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Purpose: To evaluate the safety and effectiveness of the Ahmed ClearPath® (ACP) 250 mm2 glaucoma drainage device (GDD) in 
managing refractory primary open-angle glaucoma (POAG).
Patients and Methods: This was a retrospective case series focused on adult patients diagnosed with severe POAG who underwent 
implantation of an ACP GDD. Over a 36-month follow-up period, data on intraocular pressure (IOP), the number of glaucoma 
medications, and complications were recorded. The primary objectives were to assess the reductions from baseline in both IOP and 
medication usage, through 36 months. Secondary objectives included the proportion of eyes achieving an IOP reduction of ≥ 20% from 
baseline at 36 months. Intraoperative and postoperative complications were also assessed.
Results: Twelve eyes from 11 patients (mean age: 71.3 ± 14.1 years) met the inclusion criteria and were included in the study. All 
patients had severe POAG (n=11), with the majority being Caucasian (n=8) and female (n=10). The mean (standard deviation) IOP and 
number of glaucoma medications at baseline were 29 (7.6) mmHg and 3 (0.9), respectively. At 36 months, mean IOP was reduced to 
10.6 (5.5) mmHg (−61.8%; p= 0.0008) and mean number of medications was reduced to 0.9 (0.9) (−71.4%; p=0.0005), with 88.9% of 
eyes achieving an IOP reduction by ≥20%. No vision threatening complications were observed.
Conclusion: To our knowledge this is the first study to report 36-month outcomes of the novel ACP device in the treatment of 
refractory POAG. The safety profile and efficacy of the ACP was found to be comparable to that of other commonly utilized GDD 
models.
Keywords: primary open angle glaucoma, intraocular pressure, glaucoma drainage device

Introduction
Currently, the primary focus of glaucoma treatment revolves around reducing intraocular pressure (IOP), which is widely 
recognized as the sole intervention with proven efficacy in slowing disease progression.1–3 IOP reduction can be achieved 
by pharmacotherapy, laser interventions, or incisional surgical procedures. Traditionally, glaucoma drainage devices 
(GDDs) have emerged as the preferred surgical option for managing refractory glaucoma, particularly in cases where 
previous glaucoma surgeries have not achieved failed to achieve adequate IOP reduction.4–6 However, recent studies 
have suggested the potential for a greater role of GDD implantation in the early stages of glaucoma treatment.7,8 In 1969, 
Molteno developed the first successful GDD.9 Since then, significant advancements in GDD design and technology 
related to size, shape and biomaterials have enhanced device effectiveness and minimized complications. The most 
widely used GDDs consist of the non-valved Baerveldt implant (BGI 250 and 350; Johnson & Johnson Surgical Vision), 
Aurolab Aqueous drainage implant (AADI; Aurolab) and valved Ahmed implants (AGV; New World Medical).
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The Ahmed ClearPath® (ACP; New World Medical Inc., Rancho Cucamonga, CA, USA) is a novel valveless GDD. 
The device was approved by the United States Food and Drug Administration (FDA) in 2019 and has gained worldwide 
attention for its promising efficacy and notable success rates. The ACP comes in two available sizes (250 mm2 and 
350 mm2) and both models come equipped with a preplaced 4–0 polypropylene intraluminal stent. The 350 mm2 model 
features a winged design and posteriorly positioned plate. The plate is designed to avoid interference with rectus muscle 
insertions, minimizing the risk of muscle damage or displacement during surgery. Furthermore, it aids in securely 
positioning the implant, reducing the likelihood of postoperative implant migration or extrusion. The 250 mm2 model is 
designed to fit between rectus, thus eliminating the need for extensive muscle manipulation.

The ACP offers several advantages compared to other GDDs. The ACP tube and plate are both made of barium 
impregnated medical-grade silicone, facilitating improved conformity to the eye’s curvature and smoother device 
insertion. The ACP device features a longer anteroposterior diameter and shorter horizontal diameter. By relocating 
the suture fixation eyelets to a more anterior position, the need for extensive posterior dissection is circumvented, thus 
minimizing the trauma to surrounding tissues and promoting expedited recovery times. Use of the ACP preloaded 
polypropylene ripcord provides controlled resistance to the outflow of aqueous humor, thereby maintaining stable IOP 
postoperatively and mitigating the risk of complications associated with early hypotony.10 The flexibility of the material 
allows for easier manipulation of the device, requiring a smaller peritomy. The absence of a front plate ridge in the ACP 
implant gives the device a thinner profile, which can result in a lower, diffuse bleb with a larger surface area that 
facilitates more gradual and effective drainage of aqueous humor. The thinner device profile also lowers the risk of 
inflammation, fibrosis, and diplopia.

Previous studies with 6- and 24-months of follow-up have shown that ACP implantation exhibits excellent safety and 
high efficacy in reducing both IOP and glaucoma medication burdens. Within this study, we report on the safety and 
efficacy of ACP implantation in patients with refractory POAG, for up to 36 months.

Methods
This was a retrospective, nonrandomized case series performed at a tertiary hospital setting. The study was approved by 
the Institutional Review Board (IRB) of Mayo Clinic on August 16th, 2021. The study adhered to the Declaration of 
Helsinki and was in accordance with Health Insurance Portability and Accountability Act regulations. As this is 
a retrospective study with deidentified data, informed consent was not required. The medical records of consecutive 
patients who underwent ACP implantation between January 2019 and December 2021 were reviewed. Patients 18 years 
or older with a diagnosis of POAG uncontrolled with medical therapy with or without prior laser/surgical procedures 
were included in the study.

Demographic data including age, gender, race, lens status, glaucoma type, glaucoma severity, and prior glaucoma 
surgery were retrieved from electronic medical records. The preoperative data collection consisted of IOP, number of 
topical glaucoma medications taken, Snellen best-corrected visual acuity (BCVA), gonioscopy findings, and non-dilated 
and dilated slit lamp biomicroscopic examination of the anterior and posterior segment. Changes from baseline in IOP 
and number of glaucoma medications were recorded on day 1, week 1, and 1, 3, 6, 12, 18, 24 and 36 months 
postoperatively. Intraoperative and postoperative complications were also recorded.

A single surgeon (SD) carried out all procedures. For each eye, the ACP was implanted in the superotemporal 
quadrant, and the surgical procedure involved the use of ligation, fenestration, and the 4–0 polypropylene ripcord. After 
peritomy and posterior conjunctival dissection, the ACP device was implanted and ligated with 8–0 Vicryl near the plate 
and sutured 8 millimeters posterior to the surgical limbus. The anterior chamber was entered with a 23-gauge cannula 
through the sclera. The tube was trimmed to the appropriate length, bevel up, and inserted into the anterior chamber 
parallel to the iris plane. Three horizontal slits were made in the tube below the 8–0 Vicryl ligature. The scleral flap was 
then sutured over the silicone tube. The tube was sutured to the sclera with three 9–0 nylon sutures and carefully 
measured and a cut piece of Tutoplast was placed over the tube 5 to 6 millimeters posteriorly. The conjunctiva was 
reapproximated and secured with absorbable sutures. Patients were discharged with topical antibiotics and steroid drops.

All data were de-identified and analyzed using BlueSky Statistics v10.3.1-Pro (BlueSky Statistics LLC Chicago, IL, 
USA). The study employed standard descriptive statistics to report demographics and baseline characteristics. Means and 
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standard deviations (SD) were utilized for continuous variables, while percentages were used for categorical variables. 
Primary study outcomes included changes from baseline in both IOP and the number of glaucoma medications at each 
postoperative time point. These measures were assessed using two-tailed paired t-tests, with a significance level set at 
P<0.05. Secondary study outcomes included the percentage of eyes achieving as ≥20% IOP reduction from baseline at 36 
months. The incidence of intraoperative and postoperative complications was also assessed.

Results
Twelve eyes of 11 patients underwent 250mm2 ACP implantation and were subsequently monitored for up to 36 months. 
Demographic and baseline glaucoma status data are described in Table 1. The mean (SD) age was 71.3 (4.1) years. The study 
cohort predominantly consisted of Caucasian (72.7%) and female (90.9%) patients. Most eyes were pseudophakic (91.7%) 
and all had severe POAG (100%), as classified by the International Classification of Diseases 10 definition. A significant 
majority of the patients (83.3%) had previously undergone a glaucoma procedure. The mean follow-up time was 30 months.

Table 1 Demographic and Baseline Characteristics of 
Study Population

Variable Summaries

Number of Patients, n 11

Age

Mean (SD) 71.3 (14.1)

Gender

Female 11 (91.7%)

Male 1 (8.3%)

Ethnicity

Asian 1 (8.3%)

Black 2 (16.7%)

Caucasian 9 (75.0%)

Number of Eyes, n 12

Glaucoma Type

Primary Open Angle Glaucoma 12 (100.0%)

Glaucoma Severity

Severe 12 (100.0%)

Lens Status

Phakic 1 (8.3%)

Pseudophakic 11 (91.7%)

Previous Ocular Procedures

Previous glaucoma procedures 10 (83.3)

MicroPulse cyclophotocoagulation 7 (58.3%)

KDB 1 (8.3%)

XEN45 implant 4 (33.3%)

(Continued)
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Mean IOP at baseline and each postoperative visit is given in Table 2. The mean (SD) baseline IOP was 29.0 (7.6) 
mmHg and through up to 36 months of follow-up ranged from 5.9 to 12.3 mmHg (Figure 1). Mean percent IOP 
reductions across time points ranged from 54% to 79%. Statistically significant reductions in IOP occurred at each time 

Table 1 (Continued). 

Variable Summaries

SLT 2 (16.7%)

Trabeculectomy 1 (8.3%)

CyPass implant 1 (8.3%)

No prior glaucoma procedures 2 (16.7%)

Glaucoma Medications

Mean (SD) 3.0 (0.9)

Intraocular Pressure

Mean (SD) 29.0 (7.6)

Abbreviations: SD, Standard Deviation; KDB, Kahook Dual Blade; SLT, 
Selective Laser Trabeculoplasty.

Table 2 Mean Intraocular Pressure and Glaucoma Medication Use at Each Study Visit

Visit Number  
of Eyes, n

Mean (SD) Mean Reduction  
from Baseline (SD)

Mean %  
Reduction

P-value

Intraocular Pressure, mmHg

Baseline 12 29 (±7.6)

Day 1 12 6.9 (4.0) −22.1 (6.6) −76.1% <0.0001

Week 1 12 5.9 (2.6) −23.1 (7.2) −79.6% <0.0001

Month 1 12 10.8 (2.9) −18.2 (7.9) −62.7% <0.0001

Month 3 9 10.8 (3.0) −21.0 (5.6) −62.8% <0.0001

Month 6 12 11.2 (3.9) −17.8 (9.1) −61.5% <0.0001

Month 12 7 10.0 (3.1) −15.3 (6.5) −65.5% 0.0008

Month 18 7 12.3 (4.3) −18.7 (8.3) −57.6% 0.001

Month 24 5 11.2 (4.7) −16.0 (10.8) −61.4% 0.029

Month 36 9 10.6 (5.5) −17.1 (9.9) −61.8% 0.0008

Number of Glaucoma Medications, n

Baseline 12 3.0 (0.9)

Day 1 12 0.3 (0.7) −2.7 (1.6) −88.9% <0.0001

Week 1 12 0.2 (0.6) −2.8 (1.1) −91.7% <0.0001

Month 1 12 0.3 (0.7) −2.7 (1.2) −88.9% <0.0001

Month 3 9 0.9 (0.9) −2.2 (1.2) −70.4% 0.0005

(Continued)
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point after surgery (p<0.05). Among the 9 eyes seen at 36 months, mean IOP was 10.6 (5.5) mmHg, a 61.8% reduction 
from baseline (p=0.0008), and 88.9% of eyes achieved an IOP reduction of ≥20% from baseline. Mean medication use at 
baseline and each postoperative visit is also given in Table 2. The mean (SD) number of medications at baseline was 3.0 
(0.9) and through up to 36 months of follow-up ranged from 0.3 to 0.9 medications (Figure 2). Mean percent medication 
reductions across each time point ranged from 70% to 90%. Statistically significant reductions in the need for glaucoma 
medications occurred at all time points (p<0.05). Among the 9 eyes seen at 36 months, mean medication use was 0.9 
(0.9) medications per eye, a 71.4% reduction from baseline (p=0.0005). At 36 months 88.9% were using ≥1 fewer 
medications than at baseline and 44.4% were medication free. BCVA remained stable across all eyes throughout the 
follow-up period.

The procedure was performed without intraoperative complications in all eyes. The nature and frequency of the 
postoperative complications are given in Table 3. The most common complication was self-limited mild hyphema 
(33.3%). Four eyes (33.3%) experienced anterior chamber inflammation that resolved with conservative management. No 
vision-threatening complications were observed throughout the follow-up period, and there were no glaucoma surgical 
reinterventions required.

Table 2 (Continued). 

Visit Number  
of Eyes, n

Mean (SD) Mean Reduction  
from Baseline (SD)

Mean %  
Reduction

P-value

Month 6 12 0.7 (0.9) −2.3 (1.3) −77.8% <0.0001

Month 12 7 0.6 (0.8) −2.3 (1.4) −81.0% 0.0047

Month 18 7 0.7 (0.9) −2.0 (1.2) −76.2% 0.0038

Month 24 5 0.6 (0.5) −2.6 (0.9) −80.0% 0.0029

Month 36 9 0.9 (0.9) −2.2 (1.2) −71.4% 0.0005

Abbreviation: SD, Standard Deviation.

Figure 1 Mean intraocular pressure at each time point. Error bars represent standard deviation. Reductions from baseline were statistically significant at each time point (P<0.05).
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Discussion
Within this study, statistically significant reductions in both IOP and the requirement for glaucoma medications were 
observed following ACP implantation, for up to 36 months. These Results show great promise for patients with glaucoma 
challenging to manage under conventional pharmacotherapy or surgical interventions. Moreover, the safety profile of the 
ACP appears to align with that of other widely used GDD models, further supporting its clinical viability.11,12

The existing literature regarding ACP implantation is sparse, with few studies investigating its clinical efficacy 
and safety profile in adult patients. In a retrospective multicenter study, Grover et al13 evaluated clinical outcomes 
of ACP implantation in 100 eyes of 104 patients. At 6 months, the mean IOP decreased significantly from 26.3 
mmHg at baseline to 13.7 mmHg (−43%; P < 0.0001), and the mean number of glaucoma medications decreased 
from 3.9 at baseline to 1.9 (−47.7%; P < 0.0001).13 The authors concluded there to be no significant differences in 
outcomes observed between the 250 mm2 and 350 mm2 ACP models or between ACP surgeries performed as 
standalone operations and in combination with phacoemulsification.13 When compared to our 6-month results, our 
study yielded comparably favorable reductions in IOP (−61.5%) and glaucoma medication burden (−77.8%), but 
comparison is limited by intersurgeon variability and the utilization of both ACP models in Grover et al’s study. 
Previously, we reported 24-month safety and efficacy outcomes of the 250 mm2 ACP GDD.14 Our 24-month IOP 
reduction outcomes (24 months: −61.4%; 36 months: −61.8%) and glaucoma medication reduction outcomes (24 
months: −80.0%; 36 months: −71.4%) remain consistent with those achieved at 36 months, highlighting the long- 
term efficacy of the ACP GDD in managing medically and/or surgically refractory POAG.

Figure 2 Mean glaucoma medication use at each time point. Error bars represent standard deviation. Reductions from baseline were statistically significant at each time 
point (P<0.05).

Table 3 The Nature and Frequency of 
Postoperative Complications

Event Incidence, n (%)

Hyphema 4 (33.3)

Anterior chamber inflammation 4 (33.3)

Pain 3 (25.0)

Shallow anterior chamber 1 (8.3)
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There is a scarcity of research comparing the ACP with standard filtering surgeries or other GDDs. In a single-center, 
retrospective study, Shalaby et al15 compared ACP implantation to BGI implantation in 128 eyes of 113 patients (ACP: 63 
ACP; BGI: 65) with similar baseline characteristics over a mean follow-up period of 19.6 (10.8) months. The authors found 
both groups to achieve comparable final IOP, BCVA, and complication rates, with a lower number of glaucoma medications 
required in the ACP group (P=0.012). Similar rates of surgical failure were also observed in both groups (ACP: 9.5%, BGI: 
9.2%; P=0.810). Further studies are required to more conclusively compare outcomes of the ACP to other GDDs.

Despite the small sample size in our study, it offers valuable insights into the long-term safety and efficacy outcomes of the 
ACP device. While larger studies are typically preferred for robust statistical analysis and generalizability, this study provides 
clinically useful evidence on the device’s performance over time in managing medically and/or surgically refractory POAG. 
Future studies with larger sample sizes could help confirm and expand upon these initial observations. Such investigations are 
crucial for understanding the durability of outcomes and potential complications associated with these novel implants.

Conclusion
The ACP device represents a promising leap forward in glaucoma management, offering surgeons a reliable option for 
complex needs of the patients with severe, refractory glaucoma. Long-term efficacy and safety of ACP implantation, as well 
as comparison to other GDDs and filtering surgeries, remains imperative. Prospective, randomized comparative trials are 
essential to determine whether these newer devices are equivalent or potentially superior to traditional surgical approaches.
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