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Chapter 1

The history of retinal detachment surgery is one of the great
success stories in the history of medicine. The first descriptions of
retinal detachment were by Ware in 1805, Wardrop in 1818, and
Panizza in 1826 [1–3]. These descriptions relied mainly on patho-
logical observations. The introduction of the ophthalmoscope by

Fig. 1.1. Jules Gonin. (Reproduced with permission; Wilkinson CP, Rice 
TA (1997) Michels retinal detachment, 2nd edn. Mosby St. Louis MO.
pp 241–333 [10])
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Helmholz in 1850 made an accurate and reliable clinical diagnosis
possible [4]. Coccius in 1853 followed by von Graefe in 1854, who
also portrayed the course of retinal detachment, observed the first
retinal tear [5, 6]. The history of retinal detachment surgery can be
divided into pre- (before 1920) and post-Jules Gonin’s era (after
1930).

In 1920, Gonin reported the first successful treatment of retinal
detachment by sealing the retinal break to the underlying retinal
pigment epithelium (RPE) and the choroid (Fig. 1.1) [7, 8]. During
and after the time of Gonin’s contributions, many surgeons con-
tributed to the advancement and success of retinal surgery. Prior 
to this time, however, there was little or no successful treatment 
for retinal detachment but a large number of treatments were pro-
posed and are mentioned here for historical interest. Some of
this work has been adapted from the great historical collection of
Duke Elder’s System of Ophthalmology and from Michels’ Retinal
Detachment [9, 10].

Pre-Gonin Era

Medical Treatment of Retinal Detachment

Stellwag in 1861 and Donders in 1866 proposed rest as essential for
treatment of retinal detachment [11, 12]. By rest, it was meant the
immobility of the body and the eyes, with the latter being the more
important component; both eyes were bandaged, atropine was ap-
plied for intraocular immobility, and complete immobility of the
body was achieved by laying on the back with the head sandwiched
between sandbags. Samelsohn in 1875 suggested compression
bandaging combined with rest for many weeks [13]. Mendoza in
1920 recommended a plaster mould that would fit the eye and the
orbital ridges and therefore apply even pressure to the eye [14].
Further, Marx in 1922 advised a salt-free diet to promote the ab-
sorption of subretinal fluid [15].
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Surgical Treatment of Retinal Detachment

The first operation attempted for treatment of retinal detachment
was by James Ware in 1805 who drained the subretinal fluid by
puncturing the sclera with a knife [16]. In 1863, von Graefe modified
this method by also puncturing the retina and creating a second
hole for the drainage of the subretinal fluid into the vitreous cavity
[17].G.Martin in 1881 and de Wecker in 1882 introduced the thermo-
cautery (later popularized by Dor (1895–1907) as the method of
puncture [18–20]).

Permanent drainage of subretinal fluid using trephining was
advocated by de Wecker in 1872 and Argyll Robertson in 1876 [21,
22]. The introduction of Elliot’s operation for glaucoma popular-
ized trephining between 1915 and 1920 [9]. Groenholm in 1921 ad-
vocated the Holt pre-equatorial sclerectomy: the removal of a large
disc of sclera so that the suprachoroidal space is in communication
with subtenon’s space [23]. In 1924, Wiener made two trephine
holes 1 mm apart and threaded a strand of horse-hair into one hole
and out of the other [24].

There were numerous other surgical methods attempted for
retinal detachment. Subconjunctival injections were first suggest-
ed by Grossman in 1883 and then popularized by Mellinger in 1896
who used hypertonic saline to extract the subretinal fluid by 
osmotic forces [25, 26]. Division of vitreous fibers to treat retinal
detachment was attempted by Deutschmann in 1895 [27]. Reduc-
tion of the globe capacity on the basis of von Graefe’s theory that
the cause of detachment was an increase in the volume of the eye
in myopia was advocated by Leopold Mueller in 1903 [28]. Torok
collected reports of 50 such procedures and found that none had
permanent success [29]. Raising the intraocular pressure was advo-
cated, postulating that the retina would be re-apposed by the high
pressure in the eye. Lagrange in 1912 introduced colmatage, where-
by triple rows of cautery were made underneath a conjunctival 
flap [30]. Carbone in 1925 recommended the injection of material
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(vitreous, gelatin) into the anterior chamber to raise the intraocu-
lar pressure [31]. Others attempted to push the retina back towards
the choroid by injecting various materials into the vitreous cavity.
Deutschmann injected rabbit vitreous in 1895, Nakashima injected
protein solutions in 1926, and Ohm (1911), Rohmer (1912), Jean-
delize and Baudot in 1926, and Szymanski in 1933 injected air [27,
32–36]. Meyer in 1871 attempted suturing of the retina to an open-
ing in the scleral wall and Galezowski in 1890 practiced suturing
the retina to the choroid [37, 38].

Many possible methods of retinopexy were attempted (cautery,
electrolysis, and injection of irritant substances under the retina);
however, they were all unsuccessful since there was no attention
given to the closure of retinal breaks.

Although many procedures were proposed for the treatment of
retinal detachment, the success rate was low. In 1912, Vail surveyed
the ophthalmologists in the United States to report their success
rate in treating retinal detachment. He concluded that the success
rate was 1 in 1,000 and that the treatment modalities were ineffec-
tive [39].

Post-Gonin Era

Among many competing theories on the cause of retinal detach-
ment prior to Gonin were suggestions that retinal breaks were nec-
essary for the retina to detach and vitreous traction caused retinal
breaks. de Wecker in 1870 argued that “retinal ruptures” were neces-
sary for fluid to pass beneath the retina to cause a retinal detach-
ment [40]. He subscribed to Iwanoff ’s theory that distention of the
eye, caused by exudation of fluid behind the vitreous, led to devel-
opment of the ruptures [40]. Leber and Nordenson in 1882 and 1887,
respectively, originated the vitreous retraction or shrinkage theory.
They thought that retraction of the shrinking vitreous placed trac-
tion on the anterior retina that caused tearing of the retina. They
theorized that serous vitreous fluid then entered through the tears
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into the subretinal space to detach the retina. The major contribu-
tion of Jules Gonin was to show that retinal breaks are the main
cause of retinal detachments and that successful reattachment of
retinas was dependent on the sealing of such breaks [7, 8, 41]. His
procedure required a meticulous retinal examination and search for
breaks. In 1918, he told the Swiss Ophthalmologic Society that the
cause of idiopathic retinal detachment was the development of reti-
nal tears due to tractional forces caused by the vitreous [42, 43]. In
1920, he reported to the French Ophthalmologic Society that he had
cured retinal detachments by application of cautery to the sclera
over retinal breaks (first operations in 1919) [8]. Many did not be-
lieve him. In 1929, at the International Congress of Ophthalmology
in Amsterdam, Gonin (along with his disciples Arruga, Weve, and
Amsler) conclusively proved to his audience that retinal breaks were
the cause of retinal detachment and that closure of retinal breaks
caused the retina to reattach [42, 43]. During Gonin’s era, the success
rate exceeded 50%. At this time, many procedures were proposed
which we will summarize here from the historical standpoint.

Gonin’s original procedure was to accurately localize the retinal
break on the sclera [44]. Localization required estimating the dis-
tance of the break from the ora serrata in disc diameters, multi-
plying that figure by 1.5, then adding 8 mm to determine the dis-
tance of the break from the limbus. After measurement in the
meridian of the break, a Paquelin thermocautery, heated till be-
coming white, was inserted into the vitreous. When the needle was
withdrawn, there was drainage of subretinal fluid and incarcera-
tion of the edges of the break in the drainage site. In successful
cases, there was subsequent closure of the edges of the break in the
drainage site. During this procedure, subretinal fluid was some-
times only partially drained and he observed that, if breaks were
sealed, the residual fluid would usually absorb. The majority of
procedures for the next 20 years were variants of Gonin’s operation
with modifications in the method of treatment of breaks and the
method of drainage. Significant advances were the use of intra-
ocular air to close retinal breaks and the early experimentation
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with scleral resection that set the stage for scleral buckling proce-
dures [45–50].

Modern surgical techniques for repair of retinal detachment
have evolved from the methods developed by pioneers who first
learned to close retinal breaks. These techniques can be mainly 
divided into retinopexy, scleral buckling, vitreous surgery, and 
intraocular tamponade.

Retinopexy

Many techniques were proposed for the creation of chorioretinal
adhesions. Diathermy became the worldwide standard for retino-
pexy until the adoption of cryopexy in the 1960s. However, other
methods were transiently used. In 1931, Guist cauterized the
choroid around the break by touching it with a caustic potash stick
in several places after it had been exposed with trephine openings
through the sclera and the subretinal fluid drained [51]. This
method was further modified by Lindner [52]. Passage of a galvan-
ic electric current to produce a chorioretinal scar was proposed by
Imre in 1930 followed by von Szily and Helmut Machemer in 1934
[53–55].1 The technique of diathermy was originally proposed 
by Larsson, Weve, and Safar and was further modified by Walker
who developed a small, compact diathermy device [56–59]. Later,
Weve employed both surface and puncture applications by uni-
polar electrodes while viewing with an indirect ophthalmoscope.
Three methods of diathermy were utilized: (1) surface diathermy
followed by drainage of subretinal fluid, (2) penetrating diathermy
with drainage of subretinal fluid through the needle tracts, and (3)
partial penetrating or surface diathermy with penetrating appli-
cations (the penetrating applications were used for drainage and
were surrounded by non-penetrating applications) [10]. Dellaporta
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in 1954 closed retinal breaks with intraocular diathermy through
the pars plana; he used a needle that was insulated except at its tip
[60]. Although diathermy alone (with or without drainage of sub-
retinal fluid) was the treatment of choice for retinal detachment
prior to 1950, between 1955 and 1960, in most cases an indentation
by a scleral buckle or scleral resection was added [61].

Light photocoagulation was first described by Czerny in 1867
who used a concave mirror and convex lens to focus sun light 
to induce retinal burns in animals [62]. Maggiore, in 1927, did 
the first experimental photocoagulation of the human retina 
when he focused sunlight for 10 min on the retina of a patient 
prior to enucleation for a malignant tumor [63]. Moran-Sales 
first used photocoagulation therapeutically in humans; however,
Meyer-Schwickerath, in 1949, was the first to publish this techni-
que [64, 65]. Due to his pioneering work, Meyer-Schwickerath is
considered the father of photocoagulation. His work originated
from his observation of chorioretinal scars secondary to eclipse
burns [64]. He first tried to photocoagulate the retina with a
carbon arc lamp and, then, through a series of mirrors and lenses
with the sun as the source of light [66]. In cooperation with Hans
Littmann,he subsequently developed a xenon-arc photocoagulation
system that became available in 1958 and was used for the next
15 years. Following the development of the first laser (the ruby
laser) in 1960 by Maiman, Zaret, in 1961, first published his ex-
perience with ruby laser photocoagulation of the animal iris and
retina [67, 68]. Campbell and coworkers, in 1963, first reported ruby
laser photocoagulation of the human retina [69]. They treated a
retinal tear with a combination of ruby laser and xenon-arc photo-
coagulation.Argon laser treatment in humans was first reported in
1969 by L’Esperance followed by Little et al. in 1970 [70, 71]. At this
time, point argon laser widely replaced xenon photocoagulation
for treatment of retinal diseases.

Cryotherapy was introduced in 1933 by Deutschmann, who 
used solid carbon dioxide snow, and Bietti (1933–34), who used a
mixture of this substance with acetone, to induce adhesive choroi-
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ditis [72–74].Temperatures up to –80°C could be reached using this
technique. Three decades later in 1961, cryotherapy was re-intro-
duced for intracapsular removal of cataracts by Krwawicz [75]. The
cooling mechanism was a mixture of alcohol and solid carbon
dioxide. In 1963, Kelman and Cooper created cryogenic chorioreti-
nal scars in rabbits using a cryosurgical unit designed for treat-
ment of neurological movement disorders that utilized liquid ni-
trogen to reach temperatures as low as –196°C [76]. Lincoff and
coworkers, in 1964, using a similar neurosurgical Cooper-Linde
cryosurgical unit, designed and built a probe for trans-scleral
treatment of retinal diseases that would produce temperatures as
low as –90°C [77]. In experimental work in animals and early ex-
perience in humans, they found that –20°C to –40°C were the re-
quired temperatures for clinical use. Lincoff first treated humans
with cryopexy in 1963, and reported the following year on his first
30 cases with retinal tears with or without retinal detachment [77].
Lincoff observed that cryotherapy did not cause scleral complica-
tions, such as those seen following diathermy application to full-
thickness sclera, and led the popular transition from diathermy to
cryotherapy for retinal detachment repair. Smaller, lighter, less-
complicated instruments for cryopexy that are safe and easily
maintained were developed that use the Joule-Thomson effect in
cooling of gases such as nitrous oxide or carbon dioxide [78].

Scleral Buckling

Mueller introduced shortening of the sclera in 1903 for reducing
the volume of the globe [79]. Lindner, in 1931, revived this tech-
nique by performing a perforating sclerectomy and removing a
meridional section of sclera [9]. Due to its difficulty and high com-
plication rate it was replaced by lamellar scleral resection that was
originally introduced by Blascovics in 1912 and later popularized
by Shapland (1951–1953), Dellaporta (1951–1957), and Paufique
(1952) [47, 48, 61, 80, 81]. Using this technique, two-thirds of the out-
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er sclera over the retinal breaks was dissected in a circumferential
direction and removed. The edges were opposed with sutures and
the inversion of the scleral bed caused by the sutures created a scle-
ro-choroidal ridge. Diathermy was applied to the retinal hole, but
was later replaced by cryotherapy or photocoagulation. This pro-
cedure not only induced shortening of the sclera but also induced
a buckling effect that led to the later development of encircling
scleral buckles.

In 1937, Jess was the first to use a foreign substance to create a
scleral buckle when he inserted a temporary tampon of gauze be-
neath Tenon’s capsule over the retinal break [82]. Lindner in 1949
and Weve in 1949–1950 used a reefing stitch in the sclera to induce
a similar effect [83, 84]. The first scleral buckling procedure with a
retained exoplant was performed by Custodis in 1949 (Fig. 1.2) [85].
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After applying surface diathermy to the full-thickness sclera over
the break, he sutured a polyviol material to the sclera. The eye wall
was indented at the area of the break so that the retina would ap-
pose the RPE and close the break. In 1956, he reported his experi-
ence with 515 consecutive patients with an 83.3% successful reat-
tachment rate [85]. He did not believe that subretinal fluid needed
to be drained and, if the subretinal fluid was not absorbed by day 4,
he recommended re-operation.Schepens in 1951 performed the first
scleral buckling procedure with an exoplant in the United States
(Fig. 1.3) [86–93]. In 1956, he described the use of an encircling
polyethylene tube that was placed under the flap of a lamellar
scleral dissection [88]. Using the indirect ophthalmoscope intro-
duced by Schepens, he and his colleagues were able to identify and
meticulously localize the posterior edge of retinal breaks [94]. The
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midpoint of the scleral dissection was slightly posterior to the
breaks and surface diathermy was placed in the bed of the lamellar
dissection along this line at the posterior edge of the breaks and ex-
tended anterior, at each end of the retinal detachment. The goal of
the operation was to form a permanent barrier with the buckle and
the diathermy-induced adhesion to prevent residual anterior sub-
retinal fluid from extending posteriorly. Contrary to the practice of
Custodis, Schepens and his colleagues would drain the subretinal
fluid. The rigid polyethylene tubes, though effective, sometimes
eroded through the sclera into the eye. Schepens further modified
the scleral buckling procedure using silicone rubber implants,
originally recommended by McDonald, that were less likely to
erode because they were softer and less rigid than the polyethylene
tubes, but retained the barrier concept [93]. Because the anterior
edge of the breaks often remained open, subretinal fluid would
sometimes leak anteriorly and extend through the barrier to detach
the posterior retina. Their next step was to modify the encircling
procedure to close the retinal breaks. In 1965, Brockhurst and col-
leagues described the now-classic scleral buckling technique of
lamellar dissection,diathermy of the scleral bed,and the use of sili-
cone buckling materials of various shapes, widths and thicknesses
in conjunction with an encircling band to close the breaks [95].

In 1965, Lincoff modified the Custodis procedure using silicone
sponges instead of polyviol explants, better needles for scleral
suturing, and cryopexy instead of diathermy (Fig. 1.4) [96]. Lincoff
became the major advocate of non-drainage procedures and led
the movement from diathermy to cryotherapy for retinopexy. By
Kreissig in subsequent years, the non-drainage technique with seg-
mental buckling was further refined to so-called minimal surgery
for retinal detachment [97].

A number of absorbable materials, such as sclera, gelatin, fascia
lata, plantaris tendon, cat gut, and collagen were introduced [98–
108]. However, some absorbable materials were complicated by
erosion, intrusion, and infection and none is currently used. Sili-
cone rubber and silicone sponges have proven reliable and safe for
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many years and are the standard for scleral buckles. However, an-
other material that was used for scleral buckles proved problemat-
ic. A form of hydrogel, co-poly (methylacrylate-2-hydroxyethyl
acrylate) (MAI) (Miragel) can undergo microstructural change of
the architecture of the porous material when left in place for
5 years or more and require removal [109]. MAI can swell, fragment
and cause a granulomatous foreign body reaction. A patient can
develop irritation, disturbance of ocular motility, an extraocular
mass and rarely intrusion of the buckle through the sclera. It has
been necessary to remove many MAI scleral buckles.
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Vitreous Surgery

Von Graefe and Deutschmann were the first clinicians to advocate
cutting vitreous and/or retina in order to treat retinal detachment;
however, they did not cut vitreous gel, but mainly cut vitreous
membranes with a knife [17, 110]. Von Hippel in 1915 cut a vitreous
membrane and successfully treated a tractional retinal detachment
[111]. The first modern intraocular instruments, made specifically
for cutting vitreal membranes, were developed in the second half
of the twentieth century. Neubauer in 1963 described intravitreal
scissors that were activated by finger pressure [112, 113]. Cibis in
1965 devised a tissue cutter that consisted of a hook and a trephine
[114]. Kasner in 1962 was the first to advocate open-sky vitrectomy
to remove vitreous gel for the treatment of eye diseases [115–118].
Kasner engaged the vitreous with cellulose sponges and cut it with
scissors. He proved that the eye can tolerate the removal of the
vitreous gel. Stimulated by the pioneering work of Kasner, Robert
Machemer initiated and developed closed vitreous surgery (Fig. 1.5)
[119–121]. He and Parel developed instruments that could, through
the pars plana, suction and cut vitreous and infuse replacement
fluid all in one single probe [122]. His original instrument was
called the VISC (Vitreous Infusion Suction Cutter). Machemer per-
formed the first pars plana vitrectomy in April 1970 and first pub-
lished the technique in 1971 [119]. In a remarkable series of publi-
cations from 1971–1976, Machemer and coworkers described the
original instrumentation and technique, initial indications and re-
sults, new instrumentation, and expanded indications, techniques
(such as bimanual dissection techniques and relaxing retinecto-
my), and results [123–134]. Independently, Peyman et al. reported
their experience with vitrectomy in 1971 [135]. The next step in the
development of the instrumentation was reduction of the diameter
of the probes by separation of the infusion, the endo-illumination,
and cutting/aspiration probes. The Ocutome system was intro-
duced by O’Malley and Heintz in 1975 [136]. Another milestone in
vitreous surgery was improvement in the operating microscope.

Post-Gonin Era 13



Littmann in 1954 first described a telecentric device with a paraxial
illumination source [137]. Parel et al. in 1974 developed an operat-
ing microscope with foot control and X-Y movement that led to the
development of the modern operating microscope [129]. Many dif-
ferent intraocular instruments, infusion systems, and illumination
sources have been developed.Vitrectomy is now the standard treat-
ment for many forms of retinal detachment including traction reti-
nal detachment, retinal detachment due to giant retinal tears, any
retinal detachment associated with opaque vitreous, retinal de-
tachment with posterior retinal breaks (including macular holes),
proliferative vitreoretinopathy, and other forms of complicated
retinal detachment.Although studies have yet to show a conclusive
advantage, some surgeons favor vitrectomy over other methods for
repair of primary retinal detachments [138].
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Rice TA (1997) Michels retinal detachment, 2nd edn. Mosby St. Louis MO.
pp 241–333 [10])



Intraocular Tamponade

Another technique to help appose retina and choroid that could be
used in conjunction with other procedures was injection of air into
the vitreous cavity. Originally described by Ohm in 1911 and then
by Rohmer in 1912, injection of air at the end of the operation was
adopted by Arruga in 1935,and to close retinal breaks by Rosengren
in 1938 [32, 34, 139]. Rosengren carefully localized retinal breaks,
then placed penetrating diathermy in a pattern covering an area
6–7 mm in diameter with drainage of subretinal fluid. He injected
air into the vitreous cavity, then positioned the patient postopera-
tively such that the air bubble closed the retinal breaks and ap-
posed the retina to the RPE. Rosengren reported successful retinal
reattachment in 75% of 300 cases with the technique [45].

Later Norton concluded that large breaks may respond better to
tamponade by air than by a scleral buckle alone; however, air did
not persist long enough in the eye [140]. He introduced sulfur
hexafluoride (SF6) gas for internal tamponade of retinal breaks.
Pure SF6 expands approximately twice its injected volume in the
eye and persists twice as long as a comparable air bubble. Inert per-
fluorocarbon gases, introduced by Vygantas (C4F8) and Lincoff
(C2F6, C3F8, C4F10), expanded more and lasted even longer than
SF6 in the eye [141, 142].

Cibis in 1962 was the first to report the use of silicone oil for
treatment of retinal detachment [143]. The complications of sili-
cone oil made its usage unfavorable at that time. Haut in 1978 in-
troduced the use of silicone oil with vitrectomy [144]. Zivojnovic
became the major advocate of silicone oil in combination with
“retinal surgery” (relaxing retinectomy) to treat severe prolifera-
tive vitreoretinopathy and traumatic retinal detachments [145].
Parke and Aaberg first reported the technique of argon laser endo-
photocoagulation in conjunction with vitrectomy, retinectomy,
and intraocular gas for the management of PVR [146]. Develop-
ment of air pumps was also an important landmark, so retinas
could be reattached with a fluid-air exchange in a controlled fash-

Post-Gonin Era 15



ion [147]. Perfluorocarbon liquids which were originally evaluated
as blood substitutes were first used as a vitreous substitute by
Haidt in 1982 [148]. Chang later popularized the use of perfluoro-
carbon liquids for the clinical management of certain types of reti-
nal detachments and giant tears [149, 150].

Retinal detachment surgery has come a long way since it was
first successfully performed by Gonin. The past 50 years mark the
evolution of this surgery, reaching success rates of 90% or higher.
The future of retinal surgery most likely will be reduction in the
morbidity of surgery and improving the visual outcome in eyes
with successfully reattached retinas.
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