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Introduction: Postoperative endophthalmitis (POE) is a rare but devastating complication of ophthalmic surgeries. Microinvasive
glaucoma surgery (MIGS) procedures have become increasingly utilized for the surgical reduction of intraocular pressure (IOP). Ab-
interno canaloplasty (ABiC) is a popular MIGS procedure, but POE rates and clinical effects following ABiC have not been studied.
Methods: This study conducted a retrospective review of all consecutive cases of either standalone ABiC or combined ABiC with
phacoemulsification performed at a tertiary care academic referral center from 2015 to 2021. Exclusion criteria included a history of
incisional glaucoma surgery, retinal surgery, or additional concurrent microinvasive glaucoma surgery (MIGS) at the time of ABiC.
The rates of POE after ABiC were calculated with 95% confidence intervals (CI) based on the Clopper-Pearson exact method.
Results: Of 3256 cases of ABIC, one case (0.03%, 1/3256, 95% CI: 0.00-0.17%) of post-ABiC endophthalmitis was identified. The
rate of POE in standalone ABiC was 0.00% (0/1332 cases, 95% CI: 0.00-0.28%), whereas the rate in combined ABiC with
phacoemulsification was 0.05% (1/1924 cases, 95% CI: 0.00-0.29%). Additionally, the rate of POE following stand-alone cataract
surgery, 0.10%, 11/11,470 cases, 95% CI: 0.05-0.17%), total cataract surgeries, 0.06% (17/28,013 cases, 95% CI: 0.04-0.10%), total
MIGs, excluding ABiC, surgeries, 0.08%, (3/3845 cases, 95% CI: 0.02-0.23%) portray non-inferiority of ABiC in the risk of POE.
The case of ABiC-POE presented four days after surgery and required a vitreous tap with intraocular injection of antibiotics and pars
plana vitrectomy. No causative organism was identified. A final 1-year follow-up revealed a corrected distance visual acuity of 20/40
and stable glaucoma.

Conclusion: The rate of POE after ABIiC (1 per 3256 cases) is statistically non-inferior to the reported incidence of POE after
other MIGS and incisional glaucoma surgeries.
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Plain Language Summary

Ocular infections after eye surgeries are undesirable events that can have visually significant consequences, including loss of
vision. Surgeries for glaucoma have historically involved procedures with large incisions and significant complication rates,
including infections. Recently, a new class of glaucoma surgeries known as “microinvasive glaucoma surgeries” (MIGS) has
emerged as techniques offering smaller incisions, faster healing times, and more effectiveness than historically performed
procedures. However, postoperative infections (known as postoperative endophthalmitis (POE)) remain an area of interest and
concern among ophthalmic surgeons. Ab-interno canaloplasty (ABiC) is a procedure with some similarities to other MIGS
procedures but also has notable differences in surgical approach and tissue manipulation. In this paper, we report the rates of
POE after ABiC at our tertiary-care referral center across 3256 cases. We observed only one case of POE after ABiC, which is
lower than the POE rates reported for other MIGS procedures. While the purpose of our paper is not to dictate practice
patterns for ophthalmologists, we believe the information presented in this manuscript is of interest to surgeons as they decide
which MIGS procedure is most suitable and indicated for their respective patient populations.
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Introduction

In recent years, numerous microinvasive glaucoma surgery (MIGS) procedures have been introduced within ophthalmol-
ogy. Some MIGS procedures can be performed as standalone surgeries, while others may be combined with cataract
surgery, and can effectively reduce elevated intraocular pressures (IOP), especially when topical medications are
insufficient. Within the spectrum of MIGS procedures, ab-interno canaloplasty (ABiC) is an angle-based procedure
involving 360-degree catheterization and viscodilation of Schlemm’s canal to treat mild to moderate primary open-angle
glaucoma (POAG)."? Similar to other MIGS procedures, ABiC offers advantages such as minimal tissue disruption and
rapid recovery times.’ ABiC may be performed as a standalone procedure or combined with phacoemulsification.
Whereas most currently utilized MIGS procedures primarily work on local or regional locations of the anterior chamber
angle and cause an increased focal aqueous outflow, ABiC affects the entire canal and distal collector channels. In
contrast to other MIGS procedures, ABiC does not involve any device placement, allowing for the preservation of angle
anatomy for future angle-based treatments if needed.’

Postoperative endophthalmitis (POE) is characterized by marked infection and inflammation of intraocular tissues
following ophthalmic surgery.* POE is a relatively rare complication, with incidence rates ranging from 0.02%—0.71%
after cataract surgery and 0.2-6.3% after glaucoma surgery.”® POE therapeutic approaches, such as intracameral
antibiotic injections, have contributed to the relatively rare occurrence of POE.” Following cataract surgery, Bhatta
et al reported that the administration of intracameral antibiotics reduced POE occurrence from 0.144% to 0.025%.%
Recently, the incidence rates of POE after several MIGS procedures were reported by Starr et al: 0.13% (4/3055 cases,
95% CI: 0.04-0.30%).° However, ABiC was not included and remains an understudied MIGS procedure, especially
regarding its safety profile, clinical efficacy, and POE rates. To our knowledge, no previous studies have reported the rate
and clinical features of the complication POE after ABiC.” We report our experience of POE after ABiC over the last six
years among multiple surgeons at a large tertiary care academic medical center.

Materials and Methods

This was a retrospective chart review of all consecutive cases of either standalone ABiC or ABiC combined with
phacoemulsification performed at the study institution from October 1, 2015 to May 31, 2021. This study adhered to the
tenets of the Declaration of Helsinki and its later amendments. Ethics approval was obtained from the University of
Oklahoma Institutional Review Board (IRB: 6173), and HIPAA regulations were followed. The IRB determined that
informed consent was not necessary for this study, given the retrospective chart review; thus, this was waived for this
specific study.

Concomitant cataract surgery at the time of ABiC was allowed, as ABiC is most frequently performed in conjunction
with phacoemulsification.' For combined cases, phacoemulsification was completed before the ABIC procedure.
Inclusion criteria were standalone ABiC cases and cases of ABiC combined with phacoemulsification performed in
patients at least 18 years of age with an established history of POAG. Only cases in which both the ABiC procedure and
POE diagnosis and treatment were performed at the study institution were included in the final analysis. If patients did
not complete a follow-up visit, their data were treated as missing. Exclusion criteria included history of incisional
glaucoma surgery, retinal surgery, or additional concurrent MIGS performed at the time of ABiC. Cases associated with
preexisting endophthalmitis, systemic infection, angle-closure glaucoma, or mixed-mechanism glaucoma were also
excluded.

Data were presented descriptively using mean, standard deviation (SD), count, and percentage, and analyzed using
Microsoft Excel 365 for Windows (v. 2205, Microsoft Corp, Redmond, Washington, USA) and the SAS (v9.4) software.
Due to binomial nature of POE occurrences, the rates of POE after ABiC were calculated together with 95% confidence
intervals (CI) using the Clopper-Pearson exact method via normal approximation.

All ABIC cases were performed using the iTrack microcatheter (Nova Eye Medical, Fremont, California, USA)
in the manner previously described.' All surgeries were performed by one of 28 surgeons (4 attending surgeons, 6
fellows, and 20 residents) at our institution. All ABiC patients underwent pre- and postoperative evaluations, which
included assessments of pain, lid edema, history of glaucoma, ocular surgical history, ocular medication use, IOP,
corrected distance visual acuity (CDVA), gonioscopy, slit lamp examination (including evaluation of anterior
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chamber reaction), and posterior segment evaluation when indicated. Postoperative examinations were performed
1 day, 1 week, 1 month, 6 months, and 12 months after surgery. All patients routinely received postoperative topical
antibiotics (ofloxacin 0.3%) dosed four times a day for one week and topical steroids (loteprednol 0.5% suspension)
dosed four times a day for three days, followed by a reduction to once a day for three days. Of note, our single-
center institutional protocol does not permit use of intracameral antibiotics. Topical hypotensive medications were
discontinued postoperatively and reintroduced in instances where IOP rose above the target value determined for
each patient. Cases of POE were diagnosed clinically based on history and exam findings, including reduced vision,
pain, and hypopyon. Only patients who received vitreous tap with intraocular injection of antibiotics, independent of
microbiology results, were diagnosed with POE.

Results

Patient demographic data are summarized in Table 1. During the 6-year study period, 3256 consecutive ABiC
procedures were performed in 2123 patients. The mean age of patients included in the study was 70.6 years (SD
10.3). Of these patients, 1111 were male and 1012 were female. POE rates are portrayed in Table 2. Of the 3256

Table | Patient and Case Demographic Data for All ABiC

Cases

Patient demographics (N = 2123)

Age (years), mean * SD 70.6 £ 10.3

Gender; N (%)
Male [T (52.3%)
Female 1012 (47.7%)

Race, N (%)
Asian 32 (1.5%)
Black 409 (19.3%)
Declined 13 (0.6%)
Native American 128 (6.0%)
Native Hawaiian or Pacific Islander 7 (0.3%)
Unknown 126 (5.9%)
White 1408 (66.3%)

Abbreviations: N (%), amount and percentage of the partial amount; SD,
standard deviation.

Table 2 POE Rates Following Ocular Surgeries at the Study Institution

Number of Cases Number of Endophthalmitis (Rate, CI)
Total ABIC, N = 3256 I (0.03%; 95% ClI: 0.00-0.17%)

Standalone ABIiC, N = 1332 0 (0.00%; 95% CI: 0.00-0.28%)

Combined ABiC/phaco, N = 1924 I (0.05%; 95% ClI: 0.00%-0.29%)
Repeat ABIC? N = 4| 0 (0.00%; 95% CI: 0.00—16.11%)

Standalone ABIC both times, N = 16 0 (0.00%; 95% ClI: 0.00-20.59%)

Standalone ABiC then combined ABiC/phaco, N = 5 0 (0.00%; 95% CI: 0.00-52.18%)
Combined ABiC/phaco then standalone ABIiC, N = 20 | 0 (0.00%; 95% CI: 0.00—16.84%)

Total cataract, N = 28,013 17 (0.06%, 95% CI: 0.04-0.10%)
Stand-alone cataract, N = 11,470 11 (0.10%, 95% CI: 0.05-0.17%)
Total MIGS®, N = 3845 3 (0.08%, 95% Cl: 0.02-0.23%)
Stand-alone MIGS®, N = 1692 0 (0.00%, 95% Cl: 0.00-0.22%)

Notes: *Repeat ABIC cases were those where ABiC was performed a second time in the same eye for additional intraocular
pressure control. PMIGS excluding ABIC.

Abbreviations: ABiC, ab-interno canaloplasty; Cl, confidence interval; MIGS, microinvasive glaucoma surgery; N, number
of surgical cases; phaco, phacoemulsification; POE, postoperative endophthalmitis.
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cases, 1924 had combined phacoemulsification. One case of POE was identified from 3256 ABiC cases (1/3256 eyes;
0.03%, 95% CI: 0.00—0.17%). The rate of POE in standalone ABiC was 0.00% (0/1332 cases, 95% CI: 0.00—0.28%),
and the rate in combined ABiC with phacoemulsification was 0.05% (1/1924 cases, 95% CI: 0.00-0.29%). POE rate
following cataract surgery alone was 0.01% (11/11,470 cases, 95% CI: 0.05-0.17%) and the POE rate following total
cataract surgeries was 0.04% (17/28,013 cases, 95% CI: 0.04—0.10%). The rate of POE in total MIGS excluding
ABiIC was 0.08% (3/3845 cases, 95% CI: 0.02-0.23%), and the rate of POE in MIGS surgeries alone, excluding
ABIC, was 0.00% (0/1692 cases, 95% CI: 0.00-0.22%).

Of note, there were 21 cases of POE, inclusive of all ocular surgeries, at our institution during the study period. Of
these, three were associated with non-ABiC MIGS procedures: 2 cases after endocyclophotocoagulation combined with
micro-bypass stent (iStent; Glaukos Corp, Aliso Viejo, California) and phacoemulsification; and 1 case after trabecu-
lectomy using the Ex-PRESS Glaucoma Filtration Device (Alcon Inc., Geneva, Switzerland) combined with phacoe-
mulsification. The other 18 POE cases occurred after cataract surgery alone or retinal surgeries in nonglaucomatous
eyes.

Clinical characteristics of POE after ABiC case are summarized in Table 3. This patient presented with blurred
vision and ophthalmalgia four days after undergoing ABiC combined with phacoemulsification. Clinical examination
was notable for hand motion CDVA, IOP 40 mm Hg, and profound anterior and posterior segment inflammation.
Based on the history and exam findings, a clinical diagnosis of POE was made, and the patient received an
immediate vitreous tap with intraocular injection of 1 mg vancomycin and 2.25 mg ceftazidime. Due to
a worsening clinical course, the patient underwent pars plana vitrectomy with a repeat injection of 1 mg vancomycin

and 2.25 mg ceftazidime in the operating room. No causative organism was identified. The patient’s condition

Table 3 Clinical Characteristics of Post-ABiC Endophthalmitis Case

Patient features

Age (years) 71

Sex Male
Race White
Diabetes mellitus No

Pre- and postoperative features

Surgical indication POAG
Preoperative C:D 0.7
Preoperative HVF mean deviation (dB) 0.87
Concomitant cataract surgery Yes
Preoperative CDVA 20/40
Preoperative IOP (mm Hg) 13

Number of preoperative glaucoma medications |

Postoperative hypotony No

Endophthalmitis features

Duration to onset (days) 4

CDVA at diagnosis Hand motion

IOP (mm Hg) at diagnosis 40

Endophthalmitis treatment Tap, inject, and PPV
Organism isolated None

Retinal detachment No

Final CDVA 20/40

Final IOP (mm Hg) 8

Final number of glaucoma medications 0

Abbreviations: ABiC, ab-interno canaloplasty; C:D, cup-to-disk ratio; CDVA, corrected
distance visual acuity; dB, decibels of attenuation; HVF, Humphrey visual field; IOP, intrao-
cular pressure; POAG, primary open-angle glaucoma; PPV, pars plana vitrectomy.
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subsequently improved, and a 2-year follow-up demonstrated a maintained CDVA of 20/40 and IOP 8 mm Hg,
without requiring additional intraocular surgeries. Throughout the follow-up period, the patient’s IOP measurements

remained below target levels without needing topical hypotensive medications.

Discussion

POE is a vision-threatening complication that can occur after intraocular surgery, with incidence rates varying depending
on the type of surgery performed.>® MIGS procedures have recently gained significant interest among anterior segment
surgeons and glaucoma specialists. Smaller incisions, avoidance of antimetabolites,'® combination with

'""and less surgical manipulation of intraocular tissues in MIGS procedures may partially explain

phacoemulsification,
their increased popularity. Surgeons may adopt MIGS procedures as these advantages may translate to a lower risk of
POE, especially when compared to traditional incisional glaucoma surgeries. In the present study, we report one case of
POE in a consecutive, multi-surgeon series of 3256 ABiC cases.

We observed that the rate of POE after ABiC remains statistically non-inferior compared to other MIGS procedures,’
even though ABIC is most frequently performed in conjunction with cataract surgery at our institution, as seen in our
case of POE discussed earlier (Table 2). This patient eventually reached a stable visual outcome and controlled IOP after
additional treatment. We also note that the rate of POE after ABiC is similar to POE after cataract surgery.”®'? It is
plausible that the incision size (ranging from 1.8 to 2.4 mm, depending on surgeon preference) utilized for phacoemul-
sification may be an independent risk factor for POE. Thus, the ABiC procedure itself likely does not impose a significant
added risk for infection.'® For the bulk of the procedure, ABiC utilizes the initial incision created for phacoemulsification
and does not require making any additional large-sized incisions that may further increase the risk for POE.'*'* Notably,
no cases of POE were observed after standalone ABiC (0/1332 cases, 0.00%; 95% CI: 0.00-0.28%). However, we
emphasize that the purpose of this study was to characterize the rate and clinical features of POE cases after
ABIC. Extrapolating whether our case of post-ABiC endophthalmitis resulted from the cataract surgery or the ABiC
component is outside the scope of this study; however, the rate of POE secondary to ABiC is not statistically significantly
greater than the risk of POE secondary to cataract surgery from our high surgical-volume, tertiary care referral center nor
from previously published literature.>*'? More granularly, this study presents useful information regarding the safety
profile of ABiC against POE development from cataract surgery alone (rate = 0.10%, 95% CI 0.05-0.17%) and all
cataract surgery groups (rate = 0.06%, 95% CI 0.04—0.10%). Additional information is provided in Table 2.

Published reports in the literature regarding POE after MIGS procedures are limited at this time. A report from
another tertiary-care referral institution reviewed numerous MIGS procedures among multiple surgeons and found
a prevalence of bacterial endophthalmitis after MIGS procedures of 0.13%.° The authors reported 13 total cases of
POE, with 9 cases after the micro-bypass stent (iStent; Glaukos Corp, Aliso Viejo, California) combined with phacoe-
mulsification; 3 cases, one of which was combined with phacoemulsification, associated with the ab-interno gel stent
(Xen Gel stent; Allergan Plc, Dublin, Ireland); and 1 case after a standalone suprachoroidal micro-stent (CyPass
Microstent; Alcon Inc., Geneva, Switzerland). Of note, this study included the OMNI surgical system (Sight Sciences,
Inc., Menlo Park, CA, USA), which utilizes a combined canaloplasty-trabeculotomy approach.

Among currently utilized MIGS procedures,”> ** ABiC has notable differences, such as comprehensively addressing
blockages in the collector channels with a pressurized, volumetric, and circumferential delivery of viscoelastic.' Instead of
cutting or removing portions of the trabecular meshwork, as performed in trabeculotomy procedures including the OMNI device,
ABIC involves only a small perforation of the trabecular meshwork followed by 360-degree cannulation and viscodilation of
Schlemm’s canal. Additionally, ABiC does not require the implantation of devices or hardware but instead restores natural
outflow channels with no significant amount of tissue damage."'*'? In our study, we noted a statistically non-inferior POE rate
after ABiC, factoring in the lengthy time period and multiple surgeons of variable experience levels. The differences mentioned
above of ABIC regarding anatomical approach and surgical technique may partially explain the lower rate of POE after ABiC
seen at our institution compared to the higher rates of POE after MIGS procedures observed elsewhere.™ Additionally, 41 repeat
ABIC cases for additional IOP control were performed during the study period, none of which resulted in POE. This suggests that
ABIC may be safely repeated in recalcitrant cases while simultaneously conferring a statistically non-inferior risk of POE.
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We propose that while many MIGS procedures may effectively reduce IOP, the safety profile, especially
concerning POE risk, is not similar across all procedures. For example, previous authors reported that tube exposure
with glaucoma drainage devices (GDDs) was the most significant risk factor associated with aqueous shunt-related
endophthalmitis.”>** This may also partially explain the increased risk and rates of POE associated with the ab-
interno gel stent, as its subconjunctival location leads to the potential for tube exposure.>*=° It is also plausible that
procedures involving higher amounts of iatrogenic tissue manipulation or destruction may increase the risk of POE,
reflected by the higher POE rates observed with incisional glaucoma surgeries.>'** Additionally, GDDs involve an
implanted device in the eye; we note that in the series by Starr et al, most POE cases were associated with device-
based MIGS procedures, namely the micro-bypass stent and suprachoroidal micro-stent.’ Further research, including
multivariate analysis of MIGS procedures and potential risk factors, is needed for future study.

The strengths of this study include a lengthy time period, a relatively high number of cases at a single center, and
standardized surgical techniques among multiple surgeons. However, this study is not without limitations. First, the
calculated rates in this study assume that all patients with POE after ABiC performed at our institution were also
managed by our retina service; thus, if a patient developed POE and sought treatment elsewhere, this study may
underreport the true rate. Second, some inaccuracies may result from the inherently low event rate of POE after
ABIC, though the rate is comparable with rates of POE after other intraocular surgeries.” In summary, while this
study represents the largest to-date review of POE in eyes that underwent ABIC, a larger, prospective, comparative,
multi-center study of commonly utilized MIGS procedures and their relative risk for POE is warranted.

Conclusions

The purpose of this study was not to comment on the efficacy or superiority of a given MIGS procedure over another nor
promote ABiC over other MIGS procedures. Ultimately, the decision for which MIGS procedure to perform is per the
clinical judgment and surgical experience of the treating surgeon. Although POE after MIGS procedures remains a rare,
sentinel event, these cases merit interest among anterior segment and glaucoma surgeons who may perform a multitude
of MIGS procedures. As MIGS procedures continue to gain popularity, we offer that ABiC is a procedure with an
excellent infection safety profile consistent with other MIGS procedures and should be considered in surgeons’
armamentarium for IOP reduction.
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