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Abstract

:

Scleral buckling represents a valuable treatment option for rhegmatogenous retinal detachment repair. The surgery is based on two main principles: the closure of retinal breaks and the creation of a long-lasting chorioretinal adhesion. Buckles are placed onto the sclera with the purpose of sealing retinal breaks. Cryopexy is usually performed to ensure a long-lasting chorioretinal adhesion. Clinical outcomes of scleral buckling have been shown to be more favorable in phakic eyes with uncomplicated or medium complexity retinal detachment, yielding better anatomical and functional results compared with vitrectomy. Several complications have been described following scleral buckling surgery, some of which are sight-threatening. Expertise in indirect ophthalmoscopy is required to perform this type of surgery. A great experience is necessary to prevent complications and to deal with them. The use of scleral buckling surgery has declined over the years due to increasing interest in vitrectomy. Lack of confidence in indirect ophthalmoscopy and difficulties in teaching this surgery have contributed to limiting its diffusion among young ophthalmologists. The aim of this review is to provide a comprehensive guide on technical and clinical aspects of scleral buckling, focusing also on complications and their management.
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1. Surgery Overview: Historical Insight and Technical Aspects


Rhegmatogenous retinal detachment (RRD) surgery mainly includes three different surgical approaches, namely pneumoretinopexy, scleral buckling (SB) and pars plana vitrectomy (PPV). Scleral buckling is defined as the ab esterno approach because the surgery consists of interventions onto the scleral wall, without removing the vitreous gel.



In the first decades of the 20th century, Gonin first understood that the sealing of retinal breaks was the key principle of RRD repair [1]. Then, in the 1950s, Custodis developed a polyviol explant used to buckle the sclera [2] and Schepens described scleral buckling surgery using a polyethylene encircling tube [3]. The introduction of this type of scleral buckling surgery represented a milestone in RRD management, being a successful technique that had remained the most important treatment until the advent of pars plana vitrectomy. Thereafter, much effort has been put into improving vitrectomy techniques until the introduction of minimally invasive pars plana vitrectomy. Historically, vitrectomy has gained ever-increasing popularity in the last three decades, being preferred over scleral buckling by most surgeons [4,5]. A possible reason for this shift from scleral buckling towards vitrectomy could be also related to the fact that interest in scleral buckling has slightly declined over the time, due to difficulties in both teaching and learning this surgery, which depends on great experience in binocular indirect ophthalmoscopy and scleral indentation. Nowadays, fellows and young surgeons usually have more confidence in slit lamp-based ophthalmoscopy rather than in binocular indirect ophthalmoscopy; vitreoretinal training tends to teach trainees to perform vitrectomy steps early, with the result of gaining more confidence and experience in vitrectomy. However, scleral buckling continues to have a relevant role in clinical practice and it should be the treatment of choice for specific types of RRDs, ensuring better visual and anatomical outcomes compared to pars plana vitrectomy.



Basically, scleral buckling surgery is based on two main principles, which allow the reattachment of the retina. One is the closure of retinal breaks and the reduction/elimination of vitreoretinal tractions. The other is to ensure a proper and long-lasting chorioretinal adhesion. Retinal break closure and vitreoretinal traction reduction are obtained by suturing buckling elements, called explants, onto the scleral surface. Retinopexy is performed to make chorioretinal adhesion stronger and longer-lasting. This surgery relies on the correct localization of all retinal breaks, which depends on a thorough fundus examination by using a binocular indirect ophthalmoscope with scleral indentation. All retinal breaks need to be sealed properly: retinal break borders must lay inside the buckling area. Buckle type and size need to be chosen carefully. Either a non-properly sealed break or a missed tear can cause a failure of the surgery. Usually, the explants are in silicone material, either solid or sponge. The explants are sutured onto the scleral surface most often through 5-0 non absorbable mattress sutures. The explants could be classified into the radial buckle and circumferential buckle; the latter one could be segmental or encircling, that is, extending for 360 degrees. Radial buckles are placed radially to the limbus. Usually, silicone sponges are used for radial buckles. This type of buckle is useful in the case of a single retinal break, adjacent breaks within 1 clock hour, or posterior breaks. The advantage of a radial silicon sponge is to provide an excellent closure of the tear. However, if the tear is too posterior, there is the risk of retinal distortion which could affect the macula and might require the buckle to be removed. A 360 circumferential buckle consists of an encircling silicone band, with 2 to 4 mm height. The advantage of using an encircling band is to have a buckling effect for 360 degrees, which helps to reduce vitreo-retinal tractions and to treat multiple breaks and peripheral degenerative areas. In particular, the band is placed posteriorly to the vitreous base: the anterior edge of the encircling buckle should run along the posterior edge of the vitreous base. The vitreous base is where most likely degenerative processes happen and usually the anterior border of retinal breaks is in proximity to the vitreous base. The encircling band is meant to create a sort of new ora serrata, a safety area which is supposed to protect from the vitreous base’s degenerative processes. The encircling band is placed in proximity to the equator (or anteriorly), at 11–14 mm from the limbus. The band runs underneath the four recti muscles and is secured to the sclera through non absorbable sutures. The encircling band is usually closed through a silicone sleeve: its closure represents one of the final steps of the surgery because it leads to an intraocular pressure rise. Segmental circumferential buckles, such as strips and tires, are usually placed underneath the encircling band at retinal breaks’ locations, with the purpose of sealing the breaks and reducing the risk of the fish-mouthing of a retinal tear. Fish-mouthing is a possible drawback of the encircling band: the encircling buckle may determine a redundant retina with subsequent folds, which could cause this phenomenon if involving a retinal break. When there is fish-mouthing of a retinal tear, the use of a radial sponge may help solve it and seal the tear properly. Traditional scleral buckling surgery usually involves: conjunctival peritomy; recti muscles isolation; localization of each retinal break; encircling band application and buckles positioning to seal each break properly; accurate retinopexy to all breaks (can be based on either cryotherapy –more commonly- or laser photocoagulation); an additional step performed by most surgeons is the evacuative puncture. The evacuative puncture allows subretinal fluid to be drained intraoperatively. Advantages of this procedure are: a better buckling effect of the explants; a better effect of the retinopexy; the possibility to evaluate whether the buckles are positioned correctly with all tears sealed. The evacuative puncture is useful in the case of bullous detachment or macula-off detachment. However, this procedure is associated with a high risk of complications, such as: bleeding (e.g., choroidal/subretinal/retinal hemorrhages which can threaten the visual outcome and, in some cases, cause visual loss); vitreous/retinal incarceration; retinal tear entrapment; retinal perforation; and hypotony. Evacuative puncture should be performed far from the choroidal vortex vein and long ciliary arteries, and far from retinopexy areas. Ocular hypotony subsequent to the puncture could be dealt with by tightening the encircling band and injecting intravitreal air or gas bubbles. Even if most surgeons tend to perform this step, it could be unnecessary in the case of RRDs localized to a single quadrant and with small amount of subretinal fluid. Indeed, it is important to point out that if each retinal break is properly closed, the subretinal fluid is likely to be drained by a retinal pigment epithelium pump. On this basis, an alternative and less invasive scleral buckling procedure was first introduced by Lincoff in 1965 [6] and, then, refinished by Kreissig [7]. This technique, called minimal segmental buckling without drainage or minimal extraocular surgery, involves the application of buckle and cryopexy to each break, neither applying an encircling band nor the evacuative puncture. According to Kreissig, 90% of RRDs can be treated with minimal segmental buckling without drainage [7]. Furthermore, Lincoff and Kreissig provided useful guidelines for localizing retinal breaks in RRD: four rules for identifying primary retinal breaks and four rules for identifying missed retinal breaks after unsuccessful surgery [7,8,9].



With regards to retinopexy, Lincoff was the first to use cryopexy for the treatment of retinal tears. Retinopexy represents an essential step of scleral buckling surgery. However, some authors suggest not performing retinopexy [10,11] while others support a deferred retinopexy [12]. Usually, retinopexy is performed either before or after the evacuative puncture during the scleral buckling procedure [13] and, in general, after buckles placement. Nowadays, retinopexy could be achieved through laser photocoagulation or cryotherapy (cryopexy), with no difference in terms of anatomical outcomes between the two procedures [14].



Each step of the SB procedure has a noticeable influence on the outcome. A proper closure of all retinal breaks is necessary to achieve anatomical success. Indirect ophthalmoscopy with scleral indentation has a key role in identifying retinal breaks, allowing their correct localization onto the sclera. A thorough preoperative examination of the patient is mandatory to evaluate RRD characteristics and to identify all retinal breaks. An ancillary test that can be useful both for preoperative assessment and postoperative follow-up is the ultra-wide field imaging. Ultra-wide field retinal imaging can provide precise information on RRD extent and causative breaks [15]. However, its sensitivity in detecting lesions in the inferior and superior periphery is limited and steered imaging of those areas might be required [15]. Ultra-wide field retinal imaging can be considered a useful adjunct to clinical fundus examination.



Figure 1 illustrates a case of an inferior RRD successfully treated with SB.




2. Clinical Indications


When it comes to which types of RRDs are most suitable for scleral buckling, and, as a consequence, when this procedure should be preferred over vitrectomy, the results of the Scleral Buckling versus Primary Vitrectomy in Rhegmatogenous Retinal Detachment (SPR) study provide information [16]. The SPR study is a large randomized clinical trial that enrolled more than 500 eyes and compared scleral buckling versus vitrectomy in the management of medium complexity RRD. Medium complexity RRD included: RRD with large breaks (1–2 clock hours’ size); RRD with marked vitreous tractions; RRD with multiple breaks; RRD with central extension of the break; superior bullous RRD; RRD with different anterior-posterior localization of breaks [17]. A proliferative vitreoretinopathy (PVR) grade B and C was considered amongst the exclusion criteria [17]. The results of this trial showed that in phakic eyes, scleral buckling yielded a better visual outcome compared with vitrectomy, while there was no difference in terms of anatomical success and postoperative PVR (grade B–C); additionally, in phakic eyes, scleral buckling was associated with a lower rate of postoperative cataract development compared with vitrectomy (46% versus 77%) [16]. In the pseudophakic cohort, the rate of primary anatomical success was significantly higher in eyes treated with vitrectomy compared with scleral buckling (72% versus 53%), while no difference was found between the two procedures with regards to visual outcome and postoperative PVR (grade B–C) [17]. As a result, scleral buckling should be preferred over vitrectomy in phakic eyes with medium complexity RRD, given the better visual outcome and the lower incidence of postoperative cataract; vitrectomy should be preferred over scleral buckling in pseudophakic eyes with medium complexity RRD, given the higher rate of primary anatomical success provided by PPV. Thereafter, a multicenter study from the European Vitreo-Retinal Society retrospectively reviewed outcomes of more than 7000 cases with uncomplicated RRD, that is with no greater than C-1 grade PVR [18]. This report showed that in phakic eyes with uncomplicated RRD, scleral buckling yielded a lower final failure rate compared with vitrectomy; in the pseudophakic cohort, the percentage of eyes with surgery failure after the initial procedure was lower for vitrectomy than scleral buckling [18]. These findings are in line with those reported by the SPR study. Accordingly, scleral buckling represents a valuable treatment option in phakic eyes with uncomplicated RRD or medium complexity RRD. Of note, simple RRDs in phakic eyes, with a single break (or small cluster of breaks within one clock hour) in the superior eight clock hours should be managed, if possible, with pneumatic retinopexy [19]. In general, surgeons should go for the treatment option that is most suited to RRD features, with greater odds of better outcomes, and is, at the same time, less invasive.



Very recently, the results of the Primary Retinal Detachment Outcomes Study have been published [20,21]. This is a retrospective multicenter study that gathered data on outcomes of primary RRD repair surgery from five large institutes in the United States, publishing two reports according to the lens status, that is, phakic [21] and pseudophakic [20]. The report on phakic RRD included eyes compared three different interventions: scleral buckling, vitrectomy alone and vitrectomy combined with buckling [21]. Eyes with ‘moderately complex RRD’ were enrolled. This definition was principally based on the SPR study. The authors excluded those cases presenting clinical characteristics that could strongly influence the choice of treatment towards either scleral buckling or vitrectomy (with or without additional buckle). Therefore, moderate to dense vitreous hemorrhage, any PVR, previous vitrectomy, vitreous opacities, giant tear, significant cataract, prior glaucoma surgery, planned internal limiting membrane peeling, age < 40 years, detachment extent either < 3 h or >9 h, were considered as exclusion criteria. This report included 715 eyes: 169 scleral buckling cases, 249 vitrectomy cases, 297 combined procedure cases. Scleral buckling was found superior to vitrectomy alone and combined with buckling for final anatomic success (99.4% for scleral buckling, 96.3% and 96.6% for vitrectomy alone and combined with buckling, respectively). The rate of single surgery anatomic success was 91.7% for scleral buckling, significantly higher compared to vitrectomy alone (83.1%). The best visual outcome was shown in the scleral buckling group, significantly greater than vitrectomy alone or combined with buckling [21]. These findings are in line with those reported by the SPR study and the European Vitreo-Retinal Society report, corroborating the fact that scleral buckling could provide better outcomes compared with vitrectomy in phakic eyes with uncomplicated or moderately complicated RRDs.



The Primary Retinal Detachment Outcomes Study report on pseudophakic RRDs compared vitrectomy alone versus vitrectomy combined with scleral buckling, including a total of 893 eyes, 684 vitrectomy cases and 209 combined cases. Vitrectomy combined with scleral buckling yielded a better single surgery anatomic success rate compared with vitrectomy alone, 92% versus 84%, respectively. However, no difference in final visual outcome was found between the two groups [20].



The issue as to whether vitrectomy combined with scleral buckling could provide better outcomes compared with vitrectomy alone has been long debated. The above-mentioned report from the Primary Retinal Detachment Outcomes Study showed a higher single surgery anatomic success for the combined surgery in cases with pseudophakic RRDs, but with no difference in final visual outcome [20]. A combined approach could be useful, in particular, for the management of RRD with inferior break. Some authors reported a better anatomical success for a combined approach in RRD with inferior break [22,23]. This could be related to the fact that gas tamponade might not have an effective tamponade effect on inferior breaks, while a buckle could close it [23]. However, other authors showed comparable outcomes between vitrectomy alone and vitrectomy combined with scleral buckling for the management of RRD with inferior breaks [24,25]. A randomized clinical trial compared anatomical outcomes between vitrectomy combined with an encircling band versus vitrectomy alone. Subgroup analyses of pseudophakic RRDs with inferior breaks revealed a trend of better anatomical success in eyes treated with vitrectomy combined with an encircling band, but without reaching statistical significance [26]. This issue appears controversial. It is worth noting that the above-cited report from the European Vitreo-Retinal Society, which retrospectively reviewed outcomes of more than 7000 cases with uncomplicated RRD, concluded that in eyes undergoing vitrectomy, a supplemental buckle does not provide beneficial outcomes [18].



A multicenter retrospective study compared SB with vitrectomy (25 or 27 gauge) in young patients with RRD, including 295 and 262 eyes in the SB group and PPV group, respectively [27]. Primary anatomical success was comparable between the two procedures (92.2% in the SB group versus 93.9% in the PPV group), but eyes treated with SB had a better final visual outcome and lower rates of cataract formation and PVR onset [27].



Other clinical conditions that can be treated with scleral buckling include retinal detachment complicating retinoschisis [28] and retinal detachment secondary to dialysis [22].




3. Anatomic Success


Many variables may have an influence on anatomical outcome, such as lens status and RRD characteristics. The SPR study demonstrated that primary anatomical success in phakic eyes with medium complexity RRD was achieved in 63.6% of cases treated with SB, while final anatomical success was reached in 96.7% [16]. In pseudophakic eyes with medium complexity RRD, primary anatomical success was obtained in 53.4% and final anatomical success in 93.2% [16]. The EVRS study reported a total failure rate following SB for uncomplicated RRD of 15.2% and 24.8% in phakic and pseudophakic eyes, respectively [18]. According to the Primary Retinal Detachment Outcomes Study, phakic eyes with a moderately complex RRD showed a 91.7% rate of single surgery anatomic success following SB, while final anatomic success was obtained in 99.4% of cases [21]. A recent study demonstrated a 95% success rate following SB for uncomplicated phakic macula on retinal detachment [29]. The main reason for surgical failure after SB procedure remains proliferative vitreoretinopathy (PVR) development: in a study of more than 500 eyes treated with SB for primary RRD, re-operation rate amounted to 13%, surgical failure being secondary to PVR formation in 5% of cases [30]. Moreover, some authors described the absence of pre-operative posterior vitreous detachment (PVD) as another cause of surgical failure in SB procedure, because the evolution of PVD after SB could lead to new retinal tears [22] or could be associated with PVR [31].




4. Complications


Scleral buckling complications can be classified as intra-operative and post-operative.



4.1. Intra-Operative Complications


4.1.1. Anesthesia-Related Complications


Complications secondary to local anesthesia (peribulbar or retrobulbar) are rare but very serious. These include retrobulbar hemorrhage, penetration or perforation of the globe, optic neuropathy, diplopia secondary to muscle injury and respiratory arrest because of dural sheath inoculation with subsequent brainstem anesthesia [32,33]. If an increase in intraocular pressure is suspected, an immediate observation of the central retinal artery with an indirect ophthalmoscope and a paracentesis of the anterior chamber should be performed [34]. Control of hemodynamics is necessary in the case of retrobulbar hemorrhage to preserve and limit optic nerve injury; canthotomy could be necessary in the case of severe retrobulbar hemorrhages [34].




4.1.2. Complications Occurring during Subretinal Fluid Drainage


This step has the greatest potential for complications. Draining subretinal fluid is still controversial. Anatomical and functional results proved to be the same with or without drainage, but complication rate was greater in the drainage group [35]. On the other hand, subretinal fluid drainage is still necessary when the indentation of the buckle element alone is not appropriate for closing the retinal break [34]. Many variables have an influence on the location of the drainage, such as RRD characteristics and the distribution of subretinal fluid, location of retinal breaks, vitreoretinal and epiretinal membrane tractions, configuration of buckle elements, and the choroidal vascular network. A good strategy in order to reduce the risk of retinal damage is to perform the evacuative puncture far enough from retinal breaks and where the retina is the most highly detached [34]. Complications related to the drainage procedure include choroidal/subretinal/retinal hemorrhages, vitreous/retinal incarceration, retinal tear entrapment, retinal perforation, hypotony. In the case of retinal incarceration, a buckle should be placed at the puncture site and cryotherapy is necessary [34]. As the residual SRF drains, the retina gets flattened against the retinal pigment epithelium [36].




4.1.3. Scleral Rupture


This complication has been reported in 5% of the cases [37]. It is often associated with preexisting scleral thinning due to high myopia or preexisting scleral pathologies. During the scleral buckling procedure, the sclera is exposed to locate retinal breaks and to place sutures and buckles. A full and thorough inspection of the sclera is required in order to mark scleral thinning and to plan the most appropriate buckle approach [38]. If the sclera is too thin to hold a buckle or a suture, consider not suturing the buckle in that quadrant, even more if that area does not need a buckle to specifically support a break. In some occasions, when the sclera is too weak, it could be necessary to switch to vitrectomy [34]. If a scleral perforation occurs where the retina is detached, this typically leads to drainage of the subretinal fluid; if the retina is attached, it can lead to retinal perforations and hemorrhage [37]. When the surgical procedure is performed in eyes with previous retinal detachment surgery, scleral depression over weak areas, such as suture site, cut-down sclerotomies or scleral explant site, could cause a frank scleral rupture. Tissue glue could be used to restore the globe integrity. Scleral rupture can lead to secondary intraoperative complications such as retinal incarceration and subretinal, choroidal or vitreous hemorrhages [37].




4.1.4. Scleral Perforation


If an inadvertent scleral perforation occurs during sutures placement and a massive release of subretinal fluid happens, the management of surgical procedure can be challenging for the surgeon even if subretinal fluid drainage has been planned [39]. Scleral perforation can be associated with a subretinal or sub-choroidal hemorrhage, which could be self- limiting; when the hemorrhage tends to extend toward the posterior pole, air or gas tamponade and prone position are recommended. Scleral perforation could be associated with severe ocular hypotony. In the case of scleral perforation, it is necessary to limit the loss of intraocular contents and to restore intraocular pressure. A wide stitch could be placed above the accidental site of drainage so that subsequent tightening would seal off the drainage site. If a vitreous prolapse occurs, gently cut it off with scissors. A patch graft and/or a silicone explant can be also placed above the perforation site; in particular, this could help in the case of retinal incarceration [37]. Tissue glue can be used but it requires a dry surgical field. Intravitreal injection of gas or air could be necessary to restore intraocular pressure [40].




4.1.5. Hypotony


Ocular hypotony could be secondary to evacuative puncture or scleral perforation, as mentioned above. Complications resulting from severe hypotony include retinal incarceration and vitreous, choroidal and/or subretinal hemorrhages. These complications lead to a series of difficulties during and after surgery (such as hemorrhages interfering with visualization and distortion of the globe) up to jeopardizing the final outcomes. The management of hypotony depends on its severity. In the case of mild to moderate hypotony, encircling band tightening could help to restore intraocular pressure. In the case of severe hypotony, intraocular injection of an air/gas bubble could be performed as well. In the case of scleral perforation, it is important to deal with it as described in the previous paragraph.




4.1.6. Choroidal Detachment


Choroidal detachment is one of the most common complications after scleral buckling, occurring in 23–44% of cases [41,42]. It is usually observed in the first days postoperatively, but in some cases it can occur intraoperatively or immediately after surgery [43]. The precise pathogenesis has not been completely understood yet. In most cases this complication is self-limiting and tends to settle down spontaneously in about 2 weeks [44]. Choroidal detachment can be classified as hemorrhagic, serous and sero-hemorrhagic. Many variables can have an influence on this complication:




	
Preoperative: advanced age (aging can affect choroidal vasculature), myopia, and systemic conditions (such as hypertension) [44];



	
Intraoperative: extension of the buckle, intraocular pressure fluctuation (hypotony), injury to a vortex vein (an imbalance between the pressure into the choroidal vascular network and low intraocular pressure is assumed to be the trigger for choroidal detachment development) [43,44].








Depending on the severity of the condition, its management could be either medical or surgical. It is necessary to deal with intraocular pressure in order to obtain normal values. Topical and systemic steroids need to be administered immediately after the surgery. Diuretic drugs can be useful for obtaining a rapid absorption of suprachoroidal fluid [44]. In more complex cases, a surgical drainage of suprachoroidal hemorrhage is advocated [45]. Surgical management of suprachoroidal hemorrhage can be a primary drainage alone, a secondary drainage alone, or both primary and secondary drainage. Indications for primary drainage include: a massive intraoperative hemorrhage and/or inability to reposit intraocular contents. A posterior sclerotomy is performed intraoperatively. Secondary drainage represents a delayed approach. This is performed when there is evidence on ultrasound of suprachoroidal hemorrhage liquefaction [45]. A posterior sclerotomy is performed under a constant fluid infusion at limbus. Suprachoroidal hemorrhage drainage could be associated with vitrectomy [46].




4.1.7. Subretinal and Intravitreal Hemorrhage


Subretinal hemorrhage is a sight-threatening complication that can occur as a result of a deep suture, following scleral depression, or during subretinal fluid drainage [47]. The visual outcome depends on whether the bleeding reaches the macula or not. Self-limiting and small hemorrhages not reaching the macula commonly do not affect visual and anatomical outcomes. When the blood collects in the submacular area, it can cause severe visual impairment [47]. Subretinal blood can cause damage to photoreceptors in several ways: a barrier effect mechanism between photoreceptor and retinal pigment epithelium; a toxic effect caused by iron; and/or mechanical injury caused by coated blood [47]. Subretinal blood can impede retinal reattachment and promote PVR [47]. Management of subretinal bleeding depends on its severity. Small and self-limiting hemorrhages might not require treatment and can be successfully managed by positioning the patient in order to prevent the blood from reaching the macula. In some cases, the intravitreal injection of air can be useful for this purpose. In more severe cases, subretinal drainage with an extrusion needle might be required. If vitrectomy is needed, perfluorocarbon liquids could be used to displace subretinal blood and drain it through a retinotomy or a break [47]. The use of tissue plasminogen activator (TPA) has proved useful, especially if there is a significant clot [48].



Figure 2 shows a case of macular subretinal hemorrhage following SB.





4.2. Post-Operative Complications


Scleral buckling can be associated with severe postoperative complications. Surgical failure has been discussed in the ‘anatomic success rate’ paragraph. Appropriate patient selection, careful planning, and good intraoperative technique can help to limit the rate of complications and improve outcomes.



4.2.1. Refractive Changes


Astigmatic or non-astigmatic refractive changes following scleral buckling are related to changes in eye-ball shape induced by the surgery. There is controversial data on the onset of astigmatism after scleral buckling, being infrequent and transient in most studies [49,50]. Risk factors for postoperative astigmatism include buckle height, the use of radial buckles, medial rectus disinsertion and anterior location of the buckle. A very common refractive change following scleral buckling is a myopic shift, secondary to an increase in the axial length [49,51]. Buckle height has an influence on the amount of induced myopia. A higher degree of induced myopia is more likely in phakic eyes due to an anterior displacement of the lens [49,51]. It seems that in children and young patients, this myopic shift is less prominent, being assumed that sclera buckling might impede ocular growth [52].




4.2.2. Infection


In the past, scleral abscesses following scleral buckling were reported in about 4% of cases [53]. Over the years, the technique has been refined. Diathermy has been replaced by cryotherapy. As a result, the scleral abscess rate reduced to 0.58% [54]. The main symptoms of scleral abscess include the presence of white extrascleral lesions, pain and vitreitis. There is a high risk of perforation if the buckle is not immediately removed. Extraocular infection following scleral buckling can occur between 0.5% and 5.6% of cases [55,56,57]. Most commonly, causative micro-organisms belong to Staphylococcus species [58]. Presoaking of the buckle elements in an antibiotic solution was thought to be helpful for infection prophylaxis. However, a large retrospective study showed that presoaking does not reduce extrusion and infection, whereas both disinfection prophylaxis and accurate surgical technique are mandatory [59]. Endophthalmitis following scleral buckling surgery is extremely rare [60].




4.2.3. Extrusion and Intrusion of Buckles


Buckle extrusion usually causes redness and pain. This complication represents the main reason for buckle removal: one out of two buckles that need to be removed is because of extrusion [61]. Extrusion through the skin is extremely rare. Buckle intrusion occurs in 3.8–18.6% of cases [62,63] and is more likely if intrascleral implants are used [64]. Buckle intrusion can be associated with retinal detachment, hypotony, vitreous hemorrhage and endophthalmitis. Management depends on the severity of this complication. Observation can be appropriate in asymptomatic patients. If the above-mentioned symptoms occur, the buckle needs to be removed [64]. The scleral defect can be covered by using cyanoacrylate glue, scleral imbrication or other scleral patching techniques [63,64]. Vitrectomy may be required to deal with intrusion-related complications [64].



Figure 3 shows a case of buckle extrusion through the conjunctiva.




4.2.4. Anterior and Posterior Segment Ischemia


Anterior segment ischemia following scleral buckle seems to be related to vascular non-perfusion of anterior and/or posterior ciliary arteries, or alteration in retinal vasculature [65,66,67,68]. Clinical variables that may have an influence on this complication include old age and hematologic factors such as sickle cell disease and the presence of atheromatosis. Cryotherapy or buckle compression can cause an injury to the posterior ciliary arteries, leading to non-perfusion of the anterior segment [69]. Disinsertion or manipulation of recti muscles could also affect anterior segment perfusion [69]. Indications for buckle removal include anterior segment ischemia and iris neovascularization [69]. Abnormal retinal blood flow has been shown after scleral buckling with an encircling band [65,66]. Anterior segment ischemia has been found even in cases where a segmental buckle was used [67]. A posterior segment ischemia has been demonstrated following scleral buckling, but ophthalmic artery blood flow seems to be not significantly affected after the procedure [68].




4.2.5. Diplopia


Double vision is a significant postoperative complication secondary to muscle imbalance issues. In a retrospective study, 3.8% of cases developed a secondary strabismus following scleral buckling [70]. The majority of cases had a mechanical muscle restriction. The position of the buckle seems to be not associated with the incidence of diplopia. A moderate association between buckle position and diplopia was shown when two muscles were involved [70]. Several causes of diplopia have been reported: the buckle itself (mechanical restriction of the extraocular muscles), local anesthetics myotoxicity [71] and extraocular muscles ischemia (injury to the muscles, especially in old patients, can cause ischemia) [70,72]. Prism correction usually represents the initial management of postoperative non-resolving diplopia. Muscle surgery with or without buckle removal might be required when symptoms are not alleviated conservatively [72].




4.2.6. Cataract


The risk of cataract development has been clearly demonstrated to be higher after PPV rather than SB procedure [16,21]. The SPR study showed a progression of cataract over a 1-year follow-up in 46% of phakic eyes treated with SB and in 77% of phakic eyes treated with PPV [16]. Such a high rate of cataract progression in SB cases needs to be considered cautiously. The SPR study defined cataract progression as an increase of one grade or greater on the Lens Opacities Classification System III [16]. Furthermore, some of these patients might have developed a cataract progression because of aging. More recently, the Primary Retinal Detachment Outcomes Study reported a 17% rate of cataract surgery after SB over a mean follow-up longer than 1 year, much lower compared with a 66% rate after PPV [21]. Schwartz et al. [73] reviewed the outcomes of SB cases with a follow-up of 20 years or longer, reporting that cataract surgery was performed in 30% of phakic eyes on this long term period.




4.2.7. Persistent Subretinal Fluid


Recently, OCT has played an important role in the diagnosis and follow-up of retinal detachment. Because of its high-resolution images, it can be used to show some details that would be very difficult to detect using standard equipment such as a slit lamp or indirect ophthalmoscopy examination. Persistent subretinal fluid (SRF) can be found with OCT and has been reported in between 27% and 78% at four to six weeks after scleral buckle surgery for retinal detachment [74]. It is still unclear if persistent subretinal fluid can influence visual outcome: several reports suggest that SRF could be associated with delayed visual recovery or poor visual outcome [74,75], but some authors proposed that residual SRF has no influence on visual recovery in the long term [76,77]. Kim et al. analyzed risk factors associated with the development of SRF in successful SB after RRD and reported that only two factors were significantly associated with 1-month postoperative SRF: preoperative macular status (macula-off) and segmental SB [78]. The use of an encircling surgery was associated with a lower incidence of SRF [78]. Other authors demonstrated that younger age and high myopia were clinical variables associated with persistent SRF following SB procedure [79]. Fu et al. identified three patterns of persistent SRF following SB surgery: bleb-like loculated (BL), shallow-diffused (SD), and multiple blebs (MB) [79]. More than 50% of SRF showed the BL pattern and this pattern was the one with shortest duration. Most cases of SD pattern transformed into the BL pattern over the follow-up time [79].




4.2.8. Macular Edema and Macular Epiretinal Membrane


The incidence of cystoid macular edema (CME) following the SB procedure for RRD has been reported as between 5.6% and 43% of cases [80,81,82]. A recent study including 130 eyes found a CME incidence rate of 6.9% [83]. Older age, macular detachment and external fluid drainage have been shown to be risk factors for CME development [83]. The use of cryopexy has been assumed to be associated with postoperative inflammation, which can promote CME development [83]. However, a previous study comparing cryopexy versus transscleral diode laser retinopexy did not show a higher incidence of CME in eyes receiving cryotherapy [84]. Given the inflammatory pathogenesis, the intravitreal 0.7 mg dexamethasone implant has been used for the treatment of this condition, showing favorable outcomes [85].



Macular epiretinal membrane has been reported in about 18% of eyes following SB for primary uncomplicated retinal detachment [86]. Interestingly, it seems that development of macular epiretinal membrane is more common in phakic eyes compared with pseudophakic ones, with an incidence of this complication in 15.2% and 7.7% of cases, respectively [87]. In general, precipitating factors of epiretinal membrane following RRD repair surgery are an older age, the presence of vitreous hemorrhage, the presence of large retinal tears and intraoperative cryotherapy [88]. These factors support the hypothesis that the pathogenesis of this complication is related to the dispersion of retinal pigment epithelial cells into the vitreous chamber [88].





4.3. Comparison between Scleral Buckling and Vitrectomy


According to a report conducted among Medicare beneficiaries, vitrectomy complications can be classified as severe (i.e., endophthalmitis, suprachoroidal hemorrhage, PVR, rhegmatogenous retinal detachment) and less severe (i.e., choroidal detachment, vitreous hemorrhage, retinal edema, glaucoma, retinal tear, hypotony, corneal edema, corneal abrasion) [89]. Lv et al. performed a meta-analysis that compared complications between SB and PPV for rhegmatogenous retinal detached [90]. A total of six randomized trials and three retrospective studies were included. Pooled rates of surgical complications reported by the authors are shown in Table 1.





5. Conclusions


SB remains a valuable surgical option for RRD repair. This surgery yields better anatomical and functional outcomes in phakic eyes with uncomplicated or moderately complicated detachments. However, in recent years there has been a decline in SB procedures in favor of vitrectomy. Reports conducted among Medicare beneficiaries showed that the use of the SB procedure decreased by 69% from 1997 to 2007 [4], continuing to decline in later years: in 2009, 11% of RRD cases were treated with SB while only 5% of RRD cases underwent the SB procedure in 2014 [91]. This trend seems to be related to several factors.



First, significant improvements have been made in vitrectomy systems and modern research continues to invest in developing ever-innovative technologies. However, cost analysis studies demonstrated that SB is less expensive than vitrectomy in phakic patients [92], providing a slightly better cost-effectiveness ratio [93].



Furthermore, the operating time is shorter for vitrectomy compared with SB. On average, an SB procedure takes one hour or a bit longer to complete [94], while a vitrectomy can be performed in 45 min [95]. This could have an influence on surgical planning.



With regard to patient satisfaction, a survey reported a higher proportion of patients experiencing discomfort or pain during SB surgery compared with vitrectomy (57% versus 10%, respectively) [96]. However, the type of surgery seems to have no influence on vision related quality of life [97].



Ultimately, a relevant contributing factor to this declining trend in SB use might be a decreasing exposure to SB surgery in training programs. Young fellows tend to be trained in slit-lamp based fundoscopy, with less training in indirect binocular ophthalmoscopy, which is a conditio sine qua non for SB surgery. Both teaching and learning the SB procedure could prove challenging. University hospitals should strive to teach trainees indirect binocular ophthalmoscopy and the SB procedure in order to avoid this surgery becoming obsolete in the foreseeable future.







Author Contributions


Conceptualization, M.F., A.R., P.A.; methodology, M.R., M.F., T.A.; data curation, A.L., P.A., T.A.; writing—original draft preparation, V.B., A.L., P.A.; writing—review and editing, M.R., M.F., A.R.; supervision, T.A., V.B., A.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data sharing not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Rumpf, J. Jules Gonin. Inventor of the surgical treatment for retinal detachment. Surv. Ophthalmol. 1976, 21, 276–284. [Google Scholar] [CrossRef]

	



Custodis, E. Die Behandlung der netzhautablösung durch umschriebene diathermiekoagulation und einer mittels plombenaufnähung erzeugten eindellung der sklera im bereich des risses. Klin. Monbl. Augenheilkd. Augenarztl. Fortbild. 1956, 129, 476–495. [Google Scholar]

	



Schepens, C.L.; Okamura, I.D.; Brockhurst, R.J. The scleral buckling procedures: 1. Surgical techniques and management. AMA Arch. Ophthalmol. 1957, 58, 797–811. [Google Scholar] [CrossRef]

	



Ramulu, P.Y.; Do, D.V.; Corcoran, K.J.; Corcoran, S.L.; Robin, A.L. Use of retinal procedures in medicare beneficiaries from 1997 to 2007. Arch. Ophthalmol. 2010, 128, 1335–1340. [Google Scholar] [CrossRef]

	



Minihan, M.; Tanner, V.; Williamson, T.H. Primary rhegmatogenous retinal detachment: 20 Years of change. Br. J. Ophthalmol. 2001, 85, 546–548. [Google Scholar] [CrossRef]

	



Lincoff, H.A.; Baras, I.; Mclean, J. Modifications to the custodis procedure for retinal detachment. Arch. Ophthalmol. 1965, 73, 160–163. [Google Scholar] [CrossRef]

	



Kreissig, I. Minimal segmental buckling with sponges and balloons for primary retinal detachment. In Primary Retinal Detachment: Options for Repair; Springer: Berlin/Heidelberg, Germany, 2005; ISBN 3540211322. [Google Scholar]

	



Lincoff, H.; Kreissig, I. Extraocular repeat surgery of retinal detachment: A minimal approach. Ophthalmology 1996, 103, 1586–1592. [Google Scholar] [CrossRef]

	



Lincoff, H.; Gieser, R. Finding the Retinal Hole. Arch. Ophthalmol. 1971, 85, 565–569. [Google Scholar] [CrossRef] [PubMed]

	



Figueroa, M.S.; Della Corte, M.; Sbordone, S.; Romano, A.; Alvarez, M.T.; Villalba, S.J.; Schirru, A. Scleral buckling technique without retinopexy for treatment of rhegmatogenous retinal detachment: A pilot study. Retina 2002, 22, 288–293. [Google Scholar] [CrossRef] [PubMed]

	



Mahdizadeh, M.; Masoumpour, M.; Ashraf, H. Anatomical retinal reattachment after scleral buckling with and without retinopexy: A pilot study. Acta Ophthalmol. 2008, 86, 297–301. [Google Scholar] [CrossRef] [PubMed]

	



Van Meurs, J.C.; Feron, E.; Van Ruyven, R.; Mulder, P.; Veckeneer, M. Postoperative laser coagulation as retinopexy in patients with rhegmatogenous retinal detachment treated with scleral buckling surgery: A prospective clinical study. Retina 2002, 22, 733–739. [Google Scholar] [CrossRef] [PubMed]

	



Pearce, I.A.; Wong, D.; McGalliard, J.; Groenewald, C. Does cryotherapy before drainage increase the risk of intraocular haemorrhage and affect outcome? Br. J. Ophthalmol. 1997, 81, 563–567. [Google Scholar] [CrossRef] [PubMed]

	



Avitabile, T.; Bartolotta, G.; Torrisi, B.; Reibaldi, A. A randomized prospective study of rhegmatogenous retinal detachment cases treated with cryopexy versus frequency-doubled Nd:YAG laser-retinopexy during episcleral surgery. Retina 2004, 24, 878–882. [Google Scholar] [CrossRef]

	



Nagiel, A.; Lalane, R.A.; Sadda, S.R.; Schwartz, S.D. Ultra-widefield fundus imaging: A review of clinical applications and future trends. Retina 2016, 36, 660–678. [Google Scholar] [CrossRef] [PubMed]

	



Heimann, H.; Bartz-Schmidt, K.U.; Bornfeld, N.; Weiss, C.; Hilgers, R.D.; Foerster, M.H. Scleral buckling versus primary vitrectomy in rhegmatogenous retinal detachment. A prospective randomized multicenter clinical study. Ophthalmology 2007, 14, 2142–2154. [Google Scholar] [CrossRef]

	



Heimann, H.; Hellmich, M.; Bornfeld, N.; Bartz-Schmidt, K.U.; Hilgers, R.D.; Foerster, M.H. Scleral buckling versus primary vitrectomy in rhegmatogenous retinal detachment (SPR Study): Design issues and implications SPR Study report no. 1. Graefe’s Arch. Clin. Exp. Ophthalmol. 2001, 239, 567–574. [Google Scholar] [CrossRef]

	



Adelman, R.A.; Parnes, A.J.; Ducournau, D.; European Vitreo-Retinal Society (EVRS) Retinal Detachment Study Group. Strategy for the management of uncomplicated retinal detachments: The european vitreo-retinal society retinal detachment study report 1. Ophthalmology 2013, 120, 1804–1808. [Google Scholar] [CrossRef]

	



Kreissig, I. Primary Retinal Detachment: Options for Repair; Springer: Berlin/Heidelberg, Germany; ISBN 3540211322.

	



Joseph, D.P.; Ryan, E.H.; Ryan, C.M.; Forbes, N.J.K.; Wagley, S.; Yonekawa, Y.; Mittra, R.A.; Parke, D.W.; Emerson, G.G.; Shah, G.K.; et al. Primary retinal detachment outcomes study: Pseudophakic retinal detachment outcomes: Primary retinal detachment outcomes study report number 3. Ophthalmology 2020, 127, 1507–1514. [Google Scholar] [CrossRef]

	



Ryan, E.H.; Ryan, C.M.; Forbes, N.J.; Yonekawa, Y.; Wagley, S.; Mittra, R.A.; Parke, D.W.; Joseph, D.P.; Emerson, G.G.; Shah, G.K.; et al. Primary retinal detachment outcomes study report number 2: Phakic Retinal detachment outcomes. Ophthalmology 2020, 127, 1077–1085. [Google Scholar] [CrossRef] [PubMed]

	



Wang, A.; Snead, M.P. Scleral buckling—A brief historical overview and current indications. Graefe’s Arch. Clin. Exp. Ophthalmol. 2020, 258, 467–478. [Google Scholar] [CrossRef] [PubMed]

	



Alexander, P.; Ang, A.; Poulson, A.; Snead, M.P. Scleral buckling combined with vitrectomy for the management of rhegmatogenous retinal detachment associated with inferior retinal breaks. Eye 2008, 22, 200–203. [Google Scholar] [CrossRef] [PubMed]

	



Sharma, A.; Grigoropoulos, V.; Williamson, T.H. Management of primary rhegmatogenous retinal detachment with inferior breaks. Br. J. Ophthalmol. 2004, 88, 1372–1375. [Google Scholar] [CrossRef]

	



Wickham, L.; Connor, M.; Aylward, G.W. Vitrectomy and gas for inferior break retinal detachments: Are the results comparable to vitrectomy, gas, and scleral buckle? Br. J. Ophthalmol. 2004, 88, 1376–1379. [Google Scholar] [CrossRef] [PubMed]

	



Baumgarten, S.; Schiller, P.; Hellmich, M.; Walter, P.; Agostini, H.; Junker, B.; Helbig, H.; Lommatzsch, A.; Mazinani, B.; Walter, P.; et al. Vitrectomy with and without encircling band for pseudophakic retinal detachment with inferior breaks: VIPER Study Report No. 3. Graefe’s Arch. Clin. Exp. Ophthalmol. 2018, 256, 2069–2073. [Google Scholar] [CrossRef]

	



Shu, I.; Ishikawa, H.; Nishikawa, H.; Morikawa, S.; Okamoto, F.; Sakamoto, T.; Sugimoto, M.; Kondo, M.; Iwasaki, M.; Kinoshita, T.; et al. Scleral buckling versus vitrectomy for young japanese patients with rhegmatogenous retinal detachment in the era of microincision surgery: Real-world evidence from a multicentre study in Japan. Acta Ophthalmol. 2019, 97, e736–e741. [Google Scholar] [CrossRef] [PubMed]

	



Avitabile, T.; Ortisi, E.; Scott, I.U.; Russo, V.; Gagliano, C.; Reibaldi, A. Scleral buckle for progressive symptomatic retinal detachment complicating retinoschisis versus primary rhegmatogenous retinal detachment. Can. J. Ophthalmol. 2010, 45, 161–165. [Google Scholar] [CrossRef]

	



Kawano, S.; Imai, T.; Sakamoto, T. Scleral buckling versus pars plana vitrectomy in simple phakic macula-on retinal detachment: A propensity score-matched, registry-based study. Br. J. Ophthalmol. 2021. [Google Scholar] [CrossRef]

	



Patel, S.N.; Salabati, M.; Mahmoudzadeh, R.; Obeid, A.; Kuriyan, A.E.; Yonekawa, Y.; Klufas, M.A.; Garg, S.J.; Hsu, J.; Khan, M.A. Surgical failures after primary scleral buckling for rhegmatogenous retinal detachment. Retina 2021, 41, 2288–2295. [Google Scholar] [CrossRef]

	



Capeans, C.; Lorenzo, J.; Santos, L.; Suarez, A.; Copena, M.J.; Blanco, M.J.; Sánchez-Salorio, M. Comparative study of incomplete posterior vitreous detachment as a risk factor for proliferative vitreoretinopathy. Graefe’s Arch. Clin. Exp. Ophthalmol. 1998, 236, 481–485. [Google Scholar] [CrossRef]

	



Hay, A.; Flynn, H.W.; Hoffman, J.I.; Rivera, A.H. Needle penetration of the globe during retrobulbar and peribulbar injections. Ophthalmology 1991, 98, 1017–1024. [Google Scholar] [CrossRef]

	



Duker, J.S.; Belmont, J.B.; Benson, W.E.; Brooks, H.L.; Brown, G.C.; Federman, J.L.; Fischer, D.H.; Tasman, W.S. Inadvertent globe perforation during retrobulbar and peribulbar anesthesia: Patient characteristics, surgical management, and visual outcome. Ophthalmology 1991, 98, 519–526. [Google Scholar] [CrossRef]

	



Shah, R.; Decroos, F.C.; Gerstenblith, A. Managing surgical complications in retina surgery: With preparation and planning, many complications can be avoided or managed. Retina Today 2013, 26–30. [Google Scholar]

	



Wilkinson, C.P.; Bradford, R.H. Complications of draining subretinal fluid. Retina 1984, 4, 1–4. [Google Scholar] [CrossRef] [PubMed]

	



Patterson, D.F.; Ryan, E.H. Controlled drainage of subretinal fluid using continuous monitoring with indirect ophthalmoscopy. JAMA Ophthalmol. 2013, 131, 228–231. [Google Scholar] [CrossRef] [PubMed]

	



Tabandeh, H.; Flaxel, C.; Sullivan, P.M.; Leaver, P.K.; Flynn, H.W.; Schiffman, J. Scleral rupture during retinal detachment surgery: Risk factors, management options, and outcomes. Ophthalmology 2000, 107, 848–852. [Google Scholar] [CrossRef]

	



Michels, R.G. Scleral buckling methods for rhegmatogenous retinal detachment. Retina 1986, 6, 1–49. [Google Scholar] [CrossRef] [PubMed]

	



Brown, P.; Chignell, A.H. Accidental drainage of subretinal fluid. Br. J. Ophthalmol. 1982, 66, 625–626. [Google Scholar] [CrossRef] [PubMed]

	



Carpineto, P.; Ciancaglini, M.; Scaramucci, S.; Nubile, M.; Mastropasqua, L. Management of scleral rupture during retinal detachment surgery: A case report. Eur. J. Ophthalmol. 2002, 12, 553–555. [Google Scholar] [CrossRef]

	



Hawkins, W.R.; Schepens, C.L. Choroidal detachment and retinal surgery. A clinical and experimental study. Am. J. Ophthalmol. 1966, 62, 813–819. [Google Scholar] [CrossRef]

	



The Influence of Subconjunctival Depot Corticosteroid on Choroidal Detachment Following Retinal Detachment Surgery—PubMed. Available online: https://pubmed.ncbi.nlm.nih.gov/1108355/ (accessed on 19 July 2021).

	



Verma, L.; Venkatesh, P.; Chawla, R.; Tewari, H.K. Choroidal detachment following retinal detachment surgery: An analysis and a new hypothesis to minimize its occurrence in high-risk cases. Eur. J. Ophthalmol. 2004, 14, 325–329. [Google Scholar] [CrossRef]

	



Auriol, S.; Mahieu, L.; Arné, J.L.; Mathis, V. Risk factors for development of choroidal detachment after scleral buckling procedure. Am. J. Ophthalmol. 2011, 152, 428–432. [Google Scholar] [CrossRef]

	



Wang, R.; Qin, L. Suprachorodal hemorrhage. Int. J. Ophthalmol. 2005, 5, 327–332. [Google Scholar] [CrossRef]

	



Qureshi, A.; Jalil, A.; Sousa, D.C.; Patton, N.; Dhawahir-Scala, F.; Charles, S.J.; Turner, G.; Ivanova, T. Outcomes of suprachoroidal haemorrhage drainage with and without vitrectomy: A 10-year study. Eye 2021, 35, 1879–1885. [Google Scholar] [CrossRef]

	



Sarrafizadeh, R.; Williams, G.A. Submacular hemorrhage during scleral buckling surgery treated with an intravitreal air bubble. Retina 2000, 20, 415–417. [Google Scholar] [CrossRef]

	



Chen, S.N.; Ho, C.L.; Kuo, Y.H.; Ho, J. Der Intravitreous tissue plasminogen activator injection and pneumatic displacement in the management of submacular hemorrhage complicating scleral buckling procedures. Retina 2001, 21, 460–463. [Google Scholar] [CrossRef]

	



Rubin, M.L. The induction of refractive errors by retinal detachment surgery. Trans. Am. Ophthalmol. Soc. 1976, 73, 452–490. [Google Scholar]

	



Thelen, U.; Amler, S.; Osada, N.; Gerding, H. Success rates of retinal buckling surgery: Relationship to refractive error and lens status: Results from a large german case series. Ophthalmology 2010, 117, 785–790. [Google Scholar] [CrossRef]

	



Larsen, J.S.; Syrdalen, P. Ultrasonographic study on changes in axial eye dimensions after encircling procedure in retinal detachment surgery. Acta Ophthalmol. 1979, 57, 337–343. [Google Scholar] [CrossRef] [PubMed]

	



Sato, T.; Kawasaki, T.; Okuyama, M.; Ideta, H. Refractive changes following scleral buckling surgery in juvenile retinal detachment. Retina 2003, 23, 629–635. [Google Scholar] [CrossRef] [PubMed]

	



Lincoff, H.A.; Mclean, J.M.; Nano, H. Scleral abscess: A complication of retinal detatchment buckling procedures. Arch. Ophthalmol. 1965, 74, 641–648. [Google Scholar] [CrossRef] [PubMed]

	



Folk, J.C.; Cutkomp, J.; Koontz, F.P. Bacterial scleral abscesses after retinal buckling operations: Pathogenesis, management, and laboratory investigations. Ophthalmology 1987, 94, 1148–1154. [Google Scholar] [CrossRef]

	



Hahn, Y.S.; Lincoff, A.; Lincoff, H.; Kreissig, I. Infection after sponge implantation for scleral buckling. Am. J. Ophthalmol. 1979, 87, 180–185. [Google Scholar] [CrossRef]

	



Russo, C.E.; Ruiz, R.S. Silicone sponge rejection: Early and late complications in retinal detachment surgery. Arch. Ophthalmol. 1971, 85, 647–650. [Google Scholar] [CrossRef]

	



Lincoff, H.; Nadel, A.; O’connor, P. The changing character of the infected scleral implant. Arch. Ophthalmol. 1970, 84, 421–426. [Google Scholar] [CrossRef] [PubMed]

	



Oshima, Y.; Ohji, M.; Inoue, Y.; Harada, J.; Motokura, M.; Saito, Y.; Emi, K.; Tano, Y. Methicillin-resistant Staphylococcus aureus infections after scierai buckling procedures for retinal detachments associated with atopic dermatitis. Ophthalmology 1999, 106, 142–147. [Google Scholar] [CrossRef]

	



Lorenzano, D.; Calabrese, A.; Fiormonte, F. Extrusion and infection incidence in scleral buckling surgery with the use of silicone sponge: To soak or not to soak? An 11-year retrospective analysis. Eur. J. Ophthalmol. 2007, 17, 399–403. [Google Scholar] [CrossRef] [PubMed]

	



Sakono, T.; Otsuka, H.; Shiihara, H.; Yoshihara, N.; Sakamoto, T. Acute bacterial endophthalmitis after scleral buckling surgery with chandelier endoillumination. Am. J. Ophthalmol. Case Rep. 2017, 8, 7–10. [Google Scholar] [CrossRef]

	



Moisseiev, E.; Fogel, M.; Fabian, I.D.; Barak, A.; Moisseiev, J.; Alhalel, A. Outcomes of scleral buckle removal: Experience from the last decade. Curr. Eye Res. 2017, 42, 766–770. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, D.J.; Green, W.R. Histopathologic study of the effect of retinal detachment surgery on 49 eyes obtained post mortem. Am. J. Ophthalmol. 1987, 103, 167–179. [Google Scholar] [CrossRef]

	



Dong Nguyen, Q.; Lashkari, K.; Hirose, T.; Pruett, R.C.; McMEEL, J.W.; Schepens, C.L. Erosion and intrusion of silicone rubber scleral buckle: Presentation and management. Retina 2001, 21, 214–220. [Google Scholar] [CrossRef]

	



Shami, M.J.; Abdul-Rahim, A.S.; Mieler, W.F. Intrusion of a scleral buckle: A late complication of retinal reattachment surgery. Retina 2001, 21, 195–197. [Google Scholar] [CrossRef] [PubMed]

	



Ogasawara, H.; Feke, G.T.; Yoshida, A.; Milbocker, M.T.; Weiter, J.J.; Mcmeel, J.W. Retinal blood flow alterations associated with scleral buckling and encircling procedures. Br. J. Ophthalmol. 1992, 76, 275–279. [Google Scholar] [CrossRef]

	



Yoshida, A.; Feke, G.T.; Green, G.J.; Goger, D.G.; Matsuhashi, M.; Jalkh, A.E.; Wallace McMeel, J. Retinal circulatory changes after scleral buckling procedures. Am. J. Ophthalmol. 1983, 95, 182–188. [Google Scholar] [CrossRef]

	



Nagahara, M.; Tamaki, Y.; Araie, M.; Eguchi, S. Effects of scleral buckling and encircling procedures on human optic nerve head and retinochoroidal circulation. Br. J. Ophthalmol. 2000, 84, 31–36. [Google Scholar] [CrossRef] [PubMed]

	



Regillo, C.D.; Sergott, R.C.; Brown, G.C. Successful scleral buckling procedures decrease central retinal artery blood flow velocity. Ophthalmology 1993, 100, 1044–1049. [Google Scholar] [CrossRef]

	



Freeman, H.M.; Hawkins, W.R.; Schepens, C.L. Anterior segment necrosis: An experimental study. Arch. Ophthalmol. 1966, 75, 644–650. [Google Scholar] [CrossRef]

	



Goezinne, F.; Berendschot, T.T.J.M.; Van Daal, E.W.M.; Janssen, L.C.H.; Liem, A.T.A.; Lundqvist, I.J.; Hendrikse, F.; La Heij, E.C. Diplopia was not predictable and not associated with buckle position after scleral buckling surgery for retinal detachment. Retina 2012, 32, 1514–1524. [Google Scholar] [CrossRef]

	



Salama, H.; Farr, A.K.; Guyton, D.L. Anesthetic myotoxicity as a cause of restrictive strabismus after scleral buckling surgery. Retina 2000, 20, 478. [Google Scholar] [CrossRef] [PubMed]

	



Lincoff, H.; Stopa, M.; Kreissig, I.; Madjarov, B.; Sarup, V.; Saxena, S.; Brodie, S. Cutting the encircling band. Retina 2006, 26, 650–654. [Google Scholar] [CrossRef]

	



Schwartz, S.; Kuhl, D.; McPherson, A.; Holz, E.; Mieler, W. Twenty-year follow-up for scleral buckling. Arch. Ophthalmol. 2002, 120, 325–329. [Google Scholar] [CrossRef]

	



Seo, J.; Woo, S.; Park, K.; Yu, Y.; Chung, H. Influence of persistent submacular fluid on visual outcome after successful scleral buckle surgery for macula-off retinal detachment. Am. J. Ophthalmol. 2008, 145. [Google Scholar] [CrossRef] [PubMed]

	



Baba, T.; Hirose, A.; Moriyama, M.; Mochizuki, M. Tomographic image and visual recovery of acute macula-off rhegmatogenous retinal detachment. Graefes Arch. Clin. Exp. Ophthalmol. 2004, 242, 576–581. [Google Scholar] [CrossRef]

	



Benson, S.; Schlottmann, P.; Bunce, C.; Xing, W.; Charteris, D. Optical coherence tomography analysis of the macula after scleral buckle surgery for retinal detachment. Ophthalmology 2007, 114, 108–112. [Google Scholar] [CrossRef]

	



Hagimura, N.; Iida, T.; Suto, K.; Kishi, S. Persistent foveal retinal detachment after successful rhegmatogenous retinal detachment surgery. Am. J. Ophthalmol. 2002, 133, 516–520. [Google Scholar] [CrossRef]

	



Kim, Y.; Woo, S.; Kim, K.; Park, K. Subretinal fluid resorption. Ophthalmology 2010, 117. [Google Scholar] [CrossRef] [PubMed]

	



Fu, Y.; Chen, S.; Gu, Z.; Zhang, Y.; Li, L.; Yang, N. Natural history of persistent subretinal fluid following the successful repair of rhegmatogenous retinal detachment. Int. J. Ophthalmol. 2020, 13, 1621–1628. [Google Scholar] [CrossRef] [PubMed]

	



Sabates, N.R.; Sabates, F.N.; Sabates, R.; Lee, K.Y.; Ziemianski, M.C. Macular changes after retinal detachment surgery. Am. J. Ophthalmol. 1989, 108, 22–29. [Google Scholar] [CrossRef]

	



Lobes, L.A.; Grand, M.G. Incidence of cystoid macular edema following scleral buckling procedure. Arch. Ophthalmol. 1980, 98, 1230–1232. [Google Scholar] [CrossRef]

	



Meredith, T.A.; Reeser, F.H.; Topping, T.M.; Aaberg, T.M. Cystoid macular edema after retinal detachment surgery. Ophthalmology 1980, 87, 1090–1095. [Google Scholar] [CrossRef]

	



Lai, T.T.; Huang, J.S.; Yeh, P.T. Incidence and risk factors for cystoid macular edema following scleral buckling. Eye 2017, 31, 566–571. [Google Scholar] [CrossRef] [PubMed]

	



Steel, D.H.W.; West, J.; Campbell, W.G. A randomized controlled study of the use of transscleral diode laser and cryotherapy in the management of rhegmatogenous retinal detachment. Retina 2000, 20, 346. [Google Scholar] [CrossRef]

	



Bonfiglio, V.; Fallico, M.R.; Russo, A.; De Grande, V.; Longo, A.; Uva, M.G.; Reibaldi, M.; Avitabile, T. Intravitreal dexamethasone implant for cystoid macular edema and inflammation after scleral buckling. Eur. J. Ophthalmol. 2015, 25, e98–e100. [Google Scholar] [CrossRef]

	



Radice, P.; Carini, E.; Seidenari, P.; Govetto, A. Standardized scleral buckling approach in the management of noncomplex primary rhegmatogenous retinal detachment. Eur. J. Ophthalmol. 2020, 31, 1993–2002. [Google Scholar] [CrossRef]

	



Halberstadt, M.; Chatterjee-Sanz, N.; Brandenberg, L.; Koerner-Stiefbold, U.; Koerner, F.; Garweg, J.G. Primary retinal reattachment surgery: Anatomical and functional outcome in phakic and pseudophakic eyes. Eye 2005, 19, 891–898. [Google Scholar] [CrossRef]

	



Uemura, A.; Ideta, H.; Nagasaki, H.; Morita, H.I.K. Macular pucker after retinal detachment surgery. Ophthalmic Surg. 1992, 23, 116–119. [Google Scholar] [CrossRef] [PubMed]

	



Stein, J.D.; Zacks, D.N.; Grossman, D.; Grabe, H.; Johnson, M.W.; Sloan, F.A. Adverse events after pars plana vitrectomy among medicare beneficiaries. Arch. Ophthalmol. 2009, 127, 1656–1663. [Google Scholar] [CrossRef] [PubMed]

	



Lv, Z.; Li, Y.; Wu, Y.; Qu, Y. Surgical complications of primary rhegmatogenous retinal detachment: A meta-analysis. PLoS ONE 2015, 10, e0116493. [Google Scholar] [CrossRef]

	



McLaughlin, M.D.; Hwang, J.C. Trends in vitreoretinal procedures for medicare beneficiaries, 2000 to 2014. Ophthalmology 2017, 124, 667–673. [Google Scholar] [CrossRef] [PubMed]

	



Seider, M.I.; Naseri, A.; Stewart, J.M. Cost comparison of scleral buckle versus vitrectomy for rhegmatogenous retinal detachment repair. Am. J. Ophthalmol. 2013, 156, 661–666. [Google Scholar] [CrossRef]

	



Belin, P.J.; Yannuzzi, N.A.; Wagley, S.; Smiddy, W.E.; Ryan, E.H. Cost analysis of scleral buckle, pars plana vitrectomy and pars plana vitrectomy with scleral buckle for retinal detachment repair. Retina 2021, 42, 33–37. [Google Scholar] [CrossRef]

	



Brazitikos, P.D.; Androudi, S.; Christen, W.G.; Stangos, N.T. Primary pars plana vitrectomy versus scleral buckle surgery for the treatment of pseudophakic retinal detachment: A randomized clinical trial. Retina 2005, 25, 957–964. [Google Scholar] [CrossRef] [PubMed]

	



Kunikata, H.; Nishida, K. Visual outcome and complications of 25-gauge vitrectomy for rhegmatogenous retinal detachment; 84 consecutive cases. Eye 2010, 24, 1071–1077. [Google Scholar] [CrossRef] [PubMed]

	



Koriyama, M.; Nishimura, T.; Matsubara, T.; Taomoto, M.; Takahashi, K.; Matsumura, M. Prospective study comparing the effectiveness of scleral buckling to vitreous surgery for rhegmatogenous retinal detachment. Jpn. J. Ophthalmol. 2007, 51, 360–367. [Google Scholar] [CrossRef] [PubMed]

	



Gauthier, A.C.; Adelman, R.A. A quality of life study comparing scleral buckle and pneumatic retinopexy for the treatment of rhegmatogenous retinal detachment. Clin. Ophthalmol. 2017, 11, 1069–1071. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 11 00314 g001 550] 





Figure 1. (A) a left eye inferior rhegmatogenous retinal detachment in a young phakic patient, the macula looks attached; (B) a fully reattached retina following scleral buckling with a 360 encircling band with an inferotemporal buckle. 
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Figure 2. (A) a case of supero-temporal retinal detachment with an attached fovea; (B) following SB the retina is fully reattached, but a macular subretinal hemorrhage occurred. 
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Figure 3. A left aphakic eye with an extrusion of a MIRAgel (hydrogel) buckle through the temporal conjunctiva. 
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Table 1. Pooled rate of surgical complications after scleral buckling and vitrectomy for rhegmatogenous retinal detachment. Data from Lv et al. 2015 [90].
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	Complications
	Scleral Buckling
	Vitrectomy





	Subretinal haemorrhage
	5.1%
	0.9%



	Hypotony
	23.2%
	0%



	Iatrogenic breaks
	0.2%
	8.2%



	Choroidal detachment
	3.1%
	0%



	Residual SRF
	19.6%
	0%



	High IOP
	5.4%
	11.6%



	Corneal epithelial defect
	1.8%
	5.5%



	Diplopia
	2.7%
	0.5%



	Cataract
	23.6%
	53.1%



	CME
	2.6%
	2.8%



	macular pucker
	7.4%
	5.7%



	Postoperative PVR
	11.2%
	11.1%







Footnote: SFR, subretinal fluid; IOP, intraocular pressure; CME, cystoid macular edema; PVR, proliferative vitreoretinopathy.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png





nav.xhtml


  jcm-11-00314


  
    		
      jcm-11-00314
    


  




  





media/file0.png





media/file2.png





media/file5.jpg





media/file6.png





media/file3.jpg





media/file1.jpg
B





