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Abstract
● AIM: To evaluate dual Scheimpflug analyzer (Galilei) as 
a screening method for the diagnostic of gonioscopically 
narrow anterior chamber angles (ACA).
● METHODS: In 40 eyes of 40 patients with different ACA 
range, the ACA, anterior chamber volume (ACV) and 
anterior chamber depth (ACD) were analyzed using the dual 
Scheimpflug analyzer (Galilei G6 system). Correspondence 
between these parameters and Shaffer’s classification 
based on gonioscopy were studied. Receiving operator 
characteristic (ROC) curves and partition analysis were 
used to determine the efficacy of the Galilei system in 
screening for narrow angles. Agreement (Kappa statistics), 
sensitivity, and specificity for each eye, according to 
Galilei measures, were also assessed.
● RESULTS: Shaffer’s grade (from 0 to 4) were significantly 
associated with each of the measurements (P<0.001). In 
screening eyes with narrow angles with the Galilei, the area 
under the ROC curve was largest (0.90) when ACD was used 
as the reference, and partition analysis demonstrated that 
those eyes were most adequately partitioned with an ACD 
of 2.86 mm with 100% sensitivity and 80% specificity.
● CONCLUSION: The Galilei is a secure, repeatable and 
noncontact screening method for narrow angles. However 
it does not provide sufficient information about the ACA 
anatomy to be considered a substitute for gonioscopy.
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INTRODUCTION

T he World Health Organization (WHO) considers 
glaucoma an important cause of visual morbidity[1]. 

Primary angle closure glaucoma (PACG) may be the cause for 
half of glaucoma cases, with high prevalence in Asia[2-3]. PACG 
is correlated with a faster glaucoma progression, representing 
an important public health issue[4]. The correct diagnosis 
of PACG relies on the correct identification of individuals 
with iridotrabecular contact. PACG requires initial treatment 
with laser peripheral iridotomy[5]. The assessment of anterior 
chamber angle (ACA) determinates the different types of 
glaucoma[6].
Gonioscopy is the gold standard for ACA assessment, 
however, it demands training and expertise, and is subjected to 
intraobserver bias[6-8]. Imaging devices, like anterior chamber 
segment optical coherence tomography (AS-OCT), ultrasound 
biomicroscopy (UBM), and Scheimpflug imaging, have been 
used to grant a more impersonal and precise assessment of the 
ACA[9-12]. 
The Galilei G6 Lens professional (Ziemer Ophthalmic Systems 
AG, Port, Switzerland) is an optical biometry instrument 
that combines a dual rotating Scheimpflug camera, a placido 
disc topographer, and an optical coherence tomography-
based A scan. It performs axial biometry using light of 
880  nm wavelength and which is based on low coherence 
interferometry[13-17].
Although some studies have correlated gonioscopy findings 
with anterior chamber data obtained with UBM, scanning 
peripheral anterior chamber depth (ACD) analyzer (SPAC), 
OCT and Pentacam[9-12], the efficacy of the Galilei dual 
Scheimpflug system in detecting narrow angles has never been 
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previously analyzed. Even though Galilei dual Scheimpflug has 
been proved to acquire repeatable and accurate measurements 
of anterior segment parameters[13-17], it has not been clear 
whether the results of biometry and ACA are comparable 
with other imaging devices and whether they can be used 
interchangeably[14]. Therefore, this study aimed to compare the 
dual scheimpflug analyzer with the traditional gonioscopy as 
a possible screening method for the detection of narrow ACA 
and to report the best cut-off values for this specific device.
SUBJECTS AND METHODS
Ethical Approval  This was a prospective, cross-sectional 
study, which had been approved by the Ethics Committee 
and followed the Declaration of Helsinki. Adult patients were 
enrolled from a general ophthalmology office, and all subjects 
signed a written informed consent form.
Although we intended to include patients with both open and 
narrow ACAs, no previous evaluation was done to determine 
the actual morphology of the angle. The exclusion criteria 
were any history of intraocular surgery, anterior segment laser 
treatment or patients with limbal defects, which limited the 
observation of the peripheral anatomy of the anterior segment. 
If both eyes were eligible for the study, only the right eyes 
were analyzed.
Gonioscopy was performed with a Goldmann 3-mirror lens 
in the dark in all cases by a single examiner (Beatriz Fiuza 
Gomes) masked to dual Scheimpflug findings. Gonioscopy 
examinations (at 16× magnification) were realized with a 1 mm 
beam and a very narrow slit with lowest illumination to allow 
appropriate identification of the structures. Only topical 
anesthetic drops and hydroxyethil cellulose were applied prior 
to the procedure. The ACA in every quadrant was classified 
based on the Shaffer grading system. A narrow-angle was 
defined when we could not visualize the posterior trabecular 
meshwork in more than 180 degrees before indentation 
(Shaffer 2 or less). 
The dual Scheimpflug analyzer Galilei (Galilei G6, Ziemer 
Group, Port, Switzerland) was used to automatically measure 
the mean ACA, anterior chamber volume (ACV) and ACD. 
These measurements were also performed in a dark room, after 
allowing for dark adaptation (about 30s), and in accordance 
with the manufacturer’s guidelines, until acceptable quality 
values were obtained.
Statistical Analysis  Statistical analysis was done using the 
JMP statistical software (version 8.0; SAS Institute, Inc., 
Cary, NC, USA). Continuous variables were reported as the 
mean±standard deviation (SD). Student’s t-test (Wilcoxon test 
for skewed distributions) was used to compare quantitative 
variables. Receiving operator characteristic (ROC) curves 
were adopted for studying the efficacy of the Galilei 
measurements in screening for open and narrow-angle eyes. 

Partition analysis was the chosen method to determine the 
most efficient parameter of Galilei and its threshold value to 
distinguish between open and narrow-angles. ACA, ACV, 
and ACD were individually interpreted in those analyses. 
The correlation coefficient among parameters obtained by 
Galilei and Shaffer’s grade, determined by gonioscopy, was 
assessed with spearman’s correlation coefficient. Agreement 
(kappa statistics), sensitivity, specificity, positive predictive 
value, negative predictive value, accuracy, likelihood ratio 
for positive test for detecting an angle as narrow according to 
Galilei parameters compared with gold standard (gonioscopy) 
were also evaluated. For this study, a P-value below 0.05 was 
acknowledged statistically significant. 
RESULTS
Forty eyes of 40 patients were prospectively enrolled. The 
study included 31 (78%) eyes of patients graded as open-angle 
and 9 (23%) eyes as narrow-angle, based on gonioscopy. The 
mean age of the patients was 61±11y (range, 20-86 years old). 
The female-male ratio was 3:1. The average ACA according to 
noncontact morphometry with dual Scheimpflug (Galilei G6) 
was 28.7°±3.5° (range, 21.4°-35°). For specific groups ACA 
mean was 29.6°±3.3° for open-angle eyes and 25.6°±2.6° for 
narrow-angle (P=0.0008). Figure 1 illustrates the Galilei image 
for both open and narrow angles. ACV and ACD measures 
were also statistically distinct among the 2 groups (P<0.0001; 
Table 1). 
Shaffer’s grade significantly correlated with all of the 
parameters: ACA (r=0.6, P<0.001), ACV (r=0.52, P<0.001) 
and ACD (r=0.71, P<0.001). The efficacy of the Galilei 
parameters to screen out the narrow angle eyes, as defined 
above, was analyzed using ROC curves (Figure 2). The ROC 

Figure 1 Galilei dual Scheimpflug image  A: Galilei image of a 
patient with narrow angle. The ACD by Galilei in this case was 
1.97 mm and the ACA was 26.1°; B: Galilei image of a patient with 
open angle. The ACD was 3.04 mm and ACA was 31.0°.

Dual Scheimpflug imaging for anterior chamber angles
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analysis revealed very good discriminant power of all Galilei 
parameters in detecting narrow angles. The areas under the 
curve (AUC) were 0.82 for ACA, 0.90 for ACV and 0.95 for 
ACD. According to the partition analysis, the narrow angles 
were most effectively partitioned with an ACD threshold of 
2.86 mm with 100% sensitivity, 80% specificity, 60% positive 
predicted value and 100% of negative predictive value (Table 2). 
Fifteen patients were tested positive and 25 negative for 
narrow angle considering ACD. All 25 subjects who were 
negative for ACD (ACD≥2.86 mm) evaluation had open angle 
by gonioscopy. Out of 15 patients with ACD<2.86 mm, 6 had 
open angle by gonioscopy.
The cutoffs chosen for each measurement were: 2.86 mm for 
ACD, 29.0° for ACA and 93.1 mm3 for ACV (Tables 2-4 for 2×2 
contingency tables). Agreement statistics revealed kappa of 
0.20 (P=0.04) for ACA, 0.42 (P=0.001) for ACV and 0.52 
(P=0.0002) for ACD. 
Table 3 shows results with screening test for narrow angles 
with ACV with 44% of sensitivity and 55% of specificity and 
Table 4 shows results with screening test for narrow angles 
with ACA with 89% sensitivity and 58% specificity. 
DISCUSSION
To the best of our knowledge, this is the first study to evaluate 
the performance of dual Scheimpflug analyzer as a screening 
method for narrow angles. 
The current gold standard method for ACA assessment is 
gonioscopy, and its findings remain indispensable for the 

correct evaluation of the iridocorneal anatomic characteristics 
and the diagnosis of occludable ACAs[6]. However, this 
procedure demands not only a trained examiner, but also 
involves direct contact with the cornea, compromising its 

Table 1 Comparison of Galilei parameters between eyes with 
gonioscopically narrow and open ACA                               mean±SD

Parameters Open angles 
(n=31)

Narrow anglesa 
(n=9)

Mean difference 
(95%CI) P

ACA (°) 29.6±3.3 25.6±2.6 4.0 (1.8-6.2) 0.0008
ACV (mm3) 97.1±19 72.5±5.8 24.6 (16.1-33.1) <0.0001
ACD (mm) 3.1±0.3 2.6±0.2 0.5 (0.3-0.7) <0.0001

ACA: Anterior chamber angle; ACV: Anterior chamber volume; 
ACD: Anterior chamber depth. aNarrow-angle was defined as an eye 
where less than 180 degrees of the filtering trabecular meshwork was 
visible before indentation in gonioscopy.

Figure 2 ROC curves of the Galilei parameters  A: Central ACD; B: ACV; C: ACA to discriminate eyes with a narrow angle (an angle width 
of Shaffer’s grade 2 or less in 3 or more quadrants).

Table 2 Calculate the diagnostic sensitivity and specificity of ACD 
using gonioscopy as the gold standard

Parameters Narrow ACA by 
gonioscopy (+)

Open ACA by 
gonioscopy (-) Total

ACD<2.86 mm (+) 9 6 15

ACD≥2.86 mm (-) 0 25 25

Total 9 31 40

ACD: Anterior chamber depth; ACA: Anterior chamber angle. 
Sensitivity (true positive rate) =100%; Specificity (true negative 
rate) =80%; Positive predictive value =60%; Negative predictive 
value =100%; Accuracy =9.63; Likelihood ratio for positive test =5.17. A 
cut-off value of 2.86 mm was used for ACD.

Table 3 Calculate the diagnostic sensitivity and specificity of ACV 
using gonioscopy as the gold standard

Parameters Narrow ACA by 
gonioscopy (+)

Open ACA by 
gonioscopy (-) Total

ACV<93.1 mm3 (+) 4 14 18

ACD≥93.1 mm3 (-) 5 17 22

Total 9 31 40

ACV: Anterior chamber volume; ACA: Anterior chamber angle. 
Sensitivity (true positive rate) =44%; Specificity (true negative 
rate) =55%; Positive predictive value =22%; Negative predictive 
value =77%; Accuracy =4.42; Likelihood ratio for positive test =0.98. 
A cut-off value of 93.1 mm3 was used for ACV.

Table 4 Calculate the diagnostic sensitivity and specificity of ACA 
using gonioscopy as the gold standard

Parameters Narrow ACA by 
gonioscopy (+)

Open ACA by 
gonioscopy (-) Total

ACA<29° (+) 8 13 21
ACA≥29° (-) 1 18 19
Total 9 31 40

ACA: Anterior chamber angle. Sensitivity (true positive rate) =89%; 
Specificity (true negative rate) =58%; Positive predictive value =38%; 
Negative predictive value =94%; Accuracy =8.45; Likelihood ratio 
for positive test =2.11. A cut-off value of 29° was used for ACA.
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reproducibility and efficiency as a screening method for a large 
population[6-8,11].
The Galilei dual Scheimpflug analyzer is a noninvasive optical 
system that incorporates two principles: Placido rings and a 
dual Scheimpflug camera, for the study of the anterior segment 
of the eye[13,18-19]. This technology allows a three-dimensional 
and 360 degrees evaluation of the anterior segment and 
captures different data of a large range of structures, such as 
corneal thickness, anterior and posterior corneal curvature, 
anterior and posterior corneal topography, corneal volume, 
ACD, and horizontal and vertical distance from limbus to 
limbus[20]. Some recent previous studies have demonstrated 
good reproducibility of the parameters acquired with Galilei, 
which offers advantages for being more unbiased, repeatable, 
objective and a noncontact tool, besides generating and saving 
fast imaging and quantitative analysis[15-17,20-22].
However, with Scheimpflug systems, the light is incapable to 
pass through the angle recess, preventing the direct visualization 
of the ACA (most available systems have automated programs 
to analyze the angle). Moreover, on contrary to the gonioscopic 
evaluation, the details of the ciliary body and iris-ciliary body 
relationship cannot be assessed with this exam. It is also unable 
to detect peripheral anterior synechiae and discriminate from 
nonsynechial appositional closure, or evaluate the level of 
pigmentation of the angle. Therefore, like other technologies, 
dual Scheimpflug images are not able to completely replace 
the direct study of the ACA anatomy with gonioscopy. 
Galilei imaging systems intent to reduce the subjectivity 
related to the assessment of ACA information by using entirely 
automated analysis. The present study revealed that all Galilei 
parameters analyzed (ACA, volume and depth) correlated 
with the gonioscopy Schaffer grade and had strong efficacy in 
detecting narrow angles (Schaffer II or less). These findings 
correspond to previous studies, in which the same parameters 
were analyzed using the Pentacam[10-11]. 

In this study, the most accurate parameter for screening 
narrow angles with dual Scheimpflug analyzer was the ACD, 
using a threshold of 2.86 mm with 100% sensitivity and 80% 
specificity, according to the partition analysis. The AUC 
(0.82 for ACA, 0.90 for ACV and 0.95 for ACD) reaffirm that 
data. Kurita et al[11] found similar results when analyzing the 
Pentacam measurements: ACD showed very high sensitivity 
(100%) and reasonable specificity (87.1%) for screening 
eyes with narrow angles (ACD threshold of 2.58 mm)[11]. The 
evidence that ACD and ACV provided better AUC, compared 
to the ACA, with both Pentacam and Galilei devices is 
probably due to the fact that they are nearly independent on the 
anatomy of the most peripheral part of the anterior chamber[11].
Other imaging devices, like AS-OCT, UBM, and Scheimpflug 
imaging (Pentacam), have been used to grant a more 

impersonal and precise assessment of the ACA. All these 
technologies are important and additive in clinical practice, 
particularly when one technique is hard to apply or the 
obtained results are doubtful. UBM can visualize structures 
behind the iris, which is an advantage comparing to others 
imaging modalities, especially for the investigation of the 
mechanisms behind angle closure. However, it requires contact 
of transducer with eye and the associated discomfort and the 
need for experienced staff. Optical coherence tomography is 
comparable to UBM in quantitative ACA measurement and 
screening for  narrow angles, both showed good screening 
habilities in previous study with areas under the ROC all in the 
range of 0.96 to 0.98[23].
We believe that this study has some limitations. Our 
classification of the data assessed were all correlated with 
gonioscopy; which, although the current gold standard, is a 
subjective exam and may induce misclassification. In fact, the 
elimination of the subjectiveness by automatic acquisitions and 
data analysis is one of the most relevant qualities of Galilei. 
The principal study design for assessing the accuracy of 
diagnostic tests is a nonexperimental cross-sectional study that 
compares a test’s classification of a diagnosis with a reference 
standard’s classification and this was the reason why it was 
compared with gonioscopy (gold standard).
The sample size of 40 eyes was appropriate for the purpose 
of the study as it has been shown that the magnitude of the 
bias in sensitivity and specificity using data-driven selection 
of optimal cutoff values is estimated to be about 5% in studies 
with a sample size of 40, which is acceptable[24]. In addition, 
we believe that the findings of our study are relevant for 
several other reasons. For example, the diagnostic test was 
evaluated in an appropriate spectrum of patients, like those in 
whom we would use it in the every day practice.
Moreover, the results of this study indicate that the pre-test 
probability of narrow angles (which is the prevalence of narrow 
angles in this sample) was 22.5% and for ACD<2.86 mm the post-
test probability (positive predictive value) of narrow angle 
was 60%, while for ACD≥2.86 mm the post-test probability 
(negative predictive value) of narrow angle was 100%. 
Therefore, within the present study, the uncertainty regarding 
narrow angle has shifted from the initial 22.5% to probabilities 
of either 60% or 100%, which appear to be clinically significant 
variations. 
In summary, this study provides data on the efficacy of the 
Galilei G6 System (dual Scheimpflug analyzer), a noncontact, 
safe and objective method for detecting narrow ACA, which 
may be used to enhance screening approaches in order to 
detect and prevent PACG. However it does not provide 
sufficient information about the ACA anatomy to be considered 
a substitute for gonioscopy. Future studies on different 

Dual Scheimpflug imaging for anterior chamber angles
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populations are needed to develop worldwide-accepted cutoff 
values to screen for narrow/occludable angles with Galilei dual 
Scheimpflug analyzer and to validate these results.  Studies 
comparing Galilei with others anterior segment imaging 
technologies in detecting narrow angles are also welcomed. 
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