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Purpose: To assess the reproducibility and accuracy of ultrasound (US) measurements
in determining the distance between corneoscleral limbus and retinal break and its relation
with the distance measured by indirect ophthalmoscopy, in patients undergoing a laser
retinopexy procedure.

Methods: Forty-four patients with a single retinal break, scheduled for laser a retinopexy
procedure (26 phakic patients and 18 pseudophakic patients), underwent 5 repeated
measurements by high-resolution US and 3 measurements (at the time of the laser procedure,
1 and 3 months) by indirect ophthalmoscopy with scleral indentation of the corneoscleral
limbus-retinal break distance with a caliper.

Results: In the phakic patients group, measurements ranged from 8.75 mm to 14.45 mm
(12.56 ± 1.24, mean ± SD) and from 9.5 mm to 15 mm (12.35 ± 1.32) with US and indirect
ophthalmoscopy, respectively. In the pseudophakic patients group, measurements ranged
from 9.04 mm to 13.95 mm (11.88 ± 1.33) and from 8.5 mm to 13.2 mm (11.93 ± 0.99) with US
and indirect ophthalmoscopy, respectively. The correlation coefficient was greater than 0.97.
Measurement variability was very small. In phakic eyes, it was 0.13 ± 0.08 mm and
0.13 ± 0.07 mm with US and indirect ophthalmoscopy, respectively. In pseudophakic eyes,
it was 0.12 ± 0.05 mm and 0.14 ± 0.05 mm with US and indirect ophthalmoscopy, respec-
tively. US and indirect ophthalmoscopy measurements were not statistically different (Stu-
dent’s t-test, P = 1.71). The analysis of the variance among phakic and pseudophakic
patients confirmed that measurements of the two groups do not differ significantly (Fisher’s
exact test, P = 0.16). The univariate analysis showed no significant difference in both US and
indirect ophthalmoscopy measurements (ANOVA, P = 0.09) and between the two types of
measurements and patient groups (ANOVA, P = 0.38).

Conclusion: This study suggests relevant accuracy and reliability of US readings and
provides the possibility of using this technique for localizing tears in eyes with media
opacities by identifying the meridian and corneoscleral limbus-retinal break distance.
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The treatment of symptomatic retinal breaks by cre-
ation of a chorioretinal adhesion reduces the risk of

developing a clinical retinal detachment to less than
5%.1–4 In the same way, finding and closing the retinal

break which caused the roegmatogenous retinal detach-
ment, is critical to the success in retinal surgery and
especially when performing scleral buckling, where it
is mandatory to determine the distances between the
Corneoscleral Limbus and Retinal Breaks (CL-RB).5

Indirect ophthalmoscopy, combined with scleral
indentation, is the preferred method of evaluation of
peripheral vitreoretinal relationships. It requires ade-
quate skill, pupillary dilatation, media transparency,
and patient cooperation. Adequate evaluation becomes
difficult when the posterior segment is inaccessible to
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direct and indirect ophthalmoscopy for optical media
opacities, as in the presence of vitreous hemorrhage,
dense cataract, or cloudy cornea.6

Ultrasounds (US) provide a method of assessing
structural changes in the posterior segment of the eye
in such patients.7 Recent advances in US resolution
have sharpened the acoustic detection of the posterior
segment of the eye, particularly in the posterior vitre-
ous cortex and retina layers.8

We tested the use of echography to determine the
distance from the site of external scleral projection of
the center of retinal break to the corneoscleral limbus
(CL), evaluating US reproducibility and accuracy
compared with indirect ophthalmoscopy with scleral
indentation measurements.

Materials and Methods

Subjects

In our cross-sectional blind comparative study, we
collected a consecutive series of patients with diagno-
sis of retinal break, specifically horseshoe or flap tears,
referred to the retinal surgery department of Santa
Croce e Carle hospital in Cuneo—Italy, for laser treat-
ment from January 2013 to July 2015. Fifty patients
with recent single symptomatic retinal break, sched-
uled to undergo a further laser retinopexy procedure,
were included in the study. No patient had previous
ocular surgery except for cataract surgery (pseudo-
phakic patients group), or previous retinal laser retino-
pexy. They were submitted to a comprehensive
ophthalmic examination, including keratometric and
axial readings by IOL Master 500 (Carl Zeiss Meditec,
Jena, Germany).

Direct Measurements

Retinal examination was performed by a single
retina specialist (E.C.Q.) with indirect binocular
ophthalmoscopy and scleral indentation, using a 20
diopters condensing lens. All patients had posterior
vitreous detachment and clear media (when present,
vitreous hemorrhage did not prevent good fundus
visualization). A thorough evaluation of the peripheral
fundus was performed in each patient, finding no other
retinal break different from the one described by the
referring practitioner. The localization and distance of
the retinal break from the CL was assessed by indirect
binocular ophthalmoscopy with scleral indentation
(O’Connor Scleral Depressor-Marker) and then the
conjunctiva was marked by a dermographic pen, tak-
ing care not to displace it at the corresponding marked
conjunctiva-scleral site. Subsequently, to recheck the

site of the break, the tip of the scleral depressor was
properly positioned at the conjunctiva marked spot and
indirect binocular ophthalmoscopy was performed.
The anterior junction between the clear cornea and
the grayish appearance indicated the corneoscleral lim-
bus. A Castroviejo caliper was used to determine the
distance and, to reach the best accuracy, the tips of the
caliper were positioned on each arm of a vernier cal-
iper. The patients were evaluated by the same skilled
retinal ophthalmologist with the same method at 1 and
3 months after the laser procedure during the sched-
uled check-ups, thus obtaining three consecutive
measurements and so the mean ± SD was calculated.
None of the patients had eye complications during the
follow-up.

US Measurements

On the same day, after direct measurement and
before the laser procedure, every patient underwent
US measurements of the CL-RB distance with the
calipers of the scanning unit (HiScan touch unit;
Optikon, Roma, Italy), using a high-resolution B
scanner with a frequency emission of 20 MHz (focal
length of 23 mm) set at 1,550 m/second9 and high
gain, to have the best signal to noise ratio.8,10 All
examinations were performed by the same expert
examiner (A.S.V.) under topical anesthesia; he was
aware of the ocular localization of the break, but he
did not know the distance from the scleral limbus as
evaluated before. The patient’s eyelids were kept open,
placing the probe with a coupling gel right onto the
ocular surface behind the limbus. We conventionally
use the reference of the probe oriented toward the
cornea (longitudinal section), with the scanning plane
left parallel to the long axis of the retinal break, to
display the anterior part of the eye at the top of the
screen and the posterior to the bottom. The US image
showed an echogenic retinal flap in conjunction with
the posterior vitreous cortex and, for accurate identifi-
cation of vitreoretinal relationship, kinetic examination
was also performed. In primary-gaze position, the lim-
bus site is usually left too anterior to the US scanning
sector to be investigated; therefore, patients were
asked to look in the same direction of the break, so
that the limbus and the retinal break site became
clearly identifiable for US measurements in the same
scan. When the correct scanning plane was observed,
the image was frozen to measure the distance
(Figure 1). About 90% of the breaks are not larger
than 1 diameter papillary (on average 1.5 mm),11,12

therefore, to evaluate the centre of the break, the
caliper was placed specifically 0.75 mm posterior to
the point where the echogenic retinal flap begins at the
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retinal side. Since ultrasonographically the corneoscl-
eral limbus is not visible through a 20-MHz probe, as
shown in our previous paper, the caliper was situated
1.0 mm anterior to the shortest imaginary line that
connects the iris root to the corneoscleral surface.13

Five consecutive readings were taken during the same
visit, thus calculating mean and SD. Subsequently,
laser retinopexy was performed with the appropriate
modalities. Patients who showed a US image in which
the retinal flap and/or iris root could not be clearly
individualized, were excluded from study analysis.
Thus 44 patients with recent single symptomatic retinal
break (31 men, 13 women; mean age ± SD: 65.41 ±
12.37 years) were included. The patients were divided
in two groups, depending on their lens status. Twenty-
six patients (20 men, 6 women; mean age ± SD: 61.6 ±
12.7 years) were phakic and 18 patients (11 men, seven
women; mean age ± SD: 70.94 ± 9.69 years) were
pseudophakic.
The research was conducted in accordance with the

Declaration of Helsinki; Ethics Committee approval
and informed consents were also obtained from all
participants, after explaining the objectives of the
study.

Statistical Methods

Statistical analysis was performed using SPSS
software version 12.0 (SPSS, Inc, Chicago, IL) and
Microsoft Office Excel 2007 (Microsoft, Redmond,
WA). The statistical significance was set at level P ,
0.05. A paired sample Student’s t-test was used to
assess the US capability to recognize the CL-RB dis-
tance. The requirement of normality was verified by the
Shapiro–Wilk test. Repeatability of the consecutive
measurements was assessed using test–retest variability.
The correlation coefficient is the relation between var-
iables measured at different time-points with values
ranging from 0 to 1. As the correlation coefficient value

approaches 1, the repeatability of the measurement
increases proportionally. The variability of the meas-
ures was calculated as the average of the SDs of the
distances in every patient. Repeated-measures analy-
sis of the variance (ANOVA) was used to compare
US and indirect ophthalmoscopy measurements of the
CL-RB distance in phakic and pseudophakic patients.
Fisher’s test was used to determine the significance of
the association between the phakic and pseudophakic
groups. Univariate analysis was used to determine the
difference both between the US and indirect ophthal-
moscopy measurements and among US and indirect
ophthalmoscopy measurements and patient groups.
Huynh–Feldt and Greenhouse–Geisser correction
were applied since sphericity was not present, as
demonstrated with the specific test, and also because
unbalanced ANOVA was used.

Results

The demographics data and the series of readings
(mean of repeated measurements ± SD) obtained from
phakic and pseudophakic patient groups are reported
in Tables 1 and 2, respectively. In the first group, the
CL-RB measurements ranged from 8.75 mm to
14.45 mm (12.56 ± 1.24, mean ± SD) and from
9.5 mm to 15 mm (12.35 ± 1.32) with US and indirect
ophthalmoscopy, respectively. In the second group,
the CL-RB measurements ranged from 9.04 mm to
13.95 mm (11.88 ± 1.33) and from 8.5 mm to
13.2 mm (11.93 ± 0.99) with US and indirect ophthal-
moscopy, respectively. Test–retests showed excellent
reliability, in particular both US and indirect ophthal-
moscopy measurements have a correlation coefficient
greater than 0.97. The variability of the measurements,
expressed as the average of the SDs of the distances in
every patient, was very small. In phakic eyes, it was
0.13 ± 0.08 mm and 0.13 ± 0.07 mm with US and

Fig. 1. Right: red calipers are
placed 1 mm anterior to the
projection on the corneoscleral
surface of the shortest imagi-
nary line from the iris root (top)
and on the centre of the retinal
break, specifically 0.75 mm
posterior to the point where the
echogenic flap begins (bottom);
red line, corneoscleral limbus
and retinal break (CL-RB) dis-
tance; dotted red line, indicates
artifactual US shadowing of the
posterior chamber and part of
the ciliary body due to total
reflection of the ultrasound by

the posterior pole of the lens; (white caliper) anterior chamber angle; white arrow, echogenic flap of the retinal break. Left: ultrasound (US) longitudinal
section with scanning plane left parallel to the long axis of the eye to display the anterior part and the retinal break.
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indirect ophthalmoscopy, respectively. In pseudo-
phakic eyes, it was 0.12 ± 0.05 mm and 0.14 ±
0.05 mm with US and indirect ophthalmoscopy,
respectively. The descriptive statistics showed compa-
rable values, both as mean and as a variability (mean ±
SD), in particular it was 12.33 ± 1.26 (standard error of
the mean = 0.19) and 12.17 ± 1.20 (standard error of
the mean 0.18) mm with US and indirect ophthal-
moscopy, respectively. The analysis showed elevated
correlation (0.896) between the 2 measurement meth-
ods, thus indicating a linear relationship (Figure 2).
There was no statistically significant difference
between US and indirect ophthalmoscopy measure-
ments (standard error of the mean = 0.08; confidence
interval, 20.03 to 0.32; Student’s t-test, P = 1.71). The
analysis of the variance among phakic and pseudo-
phakic patients confirms that the measurements
between the two groups do not differ significantly
(Fisher’s exact test, P = 0.16). Univariate analysis was
used to determine the difference in both US and indirect
ophthalmoscopy measurements and between US and
indirect ophthalmoscopy measurements and patient
groups. Sphericity test is significant, so Huynh–Feldt

and Greenhouse–Geisser corrections were applied.
The univariate analysis showed no significant differ-
ence in both US and indirect ophthalmoscopy meas-
urements (ANOVA, P = 0.09) and between US and
indirect ophthalmoscopy measurements and patient
groups (ANOVA, P = 0.38).

Discussion

Finding and treating retinal tears with persistent
vitreoretinal traction is mandatory, since almost one
half of untreated patients will progress to retinal
detachment.1,2,14 Such treatment usually allows pa-
tients to preserve a good vision.6

The gold standard method to determine the CL-RB
distance is indirect ophthalmoscopy with scleral
indentation.8

The high resolution of modern B scanners allows
better anatomic visualization of posterior structures of
the eye, such as the posterior vitreous cortex and retina
layers.8 Moreover, this technique has other advan-
tages, such as real-time display, speed, and low cost.

Table 1. Demographic and Clinical Data in Phakic Patients

Patient
Age,
Years Sex Eye Km* ACD† AXL‡ Meridian

Ultrasound
Measurement

Indirect
Ophthalmoscopy
Measurement

1 40 M L 41.00 2.80 28.00 2 13.23 ± 0.02 12.87 ± 0.115
2 75 M R 42.50 3.00 26.00 10 11.45 ± 0.02 11.07 ± 0.115
3 75 F R 41.24 2.80 23.58 12 12.51 ± 0.04 11.97 ± 0.058
4 67 M R 39.55 2.78 24.77 11 13.29 ± 0.08 12.97 ± 0.058
5 71 M R 41.70 3.27 24.98 11 10.23 ± 0.32 9.73 ± 0.252
6 62 M R 43.75 3.00 23.59 8 12.89 ± 0.06 12.93 ± 0.115
7 64 M R 42.75 3.69 25.99 11 12.71 ± 0.12 13.23 ± 0.252
8 40 F L 44.25 2.75 26.50 6 11.42 ± 0.23 12.07 ± 0.115
9 65 M L 40.64 3.20 25.87 12 11.36 ± 0.07 10.60 ± 0.100
10 69 M L 42.50 3.00 23.56 2 10.95 ± 0.1 10.93 ± 0.115
11 64 F L 44.50 3.00 23.30 6 14.97 ± 0.36 14.17 ± 0.289
12 61 M R 40.50 3.00 25.00 10 12.29 ± 0.16 12.07 ± 0.058
13 64 M R 41.90 3.71 25.20 11 13.66 ± 0.12 14.83 ± 0.289
14 73 F R 41.00 2.80 28.00 2 13.3 ± 0.1 12.77 ± 0.058
15 64 F R 42.50 2.80 25.70 10 11.45 ± 0.01 11.13 ± 0.115
16 87 F L 43.00 2.80 28.00 10 13.89 ± 0.13 13.97 ± 0.058
17 50 M R 41.00 2.80 25.00 12 13.41 ± 0.11 12.90 ± 0.173
18 79 M L 43.00 3.00 25.00 10 10.91 ± 0.17 10.63 ± 0.115
19 45 M R 42.00 3.20 24.00 9 13.11 ± 0.11 12.60 ± 0.100
20 48 M L 43.00 3.00 24.50 10 12.37 ± 0.18 11.87 ± 0.115
21 56 M L 42.00 3.00 26.80 11 13.87 ± 0.18 13.90 ± 0.141
22 58 M L 43.00 3.00 24.00 3 11.57 ± 0.2 11.07 ± 0.115
23 60 M R 44.00 2.80 23.00 7 10.99 ± 0.25 11.13 ± 0.115
24 76 M R 42.50 3.00 24.00 7 14.75 ± 0.16 13.93 ± 0.115
25 46 M R 42.00 2.80 23.80 10 12.35 ± 0.1 11.93 ± 0.115
26 42 M L 43.00 2.90 24.80 9 13.85 ± 0.14 13.93 ± 0.115

*Mean Keratometric readings (Km).
†Anterior chamber depth (ACD).
‡Axial length (AXL).
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We propose, for the first time to the best of our
knowledge, the use of US to determine accurately the
localization of the tears by identifying the meridian and
the measure of the CL-RB distance. We studied phakic
and pseudophakic patient groups because crystalline
capsule and intraocular lens may create an acoustic
interface that could lead to errors of evaluation.15

We excluded patients in which the US examiner
could not determine either the edge of the break or the
iris root. In particular, in one case, it was difficult to
find where the echogenic retinal flap began because of
a very small break in a myopic patient in which the
vitreous cortex was slightly thickened,16 and in five
cases, an obstacle prevented the probe sliding posteri-
orly to locate the most anterior part of the eye. In
particular, we found that the breaks were localized

inferiorly in three cases and in two cases temporally,
in subjects with a prominent superior orbital rim and
nose, respectively.8,13

The data obtained showed that US measurements
are comparable to measurements obtained with indi-
rect binocular ophthalmoscopy with scleral indentation
through a skilled retina examiner showing excellent
test–retest reliability with a correlation coefficient
greater than 0.97. The variability of US and indirect
ophthalmoscopy with scleral indentation measure-
ments was very small in both groups of patients, with
a mean value of 0.13 (range: 0.12–0.14). The same
experienced examiners, with the same instruments, in
the same position, for a limited time and furthermore,
using a 20 MHz probe (axial resolution of 70 mm and
lateral resolution 150 mm) are possible explanations

Table 2. Demographic and Clinical Data of Pseudophakic Patients

Patient
Age,
Years Sex Eye Km* ACD† AXL‡ Meridian

Ultrasound
Measurement

Indirect
Ophthalmoscopy
Measurement

27 70 M R 43.52 3.62 30.20 11 13.41 ± 0.06 12.37 ± 0.115
28 60 F R 45.50 4.00 22.10 11 11.93 ± 0.03 12.10 ± 0.100
29 85 M L 42.95 3.00 24.42 11 9.09 ± 0.06 8.75 ± 0.250
30 64 F R 43.50 2.79 22.70 6 10.38 ± 0.35 11.87 ± 0.115
31 71 M L 43.63 3.69 26.34 3 11.5 ± 0.22 12.57 ± 0.115
32 71 M R 43.00 3.62 28.20 11 13.69 ± 0.13 12.87 ± 0.115
33 74 M R 43.00 3.40 23.00 1 12.89 ± 0.13 12.30 ± 0.173
34 86 F L 43.00 2.80 25.50 9 10.87 ± 0.11 10.93 ± 0.115
35 57 M R 43.00 3.00 24.50 6 11.67 ± 0.11 11.23 ± 0.252
36 59 F L 43.00 3.00 25.00 3 12.83 ± 0.11 12.57 ± 0.115
37 65 F L 42.50 2.80 24.2 3 12.55 ± 0.14 12.43 ± 0.12
38 65 M R 43.00 2.80 24 10 12.09 ± 0.17 12.10 ± 0.10
39 66 M R 42.00 2.70 24.5 9 11.83 ± 0.08 12.10 ± 0.17
40 60 F L 41.50 3.00 24 1 12.37 ± 0.18 11.87 ± 0.12
41 79 M L 42.50 3.20 25.8 5 13.75 ± 0.14 13.07 ± 0.12
42 78 M R 42.00 3.00 23.7 12 10.83 ± 0.11 12.10 ± 0.17
43 86 F L 42.50 2.90 23.8 2 12.91 ± 0.01 12.57 ± 0.12
44 81 M L 43.86 3.40 23.92 12 10.93 ± 0.11 10.90 ± 0.14

*Mean Keratometric readings (Km).
†Anterior chamber depth (ACD).
‡Axial length (AXL).

Fig. 2. Correlation between US
and indirect ophthalmoscopy with
scleral indentation, measuring the
distance between corneoscleral
limbus and retinal break (CL-RB)
in all patients.
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for the good repeatability of measurements.17 This
value of repeatability being slightly higher, using indi-
rect ophthalmoscopy in pseudophakic, is due in our
opinion to aberrations arising by the intraocular lens in
extreme positions of gaze and also by mydriasis.
Statistical analysis shows a linear relationship,

indicating direct correlation, and descriptive statistics
suggest comparable values between the two measured
methods. ANOVA test shows no statistically significant
difference between US and indirect ophthalmoscopy
measurements, both in phakic and in pseudophakic
groups, indicating the possibility to use US in the
measurement of the distance between CL-RB when, for
any reason, it is not possible to use conventional
methods.
This study has also some limitations mainly, since

any tear was easily found by US because it was
ophthalmoscopically evident, the examiner knew “a pri-
ori” the localization of the break (bias).
Clinically, we can use this information when the

fundus is not explored by indirect ophthalmoscopy due
to media opacity.
Acute vitreous hemorrhage (VH) in the context of

acute posterior vitreous detachment, in the absence
either of vascular retinal disease in the fellow eye or
positive history for vascular systemic disease, is a well
known clinically significant risk factor for the presence
of peripheral retinal breaks.18–20

In patients with opaque media or with inadequate
pupil dilation that prevents a complete retinal visual-
ization, US B-scan and A-scan are reliable alternatives
for the diagnosis of posterior vitreous detachment and
the search of retinal tears.8,21 In those cases, echogra-
phy is the preferred method to rely on for clinical and
surgical decisions,22 showing a specificity of 97% an-
d a sensitivity of 91% in detecting retinal tears.18

When a patient suffers from VH and echography re-
veals a retinal detachment, prompt pars plana vitrec-
tomy is indicated.23

Conversely, when echography shows that retina is
still adherent, with or without the detection of retinal
break, a conservative treatment can be followed.
Bilateral patch and elevated head position could elicit
blood deposition in the inferior part of the retrohyaloid
space within 1 week.24 Using this technique, presence
of retinal tears could be detected and treated by cry-
opexy or laser photocoagulation and, even in case of
retinal detachment with a tear now evident, scleral
buckling can be performed.25 In any case, because of
eye movements and/or presence of little holes in the
vitreous cortical layer, blood can leak from the retro-
hyaloid space into the vitreous, delaying considerably
the clearance of media opacity.24 In a patient with
opaque ocular media, when US clearly detects a break

with flat retina, management is individually tailored.
After establishing the cause of VH, management op-
tions are observation or pars plana vitrectomy and the
choice depends on several factors (age, work, health
condition, presence of cataract, visual acuity in the fel-
low eye, surgeon’s preference, etc.).24 So one can either
closely follow-up the patient with echo and monitoring
visual field changes (scotoma),25 until the ocular media
are clear enough to perform laser photocoagulation or,
in case of prolonged VH, surgery can be performed.24

In the past, cryotherapy has been used for treatment of
VH due to several etiologies26 but only by DiBernardo
et al, and later by Kelly et al, it was proposed as
a different surgical approach. In fact, these authors per-
formed US-guided cryotherapy in the presence of reti-
nal tears obscured to direct visualization by dense
vitreous hemorrhage.17,27

So knowing the CL-RB distance allows us to treat
without actually visualizing tears with cryopexy but
with greater precision and without having the need
to have both echography and a skilled US expert in
the operating room. This technique can be useful in
patients with extreme health issues where a more
definitive surgical procedure could not be performed
or in developing countries, where there are techni-
cal, practical, and budget problems at the time of
performing complex retinal procedures such as
vitrectomy.
This study would have a potential clinical applica-

tions looking at the localization of retinal tears in
retinal detachments in eyes with media opacities from
vitreous hemorrhages or other causes. In such cases,
these measurements could be used to change surgical
approach. Furthermore, some surgeons prefer to
associate a silicone band when performing vitrec-
tomy, especially in eyes where the visualization of
the breaks is difficult, or when there are multiple
breaks, thus knowing the measurement of the CL-RB
distance, and so the area of vitreoretinal adhesion,
may affect surgical decision on the distance from the
limbus where the encircling band must be positioned.
On the other hand, it is common among retinal

practitioners to be doubtful
about where to place a band or a Linkoff, even when

the break is ophthalmoscopically evident, thus know-
ing the meridian and the CL-RB distance measured
preoperatively by US can be of significant help.
In the future, new US technology such as pulse-

encoded imaging will be likely to provide advances in
the CL-RB distance evaluation.28

In conclusion, US evaluation performed by a skilled
examiner is a repeatable test and although US did not
always detect the tear, when it is clearly shown in the
echogram, the exact CL-RB distance may be evaluated
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and so it is a valuable tool that helps us to decide on
treatment options.

Key words: echography, indirect ophthalmos-
copy, limbus, retinal breaks, retinal surgery, ultra-
sound measurements.
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