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Sulcus anatomy and diameter in pseudophakic
eyes and correlation with biometric data:
Evaluation with a 50 MHz ultrasound

biomicroscope
Katrin Petermeier, MD, FEBO, Daniela Suesskind, MD, FEBO, Elke Altpeter, MD,

Andreas Schatz, MD, Andr�e Messias, MD, Florian Gekeler, MD, Peter Szurman, MD

PURPOSE: To evaluate the sulcus anatomy and possible correlations between sulcus diameter and
white-to-white (WTW) diameter in pseudophakic eyes, data that may be important in the stability of
add-on intraocular lenses (IOLs).

SETTING: University Eye Hospital, Tuebingen, Germany.

DESIGN: Case series.

METHODS: In pseudophakic eyes, the axial length (AL) and horizontal WTW were measured by the
IOLMaster device. Cross-sectional images were obtained with a 50 MHz ultrasound biomicroscope
on the 4 meridians: vertical, horizontal (180 degrees), temporal oblique, and nasal oblique. Sulcus-
to-sulcus (STS), angle-to-angle (ATA), and sclera-to-sclera (ScTSc) diameters were measured. The
IOL optic diameter (6.0 mm) served as a control. To test reliability, optic measurements were
repeated 5 times in a subset of eyes.

RESULTS: The vertical ATA and STS diameters were statistically significantly larger than the
horizontal diameter (PZ.0328 and PZ.0216, respectively). There was no statistically significant
difference in ScTSc diameters. A weak correlation was found between WTW and horizontal ATA
(r Z 0.5766, P<.0001) and between WTW and horizontal STS (r Z 0.5040, PZ.0002). No corre-
lation was found between WTW and horizontal ScTSc (r Z 0.2217, PZ.1217).

CONCLUSIONS: The sulcus anatomy had a vertical oval shape with the vertical meridian being the
largest, but it also had variation in the direction of the largest meridian. The WTW measurements
showed a weak correlation with STS. In pseudophakic eyes, Soemmerring ring or a bulky haptic
may affect the ciliary sulcus anatomy.
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mentioned.
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In 1993, Gayton and Sanders1 first described the pig-
gyback technique to provide adequate intraocular
lens (IOL) power in a case of microphthalmos. In their
technique, both IOLs are placed in the capsular bag.
The technique was then extended to correct pseudo-
phakic spherical2 or astigmatic3,4 refractive errors. Be-
cause of the position of both IOLs in the capsular bag,
complications such as interlenticular opacification5–7

and changes in refractive results due to shift of the sec-
ond IOL8,9 were observed. Thus, the authors recom-
mended implanting the second IOL in the ciliary
sulcus. In the past, even multifocal IOLs were

implanted in the sulcus to provide uncorrected near
visual acuity.8,9 However, these IOLs were not de-
signed to be placed in the sulcus, and iris capture of
the second IOL10 or pupillary block with consequent
glaucoma11 have been reported.

In the past few years, thinner IOLswith awider hap-
tic diameter and small dioptric power to be placed in
the sulcus in cases of pseudophakia became avail-
able.12 Most of the new IOLs are called add-on IOLs
to differentiate them from the former piggyback
IOLs, which were not specifically designed for the sul-
cus. Add-on IOLs are now available not only to correct
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spherical errors but also to correct astigmatism using
toric designs and to provide near visual acuity without
glasses using multifocal designs.12–14 These IOLs have
become part of refractive surgery and are accompa-
nied by high patient expectations. To meet these ex-
pectations, correct IOL power calculation, IOL
rotational stability, and a predictable IOL position
without unexpected vault are necessary. These can
be achieved only if the anatomic structures of the sul-
cus, especially the sulcus-to-sulcus (STS) diameter in
pseudophakic eyes, are known. The IOL must fit per-
fectly to prevent it from rotating or shifting forward
or backward due to insufficient sulcus support.

The only accurate and commonly available method
to measure sulcus diameter is 50 MHz or 35 MHz
ultrasound biomicroscopy (UBM). Surprisingly, to
our knowledge, no data on the STS diameter in pseu-
dophakic patients have been published. In contrast,
many studies15–21 report the sulcus anatomy in young
phakic patients with the goal of optimizing the sizing
and vault of posterior chamber phakic IOLs. Other
studies22,23 report the sulcus anatomy in aphakic
eyes with a scleral-fixated IOL to evaluate and opti-
mize the IOL position.

The aim of this study was to evaluate the sulcus
anatomy, especially its diameter, in pseudophakic
eyes and assess a possible correlation with biometry
data, such as the white-to-white (WTW) diameter
and axial length (AL). For this, we used a 50 MHz
UBM system (Aviso, Quantel Medical), which shows
the full view of the anterior chamber but has a higher
resolution than 35 MHz UBM.

PATIENTS AND METHODS

Pseudophakic eyes with no other ocular disease were evalu-
ated. The AL and horizontal WTW distances were measured
with the IOLMaster device (Carl Zeiss Meditec AG). Topical
oxybuprocaine hydrochloride (Conjuncain) was instilled to
anesthetize the cornea before measurement. An eyelid

retractor was placed, and a visco ophthalmic gel (carbomer)
was applied to protect the cornea before the ultrasound gel
was applied.

All eyes were examined by the same experienced physi-
cian (K.P.). The patient, in a reclined position, was asked to
fixate with the fellow eye on a ceiling target (approximate
height 4 m) to maintain fixation and avoid accommodation;
pupils were left undilated. Diameters of the ciliary sulcus
were measured using a UBM system equipped with
a 50 MHz transducer. The probe of the 50 MHz transducer
enables an exploration width of 16.0 mm with up to 35 mm
of axial resolution and 60 mm of lateral resolution in the
anterior segment and penetration of 9.0 to 11.0 mm.
Cross-sectional images were obtained on the following
4 meridians: vertical (up–down 90 degrees), horizontal
(nasal–temporal 180 degrees), nasal oblique (temporal
down–nasal up: 45 degrees left eye; 135 degrees right
eye), and temporal oblique (temporal up–nasal down:
135 degrees left eye; 45 degrees right eye). The STS,
angle-to-angle (ATA), and sclera-to-sclera (ScTSc) diame-
ters were measured offline in the images with the widest
pupil diameter (Figure 1, A). The ScTSc diameter was
measured at the level of the ciliary sulcus to determine
the maximum inner diameter at the sulcus level. The diam-
eter of the IOL optic served as control to ensure centration
of the measurement. In a subset of eyes, measurements of
the IOL diameter were performed 5 independent times to
assess the accuracy and repeatability of this method.

Figure 1. A: Example of a of a pseudophakic eye with the ATA, STS,
and ScTSc diameters and diameter of the IOL optic. B: Bulky haptic
affecting the anatomy of the ciliary sulcus. C: Fifty MHz UBM of an
eye with Soemmerring ring.
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All calculations and statistical analyses were performed
using JMP IN software (version 9, SAS Institute, Inc.).
One-way analysis of variance with a subsequent Tukey
HSD (honestly significant difference) test was used to com-
pare the different directions of measurement. A P value
less than 0.05 was considered a statistically significant differ-
ence. Pearson correlation coefficients (r) were calculated to
assess correlations between biometric data and UBM mea-
surements. Test–retest evaluation was analyzed computing
the coefficient of variation (CoV), normalized by each indi-
vidual mean.

RESULTS

The study evaluated 50 pseudophakic eyes. Table 1
shows the patient characteristics. Table 2 shows
types of IOL used. All implanted IOLs had a 6.0 mm
optic.

Table 3 shows the STS, ATA, and ScTSc diameters.
The vertical ATA diameter was statistically signifi-
cantly larger than the horizontal diameter (PZ.0328)
(Figure 2), while the oblique diameters were not statis-
tically significantly different. This was also true for the

STS diameter; that is, the vertical diameter was larger
than the horizontal diameter (PZ.0216) while the obli-
que diameters were not statistically significantly
different (Figure 2). The ATA and STS thus had a verti-
cal oval shape, with the vertical diameter larger than
the horizontal and the oblique diameters in between
the two. There was no statistically significant differ-
ence in the ScTSc diameters.

The vertical ATA diameter was the largest in 31 eyes
(62%), while the horizontal diameter was the largest in
9 eyes (18%). In 10 eyes (20%), 1 of the oblique diame-
ters was the largest.

The vertical STS diameter was the largest in 36 eyes
(72%), while the horizontal diameter was the largest in
3 eyes (6%). In 11 eyes (22%), 1 of the oblique diameters
was the largest.

Awell-definedweak correlationwas found between
WTW and horizontal ATA (r Z 0.5766, P!.0001) and
between WTW and horizontal STS (r Z 0.5040
PZ.0002), while no correlation was found between
WTW and horizontal ScTSc (r Z 0.2217, PZ.1217)
(Figure 3). The AL and keratometric reading were
also weakly correlated with STS diameter; the correla-
tion coefficients for keratometry (K) 1 (steep), K2 (flat),
and AL were 0.4985 (PZ.0002), 0.5165 (PZ.0001), and
0.5181 (PZ.0001), respectively.

Test–retest was performed repeating the measure-
ment 5 times in 11 eyes. The mean IOL optic diameter
was 6.01 mm G 0.03 (SD), 6.01 G 0.03 mm, 6.00 G
0.03 mm, 5.98 G 0.03 mm, and 6.00 G 0.03 mm for

Table 1. Patient characteristics.

Parameter Result

Age (y)
Mean G SD 72.15 G 8.4
Range 53, 86

Follow-up (mo)
Mean G SD 18.8 G 26.08
Range 0.57, 104.1

AL (mm)
Mean G SD 23.29 G 1.18
Range 20.69, 26.43

WTW (mm)
Mean G SD 11.82 G 0.35
Range 11.2, 12.5

K1 (mm)
Mean G SD 7.74 G 0.28
Range 7.22, 8.86

K2 (mm)
Mean G SD 7.58 G 0.29
Range 8.74, 6.91

Al Z axial length; K1 Z flat keratometry; K2 Z steep keratometry;
WTW Z white-to-white diameter

Table 2. Types of IOL used.

IOL Implanted* Eyes (n)

Alcon SN60AT/SA60AT 25
Alcon SN60WF 9
AMO Tecnis ZCB00 8
Polytech H62 2
Ophtec Oculaid PC510 2
Zeiss Acri.Lisa 2
Zeiss Acri.Smart 1
Visionflex Sofcryl 1

IOL Z intraocular lens
*As noted in the medical records

Table 3. Angle-to-angle, sulcus-to-sulcus, and sclera-to-sclera diameters in the 4 measurement directions.

Parameter

Measurement Directions, Mean (mm) G SD

Nasal–Temporal Temporal Up–Nasal Down Up–Down Temporal Down–Nasal Up

Angle-to-angle 11.43 G 0.50 11.47 G 0.51 11.65 G 0.49 11.49 G 0.49
Sulcus-to-sulcus 10.91 G 0.53 10.98 G 0.58 11.18 G 0.57 11.04 G 0.57
Sclera-to-sclera 13.03 G 0.55 12.97 G 0.56 13.06 G 0.55 12.97 G 0.55
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the 5 measurements, respectively. To compute the
CoV, each result was subtracted from the mean of
the 5 results in each eye. The highest negative differ-
ence between 1 measurement in 1 eye and the mean
of the 5 measurements in this eye was �0.058 mm,
or 0.97% of the mean in this eye. The highest positive
difference was �0.052 mm, or 0.87% of the mean
in this eye. The overall CoV was 0.31%. Thus,
in 55 measurements, the highest deviation of
1 measurement to the mean was below 1.0% of the
mean.

DISCUSSION

To our knowledge, this is the first study reporting the
sulcus diameter in vivo in pseudophakic eyes. Li
et al.24 showed in cadaver eyes that 50 MHz UBM
offers high accuracy and good repeatability for mea-
suring the ciliary sulcus diameter. In our study, the
pseudophakic eyes came with a “built-in” caliper;
that is, the IOL optic, which was known to be 6.0 mm
in all cases. The accuracy and repeatability may be lim-
ited by the centration of the cross-sectional images. The
AvisoUBMdevice does not have an internal camera, as
other devices do (eg, Artemis, Arcscan, Inc.). In this
study, measurement was performed using the images
with the widest pupil diameter. The diameter of the
IOL optic served as control to ensure the centration of
the measurement. Our accuracy and repeatability
in vivo are in accordance with the results of Li et al.24

in cadaver eyes and well suited to perform the assess-
ments outlined in the previous sections.

No power calculationwas performed in advance be-
cause the distribution and the expected standard devi-
ation (SD) were unknown. The number of 50 eyes was
our estimation. However, a power calculation was

performed retrospectively. Considering an SD of
0.5 mm and a minimum difference to be detected of
0.5 mm, the sample size for a 1-mean analysis would
be 10 eyes for an 80% power. Thus, 50 eyes guaranteed
an 80% power in our study.

Several studies15–19 have evaluated the relationship
betweenWTW and STS diameters in an effort to select
adequately sized posterior phakic IOLs. Using differ-
ent devices to measure the STS and the WTW, they
showed a weak correlation (rZ 0.406 to rZ 0.597) be-
tween these 2 values. In our study of pseudophakic
eyes, it was sometimes difficult to identify the sulcus;
Soemmerring ring (Figure 1, C) or a bulky haptic
(Figure 1, B) of a single-piece IOL might compress
the structures constituting the ciliary sulcus. Neverthe-
less, we also found a weak correlation between WTW
and STS (rZ 0.5040, PZ.0002), similar to results in the
previous studies of phakic eyes.

Kim et al.16 found a high negative correlation (r Z
�0.865) betweenK readings (indiopters) and the sulcus
diameter; however, the study was limited by the num-
ber of patients (n Z 14), that accommodation was not
excluded, and thatmost of the patientswere highlymy-
opic. Inour studyofpseudophakic eyes,K readings and
AL showed a weak correlation with sulcus diameter.
The correlation was 0.4985 (PZ.0002) for K1, 0.5165
(PZ.0001]) for K2, and 0.5181 (PZ.0001) for AL.

We found a larger vertical diameter than horizontal
diameter for the sulcus and the anterior chamber.
These 2 structures appeared to be oval,while the scleral
diameters in different orientationswere not different. It
is unclear whether horizontal orientation of IOLs may
have an impact on the ciliary sulcus and the anterior
chamber, making them oval. In this study, the eyes
were operated on at University Eye Hospital Tuebin-
gen, where a temporal incision and horizontal

Figure 2. The vertical (up-down)
ATA and STS diameter was statisti-
cally significantly larger than the
horizontal (nasal–temporal) diame-
ter; there was no statistically signif-
icant difference for the STS
diameter.

Figure 3. Relationship between
WTW and ATA, STS, and ScTSc di-
ameters. The ellipses represent the bi-
variate 95% confidence intervals.
Only a weak correlation was found
for WTW and ATA nasal temporal
(rZ 0.5766, P!.0001) and for WTW
and STS nasal–temporal (r Z
0.5040, PZ.0002); no correlation was
found for WTW and ScTSc nasal–
temporal (rZ 0.2217, PZ.1217).
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orientation of the IOLare standard; however, the orien-
tation of the IOLs has not been explicitly evaluated.
Baikoff et al.25 evaluated the shape of the anterior
chamber in 107 phakic eyes with optical coherence to-
mography (OCT). They also found the anterior cham-
ber to be vertically oval; it was not possible to
evaluate the sulcus diameter with OCT. However, by
taking a closer look at every case, they found that the
vertical diameter was smaller than the horizontal di-
ameter in 15% of eyes, which reflects a variation that
should be taken into account when planning phakic
IOL implantation. In our study, the vertical anterior
chamber diameter was the largest in 31 eyes (62%),
while the horizontal diameter was the largest in
9 eyes (18%). In 10 eyes (20%), 1 of the oblique diame-
ters was the largest. Rondeau et al.17 measured the sul-
cus diameter and calculated the orientation of the
largest diameter. They found a trend toward the hori-
zontal meridian being the largest, but they also found
highvariation.Oh et al.18 also foundavertical oval pos-
terior chamber in 28 phakic eyes using 35 MHz UBM.

In our study, the vertical sulcus diameter was the
largest in 36 eyes (72%), while the horizontal diameter
was the largest in 3 eyes (6%). In 11 eyes (22%), 1 of the
oblique diameters was the largest. Werner et al.19 eval-
uated the sulcus diameter with the Artemis device in
postmortem eyes and in a clinical trial. In the postmor-
tem eyes, the mean vertical diameter was larger than
the horizontal diameter, while in the clinical study
the horizontal diameter was larger than the vertical di-
ameter. The authors propose that each eye should be
evaluated for the largest meridian preoperatively.

We conclude fromour results that the anatomyof the
ciliary sulcus in pseudophakic eyes may be affected by
bulky haptics or Soemmerring ring. Thus, when plan-
ning an add-on IOL in such cases, the patient should
be informed that secondary fixation of the add-on
IOL to the iris or sclera might be necessary to avoid ro-
tation. Second, the ciliary sulcus is not a perfectly sym-
metrical round structure but rather a vertically longer
oval, which might result in rotational instability of
add-on IOLswith C-loop haptics. Onemight speculate
add-on IOLs could self-rotate postoperatively into the
position of least resistance, which is mostly the vertical
meridian. Nevertheless, in some eyes, even the hori-
zontal or oblique meridian might be the largest; thus,
without evaluationof the sulcus, the rotational stability
of an add-on IOL would be unpredictable. Individual
sizing is not possible with the available add-on IOLs;
however, implantation of a Visian Implantable
Collamer Lens (Staar Surgical Co.) as an add-on IOL
has been described.26 This lens is a so-called phakic
IOL andnot designed to be implanted in pseudophakic
eyes; however, it is available in different sizes and re-
sults in small case series are promising.26 Eventually,

new designs other than C-loop haptics or more than 2
haptics may be able to fit the oval shape of the sulcus.
In conclusion, eyes planned for add-on IOL implanta-
tion should be evaluated preoperatively with UBM.

WHAT WAS KNOWN

� While several studies have evaluated the relationship be-
tween white-to-white diameters and sulcus diameters in
an effort to select adequately sized posterior phakic
IOLs, no study has evaluated the sulcus diameter in pseu-
dophakic eyes. This evaluation is important for implanta-
tion of add-on IOLs to prevent rotating or shifting.

WHAT THIS PAPER ADDS

� White-to-white was only weakly correlated with the sulcus
diameter in pseudophakic eyes. Vertical diameter was
larger than horizontal diameter. The sulcus diameter had
a vertical oval shape with the vertical meridian being the
largest; however, it also had a variation of the direction of
the largest meridian. In pseudophakic eyes, Soemmerring
ring or a bulky haptic may affect the ciliary sulcus anatomy.

� Eyes planned for add-on IOL implantation should be eval-
uated preoperatively with UBM.
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