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ABSTRACT

Introduction: To evaluate the correlation
between macular integrity assessment (MAIA)
and standard automated perimetry (SAP) in
detecting macular function damage in glau-
coma and to explore the relationship between
macular structure and functional damage by
using spectral domain optical coherence
tomography (SD-OCT).
Methods: This was a cross-sectional study.
Seventy patients with glaucoma, with hemifield
defects verified by Humphrey 24-2 examina-
tion, and 60 normal subjects underwent Hum-
phrey 10-2 and MAIA expert 10-2 examinations.
Patients with glaucoma with normal hemifields,
as detected by SAP, were divided into a normal
hemifield group and a visual field (VF) defect
group. The difference in the retina and ganglion
cell complex (GCC) thicknesses was analyzed
between the abnormal and normal hemifields.
Results: Among the 70 glaucoma eyes, the
results of MAIA and SAP were consistent for 66

(66/70, 94.3%). The others showed SAP hemi-
field defects, while MAIA was normal (4/70,
5.7%). There was a good correlation of the mean
sensitivity between MAIA and SAP (P\0.001).
There also was a good correlation between the
mean threshold of MAIA and the mean devia-
tion (MD) of SAP (P = 0.008, r = 0.507). Among
the patients with glaucoma with a normal
hemifield, MAIA showed abnormal results in 50
eyes (50/66, 75.8%), which was consistent with
the changes in the inner retina and GCC
thicknesses. Meanwhile, MAIA showed normal
results; there were no significant differences
between patients with glaucoma and the nor-
mal group in the thicknesses of the inner retina
and GCC.
Conclusion: MAIA and SAP have good consis-
tency in detecting macular dysfunction. MAIA
can also identify abnormal VFs in the macular
regions that may not be detected by SAP, which
is consistent with the changes in the GCC
thicknesses, suggesting that there may be cen-
tral VF damage in patients with glaucoma that
has not been previously identified.
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Key Summary Points

Why carry out this study?

Central VF defects caused by glaucoma can
seriously affect visual function and are not
easy to find by routine VF examination at
an early stage.

Third-generation microperimetry—MAIA
can distinguish the decline of sensitivity
between age-related and other macular
defects.

This study aimed to evaluate the
correlation between MAIA and SAP in
detecting macular function damage in
glaucoma and to explore the relationship
between macular structure and functional
damage by using SD-OCT.

What was learned from the study?

MAIA and SAP have good consistency in
detecting macular dysfunction.

MAIA can also identify abnormal VFs in
the macular regions that may not be
detected by SAP, which is consistent with
the changes in the GCC thicknesses.

It suggested that there may be central VF
damage in patients with glaucoma that
has not been previously identified.

INTRODUCTION

Glaucoma is an optic nerve disease involving
progressive damage to both the structure and
function of the nerve [1] and is considered to
mainly affect the peripheral visual field (VF). In
recent years, it has been found that even in the
early stage of glaucoma, the central VFs of
patients will be affected and accompanied by a
loss of retinal ganglion cells (RGCs) in the
macular region [2–4]. Defects of the central VF
will greatly influence driving and reading abil-
ity, which can have profound significance.

Therefore, clinicians should carefully evaluate
patients with glaucoma for VF defects occurring
near the fixation point.

In some patients with glaucoma, conven-
tional perimetry may be unreliable for moni-
toring glaucomatous field defects because of
reduced fixation stability or eccentric fixation in
the foveal-involving field defect from glaucoma
or retinal comorbidities [5]. In such patients,
fundus-controlled perimetry, microperimetry
(MP) may offer a more suitable alternative tool
for monitoring disease progression. MP is an
increasingly utilized form of perimetry that
tracks fundal landmarks to rapidly correct for
shifts in the gaze, which enables manual cen-
tration of the testing grid at the anatomic fovea.
This allows accurate assessment of the central
VF, even in the absence of stable and foveal
fixation. In recent years, MP has been used to
assess macular function in age-related macular
degeneration (AMD), macular dystrophy, dia-
betic retinopathy, and other retinal diseases
[6–8]. However, there have been only a few non-
age-corrected patients with glaucoma [9, 10].
Macular integrity assessment (MAIA), a third-
generation MP, can distinguish the decline in
sensitivity between age-related and other mac-
ular defects through the use of an age-corrected
normal-vision database, which is absent in first-
and second-generation methods.

To explore whether MP can identify central
defects early in patients with glaucoma, in this
study, we used MAIA to detect visual dysfunc-
tion in the normal hemifields of patients with
glaucoma, with hemifield damage detected by
SAP, as VF defects are more likely to be detected
in the normal hemifields of patients who have
already suffered glaucomatous hemifield dam-
age. To analyze the relationships between
macula functional and structural defects, an
RTVue OCT scanner was also used to measure
retinal and ganglion cell complex (GCC) thick-
ness changes in the macular region.

METHODS

Patients with glaucoma with hemifield defects
in one eye detected by the Humphrey Swedish
Interactive Threshold Algorithm (SITA) 24-2 test
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as well as age- and sex-matched normal subjects
were collected from the Department of Oph-
thalmology at Peking University First Hospital.
All subjects signed informed consent forms
before inclusion. This study was approved by
the Ethics Committee of Peking University First
Hospital in accordance with the Declaration of
Helsinki.

The inclusion criteria of the glaucoma group
were as follows: (1) best corrected visual acuity
(BCVA) C 0.5; (2) diopter: - 6.00 s\ spherical
diopter\? 4.00 s, - 3.00 c\ cylindrical
diopter\? 3.00 c, anisometropia\2.0 D; (3)
glaucomatous optic neuropathy, defined as a
cup-to-disc ratio greater than 0.6, asymmetry of
the cup-to-disc ratio C 0.2 between eyes, and
the presence of local or diffuse retinal nerve
fiber layer (RNFL) defects or neuroretinal rim
defects in the absence of any other abnormali-
ties that could explain such findings; (4) a
glaucomatous VF, defined as glaucoma hemi-
field test (GHT) results outside normal limits on
at least two consecutive baseline tests and the
presence of at least three contiguous test points
within the same hemifield on the pattern devi-
ation plot at P\1%, with at least one point\
0.5%, excluding points on the edge of the field
or those directly above and below the blind
spot; (5) a VF defect involving the central 16 test
points (at least one point with P\1%) accord-
ing to the standard automated perimetry (SAP)
24-2 test [11]; and (6) either a superior or infe-
rior hemifield VF defect according to the SAP
24-2 test.

The exclusion criteria of the glaucoma group
were as follows: (1) VF defects in both the
superior and inferior hemifields according to
the SAP 24-2 test; (2) macular diseases such as
age-related macular disease and macular holes;
(3) retinal and optic nerve diseases, uveitis, eye
trauma, and internal eye surgery history; and
(4) diabetes, hypertension, and other systemic
diseases.

The inclusion criteria of the normal subjects
were as follows: (1) BCVA C 0.8; (2) diopter:
- 6.00 s\ spherical mirror\? 4.00 s,
- 3.00 c\ cylindrical diopter\? 3.00 c, ani-
sometropia\2 s; (3) intraocular pressure
(IOP) B 21 mmHg; (4) GHT results within

normal limits; and (5) no glaucomatous optic
nerve defects.

The exclusion criteria of the normal subjects
were macular diseases, diabetes, hypertension,
and other systemic diseases.

All patients received a routine ophthalmic
examination, including a visual acuity test with
refraction, slit lamp examination, fundus
examination, IOP, gonioscopy, Humphrey
perimetry, MAIA, and optical coherence
tomography (OCT).

The Humphrey perimetry (Humphrey Field
Analyzer model 750i, Carl Zeiss Meditec,
Dublin, CA, USA) SITA 24-2 and 10-2 proce-
dures were chosen. VF test results that met the
following conditions were considered reliable:
(1) fixation loss rate\20%; (2) false positive
rate\ 15%; and (3) false negative rate\15%.
Each subject had at least two reliable VF test
results, the second of which was used in this
study.

For all subjects, the MAIA (CenterVue,
Padova, Italy) expert 10-2 algorithm was used to
measure retinal sensitivity. The procedure was
performed in a dim room without any pupil
dilation. The following parameters were used in
the current study: a 68-stimuli grid covering the
central 10� of the retina, strategy stimulus size
Goldmann III, background luminance set to
4 apostilb (asb), maximum luminance of
1000 asb, and a stimulus dynamic range of
36 dB.

An Optovue RTVue-100 (software version
6.1; Optovue, Fremont, CA) spectral domain
(SD)-OCT was used for the examinations. The
scanning wavelength of the device was
840 ± 10 nm. The examinations were per-
formed without mydriasis. Internal fixation was
used, and the ethnicity was selected as ‘‘Chi-
nese’’. Two scanning modes were used for each
subject: ‘‘MM6/radial slicer’’ and ‘‘GCC mode’’.
Completely scanned images with a signal
strength indicator C 35 were selected for
storage.

Statistical Analysis

One eye was randomly selected by a random
number table for the normal subjects, and the
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eye with the hemifield defect was selected for
the glaucoma group. If both eyes met the
inclusion criteria in the glaucoma group, the
eye with the smaller mean deviation (MD) value
was selected. Enumeration data were analyzed
by the chi-square test. Measurement data are
described by the mean ± standard deviation
(SD), and the differences between two groups
and among three groups were analyzed by the
t test and one-way analysis of variance
(ANOVA), respectively. A mixed-effect model
and Pearson correlation analysis were used to
calculate the correlation between the two vari-
ables. The consistency between the MAIA aver-
age threshold and the Humphrey 10-2 MD was
compared by means of the kappa statistic. Sta-
tistical software SPSS 16.0 (SPSS, Inc., Chicago,
USA) was used to perform these analyses, and
P\ 0.05 was considered statistically significant.

RESULTS

1. Seventy patients with glaucoma with
hemifield defects and 60 age- and sex-mat-
ched normal control patients were included
(Table 1).

2. Correlation of average light sensitivity
between MAIA and SAP
The mixed-effect model showed that there
was a moderate positive correlation of the
average light sensitivity between MAIA and
SAP (P\ 0.001) (Table 2).

Table 1 General characteristics of patients with glaucoma and normal subjects

n Age (years) Sex (M/F) BCVA (logMAR) MD (dB) PSD (dB)

Normal subjects 60 54.0 ± 14.7 28/32 0 - 1.33 ± 1.01 1.01 ± 0.11

Patients with glaucoma 70 54.8 ± 17.8 32/38 0.097 - 7.23 ± 5.51 8.61 ± 5.24

P 0.259 0.939a 0.032b 0.000** 0.000**

Subtype

NTG 44 - 7.48 ± 5.46 9.30 ± 5.21

POAG 26 - 8.62 ± 6.90 9.28 ± 5.90

P 0.064 0.071

aChi-square test; bMann–Whitney test
**P\ 0.01

Table 2 Correlation of average light sensitivity between
MAIA and SAP

Coefficient Standard
error

Z P

MAIA 0.403 0.185 21.80 \ 0.001

Constant 2.322 1.148 2.02 0.043

Fig. 1 Moderate positive correlation between the MAIA
average threshold and Humphrey 10-2 MD (P = 0.008,
r = 0.507)
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3. Correlation between the MAIA average
threshold and the Humphrey 10-2 MD
There was a moderate positive correlation
between the MAIA average threshold and
the Humphrey 10-2 MD among patients
with glaucoma (P = 0.008, r = 0.507), as
shown in Fig. 1.

4. According to the MD, early stage
(MD C - 6 dB) glaucoma was defined as 0
(28 eyes), and middle
(- 6 dB[MD C - 12 dB) and late stage
(MD\- 12 dB) glaucoma was defined as 1
(42 eyes). A receiver operating characteristic
(ROC) curve was generated (Fig. 2), and the
Youden index was calculated. The consis-
tency between the MAIA average threshold
and the Humphrey 10-2 MD was compared
by means of the kappa statistic. The sensi-
tivity was 0.762, the specificity was 0.750,
the Youden index was 0.512, and the kappa
statistic was 0.503.

5. Analysis of VF and hemifield thicknesses of
the inner retina and GCC
Both the Humphrey 10-2 program and
MAIA showed hemifield defects in 66 eyes
(66/70, 94.3%). The others showed Hum-
phrey hemifield defects, while MAIA was

normal (4/70, 5.7%). In 50 eyes, the other
hemifield was abnormal according to MAIA
(50/66, 75.8%), while the Humphrey 10-2
program indicated that it was normal. We
defined these eyes as group I (Fig. 3). Both
MAIA and Humphrey examination showed
that the hemifields of the remaining 16 eyes
(16/66, 24.2%) were normal (the results of
the two examinations were consistent);
these eyes were defined as group II (Fig. 4).
The hemifield macular inner retina and
GCC thicknesses in group I were signifi-
cantly thinner than those in the normal
control group (P\0.05). There was no
significant difference in the macular inner
retina and GCC thicknesses between
group II and the normal group (P[ 0.05)
(Table 3).

DISCUSSION

In this study, the mixed-effect model showed
that there was a positive correlation of the
average light sensitivity between MAIA and SAP
(P\0.001). We also found a moderate positive
correlation between the MAIA average thresh-
old and Humphrey 10-2 MD (P = 0.008,
r = 0.507). The consistency between the MAIA
average threshold and the Humphrey 10-2 MD
was compared by means of the kappa statistic.
The sensitivity was 0.762, the specificity was
0.750, the Youden index was 0.512, and the
kappa statistic was 0.503. Both MAIA and SAP
had good consistency in detecting central VF
defects in patients with glaucoma. In previous
studies, Orzalesi et al. found a good correlation
between microperimetry and SLO (scanning
laser ophthalmoscopy) using a 40� field of view
and SAP of the central 30� [12, 13]. Comparative
studies on MP and SAP have shown that there is
a good quantitative correlation of numerical
data between the two perimeters in advanced
cases of glaucoma [11, 14–16]. In our study, the
MAIA expert 10-2 program used in the exami-
nation consisted of the central 10� and 56
detection points, the same as the Humphrey
10-2 program. The results showed that there
was a good correspondence between MAIA and

Fig. 2 Receiver operating characteristic curve for the
MAIA average threshold and the Humphrey 10-2 MD in
patients with glaucoma
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SAP. Additionally, the light sensitivity of MAIA
and SAP was compared, which may form the
basis for future of macular function in
glaucoma.

According to the results, when SAP was
normal but MAIA detected defects, the thick-
nesses of the corresponding inner retina and
GCC in group I were thinner than those in the
normal group (P\ 0.05). At the same time,
there were no significant differences in the
inner retina and GCC thicknesses between
group II and normal subjects (P[0.05) when
VF defects were not detected by either SAP or
MAIA. The results of our study showed that
MAIA could detect more subtle glaucomatous
functional damage (50/66, 75.8%) than SAP,
which is consistent with the thinning of the
GCC detected by SD-OCT. Recent studies have
suggested that macular OCT imaging could be

helpful for the detection of disease deterioration
[17]. It is generally accepted that measuring
both structure and function could lead to more
efficient and timely detection of glaucoma
progression to optimize the management of
patients with glaucoma [18–20]. Lima et al.
found that 21% of the normal SAP quadrants
had an abnormal corresponding MP result; a
corresponding significant reduction in the total
macular thickness measured by OCT was pre-
sent in 75% of these quadrants [11, 13]. This
was consistent with the results of our study. We
also measured the thickness of the GCC in the
macular area, and the results suggest that there
may be more patients with minor paracentric
dysfunction that could not be detected by SAP.

Recently, Phuljhele et al. also found that
patients with early glaucoma with a nasal step
on SAP had significant absolute or moderate

Fig. 3 Group I: Inconsistent results between the Hum-
phrey and MAIA examinations. Humphrey 10-2 showed a
VF defect in the superior hemifield and no obvious
abnormality in the inferior hemifield (a, b). MAIA showed
both superior and inferior VF defects (c, d) (red represents

abnormal, yellow represents suspect, and green represents
normal), and OCT showed that the whole GCC was
thinner in patients with glaucoma than in normal subjects
(e)
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microperimetric defects in the corresponding
temporal retinal quadrants, 8–10� off fixation.
An additional mild defect was present in
10–52% of eyes, extending till 4� from fixation
and involving almost the entire hemisphere
[21]. Therefore, MP identified abnormal retinal
sensitivities over a much wider area in eyes as
compared with SAP. Furthermore, the combi-
nation of macular structural and functional
examination is of great importance for glau-
coma diagnosis and disease progression moni-
toring [10]. Kita et al. found that
circumpapillary (cp) MP sensitivity and the cp
RNFL thickness showed a similar diagnostic
power [22]. Tham et al. showed that visual
sensitivity measurements of both SAP and MP
demonstrated a similar relationship with gan-
glion cell-inner plexiform layer measurements
of SD-OCT at the macula in glaucoma [23].
Therefore, MP can be a simple and more reliable

method to determine the retinal sensitivity at
specific loci and can also detect early progres-
sion, which is otherwise not observed on SAP.

In previous studies, SD-OCT was capable of
detecting the difference in GCC thickness
between patients with early primary open angle
glaucoma (POAG) and normal controls [24],
and approximately 2/3 of patients with
advanced POAG had thinner GCC [25]. Wang
found that the thickness of the RNFL and RGC?

layers (RGC ? IPL) in the macular areas of
patients with glaucoma was thinner than that
of the normal control group, while the thick-
nesses of the inner nuclear layer and photore-
ceptor cell layer were basically similar between
the two groups [26]. A large number of studies
have shown that in the diagnosis of glaucoma,
the GCC thickness is more effective than the
macular thickness, while there is no significant
difference between the GCC and RNFL. SD-OCT

Fig. 4 Group II: Consistent results between the Hum-
phrey and MAIA examinations. Humphrey 10-2 showed a
VF defect in the superior hemifield and no obvious
abnormalities in the inferior hemifield (a, b). MAIA

showed a consistent inferior VF defect corresponding to
the Humphrey 10-2 defect (c, d). OCT also showed that
only the inferior half of the GCC was thinner in patients
with glaucoma than in normal subjects (e)

Ophthalmol Ther (2022) 11:239–248 245



was used to measure the GCC thickness in the
macular area in our study, and compared with
other modalities, it can better reflect the struc-
tural changes in the macular area in glaucoma.

Furthermore, the combination of macular
structural and functional examination is of
great importance for glaucoma diagnosis and
disease progression monitoring [10]. Sato et al.
found that there was a structural and functional
relationship between the retinal thickness
measured by OCT and the central VF sensitivity
measured by MP in patients with glaucoma.
However, the macular parameter used in that
study was the thickness of the retinal ganglion
cell layer and the inner plexiform layer (GCA),
which did not contain the RNFL [27].

With regard to potential limitations, the
number of subjects in this study was relatively
small; however, a further study with a larger
number of subjects should be able to address
this issue. Many of our patients had normal
tension glaucoma (NTG), and they may present
more often with central scotomas than patients
with hypertension glaucoma, suggesting that
our work should be replicated for other forms of
glaucoma.

CONCLUSIONS

The mean macular sensitivity measured by
MAIA has a good correlation with SAP among
patients with glaucoma with hemifield defects.
MAIA can detect the abnormal functioning of
the macula in patients with glaucoma with a
normal VF according to SAP but an already
defective GCC according to OCT. This suggests
that there may be minor paracentric dysfunc-
tions that have not been found in glaucoma
before.
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