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Correspondingly, the percentage of eyes where the difference 
in the IOP measurement between GAT and EYEMATE-SC was 
within  ±5 mm Hg improved from 78% (day 3) to 100% (6 
months).

Figure 6 shows a scatter plot of all paired GAT/EYEMATE-SC 
comparisons. It reveals that the deviation is not prominent in a 

certain IOP level but is evenly and closely distributed around the 
idealised zero error line (dotted line).

Postoperatively, a transient increase of astigmatism was 
reported. The mean refractive cylinder, irrespective of the 
axis, increased from 1.1 dpt (dioptres) at the screening visit to 
2.1 dpt (day 3), and 2.3 dpt (day 10) and returned to 1.4 dpt 
(day 30) and 1.3 dpt (day 180) (see table  1). This transiently 
increased astigmatism influences the accuracy of GAT and the 
Bland-Altman LoA shows a better agreement between GAT and 
the EYEMATE-SC measurement if the first month is excluded 
(figure 7). At the 6-month study visit, all eyes achieved agree-
ment within the targeted ±5 mm Hg and a mean difference of 
–0.15 mm Hg ±2.28 SD (LoA –1.24 to 0.89).

DISCUSSION
The 6-month interim evaluation shows that the EYEMATE-SC 
sensor is a safe and well-tolerated suprachoroidal implant that 
allows continuous IOP monitoring of glaucoma patients.

Once implanted, patients can measure their IOP without 
contact by simply bringing the external reader next to the eye 
to enable electromagnetic coupling of the sensor. Patients can 
automatically create their individual IOP profile to disclose 
short-term and long-term fluctuations enabling the ophthal-
mologist to adapt the therapy. The measured values correspond 
to the IOP independent of the corneal biomechanics,14 and the 
active involvement of the patients as well as the direct treatment 
response are suitable to improve the therapy adherence in glau-
coma patients.15

The preceding generation of telemetric sensors implanted 
in the sulcus (EYEMATE-IO) were generally safe and reli-
able.9–11 However, their use is restricted to pseudophakic or 
cataract patients and excludes patients with a narrow chamber 
angle. Furthermore, the bulky sensor ring needs a large corneo-
scleral incision and causes excessive manipulation during sulcus 
implantation.11

Figure 4  Multimodal imaging 6 months after suprachoroidal 
implantation of the EYEMATE-SC sensor using AS-OCT (A, B) and 50 
MHz ultrasound biomicroscopy (UBM, (C, D) of the same patient with 
meridional (A, C) and limbus-parallel (B, D) imaging. It shows the sensor 
remaining stable underneath the choroid (orange line) at the site of 
implantation. Of note, AS-OCT visualises the microelectronics carrier 
substrate (�) and the gold coil (�), but not the silicone encapsulation 
(* and green line). in contract, UBM depicts the lenticularly rounded 
silicone encapsulation smoothly adapting to the curved scleral shape. 
AS-OCT, anterior segment optical coherence tomography.

Figure 5  Bland-Altman analysis of agreement between GAT and EYEMATE-SC (95% CI). All data points within 180 days (405), available 
postoperative study from day 1 to day 180 are plotted. The bold black line represents the average over all comparisons; red and green dashed-dotted 
lines represent the upper and lower level of agreement (LoAs, mean difference ±1.96 SDs, 95% CI). GAT, Goldmann applanation tonometry.
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This suprachoroidal approach was developed to solve these 
limitations. The EYEMATE-SC system consists of a miniatur-
ised IOP sensor that is implanted into suprachoroidal space. 
It can be used independent of the lens status and is also suit-
able for younger glaucoma patients for whom continuous IOP 
monitoring is particularly important. Implantation can also be 
combined with trabeculectomy. The long-term goal is a further 
miniaturised device for very small incision implantation in a 
stand-alone procedure preferably in one of the lower quadrants 
to leave space in the upper ones for glaucoma surgery.

The reported nine cases of hyphaema were judged to be 
surgery related but not device related. Hyphaema is a known 
side effect of NPGS, especially for canaloplasty. The intraoper-
ative occurrence is caused by blood reflux from SchC and the 
collector channels. Usually hyphaema is resorbed spontaneously. 
Some authors even presume that it is a sign of surgical success 
regarding IOP development.16 17 Also after deep sclerectomy 
hyphaema is reported to occur in up to 21%.18 It could result 
from perforation of Descemet’s membrane and subsequent 

bleeding under the conjunctiva or blood flow from iris vessels 
or ciliary processes.19

Of note, no choroid-associated problems such as choroidal 
injury or bleeding, macular oedema or suprachoroidal migra-
tion of the implant were reported during the study course. This 
confirms the results of previous experiments on rabbits, which 
showed that the suprachoroidal space can be easily expanded 
with OVD to implant the sensor comfortably without the risk 
of choroidal injury.12 Besides, other surgical methods also place 
glaucoma or retinal implants in suprachoroidal space.20–24

During the study several centres in Germany and Switzerland 
were involved, and none of the surgeons found the implanta-
tion difficult or reported problems. This contrasts with the 
EYEMATE-IO, where a significant learning curve for the sulcus-
based implantation was reported which might partially explain 
the number of implantation-related AEs.11

If YAG goniopuncture is needed after NPGS to enhance the 
pressure-lowering effect, a loss of sensor function is physically 
unlikely. The experiences we have made with YAG capsulo-
tomy in the Eyemate IO study as well as two cases where a 
YAG goniopuncture was performed after Eyemate-SC implan-
tation show that after recalibration the sensor function was 
flawless.

One of the main advantages of IOP sensors is that they are 
independent of corneal biomechanics. While corneal-surface-
based tonometry techniques only measure relative dimensional 
changes of the eye with questionable validity,25 26 intraocular 
sensors directly measure the absolute IOP. In rabbit experiments, 
the suprachoroidal sensor showed a high agreement between 
the telemetrically assessed IOP values and the effective intra-
cameral pressure assessed by direct cannulation of the anterior 
chamber with a manometry probe.12 This confirms that intraoc-
ular sensors are largely independent of external factors such as 
corneal thickness, rigidity and astigmatism, which in particular 
compromise the validity of GAT.27

Figure 6  Scatter plot of all paired GAT/EYEMATE-SC comparisons. It reveals that the deviation is evenly and closely distributed around the idealised 
zero error line (dotted line). The best fit linear regression line (red dash dot) shows a slight positive bias towards lower IOP values. GAT, Goldmann 
applanation tonometry; IOP, intraocular pressure.

Table 1  Deviation between EYEMATE-SC and Goldmann tonometry 
presented with corneal astigmatism values at the different time 
points

Visit

Mean of 
paired 
delta
(mm Hg)

Lower LoA
(mm Hg)

Upper LoA
(mm Hg)

Subj. 
CYL 
mean 
(dpt)

Subj. 
CYL 
STD 
(dpt)

Subj. 
CYL 
min 
(dpt)

Subj. 
CYL 
max 
(dpt)

Screening – – – −1.1 1.5 −4.8 0.0

D1 1.5 −3.3 6.3 −1.3 1.3 −5.0 −0.3

D3 1.2 −6.2 8.7 −2.1 1.9 −7.8 −0.3

D10 2.5 −5.5 10.5 −2.3 1.6 −6.5 −0.3

D30 1.9 −4.7 8.5 −1.4 1.2 −5.3 −0.3

D90 0.1 −5.5 5.6 −1.4 1.2 −5.5 0.0

CYL, cylinder; LoA, limit of agreement; STD, standard deviation.
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In our study, transient deviations were observed in the agree-
ment between GAT and the telemetric EYEMATE-SC IOP within 
the first few weeks after implantation; the deviations normalised 
after 3 months. This was concomitant but not directly correlated 
with a temporarily observed significant increase in postopera-
tive astigmatism due to the scleral flap sutures of the NPGS (see 
table 1).

It is known that GAT tends to underestimate the IOP in eyes 
with irregular28 29 or significantly increased central corneal thick-
ness, and therefore, its reliability should be interpreted carefully 
in those patients.30

As there is no direct correlation between the increase in 
astigmatism and the difference between EYEMATE-SC and 
Goldmann values, there are probably other factors than astig-
matism that influence the accuracy of Goldmann measurement 
in the early postoperative phase. For instance, it is known that 
the accuracy of GAT decreases in higher IOP levels measuring 
false-low values.31–33 This is in accordance with the ARGOS-02 
(EYEMATE-IO) trial showing an increasing bias between GAT 
and telemetric IOP values at higher pressure levels. Furthermore, 
our experience from clinical practice shows that it is very diffi-
cult to achieve reliable IOP values with GAT in hypotonic eyes. 
And in the first 2 weeks after a canaloplasty or deep sclerec-
tomy, hypotony is common as the sutures are not immediately 
watertight.

One might, therefore, assume that telemetric IOP measure-
ments achieve a higher validity than GAT, especially in eyes 
with altered corneal biomechanics and at abnormal IOP levels. 
However, without comparing the values with real-time IOP 
measurement using intraocular probes this assumption remains 
merely speculative.

Limitations of this study include the relatively small and 
heterogeneous patient population. The follow-up period is still 
relatively short, but the 6-month interim analysis was intended 
to focus on safety and performance in the postoperative healing 

process. Also, potential explantability of the implant has only 
been proven in human autopsy eyes and in rabbit experiments. 
Further observations are necessary to assess the long-term safety, 
performance and reliability of the implant and the system.

In summary, the EYEMATE-SC is the first suprachoroidal 
sensor for telemetric IOP measurement. It has been success-
fully and safely implanted in all 24 patients during simultaneous 
NPGS. The 6-month evaluation showed no severe complica-
tions, malfunctions or implant migration. The suprachoroidal 
sensor allows continuous telemetric IOP self-measurement, even 
under conditions where the validity of the GAT may be limited.
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