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CLINICAL PRACTICE

Primary Retinal Detachment

Donald J. D’Amico, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 57-year old man noted flashing lights in his right eye, followed two days later by a
cluster of dark floaters that mildly interfered with his vision. He initially ignored
these symptoms, but over the course of the next week, he noted a progressive loss of
the nasal visual field in that eye, beginning inferiorly and spreading superiorly, with
an eventual striking loss of central acuity that prompted him to seek ophthalmologic
evaluation. Examination of the fundus with the pupil dilated showed a retinal detach-
ment involving the temporal retina, including the macula, with peripheral retinal
tears at the 10:30 and 11:30 positions. How should his case be managed?

THE CLINICAL PROBLEM

Rhegmatogenous retinal detachment, which refers to detachment due to round holes,
tears, or breaks in the retina, is an important cause of visual symptoms and visual
loss (Fig. 1). The development of rhegmatogenous detachment typically involves the
convergence of three factors: posterior vitreous detachment, one or more full-thick-
ness breaks in the retina, and the passage of fluid from the vitreous cavity through
the retinal breaks into the potential subretinal space (Fig. 2). Vitreous currents from
eye movements force fluid through these retinal breaks and progressively extend
the retinal detachment.

Although typically an acute event, posterior vitreous detachment is a consequence
of lifelong vitreous liquefaction and is highly age-dependent, occurring in less than
10% of patients younger than 60 years of age but in 27% of patients in the seventh
decade of life and 63% of those in the eighth decade of lifel; it occurs eatlier in pa-
tients who have myopia.? In most cases, patients perceive floaters of various types,
including newly mobile normal vitreous structures, occasional vitreous hemorrhage
(at times severe), and pigmentary debris, and 22 to 44% of patients see flashing
lights.2#

Retinal breaks occur in 11 to 15% of patients.>* These breaks develop in areas
of strong vitreoretinal adhesion, typically along retinal vessels, or in patients with
certain predisposing conditions, notably lattice retinal degeneration (Fig. 1 in the
Supplementary Appendix, available with the full text of this article at www.nejm.
org), which is characterized by a focal peripheral area of retinal thinning, often with
atrophic holes, variable pigmentation, and strong vitreous adhesions. Lattice lesions
are present in approximately 8% of patients®> and are more common among patients
with high degrees of myopia. Although posterior vitreous detachment, myopia, and
lattice retinal degeneration are all relatively common, rhegmatogenous retinal de-
tachment is rare. Population-based studies show that the annual incidence is ap-
proximately 12.6 cases per 100,000 persons, or 17.9 per 100,000 if detachments after
cataract extraction (a common risk factor) are included.® Longitudinal studies suggest
that a new tear or detachment occurs in approximately 1% of patients with lattice
retinal degeneration.”
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The retina is normally maintained in its at-
tached position by many factors, but most im-
portantly by a continued physiologic outward
movement of fluid across the retinal pigment epi-
thelium into the choroid.® This retinal pigment
epithelium pump is overwhelmed by fluid pass-
ing through a retinal break when retinal detach-
ment develops. Most patients present when the
loss of side vision occurs, but some present only
after central vision is reduced because of detach-
ment of the macula.® Although both detachments
that involve the macula and those that do not in-
volve the macula preoperatively are amenable to
surgery, intervention before macular detachment
improves the visual prognosis significantly.

Primary retinal detachment refers to rhegma-
togenous detachment that occurs in a previously
uninvolved phakic eye (i.e., an eye in which the
crystalline lens is present) without any complicat-
ing factors (e.g., underlying diabetic retinopathy
or penetrating trauma) or that occurs after cata-
ract surgery; the latter occurs most commonly in
patients with pseudophakic eyes (i.e., an eye with
an artificial intraocular lens) but may also occur
in patients with aphakic eyes (i.e., an eye with no
lens). Although detachments after cataract surgery
have many distinguishing features (a predisposi-
tion to multiple breaks, tiny breaks, far peripheral
location of breaks, and greater extent and higher
incidence of macular detachment on presenta-
tion),*1° the similarities to detachments from
other causes are more substantial, and detach-
ments after cataract surgery are appropriately dis-
cussed in the context of primary detachment.

Recurrent retinal detachment reflects a failure
of the repair of the primary detachment. It may
result from unsuccessful closure of the original
breaks in the retina, the occurrence of new or
missed retinal breaks, or more ominously, the
overgrowth of the retina by membranes and scar
tissue (a condition known as proliferative vitreo-
retinopathy; Fig. 2 in the Supplementary Appen-
dix). Although a retina with proliferative vitreo-
retinopathy may often be reattached with the use
of advanced techniques, the chance for successful
reattachment and visual recovery is much lower
than it is with primary reattachment.**-13

STRATEGIES AND EVIDENCE

PREOPERATIVE EVALUATION
Patients with new symptoms of flashing lights or
floaters or with loss of central or side vision should
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Figure 1. Primary Rhegmatogenous Retinal Detachment
with a Horseshoe Tear.

The photograph of the fundus shows the highly ele-
vated superior retina with a characteristic horseshoe
break (arrows); this horseshoe configuration is the
result of the anterior direction of the tearing force.

be evaluated promptly (ideally, within a few days
if flashes or floaters are the only symptoms and
within 24 hours if there is any visual loss) to de-
termine whether posterior vitreous detachment,
retinal breaks or detachment, or other problems
are present. If a retinal detachment is found, eval-
uation includes dilation of the pupil for examina-
tion of the fundus with the use of an indirect oph-
thalmoscope, with scleral depression to detect all
retinal breaks. Because retinal breaks, lattice de-
generation, and retinal detachment are often bilat-
eral, the other eye must also be carefully examined.
If retinal breaks without detachment are detected,
they may be treated on an outpatient basis with
retinopexy, which consists of cryotherapy or laser
treatment applied to the retinal break and retinal
pigment epithelium in order to induce the forma-
tion of a scar (Fig. 3 in the Supplementary Ap-
pendix).

SURGERY
The three principal methods for reattachment of
the retina are scleral buckling, vitrectomy, and
pneumatic retinopexy.

Scleral Buckling Surgery

Scleral buckling surgery is an extraocular approach
that indents the eye wall to restore contact with
the detached retina (Fig. 3). Typically, a piece of
silicone of appropriate configuration is positioned
with sutures on the external sclera under the reti-
nal breaks; tightening the sutures over the buck-
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le indents the eye wall.** Although the vitreous
remains attached to the retinal breaks, the short-
ening of the distance to the underlying retinal
pigment epithelium restores contact; reattachment
may be further enhanced by the drainage of sub-
retinal fluid, although this maneuver is not nec-
essary in all cases. The individual breaks are treated
with cryotherapy or laser therapy to ensure per-
manent closure.

Scleral buckling results in high rates of success-
ful reattachment and substantial recovery of vi-
sion. In a recent study involving 190 eyes, the
success rate (defined in all studies as anatomical
reattachment regardless of visual acuity) for a sin-
gle operation was 89%.*% In another recent study,
involving 672 eyes treated by a single surgeon, the
success rate for a single operation was 81% for the
354 phakic eyes and 73% for the 318 eyes in which
the retinal detachment had occurred after cata-
ract surgery.1® Additional surgery after failure of
the initial operation resulted in a final reattach-
ment rate of 96%; the rate did not differ signifi-
cantly between surgery for phakic eyes and sur-
gery for eyes in which detachment had occurred
after cataract surgery.*® The outcomes with respect
to visual acuity varied depending on the preopera-
tive visual acuity and on whether there was macu-
lar detachment. Final visual acuity was 20/40 or
better in 51.3% of eyes, 20/50 to 20/100 in 17.3%,
and 20/200 or worse in 31.4%. In a subgroup
analysis, final visual acuity was 20/40 or better
in 78% of the eyes in which the macula was not
detached, as compared with only 28% of the eyes
with preoperative macular detachment.

Patients in whom the macula is not detached
on presentation must undergo prompt, occasion-
ally emergency, surgery, with the goal of prevent-
ing macular detachment. Several studies have
shown that the duration of macular detachment
(measured from the reported time of the loss of
central visual acuity) is inversely related to final
visual acuity. One recent study showed that there
was a rapid drop in final visual acuity if the mac-
ula was detached for more than 6 days.'” Another
study showed that the outcomes with respect to
visual acuity were best when the duration of macu-
lar detachment was less than 7 days, but there
was no difference in the outcome between pa-
tients with macular detachment of 0 to 3 days’
duration and those with macular detachment of
4 to 7 days’ duration, supporting the clinical prac-

Figure 2 (facing page). Ocular Anatomy, Posterior
Vitreous Detachment, Retinal Tears, and Retinal
Detachment.

A cutaway view of the eye (Panel A) shows the vitreous,
neural retina, retinal pigment epithelium, choroid, and
sclera. The space between the neural retina and the
retinal pigment epithelium is known clinically as the
subretinal space and is the plane of retinal detach-
ment. Posterior vitreous detachment (Panel B) is part
of the process of aging. Whereas at younger ages,
there is a continuous connection between the vitreous
and the retina, with advanced age, the vitreous pro-
gressively separates from the retina. The separation
begins at the posterior pole and rapidly progresses un-
til it reaches the anterior retinal periphery, where the
anatomical connection is unyielding (top inset). Poste-
rior vitreous detachment may result in retinal tears
(top inset). A tear is most likely in an area with a strong
vitreoretinal adhesion that impedes separation. Fluid
from the vitreous cavity may pass through the tear into
the subretinal space (bottom inset), resulting in pro-
gressive retinal detachment. Some tears seal sponta-
neously in an unpredictable fashion and do not result
in detachment; they may be observed in certain eyes
on peripheral retinal examination.

tice of performing prompt, but usually not emer-
gency, surgery.'®

Recurrent detachment is an important compli-
cation after scleral buckling (or any reattachment
surgery) and is often successfully managed with
additional surgery. The development of prolifera-
tive vitreoretinopathy is the primary cause of fail-
ure of reattachment despite multiple interven-
tions.*? Other complications include an increase
in the degree of myopia, which is very common,
and the formation of macular epiretinal mem-
branes (Fig. 4 in the Supplementary Appendix),
which occurs in a small percentage of cases. In-
frequent complications*# (occurring in less than
5% of cases) include cystoid macular edema, reti-
nal breaks, intraocular dislocation of an implant-
ed lens, vitreous and choroidal hemorrhage, loss
of vitreous during suturing or drainage, diplopia,
glaucoma, choroidal detachment, cataract forma-
tion, eyelid malpositions, and late extrusion or in-
fection of the buckle. Retinal vascular occlusion,
anterior segment ischemia, and endophthalmitis
are extremely rare.

Postoperative assessment with the use of opti-
cal coherence tomography, a technique commonly
used for examination of the retina, in which a
laser scans the macula and produces an optical
histologic section, has shown persistent micro-
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Vitreous prior to detachment in
eye with area of strong adhesion

Posterior vitreous
detachment and retinal break

Progression to early retinal detachment
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Figure 3. Scleral Buckling Surgery for Retinal
Detachment.

With the use of the indirect ophthalmoscope for precise
visualization, each break is treated with cryotherapy. A lo-
calizing pen mark is also made on the sclera for each ret-
inal break by similar ophthalmoscopic visualization with
scleral depression (Panel A [right eye]). A buckling ele-
ment is selected that has a size and shape sufficient to
indent each break. Sutures are placed to affix the buckle
to the external sclera with substantial indentation (Panel
B [right eye]). A buckle may be affixed in an equatorial or
radial orientation, may encircle the eye under the rectus
muscles and be tightened like a belt (as shown in Panel
C [right eye]), or may be arrayed in many combinations.
The retina is reattached after the encircling scleral buckle
has been secured and subretinal fluid has been drained
(Panel D [left eye]). The indentation (seen at right) in-
duced by scleral buckling reduces vitreous traction on
the retinal break; the retinopexy seals the break by induc-
ing a localized peripheral scar (not shown).

detachment in the fovea in a substantial percent-
age of cases in which the macula was detached
preoperatively'>2° and in a minority of cases in
which the macula was not detached,?* even when
ophthalmoscopic examination shows that the ret-
ina appears to have been successfully reattached
(Fig. 5 in the Supplementary Appendix). This sub-
macular fluid requires many months to resolve
and is associated with impaired visual recovery.

Vitrectomy

Vitrectomy (Fig. 4) is an intraocular approach that
relieves traction by removing the vitreous attached
to the retinal breaks, permitting reapproximation
to the retinal pigment epithelium, where the breaks
are permanently closed with retinopexy.22 A bub-
ble containing sulfur hexafluoride gas, perfluo-
ropropane gas, or (rarely in cases of primary de-
tachment) silicone oil is placed in the vitreous
cavity; the gas bubble gradually disappears over the

course of 1 to 4 weeks, depending on the concen-
tration used, whereas oil requires surgical removal.
Gas or oil tamponade spans and closes the reti-
nal break and permits the retinal pigment epithe-
lium pump to maintain attachment of the retina
until the retinopexy scar develops. The patient
must maintain a specified head position for sev-
eral 1-hour periods throughout the day until the
gas bubble dissolves; the optimal position is de-
termined by the location of the breaks and the
effect of gravity on the bubble. The patient’s head
should also be positioned so that prolonged con-
tact of the bubble with the crystalline lens is min-
imized, since such contact may result in the de-
velopment of a cataract.??

Vitrectomy may also increase the risk of a cata-
ract through other mechanisms. Removal of the
vitreous and the intraoperative infusion of fluids
produce some measurable changes in the lens,
which increase directly with the age of the patient,
although clinically significant changes occur in
only a minority of patients, even among patients
older than 50 years of age.?® The additional use
of intravitreal gas increases the risk of measur-
able changes in the lens in older patients??; one
study showed substantial progression of a cataract
after vitrectomy in 79% of patients who were 50
years of age or older but in only 7% of younger
patients.?* Patients who are being treated with in-
traocular gas must also avoid airplane travel,?> as
well as inhalation anesthesia with nitrous oxide,?°
owing to a harmful elevation of intraocular pres-
sure while a bubble is present.

Vitrectomy avoids some of the complications
associated with scleral buckling, such as diplopia,
choroidal detachment, perforation of the sclera,
abnormalities in the eyelid, and, of course, late
extrusion and infection of the buckle, but it car-
ries higher risks of several other complications,
including cataract formation in phakic eyes, glau-
coma and other problems with tamponade, and
new retinal breaks.??

Most of the data regarding reattachment with
vitrectomy are derived from studies of pseudopha-
kic eyes. In a study involving 275 pseudophakic
eyes with detachment treated by vitrectomy, the
single-operation success rate was 88%, and the
final success rate (including reoperations) was
96%; the median visual acuity improved from
20/300 to 20/40.27 A recent prospective study of
100 pseudophakic eyes showed a single-operation
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success rate of 92%, with a final success rate of
97%; mean visual acuity was substantially im-
proved, from 20/200 to 20/50, with better abso-
lute acuity in the subgroup without preoperative
macular detachment.?®

Pneumatic Retinopexy
Pneumatic retinopexy (Fig. 5), a procedure per-
formed in the ophthalmologist’s office,3° draws
on the ability of a small bubble of pure sulfur
hexafluoride or perfluoropropane,?* which is in-
jected intravitreally, to expand over the course of
1 or 2 days through absorption of tissue nitrogen
and other gases. With appropriate positioning of
the head, retinal breaks are closed by the bubble,
allowing the retinal pigment epithelium pump to
reattach the retina. Gradual elution of gas from
the eye coupled with permanent closure of the
break by retinopexy leaves the retina reattached.

Pneumatic retinopexy has several advantages
over the other procedures: it is less invasive, is
associated with fewer complications, and is less
costly; however, it is not suitable as a treatment
for every detachment owing to practical limita-
tions in the ability to close breaks by head-posi-
tioning with an intraocular gas bubble. The origi-
nal studies of pneumatic retinopexy involved
treatment of primary detachments with small
breaks that were restricted to the superior two
thirds of the fundus.3®32 In a study of 103 eyes, the
initial pneumatic retinopexy was successful in 75%
of phakic eyes and 67% of pseudophakic eyes, with
a final success rate (after various additional in-
terventions) of 99% in all eyes at 6 months of fol-
low-up.32 In the subgroup of patients in whom the
duration of macular detachment was fewer than
14 days, the postoperative acuity was 20/50 or bet-
ter in 80% of the eyes.

In a study of 302 consecutive cases treated by
a single surgeon,?? the single-operation success
rate was 68%, and the final reattachment rate was
95% after scleral buckling, vitrectomy, or both
were performed for recurrent detachment. The
author noted that the success rate was 63% in a
subgroup of cases treated according to the origi-
nally described pneumatic retinopexy technique
but that this rate was increased to 91% by the
addition of 360-degree peripheral-laser therapy.
Eighty-five percent of eyes without macular de-
tachment and 66% of eyes with macular detach-
ment had final visual acuity of 20/40 or better.
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Figure 4. Three-Port Pars Plana Vitrectomy for Rheg-
matogenous Retinal Detachment.

Panel A shows transconjunctival 25-gauge pars plana
vitrectomy. The two superior ports permit introduction
of a suction-cutter (vitrector), a fiberoptic endoillumi-
nator, and other instruments in conjunction with con-
tinuous infusion of fluid through the third port. The
vitreous cavity is viewed with an operating microscope
and specialized viewing systems. Panel B shows vitrec-
tomy to remove anterior vitreous traction to a horse-
shoe tear. The circular outline of the intraocular lens is
visible in this pseudophakic eye. Panel C shows a pan-
oramic view of endolaser treatment for a peripheral
retinal break in the air-filled eye after removal of sub-
retinal fluid for intraoperative retinal reattachment.
Panel D shows intraocular tamponade (visible superi-
orly) by means of air, long-acting gas, or silicone oil to
maintain closure of the break in association with ap-
propriate positioning of the patient’s head postopera-
tively until permanent retinopexy scarring develops.
Gases elute spontaneously from the eye, but silicone
oil requires subsequent surgical removal.

The results of more recent studies®*3> confirm
these findings, with a single-operation success
rate of 65% and 77% and a final success rate of
99% in both studies. In the most recent study,
final visual acuity was 20/50 or better in 81% of
the eyes without macular detachment and in 74%
of the eyes with macular detachment, with simi-
lar outcomes for phakic eyes and eyes in which
detachment occurred after cataract surgery.>
Studies show that a single failed pneumatic
retinopexy does not reduce the chances for suc-
cess with subsequent surgery.333¢ Failure is most
common when there are missed or new retinal
breaks but may also be due to the development of
proliferative vitreoretinopathy, which is reported
in 3.3 to 10% of cases. Other uncommon com-
plications include the development of epiretinal
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/// Break

Detached
retina

Gas bubble

Figure 5. Outpatient Pneumatic Retinopexy.
A cutaway view of the eye is shown. After treatment of retinal breaks by

retinopexy, with the use of an indirect ophthalmoscope for visualization of
the breaks, a small intravitreal gas bubble is injected and expands to span
and close the breaks in the detached retina (small arrows) in association

Gradual elution of gas from the eye leaves the retina reattached, with the
retinal breaks permanently closed by the retinopexy scar. (Reprinted from

with appropriate positioning of the patient’s head. Reattachment of the ret-
ina occurs through physiologic resorption of subretinal fluid (large arrows).
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membranes (in a small percentage of cases), cata-
racts (which are extremely rare), and endophthal-
mitis (described in isolated case reports).

COMPARISON OF PROCEDURES

There is a paucity of randomized trials compar-
ing scleral buckling, vitrectomy, and pneumatic
retinopexy as treatment for primary retinal de-
tachment. Furthermore, major advances3”#! in
techniques for vitrectomy (e.g., refined and min-
iaturized instrumentation and panoramic visual-
ization) are not reflected in published trials, per-
haps resulting in an underestimation of its success.
One randomized, multicenter trial comparing
pneumatic retinopexy with scleral buckling3? in
198 eyes showed no significant difference in sin-
gle-operation success rates (73% and 82%, re-
spectively) or final success rates (99% and 98%,
respectively) at 6 months. However, visual acuity
was better in the group that received treatment

N ENGL) MED 359;22 WWW.NEJM.ORG

with pneumatic retinopexy; among patients who
presented with macular detachment of short du-
ration, final visual acuity was 20/50 or better in
80% of those who were treated with pneumatic
retinopexy, as compared with 56% of those who
were treated with scleral buckling.

In a randomized trial comparing vitrectomy
and scleral buckling for primary detachment in
150 pseudophakic eyes treated by a single surgeon,
the single-operation success rate was significantly
higher with vitrectomy than with buckling (94%
vs. 83%); final outcomes with respect to visual
acuity were equivalent.*? Another randomized trial,
involving 50 pseudophakic eyes treated by a single
surgeon, showed no significant difference between
vitrectomy and scleral buckling in the single-
operation success rate (84% and 76%, respectively)
but showed a significant benefit of vitrectomy with
respect to visual acuity.** A recent trial involving
multiple surgeons, in which patients were ran-
domly assigned to treatment with vitrectomy or
scleral buckling, showed that in 225 eyes with
primary detachment after cataract surgery, there
were no significant differences in single-operation
success rates (63% with vitrectomy and 68% with
scleral buckling) or final success rates (92% and
85%, respectively) or in the outcomes with respect
to visual acuity.** Microdetachment in the fovea
appears to be less likely to persist after vitrectomy
than after scleral buckling.*s

In a multicenter, randomized trial involving 634
eyes with primary detachment (369 phakic eyes
and 265 eyes with retinal detachment after cata-
ract surgery), vitrectomy was compared with scler-
al buckling.#>#” In the cohort with phakic eyes,
the single-operation success rate was identical for
the two interventions (64%), as was the final suc-
cess rate (97%), but the outcomes with respect to
visual acuity were better with buckling, owing to
the progression of cataracts in the vitrectomy
group. However, interpretation of the results is
complicated by the fact that many patients who
had been randomly assigned to the vitrectomy
group actually underwent combination surgery
that included scleral buckling, possibly inflating
the rate of complications ascribed to vitrectomy.

AREA OF UNCERTAINTY

With few randomized trials available, the selec-
tion of scleral buckling, vitrectomy, or (for the re-
stricted indications mentioned above) pneumatic
retinopexy for primary retinal detachment remains
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subjective.#8-52 Data from case series suggest that
primary detachments in phakic eyes with complex-
ity exceeding the original indications for pneumat-
ic retinopexy may be treated successfully with
scleral buckling or vitrectomy,**-5* whereas vitrec-
tomy appears to be preferable for corresponding
detachments in pseudophakic eyes.28:42,53,54

GUIDELINES

Neither the American Academy of Ophthalmolo-
gy nor the Retina Society has published formal
guidelines for selecting the optimal surgical pro-
cedure for the repair of retinal detachments.

CONCLUSIONS AND
RECOMMENDATIONS

The patient described in the vignette presents with
classic symptoms of primary retinal detachment,
including flashing lights and floaters followed by
a progressive loss of the visual field. My preference
would be to treat the patient with a pneumatic
retinopexy, given that the breaks are in the supe-
rior two thirds of the fundus and that this proce-

dure can be performed in the physician’s office,
with lower costs and less risk of complications
than with the other procedures; this approach has
approximately a 75% chance of restoring visual
acuity to 20/50 or better. However, the patient must
understand that a subsequent procedure may be
needed. I would alternatively consider a vitrectomy
with gas tamponade and retinopexy. Although
scleral buckling is also an effective option for this
patient, I regard the potential complications as-
sociated with scleral buckling to be of greater con-
cern than the risk of a cataract with vitrectomy,
given that the rate of success associated with cata-
ract surgery, if a cataract should develop as a result
of vitrectomy, is high. My recommendations would
be the same if the patient’s eye was pseudophakic.
Regardless of the intervention selected for a pa-
tient with primary retinal detachment, there is a
high probability of reattachment and visual im-
provement with current treatments.

Dr. D’Amico reports receiving speaking fees from Alcon and
a departmental grant from Research to Prevent Blindness; he
also reports being the current president of the Retina Society.
No other potential conflict of interest relevant to this article was
reported.

An audio version of this article is available at www.nejm.org.
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