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Purpose: To characterize changes in endothelial cell density and morphology following 
phacoemulsification combined with either excisional goniotomy with the Kahook Dual Blade 
(KDB-phaco) or first-generation iStent trabecular microbypass implantation (iStent-phaco).
Setting: A single clinical practice.
Methods: Twenty-one adult subjects from one center with visually significant cataract and 
mild-moderate open-angle glaucoma underwent KDB-phaco or iStent-phaco in one eye and 
the alternate procedure in the fellow eye as part of a prospective, multicenter, randomized 
trial. Specular microscopy and pachymetry were performed before and 6–29 months after 
surgery. Parameters analyzed included change from baseline of endothelial cell density 
(ECD), the coefficient of variation (CV), the percent of hexagonal cells (%HEX), and central 
corneal thickness (CCT).
Results: Baseline ECD, CV, %HEX, and CCT were similar between groups. A mean (standard 
deviation) of 18.2 (5.8) months postoperatively (range 12.5–28.7 months), the change from 
baseline in ECD was −90 ± 226 cells/mm2 (−3.4%) in KDB-phaco eyes (p=0.083) and −239 ± 
247 cells/mm2 (−9.0%) in iStent-phaco eyes (p<0.001); the change in iStent-phaco eyes was 
significantly greater than in KDB-phaco eyes (p=0.013). The magnitude of Endothelial Cell Loss 
(ECL) was not correlated with length of postoperative follow-up time in either group. No 
significant differences in change from baseline in CV, %HEX, or CCT were noted with the 
exception of a decrease in %HEX in iStent-phaco eyes (p=0.017). No eyes manifested corneal 
edema, decompensation, or other cornea-related complications.
Conclusion: Both KDB-phaco and iStent-phaco are associated with postoperative ECL, 
with iStent-phaco producing significantly greater ECL than KDB-phaco. The clinical sig
nificance of these findings is unclear, and future studies are warranted to more robustly 
characterize long-term effects of glaucoma surgical procedures—with and without permanent 
implants—on ECD and corneal health and to develop evidence-based guidelines for the pre- 
and post-operative evaluation of corneal health in eyes undergoing glaucoma surgery.
Keywords: glaucoma, excisional goniotomy, Kahook Dual Blade, iStent trabecular 
microbypass stent, endothelial cell loss

Introduction
The emergence of minimally invasive glaucoma surgeries (MIGS)—procedures 
generally designed for greater safety compared to traditional procedures such as 
trabeculectomy or tube-shunt implantation, although in some cases with lesser 
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efficacy—has expanded the indications for glaucoma sur
gery. Once reserved for cases recalcitrant to medical and 
laser therapy, glaucoma surgery is now routinely offered 
earlier in the treatment cascade—particularly in eyes 
undergoing elective cataract surgery—to reduce intraocu
lar pressure (IOP) and/or to ease the IOP-lowering medi
cation burden.1,2 The rapid expansion of MIGS procedures 
in a relatively short time period precludes the availability 
of long-term efficacy and safety data for these treatments. 
The importance of long-term outcome data has been high
lighted by the late corneal endothelial cell loss (ECL) seen 
with eyes undergoing CyPass supraciliary micro-stent 
implantation (Alcon Labs, Fort Worth, TX) in combination 
with cataract surgery versus cataract surgery alone.3 These 
ECL findings only manifested in postoperative years 4 and 
5 and were severe enough to warrant removal of the 
product from the global marketplace.3,4

The CyPass experience has brought greater scrutiny to 
the effects of glaucoma and its therapy on corneal endothelial 
cell (CEC) health. CECs line the posterior, innermost aspect 
of the cornea and are responsible for maintaining corneal 
nutrition and hydration homeostasis for optimal optical 
clarity.5 Relative to the slow rate of ECL associated with 
age—approximately 0.6% per year6—the presence of glau
coma accelerates this rate.7,8 Topical glaucoma medical ther
apy has not been associated with changes in endothelial cell 
density (ECD) or morphology.9,10 Surgical interventions for 
glaucoma, however, have been linked to ECL. Cataract sur
gery by phacoemulsification in eyes with glaucoma,3,11 as in 
eyes without glaucoma,12–15 produces acute ECL that 
diminishes over time. Unaugmented trabeculectomy pro
duces only modest ECL,16,17 while mitomycin c-augmented 
trabeculectomy17–19 and tube-shunt procedures produce ECL 
approximating the effect of phacoemulsification.20–23

The effect of MIGS procedures on ECL is less well 
characterized. Implanting 2 original iStent trabecular 
microbypass devices (Glaukos, San Clemente, CA) as 
a standalone procedure had no significant effect on 
ECD at 6 months.24 The second-generation iStent Inject 
device produced comparable ECL when combined with 
phacoemulsification as phacoemulsification alone at 24 
months.11 The Hydrus Schlemm’s canal implant pro
duced insignificantly higher ECL combined with phacoe
mulsification than phacoemulsification alone (17.2% 
versus 11.7%);25 the device’s Instructions for Use con
tain a warning that central ECL ≥30% was more com
mon in Hydrus-phacoemulsification eyes than in 
phacoemulsification-only eyes.26 The XEN gel stent for 

subconjunctival filtration produced similar ECL rates 
when performed as a standalone procedure or combined 
with phacoemulsification.27 Minimally invasive proce
dures that do not require permanent implantation of 
a device—such as Trabectome trabecular ablation 
(MicroSurgical Technology, Redmond, WA)—have no 
significant effects on ECD.28,29 It should be noted that 
these cited studies, as well as the current study, are of 
relatively short duration (2 years or less); the CyPass 
experience suggests that late ECL can occur 4 or 5 years 
postoperatively in eyes with insignificant ECL at 2 years, 
underscoring the need for long-term safety assessment of 
new procedures.

To date, there have been no reports of the effects of 
excisional goniotomy using the Kahook Dual Blade (KDB, 
New World Medical, Rancho Cucamonga, CA) on ECD. 
In this report, we describe the relative effects of KDB- 
phaco and iStent-phaco on ECD and endothelial morphol
ogy in an analysis of paired fellow eyes with mild to 
moderate OAG.

Methods
This was a post hoc follow-up study of subjects who pre
viously participated in a multicenter clinical trial comparing 
the efficacy and safety of KDB-phaco versus iStent-phaco 
(www.clinicaltrials.org registration: NCT02784249).30 In 
that trial, subjects were randomly assigned to undergo pha
coemulsification combined with either excisional goniot
omy with the KDB (KDB-phaco) or iStent implantation 
(iStent-phaco) in the study eye. If the fellow eye was eligi
ble and enrolled, it underwent the alternative procedure, 
typically 2–3 weeks after the first eye. An investigator in 
the clinical trial (SD) routinely obtained specular micro
scopy to assess ECD preoperatively in all eyes undergoing 
cataract surgery. Following the report of late ECL asso
ciated with the CyPass device, the investigator obtained 
postoperative specular microscopy on all subjects at their 
next scheduled visit; in some cases, this occurred after 
completion of the clinical trial. The current fellow-eye 
analysis includes data from all subjects with both eyes 
enrolled in the clinical trial at the investigator’s site. The 
data collection protocol was reviewed and approved by the 
Mayo Clinic ethics committee, the study was conducted in 
accordance with the tenets of the Declaration of Helsinki, 
and all subjects provided written informed consent to parti
cipate. Reasonable requests for data sharing submitted to 
Dr. Syril Dorairaj will be considered.
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The eligibility criteria for the clinical trial (and thus for 
inclusion in this analysis) have been described previously.30 

Briefly, eligible subjects were aged 18–90 years, diagnosed 
with mild to moderate OAG (including eyes with pigmentary 
and pseudoexfoliation components), with medically treated 
IOP between 14 and 28 mmHg, and a visually significant 
cataract planned for elective extraction. Subjects were 
excluded for use of oral medications that could affect IOP, 
prior glaucoma surgery, recent (≤3 months) glaucoma laser 
therapy, occludable angles, or documented history of IOP 
elevation to corticosteroid exposure. Phacoemulsification 
and intraocular lens implantation were performed in standard 
fashion. Both the excisional goniotomy and the iStent 
implantation were performed according to manufacturers’ 
recommendations by a surgeon with extensive angle surgery 
experience (SD).31,32 The corneal endothelium was analyzed 
by a noncontact-type specular microscope (Konan CellChek 
XL Specular Microscope; Konan Medical Inc., Hyogo, 
Japan). All examinations were carried out in a dimly lit 
room by experienced ophthalmic technicians. Patients were 
asked to look at the fixation light built into the device, and 
one image was automatically taken at the center of the cornea 
to count central corneal ECD. No eye drops were used before 
obtaining the ECD and measurements were made during 
office hours (9:00 AM to 2 PM). Data provided by automated 
analysis of the specular microscopy imaging included 
endothelial cell density (ECD), coefficient of variation 
(CV), the proportion of hexagonal cells (%HEX), and central 
corneal thickness (CCT).

Descriptive statistics were reported as means and their 
standard deviations for continuous data and numbers and 
percentages for categorical data. Baseline means of ECD, 
CV, %HEX, and CCT, as well as changes in ECD, CV, % 
HEX, and CCT from preoperatively to postoperatively, were 
compared between treatment groups using paired t-tests (for 
changes within eyes). Between-group changes in ECD, CV, % 
HEX, and CCT were also compared using paired t-tests (for 
changes between paired fellow eyes). Correlation of ECD with 
time from surgery was evaluated using Pearson’s r2. The level 
of significance was p<0.05. No formal power and sample size 
calculations were undertaken; the sample size was limited to 
the number of participants in the clinical trial who had both 
eyes enrolled at the investigator’s study site.

Results
Overall, 42 eyes of 21 subjects were included in this analy
sis. Each subject underwent KDB-phaco in one eye and 
iStent-phaco in the fellow eye determined by randomization 

of the procedure in the first eye and the alternate procedure 
in the fellow eye. Demographic data are given in Table 1 
and were balanced between groups owing to the fellow-eye 
nature of the study. All eyes in this analysis had moderate 
glaucoma based on International Classification of Disease 
10 criteria and were using a mean of 1.5 (0.1) medications 
per eye.

Preoperative and postoperative ECD, CV, %HEX, and 
CCT values for each group are given in Table 2. Mean 
preoperative values for ECD, CV, %HEX, and CCT were 
statistically similar between groups. Postoperative scans 
were performed on average 18.2 (5.8) months after surgery 
(range 12.5–28.7 months). The only significant changes from 
baseline within groups were reductions in ECD (p<0.001) and 
%HEX (p=0.017) in the iStent-phaco group. Change in ECD 
from pre- to postoperatively was significantly greater ECL in 
iStent-phaco eyes compared to KDB-phaco eyes (−9.0% ver
sus −3.4%, p=0.013). The distribution of ECL in each group is 
given in Figure 1. No statistically significant between-group 
differences were seen in changes of CV, %HEX, or CCT. 
There was no significant correlation between magnitude of 
ECL and time from surgery in eyes undergoing KDB-phaco 
(r2=0.0009, p=0.898) or iStent-phaco (r2=0.0003, p=0.937).

No eyes developed focal or diffuse corneal edema, 
corneal decompensation, or other cornea-related side 
effects attributable to ECL.

Table 1 Subject Demographic Data

Parameter Value

Subject-Level Variables

Age (yr), mean (SD) 69.2 (7.8)
Gender, n (%) female 13 (61.9)

Ethnicity, n (%)

Caucasian 19 (90.5)
Black 2 (9.5)

Eye-Level Variables

Diagnosis, n (%)

POAG 18 (85.7)
Pseudoexfoliation OAG 3 (14.3)

Glaucoma severity, n (%)

Mild 6 (28.6)
Moderate 15 (72.4)

Cup-disc ratio, mean (SD) 0.7 (0.1)

Number of Medications at Baseline, n (%)
1 6 (28.6)

2 14 (66.7)

≥3 1 (4.8)
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Discussion
In this sample of patients randomized to undergo phacoemul
sification combined with either KDB excisional goniotomy or 
iStent trabecular microbypass implantation in one eye, and 
who ultimately underwent the alternate procedure in the fel
low eye, greater ECL was seen in eyes undergoing iStent- 
phaco. Neither procedure had statistically significant effects 
on CCT or CEC morphology, and ECL was not found to be 
greater at longer follow-up times.

This is the first report of which we are aware to character
ize the effects of excisional goniotomy on ECD, although 
a prior histological analysis reported the presence of nodular 
excrescences on Descemet’s membrane in one eye undergoing 
KDB-phaco, the clinical significance of which is unknown.33 

Studies of related procedures have been reported. A study of 
ab interno canalectomy (a precursor to excisional goniotomy) 
found no evidence of CEC damage on histological examina
tion of eye bank eyes.34 Microhook trabeculotomy using 
a specialized blade designed to incise TM was associated 
with 6% ECL 9.5 months postoperatively in Japanese 
eyes.35 Incisional goniotomy with the Trabectome has been 

reported to produce no changes in ECD through 629 or 3628 

months of follow-up.
Effects of first-generation iStent implantation on ECD 

were not reported in the device’s pivotal trial.36 In a series of 
10 Japanese eyes with OAG undergoing standalone implanta
tion of 2 first-generation iStents, no ECL was observed 
through 6 months of follow-up.24 In a prospective, uncon
trolled case series of 20 eyes undergoing combined iStent- 
phaco, mean ECD decreased from 2290 to 1987 cells/mm2 

(13.2% decrease) at 12 months.37 The second-generation 
iStent Inject’s pivotal trial evaluated ECD and found 
a 13.1% reduction at 24 months postoperatively in the iStent- 
phaco group compared to a 12.3% reduction in eyes under
going phacoemulsification only; most of this ECL (12.5% and 
11.6%, respectively) occurred within the first 3 months and 
ongoing ECL was minimal thereafter.11 Further, the proportion 
of eyes with ECL >30% at 24 months was similar between 
groups (10.4% versus 9.5%, respectively).

Because eyes in this study underwent both a glaucoma 
procedure and phacoemulsification, it is not possible to 
determine the direct effects of the glaucoma procedures 

Table 2 ECD, CV, %HEX, and CCT Data by Group (n=42 Eyes of 21 Subjects)

KDB-Phaco iStent-Phaco Significance

ECD (cells/mm2), mean (SD)
Preoperative 2649 (210) 2693 (222) 0.199

Postoperative 2559 (282) 2454 (342)

Change −90 (226) −239 (247) 0.013
Percent change −3.4% −9.0%

Significance 0.083 <0.001

CV (%), mean (SD)

Preoperative 34.0 (6.2) 32.5 (4.5) 0.173
Postoperative 35.8 (6.2) 40.8 (23.5)

Change 1.8 (4.4) 8.2 (22.8) 0.211

Percent change 6.0% 24.9%
Significance 0.079 0.113

%HEX (%), mean (SD)
Preoperative 41.4 (8.2) 42.7 (6.7) 0.372

Postoperative 38.5 (4.5) 38.3 (8.1)

Change −2.9 (7.9) −4.3 (7.6) 0.498
Percent change −3.9% −9.4%

Significance 0.109 0.017

CCT (microns), mean (SD)

Preoperative 549 (50) 544 (47) 0.421

Postoperative 583 (110) 543 (52)
Change 34 (109) −1 (53) 0.179

Percent change 6.5% 0.2%

Significance 0.173 0.929
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alone on ECD over time. The magnitude of ECL seen in the 
iStent eyes in the current study is consistent with ECL 
reported after phacoemulsification alone in eyes with 
OAG,3,11 while the ECL rate in the excisional goniotomy 
eyes was somewhat lower than would be expected based on 
the literature. One possible explanation is that cataracts 
were less dense in the excisional goniotomy eyes, requiring 
less ultrasound power and causing less ECL. However, eyes 
were assigned to treatment by randomization, which in 
theory should balance potential confounding factors such 
as this. The relatively small sample size, however, could in 
theory lead to imbalances between groups. Given that pha
coemulsification was standardized in all eyes; a more 
obvious factor to which the difference in ECL may be 
attributed is the difference in glaucoma procedures. While 
excisional goniotomy and iStent implantation are both tra
becular meshwork-based procedures developed to enhance 
aqueous humor flow from the anterior chamber into 
Schlemm’s canal, one accomplishes this goal without the 
permanent implantation of a device while the other requires 
a permanent device implantation. It is logical to consider 
that the presence of a foreign body in the anterior chamber, 
in close proximity to the cornea, may affect ECD over time. 
In the 5-year COMPASS XT study of the CyPass supracili
ary micro-stent, the device’s position within the eye was 
identified as a factor associated with ECD; specifically, eyes 
with devices that protruded farther into the anterior chamber 

and were thus closer to the cornea had greater ECL than 
eyes with devices properly positioned with little 
protrusion.3 Similarly, while trabeculectomy is associated 
with an acute reduction in ECD that stabilizes 
postoperatively,18,38,39 Ex-Press mini-shunt39 or tube- 
shunt implantation21,38,40 is associated with ongoing ECL. 
Evidence for a mechanical effect of the implant on ECD 
includes focal ECL in the area of the cornea closest to the 
tube tip after Ahmed implantation,20 and a case of focal 
corneal endothelial injury has been reported in an eye with 
a dislocated XEN gel stent.41 When positioned correctly, 
the iStent should be adequately spaced from the corneal 
endothelium, precluding direct mechanical trauma, 
although ECL was seen in eyes with correctly positioned 
CyPass devices so proper device position may not comple
tely prevent ECL.

While this is a small series, the study is strengthened 
by the randomized nature of treatment assignment, which 
minimizes selection bias that can occur in nonrandomized 
or retrospective studies. Also, the use of fellow eyes as 
controls increases the effective power of the small sample 
by virtue of minimizing between-subject variability 
between treatment groups. Limitations of the study include 
its external validity, being the product of a single surgeon, 
and the fact that pre- and postoperative imaging was 
performed only once per eye. Also, the limited follow-up 
time (mean 18.2 months) precludes detection of late 

Figure 1 Distribution of ECL by treatment group.
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effects of these procedures on ECD and corneal health as 
was seen in the COMPASS XT supraciliary micro-stent 
trial,3 although the variability of the time between pre-and 
postoperative assessments permitted an analysis of the 
possible relationship between ECL and postoperative 
time (none was seen in either group).

In summary, both KDB-phaco and iStent-phaco are 
associated with postoperative ECL, with iStent-phaco pro
ducing significantly greater ECL than KDB-phaco. The 
clinical significance of these findings is unclear, and guide
lines for serial evaluation of corneal health following 
glaucoma surgical procedures are lacking. Future studies 
are warranted to more robustly characterize long-term 
effects of glaucoma surgical procedures—with and with
out permanent implants—on ECD and corneal health and 
to develop evidence-based guidelines for the pre- and 
postoperative evaluation of corneal health in eyes under
going glaucoma surgery.
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