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ABSTRACT

Introduction: Subtenon triamcinolone ace-
tonide (Kenalog�; Bristol Myers Squibb) (STA)
injections are commonly used in the treatment
of adults in an outpatient setting. However,
publications on detailing its outpatient use,
safety, and efficacy in the pediatric population
are scarce.
Methods: We reviewed STA injections per-
formed in children in the outpatient clinics at
two tertiary centers from 2014 to 2020. All
children were aged B 18 years and had a diag-
nosis of non-infectious uveitis. STA injections
were done using 0.5 cc (20 mg) triamcinolone
injected superotemporally with only topical
anesthesia. Data on the efficacy and safety of
STA in treating inflammation and compiled
data on visual acuity improvement and inci-

dence of ocular complications were evaluated.
Results: Forty-eight eyes in 30 patients were
included. The mean age of patients was 13.1
(range 7–18) years. There were no immediate
complications observed in all injections per-
formed. At the 3-month follow-up, inflamma-
tion had improved in 85.4% of eyes, macular
edema had resolved in 77.8% of eyes, and there
was significant vision improvement after STA.
At 6 months after STA, the incidence of ocular
hypertension was 12.5% and no new cataracts
had developed.
Conclusion: STA injection with topical anes-
thesia was a well-tolerated, reasonable alterna-
tive for short-term treatment of uveitis among
this pediatric population.
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Key Summary Points

Why carry out this study?

Pediatric uveitis has a high rate of ocular
complications that can result in
permanent vision loss.

Subtenon triamcinolone acetate (STA)
injections are commonly used in the
outpatient clinic setting to treat uveitis
and macular edema in adults, but the
outpatient use in pediatric patients has
not been reported.

We hypothesized that STA with topical
anesthesia alone can be a safe and
effective treatment option in pediatric
uveitis.

What was learned from the study?

Treatment with STA with topical
anesthesia resulted in improvement of
inflammation for 85.4% of eyes and
resolution of macular edema in 77.8% at
3 months post treatment.

At 6 months after STA, incidence of ocular
hypertension was 12.5% and no new
cataracts developed.

STA with topical anesthesia can be a useful
option for short-term management of
pediatric uveitis.

INTRODUCTION

Pediatric uveitis is uncommon when compared
to uveitis in the adult population, with the
former accounting for between 2.2 to 13.8% of
patients in many uveitis clinics [1, 2]. However,
prognosis of uveitis can be worse in children
due to high rates of sight-threatening compli-
cations during amblyogenic age as well as
challenges surrounding treatment and its side
effects [2, 3].

The standard first-line treatment for non-in-
fectious uveitis is corticosteroids. If topical cor-
ticosteroids have failed, oral corticosteroids are
a standard short-term option. However, these
can be associated with weight gain, acne, mood
changes, metabolic issues, and growth retarda-
tion. Furthermore, oral corticosteroids may
need to be continued for 3–12 months as long-
term systemic immunosuppression is begun
and an effective regimen is established. Perioc-
ular triamcinolone acetonide (PTA) injection
can be performed as a localized deposition of
corticosteroid into the orbital floor or as sub-
tenon triamcinolone acentonide (STA) injec-
tion. PTA provides more posterior anti-
inflammatory effect and a more consistent drug
concentration compared to topical therapy,
while minimizing systemic absorption [4, 5].

PTA injections are frequently used in adults
to treat uveitis and macular edema in the out-
patient setting [5–8]. However, there is scarcity
of published reports on the use of PTA in pedi-
atric uveitis. In 1977, Giles suggested that PTA
should be considered as an alternative to oral
corticosteroids while awaiting systemic
immune suppression to take full effect [9]. In
2010, Habot-Wilner et al. reported 15 consecu-
tive children who received PTA under general
anesthesia and had significant improvement of
inflammation [10]. Both authors recommended
general anesthesia for PTA injection in children
aged\16 years. The need for general anesthesia
and concerns regarding the development of
ocular complications associated with PTA have
led to hesitation for its use in children.

In this study, we report the use of STA for
uveitis in a pediatric population in an outpa-
tient setting with topical anesthesia alone. The
primary objectives were to evaluate the effec-
tiveness of STA in treating inflammation and
safety with only topical anesthesia in an out-
patient setting. Secondary objectives were the
assessment of visual acuity and incidence of
potential ocular complications, including ocu-
lar hypertension and cataract formation.
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METHODS

We conducted a retrospective chart review on
all consecutive children with active non-infec-
tious uveitis who underwent STA injections in
the outpatient clinics at two tertiary centers
from 2014 to 2020. Data collection included
dates of injections, laterality, classification of
uveitis, best-corrected Snellen visual acuity,
inflammation level before and after the first
injection, results of ancillary imaging, medica-
tions, and any procedure-related or ocular
complications. This study was approved by the
Colorado Multiple Institution Review Board and
conformed to the requirements of the United
States Health Insurance Portability and Privacy
Act. This study conformed with the Helsinki
Declaration of 1964, as revised in 2013, con-
cerning human and animal rights, and Spring-
er’s policy concerning informed consent was
followed.

The inclusion criteria were age B 18 years,
diagnosis of non-infectious uveitis, and follow-
up visit within 3 months after the first injec-
tion. This time frame was chosen as the effect of
STA peaks 2–3 months after injection [8].

Inflammation was classified based on the
Standardization of Uveitis Nomenclature (SUN)
Working Group criteria [11]. We used anterior
chamber cell grading for patients with diagnosis
of anterior uveitis and anterior vitreous cell
grading for patients diagnosed with intermedi-
ate and posterior uveitis. Active inflammation
was defined by one or more of the following: (1)
presence of anterior chamber (AC) cells[0.5?
cells according to the SUN criteria; (2) vitreous
cells[ 0.5? cells; or (3) presence of macular
edema (ME) and/or optic nerve edema (ONE).
Since there is no agreed-upon method for vit-
reous cell grading and because many patients do
not have significant vitreous haze, we adopted a
grading system for vitreous cells that parallels
the SUN criteria for AC cells by examining the
anterior vitreous on slit-lamp examination, as
previously used in other studies [6, 10]. ME was
defined as petalloid leakage on fluorescein
angiogram (FA) or central macular thick-
ness C 300 lm or presence of cystic intraretinal
fluid on optical coherence tomography (OCT;

Heidelberg Spectralis; Heidelberg, Germany).
Thickness of C 300 lm was chosen based on the
normative reference of 274 lm determined by
Yanni et al. for the age group of 5–15 years [12].
The presence of ONE was determined by exa-
mation. Success was defined as improvement of
inflammation at 3 months after STA injection.
Improvement in inflammation was defined as a
two-step decrease in the level of inflammation
or a decrease to inactive level.

Ocular hypertension (OHT) was defined as
rise in[10 mmHg points in intraocular pressure
(IOP) from baseline at two consecutive follow-
up visits or an IOP of [30 mmHg on a single
follow-up visit, with or without glaucomatous
change observed in the optic nerve. Since the
effect of STA can peak at around 3 months and
fade at around 6 months, IOP data for the per-
iod up to 6 months after STA injection were
used to determine the incidence of OHT. Cat-
aract was defined as any lens opacity seen on
slit-lamp examination. Presence of cataracts was
recorded for the duration of the follow-up for
each patient and incidence analyzed at
6 months and 1 and 2 years after STA. Best-
corrected vision was measured in Snellen visual
acuity and converted to logarithm angle of
resolution (logMAR) prior to STA treatment and
at the 3-month follow-up visit.

Patient Selection

Selection of a suitable candidate for this proce-
dure is critical during the pre-procedure exam-
ination to ensure patient safety and
cooperation. Suitable candidates were patients
who met the inclusion criteria and had calm,
cooperative demeanors and a good interaction
with the provider. STA was not offered to anx-
ious, fearful patients with dependent attitude
towards the parents, and those who did not
respond well to verbal instructions. The proce-
dure was discussed first with the parents alone
and then with the patients, taking into account
the age of the patient.
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Injection Technique

Informed consent was obtained from parents
prior to the injection, and the appropriate eye
was marked. The procedure consists of first
placing multiple proparacaine drops on the eye,
following which the child is instructed to look
infero-nasally, thereby exposing the supero-
temporal quadrant and keeping the needle out
of the patient’s view. Then, 0.5 ml (20 mg) of
triamcinolone acetonide 40 mg/ml (Kenalog�;
Bristol-Meyers Squibb, New York, NY, USA) is
injected using a half-inch 27-gauge needle into
the superotemporal subtenon’s space. The
medication is injected as posteriorly as possible,
while still maintaining visualization of the
needle tip, creating a visible corticosteroid bleb.
The final position of the steroid depot lies
approximately 15 mm posterior to the limbus.
Injection should be done rapidly over a few
seconds as a slow injection leads to increased
anxiety in the patient. All STA injections were
performed by two of the authors (JLJ and AGP).

While a volume of 1 ml (40 mg) (Kenalog) is
commonly used as STA in adults, a smaller
volume (0.5 ml) was chosen for our pediatric
patients because (1) children have smaller orbits
and (2) a small volume allows for more rapid
injection and a lower sensation of pressure
under topical anesthesia.

Statistical Analysis

Descriptive statistics included basic frequencies
for categorical variables and means, medians
and ranges for continuous variables at the
patient and ocular levels. A Kaplan–Meier fail-
ure curve was plotted for time to first cataract
development for eyes, excluding those who had
cataracts prior to STA. Pre-operative and post-
operative visual acuity were plotted for both
right and left eyes. The signed-rank test for
nonparametric data was used for comparing
vision before and after STA.

RESULTS

A total of 34 patients (54 eyes) received STA
injections in the outpatient clinic setting, of
whom 30 patients (48 eyes) were included in
the study. Four patients were excluded due to
lack of follow-up data within a 3-month period
for primary outcome assessment, but all toler-
ated the procedure well with no immediate
complications. Table 1 shows the patient and
ocular characteristics.

Table 1 Patient- and eye-specific characteristics at the
time of the first subtenon triamcinolone acetate injection

Characteristics N (%)

Unilateral uveitis 12 (40%)

Male patients 15 (50%)

Diagnosis

Pars planitis 19 (63%)

Chronic anterior uveitis 4 (13%)

Panuveitis 3 (10%)

HLA-B27 associated recurrent

uveitis

3 (10%)

Vogt-Koyanagi-Harada 1 (3%)

Presence of ME 18/48 eyes (37.5%)

Presence of ONE 9/48 eyes (18.8%)

Presence of cataracts 9/48 eyes (18.8%)

Medications prior to STA

Topical corticosteroids 28 (93.3%)

Oral corticosteroids 10 (33.3%)

Systemic immunosuppressants 7 (23.3%)

IOP-lowering medication 2 (6.7%)

Mean age at first STA injection 13.1 years (range

7–18)

Patients that received C 1 STA

injections

15 (50%)

ME Macular edema, ONE optic nerve edema, IOP in-
traocular pressure, STA subtenon triamcinolone acetonide
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Indications for STA injection included one of
more of the following: persistent inflammation
on topical corticosteroids (n = 28); wish to stop
systemic corticosteroids (n = 10); unable to start
on corticosteroids or immunomodulating
treatment (IMT) due to other systemic concerns
(n = 2); and need for short-term control while
bridging to new systemic IMT (n = 11). There
were no immediate procedure-related compli-
cations observed in all injections performed.
The average duration of follow-up after STA
injection was 35.3 months (median 32 months,
range 1–78 months). Table 2 summarizes the
primary and secondary outcomes.

Inflammation Results

Success was achieved in 41 of 48 eyes (85.4%) at
the endpoint of 3 months after STA. Seven eyes
did not show improvement in inflammation by
our definition of either an improvement by 2
grades or ‘‘inactivity,’’ although all showed a 1
grade improvement in inflammation and
improvement seen on ancillary testing (less
leakage on FA and decreased macular thickness
on OCT). No eyes had a worsening of inflam-
mation after STA.

Eighteen eyes (37.5%) had ME on FA or OCT
prior to STA, of which 14 (77.8%) had resolu-
tion of ME within 3 months of STA. Three eyes
of the remaining four eyes showed improve-
ment upon examination and ancillary testing,
but with persistent ME according to study defi-
nition (CMT C 300 lm), and the remaining eye
had no improvement. Of the 48 eyes, ten
(20.8%) had ONE prior to STA, and all had
improvement of edema at 3 months after STA.

After the initial resolution of uveitis follow-
ing STA, four (9.1%) of 44 eyes had recurrence
within 1 year after STA (median 4 months). A
second STA injection was given to two eyes after
which uveitis remained controlled for[ 1 year.
One patient, who had recurrence in both eyes
4 months after STA, achieved control of uveitis
with additional treatment with topical corti-
costeroids and IMT.

Before receiving STA, 28 of 30 patients were
on topical corticosteroids, ten patients were on
oral corticosteroids (prednisone: median dose
17.5 mg, range 4–40 mg), and seven patients
were on systemic IMT. Corticosteroids were
tapered and stopped in all 30 patients after STA.
At the final follow-up, 15 patients (50%) were
on IMT. Twelve patients did not require long-
term IMT as inflammation was controlled after
STA (average follow-up 34 months, median
28 months, range 1–63 months). Of these 12
patients (20 eyes), seven (12 eyes) had quies-
cence after one STA injection and five patients
(8 eyes) had quiescence after two STA injec-
tions. One patient with unilateral disease who
experienced multiple side effects with various
types of IMT was able to stop all systemic
medications after one STA injection.

Cataract Results

Twenty-three patients (39 eyes) did not have
cataracts prior to STA injections. The incidence
of new cataract was zero at 6 months after STA.
New cataracts were seen in six patients (9 eyes)
at 1 year after STA injection, and in an addi-
tional five patients (eight eyes) at 2 years after
STA injection (Table 2). Three of these patients
had intravitreal injections, which is more likely
to have contributed to cataract development.

Table 2 Primary and secondary outcomes of the study for
eyes after subtenon triamcinolone acetonide injection

Outcomes N (%)

Success at 3 months after STA 41/48 (85.4%)

Resolution of ME 14/18 (77.8%)

Resolution of ONE 9/9 (100%)

New cataract formationa

At 6 months after STA 0

At 1 year after STA 9/39 (23.7%)

At 2 years after STA 17/39 (43.6%)

Ocular hypertension incidence

At 6 months 6/48 (12.5%)

aIncludes eyes that received intravitreal medications after
STA
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Two patients received intravitreal dexametha-
sone implant (Ozurdex�; Allergan Inc., Dublin,
Ireland) at 7 and 9 months after the respective
STA injection, and one patient received intrav-
itreal methotrexate 3 months after STA injec-
tion. Figure 1 shows the Kaplan–Meier curve for
the development of cataracts after STA, includ-
ing the patients who received intravitreal
injections after STA. Cataracts occurred between
12 and 22 months following STA treatment and
remained stable after that point.

Excluding the three patients with other sig-
nificant cataract-inducing factors in addition to
STA, five of 33 eyes (15%) and 11 of 33 eyes
(33.3%) developed cataracts of varying severity
associated with STA by 1 year and 2 years after
STA, respectively. Of the 11 eyes that developed
cataract by 2 years after STA, six received more
than 1 STA injection. Cataract surgery was per-
formed for three of the 11 eyes within 3 years
after STA. The remaining eyes maintained good
visual acuity of 20/25 or better at the last follow-
up (average 31.7 months, median 27 months,
range 12–57 months).

Twenty-two eyes did not develop any lens
opacities at the last follow-up (average
28.8 months, median 28 months, range 1–-
63 months), of which eight eyes received [ 1
injection.

Ocular Hypertension Results

Of the total 48 eyes, six (12.5%) developed OHT
within 6 months after STA, with all six eyes
(four patients) requiring IOP-lowering medica-
tions. One additional patient was started on an
IOP-lowering drop due to a 7-point rise in IOP.
Ocular hypertension developed in four of these
six eyes within 4 weeks of STA. IOP was con-
trolled with one IOP-lowering drop in five of
the six eyes. Three eyes eventually received
glaucoma surgery: one eye for persistently ele-
vated IOP, and two eyes in one patient whose
IOP was controlled on topical treatment
underwent combined cataract and glaucoma
surgery 1 year after STA.

Fig. 1 Kaplan—Meier curve showing the cumulative incidence of cataract development over time after subtenon
triamcinolone acetonide injection
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Vision Results

There was significant improvement in vision
after STA in both eyes: right eyes (n = 19,
p = 0.0002) and left eyes (n = 25, p = 0.007)
(Fig. 2).

DISCUSSION

Our study demonstrated that STA injection with
topical anesthesia in the outpatient setting is a
feasible, effective treatment option for children
with uveitis. In previously published studies of
PTA in uveitis, inflammation control was
achieved in 48–74% of eyes and resolution of
ME in 45–86% of eyes [6, 7, 10, 13]. In our
study, the presence of 0.5? cells or fewer was
considered to indicate inactivity, similar to the
criteria of inactivity used in the Childhood
Arthritis and Rheumatology Research Alliance
Consensus guideline for chronic anterior uveitis
[14]. This criterion was chosen because in a
practical setting, escalation of treatment is not
pursued based on the presence of 0.5? cells. If

we did not include patients with 0.5? cells in
the success group, our success rate decreases to
75%, which is comparable to that of the Sys-
temic Immunosuppressive Therapy for Eye
Diseases (SITE) cohort [7]. In contrast, the study
by Salek et al. used similar AC/vitreous grading
for inflammation to our study and showed that
in 81 patients (109 eyes) with uveitis, 48% of
eyes achieved inflammation control and 45% of
eyes had resolution of macular edema at
3 months after PTA. The percentages of patients
on oral corticosteroids and IMT are comparable
to our study.

While the above two studies included both
adults and children, Habot-Wilner et al. repor-
ted a series of 15 children (19 eyes) who
underwent orbital floor PTA under general
anesthesia. Inflammation improved in 14 of 19
eyes (74%) by a median of 4 weeks, and ME
resolved in six of 11 eyes (55%) after PTA [10].
However, despite the high rate of initial control
of inflammation, the relapse rate was much
higher than that in our study (50 vs. 10%,
respectively), possibly related to our successful
initiation of IMT after STA. The indication for

Fig. 2 Visual acuity before and after subtenon triamcinolone acetonide injection
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PTA in ten of the 19 eyes in the Habot-Wilner
study was to avoid escalating IMT, which differs
from the goal of our study.

Compared to adults, children with pediatric
uveitis experience higher rates of ocular com-
plications. Rosenberg et al. evaluated a cohort
of 148 children with uveitis and reported that
34% had at least one ocular complication at the
time of diagnosis, 75.2% by 1 year, and 86.3%
by 3 years [2]. In our study, the most common
complication present prior to STA was macular
edema (37.5%), followed by uveitic cataract
(18.8%). Retrospective studies in pediatric
uveitis report cataract prevalence ranging from
42.8% to 69.9% [2, 3, 15, 16]. Prior studies
specifically addressing the use of PTA in uveitis
evaluated cataract incidence in shorter time
frames in order to assess a more direct associa-
tion with injections and reported 36.3% of new
cataracts by 6 months and 20.2–28.5% by
12 months [6, 7, 10]. In our cohort, no eyes
developed new cataracts at 6 months after STA
and 23.7% developed cataracts at 12 months
after the procedure.

The prevalence of OHT/secondary glaucoma
in pediatric uveitis is reported as ranging from
26.3% to 50.7% [2, 3, 15, 17]. The incidence of
OHT after PTA ranges from 16.3% to 22%
[6, 7, 18]. Kothari et al. evaluated 916 children
with uveitis (1593 eyes) and defined OHT in a
similar manner as in our study. A dose–response
relationship of corticosteroids and OHT was
reported where PTA had a seven- to eightfold
hazard risk, which was still comparable to the
risk of cataract when using[4 drops of topical
prednisolone acetate daily [19]. In our cohort,
OHT occurred in 12.5% of eyes, which may be
due to the lower dose of triamcinolone. Our
study is the first to demonstrate the efficacy of a
reduced dose of STA for pediatric uveitis.

Not all children are good candidates for STA
injection with topical anesthesia. In our clinics,
we found that the application of patient selec-
tion criterion to screen for suitable patients was
a crucial step in identifying suitable patients to
ensure patient safety. In our experience, the
best approach is to reserve injections until after
the initial visit in order to build good rapport
with the patient and the parents. Although the
exact behavioral characteristics indicating

suitability are a subjective assessment, we based
this decision on the level of cooperation of the
child during the examination and the ability of
the child to follow instructions.

Our study has several limitations, including
the retrospective nature of the study. Patient
selection for STA injection was at the discretion
of the treating physician, which therefore
induced selection bias. Another limitation is the
lack of consensus in vitreous cell grading. Dur-
ing the development of the Standardized Uvei-
tis Nomenclature in 2005, no consensus was
reached for vitreous cell grading [11]. Vitreous
haze is not present in all types of uveitis, and
although the National Eye Institute system of
vitreous haze can be used, it is not an ordinal
system, and levels represent a non-linear hier-
archy of increasing magnitude without a
numerical relationship to the amount of
inflammation. However, we used criteria similar
to other studies [6, 10] and maintained consis-
tency across the two treating physicians.

CONCLUSIONS

In conclusion, our results show STA with topical
anesthesia in the pediatric population is a well-
tolerated, safe treatment option for pediatric
uveitis. It is highly effective in improving
inflammation, vision, and macular edema. It
aided in the reduction of corticosteroid use and
in effective transition to systemic IMT. The
reduced dose of 20 mg triamcinolone may
decrease the risk of OHT compared to the
standard dose of 40 mg, although it is associated
with a similar risk of cataract formation. The
treatment regimen should be individualized
based on the patient’s needs, severity of
inflammation, and presence of ocular compli-
cations. Thus, STA with topical anesthesia can
provide one more option in our toolbox for
treating this complicated disease in children.
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