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Abstract
Background: During vitrectomy, a relatively high level of accuracy is required when using retinal laser energy, which is di�cult to control
in the presence of subretinal �uid and other conditions. We explored the clinical effects of retinal pigment epithelium
(RPE)photocoagulation in closing retinal breaks and preventing hypotony during vitrectomy. We describe the possible indications of RPE
photocoagulation. Methods: This was a prospective, non-random, uncontrolled case series study. We recruited 20 patients, with retinal
detachment in 20 eyes. In this study, RPE photocoagulation was performed under the detached retina and retinal holes. RPE laser
photocoagulation was performed in 3-4 rows at the edge of the periphery around the hole and the tear, replacing the traditional retinal
photocoagulation and closing part or all of the retinal break. The energy of RPE photocoagulation was 100-150mJ for 120-200ms to
seal the breaks, and the same energy but little gaps for the RPE without covering of retina. Results: After vitrectomy, in 19 eyes, there
was a visible pigmentation reaction around the hole and tear, except for 1 eye the retinal hole located in the myelinated nerve �bre area.
The mean best-corrected visual acuity (BCVA) at 6 months after surgery was signi�cantly higher than that before surgery (p=0.002). At
the last follow-up, the mean BCVA remained signi�cantly higher than that before surgery (p=0.001).There was no signi�cant difference
in BCVA between the 6th month and the last follow-up (p=0.806).The thickness of the neurosensory layer in RPE photocoagulation and
retinal photocoagulation area at 1 month after surgery was 216.33±54.42μm and 87.67±34.65μm, respectively. By the end of the follow-
up, there were no serious complications, and the retinas of all 20 eyes were reattached. No hypotony occurred after surgery.
Conclusions: The effects of RPE photocoagulation and retinal photocoagulation are similar in closing retinal breaks. The RPE laser
sealed the retinal breaks and did not damage the neurosensory layer, but still caused pigmentation formation on the RPE, resulting in
adhesion between the neurosensory layer and the RPE layer. Laser photocoagulation could be considered as comparable to glue instead
of welding when closing the retinal breaks.  Trial registration ChiCTR1900021504,2019-02-24.

Background
Rhegmatogenous retinal detachment(RRD) is formed by lique�ed vitreous entering the subretinal space through a retinal tear[1]. Closure
of the retinal tear is the key to the treatment of retinal detachment. Laser can be absorbed by the melanin tissue in the fundus and the
haemoglobinin the blood vessels, which produces a thermal effect. This causes the tissue to coagulate and become necrotic, forming a
retinal choroidal scar adhesion, which can result in closing of the retinal tear[2-4].The method with which laser photocoagulation seals
the hole is simple, resulting in a minor wound and the treatment can be repeated. Laser photocoagulation can prevent the occurrence of
retinal detachment for dry holes, promote the absorption of subretinal �uid and prevent the development of lesions[5,6].

Retinal laser photocoagulation is not considered ideal in conventional vitrectomy surgery and may even cause complications in the
following situations:(1)It is easy to cause iatrogenic tearing in patients with high myopia, especially in the thinner part of the peripheral
retina[8].(2)Absorption of high-intensity laser energy in areas with hyperpigmentation or retinal thinning can cause damage to nerve
�bres [8,9].(3) For patients with diabetic retinopathy oedema or haemorrhage, it is di�cult to produce ideal results using ordinary laser
methods [10,11].(4)If the retinal tear is located in the middle of the myelinated nerve �bre layer, it is di�cult for the laser to penetrate.
(5)It is di�cult to form an effective laser spot when there is subretinal �uid.

In clinical retinal reattachment surgery, a small amount of subretinal �uid residue is often found without using 'heavy
liquid'(per�uorodecalin or per�uorocarbon), especially on the posterior edge of the retinal tear. It is di�cult for laser spots to form on the
retina. In this case, it may be necessary to increase the laser energy[12-14].Based on our clinical experience and references, we
hypothesised that retinal pigment epithelial (RPE) photocoagulation is effective in patients with closed retinal tears during vitrectomy.
Therefore, in this study, we reported the results and recovery of RPE photocoagulation closure of retinal breaks during vitrectomy.

Methods
Twenty patients, with 20 eyes affected by retinal detachment were enrolled; patients were diagnosed by the Lixiang Eye Hospital of
Suzhou University from January 2015 to October 2017. We speci�cally included the eyes with subretinal �uid which was di�cult to
remove, or the transparency of the retina was seriously affected (e.g.intraretinal hemorrhage, severe retinal edema or myelinated nerve
�bers) during surgery. The exclusion criteria for this study were the eyes with RPE photocoagulation range less than 50% around the
breaks, or the eyes with good results after retinal photocoagulation. The follow-up time was 11-33months, and the average follow-up
time was (22.1±8.0) months. This study complies with the Hospital Ethics Committee and the World Helsinki Declaration. Informed
consent was signed for each patient prior to their recruitment to this study. All patients underwent a comprehensive eye exam including
non-contact intraocular pressure(IOP), best corrected visual acuity (BCVA), slit lamp, B-ultrasound and fundus examination.
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Twenty patients underwent vitrectomy, retinal reattachment, gas-liquid exchange, gas �lling or silicone oil �lling, with11 patients
undergoing retinotomy.

The postoperative follow-up time was scheduled for 1 week, 1 month, 3 months,6 months and 1 year after surgery. At each follow-up
visit, the best corrected visual acuity, anterior segment and intraocular pressure examination were performed. After fully dilating the
pupils, the patient's fundus was observed with a +90.0D anterior lens, and binocular indirect ophthalmoscopy was performed. When
necessary, optical coherence tomography(OCT,Stratus; ZEISS; Germany) and fundus photography were used to record postoperative
fundus recovery and postoperative complications. All Snellen visual acuity was converted to logarithm of the minimum angle of
resolution (LogMAR) for statistical analysis. The counting �ngers in visual acuity are de�ned as 2.3logMAR, the hand movements are
2.6logMAR, and the light perception is 2.9logMAR.

 

Surgical procedure

 

All procedures were performed by the same doctor (X.Y). After the patient was subjected to retrobulbar anaesthesia or general
anaesthesia, a three-port closed vitrectomy was used to completely remove the vitreous with a surgical microscope or ocular endoscope.
The proliferating membrane, vitreous traction membrane and part of the neovascular membrane were removed,whilst minimising
mechanical retraction, the retina was loosened, and if necessary the 'heavy liquid' was used to reattach the retina. Retinotomy or
resection was performed on areas with severely �xed folds, retinal stiffness, or shortened, thickened or curled areas that could not be
�attened. The extent of retinotomy was dependent on the size of the lesion and varied in this group from 45° to 220°.In this study, 11
patients underwent retinotomy, and RPE photocoagulation was performed at the posterior margin of the retinal break. One patient with
retinal detachment had a myelinated nerve �bre on the edge of the optic disc, and the hole was located in the middle of it, and RPE
photocoagulation was performed under the detached retina.RPE laser photocoagulation was performed in 3-4 rows at the peripheral
edge around the hole and the tear, resulting in partial or complete closure and replacing the traditional retinal laser photocoagulation.
Partial RPE laser range refers to ≥180°circumference. The remainder of the range is performed by conventional retinal
photocoagulation. The energy of RPE photocoagulation was 100-150mJ for 120-200ms. The light spot reaction on the RPE results in
shows a paler yellow colour compared to the reaction when laser is not used. An attempt was made to avoid the occurrence of bubbles
or blasting during the operation. After gas-liquid exchange or heavy liquid use, the hole was observed during retinal reattachment, and
the pale yellow RPE laser area could still be seen through the retina. If the RPE laser near the edge of the hole was insu�cient due to the
displacement of the hole, the conventional retinal laser was used to supplement treatment. In this study, RPE photocoagulation in case
19 was performed under endoscopy-assisted vitrectomy. After the operation, the vitreous cavity was �lled with silicone oil or gas (C3F8
or SF6). The light spot reaction on the RPE results in shows a paler yellow colour compared to the reaction when laser is not used.
Patients who underwent silicone oil injection had silicone oil removal 3 to 6 months after the operation.

Additionally, following retinal reattachment in the retinotomy, if necessary, the pigment epithelial layer exposed to the incision zone was
also photocoagulated using a dense spot with the same energy and little gaps. The continuous photocoagulation can be applied to the
wider area, so that the pigment epithelial layer is completely covered by photocoagulation.

 

Statistical analysis

 

We used SPSS 17.0 statistical software (IBM/SPSS, Inc., Chicago IL) for statistical nonparametric analysis. Visual acuity, intraocular
pressure, and thickness of the neurosensory layer were expressed as mean ± standard deviation in all continuity data. A P-value of less
than 0.05 was considered statistically signi�cant.

Results
There were 20 patients with 20 affected eyes in this study, including 12 males and 8 females, average age47.4 ± 15.0 years (range, 24-
69 years). The basic characteristics of the statistical data for all patients are listed in Table 1.
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There were 11 eyes with rhegmatogenous retinal detachment(cases 1,2,4,7,8,9,12,13,14,17 and 20), including 3 eyes with macular holes
and rhegmatogenous retinal detachment(cases 14,17 and 20), 2 eyes with recurrent retinal detachment(cases 16 and 18), 4 eyes with
long-standing retinal detachment(case3,6,15 and 19), and 1 eye with traction retinal detachment caused by diabetic
retinopathy(case11).In this study, 2 patients with recurrent retinal detachment were found to have severe retinal proliferation during
surgery, and retinotomy was performed concurrently. In the patient with traction retinal detachment caused by diabetic retinopathy,RPE
photocoagulation was performed; a retinal tear occurred while the proliferative membrane was being removed.Among the 11 patients
with retinotomy, 6 patients had high myopia, 2 patients had moderate myopia, 1 patient had mild myopia, 1 patient had proliferative
vitreoretinopathy(PVR) and 1 patient had myelinated nerve �bres near the optic disc. There were preoperative giant breaks in 5 of the
eyes. All twenty patients had no other retinal reattachment operation after surgery, except silicone oil removal. The average IOP of these
11 eyes was 14.8±2.9 (range9.1-18.5) mmHg at 6 months after surgery, statistically different from the IOP before surgery11.4±2.1
(range8.5-14.1)mmHg (p=0.000).

After vitrectomy, in 19 eyes, there was a visible pigmentation reaction around the hole and tear, except for 1 eye the retinal hole located
in the myelinated nerve �bre area, and the pigmentation reaction can only partially be seen.

The patient's IOP before surgery was 11.3±2.4 (range7.2-15.1) mmHg. At 6 months after surgery, the average IOP of 18 eyes was
18.2±3.1mmHg (range 9.1 22.O)mmHg. Hydrochloride or Brinzolamidetimolol effectively controlled the high IOP in the other two eyes.
The preoperative average LogMARBCVA was 1.60 (Snellen equivalent 20/800), and the range was: light perception ~ 20/20.At 6 months
postoperatively, the mean LogMAR BCVA was 0.56 (Snellen equivalent 20/63) and at the last follow-up it was 0.53 (20/63).The main
changes in the vision before and after Pars plana vitrectomy (PPV) are shown in Figure 1.

The mean BCVA at 6 months after surgery was signi�cantly higher than that before surgery (p = 0.002). At the last follow-up, the mean
BCVA was signi�cantly higher than that before surgery (p = 0.001). There was no statistically signi�cant difference between BCVA at 6
months postoperatively and at the last follow-up (p = 0.806).

In 3patients, neurosensory thickness was measured after RPE photocoagulation and retinal photocoagulation surgery. At 1 month after
surgery, the thickness of the neurosensory layer after RPE photocoagulation was 181 μm (case 14), 189 μm(case 17), and  286 μm
(case 20);the average thickness was 216.33 ± 54.42μm.The thickness of the neurosensory layer of the retinal photocoagulation area
was 55μm, 124μm and 76μm, respectively. The average thickness was 87.67±34.65μm(Figure 2D; 2E; 4A, 4B).After RPE
photocoagulation, the pigment was gradually increased in the RPE photocoagulation area (Figure 2B; 2C).In all the eyes, there was a
visible pigmentation reaction in the holes and tears, including one eye with a retinal hole located in the myelinated nerve �bres(Figure 3).

Severe postoperative complications, such as endophthalmitis or recurrent retinal detachment, did not occur in any eye. Haemorrhage at
the retinal incision gradually disappeared within 1 month after the initial follow-up. Silicone oil emulsi�cation was observed in 4 eyes
throughout the follow-up period. After removing silicone oil from eyes in which silicone oil was used, the retinal reattachment success
rate reached 100%.

Discussion
In clinical treatment, laser can be directly applied to the retina on the marginof the retinal tear to form white photocoagulation spots.
Retinal pigment epithelial cells (RPE) and choroidal melanocytes can absorb most of the laser energy, and coagulation necrosis initially
occurs. When the laser energy is low, only RPE cells and mitochondria are swollen, the endoplasmic reticulum expands, the villi are
reduced, tight junctions between cells are destroyed, a small proportion of RPE cells are necrotic and the choroidal hair cells are
swollen[2,5,15].As the laser energy increases, the energy absorbed by the RPE cells increases, and the range of thermal effects
increases. As a result, the cell damage is aggravated, the RPE cells are lysed and destroyed, and the heat is transmitted to the nearby
nerve retina, causing damage to some of the outer retinal cells[14,15].The laser can destroy the pigment epithelial tissue and cause the
increase of cell growth factor, and also promote the cell proliferation and repair. The RPE proliferation around the photocoagulation
zone covers the destruction zone, and the proliferating RPE cells have less pigmentation and fewer tight junctions between cells[16-
19].The energy range of RPE photocoagulation is 100–150mJ.In this study, the thickness of the neurosensory layer under RPE
photocoagulation and retinal photocoagulation was 216.33±54.42μm and 87.67±34.65μm, respectively, 1 month after surgery. We can
initially propose that the RPEphotocoagulation is less destructive to the retinal neurosensory layer.

The surgical innovations and theories of rhegmatogenous retinal detachment are still under discussion. In all the eyes in this study,
there was a visible pigmentation reaction at the holes and tears after surgery. We believe that RPE photocoagulation has a similar
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sealingeffect of reattaching the retina, bonding the two sides like glue. Heriot WJ indicates that thermal fusion of the retina with the RPE
at the margin of a retinal tear by laser can be undertaken by �rst removing the subretinal �uid prior to photocoagulation[20].The
integrated coagulum seals the tear margin preventing further �uid entering the subretinal space, thus correcting the cause of
rhegmatogenous retinal detachment(RRD) . Yamana T, et al. indicated that glial and RPE cells might play an important role in closure of
a retinal hole between the sensory retina and RPE[21].

In many cases, during retinal detachment surgery, retinotomy promotes a signi�cant increase in the success of retinal reattachment. For
example, cases of RRD[20] with high myopia and a marked increase in the axial length[22,23], retinal detachment with severe
proliferative vitreoretinopathy (PVR) [24,25] or a giant tear. In cases of ocular trauma, the majority of patients are young and middle-
aged, and the vitreous proliferation of the injured eye is often very intense. In order to loosen the severe traction, especially the peripheral
traction, extensive retinotomy is required[26-28]. Our innovative surgical approach to RPE photocoagulation was �rst applied in
endoscopic-assisted vitrectomy, such as in case 19.In the cases with severe retinal oedema and bleeding, conventional retinal
photocoagulation is di�cult to perform, however endoscope assisted RPE photocoagulation is clear and simple.Part of the pigment
epithelial layer is exposed in retinotomy and retinectomy, which leads to an increase in intraocular �uid out�ow and a postoperative
chronichypotony. During the operation, photocoagulation of the pigment epithelial exposed area and coagulative necrosis of the
pigment epithelial cells eventually cause scarring, thereby reducing the choroidal out�ow of the intraocular �uid. To a certain extent, the
stability of the intraocular pressure is maintained, and the occurrence of hypotony is prevented[29].Chronic hypotony did not occur in
this study series. From this study, it was determined that RPE photocoagulation can be performed as necessary during surgery. Pigment
epithelial photocoagulation has an irreplaceable advantage in certain cases. This procedure may also reduce the migration and
evolution of pigment epithelial cells to a considerable extent, reducing the chances of PVR development [30-34].

In this study, the visual acuity of patients at 6 months after surgery was signi�cantly higher than that before surgery. After 6 months,
there was no signi�cant further improvement in visual acuity. The postoperative retinal reattachment rate was 100%. There are many
possible advantages of RPE photocoagulation to seal retinal breaks including: (1)The process does not generate heat on the inner 9
layers of the retina, and does not cause atrophic retinal holes. (2)When a neurosensory opacity or oedema is present, all energy can
reach the RPE, without increasing the laser energy, whilst protecting the neurosensory layer. (3) Provides su�cient energy to the RPE
layer when there is intraretinal haemorrhage or if the myelinated nerve �bre layer is covered. (4) Does not cause contraction of the retina.
(5) It seems to have a greater therapeutic window for laser energy.

Limitations

RPE photocoagulation damages the function of the retinal epithelial layer, without the observation of electroretinogram, or fundus
�uorescence angiography and other imaging techniques. The number of cases is limited and the fundus data of follow-up OCT
examination is very limited. Furthermore, the position of the retina may change during the reattachment of the retina. Sometimes the
estimated deviation is large, and some retinal photocoagulation is needed after retinal reattachment. A further study is needed to
establish if there is a difference in the strength of scar connection between the retina and the choroid after RPE photocoagulation or
retinal photocoagulation.

Conclusions
In summary, this study showed that retinal RPE layer photocoagulation is similar in sealing retinal holes and tears in the treatment of
retinal detachment, and the use of RPE photocoagulation (including combined with conventional retinal photocoagulation) can reduce
the di�culty of the procedure and cause minimal damage to the neurosensory layer. Laser photocoagulation may be considered to be
analogous to glue rather than welding when closing retinal breaks. RPE photocoagulation on areas not covered by the retina causes
scar formation in the RPE layer, resulting in the prevention of hypotony after retinotomy or retinectomy

Abbreviations
BCVABest-corrected visual acuity

DRDiabetic retinopathy

FFemale

FCFinger counting
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HIMHigh myopia

HMHand movements

IOP     Intraocular pressure

IVIIntravitreal injection

LogMARLogarithm of the minimum angle of resolution

LPLight perception

LRDLong-standing retinal detachment

MMale

MHMacular hole

NNone

OCTOptical coherence tomography

ODRight eye

OSLeft eye

PPVPars plana vitrectomy

PVRProliferative vitreoretinopathy

ReRDRecurrent retinal detachment

RPERetinal pigment epithelium

RRDRhegmatogenous retinal detachment

TRDTraction retinal detachment

VHVitreous haemorrhage
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Table 1. Basic Characteristics of Patients (n = 20) With Retinal Detachment.
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No Sex Age

y

Eye Principal

Diagnosis

Main

Characteristics

(hole/tear)

Previous

Treatments

Introocular

Tamponades

Preoperative

LogMAR

BCVA

Preoperative

Snellen

BCVA

Final

Log
MAR

BCVA

Final

Snellen

BCVA

1 F 24 OD RRD Rounded
medullated
fibres
Retinotomy

N C3F8 0.40 0.40 0.00 20/20

2 F 32 OS RRD;Myopia Retinotomy N C3F8 2.30 FC/10cm 1.50 20/667
3 F 44 OD LRD;HIM Retinotomy N Silicone Oil 2.90 LP 2.30 FC/30cm
4 M 35 OD RRD;HIM Giant retinal

tear
N SF6 0.50 20/63 0.30 20/4

5 M 59 OS VH Giant retinal
tear

N SF6 2.60 HM/40cm 0.30 20/40

6 F 66 OD LRD Rounded N Silicone Oil 2.60 HM/10cm 0.20 20/32
7 M 52 OD RRD Giant retinal

tear
N SF6 0.00 20/20 0.00 20/20

8 M 31 OD RRD Retinotomy N C3F8 1.60 20/800 0.10 20/25
9 M 45 OD RRD Giant retinal

tear
N SF6 0.60 20/80 0.20 20/32

10 F 57 OD PVR Retinotomy N Silicone Oil 2.60 HM/10cm 1.10 20/250
11 M 40 OD DR;TRD Intraoperative

iatrogenic
retinal breaks

IVI Silicone Oil 2.60 HM/10cm 0.70 20/100

12 M 57 OS RRD;HIM rounded N C3F8 0.10 20/25 0.70 20/100
13 M 68 OD RRD Giant retinal

tear
N Silicone Oil 2.30 FC/50cm 0.30 20/40

14 F 63 OD RRD;MH;HIM Retinotomy N Silicone Oil 2.60 HM/50cm 1.00 20/200
15 M 37 OD LRD;HIM Retinotomy N Air 2.30 FC/30cm 0.00 20/20
16 F 27 OS ReRD;HIM Retinotomy PPV Silicone Oil 1.70 20/1000 0.20 20/32
17 F 53 OD RRD;HIM;MH Retinotomy PPV Silicone Oil 1.20 20/333 0.50 20/63
18 M 27 OS ReRD;Myopia Retinotomy PPV Silicone Oil 0.40 20/50 0.20 20/32
19 M 69 OS VH;Oculartrauma;LRD Rounded N Silicone Oil 2.90 LP 2.3 FC/30cm
20 M 62 OD RRD;MH;HIM Retinotomy N Silicone Oil 1.3 20/400 1.0 20/200

Patient demographics, diagnosis and treatment history of the 20 patients enrolled in the study. Abbreviations used: DR,diabetic retinopathy;
F,female; FC,finger counting; HIM,high myopia; HM,hand movements; IVI,intravitreal injection; LP,light perception; LRD,long-standing retinal
detachment; MH,macular hole; M,male; N,none; OD,right eye; OS,left eye; PPV,parsplana vitrectomy; PVR,proliferativevitreoretinopathy;
ReRD,recurrent retinal detachment; TRD,traction retinal detachment; VH,vitreous haemorrhage; y, year

Figures



Page 12/12

Figure 1

The graph shows changes in the vision of patients before and after PPV. Postoperative visual acuity was signi�cantly improved
compared with preoperative. There was no signi�cant change in visual acuity during postoperative follow-up.

Figure 2

Images from case 1female patient, 24 years old, with rhegmatogenous retinal detachment. A. B-scan ultrasonography image showing a
strong stripe echo in front of the retina. B. Fundus photograph. Arrows show the myelinated nerve �bres on the nasal side of the optic
disc and the site of RPE photocoagulation.

Figure 3

Images from case 14;a 63-year-old male patient with rhegmatogenous retinal detachment, macular hole, and high myopia in the right
eye. A. Preoperative retinal detachment B-scan ultrasonography image; B.Intraoperative retinal incision two weeks after the RPE
photocoagulation. C. The arrow shows 1 month after surgery. There is visible pigmentation around the incision of the retina; D-E.OCT
images 1 month after surgery, the retinal photocoagulation is above, and the thickness of the neurosensory layer is 55μm, below. For the
RPE pigment photocoagulation, the thickness of the neurosensory layer was 181μm.

Figure 4

Image A shows the OCT image of case17 at 1 month after surgery. The thickness of the neurosensory layer of the upper retinal
photocoagulation is 124μm. The RPE photocoagulation is shown below, and the thickness of the neurosensory layer is 189μm. Image B
shows the OCT image of case20 at 1 month after surgery. The thickness of the neurosensorylayer of the upper retinal photocoagulation
is 84μm. The RPE photocoagulation is shown below, and the thickness of the neurosensory layer is 279μm.


