

It is to be noted that with much prolonged contact lens therapy,
the risk of new HSV recurrences rises. Epithelial HSV recurrences in
contact lens wearers take a very untypical course. A dendritic fig-
ure and the pathognomonic microdestruction pattern are mostly
missing. Therefore, if an ulcer recurs or enlarges under a contact
lens in a herpes eye, contact lens therapy must immediately be

Metaherpetic Corneal Disease

finished and the newly formed ulcer must be suspected to be of
HSV origin and treated as such until proven otherwise.

Analysis of Fig 2.95

The grey border zone of the metaherpetic epithelial ulcer in Fig.
2.95 is even broader than in Fig. 2.94. This does not mean that
healing would be more efficient. With such a constellation, it can
often be observed that during 1 day the central defect is nearly
closed, but during the subsequent day, the loosened epithelium
has broken out again with the defect being larger than before. It
is remarkable that the neovascularization reaches the area of me-
taherpetic ulcer but does not invade it. The impression exists that
neovascularizations of this kind are not always helpful in terms
of accelerating healing by quicker resorption of infiltrates. On the
contrary, they seem to increase the epithelial instability. It can be
suspected that this comes by extravasation of leukocytes from the
vessels. The leukocytes invade the ulcer margins, liberating lytic
enzymes there, and thus further destabilize the epithelial regen-
erative process. Especially for such recalcitrant cases, short-term
soft contact lens therapy is a good choice.

Fig. 2.95 Persistent metaherpetic epithelial ulcer in front of a band

of corneal vessels

Fig. 2.96 Frequently recurring metaherpetic epithelial erosion in

the corneal center



Analysis of Fig 2.96

Figure 2.96 shows a frequently recurring epithelial erosion after
deep ulcerative HSV keratitis in the corneal center. Laterally, where
the approaching corneal vessels have already invaded the disease
area, the overlying epithelium is nearly stable. In the center, how-
ever, no comparable epithelial consolidation takes place. The ves-
sels make no quick attempt to invade into this area. In such a case,
a soft contact lens plus artificial tears without preservatives are
also the most efficient way to promote healing.

Analysis of Fig 2.97

Only by knowing the history of a preceding HSV dendritic keratitis,
the circumscribed bullous epithelium in Fig. 2.97 which extends
far over the pupillary margin to the left, can be classified as me-
taherpetic erosion. The second clue for the herpetic origin is easy
to evaluate: the patient is not in pain. From biomicroscopy alone,
however, the disease cannot be differentiated from idiopathic re-
current erosion or from a recurrent erosion with map-dot-finger-
print dystrophy. The pathophysiology of all these erosive diseases
is similar. We deal with genetic or acquired anomalies of corneal
basal membrane production. The classification as metaherpetic is
important for therapy as well as for prognosis. While one would
consider to treat frequently recurring idiopathic or dystrophic
erosions more actively, e.g., by a dense anterior stromal puncture,
this is unnecessary with recurrent metaherpetic erosions. Once
they have healed under a soft contact lens and have further been
treated for a while with a dry eye regime, subsequent recurrent
erosions are barely to be expected. On the contrary, with idio-
pathic and dystrophic erosions, the prognosis is much worse in
this respect, even after anterior stromal puncture.

Detailed analysis of Fig 2.98

Clinic: The eye in Fig. 2.98 is only moderately red, the aqueous
barely shows inflammation. The cornea exhibits diffusely distrib-
uted faint scars from previous attacks of HSV interstitial keratitis.
Recently, another recurrence of HSV ulcerating interstitial keratitis

has taken place (similar to Fig. 2.57). The infiltrates have mostly
resolved under combination therapy. The ulcer itself, however,
has become deeper and deeper. The regenerating epithelium did
not succeed in surpassing the steep ulcer borders. Centrally, only
a thin stromal layer still covers Descemet’s membrane. Develop-
ment of a descemetocele cannot be excluded.

Diagnosis: Metaherpetic deep corneal ulcer.

Differential diagnosis: None.

Therapy: Conservative resurfacing therapy with ointments, which
has already been tested (see ointment pearls at the upper limbus),
may still be successful in the long run. However, that would take
many weeks or even months. If surgery is no option and a quicker
healing than with ointments only is desired, then a soft contact
lens with frequent controls may be tried, but only in patients with
excellent compliance. However, as the stromal defect is so deep,
a surgical amnion cover would be the most helpful therapy. Such
an amnion cover immediately reduces the risk of a descemetocele
and considerably furthers healing (see Sect. 2.14).

Analysis of Fig 2.99

Compared with Fig. 2.98, the ulcer in Fig. 2.99 shows more residual
infiltrates in the ulcer base and around its borders (a). The stromal
defect is deepest in the upper half (b) and more shallow in the
lower half, where more infiltrates still persist. Once these have dis-
appeared, a uniformly deep ulcer is to be expected. The relative
amount of infiltrates in and around a herpetic ulcer is the only
sign which gives us a clue as to its actual viral or metaherpetic
pathophysiology. In Fig. 2.99, there are less infiltrates than in typi-
cal viral ulcers (e.g., Fig. 2.56). On the other hand, there are more
infiltrates than in clearly metaherpetic stages (e.g., Fig. 2.98). One
may classify such a case as a transitional stage between viral and
metaherpetic pathophysiology. Therapeutically, the important
basic therapy is the same as for every clear metaherpetic ulcer.
The residual viral component will mostly fade away spontaneous-
ly without ongoing antiviral therapy. However, it is certainly not
wrong, if such transition cases are also given an antiviral systemic
cover with moderate doses of ACV (400 mg 3-5 qd) for one or two
more weeks - just as a precaution.

Fig. 2.97 Metaherpetic recurrent erosion

Fig. 2.98 Metaherpetic deep corneal ulcer
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Fig. 2.99a,b Deep herpetic ulcer with mostly metaherpetic characteristics. a Unstained. b Fluorescein

Detailed analysis of Fig 2.100

Clinic: The giant ulcer in Fig. 2.100 developed from a HSV ulcerat-
ing interstitial keratitis, which was treated with too many topical
steroids in addition to ACV ointment. Ointment remnants cover
the ulcer base and make a judgement of residual infiltrations dif-
ficult. But there do not seem to be many. From 4 to 6 o'clock, an
especially deep large oval defect presents near the limbus. Here,
perforation of the cornea is an impending complication. Collar-
ettes of pathologic regenerating epithelium are visible at the left
border of the ulcer.

Diagnosis: Deep metaherpetic ulcer with impending perforation
near the limbus

Differential diagnosis: Some residual viral activity cannot be ex-
cluded and must be considered therapeutically.

Therapy: The deep oval defect near the limbus is the greatest
threat. If the cornea perforates in that site, a perforating high risk
keratoplasty has to be made. This can be avoided by immediate
rescue surgery (amnion cover after cleaning of the ulcer base, see
Sect. 2.14). Any potentially persisting viral activity should con-
comitantly be systemically treated (e.g., 400mg ACV 5qd plus

fluocortolone 20qd or equivalent steroid). Thus, a very danger-
ous situation can be cleared with minimal risk, and it may even
be hoped that the remaining clear upper half of the cornea might
later allow sufficient vision without perforating keratoplasty.

Analysis of Fig 2.101

The longstanding deep central metaherpetic ulcer in Fig. 2.101
offers no realistic chance for sufficient vision after conservative
healing, which will take many more months. An amnion cover
can be performed for quicker consolidation. For noteworthy vi-
sual rehabilitation, however, a perforating keratoplasty will be the
best solution. The only remaining choice to make is between im-
mediate keratoplasty a chaud and a keratoplasty postponed to a
later, more “quiet” stage after a preceding amnion cover. Which
way is best for a patient is dependent on personal and logistic
circumstances, e.g., the availability of a transplant and the deci-
sion whether or not an optimally HLA-matched graft is desired.
In the latter case, one has to calculate additional waiting times,
and then an intermittent amnion cover is certainly the opti-
mal immediate measure. Generally, however, the prognosis for

Fig. 2.100 Giant deep metaherpetic ulcer

Fig. 2.101 Large deep central metaherpetic ulcer



keratoplasty a chaud with random transplants in herpes eyes is so
excellent with adequate post-surgical care that the wide-spread
fear of keratoplasties a chaud is unjustified. The advantage of im-
mediate surgery is that overall drug therapy and its potential side
effects are less. The same is true for the overall costs.

Analysis of Fig 2.102

Figure 2.102 is a historic document from the early times of antivi-
ral therapy, when only IDU was available with its now well-known
cytotoxic side effects. HSV replication has after all been stopped
and all infiltrating cells removed. However, every epithelial regen-
eration has also been stopped. The viral disease has been “over-
treated”. One could also call it “overkill”. This example illustrates
the principal danger of inadequately ongoing antiviral therapy for
the development of metaherpetic ulcers. IDU is no longer used.
However, the currently used antiviral agents also have at least
some cytotoxic side effects which cannot be ignored when deal-
ing with metaherpetic complications.
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Clinically Manifest

Primary HSV Infections

Core Messages

* An estimated 98% of primary ocular HSV infections
are not identified because they either remain sub-
clinical or pass as quickly transient slight conjuncti-
vitis without raising attention.

e If primary HSV infection is severe enough to cause
disease, the clinical signs are typically different from
those of recurrent HSV disease.

¢ Clinically manifest primary HSV infections should be
treated systemically with antiviral agents.

An estimated 98% of primary ocular HSV infections are never
identified because they either remain subclinical or pass un-
recognized as quickly transient slight conjunctivitis, without
raising attention. Consequently, nearly all HSV ocular dis-
ease, which is diagnosed for the first time, is already second-
ary, endogenously recurrent disease from the pathophysi-
ologic point of view (see Sect. 2.1). Only in an estimated 2%,
primary infection manifests itself clinically as disease. These
diseases are easily recognizable as herpetic, and, in addition,
they exhibit unique clinical signs which make them identifi-
able as primary infections. An IgM analysis is mostly un-
necessary for confirmation. Primary HSV diseases should be
treated systemically with antiviral agents in order to limit pri-
mary HSV spread in the eye and in the associated ganglionic
tissue as much as possible.

The difference between primary and secondary recurrent
disease is, of course, the absence or presence of immune reac-
tions at the beginning of the episode. Primary infection starts
without impeding or modifying immune reactions. These in-
crease only gradually thereafter until they have become effi-
cient enough to terminate viral replication.

In the recurrent disease situation, immune reactions modify
disease from the beginning. Either disease is primarily inhib-
ited and peripheral viral shedding remains without pathologic
sequelae, or disease develops in the presence of a local anti-
viral defence which is too weak. An important aspect is that
immune reactions not only limit disease activity, but that they

2.12

often also increase or sustain it. The latter may at least partly be

a reason why secondary HSV disease manifests itself so much

more frequently than primary disease.

Primary HSV infections are no longer only observed in
childhood, as was still the case half a century ago. Nowadays,
more and more primary HSV infections do not occur before
adolescence or early adulthood, depending on the general hy-
gienic conditions and the social milieu. This time, the shift in
primary infections goes along with an increased risk of acquir-
ing HSV-2 instead of HSV-1 through sexual activities. HSV-2
has been suspected to cause more severe human disease than
HSV-1. Even if the difference should not be dramatic, HSV-2
has a different sensitivity towards antiviral agents than HSV-1.
HSV-2 is totally resistant, e. g., against BVDU. The general time
shift and the infection routes of primary infection may thus
have influence on the severity and treatment of subsequent eye
disease in herpes patients.

While the diagnosis of clinically manifest primary HSV dis-
ease and its treatment are mostly easy, some questions remain,
which relate to the pathophysiologic differences between pri-
mary and secondary disease:

o Why do primary HSV infections remain mostly subclini-
cal?

o What predisposes a primary infected human being to de-
velop severe primary disease?

o Is this predisposition the same in all human beings, or does
a variable combination of different causes (infectious dose
of HSV, pathogenicity of the HSV strain involved, entry
site, genetically different susceptibility of the host tissues
towards HSV, and other reasons) explain the differences?

o What makes secondary recurrent infections so often clini-
cally manifest?

« Patients with clinically severe primary infection do not have
to expect a more severe course of recurrent HSV disease
than patients in whom primary infection passed unrecog-
nized. What is the reason for this?

To date, scientifically proven answers are unobtainable.

Detailed analysis of Fig 2.103

Clinic: The girl gives an impression of general infection with
malaise, left-sided inflammatory ptosis, red tearing left eye with
crusted exudate on the lower lid margin, and cutaneous herpes
efflorescences below the left nostril with swollen lips (Fig. 2.103).




Section 2.12

The preauricular lymph nodes on the left are palpable and tender.
Body temperature is slightly above normal. The mother shows a
healing herpes blister on the lower lip.

Diagnosis: Clinically manifest primary HSV infection at three mu-
cosal sites (ocular, nasal, and oral), transferred from the mother.
The primary infection typically concerns one eye only with serous
conjunctivitis and no other involvement of cornea or lid margins.
The right eye has remained totally normal, and it will stay nor-
mal and unaffected by recurrences, if forced superinfection by
scratching or rubbing is avoided. Future endogenous recurrences
can manifest themselves either as monosymptomatic oral or ocu-
lar disease — always at the sites of primary infection — or also as
combined oral-ocular disease.

Differential diagnosis: None. IgM analysis was performed for
documentation only, and it proved the diagnosis. If the causal
infection of the mother would have been unknown, and if the
girl’s herpes blisters under the left nostril would not have existed,
at least a suspicion of HSV primary infection would have arisen
nonetheless because of the heavily exudating conjunctivitis. Such
a conjunctivitis is a feature of exogenous microbial or viral infec-
tions, but never a feature of endogenously recurring HSV disease.
Therefore, the differential diagnosis would have been made be-
tween some microbial infection and primary viral infection, above
all of HSV or ADV origin. A laboratory check-up would have given
the correct diagnosis.

Therapy: 7-10 days of systemic ACV therapy are recommended in
order to limit primary HSV spread in the eye and in the associated
ganglionic tissue as much as possible.

Prophylaxis: Clinically manifest primary infections offer the
chance to prepare for recurrence triggers. In children and adoles-
cents, above all general infections and fever are operative. Thor-
ough education about the risks and signs of local recurrences is
important, as is the advice to immediately see an ophthalmologist

Clinically Manifest Primary HSV Infections

once the left eye again starts to become symptomatic. For securi-
ty, one should also organize to start self-prophylaxis with 400 mg
ACV 3qd (or 200mg ACV 5qd) every time, the development of
an ocular recurrence is suspected. This is especially important if
consulting an ophthalmologist is not always possible in time. Of
course, such self-prophylaxis must not be perpetuated without
seeking ophthalmological help as quickly as possible.

Analysis of Fig 2.104

The gross impression of the right eye region of the young man in
Fig. 2.104a is similar to that in Fig. 2.103a: Moderate inflammatory
ptosis and a red tearing eye. Different to Fig. 2.103a, we are deal-
ing not only with acute exudating conjunctivitis but also with a
blistering blepharitis involving the lid margins along the lashes.
The blisters are large, and, in this form and extension (Fig. 2.104b),
they are never seen in ordinary recurrent blepharitis. Giant blis-
ters are pathognomonic for clinically manifest primary HSV dis-
ease. The likely pathophysiologic explanation for this phenom-
enon is that immune reactions, which would limit the spread of
herpes blisters, are absent in the beginning of primary infection.
This leads to much larger diseased areas than in recurrent situa-
tions.

Detailed analysis of Fig 2.105

Clinic: The patient in Fig. 2.105 suffers from an exsudating con-
junctivitis, which in itself gives no direct diagnostic clue. The
lower lid margin, however, exhibitis pathognomonic HSV signs:
The intermarginal epithelium has nearly totally been lost, and the
intermarginal area is covered by a slimy layer. The subtotal loss of
the intermarginal epithelium can easily be overlooked. It is more
clearly visible, when the lid margin is cautiously wiped with a cot-

Fig. 2.103 Clinically manifest primary
HSV disease in a girl (a) infected via
her mothers recurrent labial herpes (b)



Fig. 2.105 Intermarginal blepharitis comprising the entire lower

margin in clinically manifest primary HSV infection

ton tip, and the surface thereafter stained with fluorescein and/
or Bengal rose.

Diagnosis: Intermarginal blepharitis in clinically manifest primary
HSV infection.

Differential diagnosis: None. The general pathognomic impor-
tance of intermarginal blepharitis for HSV etiology has already
been pointed out in Sect. 2.3. Here, it remains shown that extend-
ed intermarginal lesions, like in Fig. 2.105, are never encountered
in normal recurrent disease (compare Fig. 2.12). Such extended
forms of intermarginal blepharitis are a reliable sign of primary
infection.

Therapy and prophylaxis: See Fig. 2.103.

Analysis of Fig 2.106

Figure 2.106 shows another case of clinically manifest primary
HSV blepharitis. There is not yet an extended intermarginal ero-

Fig. 2.106 Clinically manifest primary intermarginal HSV ble-
pharitis

sion, but two large vesicles comparable to those in Fig. 2.104 are
discernible in the middle of the picture. They will quickly lose their
epithelial roof and then coalesce to form a large intermarginal ul-
cer. The excessive exudate stems partly from the blepharitis and
partly from the accompanying conjunctivitis.

Analysis of Fig 2.107

Figure 2.107 is chosen to show that extended and so much co-
alescing and exudating lid lesions with typical herpes vesicles in
the adjacent dermis are practically pathognomonic for clinically
manifest primary HSV disease. Comparing this to Fig. 2.14, a dif-
ferential diagnosis of eczema herpeticum in a patient with endog-
enous eczema would be a differential diagnostic possibility. This
can be excluded, however, by Fig. 2.107a, which shows that the
facial dermis outside the diseased right lid area is totally normal
with no signs of endogenous eczema whatsoever.
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Fig. 2.107a,b Clinically manifest primary HSV blepharitis and intermarginal blepharitis

Analysis of Fig 2.108

Figure 2.108a shows a case with severely exudating muco-serous
conjunctivitis, Fig. 2.108b a muco-serous conjunctivitis with small
areas of membranous conjunctivitis and epithelial cell loss in
the lower cul-de-sac, Fig. 2.108c a severe necrotizing conjuncti-
vitis. Each of these types of acute exudating conjunctivitis is not
typical by itself for herpes infection or primary HSV infection. The

possible etiologies range from a large variety of non-viral causes
over microbial infections to other viruses, especially adenoviruses,
and also to non-infectious immunologic causes. The HSV etiology
must be proven in the laboratory in every single case. If a herpes
etiology has thus been proven, however, it is also undisputable
that it can only be clinically manifest primary HSV conjunctivitis.
A recurrent HSV conjunctivitis never takes such a severe exudating
or necrotizing course.

Fig. 2.108a-c Three types of acute conjunctivitis with virologically
proven primary HSV disease (see text)



Analysis of Fig 2.109

Taking into account the moderate amount and type of inflamma-
tion which is usually associated with recurrent herpes disease, it
becomes clear from Fig. 2.109, that the grade of residual inflam-
mation after 2 weeks of illness is much greater than it should be
with any type of recurrent disease. The lid edema is still large as
is the periorbital edema (Fig. 2.109a). The two cutaneous herpes
efflorescences are deeply umbilicated with central defects, which
still await filling-up by cellular regrowth. The conjunctiva is still
edematous (Fig. 2.109b). This is never seen to such an extent in
recurrent disease. In addition, an unusually massive follicular
conjunctival reaction has developed. This indicates that signifi-
cant HSV replication is still going on in the conjunctiva, and that
the risk of viral persistence developing in the conjunctiva with a
rather prolonged course of follicular conjunctivitis exists. All these
signs together allow a reliable clinical diagnosis of manifest pri-
mary HSV infection.

Fig. 2.110 Pathognomonic HSV limbitis in clinically manifest pri-
mary HSV infection (Bengal rose)

Analysis of Fig 2.110

The limbal efflorescence shown in Fig. 2.110 is pathognomonic for
HSV etiology. It is observed only in primary HSV infection. The Ben-
gal rose stain makes the sharp outlines and the reticulate struc-
ture of the efflorescence especially well visible. It remains unclear
why HSV has a predelection for this transition zone between con-
junctival and corneal epithelium only in primary HSV infections.

Analysis of Fig 2.111

Figure 2.111 shows a HSV limbitis, which comprises nearly the
whole limbal circumference in primary infection. Unlike Ben-
gal rose, which stains directly the diseased or dead epithelium
(Fig. 2.110), fluorescein can only make visible the gross topogra-
phy of the efflorescences by leaking through broken tight junc-
tions into the subepithelial space. Without staining, HSV limbitis
cannot be directly visualized. It can only be suspected by a swol-

Fig. 2.111 Pathognomonic limbitis in primary HSV infection (fluo-
rescein)
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Fig. 2.112 Disseminated punctate, stellate, and dendritic HSV ef-
florescences in primary HSV infection, plus pathognomonic limbitis
(fluorescein)

len appearance of the limbal area and is therefore often over-
looked. For safe diagnosis, either Bengal rose or fluorescein stain-
ing is necessary.

Analysis of Fig 2.112

The disseminated punctate, stellate, and dendritic HSV efflores-
cences are by themselves pathognomonic for HSV etiology, but
not for primary infection. The biomicroscopic fine structure of
these lesions is identical in primary and recurrent disease! More-
over, the distribution on the cornea of the efflorescences is no dif-
ferentiating criteria for primary versus recurrent disease. There are
just two signs in Fig. 2.112 that are typical for clinically manifest
primary HSV disease. First, the exudative conjunctivitis, which can
be seen on the left-hand side, would be atypical for recurrent dis-
ease and, second, there is above all a limbitis visible on the right
side of the limbus, which is pathognomonic for primary disease
(compare Figs. 2.110 and 2.111).

Analysis of Fig 2.113

Aside from macrofollicles in chlamydial and molluscum contagio-
sum conjunctivitis, conjunctival follicles can have so many differ-
ent etiologies that their mere presence gives no hint as to their
etiology, and not even a hint to general viral etiology (Fig. 2.113).
They may occasionally grow immediately after primary HSV infec-
tion if HSV persists for some time in the conjunctival tissues (see
Fig. 2.109). But once the virus has been successfully eliminated
from the conjunctiva, such follicles disappear. Accordingly, they
are even rarer observed with established antiviral immunity, i.e.,
in the recurrent situation. Then they are probably associated with
either peripheral HSV persistence or with extraordinarily frequent
HSV shedding from the neurons into the conjunctiva (Fig. 2.17).
Without longstanding presence of HSV antigens in the conjunc-
tiva — which practically always also indicates presence of the virus
itself — chronic follicular HSV conjunctivitis is difficult to imagine.

Fig. 2.113 Differential diagnosis: Chronic follicular conjunctivitis

of unknown etiology
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Herpes and Trauma

Core Messages

* Trauma may trigger endogenous reactivation.

* Traumata are also needed to promote superinfec-
tion.

* The most often questioned causal relationship is
that between direct ocular trauma and subsequent
first manifestation of HSV disease.

Trauma may cause or modify HSV disease in different ways:

1. It may cause a direct promotion of primary infection or su-
perinfection at a peripheral site

2. Actas a trigger for endogenous HSV recurrences

Pathophysiologically, direct traumatic promotion of HSV in-
fection has no mysteries. The immunologic protection of a
host, which already harbors latent HSV, can be overcome by
forced “injection” of HSV into any site of the body. New pe-
ripheral infection sites are thus easily created by trauma. A
well-known clinical example is herpes gladiatorum. With su-
perinfection, one has to differentiate between superinfection
with a new HSV strain and superinfection with the host’s own
latent HSV strain at a site which is different from the original
site of primary infection. All such traumatic superinfections
lead to the establishment of a new axis between a peripheral
disease site and its corresponding sensory ganglion. Along this
new axis, additional recurrent disease may arise.

Far less understood are the pathophysiologic ways in which
trauma can trigger endogenously recurrent HSV disease.

General body trauma and general shock evoke massive
stress and emotion. These are by themselves sufficient to trig-
ger HSV recurrences along a preexistent latency-recurrence
axis. The arousal signals for the virus to leave the state of la-
tency and enter again the replication cycle are probably trans-
ported humorally in such cases. Furthermore, such a situation
is probably biochemically identical with that of common psy-
chologic stress, which is the most frequent “normal” trigger for
herpes recurrences.

2.13

The real pathophysiologic mystery concerns those cases
where trauma along an established latency-recurrence axis
triggers either a first manifestation or a recurrence of typical
recurrent disease at the site of trauma, e.g., a corneal trauma
leads to first manifestation of dendritic keratitis, or it triggers
a dendritic recurrence. Such causal relationships have been
clinically documented (see Fig. 2.114) and experimentally in-
vestigated. An intact nerve supply to the peripheral disease site
from its sensory ganglion is needed for this sequence of events.
That is of no surprise. It is still unknown, however, how trauma
is translated into signals, which quality these signals have, and
how the signal transfer to the ganglion cells functions. HSV
recurrences can experimentally be triggered by peripheral
suprarenine iontophoresis to the cornea. This suggests that a
special molecular signal chain is required together with a nor-
mally functioning sensory nerve.

If this signal chain was known, we would probably better
understand why direct peripheral trauma - e.g., by excimer
laser surgery on herpes corneas — leads far less frequently to
reactivations of endogenous HSV disease than one would the-
oretically expect from experimental results. A causal sequence
of peripheral direct trauma and subsequent endogenous HSV
recurrence at the same peripheral site has rarely been unequiv-
ocally documented. Therefore, the clinical importance of di-
rect trauma for the first manifestation of HSV disease or for
the triggering of recurrences remains somewhat obscure and
debatable.

However, as nobody can be sure whether or not periph-
eral trauma at a site of primary HSV infection will trigger an
endogenous HSV recurrence, a prophylactic systemic ACV
protection is recommended as a routine procedure for all situ-
ations where a known herpes eye is to be confronted with a
trauma. Such a situation is regularly present with surgery in
herpes eyes (see Sect. 2.14).

Detailed analysis of Fig 2.114

Clinic: An electrician experienced a foreign body trauma of the
cornea. When he consulted the ophthalmologist 4 days later for
the first time, a non-healed corneal wound at 6 o'clock still con-
tained remnants of unidentifiable material. In some distance, at
3 o'clock parapupillary, there was a small typical HSV dendrite
(Fig. 2.114). It was assumed that the dendrite had developed after
the trauma. The patient had never before had corneal disease, and
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Fig. 2.114a,b Rare documented case of presumed trauma-related first manifestation of recurring dendritic keratitis, photo-documentation
5 days after trauma. a Unstained. b Fluorescein

explicitly no HSV disease. The dendrite was definitely a recurrent
one as classified pathophysiologically, i.e., HSV must have been
dormant at the time of trauma in V/1.

Diagnosis: First manifestation of dendritic keratitis, triggered by
direct corneal trauma.

Differential diagnosis: Such a close trauma-disease sequence can
also be explained as a pure chance event. One could argue that
dendritic keratitis would have developed anyway at some point for
the first time, triggered by some unidentified stress as usual. With
such conflicting views, which both cannot be proven, a decision
must be based on probability aspects. This is especially required if
legal disputes with insurances have to be contended with. In this
case, the time lag argument and the fact that the trauma site was
topographically clearly separated from the site of the dendrite
were arguments to acknowledge a causal relationship between
triggering trauma and subsequent first manifestation of dendritic
keratitis. It seemed less probable that trauma and topographically
correlated first manifestation of HSV disease coexisted or followed
each other by pure chance. As the patient did not suffer from her-
petic eye disease before, and as this first manifestation of HSV eye
disease was the beginning of clinically recurrent herpes disease,
the sequelae of all subsequent recurrences were also acknowl-
edged as sequelae of the documented initiating trauma.
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Intraocular Surgery
and Keratoplasty

in HSV Eyes

This section gives an overview of the most frequently used
methods to restore vision in herpes eyes. Emphasis is laid on
the indications for each method and on the potential complica-
tions and their handling. Differential diagnosis of postkerato-
plasty complications is amply presented with clinical examples.
For detailed technical aspects and problems, the reader is re-
ferred to specialized surgical publications. The different topics
are structured as follows:

2.14.A General Rules for Surgery in Herpes Eyes

2.14.A.1  Systemic ACV Prophylaxis and Therapy of Herpes
Complications

2.14.A2  Cataract and Glaucoma Surgery

2.14.B Emergency Surgery with Different Tissue Covers

2.14B.1  Conjunctiva

2.14.B.2  Cornea

2.14.B.3  Amnion

2.14.C Optical Improvement of an Irregular Corneal Sur-
face

2.14.C.1  Contact Lenses

2.14.C.2  Excimer Laser

2.14.D Perforating Keratoplasty

2.14.D.1  Rotational Autokeratoplasty

2.14.D.2  Homokeratoplasty

2.14.D.2.1 Dry Eye Complications

2.14.D.2.2 Immune Reactions

2.14.D.2.3 HSV Recurrences

2.14.D.2.4 Secondary Glaucoma

2.14.D.2.5 Irritating Sutures

2.14.E Special Problem: Amebic Keratitis

2.14.A General Rules for Surgery

in Herpes Eyes

There are no principal limitations for surgery in herpes eyes.
All types of surgery which are judged to be necessary or useful
can principally be performed, nearly any time, even in severely
inflamed eyes. This is made possible by the availability of sys-
temically applicable potent antiviral agents, especially of ACV.

2.14

2.14.A1 Systemic ACV Prophylaxis

and Therapy of Herpes Complications

Three levels of systemic ACV application can be defined. The

ACV dose doubles with each higher level:

1. Systemic ACV prophylaxis with 200mg ACV 5qd (or
400mg ACV 3qd). This dose effectively protects “quiet”
herpes eyes from endogenously recurrent HSV disease as
long as it is given. It is regularly recommended as a safety
shield inhibiting herpes complications in conjunction with
surgery in “quiet” herpes eyes.

2. Systemic ACV therapy with 400mg ACV 5qd. This is the
normal dose for treatment of clinically symptomatic HSV
disease. It is applied in all surgical situations where active
HSV disease is still present or has only recently become
subclinical.

3. Maximal systemic ACV therapy with 800mg ACV 5qd. It
is recommended only for those cases where surgery has to
be done in an emergency situation with much infiltration of
the cornea or with severe disease of more than one part of
the anterior segment of the eye.

It must be admitted that the real risk of triggering endogenous
herpes recurrences by corneoconjunctival or intraocular sur-
gery is unknown. It may well be that it is far lower than com-
monly assumed (see Sect. 2.13). The rare documentation of
traumatically induced HSV disease (see Sect. 2.13) and the re-
portedly small risk of triggering a recurrence in herpes corneas
by excimer laser treatment support such a view. As no reliable
figures are available from the literature, and as systemic ACV
prophylaxis of HSV recurrences is so easy and safe, not having
applied ACV prophylaxis in a surgical herpes patient might be
difficult to justify if herpetic disease flares up a couple of days
after surgery.

2.14.A.2  Cataract and Glaucoma Surgery

With a prophylactic systemic ACV cover, cataract surgery and
intraocular lens implantation in herpes eyes as well as any kind
of glaucoma surgery for chronic secondary glaucoma have the
same chance-risk profile as in normal eyes. We recommend
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Fig. 2.115 Intraocular lens implantation under ACV cover in a her-

pes eye

maintaining full antiviral protection as long as the eye has not
returned to its normal uninflamed state. Thereafter, HSV recur-
rences could potentially manifest themselves more frequently
than before. The experience has been, however, that the inci-
dence of recurrences is certainly not greater in the time period
after surgery than in the time period before. The contrary may
even be true in some patients after surgical “normalization”. The
herpes eye in Fig. 2.115 remained quiet after IOL implantation
with no intraocular or corneal HSV recurrences for more than
20 years. I followed several patients suffering from frequent in-
traocular HSV recurrences with severe secondary glaucoma.
When this became chronic and could no longer be treated
medically, goniotrephination under ACV cover became neces-
sary. Contrary to what was to be expected, the fistulae worked
perfectly in these eyes in spite of the long inflammatory history
of the conjunctiva. Glaucoma did not recur for decades, and no
further intraocular HSV recurrences were observed. Such is
only anecdotal experience, and goniotrephination is certainly
not recommended as a surgical means against intraocular HSV
recurrences. However, this anecdotal experience is nonetheless
reassuring and may help to reduce the still widespread unjusti-
fied reservation against surgery in herpes eyes.

2.14.B

Emergency Surgery

with Different Tissue Covers

This type of surgery was developed in the old days, when effec-
tive antiviral drug therapy was unavailable, and when there was
no other way to save severely infiltrated, melting, or already
perforated herpes eyes than by covering them firmly with con-
junctiva or cornea - i.e., with a biological wound dressing. It
was hoped, that the eye would finally heal under the biocover,
and so it regularly did.

Surgeons who have never experienced the need to resort to
conjunctival flaps or to full thickness sclerocorneal buttons in
severe herpes disease may look at these methods as being ar-

chaic and superfluous. But they are still needed in special situa-
tions. Therefore, these experiences are included in this atlas.

It is true that the indication for conjunctival flaps and cor-
neal buttons as biodressing has largely decreased in the last
decades. This loss of importance of the old methods has been
accelerated by the success of a new cover method, which has
started booming only in the last decade, i. e., the amnion mem-
brane cover.

2.14.B.1 Conjunctiva

The oldest emergency surgery is covering a non-healing ulcer-
ating herpes cornea with a conjunctival flap. Most frequently
Gundersen s technique is used.

While reconstructive perforating keratoplasty a chaud is
nowadays the quickest and the most efficient way for primary
surgery in ulcerating eyes, there are still indications where
postponement of primary keratoplasty and instead perfor-
mance of a conjunctival flap is a wise decision, e. g.:

o Severe incurable general illness and limited life span

« Impossibility of the necessary postkeratoplasty therapy with
immunosuppressive agents plus ACV systemically

+ No possibility to seek regularly ophthalmologic help and
advice after keratoplasty

« Severe non-compliance of patients with drug or alcohol ad-
diction

 Impossibility of any controlled treatment in mentally re-
tarded patients

« Patient’s own decision not to undergo another keratoplasty
after previous failures, but rather to content himself with a
“quiet” covered eye

For the proper technique — which is not always easy - surgi-
cal textbooks must be consulted. The flap should not be too
thin and not too thick, and it should be large enough. Before
covering, the corneal surface must be cleaned from all epithe-
lium and inflammatory debris. For this procedure, a thermo-
mechanical debridement method with a heated metallic tip is
ideal, because one can simultaneously destroy the thermolabile
herpes viruses by heat.

If desired, a cosmetically irritating aspect of a “white eye”
(Fig. 2.116¢) can be fairly normalized by fitting a thin cosmetic
eye prosthesis or a cosmetic soft contact lens on top. Under
the conjunctival flap, HSV replication invariably stops. The in-
flammation subsides and the underlying cornea heals. If nec-
essary, it is possible to remove the flap later on and perform
a perforating keratoplasty, if the conditions and prospects for
keratoplasty have meanwhile been sufficiently improved.

2.14.B.2 Cornea

Another surgical technique, which was first performed in
Moscow some 50 years ago, is by suturing a full thickness scle-
rocorneal button on the heavily diseased herpes cornea. This
method is especially recommendable if the conjunctiva is too
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weak or too short for Gundersen s technique, or if a biocover
is needed only temporarily until keratoplasty becomes possible
within weeks or months.

Analysis of Fig 2.117

This method is illustrated by the follow-up pictures of a patient, in
whom no medical therapy would stop his ulcerating HSV keratitis
from progressing to perforation (Fig. 2.117). An immediate kerato-
plasty a chaud was not advisable because the herpeticinfiltrations
reached the limbus already and could not sufficiently be removed
by trephination (Fig. 2.117a, b). The diseased cornea and limbus
were covered by a large full-thickness sclerocorneal graft fixed to
the perilimbal sclera by nylon sutures (Fig. 2.117c). The donor cor-
nea was left for nearly five months untouched in situ. Only loos-
ened sutures were removed. In this time period, the donor cornea
was progressively infiltrated by leukocytes and partially invaded
by vessels (Fig. 2.117¢, d) resulting in a sometimes irritating pu-
rulent aspect. It could be seen, however, that the underlying eye
itself became more and more quiet. After 3-4 months, the donor
cornea began to gradually dissolve. The remnants were surgically
removed after five months (Fig. 2.117e). Already one month later,
the patient’s cornea had recovered to its best achievable state
with areas of bullous keratopathy, some vascularization, and lim-
bal thinning (Fig. 2.117f). Perforating keratoplasty restored vision
successfully and permanently one year later (Fig. 2.1179).

Fig. 2.116a-c Healing stages of a Gundersen conjunctival flap.
a 1 week. b 6 weeks. ¢ 6 months after surgery

2.14.B.3 Amnion

Currently, the most frequently used surgical healing aid for

deep herpetic ulcers is by an amnion membrane sutured di-

rectly on the corneal defect. The advantages of this procedure

are:

« Amnion contains molecules that transmit helpful anti-in-
flammatory signals into the underlying infiltrated cornea.

o Unlike with conjunctival flaps and sclerocorneal buttons,
the whole anterior segment of the eye remains easily con-
trollable. No pharmacokinetic barriers are built up against
topical therapy.

o The amnion mostly dissolves spontaneously after having
served its purpose, and only the corneal sutures must be
removed when they loosen spontaneously.

There are also disadvantages and limitations of this method:

 Surgery with the delicate amnion material requires some
skills.

o Accordingly, amnion sheets often loosen too early, which
makes re-operations necessary.

o Unlike with conjunctival or full thickness corneal covers,
which can also be used in far advanced cases (i. e., desceme-
toceles or even pin point perforations), amnion membranes
are safe only for cases with still sufficient stromal layers left
on Descemet’s.
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Fig. 2.117a-g Full thickness donor cornea sutured on top of a her-
pes cornea with an otherwise untreatable ulcerating interstitial HSV
keratitis in the pre-acyclovir era. Functional restoration by subse-
quent perforating keratoplasty (see text)




As with every type of biodressing, the ulcer must first be
cleaned (e.g., by thermomechanical debridement) before the
amnion can be sutured on. If no systemic antiviral combination
therapy is available, an amnion cover is too subtle, too insecure,
and too dangerous to rely on. In such situations, a conjunctival
or corneal cover is still to be preferred. Some surgeons apply
soft therapeutic contact lenses for a while as a second mechani-
cal shield on top of the amnion. I have not found this really
necessary and have rather preferred to additionally secure the
surface with a proper combination of ointments comprising
also ACV.

Analysis of Fig 2.118

The patient with the deep herpetic ulcer in Fig. 2.118a was not
yet prepared to undergo perforating keratoplasty, which retro-
spectively would have offered him the quickest rehabilitation
with the least overall drug investment and the least costs. In-
stead, a solution which accelerates healing and leaves a chance
for regaining satisfying vision without perforating keratoplasty
was preferred. This was a surgical cover by an amnion membrane
(Fig. 2.117b, 1 week after surgery). The healing was achieved as
predicted (Fig. 2.118c¢, four months after surgery, without amnion
membrane). The function, however, did not match the patient’s
expectations. So the patient had to decide again, whether or not
he should dare to undergo perforating keratoplasty as a second

procedure, or content himself with a reduced function and the
perspective of a further increasing recurrence rate, as is frequently
the case with such eyes.

PAL XS

Optical Improvement
of an Irregular Corneal Surface

Sometimes, functional impairment of herpes eyes results more
from an irregular corneal surface than from dense corneal
scars. Therefore, it is worthwhile to test the functional effect of
hard contact lenses on vision before making a decision for per-
forating keratoplasty. In this context, excimer laser therapeutic
ablation may also be worth considering as a method to escape
the need for homokeratoplasty in selected cases.

2.14.C1 Contact Lenses

In Sect. 2.11 on metaherpetic diseases the usefulness of thera-
peutic soft contact lenses for accelerating healing of superficial
metaherpetic ulcers has already been addressed. It has also
been addressed that contact lenses unfortunately change the
aspect and the fine structure of epithelial efflorescences so

Fig. 2.118a-c Amnion membrane as a healing aid for deep HSV
ulcers (see text)
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much (especially the pathognomonic microscopic features of
HSV dendrites) that intercurrent HSV epithelial recurrences
may develop unnoticed, which is a potential danger. Also, it
must be held probable, at least theoretically, that a constantly
varying irritation by contact lenses, especially by “hard” con-
tact lenses, may trigger herpes recurrences, as small as this
danger may clinically be (see Sect. 2.13).

Apart from these reservations, fitting of a diagnostic “hard”
contact lens is often indispensable, when the indication for
perforating keratoplasty has to be weighed against alternative
options.

A flexible “hard” contact lens made of highly oxygen perme-
able materials is provisionally fitted, and best corrected contact
lens vision is evaluated. The results of contact lens vision as
compared with corrected vision without contact lenses give
valuable information about the relative impact of an irregular
corneal surface, of corneal scars, lens opacities, and of macular
function. All these influences should be known when estimat-
ing the functional prognosis for a perforating keratoplasty.

If the results of a diagnostic contact lens test are such that
fitting for permanent optical correction appears promising,
then this option should be consequently tried.

Often, a stabile fit with “hard” contact lenses will be impos-
sible because of too much surface irregularity. Then, this op-
tion has to be given up. Large soft contact lenses, which center
more easily, are not really reccommendable as an alternative be-
cause their surface correcting potential is usually too low, and
the impairment of corneal metabolism is generally higher with
them than with movable flexible lenses.

The reduced corneal sensitivity of herpes eyes is a two-
edged phenomenon. On one hand, it helps with a greater con-
tact lens tolerance. On the other hand, it may be dangerous,
because corneal damage by less than optimally fitted contact
lenses is not always realized by the patient himself. Therefore,
frequent routine controls of the fit of the contact lens and the
corneal tolerance are important, at least in the beginning of
“hard” contact lens wearing.

Comparing the chances and risks of “hard” contact lenses
with those of perforating keratoplasty, one can state that con-
tact lenses are tried far too seldom. Even if one succeeds “only”
in restoring reading ability for a number of hours per day, this
will sufficiently satisfy the personal requirements of many pa-
tients. If the contact lenses should become intolerable later on,
or if they no longer provide sufficient vision, or if an intercur-
rent herpes recurrence deteriorates the corneal situation, then
usually nothing has been missed or lost, and perforating ker-
atoplasty can still be performed thereafter.

Quite a number of corneal surgeons seem to have a some-
what low opinion of contact lens specialists as far as the opti-
cal correction of significant corneal pathology is concerned. A
frequently used justification for corneal surgery is that contact
lenses were not tolerated by the patient. It has to be suspected
that often enough they are not even tried, or the patients are
not properly informed and not sufficiently motivated. Such
a preoperative denigration of a contact lens option may have
undesired drawbacks on the surgeon from unsatisfied, frus-
trated patients: An estimated 1/3 of all patients with perforat-
ing transplants can presently achieve best corrected vision only
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with a “hard” contact lens. Fitting such lenses on top of a cor-
neal transplant is by no means easier or more successful than
fitting it on a herpes cornea. In fact, the opposite is true.

2.14.C.2 Excimer Laser

Therapeutic laser ablation of superficial scars is a still debated
procedure, because the results do not generally satisfy. Even
if the surgeon restricts himself to minor corneal irregulari-
ties and very superficial scars and avoids deep ablations, the
remaining irregular astigmatism of the newly created corneal
surface may be still annoying, and best corrected vision may be
achievable with additional “hard” contact lenses only. There-
fore, laser surgeons are well advised not to promise satisfying
vision without the help of additional contact lenses, and all that
has been discussed on the interrelationship of contact lenses
and perforating keratoplasty applies also to the interrelation-
ship of contact lenses and therapeutic laser ablation. The lat-
ter offers not only the chance to improve vision by removing
opacities and normalizing the corneal surface, additionally it
offers the option to create a new corneal surface which allows
a stable contact lens fit for the first time. This is nothing minor,
but it is a potentially satisfying indication.

An often used argument against excimer laser surgery in
herpes eyes is the potential triggering of herpes recurrences.
This is not a valid argument. First, the overall risk of such a
complication is low (see Sect. 2.13). Second, the risk of poten-
tially triggered herpes recurrences can be reduced to about
zero if the surgeon gives a prophylactic dose of systemic ACV
at the time of surgery and for a number of days thereafter (see
p- 88).

2.14.D Perforating Keratoplasty

Perforating homokeratoplasty remains the gold standard for
rehabilitation of severely destructed herpes corneas. In spite
of its many inherent problems - above all immune reactions,
herpes recurrences, an often too high post-surgical astigma-
tism, and a limited lifespan of the donor cornea - perforat-
ing homokeratoplasty on an average offers the best chances for
optimal functional rehabilitation. Contact lenses or laser abla-
tions can mostly not offer this grade of improvement, and the
various lamellar keratoplasty techniques - conventional ones
as well as currently much promoted “deep anterior” or “pos-
terior lamellar” ones - also offer no advantage over perforat-
ing techniques. Often, the opposite is true. One can content
oneself, of course, with one or the other alternative method.
By doing that, it must be accepted, however, that a reduction
in risk invariably goes along with a reduction in chances for
full visual rehabilitation. This applies also to a less risky variant
of perforating keratoplasty, rotational autokeratoplasty. If this
variant is chosen, the chances for full visual rehabilitation will
also be lower than with perforating homokeratoplasty.



2.14.D.1 Rotational Autokeratoplasty

If a dense central scar leaves a sufficiently broad peripheral rim
of clear cornea (Fig. 2.119a), a rotational autokeratoplasty can
be offered to the patient as a less risky alternative to perforating
homokeratoplasty. The principle is easy. A trephine is fitted de-
centralized in such a way that as much clear cornea as possible
is excised at one side, and as much scar tissue as necessary to
clear the pupillary area at the opposite side. The excised disc is

then rotated 180 degrees and re-sutured (Fig. 2.119b). Thus, a

sufficiently large part of clear cornea is moved from the periph-

ery to the pupillary area.
The advantages of this procedure are:

o Immune reactions are impossible, because only the patient’s
own tissue is rotated. The greatest threat after perforating
homokeratoplasty is thus avoided.

» Consequently, no potentially dangerous immunosuppres-
sive therapy is necessary, except for low dosed steroids for
just a couple of weeks.

 Another important, mostly overlooked advantage is the fol-
lowing: all sensory corneal nerves are cut by trephination
with the effect that endogenously produced virus can no lon-
ger directly reach the corneal area within the trephination
line. The clear cornea rotated to the center will thus be much
safer from HSV recurrences after surgery than it had been
before surgery. This advantage will last as long as no sensory
nerve regrowth develops in the rotated corneal disc.

There are also disadvantages and limitations:

« This type of decentered keratoplasty creates a statistically
higher postsurgical astigmatism. The differences in thick-
ness of the cornea, which is about double as thick in the pe-
riphery than near the center, make an ideal wound adapta-
tion impossible. On the other hand, the scarred parts of the
disc lead to a different wound healing than the clear parts.
Altogether, we deal with unpredictable effects on wound
healing and corneal traction.

o The astigmatism is not only higher than after homokerato-
plasty, it is also often more irregular, limiting the chances
for optical correction with glasses only.

o A patient undergoing rotational autokeratoplasty must be
warned, therefore, that the best achievable vision might be
lower than after homokeratoplasty, and that the patient will
probably additionally have to wear “hard” contact lenses in
order to achieve optimal vision.

These pros and cons must be explained to the patient and prop-
erly weighed individually before making a decision regarding
one or the other procedure.

However, it may be concluded that rotational autokerato-
plasty merits more attention and consideration than is cur-
rently the case.

2.14.D.2 Homokeratoplasty

Perforating homokeratoplasty is the surgical gold standard for

restoring vision in herpes eyes with severely damaged corneas.

The results of keratoplasty for herpes are as good as those for

keratoconus in the following cases:

o If proper prophylaxis with systemic immunosuppressive
plus antiherpetic agents (ACV) is performed

« Ifall postsurgical complications are efficiently dealt with

o If the patient is compliant

o If the controlling ophthalmologist is experienced

This also applies to emergency procedures a chaud.

Patients must not wait for indicated surgery until his herpes
eye has become “quiet”

The subsequent follow-up pictures of three patients may
serve as examples for successful perforating homokeratoplasty,
even in difficult herpes situations.

Fig. 2.119 Rotational autokeratoplasty in a herpes eye with dense central scar (a) rotated downwards to the limbus, moving clear cornea into
the pupillary area (b)
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Analysis of Fig 2.120

The circular dense vascularization of the corneal stroma in Fig.
2.120a made this a high risk case. Additionally, the herpes scars
contained residual infiltrates, and also there was certainly some
replicating HSV in the cornea. Systemic combination therapy with
ACV successfully suppressed HSV recurrences, and immunosup-
pressive therapy allowed for just one intercurrent endothelial im-
mune reaction, which was immediately thereafter diagnosed and
successfully treated with a crystal clear graft. As can be seen from
Fig. 2.120b, the corneal vasculature mostly shrunk to ghost ves-
sels. The graft stayed clear without further complications as long
as the patient could be followed (five years).

Analysis of Fig 2.121

The case in Fig. 2.121 was even more advanced than that in Fig.
2.120a. The central dense white infiltration area contained granu-
lomatous reactions against Descemet’s. This, together with a fre-
quently recurring central HSV ulcer, was the indication for kerato-
plasty in the active stage in order to remove all persistent HSV foci
and all sites of granulomatous reactions, which were the cause for
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chronic non-healing disease. After surgery, the eye calmed down
perfectly with no HSV recurrence and no immune reaction as long
as the patient was kept under an efficient regime of systemic im-
munosuppressive agents plus systemic ACV (Fig. 2.121b). In the
long run, such eyes may again experience HSV recurrences and
immune reactions, but this must not invariably be so. Even if one
or the other HSV recurrence complicates the late course after with-
drawal of systemic ACV prophylaxis, the postoperative situation is
by far better than the presurgical one: by perforating keratoplasty,
the eye is turned from a blind, continuously inflamed, conserva-
tively untreatable one into a seeing, quiet eye. By perforating
keratoplasty, the many years of herpes illness are practically also
“excised” and the “disease timer” is turned back to the time before
the first HSV disease started. The chances for a vision-preserving
therapy are good again.

Analysis of Fig 2.122

The severe ulcerating interstitial HSV keratitis in Fig. 2.122a could
presumably have been effectively treated by a systemic and topi-
cal combination therapy of ACV plus steroids. However, it would
have taken months before the eye would have become “quiet”.

Fig. 2.121 Heavily scarred, vascularized, and infiltrated herpes cornea before (a) and 5 months after surgery (b)



Thereafter, perforating keratoplasty probably would have had to
follow in order to sufficiently restore function. Given the alterna-
tive choice to immediately undergo keratoplasty a chaud, the pa-
tient decided to go with keratoplasty in order to spare months of
blindness, months of treatment, and overall expenses. That was
the right decision for him: the eye had much improved already
a couple of days after surgery (Fig. 2.122b). After four months
(Fig. 2.122c), the “disease timer” in this eye was put back to the
time before the first herpes disease now again with good chances
to preserve good function of an eye which was previously blind
and chronically inflamed.

The above shown three cases could be misunderstood as a gen-
eral plea to perform more keratoplasty & chaud in severe HSV
disease of the cornea. This is not what is intended. The inten-
tion is to show that those who possess sufficient diagnostic,
therapeutic, and surgical abilities must not be anxious to per-
form keratoplasty a chaud. With proper skills, the results after
keratoplasty a chaud are comparable to those of keratoplasty
in “quiet” eyes.

Before deciding to go with a rapid emergency keratoplasty,
however, the possibilities and chances for a planned kerato-
plasty with a well-HLA-matched corneal graft should also be
considered and discussed. This is a still debated topic, although
optimal HLA matching has definite advantages over random

Fig. 2.122a-c Large deep HSV ulcer with extended interstitial in-
filtrations and bullous areas removed by keratoplasty a chaud (see
text)

transplantation. The organization of efficient HLA matching is
so time and money consuming, however, and the advantages
are so rarely evident within the first years after surgery, that the
excellent long-term advantages of matching have as of yet been
mostly ignored. Corneal surgeons have still to be convinced,
that optimal matching is codecisive for the long-term survival
of corneal grafts, i.e., whether a graft survives only ten years,
or 20 years and longer. The many complex aspects of matching
cannot be discussed here. For introduction, the reader is re-
ferred to the small symposium booklet of Sundmacher (2003)
or other recent summaries. If HLA matching can be organized,
it is worthwhile to undertake this laborious, expensive, and
longer way of rehabilitation. One should then refrain from ker-
atoplasty a chaud with a random transplant, and should con-
tent oneself with “quietening” the inflamed eye as a presurgical
measure, and postpone keratoplasty to the time when an excel-
lently matched corneal graft would have become available. This
is an especially important aspect for all younger patients.

While HLA matching improves long-term prognosis, the
following five complications are decisive for short- and medi-
um-term success of keratoplasty, i.e., the time range of 5-10
years after surgery.




Section 2.14

2.14.D.2.1 Dry Eye Complications

Analysis of Fig 2.123

Herpes eyes frequently suffer from tear film deficits. After kerato-
plasty, the surface problems usually become even more severe.
Therefore, prophylactic dry eye therapy is mandatory as a basic
measure after every keratoplasty in herpes eyes. It should be so
efficient in protecting the epithelial surface that pseudodendrites
as in Fig. 2.123 cannot develop. For differential diagnosis to HSV
dendritic keratitis, refer to Sect. 2.5. If pseudodendrites arise, ei-
ther dry eye prophylaxis was under-dosed, or the dry eye situa-
tion was so severe that conservative prophylaxis alone could not
sufficiently protect the epithelium. Then, additional measures
may become necessary, above all, occlusion of the lacrimal puncti
or even intercurrent occlusion of the lids (see Fig. 2.124).

With pseudodendrites, the necessary postoperative steroid pro-
phylaxis becomes impossible by the normal topical route. Then,
steroids have to be given systemically or subconjunctivally (crys-
talline steroid depots) until the transplant epithelium has regen-
erated to such a degree as to again tolerate steroid ointments or
eye drops. If the dry eye situation is so severe that no steroids at
all can be given, this can usually be anticipated before surgery.
In those rare cases and in severe diabetes, non-steroidal systemic
immunosuppressive agents (mycophenolate mofetil, for example)
are excellent alternatives to steroids.

Analysis of Fig 2.124

A therapeutic soft contact lens together with frequent applications
of artificial tears (without preservatives) for treatment of pseudo-
dendrites after keratoplasty is a two-edged measure, because it
puts additional stress on the transplant. It is recommended for
very experienced ophthalmologists only. Sometimes it is safer
and easier to close the lids over the operated eye for a few weeks
by simple mattress sutures through the lid margins leaving the in-
ner lid fissure open for therapy and inspection (Fig. 2.124) until
the epithelial surface of the transplant has become stable.
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My personal experiences with botulinum injections into the up-
per lid in order to close the eye permanently but temporarily in
severe dry eye conditions, are not really rewarding, and | do not
recommend this method.

2.14.D.2.2 Immune Reactions

Immune reactions and HSV recurrences are the major causes
for irreversible transplant failure in herpes eyes. Immune reac-
tions are more frequent than herpes recurrences (Fig. 2.125),
and they lead much quicker to functional transplant failure.
Therefore, they are acutely more dangerous than HSV recur-
rences, and if both develop together, which often is the case,
therapy must primarily be directed towards stopping the im-
mune reaction as quickly as possible. Only thereafter, one can
focus on maximal treatment of HSV recurrences.

The risk of a transplant failure because of an immune reac-
tion within the first 1-2 years after keratoplasty depends above
all on the efficiency and duration of the postoperative immune-
suppression. If prophylaxis is optimal, predisposing factors like
grade of corneal vascularization, grade of inflammation, and
limbal touch of the transplant play much less a role than com-
monly thought. Among the three aforementioned, the limbal
position of a graft has the greatest negative impact.

While routine prophylaxis with systemic and topical steroids
is mostly sufficient to control immune reactions after kerato-
plasty in herpes eyes, the often long duration of this steroid ap-
plication is a rather two-edged measure, because it triggers the
clinical manifestation of herpes recurrences at the same time.
Therefore, these must always also be prophylactically inhibited
by systemic ACV prophylaxis. As efficient as this ACV prophy-
laxis may be, it would certainly be preferable not to have to fight
continuously against the virus-promoting steroid action. This
can be achieved by performing the necessary immune prophy-
laxis with a non-steroidal systemic immune suppressive agent.
Such an agent exists. It is mycophenolate mofetil (MMF), which
in combination with systemic ACV can be given for a year or

Fig. 2.123 Pseudodendrite on a corneal transplant in a herpes eye
(fluorescein)

Fig. 2.124 Temporary surgical lid closure
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Fig. 2.125 Cumulative frequencies of immune reactions and HSV
recurrences in 29 herpes patients after triple procedure (from: Sund-
macher R., Wolf M., (1993)

longer if necessary. MMF offers a reliable immune-suppressive

protection (see Reis 2001).

The cumulative incidences of immune reactions and herpes
recurrences after keratoplasty in Fig. 2.125 must not be misun-
derstood as reflecting average or optimal incidences. They just
give a historic example with a historic immune-suppressive
and antiviral prophylaxis, which can certainly be made more
efficient by more effective drug combinations.

However, the curves in Fig. 2.125 contain messages which
are generally helpful for the design of prophylaxis of complica-
tions and for long-term control of keratoplasty patients:

1. The greatest danger for immune reactions and herpes recur-
rences is within the first year after keratoplasty. A full-dose
systemic protection (e.g., with MMF plus ACV) should
therefore be given for the whole first postoperative year.

2. Thereafter, immune reactions become rare even without
immune prophylaxis. Inmune reactions may unexpectedly
arise anew, however, even after many years.

3. New herpes recurrences are also rarely observed after one
year even without antiviral prophylaxis. This complication
is initially less frequent than immune reactions. However, as
its potential threat seems to last indefinitely, over the years,
one probably has to deal with more herpes recurrences than
with immune reactions. The differential diagnosis between
both of them is presented in detail in the picture part.

Detailed analysis of Fig 2.126

Clinic: Topical immune prophylaxis with steroid eye drops 3 qd
had been tapered to 2qd 3 weeks ago. The patient experienced
some slight blurring of vision without other complaints and with
the eye staying white. The upper half of the transplant exhibited a
moderate edema with a sharp demarcation line of fine endothe-
lial precipitates to the transparent corneal tissue. Only single cells
were detected in the aqueous humor, and no Tyndall, and no el-
evated pressure.

Diagnosis: Endothelial immune reaction with Khodadoust line
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Fig. 2.126 Endothelial immune reaction with Khodadoust line

creeping from the 12 o'clock position downward and now ap-
proaching the optic center of the pupil.

Differential diagnosis: None. The relatively “quiet” eye without
much inflammatory material in the anterior chamber and without
redness is often seen with this type of acute immune reaction, es-
pecially if a basic steroid prophylaxis is still given. A Khodadoust
line is one typical form of acute endothelial immune reaction after
keratoplasty.

Therapy: Steroid eye drops hourly for at least 12 hours during
daytime and steroid ointment at night are the most effective
measures. Additionally, subconjunctival injection of a crystalline
steroid is advisable. Systemic steroids are not absolutely neces-
sary if the patient is compliant with the topical therapy. It is nec-
essary, however, to protect the eye with an efficient antiviral ACV
regime against intercurrent herpes recurrences, which may be
triggered by this high steroid therapy. Effective ACV prophylaxis
is by 200mg 5qd (400 mg 3 qd) and should be given as long as
the patient receives more than steroid eye drops 2 qd. Thereafter,
the ACV prophylaxis can be stopped with the patient’s disease still
under control. An immunologically caused corneal edema, such
as that in Fig. 2.126 often regresses completely leaving a clear
transplant, if treated quickly and efficiently enough. The endothe-
lial damage is demonstrable, however, by a reduced endothelial
cell count of the transplant, which makes it more vulnerable for
future immune attacks.

Analysis of Fig 2.127

The case in Fig. 2.127 exhibits a more aggressive form of immune
reaction with a Khodadoust line, which creeps up over the pupil
area from the 6 o'clock position. The lower half of the transplant is
already severely edematous with macroscopically visible corneal
folds, and vision is correspondingly reduced. The aqueous humor
contains more inflammatory material than in Fig. 2.126, and the
conjunctiva is more inflamed. This is because the patient was
already off of all immune-prophylaxis, when the endothelial im-
mune reaction hit the transplant 11 months after surgery. With
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Fig. 2.127 A more aggressive endothelial immune reaction with
Khodadoust line

intensive therapy (see Fig. 2.126), this transplant also has a good
chance to clear after a few weeks and to keep clear for many more
years.

Detailed analysis of Fig 2.128

Clinic: Three months after surgery, topical steroid prophylaxis had
been reduced from steroid eye drops 4 qd to 3 qd. No ACV prophy-
laxis was given. The patient experienced a rapid increase in eye
redness together with a loss in vision within “a number of days".
The conjunctiva was severely injected, and the transplant was
completely edematous, however, with varying intensity. The in-
traocular pressure was elevated above that of the normal partner
eye (about 35mm Hg, as estimated by digital palpation). There
were no details visible in the anterior chamber.

Diagnosis: Peracute endothelial immune reaction, concomitant
with intraocular HSV recurrence.

Differential diagnosis: None. The increased intraocular pressure is
a clear indicator for intraocular HSV replication and, thus, for an
intraocular HSV recurrence. From what can be seen from the iris,
a focal serous HSV iritis is not the problem. It seems that HSV tra-
beculitis is the main cause for the red eye as well as for the clearly
elevated pressure. The pressure is not so high that it alone could
be responsible for the massive total transplant edema. The do-
nor corneal rim is clear. The transplant endothelium is, therefore,
probably additionally damaged by an immune reaction attacking
the complete endothelial backside of the transplant.

Therapy: Considering both diseases involved, immune reaction is
acutely the most dangerous one and must be treated topically, as
outlined in Fig. 2.126. Additionally, a moderate dose of systemic
steroids (30-40 mg of fluocortolone, or equivalents) is advisable.
The normal antiviral prophylaxis, as outlined above, is insufficient
here. We need effective systemic ACV therapy, at least 400 mg
ACV 5qd or, even better, the maximal ACV dose of 800mg 5qd,
in order to stop the HSV trabeculitis. Without maximal ACV, the
intraocular HSV disease would “explode” with so many steroids. As
soon as the transplant starts to clear, tapering out of the systemic
steroids can be started. The topical steroids and the systemic mas-
sive ACV therapy are still kept unchanged. Once the transplant

Fig. 2.128 Acute endothelial immune reaction, associated with a
concomitant intraocular HSV recurrence

has mostly cleared and most of the endothelial precipitates have
gone, the topical steroid regime can also slowly be reduced. Con-
comitantly, the systemic maximal ACV therapy is reduced to nor-
mal therapeutic levels (400 mg 5 qd) and, a couple of weeks later,
to prophylactic levels (200 mg 5 qd). Systemic ACV prophylaxis is
kept on as long as the topical steroid regime is more than 2 qd.

Analysis of Fig 2.129

Not rarely, the endothelial precipitates of a Khodadoust line be-

come clearly visible only after a number of days (or even weeks)

of intensive steroid therapy. Figure 2.129 is shown to remind that

topical steroid therapy must never be stopped before all precipitates

have resolved. Not even a single precipitate on the transplant must

be left untreated. At the earliest 2-3 weeks after the last precipi-

tate has gone, the last drop of steroids can also be withdrawn.

Thus, the therapeutic sequence of the state in Fig. 2.129 could

be:

e steroid eye drops 5-4qd until only single separated precipi-
tates remain on the endothelium,

o steroid eye drops 3 qd until the last precipitate has gone,

o thereafter, tapering from 2qd to 1qd to zero within 2-3
weeks,

e continued ophthalmological controls with 2, 4, 6, and 8 week
intervals in order to detect an insidious recurrence of immune
reaction, which the patient himself is unable to notice in time.

Analysis of Fig 2.130

Acute immune reactions, as shown in the Figs. 2.126 to 2.129, may
be therapeutically turned into chronic immune reactions. Howev-
er, chronicimmune reactions may also be a primary phenomenon
(Fig. 2.130).

Typically, the endothelium of the graft is sparsely scattered with
fine precipitates which cannot be found on the host endothelium.
The endotheliitic nature of these precipitates is exhibited by their
diffuse distribution (iritic precipitates would show a more trian-
gular basal distribution), and also by some associated slight en-
dothelial cell edema, best visible with an endothelial microscope.



Fig. 2.129 Endothelial Khodadoust line in the course of treatment

The endothelial cell damage is so slow and focal in these cases,
that the development of frank corneal edema takes months. Also,
the eye may remain perfectly white and unsuspicious. The ante-
rior chamber is free of inflammatory products, and the control-
ling ophthalmologist, who is unfamiliar with chronic immune
reactions, regularly misunderstands the precipitates as inactive
remnants of past intraocular inflammation, which need no further
attention.

Chronic endothelial immune reactions do not call for hectic ac-
tivity and not even for intensive therapy. It suffices to treat pa-
tiently with steroids eye drops 3 qd until the very last precipitate
has gone and taper out thereafter, as described for Fig. 2.129. If
handled this way, primary chronic endothelial immune reactions
do not significantly limit function and life span of corneal trans-
plants. No anti-herpetic cover is normally needed together with
these limited daily doses of topical steroids, if more than one year
has elapsed since surgery.

Fig. 2.130 Primary chronic endothelial immune reaction

Analysis of Fig 2.131

Much rarer than chronic endothelial is chronic stromal immune

reaction with nummuli (Fig. 2.131). From their appearance, kerato-

plasty nummuli are indistinguishable from adenovirus nummuli.

Both have the same pathophysiology, a cellular immune reaction

against viral or HLA antigens in the cell membrane of the kera-

tocytes. Taking all clinical signs and circumstances together, the
differential diagnosis is mostly easy:

e Adenovirus nummuli do not develop without preceding in-
flammatory keratoconjunctivitis. They may also affect the host
cornea of a keratoplasty eye.

e HLA-reactive nummuli arise insidiously only in the stroma of
the donor cornea without preceding keratoconjunctivitis.

e Adenovirus nummuli often recur after topical steroid treat-
ment, irrespective of how slowly the steroid was tapered out.

e HLA-reactive nummuli can also recur, even after months and
years, if a change in the immune “surveillance” allows for a new
immune attack. If treated long and sufficiently enough, how-
ever, they mostly disappear without recurrence.

Fig. 2.131a,b Chronic stromal immune reaction with nummouli (see text)
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e Although looking more impressive than chronic endothelial
immune reactions, these chronic stromal reactions do not irre-
versibly damage the donor cornea within a number of weeks or
months. The donor cornea can do well without some immuno-
logically destroyed keratocytes. Above all, donor keratocytes
can also partially be substituted by invading new host kerato-
cytes.

Treatment is the same as with chronic endothelial immune reac-
tion, starting with steroid eye drops 3 qd. An end point for therapy
is much more difficult to define biomicroscopically because the
disappearance of all infiltrating cells from the stroma is not easy
to judge. Itis recommended to treat additional 6-8 weeks beyond
the point of presumed healing before tapering out. With such
low doses of topical steroids, side effects are normally of limited
importance. Also, no antiviral cover is needed together with low
daily doses of steroid eye drops, if surgery took place more than
one year before.

2.14.D.2.3 HSV Recurrences

After the dry eye complications and immune reactions, HSV
recurrences are the third frequent complication after kerato-
plasty in herpes eyes, and they take the second most danger-
ous, after immune reactions.

Different to unoperated herpes eyes, where epithelial and
stromal HSV disease is on an average the most frequent, HSV
recurrences after keratoplasty in herpes eyes are most fre-
quently observed intraocularly, with HSV iritis being the most
frequent complication.

That has to do with the cutting of all corneal nerves in the
course of surgical trephination. This blocks the free access of
virus to the donor corneal stroma. A shedding of HSV from
nasociliary nerve ramifications is possible only intraocularly
or at the circumcision line in the cornea. Consequently, epi-
thelial HSV recurrences can start only adjacent to the trephi-
nation line.

One would expect that dendritic recurrences along the
trephination line and intraocular recurrences should have
about the same incidence after keratoplasty. The fact that iritis
is more frequently observed, must have an additional explana-
tion, which I cannot give to date.

Detailed analysis of Fig 2.132

Clinic: 15 months after keratoplasty, the patient noticed an in-
creasing redness of the eye with some slight visual irritation, but
not much reduction. At this time he was already off all antiviral
and immune suppressive prophylaxis. A suture correction had
been necessary a week ago, and the patient claimed that discom-
fort and irritation had started “some days after”. There had been
no antiviral prophylaxis after suture removal. The pupil, which
had been perfectly normal before, was now irregularly shaped
without synechiae. The donor button was clear. Its endothelium
was scattered with medium sized grey precipitates in a triangular
distribution, some precipitates reaching more upwards on both
sides of the button. The precipitates were also found on the basal
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host endothelium. The aqueous humor showed inflammatory
cells 1 %2+ and some Tyndall. The intraocular pressure was slightly
elevated above the level of the normal fellow eye (22 mm Hg ver-
sus 16 mm Hg).

Diagnosis: Recurrent HSV iritis after keratoplasty in a herpes eye,
presumably triggered by suture removal.

Differential diagnosis: None. All typical signs of HSV iritis are pres-
ent (see Sect. 2.9). Coexisting corneal endotheliitis should exhibit
corneal or at least endothelial edema associated with the precipi-
tates. This was not the case. A noteworthy HSV trabeculitis was
also absent. With trabeculitis, the intraocular pressure rise should
have been higher and the redness of the conjunctiva and episclera
much more intensive. An endothelial immune reaction - which
would have been the worst possible concomitant complication —
could also be excluded, because of lack of any endothelial edema.
It is possible that the intraocular recurrence was triggered by
the corneal trauma of suture correction some days before. Such
a complication would have been prevented by applying 400 mg
ACV 3 qd for about a week after suture correction. In fact, as trau-
matic triggers of herpes recurrence seem to become operative
rather rarely, systemic ACV prophylaxis after suture removal in
herpes eyes is not a must, but it is recommended, especially if no
routine control can be performed for about a week thereafter.
Therapy: The same systemic and topical combination therapy
with ACV plus steroids is applied as for HSV iritis in unoperated
eyes (see Sect. 2.9). Care has to be taken not to overlook the po-
tential development of an additionally evolving immune reaction
triggered by the inflammatory irritations of HSV disease. If this oc-
curs, the therapeutic dose of systemic ACV (400 mg 5 qd) must be
at least maintained, and the topical steroid therapy immediately
increased to hourly applications (see Fig. 2.126). Mostly, if treat-
ed quickly and consequently, such recurrent iritic complications
leave no permanent functional damage.

Analysis of Fig 2.133

Figure 2.133 illustrates that recurrent dendritic keratitis in the graft
typically starts adjacent to the trephination line. This is explained
by the cutting of all sensory nerves in this circumference. It is also
conceivable that late recurrences are located more centrally in-

Fig. 2.132 HSV iritis after keratoplasty



Fig. 2.133a,b Early and late recurrences of HSV dendritic keratitis in the graft. a Fluorescein. b Bengal-Rose

side the donor button, because there may be some nerve regen-
eration also in herpes eyes after keratoplasty — though much less
than in keratoconus eyes. It is less easy to understand why the
“normal” dendritic keratitis on a graft often develops centripetally
and prefers to infect donor button epithelium.

Treatment is the same as for dendritic keratitis in unoperated eyes
(see Sect. 2.5). If additional safety is desired against development
of concomitant HSV recurrences at other sites of the eye, 200 mg
ACV 5qd (400mg 2-3qd) can be given prophylactically. A fur-
ther increase in ACV dose to 400 mg 5 qd satisfies all prophylactic
and therapeutic requirements one could imagine. Normally, such
therapeutic and prophylactic intensity is not necessary, provided
frequent ophthalmologic controls are feasible.

Analysis of Fig 2.134

If recurrent dendritic keratitis develops unrecognized in a patient
who is still under steroid prophylaxis, an expansion of the lesion
to a superficial geographic ulcer may occur. This geographic le-
sion may then also involve the host cornea and the limbus area

(Fig. 2.134, for geographic keratitis compare Figs. 2.29 to 2.31). Be-
cause of the severity of this complication, systemic ACV therapy
(400mg 5qd) is advisable in addition to topical antiviral therapy.
If the steroids cannot be reduced quickly (e.g., because of a yet
insufficiently treated immune reaction), the systemic ACV must be
maximally dosed (up to 800 mg 5 qd).

Detailed analysis of Fig 2.135

Clinic: This patient was still treated with steroid eye drops 4qd
for an endothelial immune reaction. No antiviral cover was given.
When he noticed an increasing redness of the eye, he saw his oph-
thalmologist who found a shallow oval ulcer in the trephination
line at 7 o'clock From there, epithelial defects suspicious of HSV
etiology followed the trephination line to 6 and 8 o'clock, respec-
tively.

Diagnosis: Recurrence of a dendritic keratitis along the trephina-
tion line, partial expansion to geographic keratitis.

Differential diagnosis: None. The pathognomonic epithelial mi-
crodestructions of HSV dendritic keratitis were clearly visible at

Fig. 2.134 Geographic expansion of an undetected dendritic HSV
recurrence with ongoing topical steroid prophylaxis

Fig. 2.135 Late epithelial HSV recurrence triggered by a still ongo-
ing steroid therapy of an immune reaction
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the endpoints of the efflorescence (see Sect.2.5). The eye ap-
peared relatively red for dendritic keratitis only and with concomi-
tant steroid application. However, no other HSV recurrence was
detected, especially no intraocular disease.

Therapy:Large areas of the transplant were still hazy fromimmune
reaction. Total withdrawal of the steroids would have meant a
dangerous drawback for the recovery of the transplant. Therefore,
it was decided to give the maximum systemic ACV dose (800 mg
5qd), which would treat dendritic keratitis effectively and simul-
taneously inhibit additional HSV complications under a modified
ongoing steroid therapy. The steroid eye drops were immediately
stopped and substituted by 30 mg fluocortolone orally 1qd plus
a single subconjunctival injection of a crystalline steroid depot.
Thus, direct application of the necessary steroids on the corneal
epithelium was reduced. Additionally, ACV ointment was applied
5qd. The dendritic keratitis healed promptly within a week, and
the transplant did not deteriorate. Thereafter, systemic ACV was
reduced to normal therapeutic levels (400 mg 5 qd), the systemic
steroids were quickly tapered out, and steroid eye drops were
re-instituted as needed. After two weeks, the systemic ACV was
further reduced to prophylactic levels (200mg 5 qd). These were
given until the steroid eye drops could be reduced two 2 qd.
Such courses teach us that significant steroid therapy must al-
ways be accompanied by an antiviral cover in herpes eyes, and
above all in herpes eyes after keratoplasty. If just 400 mg ACV 3 qd
would have been given from the beginning of steroid treatment
of the immune reaction, no such HSV complication would have
occurred.

Analysis of Fig 2.136

Figure 2.136 shows a historic case from the times when no effec-
tive antiviral therapy was available and a precise knowledge of
the clinical appearance of HSV recurrences was also lacking. How-
ever, steroids were deliberately given in high doses to inhibit im-
mune reactions. A small epithelial defect in the trephination line
expanded quickly to geographic dimensions. From there, dense
infiltrations expanded rapidly into the deep stroma of the donor
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button. The true nature of ulcer and infiltrations (i.e., dendritic re-
currence in the trephination line with geographic ulceration and
explosive interstitial HSV keratitis under steroid monotherapy)
were not correctly identified. Instead, a severe immune reaction
was thought to be the most probable diagnosis. When the ste-
roids were finally withdrawn due to ulceration which was too se-
vere, the donor button infiltrated even more rapidly. Finally, the
only way to save the eye and avoid enucleation was to cover the
ulcer by a conjunctival flap (see Fig. 2.116, same patient).

Such experiences make us appreciate how much progress we have
made with the availability of systemically applicable ACV and with
the principles of antiviral plus immune-suppressive combination
therapy. Following these principles, downhill courses like that of
Fig. 2.136 are no longer possible.

Analysis of Fig 2.137

Sometimes, keratoplasty is performed for corneal scars of un-
known etiology.

Neither patient, nor ophthalmologist, nor corneal surgeon had
ever considered herpes in the case of Fig. 2.137, and if they had,
they did not communicate. When this patient was sent for a sec-
ond opinion, because of a non-healing epithelial ulcer at 6 o'clock
in the trephination line, he stated on request to have never re-
ceived the diagnosis of herpes. His doctor assumed that some
chronic trophic problem was the cause for the ulceration, and he
had given him systemic steroids instead of topical ones for im-
mune prophylaxis. The ulcer’s borders did not reveal typical epi-
thelial HSV microdestructions. There was no evident reason for a
trophic complication. The position of the ulcer in the trephination
line led to the suspicion of a HSV recurrence, which had taken a
geographic appearance under steroid therapy. A combination
therapy was immediately begun as described for Fig. 2.135. A PCR
test confirmed the herpes etiology of the ulcer ten days later. At
this time, the ulcer had already healed under systemic ACV plus
some systemic steroids plus topical ACV ointment.

This case example is presented as a memento that every corneal
ulcer of unknown origin in a keratoplasty eye should be suspected

Fig. 2.136 HSV recurrence with large geographic keratitis and HSV
interstitial keratitis

Fig. 2.137 HSV recurrence in a keratoplasty eye without herpes his-

tory (fluorescein, Bengal-Rose)



as herpetic until proven otherwise. Currently, PCR tests are the best
way to prove or exclude herpes etiology. If the clinical suspicion of
HSV etiology is strong — as in this case — antiherpetic combination
therapy should immediately be instituted on suspicion only, and
no time should be wasted by waiting for PCR results.

Analysis of Fig 2.138

The course in Fig. 2.138 is extraordinary. Two keratoplasties had
already failed in this herpes eye, each time with severe inflamma-
tions. The corneal transplant in Fig. 2.138a was the third one. ACV
prophylaxis was not yet routinely possible in those years, but steroid
prophylaxis was given (steroid eye drops 5qd, systemic fluocor-
tolone just tapered out). On a trip to South America, the patient
was struck again by a severe inflammation in the keratoplasty eye
and returned immediately for control and treatment. The trans-
plant was edematous. Along the whole nasal circumference from
7 over 9 to 12 o'clock, host as well as donor cornea were massively
infiltrated along the trephination line (Fig. 2.138b). There was a
wound gap with fistulation of aqueous humor, and the intraocular
pressure was zero. A diagnosis was made of a recurrence of acute
necrotizing HSV keratitis in the graft and the adjacent host cornea,
and maximally dosed combination therapy was instituted with
systemic ACV, which had only recently become available, and with
moderate doses of steroids. No antibiotics were added as there
was no sign of microbial (super)infection. The anterior chamber
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exhibited only little inflammation. Immediate surgical closure of
the opened keratoplasty wound was impossible because of the
massive infiltrations, and an immediate re-keratoplasty was also
impossible. Instead, high doses of azetazolamide were given in
order to suppress aqueous humor production and thus facilitate
spontaneous wound closure. This therapeutic policy saved the
eye. The infiltrated areas scarred and the wound closed tightly.
However, the function of the graft could not be sufficiently re-
stored. Secondary calcifications were too massive (Fig. 2.138c).
Therefore, the graft was exchanged half a year later, and with a
combination prophylaxis of the duration of one year (ACV 200 mg
5qd plus systemic and topical steroids), the fourth graft was fi-
nally a full success.

A morphologic differential diagnosis of the dense infiltrations on
both sides of the trephination line (Fig. 2.138b) is impossible from
the photograph only. The infiltrations closely resemble those of
recurrent amebic keratitis (Fig. 2.145a). One has to have a good
personal knowledge of the course and the pre-keratoplasty find-
ings in such an eye to be sure that one deals with a recurrence
of necrotizing HSV keratitis. Without such knowledge, a potential
amebic etiology must be kept in mind, especially when the infil-
trations do not respond as promptly to an intensive antiherpetic
therapy as expected. For experiences with amebic infections,
herpes, and keratoplasty see 2.14.E: Special Problem: Amebic
Keratitis.

Fig. 2.138a-c Acute necrotizing interstitial HSV keratitis in the
graft and the adjacent host cornea (see text)
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2.14.D.2.4 Secondary Glaucoma

Glaucoma is an often overlooked severe problem which occurs
following keratoplasty, and especially after keratoplasty in her-
pes eyes. It is the most frequent cause for “unexplained” graft
failure within the first couple of years. Typically, neither im-
mune reactions nor herpes recurrences are observed, and the
graft becomes gradually edematous and grey without inflam-
mation (see Fig. 2.139).

It comes as no surprise that secondary chronic glaucoma is
disproportionately frequent in herpes eyes.

First, every intraocular HSV disease leads to acute pressure
rise. The higher the pressure rise the more HSV trabeculitis is
involved. This leads to increasing trabecular damage with ev-
ery disease attack.

Second, the steroid responders among the keratoplasty pa-
tients further increase the risk of undiagnosed secondary glau-
coma, leading not only to insidious transplant failure but, in
the long run, also to papillary atrophy from glaucoma.

As every ophthalmologist is familiar with these risks, the
question remains why is chronic glaucoma so often overlooked
in keratoplasty eyes?

The problem is above all a basic diagnostic one: We are used
to trusting the results of pressure measurements by applana-
tion tonometry in normal eyes, and we assume that pressure
measurements in abnormal eyes, i.e., eyes with corneal scars
and distortions, and in keratoplasty eyes, will be as reliable.
This is not the case. Aside from the difficulty that conventional
pressure measurements are often impossible to perform in ker-
atoplasty eyes, the resultant values are mostly wrong, and they
are mostly too low. We know this from comparisons with the
true intraocular pressure values as measured directly via can-
nula in the anterior chamber (see Figs. 2.140 to 2.142). Such
direct measurements are no option for routine diagnosis. Cur-
rently, the only available alternative for routine use is to esti-
mate the intraocular pressure by comparative digital palpation,
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as shown in Fig. 2.79. As old-fashioned as this may appear, it
is the most important single measure in the hands of an ex-
perienced ophthalmologist for the detection of glaucoma in
keratoplasty eyes.

The difficulties in evaluating the true intraocular pressure in
keratoplasty eyes must have consequences for the therapeutic
strategy. The general line should be not only to treat all cases
with doubtlessly elevated intraocular pressure, but also all bor-
derline cases: in dubio pro therapia.

A final remark to the problem of steroid responders in ker-
atoplasty:

If they are high responders, there is no other way than to
treat them from the beginning with non-steroidal immune
suppressive agents, e.g., cyclosporine A or mycophenolate
mofetil. If a high responder is detected only after having al-
ready developed severe glaucoma after keratoplasty, immune
therapy must immediately be changed to non-steroidal agents,
and the secondary glaucoma simultaneously be treated sys-
temically and topically.

If we deal with low responders “only’, it may suffice to get
over some weeks or months of slightly elevated pressure by
symptomatic therapy with azetazoleamide, until all steroids
can finally be withdrawn.

Analysis of Fig 2.139

Figure 2.139a,b shows a typical frustrating course of a severely
diseased herpes eye, in which immune reactions and herpes re-
currences were successfully inhibited, but the chronic glaucoma
was overlooked and led to insidious graft failure. The transplant
very slowly became edematous and grey. The reason is progres-
sive damage to the endothelial cells of the donor. While endothe-
lial cells in normal eyes are quite resistant to damage by chronic
glaucoma, donor endothelial cells are very easily damaged even
by comparatively slight pressure rises. This is widely unknown. It
is very important, therefore, to pay permanent attention to poten-
tial glaucoma damage in keratoplasty eyes.

Fig. 2.139a,b Chronic failure (b) of an initially excellent transplant, (a) by undetected chronic secondary glaucoma



Fig. 2.140 Preoperative intracameral pressure measurement via
cannula. Even if applanation tonometry is possible somewhere on
such a pathologic cornea, the resulting values would not be reliable.
The same holds true for applanation measurements on corneal grafts
(see Fig. 2.142)

2.14.D.2.5 |Irritating Sutures

Loosening keratoplasty sutures are a general surgical problem
and must not necessarily be discussed in this atlas. However, as
suture loosening is frequent after keratoplasty in herpes eyes,
this topic is also presented.

The most important predisposing factor for suture loos-
ening is a pathologic destruction of Bowman’s membrane in
the host cornea, so that it cannot serve as a reliable anchor
for the thin sutures. These tend to rapidly cut through, espe-
cially if suture tension was primarily too high. The second
important factor is infiltrations that lyse parts of the corneal
tissue. Both causes come together quite frequently in herpes
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Fig. 2.142a,b Comparison of true intraocular pressure as measured
via cannula with applanation tonometry in 49 keratoplasty eyes.
Tonometry gives mostly too low values in this situation (from: Marx
W. et al.,, 1999)

Fig. 2.141 Intracameral pressure measurement via cannula in an
eye with irregular corneal surface for comparison with applanation
values

eyes. The loosened suture loops irritate the corneal tissue, and
this irritation can trigger immune reactions as well as herpes
recurrences and can also promote microbiologic superinfec-
tions. The situation is quite dangerous, therefore, and calls for
immediate surgical correction by (partial) suture removal and
eventually new sutures. It should not happen that a control-
ling ophthalmologist, who himself is no corneal surgeon, tells
a patient with suture loosening that he should see his surgeon
“sometime”. He must tell the patient that suture loosening is
potentially dangerous and that the patient better sees his sur-
geon quickly.

A practical surgical advice may be added: The more de-
stroyed the corneal host cell rim, the more important it is to
use sutures with wide loop angles. The sutures which loosen
quickest are single sutures. They have no loop angle, and full
tension allows a rapid through cut. If surgeons use single su-
tures, especially in situations where the host cornea is “soft” and
infiltrated, they will have to use lots of them, and many will
have to be removed early as soon as they loosen, one after the
other. Working with single sutures only is a continuous compe-
tition between rapidity of wound healing and rapidity of suture
loosening and removal: which one is quicker and will wound
healing prevail?

With a single running suture, the loops have small angles
and some of them will also cut through and loosen focally.
Correction of a single running suture under topical anaesthe-
sia only is an exciting experience in some patients.

I have found that the best suture “in my hands” is a double
running suture with eight loops each resulting in wide loop
angles. If necessary, additional single sutures can be added for
adaptation of gaping wound margins. These single sutures can
be removed without disadvantage at any time. They become
superfluous after a couple of weeks anyway. With such a suture
strategy, suture loosening stops to be a significant problem in
keratoplasty (Sundmacher R., 1995).
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Fig. 2.143 Progressive suture loosening after keratoplasty with a single running suture in a herpes eye necessitating frequent corrections

(see text)

2.14.E Special Problem: Amebic Keratitis

Chronic interstitial amebic keratitis may deteriorate into a deep
amebic ulcer. Both are often mistaken for herpes keratitis. The
differential diagnosis has already been discussed (Sect. 2.6). Se-
vere pain is the most important symptom for amebic etiology.

However, the symptom of pain considerably decreases in
importance if a differential diagnosis has to be made in kerato-
plasty eyes. First, corneal pain is no longer reliable after kerato-
plasty, because all sensory nerves have been circumferentially
cut by trephination. Second, the herpes eyes operated on by
keratoplasty have already a preoperative sensory defect result-
ing from herpetic nerve destruction. Consequently, additional
nerve damage by entameba organisms looses most of its im-
portance for differential diagnosis.

The two cases presented here were further complicated by
the circumstance in which the general pathologists involved
were not sufficiently familiar with the microscopic diagnosis

of amebic cysts in the corneal stroma. The cysts were simply
overlooked, and the ophthalmic surgeon received no warning.
It is recommended, therefore, to explicitly ask general patholo-
gists, who have no special training in ophthalmic pathology,
to exclude an amebic etiology in all corneal buttons in which
amebic keratitis is a possible diagnosis.

Analysis of Fig 2.144

The features of amebic keratitis were still widely unknown when
the patient in Fig. 2.144a presented with an ulcerating interstitial
keratitis classified as herpetic. There was significant pain, but this
typical amebic symptom was then not correctly appreciated. As the
ulcer deteriorated under antiherpetic therapy, keratoplasty a chaud
was performed, but the graft quickly clouded again (Fig. 2.144b)
from what was thought to be either an immune reaction or a her-
pes recurrence. The true diagnosis of an amebic recurrence was not
detected until the ophthalmic surgeon gave direct notice to the
pathologist to also look for entameba cysts. The eye could be saved

Fig. 2.144a,b Ulcerating amebic keratitis (a), with amebic recurrence after keratoplasty (b)



morphologically by antiamebic drug therapy plus cryotherapy for
the scleral invasion of the organisms. But subsequent blinding from
intractable glaucoma could not be prevented.

Retrospectively, Fig. 2.144a and b fit well together. The presurgi-
cal picture is so suggestive of an amebic etiology with its central
oval ulcer that one wonders why the correct diagnosis was not
achieved in time. But the actual situation was such that the sur-
geon who had to deal with the situation in Fig. 2.144b had been
informed that this was a herpes eye, and the diagnostically deci-
sive corneal aspect of Fig. 2.144a was not available to him in time.
It was detected in the archives only years later.

Analysis of Fig 2.145

A preoperative picture of the eye of Fig. 2.145 has unfortunately
never been made. Reportedly, the patient suffered for many years
from recurrent herpes disease of the cornea, and the correctness
of the herpes diagnosis could not be doubted from the records.
The last recurrence did no longer respond to antiherpetic thera-
py as it had been regularly been the case before. Keratoplasty a
chaud became necessary with appropriate antiherpetic plus im-
mune suppressive combination therapy thereafter. Nonetheless,
already within a few weeks, a rapidly increasing infiltration of the
host as well as of the donor cornea was noted, which comprised
the whole circumference of the trephination line (Fig. 2.145a).
After a week, host as well as donor cornea started to ulcerate
in an upper quadrant of the trephination line (Fig. 2.145b). This
ulceration slowly became circumferential in spite of all vigor-
ous antiherpetic therapy. This was in striking contrast to positive
therapeutic experiences with similar looking but more localized
herpes recurrences (see Fig. 2.138). A suspicion of amebic super-
infection in a herpes eye arose. This entameba diagnosis could
be confirmed by histopathology after re-keratoplasty. Intensive
circular cryotherapy in order to damage remaining amebic cysts,
together with a years medical antiamebic therapy resulted in a
satisfying morphologic and functional rehabilitation. The patient
has had good vision with the second transplant for 20 years now,
with no recurrence of amebic disease, but some recurrences of
HSV disease, which could all treated in time without causing
much damage.

Unexplained therapy refractoriness could have alerted already be-
fore the first keratoplasty to the possibility of amebic superinfec-
tion of a herpes cornea. Additionally, the biomicroscopic features
of the recurrence in the graft were not typical for herpes. A herpes
recurrence would not primarily comprise the whole circumfer-
ence but only a limited sector (compare Fig. 2.138). Progression
of circular infiltration to circular ulceration is also not a typical fea-
ture of a herpes recurrence.
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Prophylaxis of HSV

Recurrences

Core Messages

* A systemic prophylaxis of endogenous HSV recur-
rences is possible by ACV 200mg 5-4qd or ACV
400 mg 3-2qd.

* Systemic prophylaxis is indicated for all periods with
increased risks of recurrences. This comprises iatro-
genic therapeutic triggers (steroid therapy) as well
as spontaneous situations with increased danger of
herpes recurrences (e.g., fever, sunburn, emotional
stress).

* Systemic prophylaxis may also be used for a pro-
longed period of time without identified triggers, if
a patient shall be given a longer physical and emo-
tional recovery time without anxiously expecting
new recurrences.

e Topical antiviral prophylaxis is also possible. How-
ever, its reliable protective potency is restricted to
the corneal epithelium.

Common questions of herpes patients are:

« What can I do against the frequent recurrences?
o Must I change my life?

« How can I enforce antiherpetic immunity?

o What else can be done?

It must then be explained that:

« Insufficient immunity is normally not operative as the pri-
mary trigger for HSV recurrences

o “Immunestimulating” measures,includingvaccinations, will
therefore not help and that the opposite is sometimes true

« The general trigger for herpes recurrences is stress in its
various forms

Having come so far with explanation, some patients will be-
come thoughtful and comment: “Well, I have been thinking
that myself before. But I really cannot see where my stress
comes from and, if I could, I would certainly not be able to
control it”

2.15

Others will frankly deny any stress in their life, although
their professional or family life contains lots of stress situa-
tions, as judged from the outside.

Therefore, educational talks about the etiologic role of
stress for herpes recurrences often have no or only little practi-
cal prophylactic consequences, although some herpes patients
may be helped in identifying and reducing their specific stress
situations. They may then indeed benefit from a change in life
attitude. The great majority of herpes patients, however, can
only be helped by medical means, and medical prophylaxis of
herpes recurrences is only operative as long as it is given.

A mostly efficient systemic prophylaxis against endogenous
HSV recurrences is by ACV 200mg 5-4qd (ACV 400mg
3-2qd). This prophylaxis has already been recommended in
the chapter on surgery in herpes eyes as the minimum dose of
ACYV in all combinations with steroids. This concomitant ACV
prophylaxis suppresses the clinical manifestation of new HSV
recurrences.

The indication comprises first of all identified triggers for
recurrences (e.g., steroids, fever, sunburn, surgery, emotional
stress). If children are known to react with herpes recurrences
on infectious fever, the parents can be provided with a dose of
prophylactic ACV tablets for a week, together with the advice
to administer it to the children as soon as temperature starts to
rise in the course of infection. Another example which enlight-
ens the role of psychologic stress is that of an old lady living
alone and coming only once a year with recurrent herpes, and
that is always some days before Christmas Eve. Evidently, her
personal situation puts too much emotional stress on her dur-
ing this time of the year. ACV prophylaxis for 3 weeks takes
away her fear of the otherwise invariably recurring herpes at
Christmas time.

ACV prophylaxis can also be indicated in patients without
an identified trigger. If a patient with frequently recurring HSV
disease anxiously awaits the next recurrence and is so sure that
it will come soon, then this anxiety causes so much stress that
the prophecy of soon-recurring herpes disease becomes self-
fulfilling - unless made impossible by systemic ACV prophy-
laxis.

Topical prophylaxis with antiviral agents is also possible, but
only to a rather limited degree. If deep herpetic eye disease is
treated with topical steroids only, then dendritic keratitis often
arises as a complication of steroid-monotherapy. These com-
plicating dendrites can reliably be prohibited by concomitant
topical antiviral therapy, e.g., by trifluorothymidine eye drops
or by ACV ointment. The reliable protective potency of topical
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TFT eye drops is mostly restricted to the corneal epithelium,
however, as TFT does not sufficiently penetrate an intact epi-
thelial surface. Therefore, for deeper tissues, TFT offers no safe
protection. The corneal penetration of ACV from ointment
may lead to a relatively higher concentration of the antiviral
agent in the cornea and in the anterior chamber. But with topi-
cal application alone, the high protective level of systemic ACV
prophylaxis also cannot be achieved.

For curiosity, the experiences with interferon prophylaxis
shall also be reported. Systemically applied interferon has side
effects which are far too severe to be considered as a potential
prophylactic agent against herpes recurrences. It was hoped a
while, however, that interferon eye drops 1qd would be able
to at least inhibit dendritic recurrences in the course of ste-
roid therapy, as does TFT. But even these much reduced ex-
pectations turned out to be wrong. The antiviral peptide in-
terferon was unable to prevent the complication of dendritic
lesions. The explanation is given in Fig. 2.146. When planning
the study, the pathophysiologic details of recurrent dendritic
keratitis were not adequately appreciated: The viruses caus-
ing epithelial disease are set free endogenously from sensory
nerve ramifications ending between the basal epithelial cells.
Cell infection and viral cytolysis therefore start in the basal cell
layer, and expand then upwards through the multilayered epi-
thelium. However, the superficial epithelial layer, which is then
still normal, is impermeable for water soluble molecules at that
time, and interferon molecules can only protect the superficial
epithelial cells. This is insufficient to prevent recurrent den-
dritic keratitis. It makes its way upwards from the basal cells
and finds enough unprotected epithelium in the deeper layers
to expand and then break up.
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Fig. 2.146 Interferon eye drops cannot penetrate an intact epithelial
corneal surface and thus cannot inhibit recurring dendritic keratitis
(see text)
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Varicella Zoster Virus
(VZV) Diseases of the

Anterior Segment
and the Adnexes

Rainer Sundmacher

Diseases caused by the alpha herpes viruses VZV and HSV
have so many clinical features in common that the classifica-
tion for HSV, as depicted in Fig. 2.1, is principally valid also
for VZV diseases. This sometimes makes clinical differential
diagnosis between them difficult, although many differences,
which facilitate differentiation, do exist.

3

Differential diagnosis is so important, because the sensitiv-
ity against antiviral agents and the therapeutic strategies often
differ considerably in the two disease groups. In Sects. 3.2-3.9,
the typical features of VZV diseases of the anterior segment and
the adnexes are presented with special emphasis on differential
diagnosis to the corresponding HSV diseases. A summary of
the most important differences is compiled in Sect. 3.10.



Zoster Pathophysiology

and Therapy

Core Messages

* The basic pathophysiology of ophthalmic zoster and
recurrent HSV eye disease is similar.

* In detail, there are multiple clinically important dif-
ferences between the two viral diseases.

* Basic therapy of ophthalmic zoster is with systemic
antiviral agents, e.g., ACV.

¢ Inthe beginning of zoster, a monotherapy with anti-
viral agents is recommended.

¢ In the later course of ophthalmic zoster, low-dosed
steroids may become additionally necessary.

* Peripherally persistent VZV infections are relatively
resistant to therapy.

Pathophysiology

The basic facts of zoster pathophysiology are identical with
those of recurrent HSV disease. After primary infection,
which is mostly clinically manifest as varicella, VZV remains
dormant in a latent state in neuronal tissues. From there, it
may be re-activated by adequate triggers, and then may cause
secondary peripheral disease, i.e., zoster, via endoneuronal
spread.

The detailed differences to HSV disease are multiple, how-
ever. They start with the virus properties. In contrast to HSV,
VZV particles are physically more labile, and VZV grows much
slower in tissue culture than HSV.

Primary infection is typically clinically apparent with VZV,
while with HSV it is typically unapparent (see Sects. 2.12 and
3.2).

For HSV disease, the site of primary infection is of ut-
most importance because it is identical with the site of re-
curring peripheral disease. This is different in VZV disease,
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where primary infection site and site of zoster disease are not
identical.

Also, the importance of viremia is different in both infec-
tions. In VZV primary infection, viremia causes dissemination
with cutaneous varicella eruptions and transportation of VZV
to the sensory ganglia, where the virus hides thereafter in la-
tency. On the contrary, HSV normally gains primary access to
its latency sites by the endoneuronal axoplasmatic route only.
Primary and recurrent infection site are strictly bound to each
other by the connecting sensory axons. HSV normally involves
just one or a rather limited number of ganglionic latency sites,
while VZV becomes latent in many dorsal root and cerebral
sensory ganglia. Viremia is also regularly present in zoster dis-
ease, although not always clinically manifest. Associated vari-
cella-like skin rashes, however, are not rare in conjunction with
typical sectoral zoster disease. As in primary infection, also in
recurrent HSV disease, viremia plays no role.

In the sensory ganglia, VZV seems to be able to establish
true latency, not only in the ganglia cells as HSV, but also in
the satellite cells.

Which mechanisms exert latency control on the cellular and
molecular level is still mostly unknown, especially with HSV.
With VZV, it is much clearer that cellular anti-VZV immunity
is of central importance. A critical lowering of specific anti-
VZV cellular immunity goes along with a loss of latency con-
trol of VZV, while in HSV disease, fluctuations in anti-HSV
immunity cannot be identified as primary triggers for recur-
rences. The most important primary trigger for HSV recur-
rences is stress in its various forms.

After HSV infection, endogenous recurrences - subclini-
cal and clinical ones - are relatively frequent, which leads to
recurrent boostering and a continuously high level of cellular
anti-HSV immunity. After VZV primary infection, subclini-
cal endogenous recurrences may also occur, but much more
rarely. In consequence, if no repeated contact is made with
external infection sources, above all with varicella patients,
and if immunity cannot be boostered by this external route,
specific anti-VZV cellular immunity tends to gradually go
down with age until it falls below a critical level, and zoster
disease becomes possible. This natural decline in immunity
is dramatically enhanced by all diseases which go along with
severe reduction in immunity. AIDS patients are just one espe-
cially afflicted group.

While for most people immunologic latency control of VZV
is currently still sufficient for their lifetime, a future increase in
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zoster incidence has to be expected just by general expansion
of life span.

The fact that zoster in “normal” immune-competent per-
sons is experienced only once in life is explained by the booster
effect, which increases anti-VZV immunity so much again,
that a sufficiently high level can be maintained for the rest of
life. The patient is immunologically quasi turned back to the
time when he was first infected with VZV decades ago. With
young zoster patients, the prospects are different, of course.
They have a higher statistical risk to experience disease a sec-
ond time. Severely immune-compromised patients, who are
unable to reach full immunologic protection, e.g., AIDS pa-
tients, are permanently at high risk of recurrent or even per-
sistent zoster.

While secondary HSV disease is characterized best by the
phenomenon of neuronal recurrence, secondary VZV disease,
especially eye disease, is additionally characterized by the phe-
nomenon of peripheral persistence. Others have termed this
phenomenon “peripheral latency”, which must not be mixed
up with true neuronal latency. It describes a persistence of
VZV in peripheral cells, in which the virus replicates so slowly
that the host cells are barely affected by the virus replication
alone. However, the host cells express VZV antigens, and these
elicit cellular immune reactions, which lead to chronic inflam-
matory disease. Such disease can easily be “pseudo-cured” by
steroids. After tapering of the steroids, however, the virus is
mostly still persistent and clinical disease recurs. Therefore,
such recurrences should be differentiated from endoneuronal-
ly recurring new herpes disease. They are, in fact, only pseudo-
recurrences. Subclinically persisting viral disease flares up and
becomes clinically visible again, as soon as immune cells are
free again to attack VZV antigens. Peripheral persistence is a
much more difficult therapeutic problem in VZV eye infec-
tions than in HSV infections, where it can also be observed.

Therapy

Different to antiviral therapy of HSV disease, which can of-
ten be topical, therapy of VZV eye disease is basically systemic.
Topical zoster therapy is at most supportive.

Both, HSV and VZV, can effectively be inhibited by ACV
and related drugs (see Pavan-Langston, 2008). VZV diseases
call for much higher doses of ACV, however, and for more
prolonged therapeutic strategies. This is not only explained by
different binding characteristics of ACV to its respective tar-
get enzymes. It is above all explained by a much slower virus
replication in VZV disease. As a rule, the activity of antiviral
agents goes down if the replication cycle of the target virus be-
comes longer. This is much more the case with peripherally
persistent VZV and its presumed minimal replication. It fol-
lows that VZV disease goes along with a relative refractoriness
in therapeutic response, which may be further enhanced if the
virus is allowed to stay in a state of peripheral persistence. The
only way to counteract is to treat zoster as efficient and as long
as possible.

Therapy of VZV eye disease has not been scientifically
evaluated for as many clinical situations as would be desirable.

That has to do with the many different clinical situations, each
of which is relatively rare. This makes controlled prospective
clinical trials difficult and often impossible. It is to be expected
that this lack of evidence based therapy will be a lasting one for
many zoster complications in ophthalmology. Therefore, the
detailed therapeutic recommendations in the clinical sections
hereafter can often only be experienced-based.

As just one basis for systemic therapy of zoster disease in
general, the recommendations of a consensus conference of
the German Paul-Ehrlich Institute from 2002 are included
(Table 3.1). Another recent review of the general therapeutic

Table 3.1 Antiviral therapy of zoster

Antiviral agent Dose Duration

of treatment

Aciclovir iv infusion  Adults* 7 days
5-10mg/kg body weight,

3qd

Children

10(-15) mg/kg body weight,
3qd

maximally 2.500 mg qd

Adults
800mg, 5qd

7 days

Aciclovir orally 7 days

Children and adolescents
15 mg/kg body weight, 5qd
(maximally 4.000 mg qd)

Brivudine
(BVDU) orally

Immune competent adults
125mg, 1qd

7 days

Children and adolescents
2mg/kg body weight, 1qd
(maximally 125 mg, 1 qd)

Famciclovir orally ~ Immune competent adults

250mg, 3qd

7 days

Adults with ophthalmic
zoster
500mg, 3qd

7 days

Immune suppressed 7 days
patients of over 25 years

500mg, 3qd

Children and adolescents**
125-250 (-500) mg, 3 qd

7 days

Valaciclovir orally ~ Immune competent adults

1.000mg, 3qd

7 days

* Recommended for patients with severe disease, especially for

immune-suppressed individuals, possibly not extending 10 days
of application.

** Brivudine and famciclovir are not yet licensed for use in children;
they may be used under study conditions only with appropriate

consent of the patients.

Adapted from: Wutzler etal (2003)



possibilities is given by Pavan-Langston (2008). While the rec-
ommended doses of the various antiviral agents in Table 3.1
are a generally accepted basis for zoster, the recommended du-
ration of treatment may suffice for dermal zoster, but is often far
too short for ophthalmologic indications. This will be addressed
in the clinical sections.

The most important factor for therapeutic success of sys-
temic zoster therapy is an early initiation of therapy. Best re-
sults are obtained with antiviral monotherapy starting no later
than 72 hours after beginning of the first symptoms. Thereafter,
therapy is still partly successful and necessary, of course, but
the chances for quick and complete recovery decrease.

Different to the treatment of deep HSV disease, which is
always with a combination of antiviral agents plus steroids, the
application of steroids in zoster is generally undesired because
of the much greater stabilizing role of immunology in VZV
disease, as compared with HSV disease. Nonetheless, in oph-
thalmic zoster, therapeutic compromises then must always be
made when the optic media are critically threatened by infiltra-
tion and destruction. Then, additional steroids often become
inevitable. However, the general therapeutic policy must al-
ways be to apply as little as necessary.

Two topics, postherpetic neuralgia (PHN) and vaccination,
had to be omitted because they are outside the scope of this
atlas. In spite of all therapeutic progress, it has not been pos-
sible to treat all zoster patients in such a way that PHN loses
all of its horrors. It is agreed, therefore, that the best way to
handle this severe complication would be to prophylactically
inhibit all zoster disease. This is a project which is based on
the possibilities which are offered by VZV vaccination with a
life vaccine. Vaccination is currently recommended in early
childhood and beyond the age of 60, which is easily under-
stood from the immunologic peculiarities after VZV infection,
as shortly presented above. Experiences with vaccination have
mostly been positive and encouraging. It is too early, howev-
er, for a final judgement (see recent summaries by Liesegang,
2008, and Gelb, 2008).
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Ocular Disease in the
Course of Primary VZV

Infection (Varicella)

Core Messages

¢ Ocular involvement in the course of varicella is rare.
Therapy must aim at the earliest possible onset of
systemic ACV therapy and at refraining from all ste-
roids.

¢ Dendritic complications are no problem. They heal
spontaneously.

e VZV interstitial keratitis and VZV endotheliitis may
necessitate additional therapy with low-dosed topi-
cal steroids in the later course if the corneal trans-
parency is seriously threatened.

* Steroid monotherapy of VZV interstitial keratitis and
endotheliitis is strictly contraindicated because of
the great risk of promoting peripheral persistent
VZV disease.

Ocular disease in the course of primary VZV infection (vari-
cella) does not seem to be a frequent problem, as judged from
the sparse reports in the literature.

The following case descriptions are examples of ocular dis-
ease after primary infection with VZV.

Analysis of Fig 3.1

The child in Fig. 3.1 exhibits an intermarginal VZV blepharitis,
which is barely visible from the distance and, therefore, easily
overlooked. Both eyes are white, from which the ophthalmologist
may take the message “no danger for the eyes”. This message is
correct. The small erosive intermarginal area in the middle of the
right lower lid resembles exactly that of recurrent intermarginal
HSV blepharitis (see Fig. 2.12) and not that of primary intermar-
ginal HSV blepharitis, as one could expect (see Fig. 2.105). The
probable explanation is that VZV has less attraction than HSV to
the intermarginal epithelium of the lids. It replicates much slow-
er than HSV. That leads to a rarer incidence and a milder form of
intermarginal blepharitis in the course of primary infection. If it
develops, it does not expand as rapidly as in HSV primary disease,
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Fig. 3.1 Varicella with intermarginal VZV blepharitis

and in the immune-competent individual, it heals quickly sponta-
neously. No antiviral therapy is needed.

Detailed analysis of fig 3.2

Clinic: The young lady in Fig. 3.2a exhibited a moderately severe
serous unilateral conjunctivitis (Fig. 3.2b) a couple of days after
initiation of a varicella rash. The corneal epithelium was normal at
that time, but in the corneal stroma, some flecks of very subtle in-
filtrations were visible with the slit-lamp. These infiltrations were
so faint that photographic documentation failed to unequivocally
show them. The aqueous humor was clear with no precipitates on
the endothelium. Intraocular pressure was normal.

Diagnosis: Serous conjunctivitis and beginning interstitial kerati-
tis in the course of primary VZV infection (varicella).

Differential diagnosis: None. The older a person at primary infec-
tion with VZV, the more severe varicella may develop - ocular com-
plications included. Such acute edematous swelling of the con-
junctiva is normally not seen with secondary VZV conjunctivitis
in zoster, but only with primary disease. Biomicroscopically, there
was no doubt as to the development of interstitial VZV keratitis.
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Fig 3.2a,b Varicella with VZV conjunctivitis and barely visible macular interstitial corneal infiltrations (see text)

The primary, exogenous infection must have affected the corneal
epithelium prior to expanding into the corneal stroma. Probably,
at the time of first ophthalmological investigation (Fig. 3.2b), the
epithelial disease had already spontaneously healed without se-
quelae (see Sect. 3.4).

Therapy: When this case was observed, systemic ACV therapy of
varicella was not yet available. No steroids were given. The pa-
tient recovered spontaneously without ocular sequelae. The faint
macular infiltrations resolved within a few months. It is reassur-
ing to know that interstitial VZV keratitis may heal completely
without antiviral therapy, provided no steroids have ever been
applied. In so far, the clinical situation with deep corneal disease
in varicella resembles that of nummular keratitis in the course of
adenovirus infection. From the latter disease, we also know that it
mostly spontaneously heals in the long run, provided no steroids
are ever given.

Nowadays, with ACV available, we would prefer not to completely
rely on spontaneous healing, but to support the healing process
by an as rapidly as possible instituted systemic ACV regime with
800mg 5qd for 2-3 weeks. As ACV is well tolerated by most pa-
tients, one should not content oneself with a 7 day regime, as
recommended for VZV dermal disease. Systemic therapy should
be at least extended until the eye has turned completely white
again. If at this time there are still notable amounts of interstitial
infiltrations, it is advisable to prolong systemic ACV therapy by
another 1-3 weeks. Steroids should, if possible, be avoided. With
only minimal infiltrations left after these weeks of systemic ACV
monotherapy, one may rely on complete spontaneous healing of
the remaining keratitis without antiviral agents and without any
steroid therapy. The risk of development of peripheral persistent
VZV keratitis is minimal with such a cautious therapeutic policy.

Detailed analysis of Fig 3.3

Clinic: The boy presented 2 weeks after dermal healing of varicel-
la, claiming reduced vision in one eye. A clearly red eye had never
been observed in conjunction with varicella. It could not be ex-
cluded, however, that a slight conjunctivitis might have occurred
for a couple of days together with the skin rash. Ophthalmological
investigation revealed relatively densely packed interstitial num-
muli in one eye (Fig. 3.3a), and only two peripheral nummuli with-
out visual impairment in the fellow eye (not shown).

Diagnosis: Bilateral interstitial VZV keratitis in the course of pri-
mary VZV infection (varicella).

Differential diagnosis: None. Nummular keratitis from adenovi-
rus infection may look identical. This differential diagnosis was
excluded, however, by the virologically proven diagnosis of con-
comitant varicella.

Therapy: Starting with systemic ACV therapy so late after vari-
cella disease was not really promising. Therapeutic success with
systemic ACV is lower the later the therapy is started. Waiting for
spontaneous healing would have been an alternative. That would
have taken months, however. As the boy’s parents were extreme-
ly motivated to shorten the healing course, it was decided to try
a long-term treatment with a topical combination therapy of ACV
ointment 5 qd with very small amounts of steroids added (steroid
ointment 2qd). This was applied for the visually impaired eye
only. The visually unimpaired eye with the peripheral nummuli
was left untreated. The topical combination therapy was expected
to shorten the healing time without enhancing the risk of periph-
erally persistent VZV infection. It took 8 weeks for the center of the
severely affected cornea to clear. Peripherally, faint remnants of
the nummuli were still seen. Therapy was prolonged for another
month, and then withdrawn. As a final result, both corneas had
cleared perfectly after half a year, and kept clear thereafter. There
was no recurrent disease from peripherally persisting VZV in the



steroid treated eye. Such minor amounts of topical steroids may
thus help quicker resolution of infiltrations without simultane-
ously enhancing the risk of peripheral persistent VZV infection,
provided they are always covered by a full topical dose of ACV.

Analysis of Fig 3.4

The case of a young girl in Fig. 3.4 is presented as an example of
the danger of steroid monotherapy of primary VZV keratitis. It

Fig. 3.4a-c Primary interstitial VZV keratitis plus endotheliitis (see
text)

dates back to the time, when ACV was not yet available and when
topical steroid monotherapy was routine with severe corneal in-
volvement. The cornea was not only affected by VZV interstitial
infiltrates, as in Fig. 3.3, but also by a diffuse corneal edema from
primary VZV endotheliitis (Fig. 3.4a). This severe deep VZV disease
started to develop when the dermal rash healed already, and it
did not reach its maximum before the rash had completely gone.
This time course is typical for varicella and for zoster, and it must
be observed for the timing of ophthalmological controls and the
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duration of therapy. The girl then had intensive treatment with
topical steroids only. Corneal edema as well as most of the in-
terstitial infiltrations cleared quickly within 7-10 days (Fig. 3.4b).
Every time it was tried to get the patient off the topical steroids,
however, interstitial infiltrates (Fig. 3.4c) and also areas of circum-
scribed endotheliitis with edema recurred and led to frequent
re-institution of steroid therapy. In the end, the cornea was so
scarred and its surface so irregularly distorted that perforating
keratoplasty became necessary to restore vision. Retrospective-
ly, it can be taken for very probable that a spontaneous healing
course without any therapy would have been better than such an
ever re-instituted steroid monotherapy. Nowadays, such severe
corneal and intraocular complications would be answered with
a systemic full-dose therapy of ACV (800 mg 5 qd) for 3-6 weeks,
with a concomitant low-dose topical steroid therapy of only 3 qd
for 2 weeks and 2 qd for the rest of the ACV treatment. Topical ACV
therapy (ointment 5 qd, without reduction) would also have been
given as an adjunct therapy where available. If 6 weeks of such
a combination therapy were not sufficient to restore the eye to
normal again, one would prolong at least the topical combination
regime as long as possible.

Ocular Disease in the Course of Primary VZV
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Zoster Blepharitis,
Conjunctivitis,

and General VZV
Dissemination

Core Messages

* Vesicles in the dermatome V/1 usually precede eye
disease by several days.

* Hutchinson’s sign is predictive for eye disease in the
course of ophthalmic zoster, but it is not absolutely
reliable.

* There is also no reliable correlation between the se-
verity of Hutchinson's sign or of dermal disease with
the severity of subsequent eye disease.

* VZV eye disease rarely develops without typical pre-
ceding dermal disease (zoster sine herpete). This
can be then suspected from the features of the eye
affections only. A PCR analysis of eye material may
be necessary for a definite diagnosis.

* General dissemination of VZV in the course of zoster
may manifest itself in varicella-like dermal and vari-
ous neuronal and visceral diseases.

Ophthalmic zoster may affect:

o The dermatome V/1 plus the anterior segment of the eye

o The dermatome V/1 only, without any eye disease

 Rarely the eye only, without any dermal disease, or with
very subtle atypical dermal disease (zoster sine herpete)

The time course of dermal and ocular disease is always such
that dermal disease comes first, and eye disease follows some
days later. That probably has to do with the different times re-
quired for the replication cycles of VZV in the involved tissues.
The time lag between onset of dermal and eye disease may be
longer than a week. In consequence, one can never be sure that
the eye will be spared by zoster unless at least 10 days have
elapsed since appearance of the first vesicles in the skin and no
eye disease has developed up to this time.

Fortunately, we dispose of a potent clinical predictor wheth-
er or not eye involvement must be awaited, i. e., Hutchinson s
sign. Its anatomical basis is the nasociliary nerve, a major rami-
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fication of V/1, which splits up again to serve two areas, the
anterior segment of the eye and an area of the lateral nasal der-
mis up to the tip of the nose. If this lateral nasal dermis - and
especially the lateral tip of the nose — show vesicles in the be-
ginning of zoster, then it becomes very probable, that VZV had
been endogenously set free also in the anterior segment of the
eye and that eye disease is already about to develop. However,
it will stay subclinical for some more days, because replication
of VZV in the eye is slower than in the dermis.

Unfortunately, Hutchinson ’s sign fails in a small percentage
of zoster cases. If we deal with a false positive Hutchinson’s sign,
i. e,, no eye disease follows, although we waited for it to arise,
that is no problem. If we deal with a false negative Huchinson s
sign, i. e., severe eye disease develops after a week without pre-
ceding typical involvement of the nasal dermis, the sequelae
can be very unpleasant. The most important first 3 days for
starting efficient systemic ACV treatment have elapsed then
already, and if systemic ACV therapy had not been instituted
for therapy of dermal disease or pain, permanent eye damage
may result from delay in the onset of therapy.

Analysis of Fig 3.5

Figure 3.5 demonstrates the variable expression of Hutchinson’s
sign. It also shows that the severity of Hutchinson’s does not cor-
respond with the severity of associated eye disease.

The patient in Fig. 3.5a shows a severe vesicular eruption along
the whole dermatome of the nasal ramification of the nasocili-
ary nerve with involvement of the lateral side and frontal tip of
the nose. Both lids are severely edematous and the lid fissure can
hardly be opened for inspection at that time. Surprisingly, in this
case, there was only harmless monosymptomatic conjunctivitis
associated with some conjunctival bullae from impeded lymph
drainage (Fig. 3.7).

The disease of the patient in Fig. 3.5b looks far less dramatic. The
upper lid is barely swollen and allows a free view at an eye with
only a mild conjunctival redness. There are, however, two circum-
scribed groups of vesicles, which give a positive Hutchinson’s
sign: one group in the dermis of the inner lid angle, and another
separated one on the lateral tip of the nose. The latter can easily
be overlooked if the doctor’s attention is distracted by the more
severe disease on the forehead. Although Hutchinson’s sign was
relatively discrete in this case, the patient experienced a rather
recalcitrant course of interstitial keratitis, which healed only after
months of consequent therapy.
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Zoster Blepharitis, Conjunctivitis and Dissemination

Fig. 3.5 Ophthalmic zoster with Hutchinson’s sign, a pronounced, b discrete, ¢ minimal

Finally, the patient in Fig. 3.5c exhibits only three circumscribed
small areas of skin disease, one in the brow area, one suprana-
sally, and a third in the skin of the inner lid angle. When he first
presented with then even more minor skin affections (not shown
here), the eye was still perfectly white and clinically normal, and
the rudimental Hutchinson’s sign with two areas at the base of
the nose was unfortunately not identified as such. Zoster was
suspected but not unequivocally diagnosed, and if it was zoster,
ocular involvement was not expected to develop. No systemic
zoster therapy was instituted, and the patient controlled 1 week
later. Then (Fig. 3.5¢) the diagnosis of ophthalmic zoster was clear,
and also evident was beginning ocular involvement. The ocular
situation had dramatically changed to the worse with interstitial
and endothelial involvement. The ocular VZV disease turned out
to be extremely resistant to systemic plus topical anti-VZV thera-
py — possibly because of the late onset of therapy. It took many
months of treatment before finally healing could be achieved,
however, with corneal scars.

Analysis of Fig 3.6

Figure 3.6 shows a zoster case from the pre-ACV era. It documents
the amount of damage that can be brought about if VZV is al-
lowed to cause severe arterial vasculitis in immunologically com-
promised persons without efficient antiviral therapy. This patient
developed hemorrhagic dermal zoster after cytostatic therapy for
malignancy. When she first showed-up 10 days after beginning of
zoster (Fig. 3.6a), the frontal dermis was covered with black crusts
as was the upper lid (Fig. 3.6b), which proved to be thickened,
hard, and unmovable. The eye itself was affected with interstitial
corneal infiltrations and a slight endotheliitis. Ocular involvement
was relatively mild as compared with the severe necrotizing skin

disease. The black necrotic areas sequestered within some weeks
and left wounds which had to heal “per secundam” (Fig. 3.6¢c). The
loss of lid substance and the shrinking lid scars led to progressive
traction ectropion of the upper lid, which finally was firmly fixed
to the brow, and the conjunctiva permanently exposed (Fig. 3.6d).
The resulting permanent lagophthalmus necessitated reconstruc-
tive lid surgery with mobilisation of the tarsal remnants, interpo-
sition of a tarsal transplant, and transplantation of a free dermal
flap. Thereafter, the lids could be closed again, and the eye, which
had survived all these complications with stunningly little perma-
nent damage, could be preserved with useful function (Fig. 3.6e).
It can also be seen from Fig. 3.6e, that permanent ocular motor
nerve palsies were another complication of this severe zoster (see
also Fig. 3.9). Such a bad course should no longer be possible with
modern antiviral therapy. It is presented here to document what
kind of severe permanent damage may arise, if we do not or can-
not make adequate use of all diagnostic and therapeutic progress
which has been achieved in the last decades.

Analysis of Fig 3.7

Conjunctivitis in ophthalmic zoster is mostly of no major thera-
peutic interest. It may occur as the only sign of associated eye dis-
ease, as in Fig. 3.7, which belongs to the patient in Fig. 3.5a and
demonstrates that the severity of dermal and eye disease must
not necessarily be the same. It is also to be noted, that the con-
junctival bullae, which are frequently seen in early ophthalmic
zoster, are no sign of severity of conjunctivitis. Instead, these bul-
lae are a sequelae of momentarily impeded lymph drainage (see
the massively swollen lower lids in Fig. 3.5a). Edema disappears
quickly as soon as sufficient lymph flow becomes possible again.



Fig. 3.6 Severe zoster V/1 plus V/2 with necrotizing blepharitis (a, b), substantial loss of upper lid tissues (c), and fixed

secondary ectropion (d), aspect after healing and reconstructive lid surgery (e) (see text)

Analysis of Fig 3.8

In the course of typical segmental zoster, VZV can spread by the
endoneuronal route and hematogenous spread can also occur,
as has already been mentioned (Sect. 3.1). Such hematogenous
spread affects above all the dermis. It mostly causes only single
disseminated vesicles, which quickly heal and are often over-
looked (Fig. 3.8a). Sometimes, the associated dermal rash is so
dense and severe, however (Fig. 3.8b), that a“second varicella dis-
ease” may be suspected. This is impossible, of course. The term
varicella is reserved for primary VZV infection without pre-existing
anti-VZV immunity. In cases like the one shown here, we deal with

hematogenous VZV spread in the presence of reduced anti-VZV
immunity. Such dermal disease differs from varicella, and we can
at most speak of varicelliform eruptions in the course of zoster. The
possibility of VZV spreading not only to the dermis, but also to the
nervous system or the viscera, is an important reason to always
treat segmental dermal zoster systemically as early as possible, ir-
respective of how mild or severe it may appear initially.

Analysis of Fig 3.9

We use to look at zoster as a segmental disease of sensory neu-
rons. General hematogenous spread and associated cutaneous
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Fig. 3.7 Monosymptomatic serous zoster conjunctivitis (same
patient as in Fig. 3.5a)

Fig. 3.8 Hematogenous cutaneous spread of VZVin the course of ophthalmic zoster, a minimal, b severe

Fig. 3.9a,b Complete oculomotor pal-
sy in the course of ophthalmic zoster




disease are another clinical manifestation, as shown above. In ad-
dition, various other neuronal affections may occur. Among these
are the rare ocular motor palsies as shown in Fig. 3.9. The eye itself
did not disease in the course of this zoster case, although the af-
fection of nasal dermis at the inner lid angle could be understood
as a minimal Hutchinson’s sign.

Rarely, other neural sites develop secondary VZV disease with
or without obvious correlation with ophthalmic zoster, e.g.,
the retina (see Chap. 6). All these rare events may be subsumed
one way or another under “general dissemination”.
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Epithelial Zoster

Keratitis

Core Messages

* Early epithelial viral efflorescences in ocular zoster
heal spontaneously and quickly. They need no ther-

apy.

* Theirrealimportance is a prognostic one: their pres-
ence indicates that more severe deep zoster disease
will invariably follow within some days.

* It is advisable, therefore, to start with maximal sys-
temic and topical anti-VZV therapy as soon as these
early epithelial efflorescences have been detected.

* The pathophysiology of late dendritiform efflo-
rescences is still debated. Therapeutically, these
pseudodendrites do not need antiviral agents for
healing (see Sect. 3.8).

H

Analysis of Fig 3.10 and Fig 3.11

While every ophthalmologist has personal experience with the
diagnosis of HSV dendritic keratitis, this is not the case with epi-
thelial viral efflorescences in ophthalmic zoster. The reason is that
these efflorescences arise so early in the course of zoster and heal
spontaneously so quickly, that they have already mostly disap-
peared at the time when the first eye examination takes place.

These efflorescences are also widely unknown for the reason that
they often do not grow beyond the state of coarse punctate le-
sions. Their presence is easily overlooked if the cornea is not thor-
oughly checked, also with fluorescein stain (Fig. 3.10). If they grow
further, they first elongate to plump linear lesions (Fig. 3.11a), and
if they branch, the branching results in short plump stellate or
dendritic figures (Fig. 3.11b,c). These have formal similarities with
HSV viral epithelial lesions, but they lack the microdestruction
pattern, which is pathognomonic for epithelial HSV disease (see
Sect. 2.5). Therefore, the differential diagnosis from HSV epithe-
lial disease is easy with the branched lesions. With the punctate
lesions, a differential diagnosis is impossible from biomicroscopy
alone. In conjunction with typical dermal zoster, there should be
no doubts in diagnosing VZV disease. Without characteristic der-
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mal VZV disease (zoster sine herpete), however, PCR tests from
epithelial material may be needed to differentiate VZV etiology
from other causes of punctate keratitis.

From the pre-ACV era, we know that the early epithelial zoster
lesions of the cornea not only heal spontaneously - often
already within 1-2 days - they heal even in the presence of
topical or systemic steroid-monotherapy. They do not enlarge
under steroids and they never form geographic viral lesions
like in HSV disease. In so far, they are no therapeutic prob-
lem. The ophthalmologist must know them well, however, and
carefully check for their presence in early ophthalmic zoster,
because they have a clear prognostic value: if these lesions are
detected, deep zoster disease of the eye will invariably develop
some days later. This, again, is sufficient reason not only to start
immediately with high-dosed systemic antiviral agents, but
also to start immediately with adjunctive topical ACV therapy,
where available.

Sometimes, peculiar late dendritiform efflorescences arise
many months after zoster. Formally, they sometimes have
stunningly gross similarity with HSV dendrites (Fig. 2.34).
Biomicroscopically, however, there are no signs of viral epithe-
lial destruction. They are usually addressed as peudodendrites,
i.e., as non-viral lesions. However, viral involvement and a role
for antiviral treatment have also been claimed. This will be fur-
ther addressed in Sect. 3.8.

Fig. 3.10 Coarse punctate epithelial zoster efflorescences (fluores-
cein)
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Interstitial
Zoster Keratitis

and Endotheliitis

Core Messages

Functionally, the most important VZV eye diseases
in the anterior segment are interstitial zoster kerati-
tis and endotheliitis. They often occur together.

Disease development and response to treatment
are slower than with HSV disease and there is a dan-
gerous tendency for the establishment of persistent
infections.

Vigorous antiviral therapy without steroids is the
best way to avoid severe complications in early dis-
ease states.

If the function of the optic media become seriously
threatened, however, the additional application of
low-dosed steroids is mostly inevitable.

A unique form of chronic demarcating immune
keratitis is possibly also caused by VZV. It is demon-
strated in the addendum to this section.

Fig. 3.12a,b Early stage of interstitial zoster keratitis

3.5

Detailed analysis of Fig 3.12

Clinic: If the eye becomes involved in ophthalmic zoster, first no-
tice of disease is often made as late as 5-7 days after manifesta-
tion of the first cutaneous zoster eruptions. The previously clear
corneal stroma shows one or several separated fluffy areas of faint
infiltration. The aqueous humor appears to be normal. Vision is
only slightly affected, dependent on the distribution of the in-
filtrations. A zoster dendritic keratitis will mostly have preceded
this interstitial keratitis and could have served as an indicator of
subsequently arising deep disease (see Sect. 3.4), but, mostly, it
has already healed at this time, which gives the impression that
interstitial zoster keratitis develops without preceding epithelial
disease. In Fig. 3.12a, two separated areas are visible in the pupil,
but there are more of them. They are too faint for photographic
documentation. A careful slit lamp screening is necessary, there-
fore, to detect and document all foci (Fig. 3.12b)

Diagnosis: Early stage of interstitial zoster keratitis.

Differential diagnosis: None with coexisting typical dermal zoster
and with the typical time lag of appearance. Without dermal
signs, HSV disease could not be differentiated. On an average, for
VZV keratitis, multiple separated foci are typical, while with HSV,
expanding single infection sites are more often encountered. But
this difference does not really help for differential diagnosis in the
individual case.
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Therapy: Most patients will already receive systemic ACV treat-
ment (800 mg 5qd) at the time when the corneal involvement is
first detected. This basic systemic therapy must be continued not
only for 1 week as recommended for cutaneous zoster, but for at
least 3 weeks, irrespective of how faint and harmless the infiltra-
tions may initially look. That can rapidly worsen. Additional topi-
cal ACV therapy is advisable where available (ACV ointment 5 qd).
Myderiasis is not absolutely necessary without notable inflamma-
tion in the anterior chamber, but it facilitates slit lamp control of
the cornea. Steroids are forbidden in this early state and with such
subtle infiltrations.

After 2-3 weeks of intensive ACV monotreatment, depending on
the actual findings, a decision has to be made whether or not this
therapy must go on, whether it can be reduced to topical therapy
only, or whether steroids must cautiously be added, if infiltrations
which are too dense so require.

Detailed analysis of Fig 3.13

Clinic: After some time, the fluffy infiltration areas of interstitial
zoster keratitis become denser and more circumscribed. Often, a
typical “nummular” keratitis develops. In Fig. 3.13a, the outlines
are still fluffy, giving an impression of ongoing acute inflam-
mation. These nummuli are about 3 weeks old. The nummuli in
Fig. 3.13b are older, about 5 weeks old. They are chalky white now
with a sharper outline, and they reflect the light more intensely.
Diagnosis: Nummular stage of interstitial zoster keratitis.
Differential diagnosis: None with typical preceding dermal zoster.
Without preceding dermal signs, HSV and adenovirus diseases
could not be differentiated. HSV disease should exhibit a reduced
corneal sensitivity as differential criteria to adenovirus disease.
Therapy: Assuming that the eye in Fig. 3.13a had received full sys-
temic and topical antiviral treatment for 3 weeks and nonetheless
still shows active zoster infiltrations, it becomes improbable that
antiviral therapy alone will bring about quick functional recovery.
The additional therapy with low-dosed steroids then becomes an
option. Nonetheless, prolongation of high-dosed antiviral mono-
therapy by 1 or 2 more weeks would certainly not be wrong.
With the denser zoster nummuli in Fig. 3.13b, an ongoing ACV
monotherapy offers no prospects for quick visual rehabilitation,

Fig. 3.13a,b Later stages of interstitial zoster keratitis (see text)
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and if the patient is not extremely patient in the original sense of
the word, then time has come to change from ACV monotherapy
to a combination therapy of ACV plus steroids. As a rule, only a full
ACV dose, which must never be tapered, is combined with low-
dosed steroids (2-3 drops qd suffice to begin with). The patient
must be informed that the necessary treatment time will presum-
ably be not weeks but months, and that the patient must never
change the regime himself or abruptly end it. It is advisable not
to stop with therapy immediately after clearing of the cornea but
to treat some 3-4 weeks longer in order to minimize the risk of
recurring nummular keratitis. The worst scenario is recurrence of
nummuli after discontinuing therapy too early. That can confront
us with the same problem as with ever recurring adenovirus num-
muli. We will barely get rid of them and will often be forced to
treat symptomatically for years or a lifetime with minor steroid
doses (e.g., 1drop qd) in order to keep the cornea clear. The great
advantage of zoster nummuli over adenovirus nummuli is that, in
former, we afford about active antiviral therapy as a basic mea-
sure, while in the latter, this is unfortunately not the case to date.

Detailed analysis of Fig 3.14

Clinic: At 5 o'clock, a shallow stromal ulcer is seen in an area of
denseinterstitial infiltrations, which are much denser than those in
Fig. 3.13. A vascular front is already invading the cornea between
3 and 6 o'clock. Intraocularly, some inflammation has taken place
as exhibited by the pigment near the pupillary margin. Apart from
the infiltrated areas, the cornea is clear without edema. There are
no precipitates and no aqueous humor inflammation.

Diagnosis: Ulcerating interstitial zoster keratitis.

Differential diagnosis: None with preceding typical dermal zoster.
Without zoster history, microbial etiologies are fairly improbable
because the aqueous humor does not show enough inflamma-
tory material. A differential diagnosis between HSV and VZV etiol-
ogy based on ocular biomicroscopy alone would be speculative.
But the rather circumscribed infiltration areas, with the rest of the
cornea being clear and unaffected, would be more typical for VZV
than for HSV etiology.

Therapy: The complication of ulcerating interstitial zoster kerati-
tis can only develop if no or no sufficient antiviral treatment was




Fig. 3.14 Ulcerating interstitial zoster keratitis

given. It is important, therefore, to institute immediately maximal
systemic and, where available, also topical antiviral therapy, e.g.,
with 800mg ACV 5qd plus ACV ointment 5qd. Steroids should
be cautiously added from the beginning in order to reduce the
severe infiltration and limit cellular and extra-cellular stromal lysis.
One injection of a microcrystalline steroid depot preparation can
be given subconjunctivally, and the resorption of infiltrations and
the development of the ulcer can be carefully observed thereaf-
ter. A second steroid injection may follow 1 week later, if progress
of healing has been satisfying up to that time. It is also possible
to start exclusively or additionally with small amounts of systemic
steroids (20-10mg ultracortenol qd). However, topical steroids
should be strictly avoided as long as the ulcer has not been again
covered by corneal epithelium. In case the ulcer dangerously
deepens, an amnion cover — eventually multi-layered - should be
sutured in time on the ulcer (compare Sect. 2.14).

Analysis of Fig 3.15

Figure 3.15 shows that proper combination treatment of ulcerat-
ing interstitial zoster keratitis is successful in reducing infiltrations
(a: before, b: after combination therapy), but it cannot always pre-

vent melting of the stroma quickly enough. That may have to do
with an especially compromised trophic situation in zoster cor-
neas, where corneal sensitivity is often about zero. In Fig. 3.15b,
a semi-flexible therapeutic contact lens was fitted on top of the
ulcer in an attempt to stop further melting and help the sponta-
neous closure of the deep defect. We would not recommend such
attempts any longer today. Instead, one should quickly proceed
to amnion surgery as long as Descemet’s and some deep stroma
layers are still intact. Medical therapy, as described above, must
invariably go on, of course, also after amnion surgery.

Analysis of Fig 3.16

Relatively rarely in zoster, interstitial keratitis does not develop
with multiple separated foci but with a larger central area topo-
graphically correlated with underlying endotheliitis, giving the
typical “sandwich” disease of disciform keratitis. Biomicroscopi-
cally, a differential diagnosis between HSV and VZV etiology is
impossible. Both look perfectly identical. Treatment is the same
as for any other deep corneal zoster. The relative “advantage” of
the coexisting endotheliitis is that the presence or absence of en-
dotheliitic precipitates can be used as a marker to decide about
the duration and intensity of therapy (compare Sect. 2.7). In
Fig. 3.16, the endotheliitic precipitates cannot be directly seen at
such a low magnification. However, the gross appearance is very
typical of a swollen corneal disc (compare Fig. 2.71).

Analysis of Fig 3.17

Zoster endotheliitis does not announce itself with spectacular
clinical signs. It mostly develops insidiously. In the beginning
(Fig. 3.17a), cornea and aqueous humor may even appear normal
with the slit lamp. But at this time, VZV already starts to replicate
in the endothelial cells. The affected endothelia swell gradually,
but overall endothelial pump action is still sufficient to keep the
cornea clear. Immune precipitates have not yet assembled, and
the only chance to detect developing endotheliitis is by investi-
gation with a specular microscope. Then, pathologic endothelial
cell edema would become clearly visible in the affected areas. As
soon as sufficient numbers of primed immune cells have come to

Fig. 3.15 Ulcerating interstitial zoster keratitis progressing to perforation (see text) a before, b after combination therapy
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Fig. 3.16 Central interstitial zoster keratitis plus endotheliitis (dis-
ciform zoster keratitis)

the scene, these cells attack the marked endothelial cells. From
then on, the endothelial pump fails with subsequent rapid devel-
opment of corneal edema in the area affected by endotheliitis. In
Fig. 3.17b, two thirds of the cornea have turned edematous within
two days only. Numerous immune precipitates can now be seen in
spite of the massively swollen cornea. The swelling makes further
specular microscopic investigation of the endothelium impos-
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sible. Only after the cornea has become clear again under proper
combination therapy, specular microscopic investigation of the
endothelium discloses how many cells are still involved and still
massively swollen (Fig. 3.17¢).

Rapid breakdown of the endothelial pump comes nearly exclu-
sively from the destructive action of the immune cells. The im-
mune cells in the anterior chamber must, therefore, as quickly and
as efficiently as possible, be impeded and destroyed by addition
steroids. In such a severe case, one can dare to prescribe steroids a
bit more vigorously in the beginning than with interstitial keratitis
(e.g., 30 mg fluorocortolone qd plus 1 subconjunctival injection of
a crystalline steroid depot). Additionally, a short-term course with
higher dosed topical steroids (5 applications qd, quickly reduced
over 4-3-2qd) will help the stop the immune attack quickly and
thus preserve endothelial function. As always, treatment with full
ACV dose and low dose steroids should be carried on for about
3 weeks longer than the last endotheliitic precipitate disappeared
(see the same rules for HSV endotheliitis, Sect. 2.7).

Analysis of Fig 3.18

Figure 3.18 shows the follow-up by specular microscopy of a slight
zoster endotheliitis. Compared with Fig. 3.17, this disease course
was much milder and the patient was above all immediately treat-
ed. Consequently, with quick blockade of immune destruction by
steroids and with an optimal simultaneous antiviral treatment,
nearly all endothelial cells recovered and the overall loss of en-
dothelial cells was minimal with full functional recovery.

w2

Fig. 3.17a-c Development of severe zoster endotheliitis (see text)



Analysis of Fig 3.19

At the beginning of treatment, at day 10 of zoster (Fig. 3.19a), a
large area of circumscribed corneal edema is visible on the left
(i.e., endotheliitis) with adjacent clear cornea on the right. The
large pigmented precipitates behind the clear, unaffected cornea
at 6 o’clock at the pupillary margin are iritic precipitates. Another
sign of focal zoster iritis (see Sect. 3.6) is the swollen iris sector
visible through the corneal edema from 7 to 8 o'clock, and the
disfigured pupil in this area. Endotheliiticimmune precipitates are
not microscopically distinguishable from iritic precipitates, but
they must be present behind the circumscribed edematous cor-
neal area. The additional presence of interstitial infiltrates is also
not discernible in the corneal edema. The location of infiltrates
becomes apparent, however, after the edema has disappeared
(Fig. 3.19¢).

This photographic sequence shows that not all manifestations
of ocular zoster must be clearly discernible at any time, but an
experienced investigator will mostly be able to give a complete
description of the diseased tissues, also from indirect signs in the
early course of disease. The sequence shows further how healing
is slow in ocular zoster, even with therapy. In this case, the ante-
rior segment of the eye looked “quiet” with only two small circum-
scribed areas of previous interstitial keratitis after 22 days of treat-
ment. It would have been a failure, however, to stop treatment at
this time already. In spite of full corneal transparency, there was
still massive endothelial cell edema present (Fig. 3.19d), indicat-
ing a need for ongoing therapy.

Analysis of Fig 3.20

Apart from acute endotheliitis with rapidly progressing corneal
edema (Fig. 3.17), chronic endotheliitis may also occur either pri-
marily chronic or chronically persistent after treatment of acute
endotheliitis had been stopped too early. In Fig. 3.20, the immune
precipitates are clearly visible behind the circumscribed affected
corneal area. Such chronic cases have a double-edged aspect. On
one hand, they may be slow in progressing to more damage. On
the other hand, their treatment requires even more patience and
persistence than is required for the acute cases. While a topical
combination therapy with ACV ointment 5qd plus steroid oint-
ment 2qd may suffice for many such cases, the time period re-
quired for definite healing is mostly at least four months and often
longer.

Analysis of Fig 3.21

The circumscribed severe bullous keratopathy in Fig. 3.21 exhibits
the sequels of insufficiently or untreated chronic VZV endothelii-
tis. Endotheliitic precipitates are still visible through the swollen
cornea in the pupillary area. The relatively clear stromal edema
shows that infiltrations from interstitial VZV keratitis did not play
a significant role in that case. In such final stages of disease, even
intensive long-term medical therapy has become functionally
useless, and early keratoplasty should be considered in order to
accelerate healing, restore function, and spare time and therapy
costs.

Fig. 3.18 Specular microcoscopic follow-up of a case with slight zoster endotheliitis (from: Sundmacher R., Miiller O., 1982)
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Fig. 3.19 Zoster endotheliitis and interstitial keratitis plus iritis on disease day 10, when treatment started (a). On follow-up day 22 (b). On

follow-up day 58 (c, d)

Fig. 3.20 Chronic zoster endotheliitis plus interstitital keratitis

Analysis of Fig 3.22

Severe clinical states, like that shown in Fig. 3.22, should no lon-
ger occur with proper ACV therapy started early enough. Once
such complex disease of the cornea, iris, and sclera has devel-
oped, however, functionally satisfying healing can often no
longer be brought about by medical therapy alone. Intensive

Fig. 3.21 Circumscribed bullous keratopathy from chronic zoster
endotheliitis

long-term combination therapy with 800 mg ACV 5qd and 10 mg
fluorocortolone qd can at best “quieten” the eye and “prepare”
it for subsequent perforating keratoplasty (often together with
cataract surgery and IOL implantation). But this time is not lost.
As after surgery, trophic insufficiencies may cause grave prob-
lems and may considerably reduce the success rate of kerato-
plasty, it is wise to take one’s time in such cases. When the eye



Fig. 3.22 Complex severe zoster disease of the anterior segment

has calmed down, there is a good chance for partial spontaneous
recovery of the trophic functions. Secondary glaucoma must also
be excluded or efficiently treated. Meanwhile, one can organize
HLA-matched transplantation, if this is desired. With all these
measures taken together, the prognosis of planned keratoplasty
in a clinically quiet eye will on average be better than operating
immediately a chaud, as would be possible in similar HSV cases
(see Sect. 3.9).

Addendum

The following pictures show a unique form of interstitial de-
marcating keratitis, which I believe to be caused by VZV. I
have occasionally observed such inflammations as an acute
form in the course of ophthalmic zoster. However, much
more frequently, similarly shaped primarily chronic progres-
sive forms were found in eyes without a reliable zoster his-
tory. Nonetheless, my suspicion is that all these rounded or
arcuate forms of immunologically demarcated keratitis with
a slowly progressing immune ring border are caused by the
same infectious agent which persists in keratocytes. In my
opinion, the most likely candidate is VZV. The morphological
similarity between the acute infiltrative cases observed in the
course of zoster (Fig. 3.23) and the much more often observed
primarily chronic cases without a direct history link to zoster
is obvious. However, unequivocal proof of VZV etiology is
not yet available. For proof, VZV genetic material should have
been demonstrated in corneal biopsies or on occasion of ker-
atoplasty from typical chronic lesions. That has not yet been
done. PCR tests on such corneal materials have to comprise
all herpes viruses, of course, and an evidence of VZV etiol-
ogy can only be accepted if VZV genetic material is invari-
ably present in the lesions while the genetic material of other
viruses is absent.

The pathophysiological hypothesis for these cases would be
that VZV becomes peripherally persistent in circumscribed
areas of the corneal stroma, where it is attacked, “suppressed”,

Fig. 3.23 Acute form of interstitial demarcating immune keratitis in
the course of zoster (see text)

and topographically “fixed” by the host’s cellular immune de-
fence. This battle is more dramatic and more evident in the
acute zoster-associated cases with a dense demarcating ring of
immune cells (Fig. 3.23). It is less evident but still visible in the
primarily chronic cases, where over many months and years,
we observe a progression and enlargement of the affected ar-
eas with finally even occlusion of the pupillary area (Figs. 3.24
to 3.27). If the hypothesis of a VZV etiology for these types
of keratitis proves correct, we have no difficulties to imagine
VZV becoming persistent in keratocytes, especially with a
steroid monotherapy without efficient antiviral treatment in
zoster (see Sect. 3.1). On what occasion VZV would get access
to the infectious foci in the primarily chronic forms is unclear.
A possible speculation would be that VZV, like HSV, occasion-
ally escapes latency but causes only subclinical peripheral viral
shedding. In the cornea, this may lead to peripheral viral per-
sistence. The immediate clinical sequels are so minor, and the
affected areas grow so slowly, that it takes a long time for the
patient and the ophthalmologist to realize that something in-
fectious is unexpectedly progressing. This delay in notice and
diagnosis is further enhanced by the fact that the majority of
the chronically progressive lesions develops at or near the cor-
neal limbus and from there expands centrally. Therefore, not
all of them are circularly rounded. About half of them base at
the limbus and develop arcuate forms.

The experiences with medical therapy are only partly posi-
tive. Topical low dose steroid therapy always efficiently clears
the lesions from visible immune infiltrations, as one would
expect. Once the steroids are tapered, however, the disease in-
variably slowly recurs with its borders again moving progres-
sively towards the pupillary area.

Attempts to eradicate the presumed VZV persistence by
long-term therapy with ACV or BVDU have as yet been un-
successful in my experience. This does not come as a surprise
and is no argument against a VZV etiology. The therapeutic re-
fractivity of peripherally persistent viral infections has already
been addressed several times.

Therefore, currently, the only means to stop the insidious
progression is the continuous application of low-dosed topi-
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Fig. 3.24a,b Primarily chronic form of interstitial demarcating immune keratitis with one paracentral circumscribed area and one limbus-

based area with arcuate central borders (see text)

[ B

Fig. 3.25a,b Exceptionally aggressive form of primarily chronic interstitial demarcating immune keratitis. a After topical steroid therapy. b
One month after withdrawal of steroids (see text)

b

Fig. 3.26a,b Two cases of ,,pseudo-quiet” primarily chronic interstitial demarcating immune keratitis without steroid therapy. They progress
centrally within months or a couple of years (see text)



-

Fig. 3.27a,b Primarily chronic interstitial demarcating immune keratitis, which was noted by the patient only after the two foci met in the

pupillary area (see text)

cal steroids. Fortunately, often as little as 1 drop qd suffices to
control progression.
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Zoster Iritis

Core Messages

* Zosteriritis closely resembles HSV iritis (see Sect. 2.9)
with some peculiarities which may help in differen-
tial diagnosis.

* Recurrent focal serous iritis is normally not of VZV
but of HSV origin.

* The functional sequelae of zoster iritis are of limited
importance.

¢ Similar to HSV, which does not so rarely cause mono-
symptomatic focal serous iritis without accompa-
nying other herpes affections, zoster iritis has also
been reported as “zoster sine herpete”.

Zoster iritis is very similar to HSV iritis with two peculiarities:

o Like HSV, VZV has a predilection for the cells deriving
from the embryonic cup of the eye (iris pigment epithelium
and iris muscles), but in addition it has a predilection for
vascular endothelium, which is not the case to this extent
with HSV.

o VZV normally causes just one recurrent disease in life
(i.e., one bout of zoster), while HSV may cause many
recurrences.

In consequence:

o VZV causes definitely more and more severe iris stromal
defects from vascular necrosis.

« On an average, the amount of focal pigment epithelium de-
fects, however, is less than with HSV disease. The reason is
simply that with HSV recurrences, more than one attack
may damage the pigment epithelium, which leads to exten-
sive defects, while VZV normally has but one chance for
causing damage.

Practically, the following can be noted:
 Secondary acute glaucoma, which is so typical for intraocu-
lar HSV replication, does not have the same incidence and
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importance in intraocular VZV diseases, although second-
ary glaucoma may also develop.

Neither HSV nor VZV seem to be able to persist in iris tis-
sues.

Therapy of VZV iritis is the same as for all deep ocular
zoster diseases, e.g., with 800mg ACV 5qd plus 20-10mg
fluorocortolone qd as long as inflammatory signs are pres-
ent in the anterior chamber.

The overall sequelae of VZV iritis for ocular function are of
limited importance.

Similar to HSV, which does not so rarely cause monosymp-
tomatic focal serous iritis without accompanying other her-
pes affections, zoster iritis has also been reported as “zoster
sine herpete”

A clear cut clinical differential diagnosis between the mono-
symptomatic forms of HSV and VZV disease does not seem
to be possible. The differential diagnosis has to be made by
PCR tests. If monosymptomatic focal serous iritis recurs
after previous unequivocal healing, VZV becomes very un-
likely as the causative agent, and one rather deals with HSV
disease.

Analysis of Fig 3.28 and 3.29

The photo of the early stage of zoster iritis (Fig. 3.28a) shows only
sectorial involvement of the iris in the lower right quadrant, as
expressed by the relative discrete dysfunction of the iris dila-
tor muscle and the slight dysfiguration of the pupil in this area.
5 weeks later, pigment epithelium defects have developed (not
shown here, compare Sect. 2.9 for HSV iritis). But additionally,
iris stromal defects have become visible, which can be explained
by VZV-specific vaso-occlusive sequelae of arterial endotheliitis.
Once healed, these iris defects will be stationary without recur-
rence of VZV disease. Fig. 3.29 documents a similar course with
subsequent stromal defects. In addition, a dilator muscle deficit is
to be seen from the pupil dysfiguration.

Analysis of Fig 3.30 and 3.31

Precipitates in zoster iritis (Fig. 3.30 and Fig. 3.31) are on average
more pigmented than precipitates in the course of a first attack of
HSV iritis. This shows the principally more pronounced destructive
potency for the pigment epithelium layer of VZV in comparison
to HSV. However, because VZV “strikes” only once and HSV poten-
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Fig. 3.29 Another example of a deep stromal defect after zoster iritis Fig. 3.30 Bleeding iris vessel as a sequela of arterial endotheliitis in
at 4o’clock zoster iritis

Fig. 3.31a,b Large pigmented endothelial precipitates in zoster iritis



tially strikes many times, the iris defects in HSV disease tend to be
more severe than those after zoster iritis.

Bleeding of an iris vessel (Fig. 3.30) indicates associated vasculitis,
which is found much more regulary in zoster than in HSV disease
(see Fig. 2.91).
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Zoster Scleritis

Core Messages

* Zoster scleritis is rare in spite of VZV’s affinity for
vascular endothelium.

* With close chronological correlation to zoster, scleri-
tis should primarily be treated as a deep infectious
disease with high-dosed systemic antiviral agents
plus low-dosed systemic steroids or alternate im-
mune-suppressive agents.

* With increasing time interval between zoster and
first manifestation of scleritis, the probability rises
that VZV-induced autoimmunological mechanisms
are operative and that an infectious pathophysiology
becomes of minor or of no importance.

[

The incidence of zoster-associated scleritis is low. Its pathophys-
iology remains mostly speculative on the basis of analogous as-
sumptions from the pathophysiology of scleritis in general.

As the vast majority of general scleritis cases is thought to be
caused by vasculitis, and as VZV has a predilection for vascu-
lar endothelium, it is not surprising that occasionally a serous
scleritis is observed some weeks after the beginning of zoster
disease elsewhere in the eye (Fig. 3.32). Sometimes, scleritis
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arises together with peripheral keratitis, i.e., as sclerokeratitis
(Fig. 3.33). This close chronological and topographical correla-
tion to established VZV disease suggests that the pathophysi-
ology of scleritis in these situations is an infectious one. Conse-
quently, therapy should primarily consist of maximally dosed
systemic antiviral agents, e.g., ACV 800mg 5qd, given long
enough, 6 weeks as a minimum. Because partially damaging
immune reactions are always involved in deep viral disease of
the eye, an additional cautious therapy with low-dosed systemic
steroids is certainly no mistake and can be recommended (e. g.,
20 mg fluocortolone qd). With such a combination therapy, the
few cases of early scleritis after zoster, which we had to treat,
healed quickly and permanently which is perhaps an indica-
tion that the hypothesis of an infectious pathophysiology of
these early cases is correct.

The crucial question is whether VZV does only directly cause
infectious scleritis, or if it serves also — and may be much more
in the long run - as an inducing agent for autoimmunological
vasculitis. Once established, this runs its own pathophysiologi-
cal path, and is no longer controllable by antiviral agents, but
needs a totally different therapy with high-dose immunosup-
presssion. This open question cannot be answered today. One
has to rely on therapeutic trial and error. If the systemic com-
bination of high-dosed antiviral agent plus low-dosed steroid
does not provide satisfying results within about a month, and
scleritis is severe enough, then the steroids have to be increased
step by step while the antiviral therapy is maintained until the
desired therapeutic response is achieved.

Fig. 3.32a,b Serous scleritis (two different patients) in close chronological correlation with ophthalmic zoster (see text)
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Fig. 3.33a,b Sclero-keratitis, which developed in the course of zoster (see text)

References

Ahmed TY, Carrim ZI, Diaper CJ, Wykes WN (2007) Spontaneous
intraocular lens extrusion in a patient with a scleromalacia sec-
ondary to herpes zoster ophthalmicus. J Cataract Refract Surg
33:925-926

Berry-Brincat A, von Lany H, Evans N (2003) Scleromalacia as a
complication of herpes zoster ophthalmicus. Eye 17: 449-451

Dugmore W (1997) Intercalary staphyloma in a case of herpes zoster
ophthalmicus. Br ] Ophthalmol 51: 350-351

Gilden DH, Kleinschmidt-DeMasters BK, Wellish M, Hedley-
Whyte HD, Rentier B, Mahalingam R (1996) Varicella-zoster
virus, a cause for waxing and waning vasculitis. Neurology 47:
1441-1446

Gungor IU, Ariturk N, Beden U, Darka O (2006) Necrotizing scleri-
tis due to varicella zoster infection: a case report. Ocul Immu-
nol Inflamm 14: 317-319

Hedges TR, Albert DM (1982) The progression of the ocular abnor-
malities of herpes zoster — histopathologic observations of nine
cases. Ophthalmology 89: 165-177

Livis-Rallatos C, El-Shabrawi Y, Zatirakis P, Pellet PE, Stamey FR,
Foster CS (1998) Recurrent nodular scleritis associated with
varicella zoster virus. Am ] Ophthalmol 126: 594-597

Naseri A, Good WV, Cunningham ET (2003) Herpes zoster virus
sclerokeratitis and acute anterior uveitis in a child following va-
ricella vaccination. Am J Ophthalmol 135: 415-417

Womack LW, Liesegang TJ (1983) Complications of herpes zoster
ophthalmicus. Arch Ophthalmol 101: 42-45

Yoeruek E, Deuter CME, Szurman P, Tatar O, Zierhut M (2008)
Scleromalacia associated with varicella-zoster virus. Ophthal-
mologe 105: 480-484



Late Corneal
Complications

After Zoster

Core Messages

¢ Chronic corneal complications after zoster have a
complex trophic etiology.

* Their therapy is mostly a difficult long-time task.

¢ They can severely reduce the prognosis of kerato-
plasty.

¢ The peculiar complication of late pseudodendritic
efflorescences after zoster is given special consid-
eration. Late pseudodendrites are therapeutically
classified as trophic.
H

Chronic corneal complications after zoster can be infectious

(Sect. 3.5) or non-infectious.

In this section, we present non-infectious corneal compli-
cations, which are caused by trophic deficiencies associated
with the severe sensory neural damage, which develops in the
course of zoster. While it must be admitted that many details
and interactions of the pathophysiological pathways to trophic
diseases of the cornea are still unclear and debatable, some se-
quelae can be described as follows:

« Corneal sensitivity is severely reduced, sometimes to zero.

o The blink reflex lacks its corneal feedback resulting in rare
spontaneous blinking and easy drying of the epithelial sur-
face.

o [Ifthe tarsal plate of the upper lid has lost its proper shape by
necrosis (see Sect. 3.3), the “wiping” of the corneal surface
with proper distribution of the tear film and proper lid clo-
sure no longer functions.

o Even minor corneal trauma leads to irritation or loss of
compromised superficial epithelium.

o Epithelial regeneration is reduced in comparison with nor-
mal eyes.

o Therefore, trophic epithelial ulcers develop easily. They tend
to persist and deepen if not treated properly and quickly
enough.

« Also stromal repair seems to be impeded after zoster (see
Sect. 3.9).
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o An especially dangerous variant of trophic corneal ulcers
is neuroparalytic ulcer, which is more typical, however, for
complete destruction of the ophthalmic nerve, which is not
regularly the case in zoster.

o The tear film lacks the normal stimulation which renders it
insufficient in terms of quantity and quality.

o Quantity and quality of the tear film are further affected by
infectious sequelae in its major production sites, above all
in the conjunctiva. Pathologic mucous may be produced in
excess.

o Defective tear film plus defective corneal epithelial surface
plus reduced blinking rate result in a severely reduced sta-
bility of the tear film on the cornea.

 The tear film tends to partially decompose with frequent
break-up and with adhesion of single components, especial-
ly mucous, to lesions in the epithelial surface. This makes
the epithelium additionally mechanically vulnerable.

The list is probably far from being complete, but it gives an

impression of the multitude of influences and interactions,

which we tend to simplify as “trophic disturbances”. Such a list
also helps to understand which therapeutic interventions are
needed. They are by no means practically easy:

o Surface protection of the corneal epithelium from mechanical

trauma:
To achieve this, anatomically correct lid position, physi-
ologically correct blinking with complete lid closure, and
correct “wiping” of the corneal surface are required. If
necessary, lids must be surgically corrected or closed for a
while.

o Surface protection of the corneal epithelium by a sufficiently

stable tear film:
If artificial tears, or single component preparations, or sur-
face protecting ointments are insufficient, a trial can be
made with daily wear of movable highly hydrophilic con-
tact lenses plus hourly substitution of conservative-free flu-
ids. The contacts serve as a protecting fluid reservoir. They
regularly have to be removed at night, and the eye then pro-
tected by ointments only. If the fluids are not often enough
substituted, the lens dries and lens therapy becomes quite
dangerous.

« Removal or inhibition of mucous adhesions (Fig. 3.37):
Mucus solving agents (e.g., acetyl-cysteine) can be tried in
filiform keratitis in addition to dry eye therapy. If these are
unavailable or inefficient, fluid-substituted contact lenses
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sometimes also help in removal of adherent mucous threads.
Personal positive anecdotal experience exists with an exper-
imental symptomatic anti-inflammatory therapy by topical
CS-A eye drops.
« Surgical measures:

If trophic melting has led to persistent deep corneal ulcers,
a surgical therapy (starting with an amnion cover) is neces-
sary in addition to conservative medical measures. Some-
times, even emergency perforating keratoplasty becomes
inevitable in order to save the eye (see Sect. 3.9).

Analysis of Fig 3.34

The case in Fig. 3.34 could show the late trophic complications
of that in Fig. 3.22. In fact, they are different cases, but they illus-
trate perfectly the development of trophic disturbances after se-
vere ocular zoster. In this case, regeneration of the whole corneal
epithelial layer is pathologic, as shown by its grey-white colors
with diffuse punctate keratopathy. At six o’clock, a deep persis-
tent corneal ulcer has developed, the margins of which are steep
and sharp. The incoming epithelium is always abraded anew or
simply falls off, because it cannot firmly enough attach to the ul-

Late Corneal Complications after Zoster

cer base. On the limbal side of the ulcer, a regenerative buckle of
partially vascularized epithelium has piled up, which is unable to
transgress the peripheral ulcer margin. Its prominent configura-
tion is another cause for insufficient wiping of the corneal surface
by the upper lid. This is partly destructed (as evidenced by the lid
margin), so that it can no longer provide the necessary protective
and tear distributing functions. The severe limbal injection with
circular progressive corneal neovascularization is primarily a reac-
tion to the chronically defective epithelial surface and its invasion
by inflammatory cells. But secondarily, the reproductive activity of
the limbal stem cells, which is probably reduced by VZV infection
anyway, is further severely depressed by the chronic inflamma-
tory milieu. One could say that a vicious cycle of inflammation,
disturbed regeneration, and lid dysfunction together with severe
dry eye problems (see Fig. 3.36) continuously enforces itself. The
therapeutic task is to break this vicious cycle in order to allow for
solid scarring and quietening of the eye (Fig. 3.35). Only after this
has been achieved, a decision should be made whether or not
keratoplasty can follow (see Sect. 3.9). Different to HSV disease,
where keratoplasty a chaud can often be advocated in order to
shorten the overall course of severe disease, such trophic zoster
cases are better not operated a chaud, if anyway avoidable.

Fig. 3.34a,b Persistent trophic ulcer in the course of severe ophthalmic zoster, with a questionable prognosis of keratoplasty if operated a

chaud. a Unstained. b Fluorescein and Bengal rose

Fig. 3.35 Scarred and vascularized cornea after zoster with a good
prognosis of perforating keratoplasty under CS-A or mycophenolate
protection

Fig. 3.36 Severe dry eye disease with massive punctate staining of
conjunctiva and cornea after zoster (Bengal rose, see text)



Fig. 3.37 Filiform keratopathy after ophthalmic zoster (see text)

The case in Fig. 3.34 could be treated as follows:

Medical therapy with 800 mg ACV 5qd to treat a potentially per-
sistent VZV infection, 20 mg fluorocortolone qd to reduce symp-
tomatically the nocious inflammation, and mydriasis.

Surgical therapy: The lower 1/3 of the corneal epithelium are re-
moved including the piled-up masses at the lower limbus and the
new vessels imbedded in the epithelium. The ulcer is cleaned, and
an amnion is sutured on the ulcer and on the cleaned corneal sur-
face down to the limbus. In the ulcer, the amnion may be multilay-
ered. As failure of lid closure will persist as long as the destructed
lid margins are swollen so much, the lids can be surgically closed

by temporary mattress sutures through the lid margins, and the
patient is instructed to keep this eye intentionally “closed” as per-
manently as possible to reduce eye movements and stress on the
sutures. The inner lid angle can still be opened by the investigator
for eye inspection and for additional topical therapy with lubri-
cants.

After an estimated 2-3 week period, it is often possible to remove
the lid sutures and thereafter proceed to a continuous intensive
topical dry eye therapy, while the systemic combination therapy
is invariably carried on until the eye has turned quiet and the cor-
neal surface has stabilized.

Analysis of Fig 3.38

The two late peudodendrites in Fig. 3.38 stem from two different
cases (a: case one, unstained, bc: case two, unstained and stained
with Bengal rose). They usually develop months after healing of
acute zoster disease, thus the designation “late”. At that time, no
viral activity is any longer suspected in the anterior segment of
the eye. Their gross appearance sometimes stunningly resembles
that of HSV dendritic efflorescences (see also Fig. 2.34). The bio-
microscopic criterion of a typical destruction pattern, however, is
missing. The efflorescences are build-up of prominent uniformly
grey layers of epithelium, covered by a reflecting mucus layer.
There is also no similarity with true viral VZV dendrites, as de-
scribed in Sect. 3.4. Mostly, these late dendrites are understood
as purely trophic pseudodendrites. But VZV involvement has also
been suspected. Their pathophysiology may be more complex

Fig. 3.38a-c Late pseudodendrites after ophthalmic zoster (see

text). a Case one, unstained. b, ¢ Case two, unstained and stained
with Bengal rose
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than currently recognizable. However, as these late dendritic ef-
florescences invariably heal with consequent dry eye therapy
only, their clinical character is clearly trophic. Reports that topical
steroids are sometimes needed to successfully treat such condi-
tions are in accordance with my own positive experiences with
Cs-A eye drops in recalcitrant severe filiform keratitis: By symp-
tomatically reducing the grade of inflammation in the conjunc-
tiva, the pathologic conjunctival mucous production is reduced.
Mucous production seems to be the most important cause for the
late pseudodendritic efflorescences. Consequent therapy with
mucosolvents, sufficient tear substitution without preservatives
and potentially in addition a cautious anti-inflammatory therapy
with minimally dosed steroids or potent non-steroidal anti-in-
flammatory substances, e.g., Cs-A eye drops, will probably be a
good combination to get rid of these chronic epithelial efflores-
cences after zoster.
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Keratoplasty

in Zoster Eyes

Core Messages

 Different to keratoplasty in HSV eyes, recurrences of
VZV disease in the graft are normally not to be ex-
pected, and a systemic antiviral prophylaxis is there-
fore unnecessary.

e Because trophic problems cause a good deal of
complications after keratoplasty in zoster eyes, if
possible, itis not recommended to perform systemic
immune prophylaxis as usual with steroids, but with
non-steroidal agents, above all with cyclosporine A
or mycophenolatemofetile.

Many common aspects, problems, complications, and avail-
able solutions for perforating keratoplasty have already been
presented in detail in Sect. 2.14 on surgery in HSV eyes. In this
section, emphasis can be laid, therefore, on the major differ-
ences between keratoplasty in VZV disease as compared with
keratoplasty in HSV disease:

o The immunological problems and the risk of immune reac-
tions and immunologic graft failure are identical in both
groups, as are the chances and indications for using HLA
matched donor material.

o The risk of recurring viral disease is high in HSV infection,
and it is normally zero in zoster eyes. Except for the spe-
cial situation in severely immune compromised individu-
als, and except for the rare event of zoster in children or
young adults, which make a second bout of zoster theoreti-
cally possible after many decades, zoster does not recur a
second time in a patient. Therefore, antiviral prophylaxis is
unnecessary. This is an important advantage of keratoplasty
in zoster eyes.

« This advantage is counteracted, however, by much more
trophic problems after severe zoster than after recurrent
HSV disease. These trophic disturbances often persist in the
time period after keratoplasty, and they may dangerously in-
terfere with the integrity and function of the graft. A special
danger comes from the circumstance where severe trophic
disease is mostly incompatible with high-dosed steroid pro-
phylaxis of immune reactions, especially with topical ste-
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roids. If the surgeon refrains from steroids in an attempt not
to allow trophic disease to establish, the battle for survival
of the corneal graft has already been lost in many cases. The
solution of this problem is to administer non-steroidal sys-
temic immunosuppressive agents, above all cyclosporine A
or mycophenolate mofetil, for the time period of the highest
immune threat, i.e., for 1-1.5 years. If this is done not only
for immunologically especially compromised zoster cases
but for all zoster keratoplasties (!), and if simultaneously
the risk of trophic disturbances is consequently reduced by
efficient dry eye prophylaxis, then the prognosis of kerato-
plasty in zoster eyes may approach the excellent prognosis
of keratoplasty in HSV eyes.

o In contrast to severe HSV disease, where keratoplasty a
chaud can often shorten the course of disease and reduce
the overall need for systemic therapy, costs included, ker-
atoplasty a chaud in zoster eyes can not be recommended.
Severe trophic problems are the most frequent reason for
emergency situations in zoster, and these severe trophic
problems continue to be operative also after keratoplasty
a chaud. If it is possible to defer keratoplasty up to a time
when a sufficient percentage of the trophic problems has
resolved or at least ameliorated, the chances for successful
graft survival become much better. It is always worthwhile,
therefore, to try to defer keratoplasty in zoster eyes until the
eye has become clinically quiet.

Analysis of Fig 3.39

The zoster patient in Fig. 3.39 was treated at a time, when non-ste-
roidal immune suppression was not yet available for keratoplasty.
Thus, he was given systemic and topical steroids “as usual” to-
gether with dry eye prophylaxis. When he returned to his surgeon
for a control 6 weeks after surgery, the lower half of the cornea
had become dramatically opaque in a half-moon shaped area. The
graft epithelium had fallen off and no host epithelium had come
in to cover the defect (Fig. 3.39a). The Bengal rose stain (Fig. 3.39b)
discloses that the area of diseased epithelium is even larger than
the epithelial ulcer. As no immune reaction was detectable and
the miserable state of the graft had exclusively been attributed to
trophic reasons, it was decided to carry on for some months with
a moderate systemic steroid prophylaxis, to refrain of all topical
steroids, and, instead, to enhance the topical dry eye therapy. The
success of these simple measures was stunning. 12 weeks later
(Fig.3.39¢), the defect had closed. The pupillary area had become
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Fig. 3.39a-d Trophic graft complications after keratoplasty in a zoster eye. a, b 6 weeks. ¢ 12 weeks. d 18 months after kp

much more transparent, and only a dense superficial calcification
from the intensified application of phosphate-containing eye
drops was a new unpleasant complication. 1.5 years after kerato-
plasty, the graft had functionally again become crystal clear in the
center. The calcifications had spontaneously been resorbed after
reduction of artificial eye drop application from every 0.5hr to
7 qd. Immune reactions had not interfered, and new trophic prob-
lems did not interfere either.

Analysis of Fig 3.40

The treatment of the 77-year-old zoster patient in Fig. 3.40 also
dates back to the time when neither ACV nor non-steroidal
systemic immune-suppressive agents were available. When he
showed-up first 10 days after beginning of zoster, the cornea was
already superficially ulcerated, and the ulceration quickly pro-
ceeded to comprise nearly the whole inferior cornea. The lids did
not close tightly, and the ulceration was judged to be enforced
by intermittent lagophthalmus, i.e., by exposure. In spite of an-
tibiotic therapy, a hypopyon developed (Fig. 3.40a). Shortly after,
a paralimbal pinpoint perforation was detected (Fig. 3.40b), and
the cornea was covered with an oxygen-permeable silicon con-
tact lens, which was then “en vogue” for sealing of corneal per-
forations. The perforation broadened, however, under the silicon

lens, and emergency surgery became inevitable (Fig. 3.40c). The
right time for a conjunctival or full corneal cover had long been
gone, and only a perforating keratoplasty procedure could help
in this situation. The limbal position of the perforation and the
size of the ulcer would have made the use of an oversized scle-
rocorneal graft necessary with the great danger of immunologic
failure. In an attempt to at least save the still clear upper half of
the patients cornea, only the lower half was resected “free hand”
and the defect filled with a full thickness corneal graft (Fig. 3.40d).
The further course was unexpectedly positive. Half a year later,
the donor as well as the host cornea were both clear and the eye
was clinically quiet (Fig. 3.40e). The mature cataract, which had
developed in the course of perforation and keratoplasty, was sec-
ondarily successfully operated, and the patient gained reason-
able vision with this previously almost lost eye without further
surgical interventions.

Retrospectively, it was waited too long for the ulcer to heal with
conservative measures only. A quicker emergency surgery with
amnion, conjunctiva, or cornea to cover the large ulcer would
have been less risky and would probably have spared some emo-
tional stress of the patient and the surgeon. The unexpectedly
good outcome in this case should not lead to the erroneous as-
sumption that keratoplasty & chaud has a mostly good prognosis
in ophthalmic zoster.



Analysis of Fig 3.41

Figure 3.41 shows how the case in Fig. 3.40 could have developed
if the large basal ulcer would have been covered in time by a
conjunctival flap. After an adequate consolidation time of 6-12
months, such an eye can safely be operated, especially if potent
non-steroidal systemic immune-suppressive agents are available.
The massive vascularization is no longer a major problem with
substances like cyclosporine A or mycophenolate mofetil. The risk
of immune reaction can be further reduced, and the chances for
a clear long-term survival of the corneal graft can be increased by
use of a well HLA-matched corneal transplant.

Fig. 3.40a-e Emergency surgery a chaud after early corneal melting
with perforation in a zoster eye. a 3 weeks. b 5 weeks. ¢ 7 weeks. d 8
weeks. e 6 months after beginning of ophthalmic zoster

Analysis of Fig 3.42

The case in Fig. 3.42 is rather special, but worthwhile demonstrat-
ing for principal reasons. It is common knowledge that kerato-
plasty wounds never reach the tensile strength of normal corneal
tissue and that the life-long danger of wound rupture after blunt
ocular trauma exists for every keratoplasty eye. However, this dan-
ger may be especially great in zoster eyes.

In the 1960s, a surgical treatment of zoster keratitis was occasion-
ally tried and it was called “circumcision”. The idea was to circum-
ferentially cut all sensory nerves and thus block VZV from invad-
ing the cornea centrally to the circumcision line. Basically, simple
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Fig. 3.41 Zoster eye, which received a conjunctival flap because of
trophic corneal melting in the lower half of the cornea, now ready
for selective keratoplasty

Fig. 3.42a,b Lysis of a corneal circumcision in a zoster eye following cataract surgery (see text)

trephination of the cornea down to the level of Descemets was
performed, and sometimes Descemet’s was certainly perforated
on this occasion, so that the resultant state was similar to that
after perforating keratoplasty. The 90-year-old lady presented
22 years after this procedure with a widely lysed corneal wound.
She denied any trauma. 2 weeks previously, a corneoscleral cata-
ract extraction had been performed. It seems then, that the minor
trauma of lifting the corneoscleral flap in the course of cataract
surgery was sufficient to open a “keratoplasty” wound in a zoster
eye after 22 years. Such experience may be worthwhile to note in
order to teach especially zoster patients with a corneal transplant
to avoid even minor ocular trauma.
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Differences Between
VZV and HSV Ocular

Disease

The basic similarities (see Sect. 3.1) and the many dissimilari-
ties between VZV and HSV ocular disease have already been
discussed or shortly been mentioned in the preceding sections
on HSV and VZV diseases. Therefore, for this concluding
section it may suffice to compile the various aspects in an ab-

Table 3.2 Some differences between VZV and HSV ocular disease

Aspects

Virus

- Herpes virus subfamily

— Physical stability

- Replication

— Preferred corneal target cells

Primary infection
- Clinic

- Site of infection
- Viremia

Latency

- Site

— Cells offering latency resorts
- Latency control

- Stability of latency

Recurrences

- Clinic

— Primary trigger

- Hypothetical co-trigger
- Number of recurrences
- Virus main transport

- Site of disease

Persistence in peripheral cells

Antiviral therapy

- ACV systemic therapy

- ACV ointment

- TFT eye drops

- BVDU systemic therapy
- BVDU eye drops (invest.)

\VAY%

Alpha

Labile

Slow

1. Keratocytes

2. Endothelial cells
3. Epithelial cells

Varicella (Sect. 3.2)
Not determinative for site of zoster
Important

Sensory ganglia

Ganglia and satellite cells
Primarily immunologic
Mostly high

Sects. 2.3-2.11

Drop in anti-VZV immunity
Possibly stress

Normally only one
Intraaxonal and by viremia
Variable

Easier than HSV

Basically systemic
800mg 5qd

5qd

Inactive

125mg 1qd
(5qd)
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breviated form in Table 3.2. Some statements in this table do
not fulfil the requirements of unequivocal scientific evidence.
Instead, they express the author’s belief on how to fit together
clinical observations with a currently still partially hypotheti-
cal pathophysiological background.

HSV

Alpha

More stable
Quicker

1. Epithelial cells
2. Endothelial cells
3. Keratocytes

Rarely clinical (Sect. 2.12)
Determinative for recurrent HSV disease
Unimportant

Sensory ganglia
Ganglia cells

Not really known
2/3 high, 1/3 low

Sects. 3.3-3.8

Stress

Not known

Mostly more than one
Intraaxonal

Site of primary infection

Occasionally

Topical and/or systemic
400mg 5qd

5qd

5 qd for superficial disease
(not licensed, for HSV-1only)
(5qd, for HSV-1 only)
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Table 3.2 (continued) Some differences between VZV and HSV ocular disease

Aspects \VAY 1580%
Steroids
- Generally To be avoided No problems in combination with

efficient antiviral therapy

- With deep ocular disease Often necessary to preserve function, but only at  Regularly indicated even at higher doses

lowest doses possible and only with efficient an-  together with efficient antiviral cover

tiviral cover indicated for all deep ocular disease

Prophylaxis of recurrences

- Generally
- Medically

- Vaccination
General eye surgery

- Trigger for recurrences
- Systemic ACV cover

Keratoplasty

- Recurrences of viral disease
- Antiviral prophylaxis

- Trophic complications

- Syst. immune prophylaxis

- General prognosis

Some differences between
recurrent viral disease types

- Blepharitis
- Intermarginal blepharitis
- Epithelial keratitis

- Dendritic k.

- Geographic k.
- Interstitial keratitis

- Ulcerating interstitial keratitis

- Endotheliitis
- Trabeculitis
- Acute secondary glaucoma

- Focal serous iritis
- Pigment epithelial loss
- Vascular infarction

— Scleritis and sclerokeratitis

Normal immune status
Not needed

(except for states of severe
immune incompetence)
Promising and indicated

No
No

No

No

Frequently severe

MMEF or CSA preferred,

steroids increase trophic problems
Good, except kp a chaud

Dermatome V/1

Not in zoster

Rare and transient

Short, plump,

no microdestruction pattern
No (not even with steroids)
Nummuli frequent

Early in severe zoster

Frequently first sign of ophthalmic zoster
Clinically not identified
Clinically not so important

Limited with only one disease attack
Frequent with stromal loss
Relatively rare

“No stress”
ACV 400mg 3 qd

Not available

Theoretically yes, practically rarely
Recommended

Frequent

ACV for 1 year

Rarely severe

MMEF preferred,

steroids trigger HSV recurrences
Very good, also after kp a chaud

Variable

Circumscribed erosion

Frequent, long duration

Larger and more structured,
pathognomonic microdestructions
Regularly with steroids

Nummuli rarer

More frequent with increasing
number of recurrences

Unusual as a first manifestation
All grades of severity possible
Regularly associated with intraocular
HSV replication

Lesions enlarge with every subsequent recurrence

Very rare
Extremely rare
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Cytomegalovirus (CMV)
Diseases of the

Anterior Segment

Rainer Sundmacher and Johannes Stammen

Core Messages

* A connatal and two adult cases of monosymptomat-
ic endotheliitis plus trabeculitis could be correlated
with culturable CMV or the presence of CMV DNA in
the aqueous humor.

e Cases with Posner-Schlossman syndrome are prime
suspects for CMV disease of the anterior segment of
the eye and should be accordingly investigated.

Intrauterine transmitted connatal viral ocular disease has been
omitted as a topic for this book. The presentation and discus-
sion would have had to include too many special fields of virol-
ogy, obstetrics, and pediatrics, which are outside the scope of
this atlas. Several intrauterine acquired virus infections may
cause malformations and a variety of diseases. Sometimes also
the eye becomes affected, e.g., the lens and also the cornea in
the course of systemic rubella or CMV infection. The viral eti-
ology can then mostly be easily suspected from the signs of
general viral disease. Laboratory confirmation is also mostly
not a problem. These polysymptomatic eye affections in the
course of systemic intrauterine viral disease will not be further
discussed here.

However, a special monosymptomatic connatal CMV disease
of the eye will be presented because it fits well with the finding
of monosymptomatic endotheliitis of suspected CMV etiology
in adults. It seems that we are now able to define much more
precisely as ever which type of inflammation of unknown ori-
gin in the anterior segment of the eye may be caused by CMV.

Analysis of Fig 4.1

The newborn in Fig. 4.1 presented with a bilateral connatal in-
flammatory glaucoma with both corneae enlarged, but without
the typical signs of idiopathic buphthalmus. There were no Haab
lines, and the corneas were too opaque to disclose details in the
eye. Intraocular pressure was 27 mm Hg RE and 50 mm LE. The
suspected diagnosis was infectious endotheliitis and trabeculitis,
with herpes viruses ranging among the most suspect viruses. CMV
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was grown from aqueous taps from both eyes on three occasions,
the last time at the age of 10 months (Fig. 4.1¢). Up to this time,
all therapeutic attempts including trabeculotomies, medical glau-
coma treatment, and also an antiviral trial with ARA-A, which was
the only available experimental systemic antiviral agent in those
years, had failed. The intraocular pressure was still high with the
corneas further enlarged and scarred. There was no other help.
The child remained blind bilaterally.

The intensive search for associated general viral disease remained
constantly negative. The child was perfectly healthy except for the
bilateral eye affection, and the child also developed somatically
and mentally normal except for the incurable connatal blindness.
The anterior chamber was not the only site where CMV was iso-
lated from after birth. Virus was also repeatedly grown from con-
junctival swaps and from the urine, though not regularly. A gen-
eral CMV disease, however, was not present.

Therefore, this case was classified as the presumably first descrip-
tion of a monosymptomatic severe CMV endotheliitis and trabecu-
litis, with the infection acquired intrauterine, presumably rather
late in the course of gravidity. The mother had never shown signs
of clinical viral disease. However, she had high IgM-titers against
CMV after birth.

The publication of this case in the proceedings of the first in-
ternational herpes symposium certainly did not promote its
knowledge.

Recently, a small series of observations has been published
of CMV DNA findings in the aqueous humor of adults with
endotheliitis and uveitis of unknown origin. Elevated intraoc-
ular pressure was also involved. Therefore, it becomes probable
that monosymptomatic corneal endotheliitis associated with
elevated pressure is a common feature of CMV infection of the
anterior segment of the eye.

The clinical picture of connatal and adult diseases are
quite different as far as acuity and severeness are concerned.
Pathophysiologically, however, they follow an identical infec-
tion scheme. As endotheliitis with elevated pressure is still a
somewhat imprecise description, which covers several viral
etiologies and possibly also non-viral etiologies, the question
is, whether additional signs exist which allow to more precisely
predict which type of endotheliitis is a candidate for CMV eti-
ology in adults. Two of my own cases of CMV DNA finding
in monosymptomatic endotheliitis both fulfil the diagnostic
criteria of Posner-Schlossman syndrome.
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Analysis of Fig 4.2

The 67-year-old male patient in Fig. 4.2 first presented with a 33-
year long history of “recurrent iritis with increasingly severe sec-
ondary glaucoma, while the iritis was always stunningly mild with
only very sparse precipitates”.

This is a usual description of Posner-Schlossman syndrome with
the typical course of glaucoma. In the first years or decades, glau-
coma is only transient and quickly fades away with and without
therapy. With symptomatic therapy (topical steroids), the attacks
seem to have a shorter duration, which has led to the widespread
conviction that some etiologically unclear acute “allergic” swell-
ing of trabecular meshwork cells is the cause of disease, i.e., an
immunologic trabeculitis of unknown origin.

We and others have favored the hypothesis of a viral etiology,
especially of members of the herpes family. As HSV and VZV are
typically causing endotheliitis and trabeculitis, they were prime
candidates for etiology. HSV has been excluded. An etiologic role
for VZV could never be unequivocally proven. It was some sur-
prise when CMV PCR was positive in the aqueous humor of this
patient on occasion of trabeculectomy, which became necessary,
because the secondary glaucoma no longer responded to symp-
tomatic therapy.

This is the second case after the newborn patient (Fig. 4.1) in
which we could correlate trabeculitis and endotheliitis with a
positive CMV finding in the aqueous humor.

Fig. 4.1a-c Connatal bilateral monosymptomatic CMV endotheliitis
and trabeculitis. a, b Shortly after birth. ¢ At 10 months (see text)
(from: Sundmacher R., 1981)

Analysis of Fig 4.3

The third case of endotheliitis and trabeculitis with a positive CMV
PCR in the aqueous humor was found in a 30-year-old male who
had suffered from yearly attacks of Posner-Schlossman syndrome
for three years (Fig. 4.3). The disease had been classified as “some
kind of atypical herpes disease with endotheliitis and glaucoma”
and had already been treated as such with ACV plus steroids.

The complex history of these two adult patients is reserved for
a separate publication after more follow-up time. For this atlas,
it shall suffice to document the finding of intraocular CMV in
two adults with endotheliitis and trabeculitis, and to elaborate
a bit more on the clinical signs of this disease.

Posner-Schlossman syndrome is probably no clear-cut
entity, i.e., it has more than one cause. This can be suspected
from the observation that number, distribution, fine structure,
and persistence of the endotheliitic precipitates are quite vari-
able in Posner—Schlossman syndrome. The common link of all
Posner-Schlossman syndromes, however, is the correlation of
very subtle signs of endotheliitis — as evidenced by the typical
endotheliitic precipitates — with a disproportionate acute rise
in intraocular pressure by presumed trabeculitis.

If all cases from the potentially heterogenous Posner-
Schlossman group are systematically punctured, and the aque-
ous humor investigated by PCR for the presence of herpes



Fig. 4.2a-d Posner-Schlossmann syndrome of duration of 37 years: CMV PCR positive in the aqueous humor on occasion of trabeculectomy.

Endotheliitic precipitates as seen with oblique beam (a,c) and with retro-illumination (b,d)

genetic material, we will quickly know what the actual corre-
lation is between Posner-Schlossman syndrome and CMV. It
may well be that only a percentage of cases are caused by CMV.
It may also be that the biomicroscopic fine structure of the en-
dotheliitic precipitates, as demonstrated above, has some addi-
tional diagnostic importance. Comparing the fine structure of
the precipitates of the two adult CMV cases (Figs. 4.2 and 4.3),
the similarity is stunning. The sparse fine endotheliitic precipi-
tates are randomly distributed on the endothelium. They are
composed of multiple fine granules, and these granules some-
times form a ring. This ring form suggests that a focally start-
ing endothelial viral infection slowly spreads in all directions
until it is halted by cellular immune reactions.

The second problem which has to be addressed after solv-
ing the diagnostic one is the therapy of CMV caused Posner-
Schlossman syndromes. The question is whether or not the
recurrences can permanently be inhibited by a systemic anti-
CMV treatment. Our limited experiences with the two cases
presented above have as yet not been encouraging but hope is
reserved for the future.

Fig. 4.3 Posner-Schlossman syndrome in a 30-year-old patient:

CMYV PCR positive in the aqueous humor
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Suspected Epstein-Barr
Virus (EBV) Disease of

the Anterior Segment

Thomas Reinhard

Core Messages

* EBV specific antibodies (IgG) are found in the major-
ity of healthy subjects and are therefore no direct
evidence for presumed EBV etiology of eye disease.

* Since EBV DNA can also be found in healthy eyes,
detection of its genome in eye fluids and tissues is
not more than a hint at suspected EBV eye disease.

» Diagnosis of EBV caused eye disease is justified, if
ocular symptoms and signs are observed in the
acute phase of primary EBV disease together with
EBV specific IgM antibodies.

» Diagnosis of recurrent EBV eye disease is far more
equivocal. If in a case of “atypical herpes keratitis”,
e.g., only EBV specific antibodies are found and no
antibodies against herpes simplex virus (HSV), vari-
cella zoster virus (VZV), and cytomegaly virus (CMV),
and if in addition a positive PCR proves the presence
of EBV DNA in the disease area, then a causal role
for EBV can be assumed with sufficient probability.
Such a case is described.

¢ For therapy of deep recurrent EBV disease of the an-
terior segment of the eye, a combination of acyclo-
vir (ACV) plus steroids is recommended.

5.1 General Pathophysiology
and Epidemiology

Epstein-Barr virus primary infection leads to productive
infection of cells especially in the oropharynx and nonpro-
ductive (latent) infection of circulating lymphocytes. Endog-
enous recurrences of disease seem to occur in various tissues.
Productive as well as latently infected cells are detectable in
healthy carriers. Like the other human herpes viruses, EBV
causes a spectrum of inflammatory diseases following primary
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infection, presumably also via endogenous recurrences. As a
specialty, EBV is involved in the pathogenesis of lymphopro-
liferative and other tumors, specifically endemic Burkitt's lym-
phoma and nasopharyngeal carcinoma. An association with
Sjorgen’s syndrome has also been suggested.

The primary infection with EBV leads to a virus carrier state
(latency) that persists for a lifetime. Up to 85% of children have
antibodies already by age four, and 82% of college students and
military cadets in the United States were found positive for
anti-EBV IgG.

In the acute primary phase, the hematologic picture consists
of leukocytosis with more than 50% mononuclear cells and at
least 10% atypical lymphocytes with a peak during the second
week of illness. Then, fever, sore throat, and lymphadenopathy
with frequent enlargement of spleen and liver are seen. Pro-
dromal symptoms are chills, sweats, anorexia, malaise, head-
ache, arthralgia, and myalgia. Presumed recurrent EBV disease
in later life lacks all these acute phase signs and symptoms and
is difficult to suspect and diagnose.

5.2 Laboratory Diagnosis

According to the widespread infection throughout the popu-
lation, EBV specific IgG antibodies are frequently found. Pri-
mary infection with EBV leads to antibody formation against
viral capsid antigen, early antigen and membrane antigen, fol-
lowed weeks to months later by a serologic response to EBV
nuclear antigen. Diagnosis of EBV disease of the eye can be
easily made in the course of primary infection by demonstrat-
ing acute phase specific antiviral antibodies (IgM). Enormous
diagnostic difficulties arise when recurrent EBV disease is sus-
pected. Although PCR of EBV DNA has been well-established,
detection of the EBV genome in ocular tissues unfortunately
does not sufficiently prove the diagnosis of EBV eye disease.
EBV genome was found in seven out of ten healthy eyes from
deceased donors, and in five out of ten healthy eyes, it was
present in the anterior chamber. This reduces the diagnostic
value of positive PCR findings in the eye considerably and calls
for additional diagnostic support, if a suspicion of EBV disease
is to be substantiated. The most convincing additional finding
would be a positive anti-EBV IgG titer in the absence of titers
against HSV, VZV, and CMYV, excluding the latter viruses from
a causal relationship.
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5.3 Ocular Manifestations

Nearly all reports of ocular and neurological EBV disease re-

fer to the acute phase EBV infection (mononucleosis), i.e., to

primary infection. In this situation, the causal role of EBV for

general disease and all associated complications is undisputed.

Ocular and neurologic complications in this phase are mul-

tiple, and their incidence is rare:

« Conjunctivitis with hyperemia and follicular reaction

o Nodular upper tarsal conjunctival mass formation with
preauricular and cervical lymphadenopathy

» Dacryoadenitis

o Dendritic keratitis with microdendrites

o Nummular keratitis

« Episcleritis and scleritis

o Anterior uveitis

o Acute chorioidal lesions with yellow infiltrates, ranging in
size from 50 to 500 micrometer

« Macular lesions of mostly 50-75 micrometer in diameter
accompanied by mild vitritis

o Papilledema, papillitis, optic neuritis

o Ophthalmoplegia

o Facial nerve palsy

o Secondary cataract

All these complications can be easily associated with EBV eti-
ology and they are treated together with general disease any-
way. Therefore, they are not further addressed in this atlas.

The main focus of this chapter is: what do the suspected
endogenous recurrences of EBV eye disease look like and how
can they be treated?

EBV Disease Anterior Segment

EBV etiology may be suspected in any case of herpes-like
eye disease, which is so atypical that it cannot be attributed to
neither HSV nor VZV etiology.
What is meant by “atypical” is compiled in the following list:
« Insidious onset of disease, start of complaints cannot be de-
fined
o No keratitis nor other eye disease in history, especially no
herpes history

« Fairly white eye(s), i.e., rather chronic type of keratitis

o Nummular or similarly looking stromal infiltrates without
any history of (adenoviral) conjunctivitis

 No reduction of corneal sensitivity

« Often associated endotheliitic precipitates with endothelial
cell edema or frank corneal edema as signs of chronic en-
dotheliitis

o Steroids reduce stromal infiltrates and endotheliitic signs,
which may recur after withdrawal of the drug

In a case which fits exactly in the above description of atypi-
cal chronic herpes keratitis (Fig. 5.1), PCR investigation proved
EBV DNA to be present in the aqueous humor, and in addi-
tion, antibody screening showed, that HSV, VZV, and CMV
could not be the causal herpes viruses, but only EBV.

Although even this evidence may be called circumstan-
tial evidence and no scientific proof, it is the best evidence
available up to now. This case correctly describes at least one
clinical manifestation of recurrent EBV disease in the anterior
segment of the eye. Similar observations have already been
previously reported. The objective now must be to alert the
ophthalmological community to this diagnosis in order to de-
tect and describe the possibly even broader complete spectrum
of recurrent EBV eye disease.

Fig. 5.1 a Right cornea of a patient with interstitial infiltrates (large

arrows) and endotheliitic precipitates (small arrows) due to recur-
rent EBV infection (positive EBV-, but negative HSV-, CMV-, VZV-
genome in the anterior chamber; IgG in the blood EBV- positive,

and HSV-, CMV-, VZV-negative). b Resolution of most inflamma-
tory signs within 4 weeks after topical acyclovir in combination with
steroids (from: Reinhard etal., 2003)



5.4 Therapy of Recurrent
EBV Disease of the Eye

Epstein-Barr virus is susceptible to systemic ACV. Resolution
of microdendritic keratitis in the course of primary infection
has been reported after 2 days of treatment with acyclovir. For
stromal keratitis as a clinical manifestation of endogenously
recurring EBV disease, the same therapeutic principles should
hold true as for recurrent deep HSV and VZV disease, namely
the principle of a combination therapy with an antiviral agent
(ACV) plus steroids. Whether a topical combination therapy
suffices in adequate cases, or whether a systemic combination
therapy is to be preferred for terminating chronic recurrent
EBV disease, remains to be seen. For theoretical pathogenetic
reasons, a monotherapy with steroids should not be optimal.
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Diseases of the
Posterior Segment

by HSV, VZV, and CMV

Lutz L. Hansen

6.1 Epidemiology and Pathogenesis

Posterior herpes disease is rare in immunocompetent patients,
yet it occurs in up to 40% of individuals with late stages of hu-
man immune deficiency virus (HIV) infection with severe im-
mune suppression, and is then almost exclusively caused by
the cytomegalovirus (CMV). It then follows, that the poste-
rior part of the eye is much more often infected by the p sub-
group of herpes viruses (CMV) than by a-herpes viruses (HSV,
VZV). CMV retinitis is currently one of the most frequent sin-
gle causes of posterior infection, at least in regions with high
incidence of HIV, and with no access to modern antiretroviral
treatment.

Posterior herpetic uveitis usually evolves by the endogenous
reactivation of latent infection, but primary infection has also
been described. Primary manifestation (i.e., first observed
clinical disease, although the virus had already been present
before latently) seldom occurs with HSV and VZV, but is often
observed in conjunction with CMV. With HSV and VZV, clini-
cal disease in the posterior segment develops when the virus,
which is harbored within the central nervous system, spreads
along the optic nerve fibers via retrograde axonal transport.
The less neurotropic CMV, which can be acquired by blood and
mucosal contact seems to be propagated by leukocyte associ-
ated viremia (monocytes, neutrophils). The lifelong persistent
CMYV is only reactivated in severely immuno-compromised
individuals.

Patients with HSV or VZV infection often have a history of
cutaneous or systemic infection, such as dermatomal zoster or
herpetic encephalitis. The disease can also be triggered by vari-
ous stimuli, such as neurosurgery, periocular trauma, epidural
steroids, and immune suppression.

Virus-specific and host factors both define the course of the
disease. Healthy (HSV, VZV) as well as immuno-compromised
hosts (CMV, HSV, VZV) may be affected, but typically patients
with HSV infection are immunocompetent. In patients with
VZV infection, immune defects are suspected, but not always
identifiable. CMV-infection definitely occurs only in severe
immunodeficiency. Most forms of herpetic posterior uveitis
are acute and fulminant, often resulting in serious complica-
tions. Milder chronic and less destructive forms of posterior
uveitis are less common. Tissue destruction depends on a di-
rect cytopathic effect, the secondary immune response, and
occlusive vasculitis.
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6.2 Phenotypic Clinical Features

Posterior herpetic disease is primarily classified by its pheno-
typic clinical appearance. One differentiates between herpetic
retinitis (mild or moderate) and two severe, rapidly progress-
ing forms, acute retinal necrosis (ARN) and progressive outer
retinal necrosis (PORN). Each of these three clinical forms can
be caused with a certain probability by one or several herpes
viruses (see Sect. 6.3: Virus Specific Features).

6.2.1 Herpetic Retinitis

Per definition, this clinical entity encompasses all diseases that
are not characterized as acute retinal necrosis (ARN) and not
as progressive outer retinal necrosis (PORN). Such a definition
“per exclusionem” is a rarity in medicine and shows how dif-
ficult is the classification of herpetic posterior eye disease. Her-
petic retinitis is very rarely seen with HSV or VZV infection. Itis
mostly CMV disease with a broad spectrum of courses ranging
from mild retinochoroidopathy without much impact on visual
ability (i. e., non-necrotizing herpetic posterior uveitis) to severe
and devastating forms that may result in blindness (necrotizing
herpetic retinitis). Starting in one eye, it usually becomes bilat-
eral within weeks or months if not adequately treated.

Necrotizing herpetic retinitis (Figs. 6.1 to 6.12) is character-
ized by white patches or areas of opacification, sometimes con-
fluent, and more or less demarcated from the healthy retinal
tissue (Figs. 6.1, 6.2¢, 6.3a, 6.6a). These patches can start every-
where in the fundus without preference. Retinal hemorrhages
are typically interposed between these patches, but can also
occur as separate deep dot-and-blot bleedings, or as flame-
shaped bleedings in the nerve fiber layer (Fig. 6.7). Vascular
sheathing may be prominent but is not mandatory.

The optic nerve head may be involved in form of an isolated
papillitis or in conjunction with retinal foci around the papilla.
The concomitant inflammation of the vitreous and of the an-
terior part of the eye may vary widely leaving the view on the
fundus ranging between unhampered and impeded, depend-
ing on the grade of cellular reaction which reflects the immu-
nologic status of the host.

Non-necrotizing herpetic posterior uveitis is an uncommon
form occurring in conjunction with herpetic infections of the
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a-subgroup (HSV, VZV). Few cases of acute chorioretinitis,
multifocal chorioditis, and even choroidal granulomas have
been described, and herpetic DNA has been found in idio-
pathic posterior uveitis cases like birdshot-like retinopathy and
bilateral retinal vasculitis.

6.2.2 Acute Retinal Necrosis (ARN)

ARN (Figs. 6.13 to 6.17) is a relatively young entity in ophthal-
mology, first described in 1971 by Uruyama. It was initially seen
only in immunocompetent patients, but we now know that it
can also occur in immunocompromised patients. This pheno-
type of severe necrotizing retinitis can mostly be assigned to
VZV, much less frequently to HSV, and seldom to CMV. It may
occur without prodromi of cutaneous or systemic herpetic dis-
ease. Starting in one eye, the second eye may be affected in up
to 70% of cases even years later. Adequate treatment of the first
eye seems to be important for preventing outbreak of the ARN
in the second eye.

Histopathological features of active ARN include diffuse
necrotizing retinitis, occlusive vasculitis, optic neuritis, and
papillitis associated with chronic panuveitis and characterized
by dense plasmalymphocytic infiltration.

Symptoms in the acute phase consist of ocular discomfort
(especially on eye movement) progressing to pain. Photopho-
bia may ensue, floaters annoy the patient, and vision becomes
blurred.

Clinical findings comprise a concomitant granulomatous
iridocyclitis with large, granulomatous keratitic precipitates
(Fig. 6.14a), cells, and flare in the anterior chamber, and cells
in the vitreous (Fig. 6.14b). Intraocular pressure may be raised.
Additional scleritis may enhance the redness of the eye.

Early affection of the retina is characterized by round or oval
deep, yellow-white lesions with scalloped edges (Fig. 6.13a).
These lesions usually start in the periphery and may be eas-
ily overlooked, misleading the clinician to diagnose anterior
uveitis only. The patches spread peripherally and circumferen-
tially over several days leading to large areas of retinal necrosis
(Figs. 6.15-17). The necrotic lesions spare the posterior pole
for the most part. Hemorrhages are less prominent than in
herpetic retinitis. Arteriolitis and phlebitis complete the fun-
duscopical aspect. Sometimes the feature of “cracked mud” ap-
pears (Fig. 6.17), caused by readily visible larger vessels within
the white retinal necrosis. Mild optic edema is usually present
and a relative afferent pupillary defect may indicate optic nerve
involvement.

Later in the course, severe vitritis may obscure the retina.
The retinitis starts to regress (usually within 4-5 days after
beginning of antiviral treatment) from the leading edge, from
around the venules, and from within the lesion, giving a “swiss
cheese” appearance. The sloughing of retinal debris into the
vitreous body worsens the vitritis, leaving holes in the periph-
eral retina which lead to retinal detachment after four to eight
weeks in 75% of cases, even in patients with antiviral treat-
ment. Fine salt-and-pepper pigmentation develops in areas of
atrophic retina. Good vision may be maintained after prompt
and vigorous therapy. However, most patients lose sight by
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smoldering progression of the retinopathy or optic neuropathy
and vascular occlusion.

6.2.3 Progressive Outer Retinal Necrosis (PORN)

PORN was first described by Forster as a very severe variant
of necrotizing retinitis in patients with AIDS. This devastat-
ing form apparently starts in the outer retinal layers and very
quickly spreads out to whole thickness retinal disease. The de-
gree of chorioretinal inflammation is less than one would ex-
pect from such profound necrosis. The causing agents seem to
be HSV and VZV in severely immunocompromised patients.

Clinical findings. The painless loss of vision within days and
without precursors is typical, and allows a differentiation to
ARN.

The anterior chamber shows a minimal, non-granuloma-
tous anterior chamber inflammatory reaction and no vitritis. A
clear view on the fundus reveals one or more areas of retinitis
in the posterior pole and mid-retina (Fig. 6.18a) without hem-
orrhages. The retinitis progressively spreads outwardly, often
becoming confluent and involving the entire retina within a
couple of days (Fig. 6.18b), even faster than in ARN. Retinal
vasculopathy may be visible adjacent to the lesions. Bilaterality
is observed in more than 70% of cases and it usually occurs
within weeks or even simultaneously.

The devastating course to blindness can only seldom be im-
peded because of limited responsiveness to antiviral agents.

6.3 Virus Specific Features

6.3.1 Herpes Simplex Virus (HSV)

HSYV retinitis. is a rare disease and may vary from strain to
strain. It comprises necrotizing and non-necrotizing herpes re-
tinitis. History often reveals encephalitis weeks or years before
the onset of retinal disease.

Retinal whitening, vascular occlusion, and papilledema
have been described. The white necrotic lesions are less dense
and fluffy than in CMV-retinitis, and inner retinal bleedings
seem to be less frequent (Fig. 6.1), sometimes even absent.

ARN syndrome. While most ARN syndromes are associ-
ated with VZV, few culture-proven cases of HSV-associated
ARN have also been published, and PCR of vitreous tap in
ARN also revealed HSV-DNA. Early start of ocular pain with
concomitant anterior inflammation may indicate HSV-associ-
ated ARN. Exsudative detachment appears more often than in
VZV-induced ARN.

To the best of my knowledge, PORN syndrome has not been
reported in conjunction with HSV infection.



6.3.2 Varicella Zoster Virus (VZV)

VZYV retinitis. has only been described as a mild, self-limiting
form that develops rarely during chickenpox, mostly in adults
and extremely seldom in children.

ARN syndrome. The cause of ARN is overwhelmingly VZV,
and becomes even more probable if a history of chicken pox or
cutaneous zoster is known. VZV-induced ARN may occasion-
ally develop also before the outbreak of cutaneous zoster. In
immuno-compromised patients, almost all cases are preceded by
one or more episodes of shingles. Although, profound immu-
nosuppression is not a pre-condition for VZV-induced ARN,
the disease may be associated with a decline in cell-mediated
immunity in general. General unspecific immunity tests usu-
ally give normal results pretending immunocompetence. An
inverse relation between declining VZV-specific cellular im-
munity and an increase of VZV-associated diseases raises the
possibility, however, of diminished or impaired cell-mediated
immunity.

Symptoms and findings are described above, and no spe-
cific findings enable us to reliably discern between HSV and
VZV as the causative agent. Both eyes are ultimately affected
in 24-80% of cases.

PORN syndrome is apparently nearly always caused by VZV
in patients with AIDS. It may be difficult to distinguish it from
CMYV retinitis, especially in the beginning. Multifocality, a lack
of granular appearance, absence of extensive retinal hemor-
rhages, and an extremely rapid spread indicate VZV-induced
PORN.

6.3.3 Cytomegalovirus (CMV)

Pathogenesis and epidemiology. CMV differs from VZV and
HSV in several aspects. It has less affinity to neural cells, and
is disseminated by the bloodstream via monocytes and neu-
trophils. When CMYV disease develops, viremia is always pres-
ent. As with all herpes viruses, once infected with CMV, one
carries the virus for life. It becomes dormant in a latent stage
in leucocytes, from where it is reactivated if the cellular im-
munity becomes severely affected in immunocompromised
patients. Humoral immunity is not involved in latency control.
The retina is the main target organ, accounting for 75-85% of
CMV-related disease, followed by the gastrointestinal tract,
lung, and central nervous system.

Virions enter the target cells via endocytosis, probably fa-
cilitated by dendritic antigen-presenting cells. Replication of
the virus in endothelial cells of the retinal vasculature com-
promises the retina-blood barrier. This facilitates the access
of virions to glial and neural cells and thus the speed of the
disease spread. Histopathologically, the lesions shows necrosis
and bleedings in all retinal layers. Staining for CMV-specific
antigens suggests that the infection progresses from the reti-
nal vasculature horizontally through glial cells and vertically
through Mueller cells, leading to full thickness necrosis.

CMYV retinitis is by far the most frequent form of herpetic
posterior disease. It occurs only in severely immunocompro-

6.4 Diagnosis and Differential Diagnosis

mised patients. The retinitis usually starts in one eye, but when
it is finally detected, it is often already bilateral. About 50% of
patients show no symptoms when retinitis first becomes ap-
parent, since many lesions start from the periphery or mid-ret-
ina. As the eye is white and quiescent without view-impeding
anterior or vitreous cells, the patient is unaware of his serious
disease until the macula or the optic nerve become involved.
Once a CMV-lesion has appeared, it usually doubles in area
within one month.

The CMV lesion has several characteristic features that
facilitate a correct clinical diagnosis in conjunction with the
obligatory compromised immunocompetence. Four patterns
are discernable: (1) a predominantly hemorraghic lesion
(Figs. 6.6¢, 6.7, 6.9), (2) a granular lesion (mostly peripheral
retina) with few bleedings (Figs. 6.4, 6.5), a central atrophic
area, and surrounding punctate satellite lesions, (3) a brushfire
lesion, presenting a yellowish-white margin progressing to a
sound retina and leaving a necrotic center (Figs. 6.10, 6.11).
Less frequent is (4) the exudative form of “frosted branch an-
giitis” (Fig. 6.8). This classification is somewhat arbitrary, as
several forms may appear concurrently. The progressive cause
can only be stopped by improvement of the immunological
situation (increase of CD4 cells above 200/ul), or by adequate
antiviral CMV-treatment.

ARN syndrome is very atypical for CMV. It does not differ
clinically from the VZV- and HSV-induced forms.

PORN syndrome, which only occurs in AIDS patients, is
mostly induced by VZV in combination with CMV.

6.3.4 Epstein-Barr Virus (EBV)

There have been reports of chronic EBV infection in conjunc-
tion with posterior segment disease. Panuveitis with vitritis
and macular edema, as well as multifocal choroiditis have
been described. However, the etiology of EBV for these dis-
eases is difficult to prove unequivocally, and posterior segment
EBV diseases have thus remained controversially debated (see
Chap. 5).

6.4 Diagnosis and Differential Diagnosis

Diagnosis and differentiation of herpetic posterior disease de-
pends largely on the history and the lesions clinical appear-
ance. In the presence of obvious immunoincompetence, CMV
is by far the most probable causing agent. Thus, every effort
should be made to detect HIV infection or any other type of
immune suppression, so as not to bypass timely and appropri-
ate treatment. Table 6.1 gives an overview on the differential
diagnosis of herpetic posterior disease.

Since we are dealing with ubiquitous viruses, which persist
in their host, antibody screening is of limited value. If we find a
positive titer, it only tells us that this virus is present in the host.
It gives us no information as to its potential etiologic role. If we
have “negative” findings and do not find antibody titers against
a certain herpes virus, then this virus can be excluded from




170

Chapter 6 Herpes Diseases Posterior Segment

Table 6.1 Differential diagnosis of herpetic posterior disease

Sign, disease

Immuno-competence  Findings

Additional

Herpetic retinitis (CMV)

Herpetic retinitis (HSV)

Acute retinal necrosis (VZV)

Progressive outer retinal

necrosis (HSV, VZV)

Single cotton-wool-spots

Branch vein occlusion

Toxoplasmic retinochorioiditis

Candida-albicans vitreoretinitis

Cryptococcosis

Lues

Ocular Non-Hodgkin

AIDS,
CD4 <100/ml

Normal

Normal,
AIDS CD4 <60/ml

AIDS CD4 <10/ml

Ischemic retinopa-
thy, HIV-infection

Normal

Normal
AIDS, CD4 <400/ml

Normal
AIDS CD4 <400/ml

Final AIDS, GVHD

Normal
HIV-infection

Normal

Grey-white flecks, slight or no vitritis
Laminar bleedings
“Cottage cheese and ketchup”

Like CMV-retinitis (very seldom)
Vitritis more pronounced than in CMV retinitis

Yellow white, confluent, starting peripherally
Strong vitritis

Rapid course

Deep pain

Yellow white, multifocal, starting centrally
Only slight vitritis

Very rapid course, early retinal detachment
No pain

Fluffy, white, slightly prominent

Late: granulated, silvery

Flecks are less extended
Retinal vein engorgement
Flame-shaped retinal bleedings

Grey-white, slightly prominent lesions
Often solitary, seldom bleedings
Strong vitritis

White, prominent lesion, slightly anterior to retina
Balls of vitritis

Yellow, subretinal lesions
Papilledema

Small white lesions
Neuroretinitis

Grey-white lesions, sometimes extended

examinations

PCR from vitreous tap

PCR from vitreous tap

PCR from vitreous tap

PCR from vitreous tap

FA: capillary occlusion

FA: black vein sign

MRT (CNS-foci)

Serology, blood culture

CT, neurologist

Serology, anterior uveitis

CT, neurologist

Lymphoma - Moderate to strong vitritis

with typical cell conglomerates

Abreviations: CD4 =number of CD4-lymphocytes per mikroliter blood, CT = Computertomography, FA =fluoresceine angiographie,
HIV =human immunedeficency virus, MRT = magnetic resonance tomography, PCR = polymerase chain reaction

the suspect list, and such knowledge may indeed help in the
diagnosis and thus have a relative value. In ambiguous cases,
mostly of ARN and PORN, a vitreous or anterior chamber tap
will help to find DNA of the responsible virus and thus facili-
tate selection of the optimal antiviral drugs.

6.5 Therapy

6.5.1 General Guidelines

The goals of treatment in acute viral retinitis are: (1) arresting
active viral infection in the retina, (2) preventing contralateral
spread to the second eye, (3) minimizing secondary inflam-

matory intraocular damage, and (4) preventing and/or treating
retinal detachment.

More or less specific drugs are available for all the herpes
viruses that cause posterior disease. These drugs have been de-
veloped from acyclovir and ganciclovir, which were originally
only applicable via intravenous administration. Two additional
antiviral substances are used to treat CMV: foscarnet and ci-
dofovir.

Nowadays, there are several other treatment modalities for
derivatives of acyclovir and ganciclovir, including oral and in-
traocular delivery. Nevertheless, the low bioavailabilty of the
oral drugs (acyclovir: valacyclovir, famciclovir; ganciclovir:
valganciclovir) makes them still inferior to the intravenous
route. Hence, the seriousness of the disease must be taken into
account when considering oral therapy.

The retinis should begin to regress within three to 5 days



after initiation of the treatment. However, complete regression
can often take over a month and highlight the need for long
maintenance therapy.

Steroids should be applied with reservation and restricted
to patients with strong vitritis, but should never be used in pa-
tients with immunodeficiency.

6.5.2 Herpetic Retinitis

If not occurring in immunocompromised patients, retinitis
is best treated with aciclovir and its derivatives according to
severity of the disease. Vigorous intravenous treatment with
aciclovir (10mg/kg 3 times daily for 5-10 days) is required
when the macula is threatened. This is followed by oral aciclo-
vir (5x800mg/d) or the equivalent dosage of the derivatives
famciclovir or valaciclovir. This treatment should be at least
maintained for one year to prevent recurrences and bilateral
disease. Whether lesions not threatening the macula can be
treated using oral therapy alone is not known.

6.5.3 Cytomegalovirus Retinitis

The treatment of CMV retinitis depends on the state of the
host. The following parameters must be taken into account:
CD4 count, state of antiretroviral treatment, nonretinal CMV
disease, an endangered macula, and the state of the second eye.
The treatment effect is usually apparent within one week, lead-
ing to the disappearance of the fluffy white lesions which are
replaced by an atrophic retina with a salt-and-pepper aspect.
(Fig. 6.12a-c)

Induction and Maintenance Therapy. Treatment is best start-
ed with 5-7.5 mg ganciclovir/kg/d for 2-3 weeks followed by
5mg/kg/d maintenance 5 d/wk. The last dose must be reduced
in patients with renal failure, neutropenia, or thrombocytope-
nia. If CMV retinitis is reactivated during the maintenance
phase, induction therapy must be repeated.

The second choice for induction is foscarnet, which is
equally effective and reduces mortality in AIDS patients, but
is nephrotoxic and requires more frequent infusions (induc-
tion 90 mg/kg/d twice a day for 2-3 weeks, followed by once a
day as maintenance). Since its antiretroviral effect is beside the
point ever since the introduction of highly active antiretroviral
treatment (HAART), it is only used in patients with ganciclovir
resistance.

Cidofovir is the third choice. Its efficacy is equal to that of
ganciclovir and the patients need fewer infusions, which in
turn makes this drug less discomforting (maintenance biweek-
ly iv administration of 3-5 mg/kg). However, adverse reactions
limit its use. In addition to the main side effects of nephro-
toxicity and uveitis, cidofovir may lead to irreversible ocular
hypotony.

Alternative Therapy. Intravitreal application of ganciclovir
by injection (2 x 400 mg/week) or with an intravitreal implant
is useful in patients with monocular diease and without CMV
disease elsewhere when HAART has started but is still not fully
effective. In such cases, it may be combined with oral valgan-
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ciclovir to reduce the CMV viremia. The bioavailability of this
derivative is too low for induction therapy.

Formivirsen is a new alternative in patients with multire-
sistant CMV strains. This antisense oligonucleotide can only
be applied via intravitreal injection and may have considerable
side effects in the eye (anterior and posterior uveitis, macular
toxicity).

6.5.4 Acute Retinal Necrosis

Immunocompetent patients or those with only minor immu-
nologic abnormalities should undergo intravenous aciclovir
therapy (10-15mg/kg/d for 5-10 days). After a response to
antiviral treatment, a switch to oral aciclovir (800 mg five times
daily) is suggested. This should be continued for at least three
months, but some specialists recommend even longer periods
lasting years. Newer drugs with a better bioavailabilty (valaci-
clovir, famciclovir) may replace aciclovir as oral treatment. It
is important to emphasize that the risk of involvement of the
fellow eye decreases with aciclovir, although a third of the pa-
tients remain at risk for a second eye infection.

In refractory cases, intravitreal antiviral therapy should be
considered in conjunction with intravenous ganclovir and a
vitreous tap for PCR studies.

Anti-inflammatory therapy suppresses intraocular inflam-
mation and improves vitreous opacity. However, corticos-
teroids should be administered concomitantly (prednisone
1-2mg/kg/d), and only after initiation of antiviral therapy.
Tapering is reccommended over 2-6 weeks.

Prophylactic laser coagulation has been recommended to
prevent retinal detachment and may reduce its rate, but re-
peat treatments may be necessary because retinitis may still
progress.

Immunodeficient patients seldom develop ARN. The cases
reported so far were all AIDS patients, hence, a CMV infection
should be suspected, prompting primary therapy with intrave-
nous ganciclovir, as described above.

6.5.5 Progressive Outer Retinal Necrosis

PORN has only been described in patients with AIDS so far.
Thus, it always includes the possibility of zoster virus and cy-
tomegalovirus involvement. The suspicion of PORN (“indo-
lent ARN” in severely immunodepressed patients) requires
immediate systemic treatment with aciclovir and ganciclovir
in doses as described above. A vitreous tap to detect the vi-
rus DNA should also be performed. Ganciclovir can be intra-
vitreally injected at the same time (400 mg). If the patient has
already undergone one course of ganciclovir treatment and a
resistance is suspected, formivirsen should be attempted intra-
vitreally. However, the prognosis remains very poor even after
a prompt treatment.
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6.5.6 Retinal Detachment

Antiviral therapy does not affect the frequency of retinal de-
tachment. These detachments are characterized by large, rela-
tively posterior breaks, as well as a high prevalence of vitreous
traction and proliferative vitreoretinopathy. Some specialists
recommend to apply a retinal barrier photocoagulation so long
as the hazy vitreous does not prevent an adequate view of the
fundus. Retrospective, non-controlled studies suggest a lower
incidence of detachment among treated patients.

However, owing to the presence of multiple, posterior, ill-
defined breaks associated with vitritis, the standard approach
for patients with ARN, PORN, and necrotizing herpetic retini-
tis is pars plana vitrectomy with silicone oil tamponade. Only
in quiescent CMV retinitis with retinal detachment may gas
tamponade and laser coagulation suffice. Despite rates of ana-
tomic success of 88-100%, final vision may be limited by opti-
cal atrophy or macular involvement.
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Fig. 6.1 Herpetic retinitis in a 35-year-old patient with AIDS and
generalized HSV-infection. Subtle and poorly defined white patches
with small satellite lesions and blood in the inner retina

Fig. 6.2a-c Herpetic retinitis in a 42-year-old patient with AIDS
and generalized HSV dermatitis. a Anterior uveitis without synechi-
ae, a deformed pupil, and depigmented iris. b The iris in retrograde
illumination demonstrates the window defects after HSV iritis. ¢ Left
eye of the same patient: wide-spread, confluent subtle retinal lesion
without bleeding of the lower nasal quadrant



Fig. 6.3 a Suspected herpetic retinitis in a 54-year-old patient with- ~ with considerable vitritis and confluent white lesions. The necrotic
out signs of immunoincompetence. Poorly defined white lesion with  retinitis responded well to treatment with aciclovir. VZV was sus-
overlying inflamed blood vessel and superficial bleeding. b Same  pected as the inducing agent

patient 11 days later: signs of acute retinal necrosis have developed

Fig. 6.4 CMV retinitis in a 38-year-old patient with AIDS. Clear Fig. 6.5 CMV retinitis in a 43-year-old patient with AIDS without
view of the fundus reveals a small granular lesion without bleeding visual symptoms. Typical peripheral granular lesion and retinal

bleedings at the central border. Clear view of the fundus
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Fig. 6.6a—c CMYV retinitis in a 32-year-old man. Development with-  first bleedings have appeared, cotton wool spots are unchanged.
in 70 days without treatment. a Fresh CMV-lesion less than 7 days ¢ Same lesion after ten weeks: enlargement, still active lesion without
old. The subtle feathery lesion can easily be distinguished from two  scarring, cotton wool spots have disappeared

centrally located cotton wool spots. b Same lesion one week later:



Fig. 6.7 CMV retinitis in a 40-year-old patient with AIDS. Typical Fig. 6.8 CMV retinitis in a 27-year-old female, drug-addicted AIDS
central lesion (“cottage cheese with ketchup”) with necrotic patches, patient. Exsudative lesion with frosted branch angiitis
vasculitis, superficial bleedings, and edema endangering the fovea

Fig. 6.9 CMV retinitis in a 34-year-old AIDS patient. Large cen- Fig. 6.10 CMV retinitis in an immunosuppressed patient after bone
tral CMV-lesion with dominating bleedings, comprising dark deep marrow transplantation. Regressing peripheral lesion with large su-
subretinal and central superficial bleedings with interspersed fresh perficial bleedings, an active border and vasculitis

necrotic patches
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Fig. 6.11 CMYV retinitis in a 39-year-old patient with AIDS. The
smoldering retinits shows only a slightly active border leaving be-
hind a “pepper-and-salt” scar

Fig. 6.12a-c CMV retinitis in a 27-year-old patient with
AIDS. a Small lesion at beginning of the treatment. b Same
patient: complete healing and scarring of the lesion after 10
days of ganciclovir intravenously. ¢ Same patient: relapsing of
the retinitis at the border of the scar after cessation of treat-
ment for 14 days
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Fig. 6.13a-c ARN in a 19-year-old patient. Second eye was not af-
fected. PCR detected VZV as inducing agent. a Foci of retinal necro-
sis, few bleedings, and optic nerve head swelling. The fundus view
is impeded by vitritis. b Same patient after four weeks of treatment
with aciclovir (three weeks 3 x 10 mg/kg/d intravenously, still taking
aciclovir 5x 800 mg/d orally). The narrowing of the vessels indicates
the atrophy of large parts of the retina. ¢ A detail of the fundus of the
same patient shows a “salt-and-pepper” scar
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Fig. 6.14a,b ARN in a 16-year-old otherwise healthy girl with pain,
drop of VA to 0.2. Second eye not affected. PCR reveals HSV as caus-
ing agent. a Keratic precipitates. b Posterior pole of the same patient
is free of retinal lesions, but the periphery shows a confluent retinal
necrosis (not to be seen). A heavy vitritis obscures the view on the
papilledema




Fig.6.15 ARN of a 45-year-old otherwise healthy patient with
a confluent necrotic lesions and retinal bleeding in periphery
and mid-periphery. Second eye not affected. b Same patient
after four weeks of antiviral treatment, two weeks after pars
plana vitrectomy with silicone oil filling. Periphery with la-
ser barrier. Narrowed vessels. ¢ Same patient after four weeks
of antiviral treatment, two weeks after pars plana vitrectomy
with silicone oil filling. Narrowed arterial vessels with opaque
vessel walls and optic nerve atrophy, both indicating the loss
of neuronal tissue, hence, with less demand for oxygen




Chapter 6 Herpes Diseases Posterior Segment

Fig. 6.16 ARN in a 42-year-old patient with AIDS and generalized Fig. 6.17 ARN of a 74-year-old otherwise healthy patient. Wide-
herpes simplex infection. Mild vitritis, confluent patches of retinal spread retinal necrosis with cracked mud appearance, only few
necrosis with few bleedings, and cracked mud appearance bleedings. Second eye not affected. VZV proven as inducing agent

Fig. 6.18a,b PORN in a 42-year-old male with AIDS without any pain. a Initial central outer CMV retinitis without bleeding. b Same patient
after 10 days without treatment: full thickness extension of the retinitis and affection of the complete retina. Clear fundus view indicates CMV
infection
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