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Purpose: To compare the safety of a standardized, commercially available intracameral combination of mydriatics and anesthetic 
(ICMA) with a reference topical mydriatic regimen for cataract surgery.
Patients and Methods: The safety results from two international, randomized, controlled clinical studies were combined to compare 
ICMA at the beginning of cataract surgery (ICMA group) to the reference topical mydriatic regimen (reference group). Data were 
collected on ocular and systemic adverse events, corneal and anterior chamber examination, endothelial cell density, retinal thickness 
and visual acuity. Analysis was performed on a pooled safety set from both studies, preoperatively and up to 1 month postoperatively.
Results: 342 patients received ICMA and 318 the reference topical regimen. Ocular adverse events were reported in 17.0% of patients 
in the ICMA group and 18.6% in the reference group. No difference was shown between groups in endothelial cell density (2208 ± 
498 cells/mm2 for ICMA group versus 2241 ± 513 cells/mm2 for the reference group; p=0.547) and retinal thickness (change from 
baseline less than 50 µm in 94.7% versus 95.0% of patients, respectively) at 1 month postoperatively. At 1-day post-surgery, less 
patients in the ICMA group had moderate or severe (Grades 2 and 3) superficial punctate corneal staining (3.9% versus 7.0% for the 
reference group; p=0.064). Postoperatively, some ocular symptoms were also less frequently reported in the ICMA group. Best- 
corrected visual acuity increased in 96.0% of patients in the ICMA group and 95.8% in the reference group at 1 month.
Conclusion: ICMA injection at the beginning of cataract surgery was demonstrated to be safe and may also provide perioperative and 
postoperative advantages over the standard topical mydriatic regimen.
Keywords: cataract surgery, intracameral mydriasis, topical mydriasis, safety, tolerability

Introduction
Cataract surgery is the most common ophthalmic surgery in economically developed countries.1 Although it is a cost- 
effective intervention,2 an aging population means larger surgical volumes and increased pressure on resources. 
Therefore efficiency,2–4 but also safety of the procedure remains fundamental to successful outcomes. The most common 
intraoperative complications associated with cataract surgery are posterior capsule rupture (PCR) and iris trauma.5–9 

Postoperative complications include corneal and macular edema, endophthalmitis and uveitis.5–9

PCR can also affect post-surgical outcomes and is a risk factor for other complications, including cystoid macular 
edema and pseudophakic retinal detachment.10,11 In the majority of cases, pseudophakic macular edema has no clinical 
impact and does not affect visual outcome.5,6,8 However, clinically significant macular edema has been reported after 
routine cataract surgery at an incidence rate of between 1.2% and 3.3%.5,6,8,12,13
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Other frequent complications of cataract surgery include superficial punctate keratitis (SPK) and endothelial cell 
loss.14–16 Factors related to postoperative endothelial cell loss include hardness of the nucleus, anterior chamber depth, 
excessive duration of phacoemulsification and endothelial pathologies such as Fuchs dystrophy.15,16 Endothelial cell loss 
may also occur due to toxicity of irrigation fluids or agents injected into the anterior chamber during surgery or to 
penetration of the eye drops given preoperatively.

The routine use of topical mydriatics during cataract surgery can pose a risk of cardiovascular events in the elderly 
patient population.16 Hence, systemic exposure to drugs that carry a risk of cardiovascular events should be limited.17 The 
possible local and systemic adverse events (AEs) of topically applied mydriatic agents have been well described,16–19 and 
the need for an appropriate and effective alternative to eye drops such as intracameral mydriatics has been recognized for 
the past two decades.20 The intracameral mydriatic route was developed to address some of the disadvantages associated 
with topically administered mydriatics, mainly (1) their slow penetration through the cornea, resulting in a slow onset of the 
mydriasis, which is often several times longer than the surgical procedure itself, and (2) the risk of cardiovascular side- 
effects associated with their systemic passage via the lacrimal drainage system.17–20

Some surgeons have continued to administer “custom-blended” or “off-label” intracameral mydriatic preparations 
despite the potential risks of compounding errors, contamination, or the use of excipients inappropriate for ophthalmic 
use.21–25 In 2015, a standardized, commercially available preservative-free, intracameral fixed combination of two 
mydriatics (tropicamide 0.02% and phenylephrine 0.31%) and one anesthetic (lidocaine 1%) (Mydrane® hereafter 
referred to as Intracameral Combination of Mydriatics and Anesthetic (ICMA); Laboratoires Théa, Clermont Ferrand, 
France) was approved in the EU for use in cataract surgery. The current pooled safety analysis evaluates the local and 
systemic safety and tolerability of ICMA based on data combined from the two EU approval studies.26,27

Materials and Methods
General Design of the Studies
The safety and tolerability data analyzed in this paper were combined from two multicenter, international, randomized, 
clinical trials: a pilot, dose-finding Phase II study (EudraCT No. 2008–003279-28), and a pivotal Phase III study 
(EudraCT 2010–021188-34).26,27 Data from the phase II study included 3 groups of patients, who received either: 
0.15 mL ICMA, 0.2 mL ICMA or a standard topical mydriatic treatment. The phase III study included two groups of 
patients who received either ICMA 0.2 mL (ICMA group) or a standard topical mydriatic treatment (reference group).

Both studies adhered to the ethical principles of the Declaration of Helsinki (2004) regarding biomedical research on 
human patients. Both studies were conducted in compliance with applicable regulatory requirements and in accordance 
with Good Clinical Practice using the guidance documents and practices of the International Conference on 
Harmonization and the European directive 2001/20/CE.

Independent ethics committee approval was obtained for each participating center prior to beginning local patient 
recruitment see (Supplementary File). All patients underwent a thorough discussion of the risks and benefits of the study 
with the local investigator, and written informed consent was required for enrollment.

Patients
The study population was comprised of adult cataract patients,18–85 years of age in the phase II study and 40–88 years 
of age in the phase III study, scheduled to undergo unilateral phacoemulsification cataract surgery under topical 
anesthesia with clear corneal self-sealing incisions. Patients were enrolled from 11 centers in four countries (Belgium, 
France, Portugal, Spain) in the phase II study, and from 68 centers in nine countries (Algeria, Austria, Belgium, France, 
Germany, Italy, Portugal, Spain, Sweden) in the phase III study.

Investigational Treatments
ICMA (Mydrane®; Laboratoires Théa, Clermont-Ferrand, France) is a proprietary formulation of two mydriatic agents 
(tropicamide 0.02% and phenylephrine 0.31%) and one anesthetic agent (lidocaine 1%) for intracameral administration as 
a single injection of 0.2 mL at the start of cataract surgery (just after the first corneal incision).28 In both studies, in cases of 
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inadequate mydriasis (within 30 sec of ICMA injection in the phase II study and within 1.5 min in the phase III study) as 
judged by the surgeon, a supplementary 0.1 mL injection of ICMA was allowed. In practice, the second injection offered no 
extra efficacy,27 and accordingly ICMA has been registered for use as a single intracameral injection only.28

The standard topical mydriatic regimen was tropicamide 0.5% (Mydriaticum® 0.5%; Laboratoires Théa) and 
phenylephrine 10% (Neosynephrine® 10% Faure; Laboratoires Europhta, Monaco). In all cases of both studies, 1 or 2 
drops of 1% tetracaine were instilled 5 minutes before surgery for topical anesthesia. In the phase II study, patients in the 
reference group received an additional drop of tetracaine one minute prior to surgery. In the phase III study, both groups 
also received tetracaine eye drops 1 minute before the first incision. All these products (including ICMA) used in both 
studies did not contain preservatives. Also, in both studies, the reference group did not receive any intracameral 
anesthesia during the surgical procedure.

Safety Parameters
Table 1 presents the schedule of safety/tolerance examinations. The surgery took place on day 0 and follow-up visits 
were performed at day 1, day 8, and day 28 (one month) postoperatively.

Ocular Safety
Patients underwent an ophthalmic evaluation including slit lamp examination, central corneal pachymetry, corneal 
endothelial cell count (cells/mm2 in the central cornea; performed in 50 out of 70 centers where specular microscopy 
was available), intraocular pressure (IOP) assessment (by air-puff or applanation tonometry), funduscopy, measurement 
of retinal thickness (RT) with optical coherence tomography (OCT) and best-corrected visual acuity (BCVA).

Slit lamp examination was used to evaluate the cornea and anterior segments for signs such as palpebral edema, 
chemosis, conjunctival hyperemia, conjunctival discharge, folliculo-papillary conjunctivitis, superficial punctate corneal 
staining and anterior chamber cells and flare.

Superficial punctate corneal staining was graded as follows: 0 = absent; 1 = some punctate staining <10% of the 
corneal area; 2 = diffuse punctate staining ≤50% of the corneal area; 3 = diffuse punctate staining >50% of the corneal 
area. For scores 1, 2 and 3, the investigator determined whether the staining could be considered to be clinically 
significant SPK. Anterior chamber cells were graded as follows: 0 = no cells; 1 = 1–5 cells; 2 = 6–15 cells; 3 = 16–30 
cells; 4 = >30 cells. Anterior chamber flare was graded as follows: 0 = absent; 1 = trace (barely detectable); 2 = mild 

Table 1 Schedule of Safety/Tolerance Examination and Tests

Selection visit  
(Day -60/-7)

Day of surgery 
(Day 0)

1 day post- 
surgery

8 days post- 
surgery

28 days post- 
surgery

Ocular signs (slit lamp examination and fluorescein test) X X X X

Central corneal thickness X X

Endothelial cell count† X X

Intraocular pressure X X X X

Funduscopy X X X X

Retinal thickness X X

Best-corrected far visual acuity X X X†† X X

Adverse events X X X X

Ocular symptoms X X X X

Vital signs X X X X X

Notes: † Endothelial cell count was performed in selected centers in the phase III study only. ††Best-corrected far visual acuity was not measured on day 1 in the phase III 
study.
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intensity (iris and lens details clear); 3 = moderate intensity (iris and lens details not clear); 4 = strong intensity (iris and 
lens details not visible and fibrin in the anterior chamber). Other clinical signs (palpebral edema, chemosis, conjunctival 
hyperemia, conjunctival discharge, folliculo-papillary conjunctivitis, other) were graded using the following 4-point 
scale: 0 = none; 1 = mild; 2 = moderate; 3 = severe.

Ocular treatment emergent adverse events (TEAEs) and their severity were noted by the investigator or reported by 
the patient at day 0 and at each postoperative visit. The potential relationship of AEs to the study treatment was also 
noted. Treatment-related AEs were defined as those with a causal relationship with the investigational drug that could not 
be formally excluded, including AEs assessed as “unlikely related” to “definitely related”.

Systemic Safety
Evaluation of systemic safety included collection of systemic TEAEs (reported in the same way as ocular TEAEs) and 
assessment of vital signs. Systolic blood pressure (SBP, in mmHg), diastolic blood pressure (DBP, mmHg) and heart rate 
(radial pulses in beats/minute, bpm) were measured at each visit. Two measurements were performed (with a resting time 
of 5 minutes between the two measurements), except during and at the end of the surgical procedure for practical reasons.

Subjective Ocular Symptoms and Patient Satisfaction
Ocular symptoms (pain, irritation/burning/stinging, photophobia, foreign body sensation or other ocular symptom) 
assessed by the patient in the operated eye before surgery and postoperatively were recorded according to the schedule 
in Table 1. Ocular symptoms were graded by the patient as follows: 0 = absent; 1 = mild; 2 = moderate; 3 = severe. 
Patient satisfaction with the surgery was evaluated on day 1 postoperatively as very satisfied, satisfied, not very satisfied 
or unsatisfied.

Assessment of Global Tolerance of Study Products by the Investigator
Assessment of tolerance of the study treatment by the investigator was conducted at all postoperative visits using the 
following scale: 0 = very satisfactory; 1 = satisfactory; 2 = not very satisfactory; 3 = unsatisfactory.

Statistical Methods
A pooled safety data set was created including all patients enrolled in both studies, for whom the study medication had 
been used and for whom follow-up data were available. Descriptive statistics are presented here.

Besides the summary statistics, comparisons of the two treatment groups were performed using the following 
statistical tests: the exact Cochran-Mantel-Haenszel (CMH) test stratified by study for the binary variables and for the 
ordinal variables (modified ridit scores were applied); an ANOVA model adjusting for treatment, study, and treatment by 
study interaction (and if relevant, the baseline value) for the quantitative variables. The results of these tests were 
interpreted two-sided, at 5% level of significance.

Results
Extent of Exposure
There were 342 patients in the ICMA group (including 252 who received a single ICMA injection and 90 who received 
more than one ICMA injection) and 318 in the reference group. Table 2 presents the extent of exposure to ICMA and the 
reference topical regimen for each study and the consolidated safety set.

Ocular Safety
Results from the main ocular safety evaluations are presented in Table 3 and described by category below.

Adverse Events
Comparable percentages of patients in both groups experienced at least one ocular TEAE (17.0% in the ICMA group vs 
18.6% in the reference group), TEAEs related to study medication (2.0% vs 2.5%, respectively) and serious ocular AEs 
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Table 2 Extent of Exposure

ICMA Reference Treatment

Number of patients Number of patients

1 injection More than 1  
injection

Total 3 drops tropicamide and  
phenylephrine each

Phase II 53 18 71 35

Phase III 199 72 271 283†

Total (Safety set) 252 90 342 318

Notes: † In the phase III study, additional tropicamide drops were required in 23 (8.1%) patients and additional 
phenylephrine drops were required in 22 (7.8%) patients.

Table 3 Ocular Safety

Ocular safety parameters ICMA  
N=342

Reference  
N=318

Between-group  
difference

Adverse events reported

All AEs, n (%) 58 (17.0) 59 (18.6)

AEs related to study treatment, n (%) 7 (2.0) 8 (2.5)

Serious adverse events, n (%) 3 (0.9) 3 (0.9)

Adverse events of particular interest

Posterior capsule rupture, n (%) 1 (0.3) 5 (1.6)

Macular edema, n (%) 4 (1.2)† 2 (0.6)†

Cornea

Superficial punctate corneal staining, n (%)

Day -60/-7 N=342 N=318

Grade 0 336 (98.2) 298 (93.7)

Grade 1 6 (1.8) 20 (6.3) ND

Grade 2 0 0

Grade 3 0 0

Clinically significant SPK†† 0 0

1 day N=338 N=314

Grade 0 240 (71.0) 200 (63.7)

Grade 1 85 (25.1) 92 (29.3) p=0.064

Grade 2 10 (3.0) 16 (5.1)

Grade 3 3 (0.9) 6 (1.9)

Clinically significant SPK†† 12 (12.2) 12 (10.5)

8 days N=340 N=313

Grade 0 274 (80.6) 254 (81.2)

Grade 1 42 (12.4) 43 (13.7) p=0.806

Grade 2 20 (5.9) 8 (2.6)

Grade 3 4 (1.2) 8 (2.6)

Clinically significant SPK†† 17 (25.8) 16 (27.1)

28 days N=335 N=312

Grade 0 304 (90.7) 274 (87.8)

Grade 1 24 (7.2) 32 (10.3) p=0.258

Grade 2 7 (2.1) 4 (1.3)

Grade 3 0 2 (0.6)

Clinically significant SPK†† 7 (22.6) 10 (26.3)

(Continued)
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Table 3 (Continued). 

Ocular safety parameters ICMA  
N=342

Reference  
N=318

Between-group  
difference

Endothelial cell count (/mm2)

Day -60/-7 N=248 N=222

Mean number of cells 2416.0 ± 396.9 2415.2 ± 390.7 ND

28 days N=238 N=209

Mean number of cells 2208.1 ± 497.8 2240.6 ± 513.1 p=0.547

N=232 N=203

Median change from baseline -159 -116

Corneal thickness (µm)

Day -60/-7 N=324 N=299

Mean CT 545.4 ± 37.7 545.9 ± 41.3 ND

28 days N=310 N=287

Mean CT 547.2 ± 45.0 549.0 ± 43.2 p=0.703

N=308 N=285

Median change from baseline 1.0 2.0

Anterior chamber

Anterior chamber flare and cells (total score)

Day -60/-7 N=342 N=318

Mean total score 0.01 ± 0.08 0.01 ± 0.10 ND

1 day N=337 N=315

Mean total score 0.94 ± 1.04 1.11 ± 1.10 p=0.504

8 days N=339 N=312

Mean total score 0.20 ± 0.58 0.14 ± 0.48 p=0.743

28 days N=335 N=312

Mean total score 0.04 ± 0.23 0.06 ± 0.31 p=0.885

IOP (mmHg)

Day -60/-7 N=340 N=316

Mean IOP 15.5 ± 2.9 15.3 ± 2.9 ND

1 day N=331 N=310

Mean IOP 16.6 ± 5.1 16.5 ± 4.6 p=0.894

8 days N=335 N=309

Mean IOP 14.8 ± 3.5 14.6 ± 3.4 p=0.994

28 days N=333 N=309

Mean IOP 13.5 ± 2.5 13.3 ± 2.7 p=0.313

Retina

Retinal thickness (µm)

Day -60/-7 N=301 N=275

Mean RT 246.1 ± 44.2 250.3 ± 46.3 ND

28 days N=296 N=272

Mean RT 253.4 ± 43.2 258.0 ± 51.5 p=0.606

N=284 N=260

Median change from baseline 4.0 5.0

Funduscopy (abnormal), n (%)

Day -60/-7 N=342 N=318

36 (10.5) 31 (9.7) ND

28 days N=334 N=311

29 (8.7) 24 (7.7) p=0.634

Notes: Data are mean (± standard deviation), median or number (%) of patients. †Macular edema was considered 
clinically significant (i.e., where visual acuity was impaired) in one patient (0.3%) of the ICMA group and one patient 
(0.3%) of the reference group. ††Among patients with superficial punctate corneal staining (Grade 1 to 3). 
Abbreviations: AE, adverse event; CT, corneal thickness; IOP, intraocular pressure; ND, not determined; SPK, 
superficial punctate keratitis; RT, retinal thickness.
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(0.9% each; comprising 1 macular edema, 1 keratitis and 1 cataract operation complication [diagnosed as “persisting 
corneo-scleral tunnel”] in the ICMA group, and 1 eye hemorrhage [diagnosed as “hematoma of the orbit”], 1 retinal 
detachment and 1 PCR in the reference group). Two serious AEs in the ICMA group (macular edema and keratitis) were 
considered by the investigator to be (possibly) treatment related. The three serious events in the reference group were 
considered to be unrelated to treatment.

Regarding AEs of particular interest, PCR occurred in a single (0.3%) patient in the ICMA group and in 5 (1.6%) 
patients in the reference group. The incidence of macular edema was low in both groups. Visually significant macular 
edema (ie, having an impact on visual acuity) occurred in one patient in each group.

Cornea/Ocular Surface
The change in central corneal thickness was minimal in both groups, with similar corneal thicknesses at 1 month 
postoperatively (p=0.703). The median change in endothelial cell counts from baseline to 1 month postoperatively was 
−159 cells/mm2 in the ICMA group vs −116 cells/mm2 in the reference group. No statistically significant between-group 
difference was found in the number of endothelial cells at 1 month postoperatively (p=0.547).

The percentage of patients with superficial punctate corneal staining in the operated eye decreased in both groups 
between day 1 and 1 month postoperatively (from 29.0% [98 patients] to 9.3% [31 patients] in the ICMA group and from 
36.3% [114 patients] to 12.2% [38 patients] in the reference group). Severe punctate corneal staining (grade 3) was less 
frequent in the ICMA group than the reference group at each assessment.

The percentage of patients with conjunctival hyperemia decreased from 25.9% (88 patients) at day 1 to 5.4% (18 
patients) at 1 month postoperatively in the ICMA group, and from 32.0% (101 patients) at day 1 to 7.1% (22 patients) at 
1 month in the reference group. Other ocular signs (palpebral edema, chemosis, conjunctival discharge, and folliculo- 
papillary conjunctivitis) were noted in a few patients in both groups after surgery (from 0.6% [2 patients] to 2.9% [10 
patients] in the ICMA group and from 0.3% [1 patient] to 4.1% [13 patients] in the reference group).

Anterior Chamber
On day 1 postoperatively, anterior chamber cells were detected in the operated eye in 164 (48.7%) patients in the ICMA 
group and 172 (54.6%) patients in the reference group. Anterior chamber cells were generally few in number (≤5 cells) in 
both groups. At day 1, trace or mild anterior chamber flare was present in 114 (33.8%) patients in the ICMA group and in 
129 (41.0%) patients in the reference group. One patient in the reference group had moderate anterior chamber flare. The 
number of patients with cells and flare declined at 1 week and 1 month postoperatively. The total score of anterior 
chamber cells and flare was similar between groups on day 1 (p=0.504), one week (p=0.743) and one month (p=0.885) 
postoperatively.

Mean postoperative IOP was generally similar to baseline values in both groups on day 1 and at one week 
postoperatively. At 1 month postoperatively, a small decrease from baseline IOP was observed in both groups (−2.00 
mmHg in the ICMA group and −1.98 mmHg in the reference group).

On day 1 postoperatively, an abnormal pupil (mydriasis in 5 cases and miosis in 8 cases) in the operated eye was 
noted for 8 (2.4%) patients in the ICMA group and for 5 (1.6%) patients in the reference group. One patient (0.3%) in 
each group had a positive Seidel test in the operated eye.

Retina
Mean retinal thickness at 1 month postoperatively was similar between groups (p=0.606). The change from baseline was 
less than 50 µm for most patients in both groups (94.7% in the ICMA group and 95.0% in the reference group). The 
number of patients with RT of 300 µm or greater and a change from baseline of 50 µm or greater was low (5 [1.8%] and 
6 [2.3%] patients, respectively).

The incidence of abnormal funduscopy was similar across visits for both treatment groups (7.9% to 10.5% of patients 
in the ICMA group and 7.7% to 9.7% in the reference group). Funduscopy outcomes were similar between groups at 1 
month postoperatively (p=0.634).
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Visual Acuity
The mean BCVA was increased in both groups postoperatively (Table 4). An increase in BCVA was seen in 312 (96.0%) 
patients in the ICMA group and 297 (95.8%) patients in the reference group. One (0.3%) patient in the ICMA group and 
6 (1.9%) patients in the reference group had visual acuity ≤2/10 at 1 month postoperatively.

Systemic Safety
Fewer patients in the ICMA group (14 patients, 4.1%) than in the reference group (20 patients, 6.3%) experienced 
systemic TEAEs (Table 5). One patient (0.3%) in each group had a systemic TEAE that the investigator considered 
related to treatment (1 headache in the ICMA group and 1 nausea/migraine with aura in the reference group).

Similar increases in mean SBP between selection and during surgery were recorded in both groups. During follow-up, 
mean SBP returned to preoperative levels by 1 day following surgery and was maintained at that level until 1 month 
postoperatively. No relevant changes from baseline were observed at all postoperative visits in mean DBP (ranged from 
76.6 to 78.4 mmHg across both treatment groups) and mean heart rate (ranged from 69.4 to 71.0 bpm). Fewer patients in 
the ICMA group (23 patients, 6.8%) than in the reference group (36 patients, 11.6%) presented with instances of 
hypertension or tachycardia events (either at least one DBP value>100 mmHg, one SBP value>200 mmHg, or one HR 
value>120 bpm) on the day of surgery (p=0.040).

Subjective Ocular Symptoms and Patient Satisfaction
Figure 1 presents the incidence of ocular symptoms in both groups from baseline to 1 month postoperatively. Most patients 
were free of symptoms or had mild symptoms following surgery (>97% in the ICMA group and >95% in the reference 

Table 4 Best-Corrected Distance Visual Acuity at Each 
Assessment Time in the Eye to Be Operated/Operated Eye

ICMA 
N=342

Reference 
N=318

Day -60/-7 (selection)  

Mean ± SD  

Min, Max

n=332 

4.6 ± 2.0 

0, 10

n=315 

4.3 ± 2.0 

0, 10

8 days  

Mean ± SD  
Min, Max

n=335 

9.0 ± 1.9 
0, 16

n=308 

8.7 ± 2.1 
1, 13

28 days  
Mean ± SD  

Min, Max

n=334 
9.4 ± 1.6 

2, 16

n=312 
9.1 ± 1.9 

0, 13

Notes: Far best-corrected visual acuity (recorded value in decimal*10) was 
assessed by the ophthalmologist investigator with the patient’s best correc-
tion using the Snellen chart.

Table 5 Systemic Adverse Events

ICMA 
N=342

Reference 
N=318

Adverse events reported

All AEs, n (%) 14 (4.1) 20 (6.3)

AEs related to study treatment, n (%) 1 (0.3) 1 (0.3)

Serious adverse events, n (%) 1 (0.3) 3 (0.9)

Abbreviation: AE, adverse event.
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group for each symptom). At day 8 postoperatively, there were statistically significantly fewer patients who reported 
ongoing pain in the ICMA group (1.8%) compared with the reference group (4.1%; p=0.034). This was also noted for 
irritation/burning/stinging at 8 days (10.9% vs 15.9%, respectively; p=0.041) and one month (5.1% vs 11.5%; p=0.004).

Most patients assessed their study treatment as very satisfactory or satisfactory (99.1% [337 patients] in the ICMA 
group vs 97.2% [307 patients] in the reference group). Three (0.9%) patients in the ICMA group and 9 (2.8%) patients in 
the reference group were “not very satisfied” with the procedure.

Global Tolerance Assessment by the Investigator
Global tolerance of the study treatment, as assessed by the investigator, was very satisfactory or satisfactory for most patients 
(>96%) in both groups at each visit. The investigators assessed global tolerance of the study treatment as not very satisfactory 
or unsatisfactory for a lower percentage of patients in the ICMA group (0.9% [3 patients] at 1 day and one week, and 1.8% [6 
patients] at one month) compared with the reference group (3.5% [11 patients], 2.9% [9 patients] and 1.6% [5 patients], 
respectively). A statistically significant difference was found between the two groups at 1 day (p=0.013).

Safety Profile of Patients Who Received More Than One Injection of ICMA
Ninety patients received more than the recommended dose (one single injection) of ICMA (Table 2). The incidence of ocular 
AEs was higher in patients who received ≥2 injections of ICMA (23.3% of patients) compared to 1 injection (14.7%). TEAEs 
that the investigator considered possibly related to the study treatment were noted in 2 (2.2%) patients (1 keratitis and 1 
PCR). Serious AEs included keratitis and a persistent corneo-scleral tunnel associated with the surgical procedure. 
A systemic TEAE was experienced by 5.6% of patients receiving ≥2 injections versus 3.6% for 1 ICMA injection.

Ocular symptoms occurred mainly at day 1 postoperatively and were more frequently reported in patients who 
received ≥2 injections of ICMA (pain for 11 [12.4%] patients vs 8 [3.2%] patients who received 1 injection; irritation/ 
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Figure 1 Individual ocular symptoms at each assessment time. (A): Pain; (B): Irritation/burning/stinging; (C) Photophobia; (D) Foreign body sensation. Each ocular symptom 
was rated overall for both eyes using a 4-point severity scale (none, mild, moderate, severe) at baseline (Day -60/-7, selection visit), and at day 1, 1 week, and 1 month 
postoperatively.
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burning/stinging in 24 [27.0%] vs 37 [14.7%] patients; foreign body sensation in 27 [30.3%] vs 38 [15.1%] patients, 
respectively).

The median decrease in endothelial cell density from baseline was also higher for patients who received ≥2 injections 
of ICMA (−213 cells/mm2) than for patients who received 1 injection (−149 cells/mm2).

Discussion
The current study evaluated the safety of an approved, commercially available, pharmaceutical standard ICMA for 
phacoemulsification cataract surgery. No ocular or systemic safety issues were observed during the development of this 
new fixed combination for intracameral use. This was further verified by the pooled safety analysis presented in the 
current study, indicating that ICMA is safe and well tolerated, and comparable to the standard topical regimen.

Ocular AEs related to treatment (or with an unknown relationship) were below 3% in both groups, and there were no 
serious AEs requiring hospitalization or resulting in permanent visual loss in either group. PCR was less frequent in the 
ICMA group than in the reference group. The better stability of mydriasis provided by administration via the intracam-
eral route may have contributed to this difference.26,27,29 Incomplete or unstable mydriasis is associated with intraopera-
tive and postoperative complications in general and PCR in particular.30–32 Adequate and stable mydriasis improves the 
surgical conditions, thereby reducing the risk of PCR. In the phase III study of ICMA, the different steps of the surgery 
were considered uncomplicated (not technically challenging) for more than 90% of the patients who received ICMA for 
mydriasis, and the intraocular lens implantation step was considered “technically challenging” for fewer cases in the 
ICMA group (0.4% of patients) compared to the reference group (1.8%), and this difference was statistically significant 
(p=0.047, CMH).26

Although macular edema was reported marginally more frequently in the ICMA group (4 events, 1.2% of patients) 
than in the reference group (2 events, 0.6%), there was no between-group difference in terms of the incidence of 
clinically significant macular edema (1 event in each group). The incidence of macular edema reported in the current 
study is among the lowest reported in the literature.5,6,8 One patient in the ICMA group with clinically significant 
macular edema underwent a complicated and protracted surgery and was non-adherent to the postoperative anti- 
inflammatory regimen. The patient was diagnosed with cystoid macular edema with retinal thickening of 455 μm, 
which was resolved with medical therapy at 12 months postoperatively. Two other patients in the ICMA group presented 
with subclinical macular edema. Postoperatively, the retinal thickness was within normal limits in most patients, there 
was a low incidence of macular edema with good mean postoperative BCVA. Combined, these observations indicate that 
ICMA does not increase the risk of clinically significant macular edema after cataract surgery.

Specular microscopy values were similar between groups indicating that there were no safety concerns regarding 
endothelial cell loss due to ICMA. Similarly, a comparable decrease in endothelial cell density was shown between the two 
mydriatic protocols in a more recent study.33 The endothelial cell loss observed in this study in the ICMA group (mean loss 
of 8.3%) is within the range reported for routine phacoemulsification cataract surgery (4.3% to 16.8% loss).34–38 Endothelial 
exposure to the constituents of ICMA is minimal and of short duration and is mitigated by prolonged and abundant rinsing 
of the anterior chamber during surgery. Endothelial toxicity due to ICMA was not anticipated on the basis of several 
preclinical animal studies using clinically relevant concentrations of lidocaine, either alone or in combination with 
tropicamide.39–41 In addition, clinical experience with intracameral administration of the components of ICMA is extensive 
and endothelial cell toxicity has not been shown to be clinically significant.20,41–43

The outcomes of the current study indicate that ICMA is safe and may offer advantages compared to standard eye 
drops regimen. ICMA avoids the risk of corneal epithelial toxicity induced by repeated instillations or the use of 
preserved topical preparations.16,19 In the present study, corneal staining of moderate or severe intensity (Grade 2 and 3) 
was about twice as common with the standard topical regimen (reference group) on day 1 postoperatively, compared with 
ICMA (3.9% vs 7.0%, respectively). Additionally, more patients in the reference group (4 patients, 1.2%) experienced 
ocular AEs suggestive of a more pronounced corneal damage (corneal epithelial defect, corneal erosion, ulcerative 
keratitis) compared to the patients who received ICMA (1 patient, 0.3%; data not shown). Corneal toxicity is a common 
AE of topical medications, particularly local anesthetics such as tetracaine and those containing preservatives.44 Repeated 
preoperative use of anesthetics and topical mydriatics that contain preservatives can damage the ocular surface and may 
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play a pathogenic role in inducing or aggravating post-surgical discomfort. Of note, patients in both studies received the 
same amount of tetracaine drops preoperatively, except for patients in the reference group of the Phase II study who 
received an additional tetracaine drop 1 minute before surgery. However, this additional tetracaine drop had no impact on 
clinical outcomes such as corneal staining between the two groups (data not shown). More generally, the intracameral 
route also exposes patients to less discomfort associated with intensive topical mydriatic use, perhaps explaining the 
lower rates of some ocular symptoms (pain and irritation/burning/stinging) postoperatively in the ICMA group.20,22,45

In the current study, no notable changes in mean vital signs parameters were observed, indicating no systemic safety 
concerns with ICMA. ICMA may reduce the risk of systemic AEs due to the lower overall drug exposure provided by the 
intracameral route.46 As the bioavailability of the intracameral route is higher, the delivered dose of phenylephrine with 
a single ICMA injection of 0.2 mL (0.62 mg) is 16.5 times less than the recommended dose of phenylephrine 10% eye 
drops (10.2 mg for 3 drops) and up to 54.8 times less (34 mg for 10 drops) than the maximum dose of topical 
phenylephrine received during the phase III trial.26,46 In pharmacokinetic studies, only 14.3% of ICMA treated patients 
had detectable levels of phenylephrine in the blood (maximum concentration measured: 0.59 ng/mL).46 In contrast, all 
patients in the reference group had detectable levels of phenylephrine in the blood (maximum concentration: 1.42 ng/ 
mL).46 Similarly, no ICMA patients had detectable plasma levels of tropicamide, whereas all patients in the reference 
group had detectable levels of tropicamide.46 Consistently with other studies,25 the present study suggested a safety 
advantage for ICMA over a topical regimen in terms of cardiovascular events, as more patients receiving the topical 
mydriatic regimen experienced meaningful instances of hypertension or tachycardia than those receiving ICMA. 
Moreover, the conditions of a controlled clinical trial may not accurately reflect those in a wider clinical practice.25 

The use of low concentrations of the mydriatics in ICMA likely minimizes the risk of systemic, particularly cardiovas-
cular AEs.

During the initial clinical trials for ICMA, delivering a second injection was left to the discretion of the surgeon. 
However, additional analyses of the mydriatic efficacy of ICMA demonstrated that a second injection conferred no 
additional benefits on pupil dilation compared to one injection.27 Therefore, ICMA has been approved for only one 
0.2 mL injection.28 The basis of this approval is also supported by the current pooled safety analyses as 2 (or more) 
ICMA injections demonstrated a less favorable safety profile compared to one injection. This difference may be 
explained by a potential higher proportion of patients with more risk factors for cataract surgery complications and/or 
a high proportion of investigators with less experience or less confidence in ICMA than in their daily pupil dilation 
protocol. These risk factors combined with the longer surgery caused by the second ICMA injection could explain the 
observed difference. However, reassuringly, comparison of the AEs following 2 (or more) ICMA injections compared to 
a single injection did not raise any systemic safety concerns compared to the reference treatment regimen, and the 
product approval restricts ICMA to one injection, which addresses any potential issue regarding unexpected toxicity of 
repeated administration of ICMA.

Intracameral mydriatics and anesthetics are commonly used in cataract surgery. In 2013, a survey of 490 cataract 
surgeons indicates that mydriatics are administered in the operating room in 9% of cataract operations and that topical 
anesthesia is supplemented by off-label intracameral anesthetics in 21% of surgeries.21 These practices may increase the 
risk of contamination and toxicity due to the injection of products not specifically designed for intracameral use.21 Use of 
the intracameral route relieves staff from multiple instillations of mydriatics and additional local anesthetic during the 
preoperative period. In preparing 10 patients for surgery, 60 individual instillations of topical products are typically 
required. Multiple instillations of topical drops present risks for errors and cross-contamination, as well as engendering 
stress in the patient. In addition, the intracameral route allows surgeons to control the preoperative mydriatic delivery to 
the patients, and consequently, the risk of inadequate dosing is minimized. The presence of medical staff when 
administration of mydriatics takes place means prompt intervention is available in the case of systemic AEs due to 
phenylephrine. A single injection in the operating room may also prove to be less stressful for patients.

Conclusion
In summary, ICMA injection at the beginning of cataract surgery is safe and offers advantages over the standard topical 
mydriatic regimen. Repeat instillation of topical preparations are avoided which improves patient management in 
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ophthalmology clinics and avoids corneal toxicity associated with topical administration. Moreover, the availability of 
a specific approved intracameral preparation eliminates the risks associated with “homemade” preparations and reduces 
the potential for dosing errors.

Data Sharing Statement
Since the data were collected from two clinical trials, these are not intended to be shared by the authors, and no other 
study-related documents will be made available.
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