Int Ophthalmol (2023) 43:4067-4078
https://doi.org/10.1007/s10792-023-02823-x

ORIGINAL PAPER

q

Check for
updates

Effect of the iridocorneal angle size on the diurnal
pressure profile in a glaucoma suspect cohort and patients

with glaucoma

Michael Miiller - Ana Pavlovic - Theresa Niermann - Ivana Pavlovic -

Siegfried Priglinger - Thomas Kohnen

+ Mehdi Shajari - Marc Mackert

Received: 31 May 2021 / Accepted: 9 July 2023 / Published online: 2 September 2023

© The Author(s) 2023

Abstract

Purpose To evaluate the impact of the iridocorneal
angle size (ICAS) on the diurnal intraocular pressure
(IOP) in patients with suspected glaucoma (SG).
Method Patients with any eye-pressure lowering
medication or previous ocular surgery were excluded.
In a retrospective study set, diurnal IOP profiles of
120 patients (205 eyes) within a 48-h period were
analysed by regression analysis. Of those eyes, 44
were diagnosed to have glaucoma. The remaining
eyes were used as healthy control group (HCG).
Results The overall mean (0)3 was
15.63 mmHg=+2.72 mmHg and mean ICAS was
23.92°+4.74°. In the glaucoma cohort, mean
IOP was 18.77+1.86 mmHg and mean ICAS
was 25.02°+4.96°. In the HCG, mean IOP
was 14.77+2.25 mmHg and mean ICAS was
23.62°+4.64°. In the total cohort, as well as in the
subgroups (HCG or glaucoma), regression analy-
sis showed no significant impact even of the mini-
mum ICAS, which was larger than 10°, on average
(P=0.89), maximum (P=0.88), and range of IOP
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(P=0.49) within 48 h. The difference between glau-
coma cohort and HCG cohort was significant in
terms of IOP (P <0.001), but not for minimum ICAS
(P=0.07). Chi-square test showed no increase in
prevalence of IOP peaks of >21 mmHg within 48 h
in eyes with an angle between 10° and 20° (P=0.18).
Conclusion An ICAS of larger than 10° in HCG or
glaucoma patients with an open-angle does not influ-
ence the minimum, average, maximum or range of
IOP. Additionally, an angle size larger than 10° does
not allow the prediction of IOP changes in these two
cohorts.

Keywords Iridocorneal angle - Glaucoma -
Intraocular pressure (IOP) - Visual field defects -
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Introduction

In the past, primary glaucoma was simply defined as
“an elevated IOP over the normal range (21 mmHg)”
and the appearance of an increased excavation of the
optic nerve head and visual field defects [1-4]. The
modern, more accurate definition includes the physi-
ological changes caused by glaucoma: it’s a “chronic
neuropathy leading to specific changes in the mor-
phology of the optic disc, the reduction of retinal
nerve fibres, and the loss of ganglian cell function
form visual field defects” [5-8]. From a more ana-
tomical perspective, primary glaucoma is typically
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grouped into two main categories due to the different
characteristics of the cornea and iris-basis formation,
the so called iridocorneal angle (ICA): primary open-
angle (POAG) and primary angle-closure glaucoma
(PACG) [9], where the latter seems to be more often
connected with IOP peaks.

Due to the variety of “normal” changes in the optic
disc morphology and the variability in measurements
of the RNFL, it is challenging in suspected cases to
detect early functional defects [6, 7] and to decide,
if the eye shows just a variation of the norm or is
already in an early stage of glaucoma.

Although the definition of glaucoma has changed,
an elevated IOP is still one of the most important risk
factors and helps to diagnose potential glaucoma. In
order to detect an elevated IOP in patients with sus-
pected glaucoma, it is often not enough to measure
the IOP once, because it is well known that the IOP
is changing over time. Thus, repeating measurements
over the day, a so-called diurnal tension curve (DTC),
is an appropriate method to detect possible IOP peaks
and to help to decide if an early stage of glaucoma
is present. Thus, in patients with SG and so far nor-
mal IOP we are used to add a DTC to our diagnos-
tic armamentarium. Due to the fact that it is difficult
to include a night-time measurement to a DTC in an
out-patient setting we perform DTCs during an in-
patient session.

In an effort to combine all relevant data points to
detect a glaucoma, our out-patient department per-
formed measurents of the IOP in a sitting position
with applanating technique (Goldmann), a corneal
thickness measurement (Pentacam, Oculus, Wetzlar,
Germany) to correct the IOP, a visual field test (pro-
gram 32/2, Octopus 900, Haag Streit, Switzerland), a
gonioscopy, a photo and an OCT-measurement (Top-
con OCT 2000, Japan) of the optic disc. The clinical
diagnostics is complemented by a 48-h pressure pro-
file (DTC) on an in-patient situation.

Although DTCs are relevant to detect early stages
of glaucoma, it is worth noting that reportings of
diurnal IOP changes are inconsistent and unpre-
dictable: some studies report a morning IOP peak
[10-13], whereas other studies show higher nocturnal
IOP levels [14, 15]. Furthermore, several parameters
seem to have an influence on the diurnal pressure pro-
file: physical activity, fluid intake, chronobiological
rhythms [16] and interestingly, the time of the year
[17]. Despite all these influencing factors, the 48-h
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measurement enables us to evaluate the baseline IOP-
level, diurnal IOP changes and IOP peaks and light-
ens the decision between a healthy eye situation or a
glaucoma.

Concerning the diagnostics of glaucoma and due
to the differentiation of POAG and PACG on the
basis of clinically ICA evaluation, we were interested
if different anterior chamber angles (ACA) would
have an effect on diurnal pressure profiles in patients
with suspected glaucoma (SG). Our hypothesis was
that a smaller anterior chamber angle could result in
a higher average IOP and a higher frequency of pres-
sure peaks (IOP >21mmHG).

This retrospective study evaluates the influence
of the iridocorneal angle size (ICAS), measured by
a rotating Scheimpflug camera (Pentacam, Ocu-
lus, Wetzlar, Germany), on the IOP during a diurnal
intraocular pressure profile in SG eyes without any
IOP lowering therapy. In a further subgroup analysis,
patients in our cohort who were diagnosed to have
glaucoma due to their IOP profile in combination
with other existing data were considered as a glau-
coma-group and compared to the remaining “healthy”
cohort.

Materials and methods

In this retrospective study, 120 SG in-patients (205
eyes) were analysed. All patients were recruited
between 2014 and 2018 at the Clinic of Ophthal-
mology, Goethe University, located in Frankfurt am
Main, Germany. The study was approved by the local
ethics committee and is in accordance with the Hel-
sinki Declaration.

Exclusion criteria were any prior medical or sur-
gical intervention for the control of IOP, past ocular
surgery, any other intraocular disorder, condition
preventing reliable applanation tonometry or vis-
ual field assessment. None of the patients were on
any systemic or topical medication that could have
potentially influenced the IOP. Patients were specifi-
cally asked about former use of topical or systemic
steroids.

To evaluate the effects of the iridocorneal angle
size (ICAS) on the IOP, patients underwent diur-
nal intraocular pressure measurements (DTC).
Within a 48-h in-patient period, a total of 10 meas-
urements per patient were performed. Every day 5
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measurements were performed at 8 a.m., 12 p.m., 4
p-m., 8 p.m. and 10 p.m.. All measurements were
performed in sitting position without using pupil
size changing eyedrops and under photopic light
conditions. IOP was measured using the Gold-
mann applanation tonometry (GAT) by the respec-
tive ophthalmologist, who has been trained in such
a procedure. The tonometer was attached to a slit-
lamp. Because IOP measurements by GAT are
altered by the central corneal thickness (CCT), we
used the Dresdner correction table to achieve an
“IOP corrected for corneal thickness” [18, 19].

The final decisions whether the patient had glau-
coma or not were made by our senior ophthalmolo-
gist. The decision-making criteria were clinical
appearance of optic nerve head, appearance of iri-
docorneal angle in gonioscopy, the IOP profile, vis-
ual field examination (Octopus 900), and the RNFL
measured by OCT (Topcon 3D OCT-2000) in
accordance with the “Terminology and Guidelines
for Glaucoma” of the European Glaucoma Society
(www.eugs.org) [20]. Here, a papilla excavation of
more than 0.5 in combination with beginning vis-
ual field defects or a reduced RNFL (retinal nerve
fibre layer) and an IOP elevated over 21 mmHg in
the DTC lead to the diagnosis of glaucoma. The
final diagnosis, including whether therapy would be
necessary or not, was made before the patients were
discharged.

We obtained measurements of the iridocorneal
angle (ICA) and anterior chamber depth in a dark-
ened room using a rotating Scheimpflug camera (Pen-
tacam, Oculus, Wetzlar, Germany) in sitting position
without using pupil size changing eyedrops. Pupil
size was measured by the device. The ICAS was
measured manually in the superionasal, nasal, infe-
rior nasal, inferior, inferiotemporal, temporal, and
superiotemporal angle. The technique and advantage
of the manual measurement of the ICA was described
in detail by Shajari et al. in 2019 [21]. The superior
ICA was not included in our evaluation because it
is often masked by the upper lid and thus the data
is incorrect. A screenshot of the Pentacam measure-
ment was obtained, printed, and then evaluated using
a square and angle meter. The technician ensured that
the measuring line was drawn tangentially from the
trabecular meshwork/scleral spur to the anterior iris
surface, and tangentially to the inner corneal surface.
The received ICAS was measured using an angle

meter (Table 1). All measurements of the ICAS were
completed by the same person.

For statistical analysis, the Shapiro-Wilk or Kol-
mogorov—Smirnov test was used to analyse data dis-
tribution. Depending on this outcome, a parametric
¢t test or a non-parametric Wilcoxon-Mann—Whit-
ney test was used to compare means between the
glaucoma and the healthy eye subgroups. Under the
assumption that ICAS influences the IOP, the smaller
the ICAS the higher this effect would be. Thus, lin-
ear regression analysis was performed to detect the
impact of ICAS on minimum, average, maximum,
and range (defined as difference of maximum and
minimum pressure during the 48 h pressure profile)
of IOP. P<0.05 was considered statistically signifi-
cant. Because including both eyes of the same patient
can be viewed as a source of bias, we additionally
analysed only the right eye of each patient to evalu-
ate inter-collinearity. Further, in a subgroup analysis
we compared the obtained glaucoma-group to the
remaining “healthy” cohort.

Results

Diurnal intraocular pressure profiles of 120 SG
patients (total of 205 eyes), without any IOP lowering
therapy, were analysed.

For all eyes, the overall mean IOP was
15.63 mmHg +2.72 mmHg (range 825 mmHg) and
the mean iridocorneal angle size was 23.92°+4.74°
(range 13°-35°). We did not register an iridotrabecu-
lar contact (ITC) with two or more quadrants during
the clinical assessment.

A regression analysis was performed to detect the
effect of the angle size on the IOP: In the total exam-
ined population, it showed no significant impact even
of the minimum ICAS, which was larger than 10°,
on average IOP (P =0.89), maximum IOP (P=0.88),
and range of IOP (P=0.49) within 48 h (Fig. 1).

For the overall cohort, regressing analysis showed
for the minimum (P =0.73), the maximum (P =0.95),
average ICAS (P=0.79) as well as for the angle vari-
ance (P=0.53) no significant impact on the maxi-
mum IOP. This also applies to the mean IOP: The
minimum (P=0.81), the maximum (P=0.90), and
the average ICAS (P=0.90), as well the angle vari-
ance (P=0.42), showed no significant impact on the
mean IOP (Fig. 2).

@ Springer


http://www.eugs.org

4070

Int Ophthalmol (2023) 43:4067-4078

Table 1 Specifications of the healthy cohort and eyes with glaucoma

Variable HCG (n=161) Glaucoma (n=44) P=*
Mean Std. Dev Min Max Mean Std. Dev Min Max

Age (years) 49.56 17.73 15 86 50.77 16.76 15 76 0.5907
Min IOP (mmHg) 12.27 2.08 7 17 15.53 2.29 11 21 <0.0001
Average IOP (mmHg) 14.77 2.25 8 20 18.77 1.86 14 25 <0.0001
Max IOP (mmHg) 17.71 2.48 11 21 23.30 1.83 21 28 <0.0001
IOP Range (mmHg) 5.44 1.96 2 11 7.75 2.38 3 14 <0.0001
MD 30 (dB) 2.40 3.43 -2.1 13.4 3.51 3.35 -4.3 12.6 0.0017
sLV 30 (dB) 3.04 1.86 1.2 8.7 3.50 2.10 0.2 10.3 0.0293
RNFL 96.93 14.22 41 133 93.34 15.11 57 116 0.1646
Rim volume (mm?) 0.36 0.25 0.01 1.83 0.26 0.23 0 1.41 0.0026
IC Angle Min (°) 21.54 4.80 11 34 23.23 5.04 12 33 0.0755
IC Angle Average (°) 23.62 4.64 14 35 25.02 4.96 13 34 0.1389
IC Angle Max (°) 25.81 5.06 15 40 26.70 5.20 15 38 0.3942
Anterior chamber depth (mm) 2.81 0.41 1.88  4.02 2.97 0.48 1.81 4.24 0.0541
Anterior chamber volume (mm?) 160.01 39.82 79.4 315.5 164.72 39.70 69.4 263.3 0.5225
Corneal thickness (um) 550 33.16 466 652 531 40.59 389 608 0.0062
Pupil (mm) 3.55 1.4 1.57 1752 3.01 0.80 1.56  6.50 0.0785

Min IOP lowest IOP measured within 48 h, JOP Range difference between the lowest and highest IOP measured within 48 h, IC
Angle Min smallest iridocorneal angle measured in one eye

*Statistical mean comparison (Welch ¢ test or Wilcoxon—-Mann—Whitney test depending on data distribution); bold numbers are sta-

tistically significant (P < 0.05)

Fig. 1 Boxplot of the mini-
mum iridocorneal angle as
well as minimum, average,
maximum IOP and IOP
range in a HCG (on the left)
and eyes with glaucoma

(on the right). It is visible
that there is no significant
difference in terms of the
iridocorneal angle, but a
noticeable difference in IOP
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We additionally performed the regression analysis
only for the right eye of each patient to evaluate the
inter-collinearity. It showed that for the whole cohort
even the minimum ICAS has no impact on average
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(P=0.44), maximum (P=0.69) and range of IOP
(P=0.77).

To evaluate, if there is an (linear) effect of ICAS
in the range of 10° to 20° and an ICAS of larger than
20° on different types of IOP we calculated Pearson
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Scattergram: IOP range vs. min. angle
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Fig. 2 Distribution of IOP range and minimum ICAS for all
eyes regarding an ICAS <20° (green) and ICAS >20° (khaki).
No significant impact of the minimum iridocorneal angle on
IOP for all eyes

correlations between these parameters (Table 2).
Here, we could not find a relevant linear correlation
between the different IOPs (range, minimum, median,
maximum) and ICAS (minimum or average angle)
(see Figs. 2, 3,4, 5, 6, 7; boxplots Figs. 8, 9).

Subgroup analysis

Out of all measured 205 eyes, 44 eyes (21%) were
diagnosed with glaucoma in the course of our exami-
nation. The remaining 161 eyes (79%) were used as
“healthy” control group (HCG). Data (mean, standard
deviation and range) of the evaluated parameters for
the glaucoma- and the healthy control-subgroup are
listed in Table 1: between these two subgroups only
glaucoma relevant parameters (min, average, max

Table 2 Pearson correlation between IOPs (range, min., med. and max.) and ICAS (min. and average) regarding all angles or angles

smaller or larger 20°

10P ICAS Angle (°) Numbers Correlation Exceeding CI(P=0.95) CI(P=0.95)
n= coefficient probability
r= P=

Range Minimum All 205 —0.0352 0.616745 -0.1714 0.1024
Min 0.0707 0.313519 — 0.0669 0.2058
Med 0.0336 0.63.281 —0.1039 0.1698
Max 0.0298 0.671809 —0.1077 0.1661
Range Average All 205 —0.068 0.332873 —0.2031 0.0697
Min 0.0862 0.218965 —-0.0514 0.2207
Med 0.0231 0.742312 —0.1143 0.1596
Max 0.019 0.786807 —0.1183 0.1556
Range Minimum <20 70 0.0632 0.603102 —0.1743 0.2938
Min —0.2128 0.076951 —0.4264 0.0233
Med —0.184 0.127337 —0.4016 0.0533
Max —0.1106 0.361884 —0.3369 0.1277
Range Minimum >20 135 —0.1546 0.073477 —0.3153 0.0148
Min 0.1856 0.03118 0.0171 0.3437
Med 0.099 0.253053 —0.0711 0.2636
Max 0.0396 0.648249 —0.1302 0.2072
Range Average <20 45 0.0096 0.950332 —0.2848 0.3022
Min —0.1641 0.281351 —0.4366 0.136
Med —-0.1722 0.244305 —0.4474 0.1227
Max —-0.131 0.391008 —0.4088 0.169
Range Average >20 160 —0.1392 0.079236 —0.2881 0.0163
Min 0.2329 0.003035 0.0807 0.3746
Med 0.1327 0.094369 —0.0229 0.2821
Max 0.0753 0.343693 —0.0808 0.2278

IOP intraocular pressure [mmHg], /CAS iridocorneal angle size [°], CI confidence interval, /OP range difference between the lowest
and highest IOP measured within 48 h, min./med./max. IOP minimum, median and maximum IOP measured within 48 h; bold num-

bers are statistically significant (P < 0.05)
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Scattergram: IOP range vs. average angle
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Fig. 3 Distribution of IOP range and average ICAS for all
eyes regarding an ICAS <20° (green) and ICAS >20° (khaki).
No significant impact of the average iridocorneal angle on IOP
for all eyes

Scattergram: med. IOP vs. min. angle
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Fig. 4 Distribution of medium IOP and minimum ICAS for all
eyes. No significant impact of the minimum iridocorneal angle
on medium IOP for all eyes

Scattergram: med. IOP vs. average angle
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Fig. 5 Distribution of medium IOP and average ICAS for all
eyes. No significant impact of the average iridocorneal angle
on medium IOP for all eyes
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Scattergram: max. IOP vs. minimum angle [ °]
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Fig. 6 Distribution of maximum IOP and minimum ICAS
for all eyes regarding an ICAS <20° (green) or ICAS>20°
(khaki). No significant impact of the minimum iridocorneal
angle on maximum IOP for all eyes

Scattergram: max. IOP vs. average angle [ °]
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Fig. 7 Distribution of maximum IOP range and average ICAS
for all eyes. No significant impact of the average iridocorneal
angle on maximum IOP for all eyes

Box-Plots: Median und Quartilen
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Fig. 8 Boxplot of IOP types (range, min., max., and med.) and
a minimum ICAS <20° (green) or ICAS >20° (khaki). No sig-
nificant impact of minimum ICAS smaller or larger 20° within
IOP types for all eyes
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Box-Plots: Median und Quartilen
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Fig. 9 Boxplot of IOP types (range, min., max., and med.) and
an average ICAS <20° (green) or ICAS >20° (khaki). No sig-
nificant impact of average ICAS smaller or larger 20° within
IOP types for all eyes

and range of IOP; MD 30, slv 30, rim volume and
corneal thickness) showed a statistically significant
difference.

In the glaucoma cohort, mean IOP was
18.77 +1.86 mmHg and mean iridocorneal angle size
25.02°+4.96°. In the HCG cohort, mean IOP was
14.77 +£2.25 mmHg and mean iridocorneal angle size
23.62° +4.64°. Subgroup analysis within the HCG
(P=0.45, P=0.32, P=0.84) and glaucoma cohort
(P=0.14, P=0.75, P=0.69) also showed no signifi-
cant impact (Fig. 2). Figure 10 is showing that in the
glaucoma group 23% of eyes had a minimum angle

between 10° and 20°, and in the HCG even about
38% of eyes.

When we looked further on the effect of an ICAS
between 10° and 20° or wider than 20° on the IOP
range or maximum IOP in the glaucoma or healthy
eyes, the results were as follows:

Within the glaucoma or healthy group itself,
we could not find any effect of ICAS on maximum
or range of IOP. This was found for both, minimum
and average ICAS. Here, for an average angle of 10°
to 20°, is restrictively to mention that we had only
6 eyes in the glaucoma group. Thus here statistical
power is limited.

When we compared the glaucoma and healthy
groups against each other, except from the IOP range
combined with average ICAS, there was always a
highly statistically significant difference of the IOP
data (Table 3; Figs. 11, 12, 13, 14 (box plots)). To
sum up, there was in fact no significant effect of an
ICAS in the range of 10° to 20° versus larger than 20°
on the maximum IOP or IOP range within the groups
but, as expected, a significant IOP difference between
the glaucoma and healthy subgroup.

Comparing the HCG to the glaucoma group, there
was a significant difference only in terms of IOP
(P<0.0001) but not for minimum ICAS (P=0.27).
Similarly, the anterior chamber volume and anterior
chamber depth showed no significant impact on aver-
age (P=0.27, P=0.34) or maximum IOP (P=0.48,

Fig. 10 Distribution of Q9 °
average IOP and minimum
iridocorneal angle in a HCG °
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Table 3 Comparison of

. Group ICAS[°] =n Minimum angle  Average angle
IOP range and maximum [HCG = healthy; pP=x p=:
IOP in the healthy .cohort G=glaucoma]
(HCG) and eyes with
glaucoma (G) in correlation IOP range HCG <20° 60 0.0012 0.3504
to ICAS smaller or wider
o G <20° 10
than 20
Maximum IOP  HCG <20° 60 <0.0001 <0.0001
G <20° 10
IOP range HCG >20° 101 <0.0001 <0.0001
G >20° 34
Maximum IOP  HCG >20° 101 <0.0001 <0.0001
ICAS iridocorneal angle G >20° 34
size [°], IOP intraocular IOP range HCG <20° 60 0.9086 0.2347
pressure [mmHg] within HCG >20° 101
48h Maximum IOP  HCG <20° 60 0.5464 0.1333
*Statistical mean HCG >20° 101
comparison (Welch 7 test or R
Wilcoxon-Mann—Whitney IOP range G <20 10 0.3395 0.2180
test depending on data G >20° 34
distribution); bold numbers Maximum IOP G <20° 10 0.1020 0.6048
are statistically significant G >20° 34

(P <0.05)

BP (average & SD): IOP range vs average angle
16+

144
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G (<20°) G (>20°)

average angle

Fig. 11 Boxplot of the IOP range in control and glaucoma
group for an average ICAS narrower or wider than 20°. No sig-
nificant impact of ICAS on IOP within the groups

P=0.32). The difference between the glaucoma and
HCG cohort was only significant in terms of aver-
age IOP (P<0.001) but not for minimum ICAS
(P=0.07). Chi-square test showed no increased prev-
alence of IOP peaks of >21 mmHg within 48 h in
eyes with an ICAS between 10° and 20° (P=0.18).
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Fig. 12 Boxplot of the IOP range in control and glaucoma
group for the minimum ICAS narrower or wider than 20°. No
significant impact of ICAS on IOP within the groups

Discussion

In order to differentiate between glaucoma (suspect)
eyes (SG) and healthy eyes with “variations of the
norm”, we performed an in-patient measurement of
diurnal tension curves (DTC). We were wondering,
if the iridocorneal angle size (ICAS) of eyes would
have an effect on the DTC. Thus, we investigated the
effect of the ICAS data, measured by Scheimpflug
technique, on the DTC.
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Fig. 13 Boxplot of the maximum IOP in control and glau-
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Fig. 14 Boxplot of the maximum IOP in control and glau-
coma group for the minimum ICAS narrower or wider than
20°. No significant impact of ICAS on IOP within the groups

As mentioned in the introduction, it is difficult to
differentiate eyes with an early stage of glaucoma,
where treatment would be recommended, to healthy
eyes with sometimes higher IOP, where controls
are adequate. Beside data of papilla excavation, vis-
ual field examination and RFNL measurements by
OCT, IOP is the main risk factor for glaucoma and
still plays a major role in the decision of treatment.
To detect potentially existing IOP peaks, a DTC is
appropriate. Here, we were interested, if the ICAS,
measured by Scheimpflug technology, would show an
effect on the obtained IOP data.

It is well reasoned that a smaller anterior cham-
ber angle might have an impact on the IOP. If so, this
might allow clinicians to predict e.g. IOP in patients
and reduce the hospital stay. Our hypothesis, that a
smaller angle might have an inverse effect on IOP or

lead to higher frequency of IOP peaks within a 48-h
pressure profile, was based on the fact that after cat-
aract removal IOP decreases. So far it was assumed
that this decrease is due to an increased iridocorneal
angle.

Accurate topographic evaluation of the ICA,
which is the angle between the iris and the cornea
in the anterior chamber, is helpful in determining
the risk for glaucoma [22-24]. The standard tech-
nique to evaluate the anatomical width of the ICA is
still gonioscopy. Here, the Shaffer grading scheme is
often used [9, 25], where a closed angle is grade 0, an
angle <10° is grade 1, 10°-20° is grade 2, 20°-35° is
grade 3, and larger is grade 4. An iridocorneal angle
of less than 20° with only the Schwalbe line and the
trabecular meshwork visible in the gonioscopy is
defined as narrow [22], corresponding to a Shaffer
angle grade 2.

Newer techniques of measuring the ACA are ultra-
sound biomicrosopy (UBM), Scheimpflug imaging
(e.g. Pentacam) an anterior segment OCT (AS-OCT)
with the advantage of a non-contact measurement in
Pentacam and AS-OCT [26]. Although ACA data of
Scheimpflug imaging and AS-OCT are comparable,
measured data of narrow angles with Scheimpflug
devices are limited due to issues in visualising the
most peripheral part of the iris [27, 28].

Recent publications dealing with OCT measure-
ments of the anterior chamber angle ranges between
31.8°+7.49° (for hyperopic eyes) to 40.8°+8.1° (for
myopic eyes) [29] and 35.9°+5.7° [30]. These data
are in line with our manually measured ACA (here for
all eyes of in the mean 23.9° +4.7°), because Shajari
et al. had found an average difference of 11.4° to
12.1° that has to be added from manually to automati-
cally measured angles [21].

Mansberger et al. [31] reported that “cataract sur-
gery decreases IOP in patients with ocular hyperten-
sion over a long period of time”, even when all eyes
had an open iridocorneal angles before the operation.
On the other hand, it is easy to comprehend, that eyes
with a narrow anterior chamber angle could benefit
more from the pressure lowering effect of a cataract
operation, as pointed out by Shrivastava and Singh
[32]. Compared to our research, there should be more
pressure lowering effects after cataract operations
than the increase in iridocorneal angle size.

In comparison with a study of Sanchez-Parra
et al. [33], in which they reported an inverse relation
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between the diurnal IOP fluctuation and the anterior
chamber angle, we could not confirm these results in
our cohort. The findings of Baskaran et al. [34], who
reported higher IOP variability in patients with pri-
mary angle-closure glaucoma (PACG) compared to
angle-closure suspects (PACS) and normal controls,
are understandable because of the even smaller ICAS
in PACG subjects.

The analysis of our data showed that an angle
size of larger than 10° had no impact on the IOP of
the entire group as well as in the subgroup analysis
of the healthy cohort, and patients diagnosed with
glaucoma. It is noteworthy that patients with ICAS
between 10° and 20°, which is relatively narrow, but
still counted as open-angle subjects, showed no dif-
ference in the eye pressure levels within the overall
cohort, the healthy or the glaucoma patients group in
comparison to eyes with an ICAS larger than 20°. We
also could not find any difference in the results per-
forming the analysis on just the right eye throughout
all patients, therefore finding no inter-collinearity.

Little is known about the exact iridocorneal angle
size (ICAS) in PACG as most of the published litera-
ture on PACG covers other parameters such as ante-
rior chamber depth (ACD), angle opening distance
(AOD) or lens thickness (LT). Aksoy NO et al. [35]
reported a mean ACA of 24.2°+2.6° in the PACG
group vs. 30.5+2.3 in the control group measured
by dual Scheimpflug imaging. Leong et al. [36] pub-
lished a trabecular-iris angle (TIA) of 6.8°+4.9°
before and of 14°+6.7° after laser peripheral irido-
plasty (LPI) measured by AS-OCT what is in line
with post-LPI data of Ma et al. [37] for anterior
chamber angle (ACA) values from 12.91°+6.31° to
16.45° +5.87° (depending on the measuring position)
after a laser peripheral iridotomy.

It would be interesting to clarify how small the
ICAS have to be to “really” increase the IOP. In
accordance to our findings (see scattergram in Fig. 2)
and the above mentioned ACA data of Leong et al.,
where an ACA of < 10° before LPI was described,
an ACA smaller 10°, equivalent to a Shaffer Grade
1, seems to be a critical value. Additional effects
on the efflux resistance of the aqueous humour, like
peripheral anterior synechiae or minimal anatomi-
cal changes of the ICA, should be considered in later
examinations.

ICAS smaller than 10 degree are, due to tech-
nical limitations, not correctly measurable by a
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Scheimpflug device. This might be a limitation of
our study if the above-mentioned assumption is true
because the critical small ICAS data would not be
detectable. Therefore, further investigations in PACG
eyes with multiple measurements by AS-OCT sys-
tems, having a technical advantage in measuring very
small ACAs, could be useful to establish a lower limit
of ICAS, where IOP peaks are more likely. If such
a critical limit of ICAS would be established, this
might help to indicate, when a prophylactic LPI in
PACS eyes is reasonable. This could avoid IOP peaks
and thus minimize the progression of glaucomatous
damages.

Further it is a limitation of the study that the Pen-
tacam measurements were only taken once. Thus, it
is not possible to evaluate the effect of different pupil
sizes on ICAS and therefore on IOP changes. Penta-
cam and IOP data were only measured in sitting posi-
tion of the patients. Thus, our findings are possible
not transferrable to other body positions. An addi-
tional limitation might be that the manual measure-
ments of ICAS were not generally cross-checked by
another person to examine the interindividual col-
linearity and that the GAT were done by different
ophthalmologists.

Furthermore, the absence of a standard control is
a limitation, but insurance restrictions prevented us
from performing a 48-h pressure profile on an in-
patient situation, as we did in our cohort. Neverthe-
less, we believe that our conclusions are noteworthy
because there were no dependency for ICAS larger
than 10° and IOP.

Conclusion

Diurnal tension curves seem to be independent of
ICAS, at least for angles larger than 10° in open-angle
subjects. Although diurnal IOP pressure profiles play
an important role in the diagnosis of glaucoma, angle
parameter measurements cannot be used to predict
IOP diurnal fluctuations.
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