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Purpose: To report the effect of cutting the encircling band on ocular blood flow.
Methods: In an interventional case series of 27 eyes with an encircling band, the ocular

pulse amplitude (OPA) was measured and pulsatile ocular blood flow (POBF) derived and
compared with fellow eyes. The bands were cut in 11 eyes and the POBF measured at 1
month, 3 months, and 1 year. Changes in POBF, buckle height, and visual acuity were
determined.

Results: The presence of the encircling band reduced the POBF to a mean of 43%
(P � 0.001) of the fellow eye. Cutting the band resulted in a mean recovery to 85.6%. No
retina detached after cutting, buckle height was only slightly diminished, and the visual
acuity was unaffected.

Conclusion: An encircling band diminishes the POBF. Cutting the band restores
significant flow.
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The encircling buckle operation for the repair of
retinal detachment has been in use for 47 years

and is still a frequent procedure. The flat elastic sili-
cone band replaced polyethylene tubes and silicone
rods by 1965. Schepens thought the band would
stretch in response to the ocular pulse and be less
invasive.1,2

In 1980, Graham Dobbie3 observed that the ocular
pulse amplitude (OPA), the intraocular pressure, and
aqueous flow were diminished in eyes with encircling
bands. He thought that this was the effect of dimin-
ished pulsatile flow to the ciliary body. Diddie and

Ernst4 studied the effect of encircling bands in a rabbit
model and found diminished blood volume in the
choroid as well as in the iris and ciliary body. Yoshida
et al,5 Ogasawara et al,6 and Regillo et al7 measured
the velocity of blood flow in the central retinal artery
in eyes with encircling bands and found that it too was
diminished.

There is little mention of any deleterious effect of
an encircling band on visual function. The first muted
alarm was sounded by Winter and Lipka8 in 1987,
who reported a reduction in two-point discrimination
in eyes with encircling bands. Yoshida et al5 described
a constricted visual field in an eye with an encircling
band and recovery after the band was released. In
1999, Fineman et al9 reported an orthostatic loss of
vision in an encircled eye that recovered after the band
was released.

We became interested in the effect of encircling
bands after the report of Dobbie. By 1980, we had
encircled more than 300 eyes and were beginning to
notice unilateral pigment epithelial changes posterior
to the band in some of the eyes that had been encircled
10 and 20 years before. It seemed possible that dimin-
ished pulsatile blood flow, as observed by Dobbie,
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might be the cause. In July 2000 we embarked on a
program to test whether cutting the band would restore
the OPA.

Design

In a prospective, comparative, interventional case
series, the encircling band in 11 eyes was cut after
recording a diminished OPA and pulsatile ocular
blood flow (POBF). The paired eyes and the eyes of
16 patients with encircling bands served as controls.
The patients were consecutive with bands in one eye
and initially examined on the private service of the
senior author between August 5, 2000, and August 1,
2002. The study and control group were followed for
26 to 49 months. The mean age of patients in the band
cut group was 52 years (32–69 years) and of the
control group 59.6 years (24–82 years). Hypertension
was present in one of the band cut group and in five of
the control group. Three patients in the control group
had a history of heart disease and one patient was
diabetic. Myopia was present in the eyes of all of the
patients in the band cut group and in the eyes of half
of the patients in the uncut controls.

Methods

The OPA was measured with the Langham OBF
computerized model 201 tonograph (Langham Tech-
nologies, Timonium, MD), which derives POBF.
POBF was reported by Langham to be a mean of 647
� 42 �L/min.10 Gekkieva et al in a separate study
with the Langham device reported it as 685 � 156
�L/min.11 We elected to recommend cutting of the
band to patients whose POBF in the encircled eye was
300 �L/min, i.e., less than half of the minimum of the
normal range on two consecutive visits whose band
had been in place for at least 6 months and whose
retina upon examination appeared secure. All encir-
cled eyes that had the band cut and two thirds of the
eyes in which the band was not cut had a POBF of 300
�L/min or less. Eleven patients agreed to have it done.
Symptoms suggestive of ischemia in the group in-
cluded diminishing vision in two patients, diminished
night vision in two patients, reduction in brightness in
one patient, mild pain or discomfort in two patients,
and intermittent swelling of the eye in one patient.
Informed consent for cutting the band was obtained
after explaining to the patient the risk of redetach-
ment.

Before cutting the band a retinal drawing was made
that documented retinal breaks, areas of coagulation,
and the location of the band in relation to the equator.
An estimate of the amount of constriction (10%–30%)
was made ophthalmoscopically. The estimate was

based upon our previous measurements of experimen-
tal constriction in an animal model and subsequent
observations of measured constrictions in patients.12

The visual acuity was tested with the ETDRS chart. In
an attempt to obtain an objective measurement of
function five patients with visual acuity of 20/20 in
both eyes had an ERG performed preoperatively and 3
months after cutting of the band. Bands were cut in a
quadrant where there was no evidence of coagulation
or additional buckling, preferably in an inferior quad-
rant.

The procedure was performed in the operating room
under sterile conditions. Parabulbar anesthesia was
obtained with 2 mL of 1% xylocaine injected at the
inferior orbital rim through a 1.5-cm 27-gauge needle.
Stay sutures were placed in the rectus tendons adja-
cent to the selected quadrant. When the eye was ro-
tated to expose the quadrant, the band was usually
visible beneath the conjunctiva. If not, it was localized
with depression under ophthalmoscopic control. The
conjunctiva and Tenon’s were incised 4 mm anterior
to the band and a dissection carried out posteriorly
until the band was encountered. The band was lifted
from the sclera with blunt forceps and severed with
scissors and the cut ends left in place. The area was
irrigated with an antibiotic solution and the wound
closed with three absorbable sutures. The eye was
patched overnight. The next day the retina was exam-
ined and the patient instructed upon how to monitor
the visual field and to report any developing peripheral
defect without delay.

Postoperatively the retina was examined and the
POBF measured at 1 month, 3 months, and 1 year.
The data obtained with the Langham tonograph
before and after cutting the band in the encircled
eyes, the paired eyes, and in the control eyes were
subject to a statistical analysis by an independent
sample t test, a paired sample t test, and Pearson
correlation using R statistical software v.1.7.1
(http://www.rproject.org). Differences were consid-
ered statistically significant when the P value was
� 0.05.

Results

The mean POBF in the encircled eyes (n � 27)
was 274.2 � 105.8 �L/min and in the paired unen-
circled eyes 485.6 � 140 �L/min (Figure 1). The
encircling band reduced the POBF to a mean of
43%. This difference was statistically significant
(independent sample t test, P � 0.001). The loss
was independent of the amount of estimated con-
striction (r � 0.28, P � 0.39) or the location of the
band.
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Recovery of POBF
The time that the band had been in place before

cutting varied from 7 months to 15.75 years (median
36 months). After the band was cut (n � 11) recovery
of POBF was rapid and occurred in all eyes by 1
month and remained unchanged at 3 months and 1
year. The sustained recovery was to a mean of 85.6%
of the POBF in the paired eye (paired t test, P � 0.01)
(Figure 2). The recovery was independent of the num-
ber of years the band had been in place (r � 0.56, P �
0.07).

Visual Function
The visual acuity improved one line on the ETDRS

chart in three eyes, decreased one line in two eyes, and
remained unchanged in six eyes.

Shape of Eye
The height of the buckle beneath the encircling

band alone or where augmented by an additional
buckling element, after cutting the band, appeared
only slightly diminished or unchanged during the en-
suing year. The eyes did not recover their former
spherical shape, nor did the induced myopia regress.

ERG

The amplitude of the photopic B wave to a single or
a flicker stimulus was diminished in the eyes with an
encircling band (n � 5), as seen in Figure 3. The
difference was also apparent in the scotopic ERG.
Cutting the band did not restore significant amplitude
when recorded at 3 months. The amplitude of pho-
topic B ERG showed a reduction of 41.5%, photopic
flicker ERG showed a reduction of 28.5%, and
scotopic B ERG showed a reduction of 27.51%. Taken
all together, the overall reduction in ERG amplitude
was 30.93%.

Complications

The cutting of the encircling bands was without
complications and no retina detached.

Discussion

As previous investigators have noted, an encircling
band diminishes the OPA and the POBF in the eye. In
our series of 27 eyes the amount of reduction was

Fig. 1. A box plot comparing pulsatile ocular blood flow in fellow and
encircled eyes. The pulsatile ocular blood flow in the encircled eyes is
significantly lower (P � 0.001).

Fig. 2. A box plot showing that cutting the band restores pulsatile
ocular blood flow significantly (P � 0.01).
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independent of the amount of constriction by the band.
The estimated constriction in all but two eyes was
within therapeutic limits, i.e., between 10% and 20%:
two eyes were estimated to be constricted by 25% and
30%. The diminished mean POBF in the unencircled
eyes (485.6 �L/min) probably reflects the preponder-
ance of myopia.

Diddie and Ernst4 suggested that the diminished
OPA in the encircled eye was an effect of venous
obstruction by the band. Others have suggested that
kinking of the long posterior ciliary arteries by the
band is a factor.13 Both may contribute, but the ob-
servation that reduction in OPA is independent of the
amount of constriction or the location of the band
implies that the reduced pulsatile flow is more an
effect of restriction of compliance of the globe. Silver
et al14 have pointed out that the eye in diastole is a
fluid-filled sphere that must expand to accept the next
bolus of blood with systole. We suggest that the
elastic silicone band is relatively unresponsive to the
1.5 to 2.5 mmHg surge of the ocular pulse, that it
blocks compliance of the globe and thus limits the
volume of the systolic pulse that the eye will accept.
One might expect that if the band blocks equatorial
expansion there might be a compensatory anterior or
posterior expansion, but reduced OPA was recorded at

the cornea, which refutes the presence of significant
anterior compensatory expansion. It is likely that
some of the pulsatile flow in the ophthalmic artery is
shunted to the lacrimal and orbital vessels (Figure 4).

The unilateral diminished visual sensitivity noted
by some patients in the encircled eyes could be as-
cribed to the previous retinal detachment, developing
lens opacity, high myopia, or poor pupillary dilatation.
The previous detachment could also contribute to the
diminished ERG. However, the predominant reason
for the unilateral pigment epithelial dystrophy in some
patients was probably an effect of ischemia in the
encircled eye. A significant amount of POBF can be
restored once the band is cut. Cutting the encircling
band is a benign procedure, redetachment is exceed-
ingly unlikely because the buckle effect persists, and
the improved pulsatile flow that will result may be
advantageous to an aging eye. Choroidal ischemia has
been reported to be a precursor of age-related macular
degeneration.15 A prophylactic cutting of the band
after a year of retinal stability is practiced by Alice
McPherson (personal oral communication, September
6, 2004) and has been reported by Schwartz et al.16

The number of patients in this study is small, be-
cause of the infrequent use of an encircling band at the
New York Hospital since 1980. This study shows,

Fig. 3. The amplitude of the
photopic B wave to single
stimulus (top left) and to
flicker stimulus (top right) is
diminished in the encircled
eyes. The difference is also
apparent in the scotopic ERG
to blue and to red (bottom
left) and the scotopic bright
flash (bottom right). The up-
per recordings in each Figure
are from the encircled eye re-
corded before cutting the
band.
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however, that the encircling procedure causes a rela-
tive ischemia, regardless of the amount of constric-
tion, and that there is no recovery over time. We
suggest that the possible deleterious effect on visual
function might be alleviated by cutting the band early
after retinal stability has been achieved.

Key words: choroidal ischemia, encircling band,
ocular pulse amplitude (OPA), pulsatile ocular blood
flow (POBF), retinal detachment, scleral buckle, vi-
sual function.

Acknowledgment

The authors thank Maurice Langham, PhD, for technical
assistance.

References

1. Schepens CL. Scleral buckling with circling element. Trans
Am Acad Ophthalmol Otolaryngol 1964;68:959–979.

2. Schepens CL. Materials and methods of scleral buckling. In:
Retinal detachment and allied diseases. Philadelphia: W.B.
Saunders Company, 1983:340.

3. Dobbie JG. Circulatory changes in the eye associated with
retinal detachment and its repair. Trans Am Ophthalmol Soc
1980;78:503–566.

4. Diddie KR, Ernest JT. Uveal blood flow after 360° constric-
tion in the rabbit. Arch Ophthalmol 1980;98:729–730.

5. Yoshida A, Feke GT, Green GJ, et al. Retinal circulatory
changes after scleral buckling procedures. Am J Ophthalmol
1983;95:182–188.

6. Ogasawara H, Feke GT, Yoshida A, et al. Retinal blood flow
alterations associated with scleral buckling and encircling
procedures. Br J Ophthalmol 1992;76:275–279.

7. Regillo CD, Sergott RC, Brown GC. Successful scleral buck-
ling procedures decrease central retinal artery blood flow
velocity. Ophthalmology 1993;100:1044–1049.

8. Winter W, Lipka P. Untersuchungen der Lichtunterschied-
sempfindlichkeit nach Operationen von Netzhaut-Abloesun-
gen. Folia Ophthalmol 1987;12:315–319.

9. Fineman MS, Regillo CD, Sergott RC, et al. Transient visual
loss and decreased ocular blood flow velocities following a
scleral buckling procedure. Arch Ophthalmol 1999;117:1647–
1648.

10. Langham ME, Grebe R, Hopkins S, et al. Choroidal blood
flow in diabetic retinopathy. Exp Eye Res 1991;52:167–173.

11. Gekkieva M, Orgul S, Gherghel D, et al. The influence of sex
difference in measurements with the Langham Ocular Blood
Flow System. Jpn J Ophthalmol 2001;45:528–532.

12. Lincoff H, Kreissig I, Parver L. Limits of constriction in the
treatment of retinal detachment. Arch Ophthalmol 1976;94:
1473–1477.

13. Friedman Z, Neumann E. Effect of retinal detachment sur-
gery on the course of preexisting open-angle glaucoma. Am
J Ophthalmol 1975;80:702–705.

14. Silver DM, Farrell RA, Langham ME, et al. Estimation of
pulsatile ocular blood flow from intraocular pressure. Acta
Ophthalmol 1989; 67(Suppl 191):25–29.

15. Mori F, Konno S, Hikichi T, et al. Pulsatile ocular blood flow
study: decreases in exudative age related macular degenera-
tion. Br J Ophthalmol 2001;85:531–533.

16. Schwartz SG, Kuhl DP, McPherson AR, et al. Twenty-year
follow-up for scleral buckling. Arch Ophthalmol 2002;120:
325–329.

Fig. 4. A drawing exagger-
ating normal compliance
(dashed line) to systolic pulse
(left) versus limited compli-
ance in an eye with an encir-
cling band (right) and demon-
strating the probable shunting
of ophthalmic artery flow to
the lacrimal and orbital ves-
sels (arrows) in the encircled
eye.
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