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Slit-lamp measurement of anterior chamber depth and its agreement with
anterior segment optical coherence tomography and Lenstar LS 900 in

pseudoexfoliation and normal eyes

Vanita Pathak Ray, Smitha B Ramesh’, Varsha Rathi?

Purpose: There is a considerable lack of awareness of slit-lamp measurement of anterior chamber
depth (ACD) by the Redmond Smith method (SACD) in present day-to-day clinical practice, which may
provide rapid assessment in pseudoexfoliation (PXF) when assessing for angle closure and planning for
cataract surgery. This assumes importance not only in outreach clinics but also in the ongoing pandemic
caused by the highly contagious novel coronavirus, where social distancing is advocated to contain the
spread. We aimed to compare the axial ACD in PXF and normal patients by SACD, and its agreement with
the anterior segment optical coherence tomography (ASOCT) and LenstarL.S-900. Methods: A prospective
comparative observational study was done at a tertiary eye care hospital. A PXF group and a normal
group of controls were recruited. All eyes were phakic with normal cornea. Any eye with previous
intraocular/refractive surgery and cause of other secondary or uncontrolled glaucoma was excluded.
SACD was measured clinically via slit-lamp method and also via ASOCT and Lenstar; agreement
between the methodologies was plotted. Results: Fifty patients were recruited in each group. Mean age
was 66.82 + 4.88 years in PXF patients and 65 + 5.46 years in controls (P = 0.2). ACD was found to be
greater in controls compared with the PXF patients; this difference was statistically significant (P < 0.001)
across all methodologies. A good agreement with narrow 95% limits of agreement was found between
these methodologies. Conclusion: Redmond Smith slit-lamp methodology of estimating the axial ACD
is recommended as a rapid, quantifiable, noncontact screening technique during routine examination,
especially in primary outreach centers, and is also advantageous during the ongoing pandemic by reducing
expendable investigations.
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Pseudoexfoliation (PXF) syndrome is an age-related systemic
microfibrillopathy wherein both intraocular and extraocular
deposits occur (in the skin and visceral organs), suggesting
that it may be an ocular manifestation of a systemic disorder.!"
The prevalence rate of PXF syndrome in different populations
shows extensive variations: none in the Eskimos,? 1.6% in a
southeastern U.S. population,” 1.8% in the Framingham Eye
Study, 5% to 25% in the Scandinavian countries,*® and 38%
in the Navajo Indians.” Population-based estimates in the Blue
Mountains Eye Study revealed a prevalence rate of 2.3%." In a
hospital-based study of the clinical profile of PXF in South India,
PXF glaucoma (PXFG) occurred in 1.9% of eyes, and 4.7% of
eyes were glaucoma suspects.! Open-angle glaucoma not only
occurs more commonly in eyes with PXF, but its presence has
also been recognized as one of the most common identifiable
causes of glaucoma.”’? Overall, glaucoma in PXF has not only
a more serious clinical course but also a worse prognosis
compared with primary open-angle glaucoma (POAG).
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However, patients with PXF may be predisposed to developing
angle-closure glaucoma too.!""!

On the other hand, zonular weakness and poor pupillary
dilatation are the primary risk factors for surgical complications
in PXF.I" Vitreous loss is reported to be five times more
common when PXF is present than in patients without
PXF (9.0% vs. 1.8%)." Nonetheless, the amount of PXF material
present in the eye does not predict the degree of zonular
weakness or the risk of developing glaucoma. However, the
anterior chamber depth (ACD) has been reported to be a
useful predictor of intraoperative complications in eyes with
PXE."2 Zonular fragility accounts for much of the increased
complication rate as the risk of lens dislocation is up to 10 times
higher in PXF"; its clinical manifestation is primarily in the
form of iridophacodonesis.® Zonular instability has also been
implicated in the development of angle closure.”! Therefore,
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a central ACD of less than 2.5 mm is a probable indicator
of zonular instability,!"? which may not only assist in the
detection of angle closure but also serve as a useful predictor
of intraoperative complications in eyes with PXF.

ACD represents the distance between the corneal endothelium
and the anterior capsule of the crystalline lens. The average depth
of ACD in normal individuals is approximately 3 mm."! It can be
measured using the slit lamp with relative ease, but awareness
of this technique is limited; instead, relatively more expensive
technology is used (including the anterior segment optical
coherence tomography [ASOCT; Carl Zeiss Meditec, Dublin,
CA] and Lenstar-LS900 [Haag-Streit AG, Koniz, Switzerland]),
and so its availability in primary care centers in outreach areas
in low- to middle-income countries may be limited. Also, clinical
estimation of the ACD at the slit lamp seems to have assumed
much greater importance during the ongoing pandemic because
of “social distancing” being advocated due to the highly
contagious novel coronavirus, whereby it is prudent to minimize
touch, points of contact, and duration of examination with a
patient. Slit-lamp estimation of the ACD may serve as a simple,
quantifiable, noncontact technique that may eliminate expendable
investigations in certain clinical situations, thereby reducing stay
in a hospital/clinical setting and exposure to the aerosolized virus.

Redmond Smith™"! measured the ACD using the
Haag-Streit-900 slit-lamp (Haag-Streit Inc., Koniz, Switzerland)
without any extra attachments. Its value is independent of
corneal thickness, and the author stated that the axial ACD
was estimated with an accuracy of approximately 0.1 mm.["

This study examines the measurement of axial ACD as
obtained at the slit lamp via the Redmond Smith method and
reports its agreement with that acquired by the ASOCT and
Lenstar in PXF and normal eyes.

Methods

This was a prospective, comparative, observational study
performed at a tertiary-care eye hospital. Ethics Committee (EC)
approval was obtained from the institutional EC; informed
consent was obtained from all the participants. Data handling
was as per the tenets laid down by the Declaration of Helsinki.

Two groups were recruited — a study group of PXF and a
control group.

In the study group, the inclusion criteria were presence of
PXF/PXFG (visible gray-white deposits on pupillary margin
and anterior surface of the lens) and phakic eyes.

Age- and gender-matched population was recruited
as controls. These eyes were phakic with open angles on
gonioscopy and absence of glaucoma clinically.

Exclusion criteria in both groups were any history of
trauma, corneal abnormalities, intraocular or refractive surgery,
any other cause of secondary glaucoma, and uncontrolled
intraocular pressure (IOP).

Comprehensive clinical examination was performed for
all those recruited — this was done in the following sequence.

POSITION A

POSITION B

Hesizontal beam ia
POSITION B

()

—=

\
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ri

Figure 1: (a) Diagrammatic representation of Positions A and B for clinical assessment of anterior chamber depth at the slit lamp. Courtesy
Smith.l"® (Reproduced from Smith, R.J., A new method of estimating the depth of the anterior chamber. Br J Ophthalmol. 1979;63 (4):215-20.
Permission Licence no. 4973651427126, dated December 21, 2020). (b) Slit-lamp view of Positions A and B for clinical assessment of anterior

chamber depth at the slit lamp
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The best-corrected visual acuity (BCVA) for distance and
near was documented, followed by slit-lamp examination of
the anterior segment (AS) and estimation of the ACD.

Slit-lamp measurement of the ACD by Smith method (SACD):

We followed Redmond Smith’s method of ACD measurement,
using the Haag-Streit 900 slit-lamp and its calibrated adjustable
slit-length facility."> For measurement of the ACD on the right
side, the apparatus was arranged so that the slit beam was on the
operator’s left (the patient’s right) and vice versa for the fellow
eye. The right eyepiece was used for the right eye and the left
one for the left eye. The microscope was aimed such that it was
pointing straight ahead at the optical axis of the patient, and
the axis of the slit beam was set at 60°, while the patient was
instructed to look straight ahead. The apparatus was moved
forward by means of the joystick until the slit beam was focused
on the cornea. The beam was then set to horizontal; the thickness
of the slit is not vitally important. The slit beam was reduced in
length by the knurled knob provided. Here two slitimages were
obtained —a sharp focused slit on the cornea on the left-hand side
and a blurred out-of-focus slit image on the anterior lens capsule
on the right-hand side with an optically empty gap (Position
A) [Fig. 1a Left]. The slit was now lengthened until the gap was
just obliterated (Position B) [Fig. 1a Centre]. At this moment,
the optical conditions were such that the left-hand edge of the
slit image on the cornea (at endothelial level) was coincident
with the right-hand edge of the slit image at the anterior lens
surface [Fig. 1a. Right]. Fig. 1b depicts the slit-lamp view of
Position A and Position B for the clinical assessment of ACD.

The length of the slit was then recorded from the scale.
Smith proposed that multiplying this slit length with a factor
of 1.4 provided the ACD.

For example, if the slit length is read as 1.8 from the scale,
after the gap is obliterated in Position B, then the ACD is
calculated as 1.8 x 1.4 =2.52 mm.

The average of three readings via SACD was noted by an
independent masked observer, and each observation was
completed within a few seconds.

The ACD was also obtained via ASOCT (AACD) and
Lenstar (LACD). Both are noncontact optical imaging
modalities; the former uses low-coherence interferometry,
whereas the latter obtains totally automated complete optical
biometry using optical low-coherence reflectometry (OLCR).
One Lenstar scan consists of 16 individual full eye scans and
four individual keratometric scans, taken on two concentric
rings along the patient’s visual axis.

The ASOCT scans were obtained and followed by the Lenstar
LS900 biometer scans. The AACD was measured by marking
the boundaries of the posterior surface of the cornea and the
anterior surface of the lens by use of proprietary calipers.

Three readings were taken by a single masked observer
for all.

Ocular examination was then completed by recording
the IOP via Goldmann Applanation tonometry followed
by gonioscopy with Sussman 4 mirror, in dim ambient
illumination with a small beam not crossing the pupil and a
narrow width (3 mm x 1 mm) at high magnification. Finally,
a dilated fundus examination was done for each patient with

the 78D or 90D lens and an indirect ophthalmoscopy with the
20D lens.

Statistical method

Statistical analyses were performed using the R
software (Version 2.12). To check whether the SACD was
equivalent to AACD (and LACD) or not, we performed a test
of equivalence (one-sided Wilcoxon signed-rank test). The ACD
was compared between the cases and the normal controls by
using one-way ANOVA (analysis of variance). A P value of <0.05
was considered statistically significant. Bland—Altman plots were
constructed to evaluate the agreement between techniques. The
sample size was calculated based on a pilot study of 10 eyes of
SACD versus AACD and SACD versus LACD. With the alpha
set at 0.8, the power at 0.05, and an equivalence of 0.1, a sample
size of 50 was determined in the study group; a size less than
50 was appropriate in the control group.

Results

Fifty patients were recruited in each group as per the
inclusion and exclusion criteria. Mean age of the patients
in the study and control groups was 66.82 + 4.88 years and
65 + 5.46 years, respectively (P = 0.2). In the study group,
males accounted for 33 and females 17, and in the normal
group there were 30 males and 20 females (P = 0.534,
Chi squared test). PXF was unilateral in 11 participants (22%)
and bilateral in 39 participants (78%). When PXF was
bilateral, only the right eye was included in the study. Seven
eyes (14%) in the PXF group had closed angles; all eyes in the
normal group were open. All the patients in the PXF group
and all but one patient in the normal controls had cataract.
Slit-lamp assessment of the ACD (three observations) did
not exceed 30 seconds. The ACD was found to be greater
in controls compared with the PXF participants, and this
difference was statistically significant (P < 0.001) across all
methodologies. When the angle-closure eyes were excluded
and the data was reanalyzed, the PXF eyes continued to be
significantly shallower than the normal eyes in the SACD
method (2.63 + 0.42 mm; P <0.001).

Mean ACD with 95% confidence intervals (CI) are presented
in Table 1; Fig. 2 is the graphical representation of the ACD
measurements in PXF (study group) and normal controls.

A test of equivalence showed that SACD was equivalent to
AACD with an equivalence margin of 0.1 (P = 0.002) and also
to LACD (P <0.001).

ANTERIOR CHAMBER DEPTH VIA 3 METHODS IN CASES AND CONTROLS

OPXFcases 1 Normal controls

AC Depthin mm
-

SACD AACD LACD

Figure 2: Anterior chamber depth (y-axis) via 3 methods in
pseudoexfoliation group (cases) and normal controls
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Table 1: Anterior chamber depth (ACD) measurement by three methodologies in pseudoexfoliation group (PXF) and in

normal controls

SACD' in mm AACD! in mm LACD' in mm
Mean (SD) 2.63 (0.46) 2.48 (0.38) 2.40 (0.37)
PXF group 95% ClI [2.5, 2.76] 95% ClI [2.37, 2.59] 95% ClI [2.29, 2.5]
Mean (SD) 2.95 (0.35) 2.78 (0.32) 2.72 (0.31)
Normal controls 95% CI [2.85, 3.04] 95% ClI [2.69, 2.87] 95% ClI [2.63, 2.81]
ANOVA P<0.001 P<0.001 P<0.001

SD=Standard deviation, Cl=Confidence interval; ANOVA=Analysis of variance. {SACD - ACD measurement by Redmond Smith method *AACD - ACD obtained

by anterior segment OCT LACD - ACD obtained by Lenstar
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Bland-Altman plots of PXF and normal controls are shown
in Figs. 3 and 4, respectively.

The mean difference in the ACD between SACD and
AACD in the PXF group was 0.15 mm, and the 95% limits of
agreement (LoA =+1.965SD) ranged from —0.15 to 0.46 mm. The
mean difference in the ACD between SACD and LACD in PXF

@ +1.96 8D
o
£ 041 EE 0.44
°

g 03 NI
o5 02 o ° oo Mean
2 .0 . 5 L5 9. o 017
! o o ° g
@ 0o °% % o
° 00 ° o
< -1.96 SD
Q
2 01 -0.10
‘% <02 R

-03Q I I L I 1

1.5 2.0 25 3.0 35 4.0

Mean of SmithControls and ASOCTControls

Bland-Altman plot No. 4A: ACD via Smith methodology (SACD) versus ASOCT ACD (AACD) in normal subjects

07|

»

S osf °

2 o

s +1.96 SD

e 08 . 050

s o

g o4 o o0 %%

. o s

P ° oo Mean

e o2t ° T8 2 ° 0.23

c o °© © o

8 o1f o 0 Poo © R

E oo y -1.96. 8D
0.1h 1 1 ° 1 1 _0'04|

1.5 2.0 25 3.0 35 4.0

Mean of SmithControls and LenstarControls

Bland-Altman plot No. 4B: ACD via Smith methodology (SACD) versus Lenstar ACD (LACD) in normal subjects

» O05f 3
£ o4}
[
8 o3f o +1.96 SD
4 o2l ° 027
g °
3 01 o o 890 20° oo Mean
: —
2 00 ° AT S 0.06
= o
s -01F -1.96 SD
2 02| . -0.15
(6]
2 03} R

-04 Q0 I I L I 1

15 2.0 25 3.0 35 4.0

Mean of ASOCTControls and LenstarControls

Bland-Altman plot No. 4C: ASOCT ACD (AACD) versus Lenstar ACD (LACD) in in normal subjects

Figure 4: ABC: Bland—Altman plots in normal control group. Dashed
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the mean difference

was 0.24 mm, the 95% LoA = +1.965D ranged from - 0.05 to
0.53 mm. The mean difference in the ACD between AACD and
LACD in PXF was 0.08 mm and the 95% LoA =+1.965D ranged
from — 0.06 to 0.23 mm. In controls, the mean difference in the
ACD between SACD and AACD was 0.17 mm and the 95% LoA
=+1.965D ranged from —0.10 to 0.44 mm and that between SACD
and LACD in controls was 0.23 mm and the 95% LoA =+1.96SD
ranged from — 0.04 to 0.50 mm. The mean difference in ACD
between AACD and LACD in normal controls was 0.06 mm and
the 95% LoA =+1.96SD ranged from - 0.15 to 0.27 mm.
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Discussion

This study shows that the ACD was less in PXF participants when
compared with normal controls. Furthermore, this difference
was statistically significant across all methodologies (P <0.001).
However, the Smith method somewhat overestimated the ACD
compared with ASOCT and Lenstar, but virtually all the data
are inclusive within the 95% LoA and are evenly distributed in
all the Bland—-Altman plots, indicating no relationship between
the average ACD and interdevice difference. Nontheless, the
agreement for the ACD measure was better between SACD
and AACD than with SACD and LACD, agreement being the
best between AACD and LACD. In controls too, the agreement
was the best between ASOCT and Lenstar.

PXF is the most common identifiable cause of secondary
open-angle glaucoma, while the glaucoma associated with
it is much more challenging from the management point of
view when compared with POAG.!' The incidence of angle
closure and glaucoma is also relatively high and should not
be underestimated in patients with PXF.[' However, it also
remains undetected at a higher rate,['”? perhaps because of the
wider perception of it being the cause of secondary open-angle
glaucoma.

Furthermore, the deposition of PXF on the zonules has
implications for cataract surgery and it is important to
determine the extent of zonular weakness prior to it. However,
the amount of PXF material visible does not seem to correlate
with the degree of zonular weakness. Impaired zonular
function can cause forward movement of the crystalline lens
complex, thus affecting the ACD. Kiichle ef al.' found an
intraoperative complication rate of 13.4% in eyes with an ACD
of less than 2.5 mm and only 2.8% in eyes with an ACD of 2.5
mm or greater (a fourfold increased risk of zonular dialysis
and/or vitreous loss). The authors therefore suggested that a
shallow AC may indicate zonular instability. As such, the ACD
can be a useful predictor of intraoperative complications in
eyes with PXF. ACD of less than 2.5 mm centrally also poses
a significantly higher risk for the presence of angle closure.

Damji and colleagues!™ described the differences in A-scan
and ultrasound biomicroscopy parameters in eyes with PXF
and occludable angles (PXFOc), PXF and open angles (PXFOp),
and eyes with POAG and concluded that eyes with PXFOc
demonstrated lens thickening and shallower central ACD
compared to eyes with PXFOp and POAG. This suggests that
other than zonular weakness, cataract formation may also
contribute to the development of an occludable angle in eyes
with PXF.

Our findings are very similar to those reported by Doganay
and colleagues™ as well as Zheng and colleagues,®! although
the methodology differed. Doganay et al.'"! evaluated the AS
parameters in PXF/G patients with the Pentacam-Scheimpflug
imaging system and concluded that the ACD was lower in these
eyes when compared with healthy individuals. Zheng et al.?"!
did ASOCT analysis in unilateral PXF eyes and showed that
such eyes had significantly shallower ACD, and the fellow eyes
too had significantly lower ACD than normal controls.

An ACD of 2 mm or less is considered extremely shallow
and is at risk from an attack of angle closure after mydriasis.!?
Hence measurement of ACD is a useful indirect predictor not

only of intraoperative complications but also to identify risk
of developing closed-angle glaucoma. Commonly used clinical
ACD assessment with the pen light shadow technique as well
as the van Herrick method is subjective and lacks a numeric
measurement. The sensitivity and specificity of the flashlight
test are 45.5% and 82.7%, respectively; for the van Herrick’s
test, these percentages are 61.9 and 89.3, respectively. Therefore,
both the flashlight and van Herrick’s tests are of limited value
as screening tools for occludable angles.!!

The measurement of the ACD has become increasingly
important in ophthalmic practice, including in the planning
of refractive surgery and refractive cataract surgery. These
require extreme precision, and for these situations, automated
modalities are preferred.

However, measurement of central ACD assumes importance
in other conditions too — in plateau iris (classically shallow
peripheral ACD, deep central ACD), aqueous misdirection
(shallow central and peripheral ACD), overfiltering
bleb (shallow central ACD), subluxated lens (irregular ACD),
angle recession (deeper than fellow eye), and so on. In all
these situations, a clinical assessment may suffice and may be
quantified by SACD.

Barrett et al.” validated the SACD method by comparing it
with the pachymeter and ultrasonography and found that the
estimates were within+0.33 when compared with the pachymeter
and + 0.42 relative to ultrasonography. The authors reported that
using aratio of 1.31 provided an accuracy of +0.33 mm, and with
a ratio of 1.40, the accuracy improved (+0.25 mm).

The advantage of this procedure is that it allows for
rapid screening for measurement of the axial ACD with
no requirement of specialized slit-lamp attachments. It is
noninvasive and quantifiable, allowing for rapid screening
of patients with shallow AC; it is especially useful in primary
eye care clinics or in remote areas, where sophisticated
equipment may not be available. Furthermore, the ongoing
pandemic related to the highly contagious novel coronavirus
(referred to as severe acute respiratory syndrome coronavirus
2 or SARS-CoV-2), which is capable of causing a severe
respiratory disease (COVID-19), is associated with significant
levels of mortality. Therefore, minimizing needless touch
and points of contact (i.e., practicing “social distancing”) is
mandatory to contain the spread of this highly contagious
virus. Although there are several vaccines on the horizon at
variable stages of development and deployment, we, as health
care professionals, will have to continue to adopt practices
that would reflect this social distancing, for a little while
yet.®! This indeed is an ongoing mammoth task, fulfilled
not only by health care and allied professionals but also by
our patients worldwide. While the face-to-face proximity at
the slit-lamp is essential and unavoidable (with adequate
precautions —breath shields, mask, goggles/eye protection, face
shields, rigorous disinfection, etc.), some other investigations
may be dispensable under these extenuating circumstances.
Knowledge of the slit-lamp assessment of the ACD is a
step, however minor, that may contribute to mitigating this
emergent requirement in ophthalmology practices worldwide.
It may benefit by preventing extended periods of waiting in
the outpatient departments for nonessential and expendable
investigations thereby minimizing risk of exposure to the
aerosolized virus, especially in the vulnerable groups.
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On the other hand, the advantages of the automated
modalities are that they are faster, with less technical skill
requirement or interobserver variability. However, its main
disadvantage is that it is a relatively expensive technology,
hence its possible nonavailability in outreach primary
centers. Therefore, knowledge of, and ability to perform,
this relatively effortless skill is useful and is desirable in the
clinical armamentarium of individuals imparting ophthalmic
care.

There are a few limitations to our study. Clinical grading
of PXF and the possibility of this influencing the ACD
measurements were not taken into account. Furthermore,
corneal opacity may preclude measurement of ACD via this
method; therefore, only eyes with clear cornea were included
in this study. However, to the best of our knowledge, there is
no prospective clinical study that has quantitatively evaluated
the axial ACD clinically in PXF eyes by Redmond Smith method
or has reported its agreement with the measurements obtained
via ASOCT and Lenstar.

Conclusion

The Smith methodology of estimating the axial ACD at the slit
lamp can be used as a low-cost, rapid, quantifiable, noncontact
screening technique during a routine clinical examination. We
recommend its use especially in primary outreach centers,
where sophisticated equipment may not be available. The
use of this technique will also contribute to mitigating the
need-of-the-hour in the ongoing pandemic related to the
novel coronavirus, by preventing extended hospital stay for
nonessential and expendable investigations and needless
increased risk of exposure to the aerosolized virus.
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