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PURPOSE: To examine the effects of intrapolyp triamcinolone acetonide (TA) injections on intraocular pressure (IOP) and
recurrence of nasal polyps after endoscopic sinus surgery.
PATIENTS AND METHODS: This was a prospective, randomized, double-blind, placebo-controlled study. Patients were randomized
into either the TA injection group (Group I, 20 mg/ml, 2 mL) or the placebo normal saline injection group (group II, 2 mL). There
were a total of five study visits: one baseline visit and one at 2, 4, 8, and 12 w after the injection. The primary safe outcome was the
change in IOP between two groups at 4 w. The secondary safe outcome was the IOP at each visit and proportion of patients having
IOP above 21mmHg at 4 and 8 w. Changes in the nasal polyp size were measured between two groups at each visit.
RESULTS: A total of 43 consenting participants completed this study (22 in group I and 21 in group II). The mean IOP elevation in
both eyes was not significantly different between the groups (p > 0.05) and was not over 2 mmHg at the 4-w mark. There was also
no significant difference in the proportion of patients having IOP above 21mmHg at 4 and 8 w between the groups (p > 0.05).
However, there was a significant difference in the change in polyp size until 8 w between both groups (p < 0.01).
CONCLUSIONS: Intrapolyp TA injection is a safe and effective method for the management of recurrent polyps after endoscopic
sinus surgery.
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INTRODUCTION
The primary treatment methods for nasal polyps after endoscopic
sinus surgery (ESS) are medical treatment with steroids, biologics,
and surgery. Steroid treatments can be administered either
topically or orally. Oral steroids are usually prescribed short-term,
for up to 2 w, owing to the risk of systemic side effects such as
Cushing’s syndrome because of endocrine disruption. Systemic
steroids, such oral steroids, can increase the intraocular pressure
(IOP), which may lead to the development of cataracts or
glaucoma following long-term use [1]. In contrast, intranasal
corticosteroid sprays (INCS) are targeted to the nose and have
minimal systemic absorption, allowing them to be used safely
without the risk of side effects. Although caution is necessary in
patients with glaucoma and cataracts, no significant relationship
has been reported between IOP elevation and development of
cataract in healthy individuals [2].
Conversely, intravitreal triamcinolone acetonide (TA) injection,

used for the treatment of uveitis or vitreoretinal disease, can cause
IOP elevation by increasing the extracellular matrix of the
trabecular meshwork, leading to an accumulation of glycosami-
noglycan and preventing intraocular fluid leakage. The IOP
elevation is more with TA than with than other steroids because
of its high potency and long duration of use [3–5].
Intrapolyp steroid injections are effective as a treatment

method as high concentrations of steroids act directly and locally
on the nasal polyps and surrounding nasal mucosa [6]. In addition,

it has a long effect (~6–8 weeks) without systemic side effects, and
therefore can be used as an alternative to oral steroids [7].
Unlike INCSs, oral corticosteroids, and intravitreal steroid

injections, intrapolyp steroid injections have not previously been
studied as a treatment method for recurrent nasal polyps after ESS
or regarding its ocular side effects. Since the nasal cavity and the
orbit is in contact, intrapolyp steroid injections can cause side
effects such as IOP elevation and cataracts. The purpose of this
study was to evaluate the effects of intrapolyp TA injection on IOP,
glaucoma onset, and recurrent nasal polyps after ESS.

SUBJECTS AND METHODS
Subjects
This study adhered to the tenets of the Declaration of Helsinki, and
approval was obtained from the Ulsan University Institutional Review
Board (UUH 2017-08-004). All the patients were enrolled between
November 2017 and February 2019. This study was designed to be
prospective, double-blind, and randomized and was registered at the
Clinical Research Information Service (KCT0003127).
Patients over the age of 19 y who underwent ESS and in whom nasal

polyps recurred during the follow-up period were enrolled in this study.
Informed consent was obtained from all the patients. Patients who had
glaucoma, a high baseline IOP (≥21mmHg), myopia (axial length >26mm
or spherical equivalent < −6D), connective tissue disorder, and/or diabetes
were excluded from this study because they were more vulnerable to
steroid therapy [8–12]. Pregnant or lactating women were also excluded.
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Technique
Before intrapolyp injection, the TA was diluted to 2mL of a 40mg/mL
solution (Dongkwang Pharmaceutical Co., LTD., Seoul, South Korea).
Vasoconstriction was then induced using phenylephrine-soaked nasal
gauzes. Using a 1-mL tuberculin syringe and a 26-gauge spinal needle for
each nasal cavity, the intrapolyp injection was administered under 30-
degree endoscope visualization. The spinal needle tip was frequently bent
to inject the polyps in the frontoethmoidal area. We injected 1mL of
diluted TA (intervention group) or normal saline (control group) into each
nasal cavity, and another 2 mL of diluted TA (40 mg) or normal saline into
the entire nasal cavity.

Data collection
A randomized schedule, which was prepared and sealed in advance, was
used to divide the patients into two groups: the TA group (TA injection, 40
mg) and the normal saline group. The intrapolyp injection was
administered by two otolaryngologists (T.H.L. and J.G.N.), and the IOP
was measured by one glaucoma specialist (C.K.L.). All the patients were
followed at 2, 4, 8, and 12 w post-injection. We attempted to measure the
IOPs in both eyes at the same time in the morning to rule out diurnal IOP
variations during the day. The IOPs were measured three times per visit
using Goldmann applanation tonometry, and the mean values were used
as representative values [13–15]. The same glaucoma specialist conducted
the measurements; however, no information about the injection materials
was provided during the follow-up period.
We assessed the safety of intrapolyp TA injection by measuring the

changes in IOP. The primary safety outcome was the difference between
the groups in terms of the change in IOP at 4 w, i.e., 4 w–0 w IOP (ΔIOP-4
w), which meant comparing the IOP at 4 w to that at the baseline. We
decided to measure the IOP at 4 w because most previous studies that
assessed TA injection and IOP showed the highest elevation 4 w after the
injection [16–18]. For the secondary safety outcomes, the IOPs at all follow-
up points and the proportion of patients over 21mmHg at 4 and 8 w in the
groups were compared. Finally, we assessed the glaucomatous change at
the final visit (12 w). If glaucomatous change was noted, we considered
that a severe adverse event and were prepared to start glaucoma
treatment. The glaucoma diagnosis criteria were as follows: (1) a cup-to-
disc ratio ≥0.5 or a >0.2 difference in the cup-to-disc ratio of each eye; (2) a
defect in the retinal nerve fiber layer (consistent with a glaucomatous
change in the optic nerve) on either a fundus photograph taken using red-
free light or an optical coherence tomography image; and (3) evidence of
glaucomatous visual field loss using a Humphrey Field Analyzer (with the
Swedish Interactive Threshold Algorithm-Standard 30-2 or 24-2 program).

During the follow-up period, if a patient withdrew from the study or if
the IOP was above 26mmHg, we planned to analyse the glaucomatous
change regardless of the time post-injection. We also considered this a
severe adverse event.
Changes in nasal polyp size were determined using endoscopy at the

time of injection and at 2, 4, 8, and 12 w post-injection. The nasal polyp size
was scored as follows: 0, absent; 1, limited to the middle meatus; 2,
extending to the nasal cavity.

Data analysis
The IOP change and primary safety outcome (ΔIOP-4 w) were analysed
using the paired t test. The proportion of patients with an IOP above 21
mmHg at 4 and 8 w was analysed using Fisher’s exact test. The polyp size
change was analysed using the independent t test.
The study population was calculated to verify the difference in IOP at 4

w post-operation (ΔIOP-4 w) between the study and control groups. This
study was designed as an equivalence study. The upper limit was set at 2
mmHg based on the normal ocular pressure range of 15 ± 2.5 mmHg [19],
and the intra-individual variation of the Goldman tonometer was set under
3mmHg [20, 21]. One-sided alpha level was set at 0.05, the power, 80%,
and the dropout rate, 20%. Finally, the study population of each group was
calculated as 25.
Statistical significance was determined based on P < 0.05 and was

analysed using IBM SPSS Statistics ver. 24 (IBM Corp., Armonk, NY, USA).

RESULTS
Demographic characteristics
In total, 50 cases were assessed for study eligibility; four cases
were excluded. The remaining 46 cases were randomly assigned
at a 1:1 ratio to receive either the intrapolyp TA injection (group I)
or the placebo intrapolyp normal saline injection (group II) at the
beginning of the study. Three cases were lost during the study
follow-up period. A final total of 43 cases were included in this
study (Fig. 1). There were no significant differences in sex or age
between the two groups (Table 1).

Outcome
The primary safety outcome measured was the increase in IOP at
4 w. In this study, there was no significant difference in IOP
increase in both eyes between both groups at 4 w (Table 2).

Fig. 1 Patients Enrollment. Flow diagram of the study design and patient inclusion criteria.
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The secondary outcomes measured compared the groups’ IOPs
at all follow-up points and compared the proportion of
participants with IOPs ≥21mmHg at 4 and 8 w. There was no
point where the IOPs in both eyes of group I were significantly
higher than those of group II during the follow-up period (Fig. 2).
There was also no difference between the groups in terms of

the proportion of participants with IOPs ≥21mmHg at 4 w.
However, at 8 w, the proportion of participants with >21mmHg in
group I was higher than that in group II, though the difference was
not significant (Table 3).
No patient was diagnosed with glaucoma at the last follow-up

point or was excluded due to high IOP (>26mmHg) during the
entire follow-up period.
There was a significant difference in the change in polyp size

between the two groups until 8 w. However, at 12 w, the
difference was not significant (Table 4).

Complications
There were no major complications, such as visual loss or visual
field defects, and no minor complications, such as bleeding or
infection.

DISCUSSION
Intranasal steroid injections were first introduced in the 1950s as a
treatment for allergic rhinitis and nasal polyposis and has shown
excellent therapeutic results [22, 23]. However, in the 1960s, cases
of visual loss were reported, most of which occurred when the
solution was injected into the turbinate or the septum [24, 25].
Injected steroid particles may cause retrograde embolization in
the central retinal artery through the anterior or posterior ethmoid
artery and then the ophthalmic artery. In order to prevent this, a
guideline has been suggested: first, selection of a small particle
steroid, such as TA; second, using a thin needle smaller than a 25-
gauge spinal needle; and third, injection after topical vasocon-
striction [26]. Since these guidelines were proposed in the 1980s,
the occurrence of permanent visual loss has been rarely reported.
Although INCSs are routinely used to prevent the recurrence of

nasal polyps after ESS, it is often inadequate. Oral corticosteroids
are effective in the treatment of recurrent nasal polyps, but their

effect is temporary and the risk of systemic side effects increases
as the dose increases [27]. Kiris et al. reported that intrapolyp
steroid injections used in the treatment of nasal polyps showed
subjective and objective effects similar to that of short-term oral
corticosteroids, with normal blood cortisol and adrenocortico-
tropic hormone levels and no major side effects [6]. In this study of
patients with recurrent nasal polyps after surgery, we demon-
strated similar results. In addition to INCSs after surgery, intrapolyp
steroid injections may be a good alternative to oral corticosteroids
for the treatment of recurrent nasal polyps. This may be especially
useful in high-risk patients for oral corticosteroids, such as those
with diabetes. Intrapolyp TA injections can be very effective in the
treatment of recurrent nasal polyps in the ethmoid sinus and
nasofrontal duct, but treatment of a recurrent nasal polyp in the
maxillary sinus is limited because the needle cannot reach
this area.
Intravitreal TA (IVTA; 2–4mg) is used for the treatment of

pseudophakic macular oedema, uveitis, choroidal neovasculariza-
tion, macular oedema following diabetic retinopathy, and central
retinal vein occlusion [28–33]. Reported complications of IVTA
injections include cataract formation, endophthalmitis, and ele-
vated IOP, which is the most common complication [28, 34–37].
Elevated IOP is an important, treatable risk factor for the
development of glaucomatous optic neuropathy.
The precise mechanism of a steroid–induced increase in IOP

could be downregulation of trabecular matrix metalloproteinase
activity, increased myocilin production, or decreased trabecular
phagocytic activity [37–39]. These biochemical events result in an
increased resistance to aqueous outflow at the level of the
trabecular meshwork and may be triggered by steroids adminis-
tered via any route.
According to Barteselli et al., patients who received a 20-mg

injection of IVTA who did not regularly use anti-glaucoma drugs
post-injection had an IOP elevation of 7 mmHg by 1mon, with a
maximum IOP ≥21mmHg seen in 52% of the study population
[17]. However, using the standard TA dose of 4 mg, mild to
moderate IOP elevation has been reported in 18.5% of patients,
typically within the first 3 mon following injection [16, 34]. Aref’s
study also showed that the rate of IOP-related events was higher
in the 4-mg IVTA group compared that in to the 1-mg IVTA group
[16]. These results showed that complications of TA injection, such
as IOP elevation and cataract development, were strongly related
to the dose of TA. This means that a high dose of TA (40 mg) may
result in more IOP elevation events than a standard dose (4 mg),
which is 10 times the dose of TA in our study. Therefore, we
hypothesized that a high intrapolyp injection dose of TA (40 mg)
may lead to IOP elevation after injection, even though the
injection site is not the orbit but the nasal cavity nearest the space
of orbit. However, our study showed that there were no IOP
elevation events related to TA nasal polyp injections.
We considered several reasons for these findings. The first

possible reason was related to the pharmacokinetic characteristics
of TA. Important factors in the relationship between IOP elevation
and TA are not only systemic but also local bioavailability. The
systemic bioavailability of TA was confirmed by the relationship
between the amount of TA and the frequency of TA complications.
However, the systemic bioavailability of intranasal TA has been
shown to be only 46%. This also correlates with the low
lipophilicity of TA [40]. Increased lipophilicity correlates with a
greater binding affinity for and prolonged occupation of the
corticosteroid receptor and, consequently, less unbound drug to
interact with systemic glucocorticoid receptors, which can
potentially result in adverse events [41]. Moreover, nasal polyps
have low vascularity. Therefore, the systemic bioavailability of TA
after intranasal polyp injection may be lower than that after
intranasal mucosal TA injection. Moreover, the local bioavailability
of TA is also an important factor in the elevation of IOP. A study by
Hirano et al. compared IOP elevation after IVTA injection to that

Table 1. Baseline patient characteristics.

Group I
(n= 22)

Group II
(n= 21)

P value

Age, year
(mean ± SD)

51.41 ± 14.98 47.79 ± 12.96 0.25

Sex, men/women 13/9 14/7 0.94

HTN (%) 42.8 25.5 0.16

Group I: trimacinolone acetonide injection group, Group II: placebo
(normal saline) injection group.
SD standard deviation.

Table 2. Difference in the increase of IOP between the groups at
four weeks.

Group I
(n= 22)

Group II
(n= 21)

P value

ΔIOP-
4 wk (mean)

Rt. Eye −0.382 0.535 0.11

Lt. Eye −0.500 0.005 0.31

ΔIOP-4wk: difference in IOP from baseline to 4 weeks; Group I:
trimacinolone acetonide injection group; Group II: placebo (normal saline)
injection group;
statistical analysis method: Paired t test.
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after posterior sub-Tenon capsule TA injection (STTA). They found
that the IOP elevation was significantly slower in STTA compared
to that in IVTA, and that cases of high IOP and IOP elevation in
STTA were lower than that in IVTA [18]. This may mean that the
ocular space, which is the closest area of trabecular meshwork
during TA injection, is important for the elevation of IOP.
Moreover, the orbit is separated from the sinus cavity by
surrounding bones, such as the frontal bone, lacrimal bone,
zygoma, maxilla, ethmoid, sphenoid, and palate [42]. Therefore,
intranasal TA injection is only affected by its systemic bioavail-
ability, which is lower than that of dexamethasone and flunisolide,
with no effect on local bioavailability [41].
The one of this study’s limitations was generalizability because

of the small number of cases, even though we had already
examined the study population. And another limitation of this
study was that patients at high risk for glaucoma development
were excluded from the study. Patients with diabetes, preexisting
glaucoma, high baseline IOP, high myopia, cardiovascular
diseases, and connective tissue diseases are most likely at risk
for glaucomatous changes and represent the population that both
ophthalmologists and otolaryngologists may be most concerned
about when starting intrapolyp TA injections. Therefore, although
we found no significant differences between the TA injection
group and the placebo group, our study highlights the need to
formally assess ocular changes in high-risk patient populations
receiving intrapolyp TA injections to identify if our findings were
consistent in that population.
Our ophthalmology assessment findings demonstrate that high

doses of TA injection can be safely used for polyps or ostium
granulomas after endoscopic dacryocystorhinostomy in healthy
patients. Jo et al. previously reported that an intralesional TA
injection (12 mg) can help regress ostium granulomas and
considered that steroids had definite effects on inflammatory
granulomas [43]. Therefore, in such cases, ophthalmologists can
use high doses of TA injection on granulomas to safely increase
the surgical success rates.
In conclusion, high-dose intrapolyp TA injections can be safely

used in ophthalmological procedures with respect to the IOP and
is an effective treatment for recurrent nasal polyp after ESS.

Summary
What was known before

● High doses of intravitreal steroid injection (triamcinolone
acetonide) can increase intraocular pressure.

● Therefore, clinicians should pay attention after intravitreal
steroid injection.

What this study adds

● High doses of intranasal polyp triamcinolone acetonide (40
mg) injection did not increase intraocular pressure and
decrease polyp size.

● Therefore, for clinicians who want to decrease polyp size after
DCR or ESS surgery with safety, it could be good treatment
option.

REFERENCES
1. Carnahan MC, Doldstein DA. Ocular complications of topical, peri-ocular, and

systemic corticosteroids. Curr Opin Ophthalmol. 2000;11:478–83.
2. Ahmadi N, Snidvongs K, Kalish L, Sacks R, Tumuluri K, Wilcsek G, et al. Intranasal

corticosteroids do not affect intraocular pressure or lens opacity: a systematic
review of controlled trials. Rhinology. 2015;53:290–302.

Fig. 2 Graph comparing the intraocular pressure between both
groups at each follow-up period. There was no significant
difference between both groups. (A= Right eye, B= Left eye).

Table 3. Proportion of participants with IOP over 21mmHg at 4 and
8 weeks in both groups.

Group I N (%) Group II N (%) P value

4 weeks Rt. eye 2 (9.1) 1 (5) 1.00

Lt. eye 1 (4.5) 2 (10) 0.59

8 weeks Rt. eye 1 (4.5) 0 (0.0) 1.00

Lt. eye 1 (4.5) 0 (0.0) 1.00

Group I: trimacinolone acetonide injection group; Group II: placebo
(normal saline) injection group; statistical analysis method: Fisher’s
exact test.

Table 4. Changes in nasal polyps during follow-up in both groups.

Group I Group II P value

0 weeks 1.00 ± 0.00 1.00 ± 0.00 –

2 weeks 0.67 ± 0.48 0.93 ± 0.26 0.008

4 weeks 0.42 ± 0.50 0.83 ± 0.38 0.001

8 weeks 0.24 ± 0.44 0.66 ± 0.48 0.001

12 weeks 0.27 ± 0.45 0.48 ± 0.51 0.093

Group I: trimacinolone acetonide injection group; Group II: placebo
(normal saline) injection group; statistical analysis method: Independent
t test.

T.-H. Lee et al.

1903

Eye (2022) 36:1900 – 1904



3. Jones R 3rd, Rhee DJ. Corticosteroid-induced ocular hypertension and glaucoma:
a brief review and update of the literature. Curr Opin Ophthalmol. 2006;17:163–7.

4. Kersey JP, Broadway DC. Corticosteroid-induced glaucoma: a review of the lit-
erature. Eye (Lond). 2006;20:407–16.

5. Reichle ML. Complications of intraviteal steroid injections. Optometry.
2005;76:450–60.

6. Kiris M, Muderris T, Yalçıner G, Bercin S, Sevil E, Gul F. Intrapolyp steroid injection
for nasal polyposis: randomized trial of safety and efficacy. Laryngoscope.
2016;126:1730–5.

7. Becker SS, Duncavage JA. The role of steroid injection in the management of
sinonasal polyps. Curr Opin Otolaryngol Head Neck Surg. 2008;16:38–43.

8. Armaly MF. Effect of corticosteroids on intraocular pressure and fluid dynamics. II.
The effect of dexamethasone in the glaucomatous eye. Arch Ophthalmol.
1963;70:492–9.

9. Armaly MF. Effect of corticosteroids on intraocular pressure and fluid dynamics. I.
The effect of dexamethasone in the normal eye. Arch Ophthalmol.
1963;70:482–91.

10. Becker B. Diabetes mellitus and primary open-angle glaucoma. The XXVII Edward
Jackson memorial lecture. Am J Ophthalmol. 1971;71:1–16.

11. Gaston H, Absolon MJ, Thurtle OA, Sattar MA. Steroid responsiveness in con-
nective tissue diseases. Br J Ophthalmol. 1983;67:487–90.

12. Podos SM, Becker B, Morton WR. High myopia and primary open-angle glaucoma.
Am J Ophthalmol. 1966;62:1038–43.

13. David R, Zangwill L, Briscoe D, Dagan M, Yagev R, Yassur Y. Diurnal intraocular
pressure variations: an analysis of 690 diurnal curves. Br J Ophthalmol.
1992;76:280–3.

14. Giuffre G, Giammanco R, Dardanoni G, Bernardi P, De Franco I, Perfett S. Pre-
valence of glaucoma and distribution of intraocular pressure in a population. The
casteldaccia eye study. Acta Ophthalmol Scand. 1995;73:222–5.

15. Xi XR, Qureshi IA, Wu XD, Huang YB, Lu H, Shiarkar E. Diurnal variation of
intraocular pressure in normal and ocular hypertensive subjects of China. J Pak
Med Assoc. 1996;46:171–4.

16. Aref AA, Scott IU, Oden NL, Ip MS, Blodi BA, VanVeldhuisen PC. Incidence, risk
factors, and timing of elevated intraocular pressure after intravitreal triamcino-
lone acetonide injection for macular edema secondary to retinal vein occlusion:
SCORE study report 15. JAMA Ophthalmol. 2015;133:1022–9.

17. Barteselli G, Amini P, Ezon IC, Nezgoda JT, Cheng L, Freeman WR. Impact on
intraocular pressure after 20-mg decanted triamcinolone acetonide (kenalog)
injection when using prophylactic antiglaucoma therapy. Retina. 2015;35:75–81.

18. Hirano Y, Ito T, Nozaki M, Yasukawa T, Sakurai E, Yoshida M. Intraocular pressure
elevation following triamcinolone acetonide administration as related to
administration routes. Jpn J Ophthalmol. 2009;53:519–22.

19. Allingham RR. Shields textbook of Glaucoma. 7th ed. Philadelphia: Lippincott
Williams & Wilkins; 2021. p. 22–23.

20. Phelps CD, Phelps GK. Measurment of intraouclaar pressure: a study of its
reproducibility. Grafes Arch Clin Exp Ohthalmol. 1976;39:198.

21. Moltoko MA, Feldman F, Hyde M, Hudy D. Sources of variability in the results of
applanation tonometry. Can J Ophthalmol. 1982;93:17.

22. Wall J, Shure N. Intranasal cortisone; preliminary study. AMA Arch Otolaryngol.
1952;56:172–6.

23. Semenov H. The pathology of the nose and paranasal sinuses in relation to
allergy; with comments on the local injection of cortisone. Trans Am Acad
Ophthalmol Otolaryngol. 1952;56:121–70.

24. Hager G, Heise G. A severe complication with permanent practical blindness of
one eye following intranasal injection. HNO. 1962;10:325–8.

25. Rowe RJ, Dasler TW, Kinkella AM. Visual changes and triamcinolone. JAMA.
1967;201:333.

26. Mabry RL. Visual loss after intranasal corticosteroid injection: incidence, causes,
and prevention. Arch Otolaryngol. 1981;107:484–6.

27. Poetker DM, Jakubowski LA, Lal D, Hwang PH, Wright ED, Smith TL. Oral corti-
costeroids in the management of adult chronic rhinosinusitis with and without
nasal polyps: an evidence-based review with recommendations. Int Forum
Allergy Rhinol. 2013;3:104–20.

28. Jonas JB, Kreissig I, Degenring RF. Intravitreal triamcinolone acetonide for
pseudophakic cystoid macular edema. Am J Ophthalmol. 2003;136:384–6.

29. Okada AA, Wakabayashi T, Morimura Y, Kawahara S, Kojima E, Asano Y, et al.
Trans-Tenon’s retrobulbar triamcinolone infusion for the treatment of uveitis. Br J
Ophthalmol. 2003;87:968–71.

30. Antcliff RJ, Spalton DJ, Stanford MR, Graham EM, ffytche TJ, Marshall J. Intravitreal
triamcinolone for uveitic cystoid macular edema: an optical coherence tomo-
graphy study. Ophthalmology. 2001;108:765–72.

31. Spaide RF, Sorenson J, Maranan L. Combined photodynamic therapy with ver-
teporfin and intravitreal triamcinolone acetonide for choroidal neovasculariza-
tion. Ophthalmology. 2003;110:1517–25.

32. Jonas JB, Kreissig I, Sofker A, Degenring EF. Intravitreal injection of triamcinolone
for diffuse diabetic macular edema. Arch Ophthalmol. 2003;121:57–61.

33. Park CH, Jaffe GJ, Fekrat S. Intravitreal triamcinolone acetonide in eyes with
cystoid macular edema associated with central retinal vein occlusion. Am J
Ophthalmol. 2003;136:419–25.

34. Smithen LM, Ober MD, Maranan L, Spaide RF. Intravitreal triamcinolone acetonide
and intraocular pressure. Am J Ophthalmol. 2004;138:740–3.

35. Singh IP, Ahmad SI, Yeh D, Challa P, Herndon LW, Allingham RR, et al. Early rapid
rise in intraocular pressure after intravitreal triamcinolone acetonide injection.
Am J Ophthalmol. 2004;138:286–7.

36. Moshfeghi DM, Kaiser PK, Scott IU, Sears JE, Benz M, Sinesterra JP, et al. Acute
endophthalmitis following intravitreal triamcinolone acetonide injection. Am J
Ophthalmol. 2003;136:791–6.

37. Joe MK, Sohn S, Kim TE, Im J-e, Choi YR, Kee C. Analysis of glucocorticoid-induced
MYOC expression in human trabecular meshwork cells. Vis Res. 2011;51:1033–8.

38. Wang YS, Friedrichs U, Eichler W, Hoffmann S, Peter Wiedemann. Inhibitory
effects of triamcinolone acetonide on bFGF-induced migration and tube for-
mation in choroidal microvascular endothelial cells. Graefes Arch Clin Exp Oph-
thalmol. 2002;240:42–8.

39. Matsumoto Y, Johnson DH. Dexamethasone decreases phagocytosis by human
trabecular meshwork cells in situ. Invest Ophthalmol Vis Sci. 1997;38:1902–7.

40. Allen DB. Systemic effects of intranasal steroids: an endocrinologist’s perspective.
J Allergy Clin Immunol. 2000;106:S179–90.

41. Sastre J, Mosges R. Local and systemic safety of intranasal corticosteroids. J
Investig Allergol Clin Immunol. 2012;22:1–12.

42. Gentry LR. Anatomy of the orbit. Neuroimaging Clin N. Am. 1998;8:171–94.
43. Aerin J, Shin-Hyo L, Wu-Chul S, Shin HJ. Effects of ostium granulomas and

intralesional steroid injections on the surgical outcome in endoscopic dacryo-
cystorhinostomy. Graefes Arch Clin Exp Ophthalmol. 2018;256:1993–2000.

AUTHOR CONTRIBUTIONS
THL, JGN, and CKL made substantial contributions to the conception and design of
the work. THL, SWK, and CKL collected and analysed the data. SWK provided the
study material. THL and CKL interpreted the data. THL and CKL drafted and all the
authors substantively revised the paper.

FUNDING
This research was supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF), funded by the Ministry of Science and
ICT (NRF-2017R1C1B5018279) and supported by Ulsan University Hospital (Biome-
dical Research Center Promotion Fund).

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to C.K.L.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

T.-H. Lee et al.

1904

Eye (2022) 36:1900 – 1904

http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Effects of intrapolyp steroid injection on intraocular pressure and recurrent polyp treatment
	Introduction
	Subjects and methods
	Subjects
	Technique
	Data collection
	Data analysis

	Results
	Demographic characteristics
	Outcome
	Complications

	Discussion
	Summary

	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




