.( J Korean J Ophthalmol 2018;32(2):126-133
pISSN: 1011-8942 eISSN: 2092-9382

https://doi.org/10.3341/kj0.2017.0092

Original Article

Scleral Buckling under a Slit-lamp Illumination System with a
Contact Wide-angle Viewing Lens Compared with an Indirect
Ophthalmoscope
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Purpose: To investigate the outcomes of scleral buckling surgery performed under a slit-lamp illumination sys-
tem (Visulux) with a contact wide-angle viewing lens (Mini Quad) in patients with rhegmatogenous retinal de-
tachment (RRD) and to compare these outcomes with those of surgery performed under an indirect ophthal-
moscope.

Methods: By retrospective review of electronic medical records, patients with RRD who had undergone scleral
buckling surgery were identified. Scleral buckling surgeries were performed with two illumination instruments,
a slit-lamp (SL group) and an indirect ophthalmoscope (IO group). Subretinal fluid drainage, cryopexy, and
intravitreal gas injection were performed optionally. At 6 months after surgery, anatomical and functional out-
comes were evaluated and compared between the two groups. Operation time was also compared between
the two groups.

Results: Of the 45 total patients (45 eyes), 28 were included in the SL group, and 17 were included in the 10
group. In the SL and IO groups, the primary anatomical success rate was 89.3% and 88.2%, respectively (p =
0.92). The logarithm of the minimal angle of resolution change, which reflects improvement in best-corrected
visual acuity after surgery, was -0.19 + 0.38 in the SL group and -0.21 + 0.63 in the IO group; this difference
was not statistically significant (p = 0.91). The mean operation time was significantly shorter in the SL group
(78.9 + 11.8 minutes) than in the 10 group (100.0 + 13.9 minutes, p < 0.001), especially for patients who under-
went additional procedures such as subretinal fluid drainage and cryopexy (81.4 + 12.9 and 103.5 + 12.3 min-
utes, respectively, p < 0.001).

Conclusions: Scleral buckling surgery performed under a slit-lamp illumination system yielded a similar ana-
tomical success rate and similar functional improvement in RRD compared with surgery performed under an
indirect ophthalmoscope. The slit-lamp system could save time, especially in bullous RRD, which requires ad-
ditional subretinal fluid drainage.
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Two surgical procedures, scleral buckling and pars plana
vitrectomy, are widely utilized for the treatment of rheg-
matogenous retinal detachment (RRD) [1-3]. The scleral
buckling procedure consists of localizing retinal breaks, fix-
ing the buckle element on the sclera (with or without
cryopexy), and draining the subretinal fluid by external
sclerotomy. To localize the retinal breaks, surgeons usually
use an indirect ophthalmoscope with scleral indentations [3,4].

Scleral buckling surgery performed with an indirect oph-
thalmoscope has several drawbacks, such as inversion of
the retinal image [5], the need to shift the surgeon’s position
to the opposite site of the retinal break, discomfort caused
by the surgeon’s position during retinal visualization, and
inability to share the indentation and cryopexy images with
the assistant [6]. These problems can prolong the operation,
cause surgeon fatigue, and limit training opportunities
during fellowship residencies. To overcome these draw-
backs, chandelier endoillumination with a wide angle
viewing system [5,7-9], illumination with a surgical micro-
scope [10], and illumination with a slit-lamp illumination
system [11] have all been introduced as successful alterna-
tive methods for retina visualization in scleral buckling.

Conventional slit-lamp illumination [12,13] has not been
widely used in vitreoretinal surgery because of the narrow
visualization area. A previous report demonstrated that a
slit-lamp illumination system with a handheld wide-angle—
viewing contact lens enabled clear visualization of the reti-
na during scleral buckling surgery, including cryopexy and
external subretinal fluid drainage (SRFD). Thus, the slit-
lamp system is a potential alternative method to an indirect
ophthalmoscope [11].

In this study, we investigated the outcomes of scleral
buckling surgery performed under a slit-lamp illumination
system (Visulux, Zeiss, Oberkochen, Germany) with a
contact wide-angle viewing lens (Mini Quad, Volk, Men-
tor, OH, USA) in patients with RRD. We also compared
the surgical outcomes and operation times with those of
scleral buckling surgery performed under an indirect oph-
thalmoscope.

Materials and Methods

A retrospective electronic medical record review was
performed to identify patients with RRD who underwent
scleral buckling surgery by a single skilled surgeon (YHP)
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between August 2010 and February 2016.

This study was conducted with the approval of the insti-
tutional review board of Seoul St. Mary’s Hospital, College
of Medicine, the Catholic University of Korea (KC12RI-
SI0673). The investigators followed the tenets of the Decla-
ration of Helsinki. The investigation was performed with-
out requirement of informed consent because all date used
in this retrospective study were fully anonymized.

Patients who underwent scleral buckling with pars plana
vitrectomy were not included in this study. Although some
participants had conditions that might not be suitable for
scleral buckling surgery alone (e.g., visually significant
cataract, mild vitreous hemorrhage, retinal breaks near the
posterior pole, or mild proliferative vitreoretinopathy), they
were included if they had undergone scleral buckling alone
based on the surgeon’s decision. Patients who underwent
scleral buckling surgery between January 2013 and June
2013 were excluded to allow for a 6-month learning period
for the new surgical procedure after the first application of
the slit-lamp illumination system. History of trauma or re-
fractive surgery was not an exclusion criterion.

All patients underwent a complete preoperative evalua-
tion, which included comprehensive history taking,
best-corrected visual acuity (BCVA) measurement on the
logarithm of the minimal angle of resolution (logMAR)
scale, slit-lamp biomicroscopy, measurement of intraocular
pressure, measurement of axial length by optical coherence
biometry (IOLMaster, Carl Zeiss, Jena, Germany), fundus
examination with a contact wide angle viewing lens (Su-
perquad 160, Volk) that can localize retinal breaks and de-
termine the extent of retinal detachment, and optical co-
herence tomography to confirm macular involvement.
Retinal break sites were classified clockwise into the supe-
rior (from 10.5 to 1.5 o’clock), side (nasal or temporal, from
1.5 to 4.5 o’clock or 7.5 to 10.5 o’clock), and inferior (from
4.5 to 7.5 o’clock) areas; the extent of RRD was calculated
in the same manner.

After conjunctival peritomy and application of a traction
suture, indentation was performed to identify retinal
breaks with the use of additional illumination methods ac-
cording to group. All procedures were performed under a
surgical microscope. In the slit-lamp illumination group
(SL group), the fundus was illuminated using a slit-lamp
illumination system. This system used a hand-held contact
wide-angle viewing lens placed by an assistant; a built-in
image inverter was activated to generate an upright image
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of the retina. In the indirect ophthalmoscope illumination
group (IO group), an indirect ophthalmoscope was used
for fundus visualization with the patient in the standing
position. After localization and marking of retinal breaks,
a silicone sponge (506-silicone; Labtician, Oakville, ON,
Canada) was sutured to the marking area for fixation of
the buckling band. External SRFD was performed for all
patients except those who had shallow RRD (subretinal
depth less than half the length of a 30-gauge needle bevel)
and risk of retinal injury during needle puncture. Next,
cryopexy was performed for patients with attached retinal
tear sites that were placed under indentation by the
cryopexy probe. Intravitreal octafluoropropane (C3F8) gas
was optionally injected for patients with residual subreti-
nal fluid in the superior, nasal, or temporal quadrant after
fixation of the buckling band.

Before completion of the surgery, an elevated buckling
band was assessed using the same illumination methods.
Fig. 1A-1D shows these procedures performed using a slit-
lamp illumination system in greater detail.

All surgeries were performed under general anesthesia;
operation time was calculated from the recorded start time
to the end time of the surgery and did not include induc-
tion or recovery time for general anesthesia. To evaluate
anatomical and functional outcomes at 6 months after sur-
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Fig. 1. Surgical photographs of
scleral buckling surgery performed
using slit-lamp illumination com-
bined with a contact wide-angle
viewing system for rhegmatogenous
retinal detachment. (A) A general
view of retinal detachment before
scleral buckling surgery. (B) The
retinal tear site with scleral inden-
tation (arrow). (C) Whitening of the
retina during cryopexy (arrow). (D)
Successful application of a buckling

band on tear site (arrow) after tight-
‘ ening of the fixation scleral suture.

gery, postoperative BCVA, treatment failure rate, RRD re-
currence rate, and presence of other complications were
investigated. These postoperative outcomes were com-
pared between the two groups (SL group and 10 group).
Statistical analyses were carried out with IBM SPSS ver.
19.0 (IBM Corp., Armonk, NY, USA); a p-value <0.05 was
defined as statistically significant.

Results

In total, 45 eyes of 45 patients were included in the
study. The female / male ratio was 22 / 23, and the mean
patient age was 32.4 £+ 15.0 years (range, 15 to 64 years).
Twenty-eight patients underwent scleral buckling surgery
using slit-lamp illumination combined with a contact
wide-angle viewing system (SL group), whereas 17 patients
underwent scleral buckling surgery using an indirect oph-
thalmoscope for fundus visualization (IO group). All in-
cluded eyes were phakic, except for one eye in the SL
group with pseudophakia. All buckling surgery procedures
were performed in the segmental buckle manner, and no
patient had an encircling band or more than 1 buckle band.

The mean age was 32.5 £ 15.5 years (range, 15 to 64
years) in the SL group and 32.3 + 14.6 years (range, 17 to
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Table 1. Characteristics of the patients with rhegmatogenous retinal detachment grouped by illumination type

Characteristics Slit-lamp illumination group (n =28)  Indirect ophthalmoscope group (n = 17) p-value
Age (yr) 32.5+15.5 323+ 14.6 0.96
(range, 15-64) (range, 17-64)
Female : male 12:16 10:7 0.31
Right eye : left eye 20:8 10:7 0.40
History of trauma 1 3 0.13
History of refractive surgery 5 2 0.60
Axial length (mm) 2621 +1.38 26.14+1.99 0.90

(range, 23.87-28.60)

(range, 22.32-29.83)

64 years) in the 10 group; these ages were not significantly
different (p = 0.96, Student’s ¢-test). The sex ratios of the
two groups were different: the SL group contained a high-
er proportion of males (12 females, 16 males), whereas the
10 group contained a higher proportion of females (10 fe-
males, 7 males). However, these proportions were not sig-
nificantly different (p = 0.31, chi-square test). In the SL
and IO groups, right eye dominance was observed (20 / 8,
and 10 / 7, respectively) (p = 0.40). The SL group included
one eye with a history of trauma and 5 eyes with a history
of refractive surgery; the IO group included 3 eyes and 2
eyes with a history of trauma and a history of refractive
surgery, respectively (p = 0.13, p = 0.60, respectively).
Most patients showed myopia. The mean axial length was
26.21 £ 1.38 mm (range, 23.87 to 28.60 mm) in the SL
group and 26.14 + 1.99 mm (range, 22.32 to 29.83 mm) in
the IO group; the mean axial lengths of the two groups
were not significantly different (p = 0.90, Student’s #-test)
(Table 1).

Four eyes (14.3%) and no eyes (0%) in the SL group and
the 10 group had multiple retinal breaks, respectively (p =
0.11, Fisher’s exact test). The rates of large retinal breaks at
the 2 o’clock position were similar between the SL (3 eyes,
10.7%) and 10 (1 eye, 5.9%) groups (p = 0.13). More eyes
had macula-off RRD in the IO group (10 eyes, 58.8%) than
in the SL group (9 eyes, 32.1%), but this difference was not
statistically significant (p = 0.08, chi-square test).

In the SL group, the mean preoperative BCVA was 0.37
+ 0.47 overall, 0.87 £ 0.49 in the subgroup of macula-off
patients, and 0.14 £ 0.23 in the subgroup of macula-on pa-
tients. These values were not significantly different from
those in the IO group: 0.70 = 0.63 overall, 1.09 £ 0.53 in the
subgroup of macula-off patients, and 0.14 + 0.13 in the sub-
group of macula-on patients (p = 0.06, 0.36, and 0.99, re-

spectively, Student’s #-test) (Table 2).

The retinal break sites were also similar between the two
groups. In the SL group, retinal breaks occurred in the su-
perior area in 3 eyes (10.7%), the side (nasal and temporal)
area in 13 eyes (46.5%), and the inferior area in 12 eyes
(42.9%). In the 1O group, retinal breaks occurred in the su-
perior area in 4 eyes (23.5%), the side areca in 5 eyes
(29.4%), and the inferior area in 8 eyes (47.1%). There was
no significant difference in the distribution ratios of retinal
break sites (p = 0.90, Fisher’s exact test). In the SL group,
17 eyes (60.7%) showed a large extent of RRD (more than
2 quadrants of the retina). The result was similar in the IO
group, with 11 eyes (64.7%) showing a large extent of RRD
(more than 2 quadrants of the retina) (p = 0.20, chi-square
test). The mean extent of retinal detachment was not dif-
ferent between the SL (4.04 + 1.43 hours) and 10 (441 +
1.20 hours) groups (p = 0.10). During scleral buckling sur-
geries, 14 eyes (50.0%) in the SL group and 13 eyes (76.5%)
in the IO group underwent external SRFD (p = 0.08) and
27 eyes (96.4%) in the SL group and 16 eyes (94.1%) in the
10 group underwent cryopexy (p = 0.72). Additional intra-
vitreal gas injection was performed in 14 eyes (50.0%) in
the SL group and 13 eyes (76.5%) in the 10 group (p = 0.08)
(Table 2). No scleral perforation, subretinal or vitreous
hemorrhage, or other scleral buckling intraoperative com-
plications occurred in either group.

In the SL and IO groups, the primary anatomical success
rates (completely attached retina) were 89.3% (25 out of 28
eyes) and 88.2% (15 out of 17 eyes), respectively (p = 0.92)
(Table 3). Among the patients who experienced treatment
failure, 2 in the SL group and 2 in the IO group showed
retinal breaks in the inferior area; another patient in the SL
group showed a retinal break in the nasal area. All patients
who experienced treatment failure underwent pars plana
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Table 2. Preoperative and intraoperative findings and intraoperative procedures for patients with rhegmatogenous retinal detach-
ment according to illumination method

Characteristics Slit-lamp group (n = 28) Indirect ophthalmoscope group (n = 17) p-value
Multiple retinal breaks (eyes) 4(14.3) 0(0) 0.11
Large retinal breaks (eyes) 3(10.7) 1(5.9) 0.13
Macula involvement (eyes) 9(32.1) 10 (58.8) 0.08
Preoperative BCVA (logMAR) 0.37+0.47 0.70 £ 0.63 0.06
Macula-off patients 0.87+£0.49 1.09+£0.53 0.36
Macula-on patients 0.14+0.23 0.14+0.13 0.99
Retinal break site (eyes) 0.90
Superior 3(10.7) 4(23.5)
Side (nasal or temporal) 13 (46.5) 5(29.4)
Inferior 12 (42.9) 8 (47.1)
Extent of detachment (eyes) 0.20
<2 quadrants 11 (39.3) 6(35.3)
>2 quadrants 17 (60.7) 11 (64.7)
Mean extent (clock hours) 4.04+1.43 4.41+1.20 0.10
Additional procedure (eyes)
Subretinal fluid drainage 14 (50.0) 13 (76.5) 0.08
Cryopexy 27 (96.4) 16 (94.1) 0.72
Intravitreal gas injection 14 (50.0) 13 (76.5) 0.08

Values are presented as number (%) or mean + standard deviation.
BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution.

Table 3. Treatment success rate, postoperative visual acuity, and mean operation time in patients with rhegmatogenous retinal de-
tachment according to illumination method

Characteristics Slit-(llzlnilp2 goup Indirect opll(ila;lril;))scope group el
Treatment success (eyes, %) 25(89.3) 15 (88.2) 0.92
Postoperative BCVA (logMAR) 0.18 £0.26 0.49+£0.42 0.004
Macula-off patients 0.35+0.38 0.69 £ 0.46 0.11
Macula-on patients 0.10+0.14 0.21 £0.09 0.07
Improvement in BCVA after surgery -0.19+0.38 -0.21+0.63 0.91
Macula-off patients -0.51+0.53 -0.40 £ 0.76 0.72
Macula-on patients -0.04+0.13 +0.07 £ 0.14 0.07
Operation time (min) 789+ 11.8 100.0 £13.9 <0.001
(range, 55-100) (range, 70—125)
Patients who underwent SRFD and cryopexy with/ 81.4+12.9 103.5+12.3 <0.001
without gas injection (n=13) (n=13)
Patients who underwent only cryopexy 76.2+10.8 85.0+£15.0 0.25
(n=13) (n=3)

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; SRFD = subretinal fluid drainage.

vitrectomy, with the exception of 1 patient in the SL group, vitreoretonopathy.
who underwent additional pneumatic retinopexy. No pa- The mean postoperative BCVA was 0.18 + 0.26 in the SL
tient with treatment failure had findings of proliferative group and 0.49 £ 0.42 in the IO group; these values were
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significantly different (p = 0.004, Student’s #-test). Howev-
er, the mean improvement in BCVA was -0.19 £ 0.38 in the
SL group and -0.21 + 0.63 in the IO group; these values
were not significantly different (p = 0.91). Subgroup analy-
sis of the macula-off patients showed no significant differ-
ence in mean postoperative BCVA (0.35 + 0.38 in the SL
group and 0.69 £+ 0.46 in the 10 group, p = 0.11) or mean
improvement in BCVA (-0.51 + 0.53 in the SL group and
-0.40 £ 0.76 in the 1O group, p = 0.72) between the two
groups. A similar subgroup analysis of the macula-on pa-
tients revealed no difference between the two groups with
respect to mean postoperative BCVA (0.10 + 0.14 in the SL
group and 0.21 £ 0.09 in the 10 group, p = 0.07) or mean
improvement in BCVA (-0.04 + 0.13 in the SL group and
+0.07 + 0.14 in the IO group, p = 0.07) (Table 3).

The mean operation time was 78.9 £ 11.8 minutes (range,
55 to 100 minutes) in the SL group and 100.0 + 13.9 min-
utes (range, 70 to 125 minutes) in the IO group; these times
were significantly different (p < 0.001). Subgroup analysis
of the patients who underwent additional procedures such
as SRFD and cryopexy (with or without intravitreal gas
injection) revealed a significant difference between the 13
patients in the SL group (mean operation time, 81.4 + 12.9
minutes) and the 13 patients in the IO group (mean opera-
tion time, 103.5 + 12.3 minutes) (p < 0.001). Subgroup
analysis of the patients who underwent only cryopexy as
an additional procedure without SRFD or intravitreal gas
injection revealed that the mean operation times were sim-
ilar between the 13 patients in the SL group (mean opera-
tion time, 76.2 + 10.8 minutes) and the 3 patients in the IO
group (mean operation time, 85.0 £ 15.0 minutes) (p = 0.25,
Mann-Whitney U-test) (Table 3). One patient in each group
underwent only intravitreal gas injection as an additional
procedure, with operation times of 80 minutes (SL group)
and 100 minutes (IO group), respectively. A single patient
with a pseudophakic eye underwent SRFD and cryopexy,
with intravitreal gas injection as an additional procedure.
The operation time for this patient was 80 minutes.

Discussion

Scleral buckling surgery is as effective as pars plana vit-
rectomy [2,3]. Selection of surgical methods depends on
various factors; presence of an inferior retinal break, a pe-
ripheral break, and/or young age are all factors that could
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influence a surgeon to choose scleral buckling surgery
[2,14,15]. However, inversion of the retinal image [5], oper-
ator position shifting, and uncomfortable bent-neck posi-
tion while using an indirect ophthalmoscope are all poten-
tial factors in a surgeon’s decision to avoid scleral buckling
surgery. These factors are inconvenient and can increase
the operation time during scleral indentation and cryopexy.

To overcome these drawbacks, several alternative meth-
ods have been introduced. Endoillumination (chandelier)
with a wide angle-viewing system [5,7-9] is a well-charac-
terized alternative method. This method can overcome the
problems of retinal image inversion, operator position
shifting, and the uncomfortable bent-neck position. The
effectiveness of endoilllumination has been established by
comparison with the conventional method using an indi-
rect ophthalmoscope, indicating that endoillumination
could have various applications for complicated or com-
bined surgeries with vitrectomy [16-21]. Furthermore, this
method has been shown to be a better method for training
during residency fellowships [6]. However, endoillumina-
tion is also associated with potential risks, such as xenon
light toxicity, damage to the lens caused by contact with an
inserted optical fiber during surgical manipulation in pha-
kic eyes, and infectious endophthalmitis at the full-thick-
ness sclerotomy site [S]. The other alternatives developed
also have certain limitations, such as high indentation and
limited indications for the tear site on surgical microscope
illumination [10], in addition to a narrow viewing angle of
the optic fiber-free intravitreal surgical system [22].

Slit-lamp illumination systems have been applied in sev-
eral trials for surgery for retinal detachment [11,23]. With a
wide-angle viewing lens (which is known to confer good
peripheral retinal visualization, especially in eyes with
small pupils, media opacities, and even pseudophakia
[5,23]), this illumination method has been reported to be as
effective as the conventional method using an indirect
ophthalmoscope [11]. The slit-lamp illumination system is
another alternative method that is free from complications
caused by full-thickness sclerotomy or lens injury caused
by an instrument.

Here, we showed that the slit-lamp illumination system
is as effective as the conventional method using an indirect
ophthalmoscope in terms of anatomical success. In terms
of functional success, the slit-lamp illumination group
showed better postoperative visual acuity. While it is pos-
sible that the shorter surgical time and easier surgical pro-
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cedures might have led to the improved surgical outcomes,
we favor the explanation that a smaller proportion of mac-
ula-off patients was present in this group. Functional im-
provement according to macular involvement state was
similar between the slit-lamp and indirect ophthalmoscope
illumination groups.

The operation time was significantly shorter in the slit-
lamp illumination group. This difference was even more
prominent in patients who underwent SRFD. Some expla-
nations for the difference in mean operation time are that
less time is required compared to that with an indirect oph-
thalmoscope, the search for retinal break sites with inden-
tation can be performed faster, and that cryopexy and/or
confirming fine buckle band elevation can be performed
faster. For instance, the procedure includes the time it takes
to stand up from the operator’s chair, to wear and adjust the
indirect ophthalmoscope, to change the surgeon’s location
to the opposite site of the retinal break, and to sit down at
the chair and reset the microscope. For patients with bul-
lous RRD who require SRFD, a wide field of view can be
especially important for understanding the anatomical ori-
entation, making a decision about the position and extent
of the buckle band, and properly selecting the SRFD site.

In addition to saving time, surgeons can eliminate the
stress caused by having to bend their necks while using an
indirect ophthalmoscope, which is very advantageous for
surgeons with a neck problem or a heavy operation sched-
ule. Moreover, in our experience, the slit-lamp illumination
system requires a shorter learning period for an inexperi-
enced surgeon than does the indirect ophthalmoscope.

With their wide-angle viewing lens advantage, scleral
buckling surgeries with the slit-lamp illumination system
could lead to reduced operation times and/or improved
surgical outcomes. However, this study did not include pa-
tients with small pupils or corneal opacities and only one
pseudophakic eye was included, meaning that we could
not establish the superiority of the slit-lamp illumination
system in certain patients with complications.

There are some disadvantages of the slit-lamp illumina-
tion system. Since the slit-lamp instrument is installed on
the surgical microscope, the surgeon cannot use a non-con-
tact wide-angle viewing system. For the same reason, this
system requires that a hand-held contact lens be held by a
well-trained assistant to obtain a clear view of the operat-
ing site during eyeball tilt, while using a bulky cryopexy
probe, or during indentation of the posterior pole. Another
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disadvantage of this instrument is potential contamination
of the surgical gloves of an inexperienced assistant caused
by the bulky body of the slit-lamp with a light source and
a moving rail while the traction sutures are held or while a
Desmarres retractor is used.

In summary, the anatomical success and functional im-
provement achieved by scleral buckling surgeries using
slit-lamp illumination combined with a contact wide-angle
viewing system were not significantly different from those
obtained by conventional scleral buckling surgery with an
indirect ophthalmoscope. However, slit-lamp illumination
showed many advantages, such as requiring less time (es-
pecially in bullous RRD, which needs additional subretinal
fluid drainage), decreased surgeon stress, shared surgical
view with the assistant, and improved safety compared to
endoillumination. Thus, the slit-lamp illumination system
is an effective and safe surgical technique for alternative
retinal illumination during scleral buckling surgery. Fur-
ther studies are needed to assess the advantages of this
technique in additional patient groups (e.g., patients with
small pupils, corneal opacities, pseudophakia, and compli-
cated surgery with vitrectomy).
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