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Purpose: Ab interno trabeculectomy (AIT) with the Trabectome has been shown to reduce 

intraocular pressure (IOP) in eyes with pseudoexfoliation (PEX) glaucoma. Here, we examined 

the change of IOP fluctuations before and after only AIT or AIT with cataract surgery in PEX 

patients using the contact lens sensor Triggerfish®.

Methods: This was a prospective open-label study. Twenty-four consecutive patients with PEX 

glaucoma were included. Twelve patients underwent cataract surgery and AIT (triple-surgery 

group), and 12 patients underwent only AIT (single-surgery group). In each eye, IOP fluctuations 

over 24 h were measured with the contact lens sensor before and at 3 months after the surgery. 

We compared the change of IOP fluctuation before and after operation. We also evaluated the 

difference in IOP changes between the triple- and single-surgery groups.

Results: At 3 months after the surgeries, the mean IOP was significantly reduced from 

23.5±6.5 mmHg to 14.6±2.8 mmHg in the single-surgery group and from 22.5±3.0 mmHg to 

11.5±2.9 mmHg in the triple-surgery group. The mean IOP reduction rate was significantly higher 

in the triple-surgery group compared to the single-surgery group (p=0.0358). In both groups, 

the mean range of IOP fluctuations was significantly decreased during nocturnal periods. The 

mean range of 24 h IOP fluctuations was decreased in the triple-surgery group (p=0.00425), 

not in the single-surgery group (p=0.970).

Conclusion: Triple surgery could decrease IOP value and the IOP fluctuations to a greater 

extent than single surgery in PEX glaucoma patients.

Keywords: pseudoexfoliation, ab interno trabeculectomy, contact lens sensor, fluctuation, 

intraocular pressure

Introduction
Glaucoma is a neurodegenerative disease of the eyes that leads to visual loss and 

ultimately blindness if left untreated. Pseudoexfoliation (PEX) glaucoma is one of the 

major causes of glaucoma in the elderly.1 It is estimated that about 25% of open-angle 

glaucoma are PEX glaucoma.2 It was reported that eyes with PEX show more rapid 

progression of glaucoma than those without PEX.2–4 PEX was reported to be a strong 

independent risk factor for glaucoma.2,5–8

Exfoliation materials accumulate on the front of capsule, the iris of pupillary 

margin, and Zinn’s zonule.9,10 The cause of intraocular pressure (IOP) increase in PEX 

glaucoma patients is thought to be due to blockage of the trabecular meshwork (TM) 

and trabecular cell dysfunction caused by exfoliation material accumulation.11

Some previous studies reported that PEX glaucoma patients had high IOP values 

and large IOP fluctuation.12,13 Other studies reported that large IOP fluctuations 
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contribute to fast glaucoma progression.14–16 It might be 

essential to understand the time of peak IOP and IOP fluc-

tuations for glaucoma management and treatment decisions. 

In order to understand peak IOP and IOP fluctuations more, 

many more number of measurements of IOP with Gold-

mann applanation tonometry (GAT) are required. Frequent 

measurement of IOP with GAT must overcome the burdens 

of hospitalization and sleep disturbance. The Triggerfish® 

(Sensimed, Lausanne, Switzerland) wireless contact lens 

sensor (CLS) has made it possible to measure habitual IOP 

fluctuations over 24 h.17,18

The CLS may provide better information about peak IOP 

and IOP fluctuations than measurements of temporary IOP 

during clinical hours alone.

Ab interno trabeculectomy (AIT) with a Trabcutome 

(NeoMedix, Tustin, CA, USA) has been reported as a 

potentially effective treatment for PEX.19 The performance 

of AIT with the Trabectome (which is an instrument used 

to permanently ablate a piece of TM and the Schlemm canal 

inner wall) can expose the collector channels directly to the 

aqueous in the anterior chamber. AIT can lower the IOP 

due to elimination of the outflow resistance of the TM and 

Schlemm canal inner wall. It was shown that AIT lowered 

the IOP and the number of antiglaucoma medications in PEX 

glaucoma patients.20 Francis et al21 also reported that com-

bined phacoemulsification and intraocular lens implantation 

(PEA + IOL) and AIT lowered the IOP and medication use 

compared to the use of only AIT.

In this study, we measured IOP fluctuations using a CLS 

in patients with PEX glaucoma before and after AIT or AIT 

with cataract surgery, and we evaluated the effects of AIT 

on IOP fluctuations. We also compared the IOP values and 

the IOP fluctuations between AIT and AIT with cataract 

surgery groups.

Methods
Subjects
This was a prospective, open-label study. Twenty-four con-

secutive patients who were diagnosed with PEX glaucoma at 

Toyama University Hospital were enrolled. All subjects were 

recruited during the period from March 2015 to February 2016. 

All patients underwent a comprehensive ophthalmic exami-

nation including refraction, Goldmann gonioscopy, GAT, 

fundus examination, anterior-segment optical coherence 

tomography (CASIA SS-1000; Tomey, Nagoya, Japan), and 

automated perimetry (Humphrey Field Analyzer; Carl Zeiss 

Meditec, Dublin, CA, USA). A single glaucoma specialist 

diagnosed all the cases of PEX glaucoma.

The patients had already used tolerated glaucoma medica-

tions and had needed even more treatment to lower their IOP 

because of the progression of their visual field disorder. The 

research protocol was approved by the Institutional Review 

Board of the University of Toyama, and the procedures 

used conformed to the tenets of the Declaration of Helsinki. 

After the nature and possible consequences of the study 

were explained to the patients, written informed consent was 

obtained from each patient.

Inclusion and exclusion criteria
The diagnosis of PEX glaucoma was made if all four of the 

following criteria were satisfied: 1) the presence of white, 

flaky, dandruff-like material at the pupillary margin and/or on 

the anterior lens capsule;22 2) the presence of glaucomatous 

optic disc neuropathy (a cup/disc ratio of $0.7, or the pres-

ence of notching) accompanied by corresponding visual field 

defects; 3) a threshold examination of SITA 30-2 showing a 

glaucoma hemifield test result “outside normal limits,” and 

a cluster of three contiguous points on the pattern deviation 

plot depressed at the p,0.05 level (occurring in age-matched 

normal subjects) not crossing the horizontal meridian that 

were compatible with glaucoma; and 4) a history of an IOP 

value of .21 mmHg.

The inclusion criteria for the subjects were 1) best-cor-

rected visual acuity $0.2, 2) spherical equivalent −6 diopters 

and ,+6 diopters, and 3) mean deviation -20 decibel. We 

included patients who had a previous cataract surgery or selec-

tive laser trabeculoplasty at least 1 year earlier. Myopic eyes 

over −6 diopters were excluded before cataract surgery.

Patients were excluded if they had any of the following: 

1) primary angle closure glaucoma, 2) neovascular glaucoma, 

3) steroid glaucoma, 4) history of ocular trauma, 5) ocular 

inflammatory disease, and 6) prior glaucoma surgery.

Measurement of IOP with GAT
The baseline IOP was obtained by averaging the last three 

readings at almost the same time of the day prior to the AIT. 

We measured the postoperative IOP at 3 months after the 

surgeries in each patient at the same time of the day as that 

used at the baseline.

Measurement of IOP with CLS
Before and after the surgeries, each patient’s 24 h continuous 

IOP was monitored. The CLS consisted of a highly oxygen-

permeable soft contact lens with 2 sensing-resistive strain 

gauges that were capable of recording circumferential changes 

in the area of the corneoscleral junction. The circumferential 
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changes in the area of the corneoscleral junction are assumed 

to correspond to IOP changes.18 The CLS can record for 

30 seconds every 5 min (Figure 1A). The unit of measure-

ment used in monitoring the IOP with the Triggerfish® is 

not millimeters of mercury but millivolt equivalent (mVeq), 

which is unique to Triggerfish®. We started measuring the 

IOP fluctuation with CLS at about 9:00 a.m. for all patients. 

We also measured the IOP with GAT just before inserting 

the CLS and just after removing the CLS.

Surgical techniques
All patients were operated on by a single surgeon (NT) 

using the same surgical protocol as a previous report.19 All 

surgeries were performed under local (peribulbar) anesthesia. 

A 1.6 mm temporal corneal incision at limbus was made, and 

the handpiece was injected into the anterior chamber. Under 

the Swan Jacob gonioscopic lens view, the tip of handpiece 

was inserted through the TM. Approximately 120° arc of the 

TM and the inner wall of the Schlemm canal was ablated 

and removed. Patients with phakic eyes underwent cataract 

surgeries simultaneously. There was no case of lens preserva-

tion. A temporal clear cornel incision was made (2.8 mm), 

and conventional phacoemulsification and IOL implantation 

(PEA + IOL) were then performed. Phacoemulsification 

was performed with WHITESTAR SIGNATURE (Abbott 

Medical Optics, Santa Ana, CA, USA).

We separated the patients into two groups. The 12 patients 

who underwent only AIT comprised the single-surgery group. 

Figure 1 Example of the results of IOP fluctuation measurement over 24 h periods before and after AIT + PEA + IOL.
Notes: (A) Diagram of 24 h continuous IOP fluctuations using the Triggerfish® CLS. The difference between the maximum and minimum values (the arrow) was defined as 
the range of IOP fluctuations. (B) Zoom mode of IOP fluctuations during diurnal period. (C) Zoom mode of IOP fluctuations during nocturnal period. (D) Gray line: the IOP 
fluctuation before surgery. Black line: the IOP fluctuation after surgery.
Abbreviations: AIT, ab interno trabeculectomy; CLS, contact lens sensor; IOL, intraocular lens; IOP, intraocular pressure; PEA, phacoemulsification.
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The 12 patients who underwent AIT and PEA + IOL simul-

taneously comprised the triple-surgery group. We compared 

the IOP and the range of IOP fluctuations between the single- 

and triple-surgery groups.

Postoperative medication
Postoperative treatment was a topical combination of steroids 

and antibiotics that were reduced over 4 weeks following the 

intervention. In addition, 2% pilocarpine eye drops 4 times/

day were used for 4 weeks after surgery to avoid peripheral 

anterior synechia. The same antiglaucoma medication was 

continued throughout the study period.

Evaluation of IOP fluctuations
We evaluated IOP fluctuations separately in the diurnal and 

nocturnal periods as previously described.13 Since CLS could 

monitor accurately, we could see the spiking increase in IOP 

caused by eye blinks (Figure 1B) and the ocular pulsation fre-

quency according to cardiac activity during sleep (Figure 1C). 

The nocturnal/sleep period was defined through the observa-

tion of blink eliminations as short and high spikes that were 

displayed by the software. We could easily recognize and 

separate sleeping and wakefulness with the software.

To analyze the IOP fluctuations, the range was defined 

as the difference between the maximum and minimum val-

ues over 24 h, the diurnal period, and the nocturnal period 

(Figure 1A, D). To evaluate the patterns of IOP fluctuations 

for 24 h in each patient, the CLS signals were reconstituted 

by using the hourly mean IOP (mVeq).

Evaluation of the change in corneal 
thickness and meridians
The central corneal thickness (CCT) and corneal meridians, 

which may influence IOP measurement, were measured with 

anterior-segment optical coherence tomography before and 

after 24 h IOP measurement in each eye. The CCT, steeper 

meridian, and flatter meridian of all patients were measured 

twice before and after the surgeries with CASIA (Tomey 

Corp. Nagoya, Japan). We compared the differences before 

and after surgeries, and before and after the measurement 

of CLS. If there is a significant difference in the corneal 

curvature before and after the surgery, it will affect the data 

with CLS, so it is necessary to confirm.

Definition of success
Success was defined as when both of the following criteria 

were met: 1) postoperative IOP level between 6 and 21 mmHg, 

with or without antiglaucoma medications and 2) an IOP 

reduction $20% relative to the eye’s preoperative value. 

Eyes requiring additional glaucoma surgery that developed 

phthisis or that showed loss of light perception were classi-

fied as failures.

Statistics
A paired t-test and a Wilcoxon signed-rank test were used 

for all statistical analyses. Statistical significance was 

defined at p,0.05. Assuming that the standard deviation 

(100 mVeq) of the IOP fluctuation was 100 mVeq, we 

found that a total of 10 pairs were necessary to detect a 

meaningful difference of 100 mVeq with respect to the IOP 

fluctuation with 80% power and the two-sided significance 

level of 0.05.

Results
Ophthalmic data
Table 1 shows the ophthalmic data of the patients. The study 

was performed on 24 eyes of 24 patients (15  males and 

9 females: mean age 74.4±5.9 years). No patients took 

oral acetazolamide. Twelve patients who had undergone 

PEA + IOL surgery underwent only AIT surgeries (single-

surgery group). The other 12 patients with phakic eye 

were operated with PEA + IOL + AIT triple surgery 

(triple-surgery group).

In one patient, Zinn’s zonule was so loose that we 

could not place the IOL in the capsule; we thus performed 

a vitrectomy and IOL was fixed at the ciliary sulcus. Other 

surgeries were performed successfully, and no intraopera-

tive complications occurred. After the surgeries, there were 

no severe postoperative complications such as hypotony, 

hypotony maculopathy, choroidal effusion or hemorrhage, 

and endophthalmitis.

Table 1 Ophthalmic data of the PEX patients

Characteristic Total 
(n=24)

Single 
(n=12)

Triple 
(n=12)

p-value

Age (years) 74.4±5.9 76.3±6.0 72.4±5.4 0.108
Gender (male) 15 (62.5%) 6 (50%) 9 (75%) 0.746
CCT (μm) 526±36 538±36 515±35 0.131
Medication 3.6±0.7 3.6±0.7 3.7±0.7 0.689
Pre-IOP (mmHg) 23.0±5.0 23.5±6.5 22.5±3.0 0.653
Post-IOP (mmHg) 13.0±3.3 14.6±2.8 11.5±2.9 0.0154
IOP reduction (%) 41.5±15.9 34.8±16.2 48.2±13.0 0.0358

Notes: Data are mean ± standard error. Single: single-surgery group (only AIT). 
Triple: triple-surgery group (cataract surgery and AIT simultaneously). Pre-IOP: 
intraocular pressure before the surgeries. Post-IOP: intraocular pressure after the 
surgeries. IOP reduction: IOP reduction rate before and after surgeries. The p-value 
is the comparison between the single- and triple-surgery groups. Bold p-values are 
statistically significant (p0.05).
Abbreviations: AIT, ab interno trabeculectomy; CCT, central corneal thickness; 
IOP, intraocular pressure; PEX, pseudoexfoliation.
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IOP values before and after the surgeries
The mean preoperation IOP values of the two groups 

were not significantly different (p=0.653). The mean IOP 

values at 3  months were significantly decreased from 

23.5±6.5 mmHg to 14.6±2.8 mmHg in the single-surgery 

group (p=0.0002) and from 22.5±3.0 mmHg to 11.5±2.9 

mmHg in the triple-surgery group (p=0.0005). The mean 

IOP reduction rate was 41.5%±15.9% in all patients. The IOP 

reduction rate was significantly higher in the triple-surgery 

group (48.2%±13.0%) compared to the single-surgery group 

(34.8%±16.2%) (p=0.0358). The success rate in the single-

surgery group was 83.3%, and there were two cases in which 

the IOP reduction rate was lower than 20%. The success rate 

in the triple-surgery group was 100%. There was no case of 

additional operation within 3 months.

Measurement of IOP fluctuations 
with CLS
Habitual IOP fluctuations over 24 h in each patient were 

successfully recorded using a CLS. The patients showed 

no serious complications related to measurement with the 

CLS. Table 2 shows the results of IOP fluctuations with 

CLS before and after surgeries. The mean range of IOP 

fluctuations over 24 h and during the diurnal periods was 

not significantly different (p=0.166, p=0.761). In contrast, 

during the nocturnal periods, statistical significance was 

observed (p,0.001). The ranges of IOP fluctuations before 

and after single surgery are shown in Figure 2. Similarly, 

IOP fluctuations decreased significantly during the nocturnal 

periods (p=0.0425). IOP fluctuations during the nocturnal 

period decreased in 10 of the 12 AIT-alone patients. The 

ranges of IOP fluctuations in the triple-surgery group are 

illustrated in Figure 3. The mean range of IOP fluctuations 

over 24 h and during the nocturnal periods was significantly 

decreased (p=0.0425, p=0.0049). The IOP fluctuations over 

24 h and during the nocturnal periods decreased in 9 of the 

12 patients.

Figure 4 shows the average of IOP fluctuations at each 

hour-long period before and after AIT. The IOP tended 

to rise gradually from noon to nighttime and fall during 

early morning. On average, the IOP (mVeq) fell rapidly 

at 5:00 a.m. before AIT. The IOP fell more gently after 

the AIT. Figure 5 shows the average of IOP fluctuations at 

each hour-long period before and after AIT + PEA + IOL. 

The range of IOP fluctuations was smaller throughout the 

day, especially during nocturnal periods, after the surgeries. 

Figure 1D shows a typical example of IOP fluctuations before 

and after triple surgery.

Corneal effects of the CLS
To examine the effects of the CLS on the cornea, we analyzed 

CCT, steeper meridian, and flatter meridian. We com-

pared these items before and after surgeries, and all items 

showed no significant difference (Table 3).

We also compared these items between before and after 

measurement with the CLS (Table 4). All items were largely 

unchanged.

Discussion
We performed continuous 24 h IOP fluctuation monitoring 

before and after surgeries in 24 eyes with PEX glaucoma. 

Both single and triple surgeries resulted in significant 

Table 2 Comparison of IOP fluctuations before and after AIT surgery

24 h Diurnal period Nocturnal period

Preop Postop p-value Preop Postop p-value Preop Postop p-value

All (n=24) 487±170 428±139 0.166 449±167 429±131 0.761 277±129 190±61 ,0.001
Single (n=12) 498±208 448±172 0.97 465±205 466±157 0.519 305±162 196±68 0.0425
Triple (n=12) 476±130 408±99 0.0425 433±126 392±92 0.23 250±81 185±55 0.0049

Notes: Data are mean ± standard error. Preop: preoperative IOP fluctuation measured with CLS (mVeq). Postop: postoperative IOP fluctuation measured with CLS (mVeq). 
Single: single-surgery group (only AIT). Triple: triple-surgery group (cataract surgery and AIT simultaneously). Bold p-values are statistically significant.
Abbreviations: AIT, ab interno trabeculectomy; CLS, contact lens sensor; IOP, intraocular pressure.

Figure 2 The average of IOP fluctuation at each 1-hr period before and after AIT 
(single-surgery group).
Notes: Dotted line: before the AIT surgery. Solid line: After AIT surgery. Before 
AIT, the line of falls rapidly at 5:00 a.m. The IOP fluctuation was smaller before AIT 
than after AIT during the nocturnal periods.
Abbreviations: AIT, ab interno trabeculectomy; IOP, intraocular pressure.
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decreases in the IOP values and IOP fluctuations during the 

nocturnal periods after 3 months.

Klamann reported that AIT was effective in IOP reduc-

tion in cases of PEX glaucoma.18 Other studies showed that 

triple surgery more effectively lowered IOP compared to only 

single surgery.19,23 Our present findings agreed with these 

studies’ results. In our investigation, single surgery for PEX 

glaucoma patients resulted in improved IOP, and triple sur-

gery was more effective at lowering IOP than single surgery. 

The IOP reduction rate in previous reports was approximately 

37.3%–39.3% at 3 months after AIT surgeries.17,18 These 

data are almost equal to our result. Parikh et al25 reported 

that PEA + IOL did not make a significant contribution to 

postoperative IOP when combined with trabectome surgery 

in phakic patients.

We suspected that there are three reasons for the greater 

reduction in mean IOP after triple surgery compared to single 

surgery. The first reason is the opening of the anterior cham-

ber angle, and the second reason is the effect of washout of 

exfoliation material. The third reason is that phacoemulsifica-

tion could make the front surface of the lens move backward, 

and the ciliary muscle to relax, and so the TM and Schlemm’s 

canal stretch and the aqueous flow is improved. Bussel et al25 

reported that the width of the preoperative angle was not 

associated with the results of AIT + PEA + IOL surgeries.

In PEX glaucoma, the aqueous flow resistance of TM is 

related to the accumulation of exfoliation materials. When 

patients undergo PEA + IOL, irrigation and aspiration could 

wash out the exfoliation materials. Damji et al26 reported 

that PEA + IOL could decrease the IOP more in patients 

with PEX compared to those without PEX. Widder et al23 

observed that trabecular aspiration could decrease IOP in 

PEX glaucoma patients.

Whether laser trabeculoplasty is a factor in AIT failure 

has not been established.27,28 Due to the relatively few cases 

in our present study, we could not address this issue.

Because the reproducibility of the measurement of the 

circadian IOP pattern with the CLS has been confirmed to 

be acceptable,29,30 we used the CLS to examine changes in 

Figure 3 The average of IOP fluctuation at each 1 hr period before and after 
AIT + PEA + IOL (triple-surgery group).
Notes: Dotted line: before the AIT + PEA + IOL. Solid line: After the surgeries.
Abbreviations: AIT, ab interno trabeculectomy; IOL, intraocular lens; IOP, intrao
cular pressure; PEA, phacoemulsification.

Figure 4 The range of IOP fluctuation in single-surgery group.
Notes: Boxplots of the range of IOP fluctuation (A) over 24 hr and during the (B) 
diurnal periods and (C) nocturnal periods before and after AIT. AIT significantly 
decreased the range of IOP fluctuation during the nocturnal periods (p=0.0425). 
*p0.05.
Abbreviations: AIT, ab interno trabeculectomy; IOP, intraocular pressure.

Figure 5 The range of IOP fluctuation in Triple-surgery group.
Notes: Boxplots of the range of IOP fluctuation (A) over 24-hr and during the 
(B) diurnal periods and (C) nocturnal periods before and after AIT + PEA + IOL. 
AIT + PEA + IOL significantly decreased the range of IOP fluctuation throughout the 
day (p=0.0425) and during the nocturnal periods (p=0.0049). *0.05; **0.01.
Abbreviations: AIT, ab interno trabeculectomy; IOL, intraocular lens; IOP, intrao
cular pressure; PEA, phacoemulsification.
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IOP fluctuations before and after single or triple surgery. 

Considering that the glaucoma medication was not changed, 

and the corneal curvature was not significantly different 

between before and after surgeries, we thought that the IOP 

fluctuations with CLS were measured on almost the same 

conditions. Our analysis of IOP fluctuations with the CLS in 

both patient groups demonstrated that IOP fluctuations were 

reduced during the nocturnal period. We observed that 79.2% 

(19 of 24) of the PEX glaucoma patients had decreased IOP 

fluctuations during the nocturnal periods. This improvement 

of IOP fluctuations might be important for the prevention of 

glaucoma progression in PEX glaucoma patients, because 

IOP fluctuations have been associated with a progressive 

deterioration of the visual field.31,32 We had compared the fluc-

tuation of IOP with CLS between normal-tension glaucoma 

patients and healthy subjects. Although there was no signifi-

cant difference in the mean of IOP, the IOP fluctuation was 

significantly larger in the normal-tension glaucoma patients.33 

The volume of IOP fluctuation and the value of IOP might be 

independent factors. Some of studies reported that the IOP 

fluctuation and the progression of glaucoma were related, but 

this remains controversial.34,35 The reason for the decrease in 

IOP fluctuation might be due to improvement of outflow from 

the TM. Since the outflow from the TM increases as the IOP 

increases, it might be considered that IOP fluctuations could 

be decreased. Triple surgery could further open the angle, 

so the flow from TM is likely to increase, so IOP fluctua-

tion becomes smaller. The reason why the IOP fluctuation 

becomes small during nocturnal periods is not yet known.

In addition, peak IOP is known to be a risk factor for 

glaucoma progression.7 Although we could not determine the 

exact peak IOP in units of mmHg, CLS measurement showed 

the time of the peak IOP in the course of the 24 h habitual 

IOP fluctuations. Barkana et al36 and Jonas et al37 reported 

that 69%–75% of glaucoma patients had peak IOP outside 

regular clinic hours. In the present study, 83.3% (20 of 24) 

of the PEX patients had the preoperative maximum IOP 

value outside clinic hours. All of the postoperative maximum 

IOP values were during nocturnal periods. Measurements of 

IOP during clinic hours may fail to reveal the individual’s 

true IOP fluctuations. We had compared the fluctuations of 

IOP with CLS between PEX glaucoma patients and healthy 

subjects, and PEX glaucoma patients were found to have 

higher IOP fluctuation than healthy sujects.13 We found 

that CLS has advantages for examining peak IOP and IOP 

fluctuation throughout the day.

The possibility that artifacts with CLS might affect our 

results cannot be neglected. Hubanova compared the eyes 

between with CLS and without CLS (the control eyes), 

Wearing of the CLS overnight made CCT and corneal cur-

vature irregularities increase significantly.38 Freiberg et al39 

reported that wearing CLS did not affect the CCT, although 

the CLS induced some corneal swelling. In our study, the 

CCT was not significantly different before and after the 

measurement with CLS. The anterior steeper and anterior 

flatter meridians ware smaller. The reason might be due to the 

effects caused by gluing the CLS to the corneal surface.

Nonetheless, the measurement of IOP with the CLS has 

some limitations. The first limitation is that it is not possible 

to convert the recorded units of mVeq to units of mmHg. 

The CLS records relative IOP from the initial IOP, not the 

absolute IOP. The range of IOP fluctuations in PEX glau-

coma is ~4.8 mmHg with GAT.40 The relationship between 

the CLS device output and IOP as measured with GAT is 

known to be proportional, but not convert the units. The 

evaluation of CLS needs further study at present. Leonardi 

et al18 demonstrated that the IOP and the output of CLS 

were directly proportional.21 Mansouri et al30 reported that 

the reproducibility with CLS was good. Considering the 

measurement, the same patient, and no change in glaucoma 

Table 3 Change in curvatures before and after AIT surgery

Single Triple

Preop Postop p-value Preop Postop p-value

CCT (µm) 538±36 532±32 0.163 512±32 517±28 0.113
Steeper meridian (D) 44.1±1.7 44.1±1.5 0.992 44.5±1.5 44.7±1.6 0.482
Flatter meridian (D) 44.7±1.7 43.7±1.6 0.117 45.0±1.9 44.8±2.1 0.656

Notes: Data are mean ± standard error. Single: single-surgery group (only AIT). Triple: triple-surgery group (cataract surgery and AIT simultaneously).
Abbreviations: AIT, ab interno trabeculectomy; CCT, central corneal thickness.

Table 4 Change in curvatures before and after measurement with 
the CLS

Before 
measurement

After 
measurement

p-value

CCT (µm) 526±36 528±41 0.125
Steeper meridian (D) 44.2±1.7 43.8±1.9 0.136
Flatter meridian (D) 43.1±1.6 42.8±1.9 0.0593

Note: Data are mean ± standard error. 
Abbreviations: CCT, central corneal thickness; CLS, contact lens sensor.
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medication, the large IOP fluctuation measured with CLS 

might reflect real IOP changes.

A second limitation is the effects of the changes in the 

corneal shape. Wearing a CLS for 24 h might influence 

the corneal shape and the value of mVeq. In our study, CCT 

and corneal curvature were not significantly different before 

and after CLS measurement. A further study on CLS is needed 

to elucidate the relation of value of CLS and corneal shape.

A third limitation is that we did not consider long-term 

IOP fluctuations. A greater IOP fluctuation range and high 

maximum IOP levels may be contributory factors in PEX 

glaucoma. In this regard, treatment for glaucoma is needed 

not only to reduce temporary IOP but also to decrease the 

IOP fluctuation. Even though there are some limitations of 

the CLS, it is useful to continuously measure IOP fluctuation. 

Examination of IOP fluctuation with the CLS may become 

a useful tool for glaucoma treatment.

The measurement of IOP fluctuation with CLS is an accu-

rate and reproducible method, and we found it useful to evalu-

ate the IOP fluctuation. Both the AIT and AIT + PEA + IOL 

surgeries resulted in a decrease in IOP and IOP fluctuation 

during nocturnal periods. Triple surgery resulted in greater 

decreases in IOP value and IOP fluctuation compared to 

single surgery after 3 months. CLS might thus become a 

useful tool to evaluate IOP fluctuations in future.
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