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Purpose: To assess the rates of postoperative steroid response following dropless cataract surgery using a subconjunctival depot of 
triamcinolone versus conventional cataract surgery using topical prednisolone.
Patients and Methods: We reviewed consecutive cataract surgery cases performed by a single surgeon to determine the likelihood 
of steroid response, defined as intraocular pressure (IOP) 50% above baseline or IOP > 24 mmHg postoperatively, excluding the first 
72 hours. Logistic regression models were performed including baseline characteristics as exposures in the model and steroid response 
as the outcome. Main outcome measures were the proportion of eyes developing steroid response, risk factors for developing steroid 
response, and duration of steroid response.
Results: Of the 150 dropless and 218 conventional cases, 26 eyes developed steroid response (15 dropless and 11 conventional cases 
[10% vs 5%, P=0.096]). Risk factors for steroid response included dropless surgery (OR=2.43, 95% CI=1.03–6.02], P=0.046) and 
prior diagnosis of glaucoma (OR=7.18, 95% CI=2.66–19.22], P<0.001). Baseline IOP, age, sex, race, and axial length did not increase 
risk for steroid response. Of the eyes with steroid response, more dropless cases had an IOP elevation ≥30 days (9/15 eyes vs 1/11 
eyes; P=0.008), including one patient with refractory IOP elevation in the dropless group who required urgent bilateral trabeculectomy 
for IOP control.
Conclusion: Dropless cataract surgery increases the risk of prolonged steroid response postoperatively. Patients with glaucoma have 
an increased risk of steroid response and may not be good candidates for dropless cataract surgery with subconjunctival triamcinolone.
Keywords: ocular hypertension, glaucoma, intraocular pressure, triamcinolone depot, postoperative

Introduction
Cataract surgery is one of the most common surgical procedures performed worldwide.1 Despite its safety and 
predictability, cataract surgery is continuously being improved to optimize post-operative outcomes.1 Dropless cataract 
surgery, in which a steroid depot is administered at the time of cataract surgery, has gained popularity as a technique that 
allows for less dependence on postoperative drops without compromising inflammation control or visual acuity 
outcomes.2–6 Surgical techniques for dropless cataract surgery are variable and include intravitreal or subconjunctival 
injections of triamcinolone, and sustained release formulations of dexamethasone as an intracanalicular insert or 
intraocular suspension.7,8 Dropless cataract surgery has the advantage of eliminating the need for costly and time- 
consuming eyedrop regimens known to result in poor adherence and undermine surgical results.9 The issue of adherence 
in the cataract patient population is further compounded by poor administration by individuals inexperienced with the use 
of conventional eyedrops.10

Despite several advantages to dropless approaches, ocular steroid depot injections are known to cause intraocular 
pressure (IOP) increase.11–14 Relatively few studies have evaluated the risk of steroid response following dropless 
cataract surgery, and the findings have thus far been mixed as to whether there is an increased risk for steroid response 
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with ocular steroid depot, with many studies excluding patients with glaucoma.2,15–18 The purpose of this study was to 
evaluate the incidence and risk factors of steroid-related IOP increase following uncomplicated dropless cataract surgery 
using subconjunctival triamcinolone compared with conventional cataract surgery using topical prednisolone.

Materials and Methods
Study Population and Databases
This study was approved by the Institutional Review Board of Massachusetts Eye and Ear and adhered to the tenets of 
the Declaration of Helsinki and the Health Insurance Portability and Accountability Act. The electronic health record was 
used to extract all cataract surgeries performed by a single surgeon (RP) from January 1, 2020 to September 30, 2021 
using the CPT codes 66984 (Extracapsular cataract removal with insertion of intraocular lens prosthesis) and 66982 
(Extracapsular cataract extraction removal with insertion of intraocular lens prosthesis, complex). Patients with additional 
surgery being done at the same time as cataract surgery were excluded. None of the patients underwent concurrent 
Minimally Invasive Glaucoma Surgery (MIGS) procedures. Additionally, patients with existing retinal abnormalities (eg, 
retinitis pigmentosa) were excluded from the analysis, as their visual acuity was significantly affected by their retinal 
condition, and their IOP may have been affected by long-term dorzolamide use for the treatment of macular edema. 
Informed consent was provided by patients for case reports included in this manuscript.

Outcome
The outcome of interest was steroid response, defined as IOP 50% above baseline or IOP >24 mmHg in the postoperative 
period, excluding the first 72 hours. Although there is no consensus definition of steroid response in the literature,19–21 

we defined steroid response as either a 50% increase in postoperative IOP above baseline or IOP greater than 24 mmHg, 
as this IOP cutoff has previously been used in major trials including the Ocular Hypertension Treatment Study.22 Our 
definition tries to capture steroid response in a way that includes significant increases in pressure for any particular case, 
including both patients with low baseline IOP (50% increase) as well as patients with a higher baseline IOP, in whom an 
increase that is less than 50% above baseline would nonetheless be clinically meaningful (eg, an increase to 28 mmHg 
from a baseline IOP of 20 mmHg, which is technically not a 50% increase). We excluded the first 72 hours after cataract 
surgery to avoid mischaracterizing early postoperative IOP increase due to retained viscoelastic or other early post-
operative factors.23

Exposures
Exposure variables that were examined as potential risk factors associated with steroid response included mode of 
postoperative steroid administration (dropless vs conventional), patient demographics, preoperative variables, and post-
operative variables. Conventional cataract surgery cases used 1% topical prednisolone acetate in the postoperative period 
starting at one drop 4-times daily for the first week, then decreasing by one drop every week over the next 3 weeks, while 
dropless cataract surgery cases received a subconjunctival injection of triamcinolone. A volume of 0.3–0.5 mL of 
triamcinolone at a concentration of 40 mg/mL (for a total steroid dose of 12 to 20 mg) was given at the end of the 
cataract surgery, injected approximately 5 mm posterior to the limbus. Only routine cataract cases were selected for 
dropless surgery. During the study period, the surgeon had a shift in clinical practice, such that prior to January 1, 2021, 
cases were preferentially done as conventional cataract surgery, and cases after this date were preferentially done as 
dropless cataract surgery. There were no prespecified criteria for deciding which patients would have dropless vs 
conventional type of steroid administration; this decision was based on both surgeon and patient preference.

Demographic information collected included patient age at the time of cataract surgery, sex, and self-reported race. 
Preoperative variables included surgery laterality, axial length, baseline best corrected visual acuity (BCVA), and 
baseline IOP of the operated eye. Baseline IOP was defined as the most recent IOP recorded within 1 year prior to 
cataract surgery. IOP was measured using a Tonopen tonometer or Goldman applanation tonometry (GAT) at all clinic 
visits. Patients were identified as having a preoperative diagnosis of glaucoma or glaucoma suspect based on the presence 
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of ICD-10-CM codes for glaucoma or glaucoma suspect in the electronic medical record in the year preceding cataract 
surgery, as cup-to-disc ratio, imaging, and visual field data were not available consistently for the majority of the patients.

Postoperative variables collected included BCVA at postoperative month 1 along with IOP at postoperative day 1 
(POD1), week 1 (POW1), and month 1 (POM1) of the operated eye. Patients were required to have a minimum of 1 
week of follow-up. Additional postoperative variables included use of IOP-lowering drops in the postoperative period, 
additional or prolonged steroid use after surgery, and duration of steroid response. Postoperative use of IOP-lowering 
drops was defined as additional IOP-lowering drops that were started in the postoperative period from 1 to 90 days 
following cataract surgery (patients who had preoperative glaucoma drops that were continued postoperatively were not 
included in this count). For conventional cataract cases, additional or prolonged steroid use was defined as any topical 
steroid use beyond the routine 1% topical prednisolone acetate four times per day for the first week, followed by 
a weekly taper (eg, more frequent use of steroid starting at POD1, a taper longer than 1 month, or the use of a more 
potent topical steroid such as difluprednate). For dropless cases, additional steroid use was defined as any topical steroid 
use in the postoperative period.

Statistical Analysis
Univariate comparisons were performed between dropless cataract surgery and conventional cataract surgery groups 
using chi-squared tests for categorical variables and t-tests for continuous variables. Sample means were confirmed to 
follow a normal distribution, which satisfies the requirements of the t-test. To identify multivariate predictors of having 
a steroid response in the postoperative period in each group, logistic regression models were performed including all 
baseline variables in the model as exposures and steroid response as the outcome. The main analysis included all 
consecutive cases of cataract surgery, including second eyes from the same patient. Second eye surgeries were done 
within 2–4 weeks of the first eye, and therefore outcomes of the first eye did not influence the postoperative steroid plan 
for the second eye. We performed a supplementary analysis that included only first eyes undergoing surgery in cases 
where both eyes of the same patient had surgery within the study period. All statistical analyses were conducted using 
SAS version 9.3 (SAS Institute, Inc, Cary, NC).

Results
A total of 368 eyes were included in the analysis: 150 dropless cases and 218 conventional cases. The mean age at the 
time of surgery was 69.9±10.4 years (range=34–95 years) and 66.5±12.7 years (range=11–89 years) for dropless and 
conventional eyes, respectively (P=0.004; Table 1). There was no significant difference in terms of sex, race, glaucoma 
diagnosis, or glaucoma suspect diagnosis between the two groups (P≥0.32). Baseline IOP was also not significantly 
different between the two groups (16.6±3.2 mmHg for dropless eyes and 16.4±3.6 mmHg for conventional eyes, 
P=0.54). Similarly, axial length of the operated eye was not significantly different between the two groups (25.0 
±2.2 mm for dropless eyes and 24.8±2.2 mm for conventional eyes, P=0.30). Postoperatively, the dropless group showed 
better BCVA than the conventional group (logMAR BCVA=0.1±0.2 for dropless eyes and 0.2±0.4 for conventional eyes 
at month 1, P=0.005); this is likely due to four patients in the conventional group with poor baseline visual potential 
(logMAR BCVA 2.0 or worse). Furthermore, both groups were similar with respect to the proportion of eyes requiring 
additional or prolonged steroids in the postoperative period for additional inflammation control (17 [11%] dropless eyes 
and 17 [8%] conventional eyes, P=0.27) and starting IOP-lowering medications in the first 3 postoperative months (20 
[13%] dropless eyes and 26 [12%] conventional eyes, P=0.52). Of note, given the surgeon’s shift in practice pattern from 
default conventional to default dropless cataract surgery in the middle of the study period, most eyes received 
conventional cataract surgery prior to January 1, 2021 (153 out of 179) and most eyes received dropless cataract surgery 
after January 1, 2021 (124 out of 189).

The two groups showed significant differences, however, in terms of postoperative IOP. At POD1, POW1, and 
POM1, the dropless group had significantly higher mean IOP compared with the conventional group (20.6±6.2 vs 19.2 
±5.8 mmHg at POD1, P=0.03; 16.4±3.5 vs 15.5±3.7 mmHg at POW1, P=0.03; and 16.8±4.0 vs 15.4±3.4 mmHg at 
POM1, P=0.0008 for dropless vs conventional cases, respectively; Figure 1A). We defined steroid response as IOP 50% 
above baseline or IOP >24 mmHg in the postoperative period, excluding the first 72 hours after surgery. Using this 
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definition, 15 (10%) of the 150 dropless cases developed a steroid response, compared with 11 (5%) of the 218 
conventional cases (P=0.096).

We next performed univariate and multivariate analyses to identify which demographic, preoperative, and post-
operative factors were significantly associated with steroid response (Table 2). In the univariate analysis we found that 
having a diagnosis of glaucoma was a significant predictor of steroid response (OR=5.65; 95% CI=2.21–13.82, 
P=0.0002); on the other hand, demographic variables, including age and sex, were not. Additionally, axial length, 
baseline IOP, glaucoma suspect diagnosis, and additional postoperative steroid use were not found to be predictors of 
steroid response. In the multivariate analysis, having a diagnosis of glaucoma (OR=7.18; 95% CI=.66–19.22, P<0.001) 
or having undergone dropless cataract surgery (OR=2.43; 95% CI=1.03–6.02; P=0.046) were significant predictors of 
steroid response (Table 2).

We next evaluated demographic and clinical characteristics of patients in both groups who developed a steroid 
response (Table 3). There were 15 eyes in the dropless group and 11 eyes in the conventional group with a steroid 
response. There were no significant demographic or preoperative differences between the two subgroups. While the 
postoperative IOP trended higher in the dropless group than in the conventional group (Figure 1B) and the duration of 
steroid response tended to be longer (Table 3), these differences were not statistically significant. However, the dropless 
surgery subgroup had a greater proportion of eyes with prolonged steroid response lasting 30 days or longer (9/15 eyes 
[60%] in the dropless group vs 1/11 eyes [18%] in the conventional group, P=0.008; Table 3).

Table 1 Demographic, Preoperative, and Postoperative Information for Dropless vs Conventional 
Cataract Surgery Groups

Dropless Conventional P-value
N = 150 Eyes N = 218 Eyes

Demographics

Age at time of surgery, years 69.9±10.4 66.5±12.7 0.004*
Sex 0.92

Male 70 (0.47) 100 (0.46)

Race >0.99
White 131 (0.87) 197 (0.90)

Non-white 19 (0.13) 21 (0.10)

Preoperative data

Operated eye 0.46

N of right eyes 81 (0.54) 109 (0.5)
Axial length of operated eye, mm 25.0±2.2 24.8±2.2 0.30

Baseline CDVA of operated eye, logMAR 0.4±0.4 0.5±0.5 0.18

Baseline IOP of operated eye, mmHg 16.6±3.2 16.4±3.6 0.54
Glaucoma or glaucoma suspect diagnosis 31 (0.21) 55 (0.25) 0.32

Glaucoma 12 (0.08) 26 (0.12) 0.87

Glaucoma suspect 19 (0.13) 29 (0.13) 0.33

Postoperative data

POM1 CDVA of operated eye, logMAR 0.1±0.2 0.2±0.4 0.005*
Additional or prolonged steroid use post op 17 (0.11) 17 (0.08) 0.27

Use of IOP lowering drops POD1-POM3a 20 (0.13) 26 (0.12) 0.52

POD1 IOP of operated eye, mmHg 20.6±6.2 19.2±5.8 0.03*
POW1 IOP of operated eye, mmHg 16.4±3.5 15.5±3.7 0.03*

POM1 IOP of operated eye, mmHg 16.8±4.0 15.4±3.4 0.0008*
Steroid responseb 15 (0.10) 11 (0.05) 0.096

Notes: Data are reported as mean±standard deviation for continuous variables and frequency count (fraction of total) for 
categorical variables. *Statistically significant P-value <0.05. aRefers to additional IOP-lowering drops above pre-op baseline. 
bDefined as IOP >24 mmHg or IOP >50% above baseline. 
Abbreviations: CDVA, corrected distance visual acuity; IOP, intraocular pressure; logMAR, logarithm of the minimum angle 
of resolution; POD1, postoperative day 1; POM1, postoperative month 1; POW1, postoperative week 1.
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Given the potential bias of studying a patient population undergoing bilateral cataract surgery, we performed an 
additional analysis in which we included only the first eye from each patient undergoing surgery (Supplemental 
Tables 1-3). This analysis of first eyes included 112 dropless cases and 173 conventional cases. Ten (9%) of the 112 
dropless cases developed a steroid response, compared with 11 (6%) of the 173 conventional cases (P=0.49). Demographics 
were similar between groups, and baseline IOP remained not significantly different between the two groups (16.7±3.2 
mmHg for dropless eyes and 16.3±3.6 mmHg for conventional eyes, P=0.35; Supplemental Table 1). Postoperative mean 
IOP was significantly higher in the dropless group compared with the conventional group at all three time points (20.9±6.5 
vs 19.2±6.1 mmHg at POD1, P=0.03; 16.6±3.4 vs 15.6±3.9 mmHg at POW1, P=0.03; 16.7±4.2 vs 15.6±3.6 mmHg at 
POM1, P=0.02; for dropless vs conventional cases, respectively). In the multivariate analysis of first surgical eyes only, 
having a diagnosis of glaucoma (OR=4.49; 95% CI=1.30–14.05; P=0.012) or glaucoma suspect (OR=5.83; 95% CI=1.95– 
16.92; P=0.001) were significant predictors of steroid response (Supplemental Table 2). Dropless cataract surgery was no 
longer a significant predictor in the first-eyes-only analysis (Univariate analysis OR=1.44, 95% CI=0.58–3.54; P=0.419; 
Multivariate analysis OR=1.60, 95% CI=0.62–4.11; P=0.325). This may be due to a smaller sample size which excluded 

Table 2 Predictors of Steroid Response in All Eyes Undergoing Cataract Surgery (Univariate and Multivariate Analysis)

Predictor of Steroid Response Univariate Analysis Multivariate Analysis

OR (95% CI) of Steroid 
Response

P-value OR (95% CI) of Steroid 
Response

P-value

Age: Per 1 Year Increase 1.01 (0.98–1.05) 0.56
Sex: Male (vs Female) 1.21 (0.52–2.81) 0.65

Axial Length: Per 1 mm Increase 1.05 (0.87–1.24) 0.56

Baseline IOP: Per 1 mmHg Increase 0.95 (0.83–1.08) 0.48
Baseline Visual Acuity: per 0.1 Increase 

in logMAR

1.54 (0.68–3.01) 0.25

Glaucoma Suspect Diagnosis 1.65 (0.46–4.66) 0.39 2.85 (0.75–9.02) 0.09
Glaucoma Diagnosis 5.65 (2.21–13.82) 0.0002* 7.18 (2.66–19.22) <0.001*
Dropless Surgery 2.22 (0.96–5.29) 0.06 2.43 (1.03–6.02) 0.046*
Additional Post-Op Steroid Use 2.03 (0.56–5.81) 0.22

Notes: *Statistically significant P-value <0.05 (shown in bold font). Statistically significant confidence intervals shown in bold font. 
Abbreviations: CI, confidence interval; IOP, intraocular pressure; logMAR, logarithm of the minimum angle of resolution; OR, odds ratio.

Figure 1 (A) Mean intraocular pressure (IOP) of all subjects at baseline, day 1, week 1, and week 4 after cataract surgery. (B) Mean IOP at baseline and postoperative weeks 
1–24 in dropless vs conventional cataract surgery eyes with steroid response. The number of subjects in each group and at each timepoint is indicated below the diagram; 
“D” stands for dropless, “C” for conventional cataract surgery. *P<0.05, ***P<0.001. Error bars show standard error of the mean.
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a greater proportion of dropless steroid response eyes (in the first-eyes-only analysis, five eyes with steroid response were 
excluded, all of which were in the dropless group).

Figure 2 highlights a striking case of sustained steroid response following dropless cataract surgery. This is a case of 
a 70-year-old White male patient who had a history of high myopia (axial length of 28.26 mm in the right eye and 
28.12 mm in the left eye) and Laser-Assisted In Situ Keratomileusis (LASIK) in both eyes with central corneal thickness 
of 450 µm in the right eye and 470 µm in the left eye. He was noted to be a glaucoma suspect prior to cataract surgery 
based on his optic disc appearance; his preoperative untreated IOP range was 13–16 mmHg in both eyes. He underwent 
bilateral dropless cataract surgery 2 weeks apart and developed elevated IOP in the postoperative period starting at the 
first postoperative month, ranging from 23–38 mmHg in the right eye and 21–36 mmHg in the left eye that were 
refractory to medical management with multiple topical glaucoma medications and oral acetazolamide. He was referred 
to the glaucoma service for management 5 months after dropless cataract surgery and was found to have severe 
glaucomatous optic neuropathy with uncontrolled IOP of 42 mmHg in the right eye and 46 mmHg in the left eye. His 
glaucoma testing demonstrated significant retinal nerve fiber layer (RNFL) thinning on Optical Coherence Tomography 
(OCT) with average RNFL thicknesses of 47 and 41 μm, and dense arcuate visual field defects approaching fixation 
bilaterally on Humphrey Visual Field perimetry with mean deviations of −17.23 and −21.28 dB in the right and left eyes, 

Table 3 Characteristics of Dropless vs Conventional Cataract Surgery Eyes That Developed Steroid Response

Dropless with  
Steroid Response

Conventional with  
Steroid Response

P-value

N = 15 Eyes N = 11 Eyes

Demographics

Age at time of surgery, years 74.1±7.2 62.7±17.6 0.07
Sex >0.99

Male 7 (0.47) 6 (0.55)

Race 0.41
White 14 (0.93) 10 (0.91)

Non-White 1 (0.07) 1 (0.09)

Preoperative data

Operated eye >0.99
Right 8 (0.53) 5 (0.45)

Axial length of operated eye, mm 24.9±1.9 25.6±2.3 0.38

Baseline CDVA of operated eye, logMAR 0.4±0.2 0.6±0.7 0.38
Baseline IOP of operated eye, mmHg 16.3±4.5 15.0±4.7 0.47

Glaucoma or glaucoma suspect diagnosis 7 (0.47) 7 (0.64) 0.45

Glaucoma 2 (0.13) 4 (0.36) 0.68
Glaucoma suspect 5 (0.33) 3 (0.27) 0.13

Postoperative data
POM1 CDVA of operated eye, logMAR 0.2 ± 0.2 0.2 ± 0.3 0.51

Additional or prolonged steroid use post op 2 (0.13) 2 (0.18) >0.99

Use of IOP-lowering drops POD1-POM3 7 (0.47) 7 (0.64) 0.45
POD1 IOP of operated eye, mmHg 24.1±10.5 24.4±10.4 0.94

POW1 IOP of operated eye, mmHg 19.9±5.9 21.0±5.4 0.62

POM1 IOP of operated eye, mmHg 23.9±5.7 21.1±3.6 0.15
Duration of steroid response 0.008*

<30 days 6 (0.40) 10 (0.91)

≥30 days 9 (0.60) 1 (0.09)
Duration of steroid response, days 60.0±63.5 23.2±4.0 0.74

Notes: Data are reported as mean±standard deviation for continuous variables and frequency count (fraction of total) for categorical 
variables. *Statistically significant P-value <0.05. 
Abbreviations: CDVA, corrected distance visual acuity; IOP, intraocular pressure; logMAR, logarithm of the minimum angle of resolution; 
POD1, postoperative day 1; POM1, postoperative month 1; POW1, postoperative week 1.
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respectively (Figure 2). He underwent emergent trabeculectomy in the right eye followed by the left eye and maintained 
IOP in the 10–16 mmHg range in both eyes afterwards with stable visual field testing.

Discussion
In this study we investigated the incidence and characteristics of steroid response following dropless cataract surgery 
with subconjunctival triamcinolone or conventional cataract surgery using topical prednisolone in a large patient cohort 
undergoing surgery with a single, highly experienced cataract surgeon. We found significantly higher mean IOP 
measurements at every postoperative timepoint in the dropless cataract surgery cohort compared to the conventional 

Figure 2 Optical Coherence Tomography and Humphrey Visual Field findings of a patient who developed severe glaucoma in the setting of prolonged steroid response 
following dropless cataract surgery. (A) Cirrus retinal nerve fiber layer (RNFL) Deviation Map for both eyes showing optic disc cupping and thinning of the peripapillary 
RNFL in both eyes. (B) RNFL thickness by quadrant showing superior and inferior thinning in the right eye and diffuse thinning in the left eye with mean RNFL thickness of 
47 and 41 µm in the right and left eyes, respectively. (C) 24–2 SITA-Fast of right and left eyes showing significant arcuate defects in both eyes.
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group. Furthermore, multivariate analysis demonstrated that dropless cataract surgery with subconjunctival triamcinolone 
was a significant predictor of steroid response, which occurred in 10% of eyes undergoing this procedure.

Topical corticosteroids after cataract surgery are known to produce steroid-related IOP elevation through mechanisms 
that increase resistance in the trabecular meshwork.24 In our study, the incidence of steroid response was 5% in the 
conventional surgery group. This is comparable to prior studies, although the incidence of reported steroid response 
following cataract surgery varies depending on the IOP cutoff being used.19,20 Chang et al20 reported a 2.4% incidence of 
postoperative steroid response from topical prednisolone, which is less than our study. However, they defined steroid 
response as an IOP elevation of 25% above baseline and a minimum of 28 mmHg, since this was the level deemed high 
enough by the study authors to warrant intervention. A separate study by Bojikian et al19 comparing eyes with and 
without glaucoma found that the incidence of steroid response in patients receiving topical prednisolone was 2.1% in 
control eyes and 8.4% in glaucoma eyes, with steroid response defined as IOP >50% above baseline, occurring at or after 
the second postoperative week. Other studies have used the cutoff of IOP increase greater than 10 mmHg above baseline 
to characterize steroid response.25–27 In our study, we defined steroid response as either a 50% increase in postoperative 
IOP above baseline or IOP greater than 24 mmHg, as this IOP cutoff has previously been used in major trials including 
the Ocular Hypertension Treatment Study, which found that IOP >25.75 mmHg significantly increases the risk of 
developing primary open angle glaucoma.22 The advantage of our definition is that it includes eyes that started with a low 
IOP and had a significant IOP increase in the postoperative period, as well as eyes that started with a higher baseline IOP 
and rose to clinically significant levels, even if that level was not strictly 50% above their baseline.

Steroid depot injections may provide better postoperative inflammation control than topical steroid drops alone, 
though findings from existing studies are mixed.3–6,28 Several studies have found that eyes receiving steroid injections 
have lower incidence of cystoid macular edema (CME) following cataract surgery, but there were no significant visual 
acuity differences between the steroid depot and topical steroid groups on postoperative follow-up.3,28 Other studies 
found no significant difference in CME but did find lower rates of anterior chamber cell and flare, without a difference in 
postoperative visual acuity between steroid depot and topical steroid eyes (although the study examiners were not blinded 
to the type of steroid patients received).4,6 While we did not have OCT data for all eyes in our study to assess the 
presence of CME, we did not find any difference between dropless and conventional groups with respect to requiring 
additional steroids in the postoperative period for inflammation control. This would suggest that steroid type did not 
significantly affect postoperative inflammation control. Larger randomized studies are required to better assess differ-
ences in inflammation control following dropless vs conventional cataract surgery.

Relatively few studies have evaluated the risk of steroid response following dropless cataract surgery, and the findings 
have thus far been mixed. In existing studies there is much variation in steroid type and dosages administered, with many 
studies using a short duration of follow-up and excluding patients with glaucoma or family history of glaucoma.2,15–18,29 

In the Prevention of Macular Edema after cataract surgery (PREMED) randomized controlled clinical trial, patients 
receiving a 40 mg subconjunctival injection of triamcinolone had a significantly higher IOP compared to patients who did 
not.29 Additionally, six of the 51 (12%) patients who received subconjunctival triamcinolone developed IOP elevation of 
25 mmHg or higher at 12 weeks postoperatively.29 In a separate randomized controlled trial, Paganelli et al2 compared 
patients receiving 40 mg of sub-Tenon’s triamcinolone with patients receiving an equal volume of sub-Tenon’s balanced 
salt solution and 1% topical prednisolone acetate following cataract surgery. Surprisingly, the authors found that the sub- 
Tenon’s triamcinolone group had lower mean IOP measurements at several postoperative visits up to day 28 post-op, and 
no patient had an IOP rise in the postoperative period up to 2 months post-op. However, this study was relatively small, 
with 50 patients per group, and notably excluded patients with prior topical steroid use, diagnosis of glaucoma, and prior 
steroid-related ocular hypertension. Additionally, steroid response may not occur until months after the exposure, and 2 
months of follow-up may not have been enough to capture late responders.30 Negi et al16 reported on the results of 
a smaller prospective trial of 54 patients, with 27 patients in the topical prednisolone and 27 patients in the steroid depot 
group, some of whom received 20 mg, and others 30 mg triamcinolone. The authors found consistently higher mean IOP 
measurements in the triamcinolone depot group at each post-operative visit up to 90 days after surgery, which was similar 
to our findings (Table 1), although the differences in their study were not statistically significant. Of note, this trial 
excluded patients with a family history of glaucoma. We did not assess for family history of glaucoma as this information 
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was not consistently available. However, we did include patients with glaucoma and glaucoma suspect in our study, 
which is more representative of how dropless cataract surgery is performed in an actual clinical setting, where patients 
may present with these diagnoses to a comprehensive ophthalmology clinic.31

Some studies have proposed that the location of triamcinolone depot could affect the likelihood of steroid response. 
Intravitreal triamcinolone has been reported to result in higher rates of steroid response than we found in our study, with 
even low doses of 4 mg of intravitreal triamcinolone resulting in 32–50% incidence of steroid response.13,32 With sub- 
Tenon’s injection of triamcinolone, a more posterior site of injection may be less likely to induce IOP elevation.33–36 

Prior studies on dropless cataract surgery using triamcinolone injected approximately 3.5 mm or 10 mm posterior to the 
limbus did not result in greater risk for IOP increase postoperatively.2,28 Our injection distance was within range of these 
studies, at 5 mm posterior to the limbus. Herschler34 reported on a small series of 13 eyes receiving 40 mg of 
triamcinolone for various inflammatory conditions, 10 of which were in the anterior sub-Tenon’s space, and all 10 of 
which experienced an IOP increase. Of note, the authors reported that several patients who did not have a history of IOP 
rise secondary to topical steroids still ended up with IOP elevation after sub-Tenon’s triamcinolone. However, this study 
and others are limited by their relatively small sample size; more work needs to be done using larger sample sizes to 
evaluate the effects of steroid dosing and depot location on the risk of developing a steroid response.

A particular concern highlighted by our study is the risk of prolonged and severe intraocular pressure elevation with 
steroid depot injections. The mean postoperative IOP was higher in the dropless group compared to the conventional 
group (Figure 1A), and more dropless eyes had a steroid response lasting ≥30 days compared with conventional surgery 
eyes (Table 3), likely related to the residual steroid depot remaining in the eye longer than the usual postoperative course 
of topical prednisolone. IOP increase following sub-Tenon’s or subconjunctival triamcinolone injection can often be 
refractory to medical management, and may require surgical intervention.29,34,35 In the case series by Herschler,34 nine 
out of the 10 patients with steroid response following sub-Tenon’s triamcinolone required excision of the depot due to 
medically refractory IOP rise, and one patient required goniotomy. One patient in the PREMED study required excision 
of the subconjunctival triamcinolone depot after IOP elevation to 42 mm Hg that was refractory to medical 
management.29 We report on a striking case of bilateral and medically refractory IOP elevation in a patient with 
a history of LASIK and prior high myopia, who was considered a glaucoma suspect prior to cataract surgery due to 
optic disc appearance but was not using glaucoma drops prior to cataract surgery. When the patient presented to the 
glaucoma service with IOP of over 40 mmHg in each eye, the decision was made to proceed emergently with 
trabeculectomy rather than excision of the steroid depot, given the severity of glaucomatous damage that had already 
occurred. At the time of trabeculectomy (5 months after the initial cataract surgery), the triamcinolone depot was noted to 
have not yet fully dissolved, which may have contributed to ongoing IOP elevation in this patient. In addition to this 
striking case, several other patients in the dropless cataract group required prolonged treatment with glaucoma medica-
tions in the postoperative period, including one patient who required 5 months of oral methazolamide to control IOP after 
dropless surgery.

Another key finding of our study was that eyes with glaucoma were significantly more likely to have a steroid 
response than non-glaucoma eyes (P<0.001). Glaucoma is a known risk factor for steroid response, irrespective of the 
route of steroid administration.19,32,37,38 Other studies have previously also identified younger age, male sex, and higher 
axial length as additional risk factors for steroid response.19–21,38 We did not find these characteristics to be risk factors 
for steroid response, and by far the most significant risk factor was a prior diagnosis of glaucoma. Of note, however, over 
50% of patients with steroid response in our study had an axial length greater than 24.5 mm, and the highlighted case of 
bilateral severe IOP elevation involved a highly myopic patient with axial length exceeding 28 mm in each eye. It is 
possible that larger sample sizes are needed to better evaluate whether age, sex, and axial length are significant risk 
factors for steroid response in this surgical context.

Our study had several limitations. As this was a retrospective study, patients were not randomized into dropless vs 
conventional surgery groups. Although we only included uncomplicated cataract cases, there may have been inherent 
selection bias by the surgeon and the patients in choosing the type of postoperative steroid. Interestingly, the dropless 
group had a higher mean age than the conventional group; thus, it is possible that dropless surgery was preferentially 
performed in older individuals since they may have more difficulty instilling drops in the postoperative period. However, 
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as mentioned, given the shift in practice pattern from default conventional to default dropless cataract surgery in the 
middle of the study period, most eyes received conventional cataract surgery prior to January 1, 2021, and most eyes 
received dropless cataract surgery after January 1, 2021, thus likely reducing selection bias. Another limitation is that the 
diagnoses of glaucoma or glaucoma suspect were based on chart review and existing ICD-10-CM diagnosis codes present 
before surgery, and most patients were not formally screened for glaucoma with OCT or visual field testing prior to 
undergoing cataract surgery. Thus, there may have been mischaracterization or under-characterization of glaucoma 
patients in our study. If a patient had bilateral cataract surgery during the study period, both eyes were included in the 
analysis, although we provide analysis of first-operative-eyes-only in Supplemental Tables 1–3. While including both 
eyes may have introduced inter-eye bias, it made our study more in line with real-world practice patterns, in which 
patients most commonly undergo sequential cataract surgery within a short period of time. Additionally, we did not 
include patients undergoing MIGS given the nature of practice at our hospital, where surgeons performing dropless 
cataract surgery are not glaucoma specialists and do not routinely perform MIGS at the time of cataract surgery. The use 
of concurrent MIGS with dropless cataract surgery has been explored in a previous study and may warrant additional 
research.39 Finally, our study population was predominantly White; future work will need to address if the same findings 
are present in patients from other racial groups, some of which have a higher baseline incidence of glaucoma and 
therefore may be expected to have a heightened steroid response following dropless cataract surgery.40–42

Conclusion
Dropless cataract surgery has become preferred by many anterior segment surgeons and patients given that it offers good 
postoperative control of inflammation while reducing drop dependence and potentially leads to more consistent outcomes 
after cataract surgery.2–6 However, caution must be exercised in light of possible increased rates of steroid response and 
greater likelihood of prolonged steroid response following steroid depot injection. Going forward, quality prospective 
studies will be needed to evaluate whether steroid depot dosage or location affect risk for IOP elevation following 
dropless cataract surgery. Nonetheless, patient selection prior to surgery will continue to be critical, and we propose that 
patients suspicious for glaucoma or with a known diagnosis of glaucoma should be carefully identified and evaluated 
prior to dropless cataract surgery given their significant risk for IOP elevation and irreversible vision loss in response to 
steroids.
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