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Purpose. To evaluate changes in flow density after the implantation of a trabecular microbypass stent (iStent) in combination with
cataract surgery.Methods. A total of 48 eyes of 48 patients, who underwent either cataract surgery alone (cataract group) or cataract
surgery with implantation of two iStent inject devices (iStent group), were prospectively included in this study. Intraocular pressure
(IOP) and flow density data before and after surgery were extracted and analyzed. Results. In the iStent group, the mean IOP was
18.2± 3.3mmHg prior to surgery and 13.2± 2.3 at follow-up, and this difference was statistically significant (p < 0 001). The mean
IOP in the cataract group also improved significantly after surgery (before: 17.1± 2.4; after: 15.1± 2.7 p = 0 003). The flow density
(whole en face) in the superficial and deep retinal OCT angiogram of the macula (superficial: p = 0 002; deep: p = 0 034) and in the
ONH (p = 0 011) improved significantly after surgery in the iStent group. The differences in the cataract group were not significant.
Conclusions. Flow density of the macula and ONH, as measured by OCTA, improved significantly after cataract surgery with iStent.
Noninvasive quantitative analyses of flow density provide a new parameter, which can help for the monitoring of therapy success
after glaucoma surgery.

1. Introduction

Glaucoma is a leading cause of irreversible blindness world-
wide, and its prevalence is projected to rise in the future.
The treatment of glaucoma is based on a lowering of intraoc-
ular pressure to minimize the risk of visual loss [1, 2].

Microinvasive glaucoma surgery (MIGS) has attracted
increasing interest in recent years. The microbypass stent
or iStent is a small intraocular implant, which is inserted
ab interno, sits within Schlemm canal, and reduces the IOP
in mild to moderate glaucoma combined with a favorable
safety profile [3–6]. iStent implantation is often performed
concurrently with phacoemulsification, and the combined
operation has been shown to significantly outperform
phacoemulsification alone in the lowering of IOP [4]

and to be similar to cataract surgery in terms of associ-
ated complications [5].

Optical coherence tomography angiography (OCTA) is a
new imaging technique, which enables visualization of blood
flow in the retina and optic nerve head without intravenously
injected dye and has been described in healthy subjects in
various retinal diseases and in animal models [7–12]. It is
also possible to quantify the blood flow in the retina and
ONH using OCTA, and a number of studies have demon-
strated a reduced disc perfusion in patients suffering from
glaucoma with this imaging procedure [9, 13, 14].

The aim of this study is to evaluate the impact of
iStent insertion in combination with phacoemulsification
on the flow density of the macula and ONH as measured
using OCTA.

Hindawi
Journal of Ophthalmology
Volume 2018, Article ID 2890357, 5 pages
https://doi.org/10.1155/2018/2890357

http://orcid.org/0000-0003-1197-0830
https://doi.org/10.1155/2018/2890357


2. Materials and Methods

2.1. Subjects and Selection Criteria. Twenty-four consecutive
patients diagnosed with cataract and open-angle glaucoma
whose IOP was uncontrolled using their antiglaucoma
medication were prospectively included in this study. The
study followed the tenets of the Declaration of Helsinki
and was approved by the Ethics Committee of the University
of Muenster, North Rhine Westphalia, Germany. A control
group of 24 eyes of 24 patients who underwent phacoemul-
sification cataract surgery without iStent implantation was
also included.

Patients with glaucoma other than open-angle glaucoma,
peripheral anterior synechiae, media opacities preventing a
gonioscopic view of the angle or high-quality imaging, dense
cataract, vitreoretinal disease, or neurological disease were
excluded from the study.

Surgery was performed under topical or general anesthe-
sia. In the cataract group, patients underwent a standard clear
corneal phacoemulsification with implantation of a foldable
IOL. In the iStent group, the standard clear corneal phacoe-
mulsificationwas followedby an iStent implantation (Glaukos
Corporation, Laguna Hills, CA). The surgical technique
has been described in previous publications. In brief, after
performing a standard clear corneal phacoemulsification
with implantation of a foldable IOL, acetylcholine was
injected into the anterior chamber to constrict the pupil.
Next, the anterior chamber was filled with a viscoelastic agent
(Healon, Abbott Medical Optics, Santa Ana, California,
USA) to improve visualization of the angle and then, under
gonioscopic view, two iStents were implanted through the
trabecular meshwork into Schlemm’s canal [5, 15].

2.2. Examination. All patients underwent a complete ocular
examination including refraction, IOP measurement (Gold-
mann applanation tonometer), slit lamp biomicroscopy,
gonioscopy, funduscopy, and OCT angiography imaging
before and after surgery. OCT angiography imaging was
obtained using the AngioVue OCTA system (RTVue XR
Avanti with AngioVue, Optovue Inc, Fremont, California,
USA). The system has an A-scan rate of 70,000 scans per sec-
ond using a light source centered on 840nm and a bandwidth
of 45nm. The split-spectrum amplitude-decorrelation angi-
ography (SSADA) algorithm was used to extract the OCT
angiography information. OCTA visualizes blood flow by
means of technology described in detail in various studies
in the literature. To visualize flow, OCT scans of a certain
region are performed repeatedly and resultant OCT images
are evaluated for changes. Whereas the blood flow in the
retinal vessels will result in changes between subsequent
OCT images, static tissue will show no change [8, 10, 16].

All OCTA imaging was performed under the same set-
ting at the same location by an expert examiner and before
imaging patients were asked to take a rest of about 5 minutes
[17]. Macula imaging was performed using 3.0× 3.0mm
scans while images over the optic nerve head were performed
with 4.5× 4.5mm scans. The software automatically seg-
mented the tissue into 4 layers, in the macula (superficial,
deep, outer retina, and choriocapillaris) and in the ONH

(optic nerve head, vitreous, radial peripapillary capillary
(RPC), and choroid). The segmentations of all examinations
were checked, and the flow density data of the optic nerve
head and the macula were then extracted and analyzed. The
flow density data were evaluated in the superficial retinal
OCT angiogram of the macula, the deep retinal OCT angio-
gram of the macula, and the radial peripapillary capillary
(RPC) layer of the optic nerve head (ONH). Images with lines
or gaps arising from poor signal strength or motion artifacts
were not included in the study.

2.3. Data Analysis and Statistics. Data management was per-
formed using Microsoft Excel 2013. IBM SPSS® Statistics 22
for Windows (IBM Corporation, Somers, NY, USA) was
used for statistical analyses. The normality of the data distri-
bution was tested using the Kolmogorov-Smirnov test. After
confirmation of the normality assumption, data are generally
presented as mean± standard deviation and changes at sub-
sequent follow-up compared with baseline were assessed
using paired sample t-tests. The two treatment groups were
compared using independent Student’s t-tests. The global
statistical significance level was set to 0.05. All inferential sta-
tistics are intended to be exploratory, not confirmatory, and
are interpreted accordingly.

3. Results

In this prospective study, 24 eyes of 24 patients with cataract
and open-angle glaucoma (age 73.5± 6.2 years, 14 female, 10
male) were consecutively enrolled in the iStent group.
Another 24 eyes of 24 patients (age 72.8± 8.9 years, 14
female, 10 male) were enrolled in the cataract group. There
was no significant difference in age (p = 0 770) between the
two groups.

In the iStent group, the mean IOP was 18.2± 3.3mmHg
prior to surgery and 13.2± 2.3 at follow-up, and this differ-
ence was statistically significant (p < 0 001). The IOP in the
cataract group also improved significantly after surgery
(before: 17.1± 2.4; after: 15.1± 2.7; p = 0 003). There was
no statistically significant difference in either groups
between the preoperative and postoperative signal strength
index (SSI) (macula: iStent group: before: 62.8± 7.3; after:
63.4± 7.9; p = 0 70; cataract group: before: 59.4± 6.0; after:
61.4± 7.0; p = 0 14; ONH: iStent group: before: 57.7± 8.0;
after: 58.3± 9.5; p = 0 87; cataract group: before: 56.3± 8.0;
after: 60.9± 8.3; p = 0 06).

In the iStent group, the flow density (whole en face), as
measured in the superficial and deep OCT angiogram of
the macula and in the RPC of the ONH, improved signif-
icantly after surgery (superficial OCT angiogram: before:
44.6± 2.9; after: 47.6± 4.5; p = 0 002; deep OCT angio-
gram: before: 50.9± 3.6; after: 53.0± 4.2; p = 0 034; RPC:
43.5± 7.7; after: 45.4± 6.5). The flow density data of the
iStent group are summarized in Table 1.

In the cataract group, there was no statistically significant
difference between the preoperative and postoperative flow
density whole en face (before surgery: 46.2± 2.5; after
surgery: 47.1± 2.6; p = 0 20). The flow density data in the
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cataract group before and after surgery are summarized in
Table 2.

4. Discussion

The flow densities in the retinal OCT angiogram of the mac-
ula and in the radial peripapillary capillary (RPC) network, as
measured using OCTA, improved significantly after iStent
implantation in conjunction with cataract surgery.

The iStent has become an important player among
microinvasive glaucoma surgeries. Compared with filtrating
surgery, the procedure has a higher safety profile and shorter
recovery time and is sparing of conjunctival tissue, should a
more invasive procedure be necessary [5, 18]. Microinvasive
glaucoma surgery (MIGS) is therefore becoming more popu-
lar. However, the reduction in intraocular pressure seen with
the iStent is lower than that achievable with filtering surgery
[5]. In clinical practice, this minimally invasive procedure is
usually performed in combination with cataract extraction.
This study demonstrates the “typical” clinical use of the
device and explores the utility of OCTA in monitoring the
success of a given treatment.

Optical coherence tomography (OCT) angiography is a
new imaging technique, in which the retinal and choroidal

circulation can be visualized without contrast agent. OCTA
also enables a quantitative analysis of blood flow. The repro-
ducibility and repeatability of flow density data as measured
by OCT angiography have been evaluated in normal subjects
and in glaucoma patients in different studies in the literature
[13, 19, 20].

Evaluation studies on OCTA in patients suffering from
glaucoma show a reduction of ONH and macula perfusion
in glaucoma patients compared with healthy controls. The
flow density data also correlate with disease severity as well
as functional and structural damage [9, 21, 22]. Furthermore,
Akil et al. demonstrated that vessel density measurements
derived from noninvasive OCT angiography show a stepwise
decrease from normal eyes to preperimetric glaucoma eyes to
mild POAG eyes [22]. Holló demonstrated that OCT angiog-
raphy is also able to detect transient changes in peripapillary
perfusion noninvasively in glaucoma patients. In that study,
the peripapillary flow density was evaluated in 6 eyes of 4
patients with IOP>=35mmHg before and after topical treat-
ment. In Holló’s case series, the peripapillary flow density
increased significantly after medical IOP reduction in all
cases [23]. Our study evaluated the impact of iStent

Table 1: Characteristics of the study population in the iStent group
and values of flow density obtained in the indicated regions before
and after surgery. Bold: statistically significant differences.

(a)

iStent group

N 24

Age (years) 73.46± 6.24
Gender (female :male) 14 : 10

(b)

Before surgery
mean± SD

After surgery
mean± SD p value

IOP 18.17± 3.25 13.21± 2.34 <0.001
OCTA—superficial

Flow density
(whole en face)

44.56± 2.89 47.61± 4.46 0.002

Flow density (fovea) 29.50± 5.42 31.99± 7.06 0.016

Flow density (parafovea) 46.62± 3.11 49.52± 4.53 0.003

OCTA—deep

Flow density
(whole en face)

50.86± 3.62 52.97± 4.22 0.034

Flow density (fovea) 29.21± 6.22 31.47± 8.24 0.063

Flow density
(parafovea)

53.05± 4.37 54.89± 4.63 0.074

OCTA—RPC

Flow density (whole en
face)

43.53± 7.70 45.40± 6.54 0.011

Flow density (inside disc) 25.83± 12.50 28.58± 14.36 0.012

Flow density
(peripapillary)

52.49± 8.32 53.17± 6.89 0.421

Table 2: Characteristics of the study population in the cataract
group and values of flow density obtained in the indicated regions
before and after surgery. Bold: statistically significant differences.

(a)

Cataract group

N 24

Age (years) 72.79± 8.88
Gender (female :male) 14 : 10

(b)

Before surgery
mean± SD

After surgery
mean± SD p value

IOP 17.14± 2.36 15.10± 2.74 0.003

OCTA—superficial

Flow density
(whole en face)

46.22± 2.49 47.05± 2.59 0.200

Flow density (fovea) 28.18± 5.45 28.57± 4.87 0.740

Flow density
(parafovea)

48.63± 2.56 49.07± 3.05 0.576

OCTA—deep

Flow density
(whole en face)

53.08± 2.42 54.20± 2.28 0.099

Flow density (fovea) 29.45± 6.78 31.15± 6.64 0.333

Flow density
(parafovea)

55.99± 2.63 56.30± 3.62 0.668

OCTA—RPC

Flow density
(whole en face)

50.16± 4.81 50.04± 4.58 0.827

Flow density
(inside disc)

39.95± 9.89 40.77± 9.39 0.294

Flow density
(peripapillary)

58.73± 6.16 57.90± 5.73 0.228
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combined with phacoemulsification in coexistent open-angle
glaucoma and cataract on flow density measured using
OCTA. To the best of our knowledge, this is the first study
to evaluate the impact of a surgical lowering of IOP on flow
density measurements. After cataract surgery in combination
with iStent insertion, the vessel density (whole en face)
improved significantly in the superficial retinal OCT angio-
gram of the macula, in the deep retinal OCT angiogram of
the macula, and in the radial peripapillary capillary (RPC)
layer of the optic nerve head (ONH). Although the IOP
improved significantly after surgery in the cataract group,
the differences of flow density were not significant. This
may be explained by the relatively minor changes in IOP in
the cataract group compared with the iStent group or by
the small sample size.

This study is not without limitations. First, the image
quality could be improved after cataract surgery, which
might influence the flow density measurements. However,
patients with media opacities preventing high-quality imag-
ing and those with dense cataract were excluded from the
study. In this context, it is also important to mention that
there was no statistically significant difference between the
pre- and postoperative signal strength index. Second, our
study is also limited by its small sample size, and this should
be considered when evaluating the outcome in the cataract
group. However, this study was designed to evaluate the
impact of iStent insertion in combination with phacoemulsi-
fication on flow density measurements and not to compare
cataract surgery alone with cataract surgery in combination
with iStent. This has been evaluated in other studies in the lit-
erature. Third, our results may have been affected by the
short follow-up time. Further longitudinal studies involving
larger numbers of patients are thus needed.

In conclusion, iStent insertion in combination with cata-
ract extraction induced a significant improvement in macular
and ONH perfusion. Not only does flow density, as measured
by OCTA, appear to correlate with structural and functional
glaucoma damage, but OCTA is also able to visualize acute
changes in macula and ONH perfusion and can therefore
be used to evaluate short-term therapy success.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

References

[1] Y. C. Tham, X. Li, T. Y. Wong, H. A. Quigley, T. Aung,
and C. Y. Cheng, “Global prevalence of glaucoma and projec-
tions of glaucoma burden through 2040: a systematic review
and meta-analysis,” Ophthalmology, vol. 121, no. 11,
pp. 2081–2090, 2014.

[2] H. A. Quigley and A. T. Broman, “The number of people with
glaucoma worldwide in 2010 and 2020,” British Journal of
Ophthalmology, vol. 90, no. 3, pp. 262–267, 2006.

[3] M. S. Malvankar-Mehta, Y. N. Chen, Y. Iordanous, W. W.
Wang, J. Costella, and C. M. L. Hutnik, “iStent as a solo proce-
dure for glaucoma patients: a systematic review and meta-
analysis,” PLoS One, vol. 10, no. 5, article e0128146, 2015.

[4] M. S. Malvankar-Mehta, Y. Iordanous, Y. N. Chen et al.,
“iStent with phacoemulsification versus phacoemulsification
alone for patients with glaucoma and cataract: a meta-analy-
sis,” PLoS One, vol. 10, no. 7, article e0131770, 2015.

[5] C. L. Larsen and T. W. Samuelson, “Managing coexistent cat-
aract and glaucoma with iStent,” Survey of Ophthalmology,
vol. 62, no. 5, pp. 706–711, 2017.

[6] L. Voskanyan, J. García-Feijoó, J. I. Belda et al., “Prospective,
unmasked evaluation of the iStent® inject system for open-
angle glaucoma: synergy trial,” Advances in Therapy, vol. 31,
no. 2, pp. 189–201, 2014.

[7] M. Alnawaiseh, C. Brand, J. L. Lauermann, and N. Eter, “Flow
density measurements using optical coherence tomography
angiography: impact of age and gender,” Ophthalmologe,
2017.

[8] Y. Jia, S. T. Bailey, D. J. Wilson et al., “Quantitative optical
coherence tomography angiography of choroidal neovascular-
ization in age-related macular degeneration,” Ophthalmology,
vol. 121, no. 7, pp. 1435–1444, 2014.

[9] P.-M. Lévêque, P. Zéboulon, E. Brasnu, C. Baudouin, and
A. Labbé, “Optic disc vascularization in glaucoma: value of
spectral-domain optical coherence tomography angiography,”
Journal of Ophthalmology, vol. 2016, Article ID 6956717,
9 pages, 2016.

[10] M. Quaranta-El Maftouhi, A. El Maftouhi, and C. M. Eandi,
“Chronic central serous chorioretinopathy imaged by optical
coherence tomographic angiography,” American Journal of
Ophthalmology, vol. 160, no. 3, pp. 581–587.e1, 2015.

[11] M. Alnawaiseh, F. Schubert, P. Nelis, G. Wirths,
A. Rosentreter, and N. Eter, “Optical coherence tomography
(OCT) angiography findings in retinal arterial macroaneur-
ysms,” BMC Ophthalmology, vol. 16, no. 1, p. 120, 2016.

[12] M. Alnawaiseh, A. Rosentreter, A. Hillmann et al., “OCT angi-
ography in the mouse: a novel evaluation method for vascular
pathologies of the mouse retina,” Experimental Eye Research,
vol. 145, pp. 417–423, 2016.

[13] G. Holló, “Intrasession and between-visit variability of sector
peripapillary angioflow vessel density values measured with
the angiovue optical coherence tomograph in different retinal
layers in ocular hypertension and glaucoma,” PLoS One,
vol. 11, no. 8, article e0161631, 2016.

[14] X. Wang, C. Jiang, T. Ko et al., “Correlation between optic disc
perfusion and glaucomatous severity in patients with open-
angle glaucoma: an optical coherence tomography angiogra-
phy study,” Graefe's Archive for Clinical and Experimental
Ophthalmology, vol. 253, no. 9, pp. 1557–1564, 2015.

[15] P. Arriola-Villalobos, J. M.Martínez-de-la-Casa, D. Díaz-Valle
et al., “Mid-term evaluation of the new Glaukos iStent with
phacoemulsification in coexistent open-angle glaucoma or
ocular hypertension and cataract,” British Journal of Ophthal-
mology, vol. 97, no. 10, pp. 1250–1255, 2013.

[16] R. F. Spaide, J. G. Fujimoto, and N. K. Waheed, “Image arti-
facts in optical coherence tomography angiography,” Retina,
vol. 35, no. 11, pp. 2163–2180, 2015.

[17] M. Alnawaiseh, L. Lahme, M. Treder, A. Rosentreter, and
N. Eter, “Short-term effects of exercise on optic nerve and
macular perfusion measured by optical coherence tomography
angiography,” Retina, vol. 37, no. 9, pp. 1642–1646, 2017.

[18] T. W. Samuelson, L. J. Katz, J. M. Wells, Y. J. Duh, J. E.
Giamporcaro, and US iStent Study Group, “Randomized
evaluation of the trabecular micro-bypass stent with

4 Journal of Ophthalmology



phacoemulsification in patients with glaucoma and cata-
ract,” Ophthalmology, vol. 118, no. 3, pp. 459–467, 2011.

[19] M. Al-Sheikh, T. C. Tepelus, T. Nazikyan, and S. V. R. Sadda,
“Repeatability of automated vessel density measurements
using optical coherence tomography angiography,” British
Journal of Ophthalmology, vol. 101, no. 4, pp. 449–452, 2017.

[20] F. Coscas, A. Sellam, A. Glacet-Bernard et al., “Normative data
for vascular density in superficial and deep capillary plexuses
of healthy adults assessed by optical coherence tomography
angiography,” Investigative Ophthalmology & Visual Science,
vol. 57, no. 9, pp. OCT211–OCT223, 2016.

[21] H. S.-L. Chen, C.-H. Liu, W.-C.Wu, H.-J. Tseng, and Y.-S. Lee,
“Optical coherence tomography angiography of the superficial
microvasculature in the macular and peripapillary areas in
glaucomatous and healthy eyes,” Investigative Ophthalmology
& Visual Science, vol. 58, no. 9, pp. 3637–3645, 2017.

[22] H. Akil, A. S. Huang, B. A. Francis, S. R. Sadda, and
V. Chopra, “Retinal vessel density from optical coherence
tomography angiography to differentiate early glaucoma, pre-
perimetric glaucoma and normal eyes,” PLoS One, vol. 12,
no. 2, article e0170476, 2017.

[23] G. Holló, “Influence of large intraocular pressure reduction
on peripapillary OCT vessel density in ocular hypertensive
and glaucoma eyes,” Journal of Glaucoma, vol. 26, no. 1,
pp. e7–e10, 2017.

5Journal of Ophthalmology


	Changes in Flow Density Measured Using Optical Coherence Tomography Angiography after iStent Insertion in Combination with Phacoemulsification in Patients with Open-Angle Glaucoma
	1. Introduction
	2. Materials and Methods
	2.1. Subjects and Selection Criteria
	2.2. Examination
	2.3. Data Analysis and Statistics

	3. Results
	4. Discussion
	Conflicts of Interest

