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Surgical treatment and
optical coherence
tomographic
evaluation for
accidental laser-induced
full-thickness macular
holes

Abstract

Purpose  To report OCT appearance and
surgical outcomes of full-thickness macular
holes (MHs) accidentally caused by laser
devices.

Patients and methods This retrospective
case series included 11 eyes of 11 patients
with laser-induced MHs treated by pars plana
vitrectomy, internal limiting membrane (ILM)
peeling, and gas or silicone oil tamponade.
Evaluations included a full ophthalmic
examination, macular spectral-domain optical
coherence tomography (SD-OCT), and fundus
photography. Main outcome measures is MH
closure and final visual acuity; the secondary
outcome was the changes of retinal pigment
epithelium and photoreceptor layer evaluated
by sequential post-operative SD-OCT images.
Results  Five patients were accidentally
injured by a yttrium aluminum garnet (YAG)
laser and six patients by handheld laser. MH
diameters ranged from 272 to 815 ym (mean,
505.5 +163.0 um) preoperatively. Best-
corrected visual acuity (BCVA) improved
from a mean of 0.90 logMAR (range, counting
finger-8/20) preoperatively to a mean of 0.34
logMAR (range, a counting finger—20/20)
postoperatively (P =0.001, f =4.521). Seven of
11 patients (63.6%) achieved a BCVA better
than 10/20. Ten patients had a subfoveal
hyperreflectivity and four patients had a focal
choroidal depression subfoveal
preoperatively. At the last follow-up, all 11
eyes demonstrated the following: closure of
the macular hole, variable degrees of
disruption of external limiting membrane
(ELM) and outer photoreceptor ellipsoid and
interdigitation bands. In 10 eyes, the
disruption was in the form of focal defects in
the outer retina. After surgery, the subfoveal
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hyperreflectivity and focal choroidal
depression remained.

Conclusion  Accidental laser-induced full-
thickness macular holes can be successfully
closed with surgery. Inadvertent retinal injury
from laser devices, especially handheld laser
injury has occurred with increasing frequency
in recent years. However, there is a paucity of
data regarding these types of injuries, mostly
in the form of case reports. We hereby
reported 11 eyes of 11 patients with laser-
induced macular holes treated by vitrectomy.
All the macular holes closed after surgery and
the corresponding visual acuities significantly
improved postoperatively.
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Introduction

A laser-induced macular hole is a special type of
traumatic macular hole. Although not frequently
seen clinically, it may influence patients” visual
acuities dramatically. Inadvertent retinal injury
from laser devices have occurred with increasing
frequency in recent years.!

Laser-induced macular holes have been
reported in previous articles.*” Neodymium-
doped yttrium aluminum garnet (Nd:YAG)
lasers (including titanium-sapphire lasers) and
handheld lasers were major reasons for laser-
induced macular holes in previous reports.+10
Most of previous reports were case 1repor’ts.4’10
We collected a relatively large case series of 11
eyes of 11 consecutive patients with laser-
induced macular holes treated with vitrectomy
at Beijing Tongren Hospital, Beijing, China, to
study the anatomic and visual outcomes of these
patients.
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Materials and methods

This retrospective, non-comparative, interventional case
series included all 11 patients who presented with
decreased visual acuity due to laser-induced macular
holes and who underwent vitrectomy in the Eye Center of
Beijing Tongren Hospital from September 2010 to March
2016. The Medical Ethics Committee of the Beijing
Tongren Hospital approved the study protocol, and all
participants gave their informed consent. All patients
underwent a regular ophthalmological examination
including refraction with an assessment of best-corrected
visual acuity (BCVA), fundus photography (fundus
camera, TRC-50; Topcon, Tokyo, Japan), and spectral-
domain optical coherence tomography (SD-OCT) of the
macula (Stratus OCT; Carl Zeiss Meditec, Dublin,

CA, USA).

A standard 23-gauge 3-port pars plana vitrectomy was
performed by the same surgeon (W.L.). A core vitrectomy
was performed and the internal limiting membrane was
removed without staining. The posterior hyaloid was
elevated and trimmed in all patients. A fluid—gas
exchange was carried out, and the vitreous was filled
with an inert gas (C2F6 or C3F8). For one patient with
the biggest macular hole, the eye was filled with
silicone oil (5000cs) for its long-term tamponade.
Patients were asked to stay in a prone position for at
least 1 week after surgery; the silicone oil was removed
3 months later.

At post-operative follow-ups, the measurement of
BCVA and OCT were routinely performed at 1, 3, 6, and
12 months. The follow-up durations ranged from 3 to
36 months.

Statistical analysis

Statistical analysis was performed using a commercially
available statistical software package (SPSS for Windows,
version 21.0, IBM-SPSS, Chicago, IL, USA). BCVA
measurements were converted to the logarithm of the
minimum angle of resolution (LogMAR). The parameters
are presented as mean+s.d.’s. Pre- and post-operative
visual acuities were compared using paired Student’s
t-test. The correlation between the size of the macular
hole and BCVA was analyzed using Pearson correlation.
The correlation between the thickness of foveal
residual neuroretina or subfoveal defect region and
BCVA after surgery was analyzed using Spearman
correlation. A P-value <0.05 was considered statistically
significant.

We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this study.

Laser-induced macular holes
Y Qi et al

1079

Results

The study included 11 eyes of 11 consecutive patients.
There were 3 female patients (3 eyes) and 8 male patients
(8 eyes). Five patients were injured by an Nd:YAG laser
and six patients were injured by handheld lasers. In Nd:
YAG laser injured eyes, three of them were injured by an
industrial laser (P 1, 3, 5) and two of them were injured by
a cosmetic laser (P 2, 4). In the handheld laser injured
patients, one had disruption of outer photoreceptor
ellipsoid and interdigitation bands in the contralateral eye
(P 9). Among all the patients, 4 were self-inflicted injuries,
5 were non-self-inflicted trauma, and 2 were unknown.
The mean age of the patients was 22.5+9.8 years. BCVA
ranged from counting finger to 8/20 (LogMAR, 2.7 to 0.4),
and the minimum diameter of the macular hole ranged
from 272-815 ym (mean, 505.5 + 163.0 um) preoperatively
(Table 1). The interval from time of injury to surgery
ranged from 1 to 12 months (mean, 3.9 + 3.9 months). The
distance of the laser device from the eye at time of trauma
ranged from 0.05 to 5 m. The presence of a full-thickness
macular hole was confirmed in all eyes on SD-OCT.
Cystoid changes were observed at the margin in all 11
eyes. There was no apparent macular hemorrhage upon
initial presentation in the affected eyes. (Figure 1)
Information about the laser’s characteristics and nature of
injury was not provided for two patients.

All 11 operated eyes (100%) demonstrated closure of
the macular hole at last follow-up after a single
surgery. None of these patients developed visually
significant post-operative cataract during follow-up.
All of 11 patients were followed for 3 months or more.
The mean follow-up duration was 14.7 months
(range, 3-36 months). The mean BCVA in the 11 eyes
improved from 0.90 LogMAR (range, LogMAR 0.4-2.7)
preoperatively to 0.34 LogMAR (range, LogMAR 0-1.7;
P=0.001, t=4.521). Seven of 11 patients (63.6%) achieved
a BCVA better than 10/20 postoperatively. The pre-
operative BCVA was marginally significantly correlated
with the size of macular holes (P =0.048, Pearson
correlation =—0.811) in Nd:YAG laser injured eyes, while
the same correlationship was not found in handheld laser
injured eyes (P=0.073, Pearson correlation = —0.668).
The post-operative BCVA had no correlation with the
pre-operative size of the macular hole for both Nd:YAG
injured eyes (P=0.078, Pearson correlation =—0.736)
and handheld laser injured eyes (P =0.079, Pearson
correlation = — 0.655).

Ten patients had a subfoveal hyperreflectivity on
SD-OCT preoperatively (all except P5). Four patients
(P 1, 3, 4, 6) had a focal subforveal choroidal depression.
On SD-OCT obtained at the last follow-up, all 11 eyes
demonstrated the following: closure of the macular hole,
variable degrees of disruption of external limiting
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300 gm. They performed vitrectomy and used autologous
thrombocyte concentrate during surgery. The macular
hole closed and visual acuity had improved from 0.16 to
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0.6 at 9 months after surgery.! Alsulaiman et al also
reported 14 eyes of 14 patients with maculopathy caused
by momentary exposure to a high-power handheld blue
laser; 4 patients had a full-thickness macular hole that
required surgical intervention. Visual acuity improved in
all patients after successful repair. In another report by
Alsulaiman,'® 11 out of 14 operated patients (78.6%) had
closure of the macular hole at final follow-up and 7 of the
11 eyes with successfully closed holes (63.6%) achieved
BCVA better than 20/40. Compared to Alsulaiman’s
study, in the current study, the macular hole closure rate
was higher but visual prognosis was similar. These results
indicate that vitrectomy is an effective treatment for laser-
induced macular holes.

The macular structure disturbances observed after laser
injury were diverse in different reports, and included a
tardive cystic margin, opacification of the nerve fibers in
Henle’s layer, outer retinal defect, ellipsoid disruption,
pigment hyperplasia and a subfoveal hyperreflectivity.!*2
In our cases, all patients had cystic margins, disruption of
external limiting membrane and outer photoreceptor
ellipsoid, and interdigitation bands. The RPE change
was always in the MH crater in our cases. The photo-
coagulation-like scar was usually in the center of the MH
crater, and the pigment excrescences were scattered
throughout the MH crater at the level of RPE. Ten patients
had subfoveal hyperreflectivity and four patients had a
focal choroidal depression preoperatively. After surgery,
the cystic margin disappeared with resolution of the
macular hole, while the subfoveal hyperreflectivity and
focal choroidal depression persisted. We found the
patients with better post-operative BCVA had thicker
foveal residual neuroretina or thinner subfoveal defect
region. This suggests that the thickness of foveal residual
neuroretina and subfoveal defect region might reflect the
level of damage to the retina. Outer retinal defects
could be found in almost all patients (10 out of 11)
postoperatively. A post-operative outer retinal defect can
also be found in an idiopathic macular hole. This macular
structure disturbance did not seem to have any relation
with visual acuity in previous reports or in our case series.

<

Figure1 The figure shows the macular structures on SD-OCT of
the 11 eyes before (left) and after (right) operation. (Left) 10
patients had a subfoveal hyperreflectivity on SD-OCT preopera-
tively (except P5). Four patients (P 1, 3, 4, 6) had a focal choroidal
depression subfoveal. (Right) on SD-OCT obtained at the last
follow-up, all 11 eyes demonstrated the closure of the macular
hole. In 10 of these eyes (except P5), the disruption was in the
form of a focal defect in the outer retina. After surgery, the
subfoveal hyperreflectivity and focal choroidal depression
remained.
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The patient without outer retinal defect in our report had defect tended to occur in macular holes with large size.
the smallest macular hole (272 ym) in the current case Determining whether it influences post-operative visual
series; this suggested that post-operative outer retinal acuity requires further study.

Figure 2 (Left ) fundus photograph of the left eye of patient 3 showing a round full-thickness MH with faint whitening at the level of
the RPE in the base of the hole (arrow). (Right) macular SD-OCT of the same patient showing a full-thickness MH and subfoveal
hyperreflectivity at the level of RPE (arrow).

Table 2 The post-operative thickness of foveal residual neuroretina and subfoveal defect region

Patient no. Sex Age (y) Involved eye Laser type BCVA at Thickness of foveal Thickness of subfoveal
last follow-up residual neuroretina (um) defect region (um)

1 F 26 R Nd:YAG 3/20 52 148

2 F 21 L Nd:YAG 20/20 81 74

3 M 27 L Nd:YAG 10/20 37 119

4 F 38 L Nd:YAG 14/20 68 119

5 M 35 L Nd:YAG 20/20 134 15

6 M 20 R Handheld CF 59 96

7 M 10 L Handheld 16/20 67 74

8 M 13 L Handheld 20/20 156 59

9 M 14 R Handheld 8/20 104 44

10 M 32 R Handheld 20/20 89 81

11 M 12 L Handheld 16/20 76 67

Abbreviations: BCVA, best-corrected visual acuity; F, female; L, left; M, male; Nd:YAG, neodymium-doped yttrium aluminum garnet; R, right.

Figure 3 Fundus photographes of the right eye of patient 9 showed the MH enlarged after 1 year’s observation.
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Interestingly, the pre-operative BCVA had a marginally
significant correlation with the size of macular holes in
Nd:YAG laser injured eyes, while the same result was not
found in handheld laser injured eyes. It may be related
with the mechanisms of laser injuries. The mechanism of
Nd:YAG laser injury involves photomechanical and
thermal tearing of the retinal tissue. Nd:YAG lasers use
very short laser pulses of 1 s or shorter. They produce
mechanical side effects such as expansive microexplosions
through plasma formation. Q-switched operation mode
pulse durations range from a few nanoseconds to a few
microseconds. As the energy is delivered in short time
spans, very high peak powers of up to hundreds of mega-
watts can be emitted, which lead to tissue disruptior1.4/5'7'8
Handheld lasers are often used at conferences and may be
used erroneously as a toy by children, which include
low-power pointers and high-power handheld laser
devices. High-power handheld laser devices (up to
1200 mW) can affect the retina through photocoagulation.
Eye injuries resulting from laser exposure are a concern
because optical radiation from 380 to 1400 nm penetrates
into various ocular structures.®!® We considered
photomechanical disruption with retinal dissolution as
the pathogenesis in Nd:YAG laser-induced MH and
photodisruptive and photothemal damage as the
pathogenesis in handheld laser-induced MH.

In conclusion, this study supported the treatment of
laser-induced macular holes by vitrectomy associated
with internal limiting membrane peeling and gas, or
rarely, silicone oil tamponade. The pre-operative BCVA
might be correlated with the size of the macular hole in
Nd:YAG laser injured eyes, but did not appear to be in the
case of handheld laser injured eyes. The post-operative
thickness of foveal residual neuroretina and subfoveal
defect region might influence the potential patients’
BCVA after surgery. However, because of the small
number of patients and short follow-up period of some
patients, our understanding of the relationship between
preoperative macular structure and post-operative visual
acuity remains limited.

Summary

What was known before
® Inadvertent retinal injury from laser devices, especially
handheld laser injury have occurred with increasing
frequency in recent years. Although very few articles
reported a case series, most were mentioned as case
reports.The result of surgical treatment and the characteristic
of optical coherence tomographic were still uncertain.

What this study adds
® We analyzed 11 eyes of 11 patients with laser-induced
macular holes treated with vitrectomy at Beijing Tongren
Hospital, Beijing, China, to study the anatomic and visual
outcomes of these patients.
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