
Recent Advances In Drug Delivery To 
The Posterior Segment Of The Eye 

 
An essay Submitted in partial fulfillment of master degree 

 in ophthalmology 
 

By 
Doaa Mohamed Kareem Ahmed Mohamed Akl 

M.B.,B.Ch 
 

Under the supervision of 
 

Prof. Dr. Ahmed Bahy El-Deen Shalash 
Professor of Ophthalmology 

Faculty of medicine 
Cairo University 

 
Prof.Dr. Mohamed Abd El-Moniem Hassaballah 

Professor of Ophthalmology 
Faculty of medicine 

Cairo University 
 

Dr. Ahmed Abd-Allah Mohalhal 
Lecturer of Ophthalmology 

Faculty of medicine 
Cairo University 

 
 

Faculty of Medicine 
Cairo University 

Cairo 
2014 



 

Abstract 
 

Vitreoretinal diseases, including age-related macular degeneration 

(AMD), cytomegalovirus retinitis, diabetic retinopathy, posterior uveitis 

and retinitis pigmentosa, which are considered the main causes of 

blindness all over the world,  are refractory to both topical and systemic 

pharmacological approaches because of the unique anatomy of the eye 

which represent a several barriers that resist the passage of required drug. 

Since blindness and visual impairment become a nightmare to those 

patients, the treatment of such diseases has the interest of the 

pharmaceutical scientist in order to develop novel drug delivery systems 

that can overcome these barriers and reach the target tissue in an 

efficacious concentration without causing any patient discomfort or 

alteration in protective physiological mechanisms 

Ocular drug delivery has been a challenging task for pharmaceutical 

researchers in order to treat various ocular diseases especially that 

affecting posterior segment. 
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Introduction 
 

The unique structure of the eye restricts the entry of drug molecules at the 

required site of action. Conventional systems like eye drops, suspensions and 

ointments cannot be considered optimal in the treatment of vision threatening 

ocular diseases.1  

 

Most of the topically applied drugs are washed off from the eye by various 

mechanisms (lacrimation, tear dilution and tear turnover) resulting in low ocular 

bioavailability of drugs. Moreover, human cornea comprising of epithelium, 

substantia propria and endothelium also restricts the ocular entry of drug 

molecules.2 

 

Treatment of diseases of the posterior segment of the eye, such as age-

related macular degeneration, cytomegalovirus retinitis, diabetic retinopathy, 

posterior uveitis and retinitis pigmentosa, requires novel drug delivery systems 

that can overcome the many barriers for efficacious delivery of therapeutic drug 

concentrations.3  

 

There was an urgent need to develop ocular drug delivery systems which 

provide controlled release for the treatment of chronic diseases, and increase 

patient’s and doctor’s convenience to reduce the dosing frequency and invasive 

treatment.4 

 

There are different routes of drug administration to the posterior segment 

of the eye with recent advances in the research and development of drug 

delivery devices.3  
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Topical drug application; Topical eye drops are far superior to all other 

routes of administration with respect to safety, comfort, affordability and ease 

of use. However topical medications are least effective in delivering therapeutic 

concentrations of the drug to the retina.5 

 

Systemic drug delivery; The systemic application of drugs is another 

method of access to the posterior segment. From the blood, the drugs can easily 

enter the choroidal extravascular space.  However, the entry of the drug into the 

posterior segment is often limited by the outer and inner blood–retinal barriers. 

It also increases the risk of adverse effects due to the accumulation of a drug in 

other tissues throughout the body.3  

 

Intravitreal injection; Intravitreal injection was introduced in 1945.6,7 It is 

currently the most acceptable and effective method to treat vitreoretinal disease. 

This method allows a direct application of the drug into the posterior eye, thus 

eliminating the barriers with topical and systemic administration. As a result, a 

much higher dose of drug can reach the target site and yield a more efficacious 

treatment of posterior eye diseases. However, multiple injections may be 

necessary as a result of the limited half-life of many compounds in the vitreous, 

potentially causing trauma and increasing the risk of cataract, retinal 

detachment, hemorrhage and endophthalmitis.8 

 

Transscleral diffusion; A less invasive method in which the drug permeates 

through ocular tissues to reach the neuroretina. Transscleral delivery includes 

such avenues as subconjunctival, retrobulbar, peribulbar, and sub-Tenon’s 

delivery.9 
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Transscleral Iontophoresis; Another transscleral method of drug delivery in 

which charged molecules are delivered across the sclera and into the posterior 

segment of the eye via a direct electric current.9 

 

Many types of controlled-release drug delivery systems have been 

developed, including nanoparticles, microcapsules, liposomes and implants.10 

 

Intraocular implants; are designed to provide drug release into the posterior 

segment for longer periods of time (months or even years) compared to particles 

or solutions. These implants are usually placed at the level of the parsplana 

during a surgical procedure.11   

 

Compared to intravitreal injections, drugs released from implants deliver 

more consistent levels of the drug, avoids side effects associated with frequent 

intravitreal injections, minimize peak concentrations and result in smaller 

quantities of drug being required for treatment.5,12 Implants can be either  

nonbiodegradable or biodegradable.13  

 

Ocular drug delivery system using particulates provide sustained release 

with high target specificity in the form of microspheres and microcapsules with 

diameters of 1–1000 µm, as well as nanospheres and nanocapsules with 

diameters of less than 1 µm.14,15 

 

Liposomes, Phospholipid bilayer encapsulated drug delivery system. 

Liposomes with encapsulated drug can bind to a cell membrane and facilitate 

drug transfer across the membrane. They are less stable than particles made of 

polymer. Both hydrophilic and hydrophobic drugs can be encapsulated into 

liposomes.13  
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Thermoresponsive gels; A study examined the use of thermoresponsive 

gels for the delivery of anti-VEGF for the regulation of angiogenesis.16 

 

Hydrogels have been proposed as an alternative method of delivering anti-

VEGF drugs to the posterior eye. Anti-VEGF therapies may not be effective in 

eyes after vitrectomy owing to a shortened half-life time in the vitreous cavity. 

Hydrogels may prolong the drug residence in the vitreous even after 

vitrectomy.17 

 

Ultrasound-mediated microbubble drug delivery, Ultrasound has long been 

used for diagnostic imaging, but there has been a focus on its therapeutic 

applications such as drug delivery.18  

 

A sustained, controlled-release delivery system for the posterior segment 

comprised of biodegradable, polymeric nano- and microbubbles that use 

ultrasound to selectively trigger the release of drugs or genes encapsulated 

within an oily core.  

 

The delivery system has been mathematically modeled to determine the 

frequency required for drug release given the size and material properties of the 

microbubble shell.19,20    

 

Micro-Electromechanical Intraocular Drug Delivery Device; A 

microelectromechanical systems (MEMS) drug delivery device is investigated 

for the treatment of chronic and refractory ocular diseases. It can be re-filled 

with the drug solution, giving long-term drug therapy.21,22   
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Transporter Targeted Drug delivery to the retina; this method of drug 

delivery targets nutrient transporters on ocular barriers utilizing a prodrug 

approach. Nutrient transporters are transmembrane proteins involved in the 

transportation of essential nutrients and xenobiotics across biological 

membranes, thereby regulating the supply of essential ingredients into the cell.13 

 

Super selective intra arterial chemotherapy; It is used in retinoblastoma to 

deliver a high concentration of the drug to eliminate the need for enucleation 

and systemic chemotherapy in children.13  


