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RISKS OF INTRAVITREOUS INJECTION:

A COMPREHENSIVE REVIEW

RAMA D. JAGER, MD, MBA,* LLOYD PAUL AIELLO, MD, PuD,* SAMIR C. PATEL, MD,7
EMMETT T. CUNNINGHAM,JR., MD, PHD, MPH}

Purpose: To evaluate the prevalence of the most common serious adverse events
associated with intravitreous (IVT) injection.

Methods: A systematic search of the literature via PubMed from 1966 to March 1, 2004,
was conductedto identify studies evaluating the safety of IVT injection. Data submitted in New
Drug Applications to the U.S. Food and Drug Administration for drugs administered into the
vitreous were included where available. Serious adverse events reported in each study were
recorded, and risk per eye and risk per injection were calculated for the following serious
adverse events: endophthalmitis, retinal detachment, iritis/uveitis, intraocular hemorrhage,
ocular hypertension, cataract, and hypotony. Rare complications also were noted.

Results: Data from 14,866 IVT injections in 4,382 eyes were analyzed. There were 38
cases of endophthalmitis (including those reported as pseudoendophthalmitis) for a prev-
alence of 0.3% perinjection and 0.9% per eye. Excluding cases reported specifically as
pseudoendophthalmitis, the prevalence of endophthalmitis was 0.2% per injection and
0.5% per eye. Retinal detachment, iritis/uveitis, ocular hypertension, cataract, intraocular
hemorrhage, and hypotony were generally associated with IVT injection of specific com-
pounds and wereinfrequently attributed by the investigators to the injection procedure
itself. Retinal vascular occlusions were described rarely in patients after |VT injection, and
it was unclear in most cases whether these represented true injection-related complica-
tions or chance associations.

Conclusion: The risk of serious adverse events reported after IVT injection is low.
Nevertheless, careful attention to injection technique and appropriate postinjection mon-
itoring are essential because uncommoninjection-related complications may be associ-
ated with permanentvision loss.

RETINA 24:676-698, 2004

ver the last 2 decades, the use of intravitreous
(IVT) injection has gained increasing acceptance

in the therapeutic management of many intraocular

From *the Beetham Eye Institute, Joslin Diabetes Center and
Department of Ophthalmology, Harvard Medical School, Boston,
Massachusetts; the tDepartment of Ophthalmology and Visual
Science, University of Chicago, Chicago,Illinois; and the {Depart-
ment of Ophthalmology, New York University School of Medi-
cine, New York, New York.

Samir C, Patel and Emmett T. Cunningham,Jr., are employees
of Eyetech Pharmaceuticals, Inc., New York, NY.

Although the term “intravitreal” is used colloquially quite often,
we have used “intravitreous” as the grammatically correct and
preferred term in this review.

Reprints: Dr. Emmett T. Cunningham, Jr., Eyetech Pharmaceu-
ticals, Inc., 3 Times Square, 12th Floor, New York, NY 10036;
e-mail: emmett.cunningham @eyetech.com

676

diseases, particularly disorders affecting the posterior
segment. A highly effective and frequently used
means of administering antiviral agents in the treat-
ment of cytomegalovirus (CMY)retinitis, direct in-
jection of antiviral agents into the vitreous of patients
with acquired immunodeficiency syndrome maxi-
mizes intraocular drug levels while minimizing the
risk of toxicity associated with systemic administra-
tion of these agents.!“!! In addition, IVT injection of
various gases has been used as a less-invasive alter-

native to scleral buckling for the managementofret-
inal detachment in the setting of pneumatic reti-
nopexy!?-!4 and for the administration of tissue
plasminogen activator ([TPA] Retavase; Centocor,
Malvern, PA)!5:!6 in the treatment of submacular hem-
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RISKS OF IVT INJECTION « JAGER ET AL 677

orrhage and acute central retinal vein occlusion. Nee-
dle aspiration of the vitreous—procedurally similar to
IVT injection—is used routinely to biopsy the vitre-
ous. In addition to the long-standing practices of vit-
reous Gram staining, microbial culture, and sensitivity
analysis in the setting of suspected endophthalmitis, !”
vitreous sampling may also be used to obtain DNA for
polymerase chain reaction—based analyses for patients
suspected of having necrotizing herpetic retinitis!*-??
or toxoplasmic retinochoroiditis.?>

Recent investigations into the treatment ofretinal
neovascularization, retinal edema, and posterior seg-
ment inflammation have led to the development of
new biologic and pharmacologic agents that are opti-
mally administered directly into the vitreous. [VT
injection of these compounds is being investigated,
both as a method of achieving vitreous concentrations
beyond those obtainable with systemic administration
and as a meansof avoiding potential systemic adverse
effects. Several of these investigational agents, such as
the therapeutic aptamer oligonucleotide pegaptanib
sodium (Macugen; Eyetech Pharmaceuticals, New
York, NY)?*-6 and the monoclonal antibody frag-
ment ranibizumab (Lucentis; Genentech, San Fran-
cisco, CA),?’?8 are currently undergoing clinical eval-
uation for the treatment of neovascular age-related
macular degeneration (AMD) and, in the case of pe-
gaptanib sodium,for diabetic macular edemaand ret-
inal vein occlusion. In addition, the off-label use of

IVT triamcinolone acetonide (Kenalog; Bristol-Myers
Squibb, New York, NY) injection is under investiga-
tion for a number of disorders, including macular
edema??*9 and retinal neovascularization.*!34

Because the potential advantages of [VT injection
have become more widely appreciated and the number
of possible applications has grown, questions have
arisen regarding risks associated with this route of
administration. Several potential complications of
IVT injection, such as endophthalmitis, retinal detach-
ment, traumatic cataract, and intraocular hemorrhage,
can be vision threatening. A sufficient body of litera-
ture now exists to support a thorough review of the
risks associated with IVT injection in managing ocular
diseases. To that end, as background, we present a
brief historical overview of the use of IVT injection in
humans over the last century and a synopsis of re-
cently published studies on the pharmacokinetic prop-
erties of agents administered directly into the vitreous.
Wethen present the results of a comprehensive, sys-
tematic review of the literature from which we calcu-

lated prevalence estimates for the most common com-
plications associated with [VT injection.

- The analyzed reports of IVT injection varied con-
siderably in size, design, and indication, and in most

instances, the reported rates of the various complica-
tions were quite low. Although efforts were made to
distinguish the risks associated with the specific
agents being administered from therisks related to the
IVT injection procedure per se, in some instances,
such distinctions were difficult to make. Together,
these factors limit to some extent the generalizability
of cross-study comparisons and analyses. Despite
these inherent shortcomings, to our knowledge,this re-
view represents the most extensive assessment of the
risks associated with [VT injection compiled to date.

A Historical Perspective on the Use of IVT
Injection

IVT injection has been used in the treatment of
human ocular disease for nearly a century. Figure
124.25,27,28,34—-48 presents a timeline of important ad-
vances in the use of this technique from its earliest
therapeutic application through the present. Although
this timeline is intended to highlight some of the major
achievements in the development of [VT therapeutics,
it is not meant to be an exhaustive compilation or to
acknowledge the many excellent investigative studies
that served as a foundation for these advances. Ini-

tially reported in 1911 by Ohm? as a meansto intro-
duce air for retinal tamponade and repair of detach-
ment, the IVT administration of pharmaceutical
agents was pioneered in the mid-1940s with the use of
penicillin to treat endophthalmitis.*°3” Unfortunately,
at that time drug administration often was delayed for
days or even weeks after the infection became estab-
lished, making mostof these early attempts unsuccessful.
The technique wasused infrequently, therefore.

; During the 1950s and 1960s, the use of IVT injec-
tion still was limited to the administration of air3® or
silicone oi]?° in the treatment of retinal detachment.

By the 1970s, the advent of newer antimicrobial
agents, combined with the continued poor success of
alternative treatment options, led to renewed interest
in IVT therapy for endophthalmitis. Animal studies
demonstrating the safety of this route of administra-
tion*?5° were followed by the publication of two case
series describing successful treatment of endoph-
thalmitis using IVT injection in patients.4°*! Although
still considered experimentalat that time,>! wider use
of IVT injection to treat endophthalmitis was being
advocated due to the poor treatment outcomes re-
ported with systemic administration of antibiotics,
which generally produced suboptimal drug levels in
the vitreous.>*

The development of IVT injection for the treatment
of ophthalmic conditions other than endophthalmitis
and retinal detachment lagged even further behind,
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1910 1911 IVT injection of air was first used to promote retinal detachmentrepair.

1943-1947 Initial reports describing treatment of endophthalmitis with the use of IVT
antibiotics were published.’*"”

1950 1952 The use of IVT injection ofair to treat retinal detachmentin a large series ofpatients
was reported.”*

1962 IVT injection ofsiliconeoil to treat retinal detachment was tested in a series of
patients.”*

1970 1976-1978 Thefirst studies were published in which IVT antimicrobial agents were
successful in treating endophthalmitis."

1980 1982 IVT injection of 5-flucrouracil was tested for postvitrectomy fibroblast
proliferation”?

1987 IVT ganciclovir was effective in treating cytomegalovirus retinitis in a patient with

 

acquired immunodeficiency syndrome.” 
1991 Thefirst case series eval uating the use of IVT dexamethasonefor treatment ofdiabetic retinopathy was published.

1995 Results ofa pilot study demonstrating efficacy of IVT injection oftriamcinolone
acetonide for treating exudative macular degeneration were published. 
1997 IVT injection of methotrexate was effective in treating ocular lymphoma in a small
series of patients.‘*

1998 The U.S. Food and Drug Administration (FDA) approved the use of [VT fomivirsen
for treatment of cytomegalovirus retinitis. 
1999 Thefirst study reporting successful treatment ofsubmacular hemorrhage by IVT
injection oftissue plasminogen activator was published.”

2002 Data were submitted to the FDA supporting the efficacy and safety of [VT ovine
hyaluronidase in the managementofvitreous hemorthage.“*

2002-2003 Results oftrials evaluating IVT injection of pegaptanib sodium for treatment of
age-related macular degeneration were published."

2003 Early results were published from a trial evaluating the [VT administration of
ranibizumab forthe treatment of neovascular age-related macular degeneration.*”* 

Fig. 1. A timeline of important advances in the use of intravitreous (IVT) injections to treat human ocular diseases.

perhaps because of perceived risks related to the pro-
cedure and because endophthalmitis and retinal de-
tachment generally have the greatest likelihood for
acute and irreversible vision loss. Although [VT in-
jection of corticosteroids was evaluated in an animal
model ofocular inflammation in the early 1980s,53>4
there were no publications describing the use of IVT
corticosteroids in humans until the 1990s. The first

new application for IVT injection was nottried until

1982, when a pilot study assessing the efficacy and
safety of 5-fluorouracil delivered as an IVT injection
for the prevention of postvitrectomy fibroblast prolif-
eration in patients with proliferative retinopathy was
initiated.42 This was followed in 1987 by the use of
IVT ganciclovir sodium (Cytovine; Roche Pharma-
ceuticals, Nutley, NJ) in the treatment of CMV reti-
nitis in a patient with acquired immunodeficiency
syndrome.*3

Apotex Exhibit 1033
Page 5 of 25

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


