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Abstract
Purpose To evaluate the efficacy and safety profile of Kahook Dual Blade ab interno trabeculectomy combined with phaco-
emulsification compared to stand-alone conventional cataract surgery.
Methods A single-center longitudinal, randomized controlled trial was conducted. Patients older than 18 years with coex-
isting cataract and open-angle glaucoma or ocular hypertension were invited to participate. Preoperative and postoperative 
clinical data were collected and analyzed preoperatively and at months 1, 3, 6, and 12 after the procedure. Main outcome 
measures included best corrected visual acuity, intraocular pressure, number of glaucoma medications, endothelial cell 
count, and standard automated perimetry.
Results Forty-two eyes from 33 patients were randomly allocated to the combined cataract and KDB (treatment, n = 21) 
or cataract alone (control, n = 21) groups. Intraocular pressure decreased from 17.9 ± 3.5 to 16.0 ± 2.2 mmHg and from 
17.3 ± 2.5 to 15 ± 3.2 mmHg at the last visit in the treatment and control groups (p = 0.47). The use of glaucoma medications 
was reduced from a median (IQR) 1 (1–2) to 0 (0–0) in the treatment group and from 1 (1–2) to 0 (0–1) in the control group, 
with no significant differences between groups at the 12-month visit (p = 0.47). Best corrected visual acuity, endothelial cell 
count, and standard automated perimetry remained similar during follow-up in both groups.
Conclusions In patients with well-controlled, mild-to-moderate glaucoma, adding ab interno trabeculectomy with KDB to 
phacoemulsification might not be more effective than phacoemulsification alone to reach mid-teens IOP values. Both pro-
cedures showed similar safety profiles.

Key messages

What was known before

Ab interno trabeculectomy with Kahook Dual Blade combined with cataract surgery can lead to a moderate IOP

 and antihypertensive medications reduction in mid-term results. 

What that study adds

Compared to phacoemulsification, ab interno trabeculectomy plus cataract surgery may not add further decrease

 in IOP and glaucoma medications in mild to moderate glaucoma.   

This MIGS technique is overall safe, but patients with lower endothelial cell counts could developed corneal

decompensation.

Trial registration ClinicalTrials.gov Identifier: NCT04202562, December 17, 2019 retrospectively registered
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Introduction

Glaucoma is one of the leading causes of irreversible 
blindness worldwide, and reducing intraocular pressure 
(IOP) is the only modifiable risk factor that has been 
proven to slow disease progression [1]. Over the last dec-
ade, there has been an increasing interest in micro-invasive 
glaucoma surgery (MIGS), broadening the indications of 
glaucoma procedures. MIGS are a group of surgical tech-
niques that share the following properties: (1) ab interno 
approach; (2) minimal trauma to the target tissue; (3) at 
least modest efficacy; (4) excellent safety profile; and (5) 
rapid recovery after surgery [2]. With these characteristics, 
although not overcoming the filtration surgeries and glau-
coma drainage implants [3], potential sight-threatening 
complications [4] can be prevented in patients with mod-
est IOP reduction targets. The trabecular ab interno sur-
geries, which either bypasses (iStent, Hydrus) or removes 
(Trabectome®, gonioscopy-assisted transluminal trabecu-
lotomy) the trabecular meshwork (TM) or increases the 
access to the collector channels (ab interno viscocanalos-
tomy) [5], are of interest due to the known resistance and 
stiffness of the TM which impairs aqueous drainage in 
primary open-angle glaucoma (POAG) [6]. Moreover, it 
does not create a filtering bleb, thus preserving conjuncti-
val drainage pathways for future interventions [7].

The Kahook Dual Blade® (KDB; New World Medical, 
Rancho Cucamonga, CA, USA) is a recent, single-use surgi-
cal knife specially designed to almost completely eliminate 
the TM with a single cut. Preclinical investigation has dem-
onstrated that this dual blade allows both removal of the 
TM and increased aqueous outflow with a gentle effect on 
surroundings tissues [8], which would meet MIGS defini-
tion criteria as described above. In real-life practice, KDB 
ab interno trabeculectomy combined with cataract surgery 
has achieved good results with a significant mid-term reduc-
tion in IOP [9]. However, current data available of the KDB 
come from nonrandomized, uncontrolled clinical stud-
ies with great variability in measured outcomes and lack 
of safety profile analysis. The purpose of our study was to 
evaluate the effects of KDB ab interno trabeculectomy in 
patients undergoing cataract surgery, compared to those 
patients undergoing phacoemulsification alone.

Methods

Study design

This was a single-center longitudinal, parallel, randomized 
controlled trial conducted from January 2017 to December 

2018. This work was in accordance with the tenets of the 
Declaration of Helsinki and was approved by the Ethics 
Committee of Hospital Clínico San Carlos. Written con-
sent was obtained from all the study participants. The trial 
was registered at ClinicalTrials.gov (NCT04202562). We 
adhered to the 2010 CONSORT statement for reporting 
randomized clinical trials.

Subjects

Study participants were selected consecutively from the 
glaucoma clinic at the Hospital Clínico San Carlos, Madrid, 
Spain. Inclusion criteria were patients aged 18 years or older 
with previously diagnosed ocular hypertension [1] (OHT) 
or mild-to-moderate open-angle glaucoma and a clinically 
significant cataract. Therefore, patients were eligible if their 
best corrected visual acuity (BCVA) was below 0.5 (decimal 
scale), the severity of glaucomatous damage was not worse 
than -12 dB according to the Hodapp-Parrish-Anderson clas-
sification [10], had visible spur in at least 2 quadrants on 
gonioscopy, and a preoperative IOP ≤ 24 mmHg under at 
least one hypotensive medication.

Patients with angle closure glaucoma or those with any 
other secondary open-angle glaucoma other than pseudo-
exfoliation were excluded. Patients with prior intraocular 
surgeries, or had underwent any glaucoma surgery including 
laser treatments, or patients with any ophthalmic diseases 
that may interfere with tests were not included. Severe or 
end-stage glaucoma or those patients with an indication of 
filtering or glaucoma drainage implant procedures due to a 
high IOP with maximum tolerated medication or glaucoma 
progression were also excluded from the study.

All subjects were thoroughly examined prior to inter-
vention under the supervision of two glaucoma special-
ists (JMMC, JGF). This included a medical history review, 
slit-lamp examination, IOP determination with Goldmann 
applanation tonometer as the mean of two measurements 
in different days within one week and a third one if a dif-
ference greater than 3 mmHg was observed; gonioscopy, 
dilated fundus examination, endothelial cell count (ECC) 
including cell and size automated detection with specular 
microscopy (EM-3000, Tomey Corporation, Nagoya, Japan), 
simulated keratometry (simK) determined by tomography 
(Pentacam®, Oculus, Wetzlar, Germany), and standard auto-
mated perimetry (SAP) (G1-TOP, Octopus® 1–2–3, Haag-
Streit, USA).

Allocation and surgical technique

Eyes were assigned to each study group using a randomiza-
tion tool (www. random. org). Therefore, if both eyes of the 
same patient were eligible to participate in the study, they 
could potentially be allocated into different groups. The two 

http://www.random.org
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study groups were stand-alone phacoemulsification (Phaco 
alone; control group) and combined phacoemulsification 
with KDB (Phaco-KDB; treatment group). All surgeries 
were performed by two experienced glaucoma surgeons 
(JMMC, JGF). Both groups underwent conventional cata-
ract surgery with phacoemulsification using a 1.8-mm clear 
corneal incision and in-the-bag intraocular lens (IOL) place-
ment under topical anesthesia. The surgeon was unaware of 
the patients’ assigned study group until the end of the phaco-
emulsification. At that point, if the patient was assigned to 
the Phaco-KDB treatment group, the surgeon instilled 1% 
acetylcholine to reduce pupillary size and facilitate visuali-
zation of the angle structures. To help maintain width, the 
anterior chamber was filled with a 1.8% sodium hyaluronate 
viscoelastic agent (Healon GV®, Johnson&Johnson Vision, 
Centurion Parkway North, Jacksonville, FL, USA). Since 
the ab interno trabeculectomy is performed in the nasal 
quadrant, the surgeon then was placed at the temporal side, 
the patient’s head was rotated 45 degrees in the opposite 
direction of the surgical position, and the microscope tilted 
30 to 45 degrees towards the surgeon. To guarantee better 
access to the nasal area of the angle, a 1.8-mm keratome was 
employed to widen the paracentesis. Further details of the 
surgical technique are described elsewhere [9]. At the end of 
the KDB procedure, the viscoelastic agent was thoroughly 
removed with irrigation-aspiration.

Postoperative medications and follow‑up

Hypotensive medication was not administered intraopera-
tively or immediately after the procedure unless an IOP 
spike was detected (increase of ≥ 10 mmHg from the preop-
erative IOP, or IOP ≥ 30 mmHg) [11]. Postoperative topical 
treatment included a fixed combination of antibiotic plus 
steroid (0.3% tobramycin and 0.1% dexamethasone) 6 times 
a day for 7 days and then tapered over the following 4 weeks.

Postoperative visits were undertaken at day 1; week 1; 
and at months 1, 3, 6, and 12. Slit-lamp examination, IOP 
determined during the same timeframe at each visit, and 
number of medications were recorded at all timepoints. The 
SAP and the ECC were also re-tested at 6 and 12 months. All 
the postoperative visits were conducted by the same masked 
examiner (NVA). During the postoperative period, topical 
glaucoma medications were re-introduced if the predefined 
target IOP was not achieved, ≥ 21 mmHg and ≥ 18 mmHg 
for mild and moderate glaucomas, respectively, or if an 
IOP higher than the preoperative level was found [12]. The 
type of postoperative antiglaucoma medications was added 
according to the postoperative timepoint as follows [13]: 
Alpha-adrenergic agonists alone or in combination with 
topical beta-blockers or topical carbonic anhydrase inhibi-
tors were initiated if an IOP spike was detected; from the 

1-month visit, prostaglandin analogs (or alternatively beta-
blockers if any contraindication) could be re-introduced.

Outcome measures—data analysis

Sample size was determined by the number of patients meet-
ing the inclusion criteria, during the allowed time to conduct 
the clinical trial according to the Ethics Committee’s author-
ization; therefore, a power analysis to determine sample size 
was not performed. The primary study outcomes were IOP 
and the number of glaucoma treatments. SAP, ECC, BCVA, 
and simK were secondary outcomes used to define the safety 
of both procedures. Success endpoint was defined as an IOP 
reduction of ≥ 20% from baseline. This cut-off was based 
on what was reported in other glaucoma surgeries and has 
been used for evaluation of this trabecular technique [14]. 
The Shapiro–Wilk test was used to assess the sample dis-
tribution. Independent and dependent sample t-tests, when 
possible, were used to compare the results between groups 
and over time. As both eyes of the same patient could be 
included in any of the study groups, generalized estimating 
equations (GEE) for repeated measures (IOP and number 
of medications) were also performed. Survival comparison 
considering the success definition was performed using the 
Breslow (generalized Wilcoxon) test. Variables associated 
with success were investigated with univariable and multi-
variable Cox proportional hazards regression models with 
frailty adjustment to address the inclusion of both eyes of 
the same patient. Except for the intervention allocation, to 
avoid overfitting in the multivariable model, an exploratory 
univariable analysis was performed, selecting those vari-
ables with a two-sided p value ≤ 0.3. Statistical significance 
was set at a 2-sided p value ≤ 0.05. Statistical analyses were 
performed using Stata® version 14.1 (StataCorp, College 
Station, TX, USA).

Results

Forty-five eyes of 34 consecutive patients were eligible for 
the study. One patient with both eyes meeting inclusion cri-
teria refused surgery, so finally 43 eyes were randomized to 
either treatment or control group. Of these, one eye of the 
treatment group was excluded after undergoing a different 
glaucoma procedure as per surgeon indication at the time 
of phacoemulsification. Two other patients were lost at the 
6 months follow-up visit: One did not show up and could 
not be contacted by any means; the other passed away from 
end-stage lung cancer shortly after the last recorded visit. 
Consequently, finally 40 eyes of 31 patients (21 in the phaco-
emulsification group and 19 in the combined Phaco-KDB 
group) completed 1-year follow-up and were then analyzed 
accordingly. Figure 1 shows the flowchart illustrating the 
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recruitment, randomization, and follow-up of the differ-
ent interventions. Baseline characteristics are presented in 
Table 1. All patients were of European-descent. There were 
no inter-group statistically significant differences in most of 
the preoperative characteristics, except in gender, simK, and 
type of glaucoma.

Intraocular pressure

Figure 2 represents the mean IOP measurements during 
the follow-up period. Intraocular pressure decreased from 
17.9 ± 3.5 to 16.0 ± 2.2  mmHg and from 17.3 ± 2.5 to 
15 ± 3.2 mmHg at the last visit in the treatment and con-
trol groups, respectively (Supplementary Table 1). When 
assessing the individual IOP reduction in both groups, at 
the 12-month visit, the number of cases with a significant 
IOP reduction compared to their preoperative values was 
greater in the treatment group (Fig. 3). Similarly, when IOP 
was analyzed using GEE (coefficient (confidence interval 
(CI) at 95%)), it was found to be lower in the combined 
surgery group, except for the 12-month visit, where it was 
inferior in the control group (0.7 (-1.2–2.7)) (Supplementary 
Table 2). However, differences in favor of either the com-
bined procedure or the stand-alone surgery were not signifi-
cant at any timepoint of the study (6-month follow-up visit, 
Wald χ2 = 1.32; p = 0.251; 12-month follow-up visit, Wald 
χ2 = 0.52; p = 0.47).

Number of glaucoma medications

The number of glaucoma medications declined signifi-
cantly over time (Fig. 4), from a median (IQR) 1 (1–2) 
to 0 (0–0) and from 1 (1–2) to 0 (0–1) medications in 
the combined Phaco-KDB surgery and stand-alone phaco-
emulsification groups, respectively, 1 year after surgery 
(Supplementary Table 1). Using GEE for the antihyper-
tensive medications (Supplementary Table 2), the reduc-
tion in postoperative hypotensive drops was inferior in the 
cataract surgery group when compared to the combined 
one; however, the observed higher reduction achieved 
in the Phaco-KDB group was not statistically significant 
in any of the follow-up visits (12-month timepoint, [-0.3 
(-1.0–0.4)]; Wald χ2 = 0.53; p = 0.47).

Success and factors associated with failure

Figure 5 shows the Kaplan–Meier survival analysis for 
success. The survival ratio was not statistically signifi-
cantly higher in the combined Phaco-KDB group com-
pared to stand-alone phacoemulsification (p = 0.50). 
Table 2 shows the outcomes of the multivariable Cox 
regression analysis. The multivariable regression model 
was not statistically significant (Wald χ2 = 7.12; p = 0.42).

Fig. 1  Trial flowchart showing 
recruitment, randomization, and 
follow-up, following CON-
SORT 2010 statement
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Safety outcomes

Baseline characteristics related to safety outcomes are sum-
marized in Table 3. We did not find statistically signifi-
cant differences when comparing final BCVA, simK, and 
SAP MD between groups, except for the ECC, showing a 
significant higher loss of endothelial cells in the phacoe-
mulsification alone group. Postoperative complications in 
treatment and control groups are presented in Table 4. Post-
operative hyphema or spontaneous bleeding was not found 
postoperatively in any of the interventions. When assessing 

Table 1  Patient demographic and baseline characteristics of both 
groups

BCVA best corrected visual acuity, ECC endothelial cell count, IOP 
intraocular pressure, KDB Kahook Dual Blade, MD mean deviation, 
OHT ocular hypertension, Phaco phacoemulsification, PSX pseudo-
exfoliative glaucoma, SD standard deviation, simK simulated kerato-
metry, SAP standard automated perimetry, MD mean deviation. $Stu-
dent’s t-test for independent samples; **χ2; #Mann–Whitney U test; 
⦿Fisher’s exact test; *p < 0.001, 95% confidence interval

Phaco-KDB
(n = 21)

Phaco alone
(n = 21)

p

Gender
  Female, n (%) 7 (33) 15 (71) 0.013**

Age
  Mean ± SD 79.4 ± 6.8 78.5 ± 6.1 0.67$

Eye
  Right, n (%) 11 (52) 12 (57) 0.76**

Preoperative IOP
  Mean ± SD 17.7 ± 3.5 17.3 ± 2.5 0.54$

Preoperative glaucoma medications
  Two medications, n 

(%)
6 (29) 6 (29) 0.43#

  Three medications, 
n (%)

3 (14) 1 (5) – (3–24)*

BCVA (decimal) 0.93$

  Mean ± SD 0.4 ± 0.1 0.4 ± 0.1
ECC (cells/mm2)
  Mean ± SD 2258.4 ± 405.3 2441.8 ± 406.3 0.51#

simK (D)
  Mean ± SD 43.4 ± 1.7 44.2 ± 1.1 0.03$

SAP MD (dB)
  Mean ± SD 4.0 ± 2.7 4.5 ± 4.5 0.99#

Type of glaucoma
  PSX [n (%)] 5 (24) 4 (19) 1.00⦿

  OHT [n (%)] 0 (0) 6 (29) 0.021⦿

Fig. 2  Mean IOP at baseline and during follow-up in treatment (com-
bined surgery) and control (cataract surgery) groups. Data are pre-
sented as mean and vertical bars represent ± 1SD of the mean. Y axis 
shows IOP in mmHg

Fig. 3  Scatterplot showing variations of IOP comparing pre- and 
12  months postoperative IOP values. Hollow circles represent 
patients in the treatment group; triangles represent those in the con-
trol group

Fig. 4  Glaucoma medications at baseline and during follow-up for 
every group. Y axis represents the mean number of medications
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complications individually, one patient in the Phaco-KDB 
group showed a significant reduction in ECC from a basal 
count of 936 cells/mm2, without clinical or specular micros-
copy findings compatible with cornea guttata or endothelial 
dystrophy preoperatively. This eye finally experienced a cor-
neal decompensation that required a Descemet’s stripping 
automated endothelial keratoplasty (DSAEK). Also, another 
eye in the combined Phaco-KDB group developed transient 

macular edema that was treated with a single injection of 
intravitreal steroid, resolving in a 3-month period with full 
recovery at the 6 months visit.

Discussion

In the advent of MIGS during the past years, surgical ab 
interno trabeculectomy with KDB have arisen as an inter-
esting approach since it is done removing angle tissue with 

Fig. 5  Cumulative surviving 
proportion (Kaplan–Meier) for 
success criteria, using Breslow 
(generalized Wilcoxon) test

Table 2  Multivariable Cox proportional hazards regression model for 
factors associated with failure

CI confidence interval, HR hazard ratio, IOP intraocular pressure, 
KDB Kahook Dual Blade, MD mean deviation, Meds medications, 
OHT ocular hypertension, Phaco phacoemulsification, POAG pri-
mary open-angle glaucoma, PSX pseudoexfoliative glaucoma. HR 
corresponds to the coefficient of change in risk associated with a unit 
increase in preoperative IOP (mmHg) and in glaucoma severity meas-
ured by MD (dB)

Variable HR (95% CI) p

Intervention (reference: Phaco-KDB)
  Phaco alone 1.16 (0.56–2.42) 0.69

Preop IOP 0.91 (0.79–1.03) 0.16
Preop meds, n (reference: n = 1)
  2 0.47 (0.20–1.13) 0.09
  3 0.94 (0.31–2.86) 0.92

Glaucoma severity, MD 1.03 (0.94–1.14) 0.45
Type of glaucoma (reference: POAG)
  PSX 1.69 (0.73–3.93) 0.22
  OHT 1.39 (0.50–3.85) 0.52

Table 3  Differences at 12  months, over baseline, of the safety out-
come, using generalized estimating equations

The differences in favor of either combined surgery (negative values) 
or phacoemulsification (positive values) are represented as the coef-
ficient. Bold figures indicate statistical significance. BCVA best cor-
rected visual acuity, CI confidence interval, ECC endothelial cell 
count, D diopters, dB decibels, MD mean deviation, SAP standard 
automated perimetry, SE standard error, simK simulated keratometry

Differences 
over baseline

Coefficient [CI at 95%] ± SE p

12 m BCVA (decimal scale)
Phaco alone 0.05 [-0.07–0.17] ± 0.06 0.41
12 m ECC (cells/mm2)
Phaco alone -199.08 [-386.4–11.79] ± 95.55 0.037
12 m simK (D)
Phaco alone -0.37 [-0.79–0.04] ± 0.21 0.08
12 m SAP MD (dB)
Phaco alone -0.54 [-3.08–2.0] ± 1.30 0.67
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a surgical device without requiring any kind of implant. 
This prospective, randomized, and controlled longitudinal 
study aimed to evaluate the efficacy and safety profile of per-
forming combined cataract extraction and trabeculectomy 
with the KDB compared to conventional phacoemulsifica-
tion alone. In our work, combined Phaco-KDB was able to 
reduce both IOP and the need of glaucoma medications for 
at least 12 months. However, when prospectively compared, 
in a cohort of patients with mild-to-moderate glaucoma and 
well-controlled preoperative IOP, Phaco-KDB was found 
non-superior to phacoemulsification.

Most of the currently available data aiming to determine 
the efficacy of KDB come from non-randomized, uncon-
trolled retrospective comparisons [15]. So far, there are 
only three studies that have prospectively analyzed the IOP 
and glaucoma medications reductions, and only one was 
designed as a randomized, clinical trial. In the first prospec-
tive report with KDB, Greenwood et al. [9] showed a 26% 
reduction (-4.6 mmHg) from baseline and a final 12.8 mmHg 
IOP at the 6-month follow-up visit. Dorariaj and co-workers 
[14] found similar results in their study of combined KDB 
plus phaco, with an IOP reduction of 26.2% and final IOP 
of 12.4 mmHg at the 12 months visit. More recently, a ran-
domized clinical trial compared the reduction in IOP and 
glaucoma medications in eyes undergoing KDB goniotomy 
vs iStent implantation, both combined with cataract surgery. 
In their phaco-KDB group, Falkenberry and co-workers 
reported an IOP reduction from 18.5 to 15.4 mmHg and a 
15% reduction at the final 12-month visit [16], which are in 
line with our results. The observed differences between the 
studies conducted by Greenwood and Dorairaj and the pre-
sent study may be related to the fact that similar to the Falk-
enberry work, our study had very strict inclusion criteria, 
whereas indication and target IOP in the above-mentioned 
publications were left to surgeons’ discretion. Moreover, our 

work only included open-angle glaucoma, while these stud-
ies also took angle closure and phacomorphic glaucoma [9] 
that may benefit from stand-alone cataract surgery [17]. In 
our study, considering the similar postoperative IOP values 
in each group, Phaco-KDB may not add further IOP reduc-
tion compared to phacoemulsification; however, the lack of 
a power analysis could have underestimated the potential 
reduction of ab interno trabeculectomy with KDB.

The final number of glaucoma medications may also be 
explained by the differences between studies. Again, similar 
to our figures (from 1.6 ± 0.8 to 0.2 ± 0.4 in the treatment 
group), Falkenberry et al. showed a reduction in the burden 
of antihypertensive medications from 1.31 to 0.27 in the 
KDB-phaco group, greater than the 0.9 and 0.8 medications 
at the 6- and 12-month visits in the Greenwood and Dorariaj 
publications, respectively [9, 14]. These differences could 
be explained again considering our stricter criteria to re-
introduce the glaucoma medications.

As mentioned previously, we aimed to determine the 
real IOP lowering effect of phaco-KDB when prospectively 
compared to stand-alone phacoemulsification. In our work, 
we did not expect a final IOP in the low teens, as this goes 
beyond the aimed reduction of a MIGS procedure, neither 
in those with a trabecular approach [18, 19] nor in the bleb-
dependent implants [20]. With the advent of MIGS tech-
niques targeting outflows routes (trabecular, suprachoroidal), 
a better understanding of the underlying physiology may 
help to select the patients that might benefit from these sur-
geries. Ex vivo experiments have shown an IOP reduction 
up to 75% with high IOP (25 mmHg) [21]; this reduction has 
also been found when the Schlemm’s canal (SC) external 
wall is removed, suggesting that the trabecular meshwork 
(TM) and the SC inner wall are an integrated system and 
removing this tissue not only would eliminate a stiffer tis-
sue—the trabecular meshwork—but could also contribute 
to regulate the IOP avoiding a SC collapse that otherwise 
would be completely reversible under normal functioning 
[22]. However, in ex vivo experiments as well, trabecul-
otomy has eliminated a 27% of resistance at low pressures; 
failing to achieve this reduction in in vivo experiments may 
reflect the lack of a functional collector system that [22] to 
date has not been addressed in any study with KDB. It is 
also known that cataract surgery alone in glaucoma patients 
is able to reduce IOP between 2 and 3 mmHg [23], a mean 
13% IOP reduction in POAG that can be observed up to 
12 months [24]; considering that, obtaining an additional 2% 
reduction by adding KDB to phacoemulsification [16] may 
not be clinically relevant. Altogether, considering the find-
ings of the present study, in patients with well-controlled, 
mild-to-moderate glaucoma, adding ab interno trabeculec-
tomy with KDB to phacoemulsification might not be more 
effective than phacoemulsification alone to reach mid-teens 
IOP figures. Nonetheless, our findings do not question the 

Table 4  Postoperative complications in the treatment (Phaco-KDB) 
and control (Phaco alone) groups recorded during the 1-year follow-
up period

Complications Phaco-KDB
n (%)

Phaco alone
n (%)

Hyphema 0 (0.0) 0 (0.0)
Wound leak 0 (0.0) 0 (0.0)
Corneal oedema 1 (4.76) 0 (0.0)
Descemet detachment 0 (0.0) 0 (0.0)
Flat anterior chamber 0 (0.0) 0 (0.0)
Recurrent uveitis 0 (0.0) 1 (4.76)
Lens opacification 0 (0.0) 0 (0.0)
Hypotony 0 (0.0) 0 (0.0)
Hypotony maculopathy 0 (0.0) 0 (0.0)
Cystoid macular oedema 1 (4.76) 0 (0.0)
Endophtalmitis 0 (0.0) 0 (0.0)
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IOP reduction previously found with a similar device [25]; 
in fact, it has been recently stated that ab interno trabeculec-
tomy may be effective as a stand-alone procedure, with lim-
ited additive effect when combined with phacoemulsifica-
tion [26]. This should be addressed with KDB as well in a 
separate study, since this was beyond the scope of our work.

In our study, the survival ratio was higher but not sta-
tistically significant in the combined Phaco-KDB group 
compared to the stand-alone phacoemulsification group. 
In the present study, the lack of differences between both 
treatments should be interpreted with caution. Most of the 
failures occurred during the first month; but even when the 
majority of the events occur during the observation time-
frame, an uneven distribution of the studied event makes 
this analysis unstable [27]. Our study may have also been 
underpowered for detecting the variables associated with 
failure, since each factor included in the multivariable model 
was not significant as the 95% CI included the null value.

Regarding safety outcomes, none of the groups had 
significant sight-threatening complications. The two most 
important complications took place in the combined phaco-
KDB group: one corneal decompensation that led to an 
endothelial corneal transplant in an eye with a preoperative 
cell count of 936 cells/mm2 and an Irvine-Gass syndrome 
that resolved after an intravitreal injection of a dexametha-
sone implant. Although cystoid macular edema related to 
KDB technique has already been described [28], we believe 
that this particular patient had an individual predisposition 
to this complication, as the fellow eye also showed transient 
macular edema after standard phacoemulsification surgery.

BCVA improved after surgery in both groups and 
remained stable during the course of the study. As men-
tioned, Phaco-KDB and Phaco alone groups significantly 
diverged in simK at baseline possibly due to the different 
proportion of males and females [29]. Interestingly, these 
differences were no longer significant at the final visit 
(p = 0.17) as previously reported [30], though corneal astig-
matism should be considered prior to toric IOL implantation 
[31].

Regarding ECC, we found an overall loss of 19%, similar 
to the one published if 1.8- or 2.2-mm clear corneal inci-
sions are placed [32]. Curiously, when comparing combined 
Phaco-KDB vs stand-alone phacoemulsification outcomes in 
our work, we found an 11.8% cell loss in the treatment group 
vs 25.2% in the control group. When interpreting these 
results, it is important to consider that both groups showed 
already significant differences in their ECC measurements 
at baseline (mean preoperative ECC was lower in the treat-
ment group) and that as previously mentioned, 12-month 
ECC data were available only in 17 and 20 eyes from the 
treatment and control groups, respectively. Moreover, we 
did not find any variation in the grade of preoperative lens 
opacity in any of the groups that could further explain these 

differences. Another possible explanation may be the vari-
ability in the ocular viscoelastic used during phacoemulsifi-
cation and/or in the nucleus fragmentation technique follow-
ing surgeons’ preferences (one of the surgeons performed 
horizontal chop, while the other employed Stop&Chop); 
however, both surgeons performed a similar number of pro-
cedures in each group (χ2 = 0.39; p = 0.533). Additionally, 
we did not find statistically significant differences when con-
sidering the proportion of endothelial cell loss per surgeon 
for each group (Student’s t-test, p = 0.069 for the treatment 
and p = 0.228 for the controls).

Our study has several limitations. First, in this study, 
the effect of the systemic medications in glaucoma was 
not specifically investigated, although the association 
between systemic medications (ß-blockers, statins) and 
IOP is presumed to be modest at best [33]. Second, after 
randomization and due to the lack of a blocking design 
of the study, there was a significantly higher proportion 
of ocular hypertensive cases in the control group (6 vs 
0). However, both groups had strictly comparable SAP 
mean MDs both at baseline and 12 months after surgery 
(see Table 3) suggesting that the control group had also 
more moderate cases. Although these differences need to 
be taken into account when extrapolating our work results, 
combined Phaco-KDB procedure has shown similar IOP 
lowering efficacy results throughout all the spectrum of 
glaucoma severity [34]. Third, both surgeons have vast 
experience with other trabecular MIGS [35, 36], but not 
specifically with KDB surgical blade, and therefore some 
learning curve effect may be expected, although recent 
reports short learning curves even when the MIGS sur-
geries are performed by novice surgeons [37, 38]. Fourth, 
recent literature has shown that the discontinuation of 
glaucoma medication can lead to a 25% increase of the 
IOP in 62% and 79% patients using 1 and 2 medications, 
respectively [39]. The fact of not having done a wash out 
could have limited the detection of the complete surgi-
cal effect in terms of IOP reduction. On the other hand, 
including a higher baseline IOP could then lead to an 
overestimation of the real IOP reduction as a result of the 
regression towards the mean. We addressed these issues 
including a randomized controlled group with stand-alone 
phacoemulsification as a comparator [40]. Fifth, even 
using GEE for repeated measures, since both eyes of the 
same patients could be included in the study if they met 
the inclusion criteria, below-the-average IOP reduction 
due to anatomical reasons may be overestimated. Finally, 
our study included a relatively small sample in each group 
that may have led to an underpowered detection in the 
IOP and medication differences between groups and in the 
factors associated with failure, as shown in the reported 
CI intervals for GEE (95% CI span for coefficient includ-
ing 0 value) and multivariable Cox regression. Based on 
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the above-mentioned reductions (IOP reduction of -3.1 
with SD of 3.73 in Phaco-KDB [16] and -2.3 with SD of 
2.0 in stand-alone phacoemulsification [24]), in order to 
detect differences between both treatment groups, provid-
ing 80% power and a two-tailed p ≤ 0.05, a sample size of 
220 patients each group would have been required; how-
ever, considering the number of hypotensive medications 
(final number of medications, 0.27 with SD of 0.53 in 
Phaco-KDB [16] and 1.5 with SD of 0.6 in stand-alone 
phacoemulsification [24]), only four patients each group 
would have been required, a sample size that was retained 
at the end of our study in both groups.

In summary, on the basis of our findings, KDB ab interno 
trabeculectomy along with cataract surgery might not offer 
additional IOP and glaucoma medications reduction com-
pared to stand-alone phacoemulsification questioning the 
advantage of adding KDB to phacoemulsification in pre-
operatively well-controlled, mild-to-moderate, open-angle 
glaucoma patients. In terms of safety, no significant major 
complications were found; however, although ECC remained 
stable during the follow-up, we had one case of corneal 
decompensation in the treatment group.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00417- 021- 05213-0.
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