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This is the 7th edition of Drug-Induced Ocular Side Effects. 
The 6th edition was Clinical Ocular Toxicology. Major revi-
sions include changing over 80% of the parts and sections with 
additions or significant edits. We attempted to add the probabil-
ity of the adverse ocular event being due to the agent, in part, 
based on the World Health Organization (WHO) classification 
system. Dr. Chambers has not taken part in the WHO classi-
fication system due to his affiliation with the U.S. Food and 
Drug Administration (FDA), and this text has no relationship 
to the FDA.

As with previous editions, we continue to incorporate the most 
recent data from the spontaneous reporting systems of the  
FDA (Bethesda, Maryland), WHO (Uppsala, Sweden) and the 
National Registry of Drug-Induced Ocular Side Effects (Casey 
Eye Institute, Oregon Health and Science University, Portland, 
Oregon). The National Registry contains case reports from 
clinicians in many countries and includes the world literature 
in its database. Data in this book have been accumulated from 
numerous physicians and scientists who have suspected adverse 
drug reactions and reported their suspicions to the FDA, WHO 
or the National Registry.

This book is intended as a guide to help the busy clinician 
decide whether a visual problem is related to a medication. The 
clinician’s past experience, the known natural course of the 
disease, the adverse effects of similarly structured compounds, 

Preface

and previous reports all help physicians make their decisions. 
Unfortunately, there have been only limited attempts to apply 
rigorous science to the clinical ocular toxicology of marketed 
products. There are many variables, and there is a paucity of 
research dollars available to assess cause-and-effect relation-
ships between drugs and visual adverse events. The clinician 
needs to keep in mind the marked variability of how each 
human metabolizes or reacts to the drug or its metabolites. A 
change in the expected course of a disease after starting a drug 
should heighten the physician’s suspicion of a drug-related 
event. Peer review journals have difficulty in accepting papers 
on potential visual side effects of drugs because causation, once 
the agent is marketed, is usually difficult to prove by scientific 
parameters. At this stage, medical case reports and spontane-
ous reporting systems and their inherent pitfalls are left as 
significant factors of clinical ocular toxicology. While we have 
made an attempt to classify a suspected adverse event with our 
impression as to causality (i.e. certain, probable, possible, 
unlikely, conditional/unclassified, unassessable/unclassifiable), 
one needs to remember that this is not based on science. This 
is only a guide for the busy clinician and will always be a work 
in progress. We welcome your input.

F.T. Fraunfelder, MD
F.W. Fraunfelder, MD, MBA

Wiley A. Chambers, MD
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The basic format used in each section of ocular side effects is:

Class: The general category of the primary action of the drug, 
chemical or herb is given.

Generic Name: The recommended International Nonpropri-
etary Name (rINN) for each drug is listed, which is designated 
by the World Health Organization. In parentheses is the United 
States National Formulary name or other commonly accepted 
names.

Proprietary Name: The United States trade names are given 
but this is not an all-inclusive listing. In a group of drugs, the 
number before a generic name for both the systemic and oph-
thalmic forms corresponds to the number preceding the pro-
prietary drug. International trade names and multiingredient 
preparations are not listed unless indicated.

Primary Use: The class of medicine and its current use in the 
management of various conditions are listed.

Ocular Side Effects:
Systemic Administration: Ocular side effects are reported 
from oral, nasal, intravenous, intramuscular, or intrathecal 
administration.

Local Ophthalmic Use or Exposure: Ocular side effects are 
reported from topical ocular application, subconjunctival, ret-
robulbar or intracameral injection.

Inadvertent Ocular Exposure: Ocular side effects are reported 
due to accidental ocular exposure.

Inadvertent Systemic Exposure: Ocular side effects are reported 
due to accidental systemic exposure from topical ophthalmic 
medications.

Systemic Absorption from Topical Application to the Skin: 
Ocular side effects are reported secondary to topical dermato-
logic application.

The ocular side effects are listed as certain, probable, possible 
and conditional/unclassified. This classification is based, in 
part, on the system established by the World Health Organiza-
tion. There are debatable scientific bases for our opinions. 
They are only intended as guides for the clinician and are the 
results of “educated” conjectures from the authors, F.T. Fraun-
felder and F.W. Fraunfelder. The name of the preparation in the 
parentheses adjacent to an adverse reaction indicates that this 
is the only agent in the group reported to have caused this side 
effect.

Systemic Side Effects:
Systemic Administration: Systemic side effects are reported 
from ophthalmic medications administered by an oral, intra-
venous or intramuscular route.

Instructions to Users

Local Ophthalmic Use or Exposure: Systemic side effects are 
reported from topical ocular application or subconjunctival or 
retrobulbar injection.

The listing as to certainty of causality is the same as used by 
systemic medication.

WHO Classification System
Where data is available (i.e. published or submitted for publica-
tion), we have classified medication adverse reactions according 
to the following World Health Organization Causality Assess-
ment of Suspected Adverse Reactions Guide.

Certain: A clinical event, including laboratory test abnormal-
ity, occurring in a plausible time relationship to drug adminis-
tration, and which cannot be explained by concurrent disease 
or other drugs or chemicals. The response to withdrawal of the 
drug (dechallenge) should be clinically plausible. The event 
must be definitive pharmacologically or phenomenologically, 
using a satisfactory rechallenge procedure if necessary.

Probable/Likely: A clinical event, including laboratory test 
abnormality, with a reasonable time sequence to administra-
tion of the drug, unlikely to be attributed to concurrent disease 
or other drugs or chemicals, and which follows a clinically 
reasonable response on withdrawal (dechallenge). Rechallenge 
information is not required to fulfill this definition.

Possible: A clinical event, including laboratory test abnormal-
ity, with a reasonable time sequence to administration of the 
drug, but which could also be explained by concurrent disease 
or other drugs or chemicals. Information on drug withdrawal 
may be lacking or unclear.

Unlikely: A clinical event, including laboratory test abnor
mality, with a temporal relationship to drug administration, 
which makes a causal relationship improbable, and in which 
other drugs, chemicals or underlying disease provide plausible 
explanations.

Conditional/Unclassified: A clinical event, including labora-
tory test abnormality, reported as an adverse reaction about 
which more data is essential for a proper assessment or the 
additional data are under examination.

Unassessable/Unclassifable: A report suggesting an adverse 
reaction which cannot be judged because information is insuf-
ficient or contradictory and which cannot be supplemented or 
verified.

Clinical Significance: A concise overview of the general impor-
tance of the ocular side effects produced is given.

References: References have been limited to the most informa-
tive articles, the most current or those with the most complete 
bibliography.



xi

Recommendations: For specific medications, we make recom-
mendations on following patients for probable related effects 
on the visual system. This was often done in consultation with 
other coworkers interested in the specific drug; however, this 
is only intended as a possible guide.

Index of Side Effects: The lists of adverse ocular side effects 
due to preparations are intended in part to be indexes in them-
selves. The adverse ocular reactions are not separated in this 
index as to route of administration; however, this can be 
obtained by going to the text.

Instructions to Users cont
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1

PHARMACODYNAMICS

“Pharmacodynamics” can be defined as the quantitative rela-
tionship between the observed tissue concentration of the 
active drug and its pharmacologic effects. In contrast to phar-
macokinetics, which describe how the body interacts with a 
drug, pharmacodynamic models predict what the drug does to 
the body. Ocular pharmacodynamics is therefore not just an 
abstract issue. Knowing how a substance causes the response, 
which pathways are involved and which cell will be affected  
is of the utmost importance not only in drug development,  
but also when applying a drug. Exact understanding of the 
concentration-dependent response for an individual patient 
provides more precise information for deciding how to dose. 
The main challenge in designing a drug dosage regimen is the 
variability that exists from patient to patient.

Extensive studies and clear specifications have to be made 
during the approval process of a drug. The effect of a formula-
tion might vary with its dosage, the affected tissue and con-
founding comorbidity. Because some of the different reactions 
to a molecule are not known at the time of approval, caution 
is important when treating understudied populations such as 
women, minorities and patients who have multiple health 
problems or preexisting medication.

Initially, the term “receptor” was introduced as an abstract 
model, before any molecular structure had been exactly identi-
fied (Langley 1904). The leading aspect of the receptor is the 
quantitative relationship between drug dose and the pharma-
cological effect.

Where does the drug act?
The target of the active agent is not necessarily the body itself 
but e.g. a foreign organism, as is the case in antibiotics. The 
action of the drug can be initiated either by extracellular local-
ization or by intracellular binding. Very often, membrane pro-
teins, forming receptors (beta-blockers) and ion channels 
(glutamate receptor antagonists), are the target structures of a 
drug. There are also examples of drugs targeting structures of 
the intracellular compartment, e.g. the cytoskeleton (taxanes).

Many drugs make an impact on enzymatic activity (inhibi-
tors of carboanhydrase). However, more and more substances 
are developed that influence promoter regions of the DNA or 
directly interfere with transcriptional activity. By binding the 
messenger RNA, small aptamers can prevent syntheses of new 
proteins.

Biotechnological engineering enables the design of drugs that 
are specifically directed against a cytokine, a surface receptor 
or a key step in signal transduction. The invention of the 
so-called “biologicals” has revolutionized the opportunity to 
intervene more specifically with particular reactions by focus-

ing on single pathophysiological sequences. In terms of toxicity, 
these treatment modalities bear the risk of antigenicity. When 
using fully humanized proteins, specific autoantibodies can 
provoke loss of function. If biotechnological synthesis leaves 
residuals of different species, anaphylactic reactions can occur 
during treatment with foreign proteins.

Besides the receptor-mediated effects, mechanisms that are 
caused by chemical or physical interaction also have to be 
considered. Ophthalmologic examples are the rinsing solutions 
neutralizing the ocular surface after alkali burn injuries.

In reality, some drugs may have several mechanisms of 
actions; e.g. it is possible to distinguish a fast from a slower 
effect. For example, the delayed decline in the intraocular pres-
sure by prostaglandins seems to be related to collagen degrada-
tion after the activation of metal-matrix proteases. In contrast, 
the early decrease in intraocular pressure within the first hours 
was assigned to relaxation of the trabecular meshwork after 
inhibition of a Ca2+-dependent contraction (Thieme et al 2006).

Nonspecific effects are typically mediated through a general-
ized effect in many organs, and the response observed depends 
on the distribution of the drug. It must be appreciated that 
many drugs exist whose sites of action have not been elucidated 
in detail. Furthermore, many drugs are known to bind to 
plasma proteins as well as to various cellular compartments, 
without producing any obvious physiological effect.

How does a drug interact with its target?
A variety of different types of drug actions exists. Accordingly, 
drugs can be classified into specific categories such as agonists, 
antagonists, partial agonists, inverse agonists, allosteric modu-
lators and enzyme inhibitors or activators.

Agonists bind to a receptor or site of action and produce a 
conformational change, which mimics the action of the normal 
physiological binding ligand. At low concentrations, the activity 
of the drug can be additive to the natural ligand. The affinity 
of the drug to the receptor ultimately determines the con
centration necessary to produce a response. The presence of 
spare receptors becomes an important point when considering 
changes in the numbers of available receptors resulting from 
adaptive responses in chronic exposure or irreversible binding. 
The effect of a drug is thought to be proportional to the number 
of occupied receptors. Drug antagonists bind either to the 
receptor itself or to a component of the effector mechanism, 
which then prevents the agonist’s action. If the antagonist-
mediated inhibition can be overcome by increasing agonist 
concentration, ultimately reaching the same maximal effect, 
the antagonist is termed competitive (Fig. 1.1). In contrast, a 
noncompetitive agonist will prevent the agonist from produc-
ing a maximal effect. If the antagonist is reversible and binds 
at the active site, the inhibition will be competitive.

PART 

1  Principles of therapy
Focke Ziemssen, MD and Manfred Zierhut, MD
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Type 3 receptors, usually located in membranes, are directly 
coupled to an enzyme. Receptors with inherent enzymatic 
activity are most commonly cell-surface protein kinases. These 
receptors demonstrate their regulatory activity by phosphory-
lating various effector proteins at the inner face of the cell 
membrane. Phosphorylation changes the structures, biological 
properties and, hence, the biological activity.

Finally, type 4 receptors are located in the nucleus or cyto-
plasm and are coupled via DNA to gene transcription. Recep-
tors for steroid hormones, thyroid hormones, retinoids, vitamin 
D and other molecules are soluble proteins and can bind DNA. 
These transcription factors are regulated by phosphorylation, 
association with other proteins, binding metabolites or regula-
tory ligands.

Drug-receptor binding triggers a cascade of events known as 
signal transduction, through which the target tissue responds. 
Within a physiologic entity there are myriad possible chemical 
signals that can affect multiple different processes. Subse-
quently, a very important, but not totally understood, property 
of a receptor is its specificity or the extent to which a receptor 
can recognize, discriminate and respond to only one signal. 
Some receptors demonstrate a very high degree of specificity 
and will bind only a signal endogenous ligand, while other 
receptors are less specific. In most cases the binding is transient 
and each binding triggers a signal. Furthermore, there may be 
different subtypes of a given receptor, each of which recognizes 
or binds to the same specific ligand but generates different 
intracellular responses. Spatial organization is one possible 
explanation why cross talk between the pathways does not lead 
to tremendous confusion.

The magnitude of receptor-mediated responses can decrease 
with repeated drug administration, thus after exposure to cat-
echolamines there is a progressive loss of the ability of the 
target site to respond. This phenomenon is termed tachyphy-
laxis. The receptor desensitization is usually reversible.

Spare receptors allow maximal response without total recep-
tor occupancy by increasing the sensitivity of the system. Spare 
receptors can bind extra ligands, preventing an exaggerated 
response if too much ligand is present.

A question of quantity – dose response
Characterizing the dose-response relationship in populations 
often is not informative enough when the inter-subject varia-
tion is relatively high. The response can vary across subjects 
who achieve the same concentration. In the majority of cases, 
the effect of a drug is dependent on the number of bound recep-
tors, although mostly there is no linear relationship.

It is necessary to differentiate between efficacy and potency. 
From the clinician’s point of view, the efficacy is more impor-
tant as it stands for the maximum effect achievable (EDmax). 
ED50 indicates the dose of a drug that produces 50% of the 
maximal response. In contrast, the potency is a measure of the 
affinity and indicates which concentration has to be provided 
at the site of action (Fig. 1.2).

Graphically, potency is illustrated by the relative position of 
the dose-effect curve along the dose axis. Because a more potent 
drug is not necessarily clinically superior, potency has little 
clinical significance for a given therapeutic effect. However, low 
potency is a disadvantage only if it is so large that it is awkward 
to administer. Potency is determined by the affinity and intrin-
sic activity of a drug.

Pharmacodynamics is very tightly connected with toxicody-
namics, both showing a very similar dose-response curve. The 

However, often the rate of binding/dissociation is not so 
important in determining the onset or termination of the elic-
ited effect because such behavior mostly depends on the deliv-
ery and distribution.

Antagonists bind to the receptor without eliciting the neces-
sary conformational changes required to produce the response 
effect. These drugs block access to the receptor. Most antago-
nists shift the dose-response curve to the right but do not alter 
the magnitude of the maximum response. Functional antago-
nism is defined as antagonism of tissue response that is unre-
lated to blockade at receptors but instead represents blockade 
at a site distal to receptors. Functional antagonists may affect 
second messenger production. Nonspecific antagonism might 
depress all cellular excitability, e.g. by energy charge.

Receptors and signal cascades
A receptor is a macromolecule whose biological function 
changes when a drug binds to it. Most drugs produce their 
pharmacological effects by binding to specific receptors in 
target tissues. Affinity is the measure of the propensity of a 
drug to bind to a receptor and depends on the force of attraction 
between drug and receptor. There are different structural and 
functional classifications of receptors, but generally speaking 
there are just a few functional families whose members share 
both common mechanisms of action and similarities in molec-
ular structure. There are at least four main types.

Type 1 receptors are typically located in a membrane and are 
directly coupled to an ion channel. Receptors for several neu-
rotransmitters send their signals by altering a cell’s membrane 
potential or its ionic composition. This group includes nico-
tinic cholinergic receptors and γ-aminobutric acid receptors. 
These receptors are all multiple subunit proteins arranged sym-
metrically to form a channel.

Type 2 receptors are also located in a membrane and are 
coupled by a G protein to an enzyme or channel. There is a 
large family that utilizes heterotrimeric guanosine 5’-triphos-
phate (GTP)-binding regulatory proteins. Ligands for G-protein 
receptors include eicosanoids and biogenic amines. Second 
messengers include adenyl cyclase, phospholipase C, Ca2+ cur-
rents and phosphatidyl inositol-3-kinase. G-protein-coupled 
receptors span the cell membrane and exist as a bundle of seven 
helices.

Fig. 1.1.  In a constitutively active system, an antagonist modulates 
the activity and is defined as a full or partial inverse agonist 
depending on the degree of inhibition. 
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or interactions with other drugs can cause the undesired effects. 
Correspondingly, ADRs can be classified as type A (augmented) 
or type B (bizarre) reactions. Withdrawal reactions, which may 
occur with abrupt withdrawal of some drugs, and delayed onset 
were assigned to type A reactions.

In overdose, increased development of the therapeutic effect 
often occurs. Although the patient may be prescribed a dose 
within the normal recommended range, impaired organ func-
tion affects clearance and may result in adverse effects. However, 
when the level is accordingly further increased, nearly every 
drug shows toxicity.

Examples of undesired effects unrelated to the primary effect 
are hemolytic anemia following sulfonamides, atropine-like 
effects in the use of tricyclic antidepressives and thrombophilia 
induced by contraceptives. Some serious side effects do not 
occur before longer-lasting therapy, e.g. osteoporosis in chronic 
steroid treatment.

Various type B reactions are unexpected because they are 
unrelated to the known pharmacological action of the drug. 
Many of these reactions have an immunological basis, e.g. 
anaphylaxis with antibiotics. Others are due to genetic abnor-
malities such as drug-induced hemolysis in patients with 
glucose-6-phosphate dehydrogenase deficiency when given oxi-
dative drugs. Allergic reactions are idiosyncratic and normally 
unrelated to dosage. Management of such ADRs usually 
requires stopping the offending drug.

Some ocular reactions (miosis, mydriasis or intraocular pres-
sure) show a very reproducible pattern of the pharmacody-
namic response. Ophthalmic pharmacological responses are 
therefore often used to investigate the administration and phar-
macokinetics of a drug with special interest in the quantitative 
response.

PHARMACOKINETICS

Because a later part of this book concentrates on ocular phar-
macokinetics and drug delivery in detail, only some general 
considerations are given here.

The bioavailability describes the proportion of the unchanged 
drug delivered to the site of potential action regardless of the 
route of administration. To facilitate the calculation of absorp-
tion and elimination rates, a compartment is usually postu-
lated as a space where the drug is supposed to be homogeneously 
distributed. First-order kinetics are found when the rates (ab-
sorption, elimination) are proportional to the concentration. 
However, usually zero-order kinetics are detectable for most eye 
drops because the rates are independent of the concentration 
but proportional to the functional capacity of the body.

It has been estimated that only 1–5% of the active drug 
enclosed in an eye drop penetrates the eye (Schoenwald 1997). 
The maximum bioavailability is afforded by a drop size of 
20 µL. An increase in volume or number of drops only leads 
to systemic toxicity due to increased lacrimal outflow and 
mucosal absorption of the drug. Up to 80% may reach the 
general circulation. Otherwise, after intraocular penetration 
there is no first-pass metabolism. Tissue binding has to be 
taken into consideration, reducing the elimination process by 
retention.

Barriers of the eye
Despite its apparent easy accessibility, the eye is well protected 
against the absorption of foreign materials, including therapeu-
tic agents. The corneal epithelium acts as a trilaminar barrier 

curve progression is characterized by the concentration where 
50% (95% for LD95) of the effect appears. For many years, the 
LD50 (median lethal dosage) was tested in rodents before 
approval of new drugs. Since 1991, LD50 estimations in animals 
have become obsolete and are no longer required for regulatory 
submissions as a part of preclinical development. In addition 
to the effect level, the relationship between time and response 
is crucial.

In practice, the therapeutic window is much more relevant 
than the maximum efficacy (treatment dosage in g or mg). 
Drugs with a narrow margin are more difficult to dose and 
administer, and may require therapeutic drug monitoring. The 
more innocuous a drug is, the higher is its therapeutic width 
(Fig. 1.3). Side effects can be classified by the dosage or the 
cause. Adverse drug reactions (ADRs) can be seen following 
overdose or therapeutic dose. The intended pharmacological 
action, effects which are independent from the primary effect 

Fig. 1.2.  The potency of drug 1 is higher than that of drug 2, 
according to a superior binding affinity. The efficacy and potency of 
drugs 2 and 3 are the same, but the mode of action differs. Drug 4 
is less effective and less potent. 
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Fig. 1.3.  Therapeutic width is characterized by the distance of both 
sensitivity curves, the therapeutic (ED50, left) effect vs. the toxic 
(TD50, right) effect. For toxicity, curves 1, 2 and 3 illustrate the 
different toxic responses of rise, shown by the rates of rise. If the 
ratio of TD50/ED50 is used to estimate the therapeutic width, the 
same value would be wrongly assumed for all three curves. In 
reality, the therapeutic index TD5/ED95 more exactly represents the 
safety of a drug. The therapeutic window is sometimes given as 
the difference TD5–ED95. 
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status are important. The elimination of the drug and therefore 
renal and liver function are determinant factors.

When describing the pharmacokinetic properties of a chemi-
cal, the four points of absorption, distribution, metabolism and 
excretion (ADME) are considered. A pharmacokinetic system 
can be determined to be linear or nonlinear and time-invariant 
or time-varying with respect to the modeling.

Many of the clinically significant interactions between  
drugs are pharmacokinetic in origin. Not only can induction/
inhibition of metabolizing enzymes occur, but also direct com-
petition for transport mechanisms can influence tissue distri-
bution and accumulation. Drugs competing for albumin are 
phenylbutazone and warfarin; therefore each affects the distri-
bution of the other. Thyroxine influences the absorption of 
calcium. Probenecid vies with penicillin for renal excretion.

Important pathways, such as the microsomal cytochrome 
P450 monooxygenase, are known to be inducible, but also genet-
ically determined. These enzymes act on structurally unrelated 
drugs. In phase I of biotransformation, drugs are made more 
polar by oxidation, reduction and hydrolytic reactions, before 
phase II reaction results in drug inactivation by conjugation 
(glucuronidation, sulfation, acetylation). Mutations in the  
cytochrome P450 monooxygenase lead to slower metabolizing 
of drugs. The application of pharmacogenetics therefore  
holds great promise for an optimized, individualized therapy. 
However, there is little clinical impact at present because of the 
complex variability of the pharmacology (different pathways, 
active metabolites), leading to a high level of operating expense. 
The benefits of prospective testing still need to be weighed 
against the costs.

PHARMACOLOGY PRINCIPLES

When designing drug regimens, it is important to consider the 
risks and limitations of medical treatment. We recommend 
paying attention to the following 10 reminders of what to not 
to do.

1) Do not be ignorant of the pharmacology
General pharmacology often is not an exciting issue. Compli-
cated and unusual names of agents, difficult schemes of dosages 
and biochemical pathways do not invite the study of the basics 
of pharmacologic treatment. However, the effective therapy is 
intimately connected with the pathophysiology of a disease as 
designing selective inhibitors to a cytokine or receptor has 
become feasible. Although it is often not a simple story, the 
knowledge of the background facilitates the choice of the appro-
priate therapeutic approach.

In terms of legal advice, a physician’s liability is based on 
negligence, the legal equivalent of malpractice. Professional 
negligence means that a professional person (physician, phar-
macist) acting within the scope of his or her reputation has 
performed in a substandard fashion, causing a person to suffer 
damages. Physicians may be negligent in two ways – by failing 
to do something or by doing something incorrectly (Francisco 
1990). When a physician has not been obviously negligent by 
inappropriately prescribing a drug, many considerations are 
examined to determine whether a physician’s conduct fell 
below the requisite standard of care.

Some questions are raised before a legal proceeding: Was the 
physician aware of the risks involved prescribing the medica-
tion; and, if the physician was not aware, should he or she have 
been? Were there warnings included in the pharmaceutical 

to the penetration of topical drugs. Absorption of drugs depends 
on their solubility; lipophilic substances seem to penetrate 
readily in the corneal epithelium.

Drugs administered topically will drain into the nasolacrimal 
duct and be absorbed through the epithelial mucosa lining into 
the systemic circulation. One of the reasons for this behavior 
is that the fornix of the lower eyelid can hold only the volume 
of one drop of topical medication, which is approximately 40 µl 
at most. Most ophthalmic drugs are adapted from other thera-
peutic applications and were not specifically developed for the 
treatment of eye disease; hence, they are not well suited to 
provide eye-specific effects.

For maximal corneal drug penetration, a molecule must have 
an optimized ratio of hydro- and lipophilicity, as nonionized 
molecules penetrate the epithelium/endothelium well and 
ionize the stroma. The clinical state of the eye also strongly 
determines ocular pharmacokinetics. Transcorneal drug pene-
tration is greater when the epithelium is altered or the corneal 
stroma is edematous (Ueno et al 1994). Similarly, preservatives 
improve the penetration of the drug (Ramselaar et al 1982). 
The blood ocular barrier is based on tight junctions of the 
nonpigmented ciliary epithelium, the retinal pigment epithe-
lium and the retinal capillary endothelial cells. Intraocular 
structures are also shielded by these barriers from systemic 
toxins. However, these natural ocular barriers may also act as 
drug depots and can play an important role in the pathogenesis 
of drug-induced ocular toxicity.

The retinal pigment epithelium (RPE) is metabolically very 
active and can participate in the detoxification of various drugs. 
As chlorpromazine and chloroquine have an affinity to the 
melanin of the pigment epithelium, both drugs are metabolized 
by the RPE and are, therefore, retinotoxic (Koneru et al 1986).

Factors affecting the availability of drugs
Surfactants increase the solubility of hydrophilic drugs by alter-
ing the permeability of epithelial membranes. Solutions with 
high viscosity increase the contact time of a drug on the cornea. 
The pH determines the degree of ionization of a drug. Because 
the pH of tears is slightly alkaline (7.4), many ocular drugs are 
weak bases (alkaloids) existing in both their charged and 
uncharged forms at that pH. However, if the pH of the solution 
is made more basic, then more uncharged forms of the mole-
cule are present, resulting in increased lipid solubility and 
epithelial penetration.

After systemic administration, the ability of blood-borne 
agents to reach the globe depends on the lipid solubility, the 
plasma protein binding (only the unbound form is bioavailable) 
and the molecular weight. Calculating the loading dose of a 
drug is similar to calculating the amount of drug required to 
achieve a desired concentration in a predefined volume. This 
ratio can also be used to estimate the top-up dose that may be 
required if the drug is already present but the concentration is 
too low. Drugs start to be eliminated as soon as they are 
absorbed. Target drugs can, therefore, be maintained only if 
doses are given at a rate that balances the clearance rate. Main-
tenance dosage regimens are designed to achieve this balance. 
The time to reach this steady state depends only on the half-life 
of the drug.

Understanding the reasons for pharmacokinetic variability 
and adjusting drug doses accordingly can make major impacts 
on risk management and patient care. Besides the genetic back-
ground, we know many sources for variability related to observ-
able clinical characteristics. Age, gender, weight and hormonal 
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back. Telling patients that their disease has been cured or at 
least stability has been achieved can give an additional feeling 
of safety. This may be of major importance in improving indi-
vidual compliance in chronic diseases. Finally, recognizing 
potential adverse events (and reporting them to the US FDA 
or equivalent) is the physician’s responsibility (Kaufman et al 
1994). Without looking for side effects, the physician would 
not identify toxicity. Systemic adverse effects of topical ocular 
treatment are not easy to recognize. We need an optimum level 
of alertness and an interdisciplinary comprehension.

4) Do not taper anti-infective drugs
For many drugs it is mandatory to adjust the dosage in accor-
dance with the development of the disease. Immunosuppres-
sives are prime examples, where tapering reduces side effects 
but can result in inflammatory activity developing over time. 
If dose reduction is too fast, tapering may lead to recurring 
activity (rebound phenomena).

To a certain extent, varying the frequency at which eye drops 
are administered provides an additional tool for adapting 
dosage. For example, the use of repeated applications is able  
to achieve the same levels in aqueous humor as a subconjunc-
tival injection. However, in antibiotics the therapeutic range 
usually is very limited. The width of the therapeutic window 
is restricted by the required effective dosage (Mattie 1993).

Using antibiotic agents for too long and with an insufficient 
dosage is not only the reason for ineffective treatment, but can 
increase the risk of developing resistance (Gaynor et al 2005). 
Anti-infective drugs should be always stopped abruptly and 
never tapered.

5) Do not overestimate patient compliance
“Real world” conditions are often very different from theoretical 
considerations. Although a combination of multiple drugs 
might be necessary in the advanced stage of a disease and fre-
quent administration can achieve higher drug concentrations, 
the ability to apply drugs as frequently as prescribed may be 
restricted for the average patient.

Blinded prospective studies have evaluated application behav-
ior in detail and have shown that noncompliance is very often 
the limiting factor (Stewart et al 2004; Herrmann et al 2006). 
The issue is even more relevant in permanent treatment, e.g. 
with antiglaucomatous drugs.

With higher frequency dosing and an increasing number of 
drugs, a growing number of patients do not comply with drug 
therapy recommendations. However, there are ways of over-
coming these problems. An exact written plan helps the patient 
to follow the prescription. This should explain how to admin-
ister the drug and discuss side effects clearly. Administration 
is an important issue especially for older or disabled patients. 
The dose regimen should be critically optimized for the indi-
vidual patient to address administration issues. Explaining the 
background and convincing the patient of the necessity of the 
planned treatment and its aim can strongly improve the accep-
tance of the drug.

6) Do not disregard patients’ warnings
Incompatibility and allergic predisposition mostly arise with 
clear symptoms. Nearly all symptoms related to adverse effects 
are recognized by the patient. It therefore seems wise to listen 
carefully to the (sometimes bizarre) reports of the patients’ 
experiences. Depending on what they say, the medication can 
be adapted.

manufacturer’s literature that were not followed? Would a phy-
sician read the literature in exercising reasonable care? Were 
the expected benefits of use of that particular drug sufficient to 
justify exposing the patients to the risks? Were specific tests 
recommended in the literature that the physician failed to 
perform before initiating the drug? Should the physician have 
noticed the adverse effect of the drug when it occurred and 
taken countermeasures? Could the medication have been 
stopped in time to avoid injury?

2) Do not mix too many drugs
Maintaining an overview of the situation can be difficult, espe-
cially in challenging situations. If the therapeutic benefit is still 
missing in the presence of psychological strain, the physician 
is at risk of escalating the therapeutic regimen by just adding 
further drugs.

Blind polypragmasia (“If a little is good, more is better”) rarely 
achieves an improvement. If combining too many remedies, it 
is not possible to differentiate between the effects of several 
drugs and acknowledge the exact agent responsible for the 
observed side effects or therapeutic response. Do not prescribe 
any medication unless it is absolutely needed, and discontinue 
use of the drug as soon as possible.

Most drugs are available in different formulations, e.g. as eye 
drops and ointments at the same time. Different therapies have 
different advantages and disadvantages. Drops allow faster 
visual rehabilitation because of the effect on the precorneal tear 
film and visual acuity is less pronounced. In the presence of 
corneal ulcers or erosions, eye drops do not interfere with 
reepithelialization. Preservative-free drops can even be used 
together with bandage contact lenses. In contrast, ointments 
have the advantage of increased drug contact time. If the 
administration is difficult, prolonged concentration can be 
maintained. Ointments may, however, also act as barriers to 
the penetration of other drops. The slow release of some agents 
from the ointment may result in subtherapeutic levels of the 
drug. In contrast, preservatives and antibiotics (e.g. aminogly-
cosides) can cause damage to the corneal epithelium if con-
tained in the ointment (Napper et al 2003).

3) Do not forget the aim of treatment
The strategy of the approach should always include a clear 
definition of the therapeutic target. Even though the therapy 
sometimes makes the diagnosis, it is important to clarify the 
suspected problem before looking for the solution. Waiting for 
a further course of the disease and defining the suspected diag-
nosis exactly might be wiser in some situations before intensi-
fied treatment is considered. For example, in the case of 
intraocular lymphoma, (steroid) treatment should be stopped 
before diagnostic vitrectomy in order to harvest enough signifi-
cant cells.

Controlling the success of therapy is essential. Although only 
a few drugs need special biomonitoring, the drug concentration 
has to be assessed if the high variability of bioavailability fails 
to meet the therapeutic window, e.g. in systemic cyclosporine 
therapy. Other agents only require additional safety assess-
ment. Because tamoxifen, chloroquine, amiodarone and cetiri-
zine are reported to produce ocular toxicity, clinicians are 
usually careful to note their particular toxicities.

Control of the outcome is also important in general treat-
ment for several reasons. First, nonresponders would otherwise 
not be detected. Second, it should not be forgotten that most 
patients expect a final examination giving them positive feed-
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9) Do not disregard alternative approaches 
and recommendations of how to behave in 
daily life
The acceptance of drug treatment is much higher if if patients 
are given the impression that they are able to actively fight the 
disease. In contrast, if they experience a loss of control, patients 
find it more difficult to cope with the treatment burden. The 
extent to which any patient adheres to a medical regimen is an 
essential determinant of clinical success.

Although the perception of disease depends on many differ-
ent factors, it is possible to satisfy individual demands. A 
holistic perspective also takes psychosomatic complaints and 
factors seriously.

There is not a great deal of evidence for the effectiveness of 
alternative treatment options. Nonetheless, if a patient insists 
on an alternative treatment attempt, it is important to keep 
contact and perform control examinations regularly. In terms 
of toxicity, there is not a great difference between approved 
drugs and homespun remedies (Fraunfelder et al 2003). Because 
of their widespread use, ophthalmologists should be aware of 
nutritional supplements and herbal medicines (West et al 
2006) and their side effects.

10) Do not overlook signs of a causal 
relationship when discussing potential 
adverse events
Most physicians react in an irritated manner when patients 
mention any side effects they have found in the patient infor-
mation leaflet. Although the necessity and in particular the 
extent and modalities to provide information of potential drug 
reactions can be controversial, a greater awareness can help 
identify a potential toxicity.

On the one hand, warnings can also become self-fulfilling 
prophecies (Witthoeft et al 2013). That is often the reason why 
diffuse statements and unobjectifiable symptoms are rated 
critically or considered to trace back to the medical consulta-
tion. The so-called nocebo phenomenon is seen after use of 
formulations containing no active ingredients, though non-
medicated, negative effects similar to diseases were reported by 
the persons affected. The symptoms were mainly attributable 
to the psychosomatic disorders (nausea, headache, exhaustion); 
however, objective manifestations like skin rash, hypertension 
or tachycardia also were reported (Hahn et al 1997).

On the other hand, the complaints and history of patients 
can be of high relevance in order to identify so far unknown 
side effects, both for the individual patient and the knowledge 
of the general connection. The single observation can be useful 
and superior in the systematic analysis of higher-evidence trials 
(Aagaard et al 2009). Nevertheless, many examples such as the 
floppy iris syndrome caused by α1-antagonists exemplify the 
difficulties in recognizing the causal relationship between a 
medicinal drug and any signal that might also be associated 
with the treated disease or the person treated (Chang et al 
2005). Contaminated, falsified agents or cheap quality are more 
frequently placed on the global market (Sun et al 2011). There-
fore, still facing a high incidence of adverse drug reactions, it 
is necessary to have a good practice in detecting the signals and 
a predefined strategy to assess the causal relationship.

While a deterministic approach such as laboratory diagnos-
tics is usually missing, rarely can it be said for sure whether 
the event observed is causally connected to the intake of a 
medication. Most approaches to analyzing the causality focus 

Drug-induced allergy remains a relatively rare situation, 
occurring in a small percentage of patients, mostly in the early 
course of treatment. For the ocular surface, preservatives are 
major sources of allergic reaction (Baudouin 2005).

Other clinical manifestations may also be related to the 
toxicity of the drug without the occurrence of allergic reactions. 
Corneal punctate staining can occur regardless of the agent. 
Previous studies have illustrated the importance of discriminat-
ing early, acute allergic reactions from often more-delayed toxic 
and nonspecific inflammatory mechanisms that may require 
some time to occur or result from indirect inflammatory 
mechanisms.

7) Do not underestimate drug interactions
Because the tear turnover is 30%/min (following 1 drop, nonir-
ritated eye 15%/min), drops wash out in approximately 5 
minutes. This is the minimum time interval between drops. 
Concurrent use of individual preparations has shown much 
lower concentrations than achieved with a fixed combination.

Using pharmacodynamics, the interaction between different 
antiglaucomatous drugs is very well studied. There are many 
examples where combined treatment does not induce additive 
or synergistic effects; e.g. pilocarpine added to prostaglandins 
does not seem to produce an additive decrease in intraocular 
pressure effect (Toor et al 2005). When the interacting drug has 
a long elimination half-life, the interaction may persist for 
some time after the drug has been discontinued. It is important 
to consider potential interactions not only when two drugs are 
given together but also when one is stopped.

8) Do not to forget whom to treat
We have to keep in mind that several subgroups of patients are 
at higher risk of developing side effects. A very important 
example is treatment during pregnancy, when toxicity and pla-
cental transfer must be evaluated in addition to other factors 
(Chung et al 2004). Data are very limited as large-scale popula-
tion surveillance is needed to detect individual drug teratoge-
nicity. Researchers are often not willing to invest funds in 
research that will most likely give a negative association 
between the two variables studied.

Reasonable care must also be used in children. Besides abso-
lute contraindications (e.g. brimonidine), some drugs have to 
be weighted in the individual situation (Bowman et al 2004). 
Topical application offers lower systemic exposure and some-
times enables the use of drugs that are not harmless when 
applied systemically in children (e.g. chinolones). However, 
recent FDA warnings for children include some topical medica-
tions (e.g. pimecrolimus/tacrolimus ointment because of the 
potential cancer risk). Changes in clearance vary with age. 
When there is a special need for dose adjustment, we strongly 
recommend consultation with pediatricians.

Because of the increasing longevity of the population, a 
growing number of very old people are exposed to medications. 
The average number of drugs is five per patient for patients 
over 65 years old. Geriatric dosing is problematic because of 
possible drug interactions. Drug therapy in this population is 
also difficult because changes in body composition, malnutri-
tion and renal failure can cause drug accumulation and toxic-
ity. Liver function and P450 metabolism can also be affected. 
Physicians should therefore always be particularly careful when 
prescribing drugs to pregnant women, children or elderly 
patients.
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Table 1.1 – WHO Causality Assessment Criteria (Rehan et al 2009)

Causality Categories Time Sequence Other Drugs/Disease Ruled Out Dechallenge Rechallange

Certain Yes Yes Yes Yes

Probable Yes Yes Yes No

Possible Yes No No No

Unlikely No No No No

Unclassified

Not appraisable

Table 1.2 – Naranjo Probability Scale (Rehan et al 2009)

Yes No Not Sure

Presence of previous conclusive report 

on adverse reaction?

+1 0 0

Did adverse event appear subsequent 

to administration of suspected drug?

+2 −1 0

Did adverse event improve on drug 

discontinuation or on administration of 

specific antagonist?

+1 0 0

Did the adverse event reappear when 

the drug was readministered?

+2 −1 0

Are there any alternative causes other 

than the suspected drug that could 

have caused the reaction on their own?

−1 +2 0

Did the adverse event reappear when a 

placebo was administered?

−1 +1 0

Was the incriminated drug detected in 

toxic concentrations in blood (fluids)?

+1 0 0

Did the adverse event worsen on 

increasing the dose or decrease in 

severity with lower doses?

+1 0 0

Past history of any similar reaction to 

the same or similar drugs?

+1 0 0

Was the adverse event confirmed by 

objective evidence?

+1 0 0

Total score: 0, doubtful; 1–4, possible; 5–8, probable; ≥9, definite

on three parameters: the chronological relationships between 
the exposure and the adverse event, the probability of compet-
ing factors and the pharmacologic plausibility. Valuable instru-
ments in the assessment are the WHO classification scheme 
and the likelihood scale of Naranjo (Table 1.1 and Table 1.2; 
Rehan et al 2009 UMC).

In addition, the nine criteria of the English epidemiologist 
Sir Austin Bradford Hill can be used to evaluate the quality of 
the data and potential signals (strength, consistency, specificity, 
temporality, biological gradient, plausibility, coherence, experi-
ment, analogy).
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