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Evaluation of Radial Optic Neurotomy for
Central Retinal Vein Occlusion by
Indocyanine Green Videoangiography and
Image Analysis

sy
.
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HIROYUKI NOMOTO, MD, FUMIO SHIRAGA, MD, HIDETAKA YAMAJI, MD,
MITSUYO KAGEYAMA, MD, HIROKAZU TAKENAKA, MD, TETSUYA BABA, MD, AND
YOZO TSUCHIDA, MD

® PURPOSE: To evaluate the effects of radial optic neu-
rotomy {(RON) on retinal circulation in patients with
central retinal vein ecclusion (CRVO)} by indocyanine
green (ICG) videcangiography and a computer-assisted
image analysis.

® DESIGN: An interventional case series.

* METHODS: RON was performed in 15 eyes of 15 patients
with CRVQ, Within 72 hours before the surgery and at 3
months after the surgery, ICG videoangiography was per-
formed with a scanning laser ophthalmoscope, and the
images were transferred to a computer. Two measurement
points were selected, one on a main retinal artery close to
the optic disk and the other on the corresponding retinal
vein. At each point, fluorescence intensities were serially
measured, and dye dilution curves were obtained. Retinal
circulation times (ATsg) before and after the surgery were
calculated.

* RESULTS: Mean preoperative AT;, was 6.46 = 1.36
seconds, and mean postoperative AT, was 6.80 = 2.50
seconds. In 8 of 15 eyes, Ty decreased by 6.8% to
29.6% after the surgery. In the seven eyes that developed
chorioretinal anastomosis (CRA) at the site of RON,
AT, decreased after the surgery. In contrast, AT,
decreased postoperatively in only one of the eight eyes
without CRA. Best-corrected visual acuity improved
significantly after the surgery in the group of eyes with
improvement in ATs, but not in the group of eyes
without improvement inAT g,
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® CONCLUSIONS: Some degree of retinal circulation im-
provement occurred in approximately half of these eves,
which appears to be correlated with the development of
CRA. (Am ] Ophthalmol 2004;138:612-619. ©
2004 by Elsevier Inc. All rights reserved.)

common retinal vascular disease thought to be

caused by thrombus formation in the central reti-
nal vein at the level of the lamina cribrosa.! CRVO may
lead to severe visual loss because of extensive retinal
hemorrhage and edema. The Central Retinal Vein Occlu-
sion Study reported the natural history and visual progno-
sis of CRVO.2? In 80% of the eyes with initial visual acuity
less than 20/200, visual acuity was unchanged or decreased
at the final visit. Eyes with intermediate visual acuity of
20/50 to 20200 at the initial visit showed only a 19% rate
of visual improvement.

Although pan-retinal laser photocoagulation prevents
iris neovascularization and grid macular laser photocoagu-
lation decreases macular edema without visual improve-
ment for patients with CRVO, there is no proven
trearment that decreases retinal hemorrhage and edema
and offers improvemenc in visual acuity. Several therapies
for CRVOQ, such as tissue plasminogen activator injection
into vitreous cavity’ or directly into major retinal vein,4
lamina puncture,® and intravitreal triamcinolone ace-
tonide,® have been proved ineffective in improving the
perfusion in the retinal vein with visual improvement.
Although laser-induced chorioretinal venous anastomo-
sis™? and surgical-induced chorioretinal anastomosis!®!11
can improve retinal circulation, they may cause severe
complications such as vitreous hemorrhage or choroidal
neovascularization,

In 2001, Opremcak and associates!? reported a new
surgical procedure for CRVO, radial optic neurotomy

C ENTRAL RETINAL VEIN OCCLUSION (CRVO) IS A

0002-9394/04/$30,00
doi:10.1016/).2j0.2004.06.012
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(RON). They hypothesized that increased pressure within
the confined scleral outlet at the optic disk might compress
the lumen of the central retinal vein {CRV) and result in
occlusion of the CRV in eyes with CRVO. Based on this
hypothesis, they performed RON to decompress the scleral
outlet via a vitreoretinal approach. If RON alleviartes the
compartment syndrome that leads to occlusion of the
central retinal vein, the perfusion in the retinal vein may
improve after surgery. Moreover, the postoperative devel-
opment of chorioretinal anastomosis (CRA)!3'4 may in-
crease retinal venous outflow. Although several studies on
RON have been reported,!2-17 there have been no quan-
titative studies on changes in retinal circulation after
RON. Thus, we quantitatively studied changes in retinal
circulation after RON by using indocyanine green (ICG)
videoangiography and a compurer-assisted image analysis
and evaluated the effects of RON on retinal circulation.

METHODS

BETWEEN APRIL 2002 AND MAY 2003, 15 EYES OF 15 PA-
tients with CRVO underwent pars plana vitrectomy
with RON ar the Kagawa Universitcy Hospital. All
patients met the following criteria: 1} onset of CRVO
less than 12 months; 2) presence of retinal edema and
hemorrhages in the macula; 3) initial visual acuity worse
than 0.5; 4) absence of CRA identified by biomicro-
scopic slit-lamp examination, fluorescein angiography,
or ICG videoangiography; and 5) willingness to sign
informed consent after appropriate explanation of the
procedure.

Based on preoperative fluorescein angiograms, we clas-
sified eyes as ischemic or nonischemic, as described previ-
ously.? Eyes with at least 10 disk areas of capillary
nonperfusion were categorized as ischemic type,

After a standard three-port pars plana vitrectomy with
remaoval of the posterior hyaloid, RON was performed on
the nasal side of the optic disk using 20-paupe microvit-
reoretinal blade or CRVO knife (Synergetics, St. Charles,
Missouri, USA). During and after RON, infusion pressure
was increased to avoid bleeding.

ICG videoangiography was performed with a scanning
laser ophthalmoscope (Rodenstock Instrument, Munich,
Germany) using a diode laser (wave length, 810 nm)
within 72 hours before surgery and at 3 months after
surgery. Twenty-five mg of indocyanine green (Oph-
thagreen, Santen, Tokyo, Japan) was dissolved in I-ml
distilled water. The ICG dye was flushed with 10-ml
physiologic saline to ensure that the ICG would reach the
heart and the eye with as litctle dye dilution as possible,
allowing sharp dye-dilution curves to be obtained.’¥ Im-
ages were recorded serially (30 frames per second) on
S-VHS videotapes. The imapes were caprured with an
analog-digital converter board (Dig98; Direct, Tokyo,
Japan) and loaded into a computer (PC9821Xa; NEC,
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FIGURE 1. Measurement points on indocyanine green video-
angiograms. Two points were selected in the temposuperior
region and tempoinferior region, one on a main retinal artery
close to the optic disk (closed circle) and the other on the
corresponding main retinal vein close to the optic disk (open
circle).

Tokyo, Japan). In the superior and infetior region around
the optic disk, two pairs of two measurement points were
selected, one on a major retinal artery and the other on the
corresponding major retinal vein (Figure 1). To minimize
the distortion of dilution curves due to spatial distribution
and time variation of fluorescence, the fluorescence incen-
sity was collected with a round configuration with a
diameter slightly larger than the diameter of the venule.!?
When established measurement points moved because of
ocular movement, their points were manually corrected for
each frame.

Fluorescence intensity at each point in each frame (I)
was plotted on the ordinate, and time {T) on the abscissa.
Using a least-square method computer program, the data
were regressed to the following theoretical function, and
typical dye dilution curves (time-intensity curves} were
obtained.

I =K + LEXP[~ oflog(T = Tp/ T, = To)*}]

K = background intensities before appearance of the dye
in blood vessels, Ip = peak fluorescence intensities, EXP =
exponent with e as the base, a = coefficients, T, = times
at the beginning of the regression curves, and Tp = times
at which peak intensities wete reached.

To determine the differences in fluorescence intensity
between the systolic and diastolic phase, the robust esti-
mation method was applied to measurement values.?®

We caleulated the time (Tsy) from the beginning to
50% of the peak intensity on the ascending part of the dye
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FIGURE 2. Dye dilution curves at the two points. The circulation time (Ts,) from the beginning of filling to 50% of the peak on

the ascending part of dye dilution curves was calculated, and the time difference (AT;,) between T at the point on a main retinal
artery and that at the point on the corresponding main retinal vein was obtained.

dilation curves. Tgy showed the highest reproducibility in
the measurement of retinal circulation times in the dye
dilution technique.1® The time difference (AT;,) between
T, at the measurement point on the major artery and Ts,
at the measurement point on the corresponding major vein
was calculated (Figure 2), representing a retinal circulation
time in each region.

RESULTS

PATIENT DATA ARE SHOWN IN TABLE 1. PATIENT AGE
ranged from 49 to 79 years (median, 63 years). Of the 15
patients, 6 were men and 9 were women. Onset of CRVO
before RON varied from 1 to 9 months (median, 4
months). Seven eyes were classified as nonischemic and 8
as ischemic. Pan-retinal laser photocoapulation had al-
ready been performed in 4 eyes with ischemic CRVO, and
grid macular laser photocoagulation was not performed in
any eye. In 9 eyes, posterior vitreous detachment was
present before surgery. Follow-up period ranged from 4 to
14 months (median, 6 months).

Because no retinal breaks occurred during the surgery,
intraccular gas was not injected in any eye. In two eyes
(partients 3 and 15), a small amount of subretinal hemor-
rhage occurred around the site of the RON during the
surgery, which was spontaneously absorbed by 2 months
postsutpery. In four eyes, the enlargement of retinal non-
perfusion areas was seen on fluorescein angiography taken
at 3 months after the surgery, and pan-retinal laser pho-
tocoagulation was performed. Cne eye (patient 8) devel-
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oped minimal anterior segment neovascularization without
elevation of intraccular pressure.

In seven of 15 eyes, CRAs developed at the site of RON
between 1 and 3 months after surgery. Six (86%) of 7 eyes
that developed CRA were preoperatively classified as
nonischemic type.

The ATs, is shown in Table 2. In the temposuperior
region, mean preoperative ATsy was 6.15 * 1.29 seconds
{mean * SD), and mean postoperative ATs, was 6.78 = 2.40
seconds. In the tempoinferior region, mean preoperative
ATy was 6.76 = 1.59 seconds, and mean postoperative ATsg
was 6.82 = 2.69 seconds. The change in ATs, in the
temposuperior region was similar to that in the tempoinferior
region (Table 2). In eight of 15 eyes, the mean of AT, in the
temposuperior region and that in the tempoinferior region
decreased by 6.8% to 29.6% after the surgery, In all 7 eyes
that developed CRA at the site of the neurotomy, mean ATy,
decreased after the surgery, compared with only 1 of the
remaining 8 eyes withour CRA. ICG videoangiography
showed that the ICG dye in the retinal vein flowed into the
choroidal vein through CRA (Figure 3). In the 7 eyes with
CRA, mean preoperative ATy was 6.17 * 1.37 seconds
compared with postoperative AT, of 5.28 £ 1.06 seconds,
which was a statistically significant difference (paired ¢t test, P
= ,0087; Figure 4). In contrast, in § eyes without CRAs,
mean preoperative AT sy was 6.71 * 1.40 seconds, compared
with postoperative AT, of 8.14 = 2.67 seconds, which was
not statistically significant (paired ¢ test, P = .125) (Figure 4).

In 15 age-matched eyes diagnosed as age-related macular
degeneration without retinal vascular abnormalities, ATy,
was measured in the temposuperior region and the tem-
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TABLE 1. Clinical Character:stlcs and Preoperatlve and Final Vnsual Acmty After Radsal
. Optic Neurotomy . TR :

Duration _L
Patient Age Sex {months)® Type PVD PRP Pre Fina}
1 7 L F 5 Ischemic + Pre 0.07 0.09
2 77 F 2 Nonischemic + -_ 0.2 0.2
3 62 M 6 Nonischemic =~ + .. — 004 009
4 62 F 9 Ischemic + Pre 0.02 0.04
5 60 F o 9 Ischemic + Post 0.01 g1
8 62 F 6 Nonischemic + — 04 041
7 63 M .. '8 " Ischemnic = Post ~ 03 015
8 &8 F 4 Ischemic - Pre 0.01 0.0t
g 72 M 4 ‘Nonlsehemle  + 7 — 03 03
10 56 F 9 _ Nonischemic - —_ 0.2 0.4
1 58 F e Nonischemic M — 007 01
12 49 M 4 Nontschemlc + - 0.2 0.8
13 68 M 4 Ischemic - — 001 005
14 66 F 1 Is¢hemic - Post 0.02 0.05
15 73 M 1 Ischemic . +  Pre. 003 03

= female; M = male; pre = before surgery; post = after surgery; PRP = pan-retinal laser .
photoooagutatuon. BPVD = posterior vitreous detachmen! before surgery, VA best—corrected visual
acuity. : )
*Duration (month) duration trom the onset of visual impairment to 5urge¢y.

TABLE 2. Changes in Retinal C:rculatlon T‘mes (AT5°) and Devetopment of Chorioretinal
Anastomosis After Radial Optic Neurotomy

Tempasuparior Tempoinferior Mean

Patiant Pra Post Pre Post Pra Post % Change CRA
1 - 549 . 638 :.508 5 507 529-0 o83 - 83 . -
2 5.50 5.08 5.60 507 5,55 5.08 -85 +
3 810 692 U884 By TB32 Y EA3 YT tCogle YTy
4 748 128 897 138 823 1330 61.7 -
5" 513 7499 503 7 4247 BA1TT 4er T T 97 +
6 5.10 5.70 5.12 5.97 5.11 5.84 14.2 -
7 5.87 8.64 6.02 696 595  7.80 31.2 -
8 5.86 10.47 7.97 10.81 6.92 10.64 53.9 -
8 741 728 793 7.02 767 7.5 . -6.8 +
10 5.54 491 6.37 4.30 696  4.61 —22.7 o
n 457 410 444 429 451 420 -89 L+
12 597 456 620 537 608 497  -18.4 +
13 9.14 589 . B87 . 679 801 . 634 .. -2086 . -
14 5.14 577 6.65 7.52 5.90 6.65 12.7 -
15 . . 588 . 822 869 1940 -..729°0 8817 208 o -

Mean = the mean of AT, (secondé) in the temposuperior regﬁon éﬁd Afm (sééondé) in the
tempolnterior region. -

CRA = chorioretinal anastomos:s pre AT, (seconds) before surgery; post = AT50 (seconds) after
surgery.

poinferior region using the same method. The mean of Preoperative best-corrected visual acuity ranged from
AT, in the temposuperior region and that in the tem- | 0.01 to 0.3 (logarithm of the minimum angle of resolution
poinferior region was 4.17 = 0.55 seconds (mean * SD). [logMAR], 0.52 to 2.00) with a mean of 0.11 (logMAR,
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FIGURE 3. Patient 5: Indocyanine green angiography, taken 72 hours before and 3 months after radial optic neurotomy (RON),
demonstrates the development of chorioretinal anastomosis after RON, (Top left) Preoperative angiography: no chorioretinal shunt
vessel is seen. (Top right) Arterial phase of postoperative angiography. The site of radial optic neurotomy {arrow) shows
hypofluorescence. {Bottom left) Arteriovenous phase of postoperative angiography. A choricretinal shunt vessel {arrow} connects
with a retinal vein {an arrowhead). {Bottom right) Venous phase of postoperative angiography. Choroidal veins {arrows) connect
with the retinal vein through the chorioretinal shunt vessel at the site of RON.

1.25), whereas the final best-corrected visual acuity ranged
from (.01 to 0.8 (logMAR, 0.10 to 2.00) with a mean of
0.19 (logMAR, 0.94). Although the difference between
the preoperative visual acuity and the final visual acuity
was not statistically significant (paired ¢ test, P = .073), 10
(67%) of 15 eyes improved by 2 or more lines. In 8 eyes
showing the decrease in AT 5, preoperative logMAR visual
acuity was 1.15 * 0.60 {(mean * SD) compared with 0.75
= 0.40 postoperatively, which was a statistically significant
difference (paired ¢ test, P = .017). In the remaining 7 eyes
without the decrease in ATy, preoperative logMAR visual
acuity was 1.37 * 0.51 compared with 1.16 = 047

616 AMERICAN JOURNAL OF OPHTHALMOLOGY

postoperatively, which was not a statistically significant
difference (paired t test, P = .218).

DISCUSSION

IT IS WELL KNOWN THAT CRA (RETINOCILIARY OR CPTO-
ciliary shunts vessels) may develop spontaneously after
CRVO. Quinlan and associates?! noted that CRAs devel-
oped in 80 (48%) of 168 eyes with CRVQ, and Fuller and
associates?? described CRAs in 49 (46%) of 107 eyes.
Development of CRAs may prevent anterior segment
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FIGURE 4. Changes in mean retinal circulation times {AT;,; mean = SD) between before (pre-RON) and after {post-RON) radial
optic neurotomy (RON) in eyes with (CRA} and without (non-CRA) development of development of chorioretinal anastomosis
(CRA). There was a significant difference in eyes that developed CRA (* P = .0087, paired ¢ test).

neovascularization after CRVQ. Ceonversely, Friedman
and associates' reported two cases rhat developed opto-
ciliary venous anastomosis after RON. Garciia-Arumii and
associates'? reported that six (42.9%) of 14 patients
developed CRA between 3 weeks and 3 menths after
RON. In our study, new CRAs developed at the neurot-
omy sice between 1 and 3 months after surgery in 7 (47%)
of 15 eyes. Although eyes that had spontaneously devel-
oped CRAs before the initial visic were excluded from our
study, the incidence of CRAs after RON is similar to that
of spontaneously developed CRAs. However, RON may
cause CRAs earlier than in the natural course of CRVO,
leading to improvement in retinal circulation with resolu-
tion of retinal edema and hemorrhage occurring before
irreversible severe damage to the retina.

According to Opremcak and associates,!2 the purpose of
RON is to promote decompression of the central retinal
vein in the scleral ring and the lamina cribrosa. If RON
can relax venous compression within the scleral outlet,
retinal circulation time can be reduced after the procedure.
In our study, ATs, did not decrease after RON in most of
the eyes without postoperative CRAs. This suggests that
RON may not decompress the central retinal vein within
the scleral outlet. In contrast, ATy, decreased postopera-
tively in all eyes that developed CRAs in our study.
Takahashi and associates?* noted that ICG dye flow in the
retinal veins entered the choroidal veins via spontaneously
developed CRAs and drained into the vortex veins on
ICG videoangiography in CRVQ patients. Ckamoto and
associates?! reported that spontaneous CRAs in CRVO
shortened retinal circulation time, with recovery to normal
demonstrated on fluorescein angiograms. These results
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suggest that the improvement in retinal circulation afrer
RON may be the result of postoperative CRA develop-
ment. Mean AT, of 15 age-matched eyes with age-related
macular degeneration was 4.17 *+ 0.55 seconds (mean %
SD}), and mean postoperative ATsy in the 7 eyes with CRA
development was 5.28 * 1.06 seconds. This suggests that
the retinal circulation did not recover to normal, even if
CRAs developed after RON.

The preoperative ATsg in the group with postoperative
CRAs was less than that in the group without postopera-
tive CRAs. Six (86%) of the seven eyes in the CRA group
had nonischemic CRVO, and one {13%) of the eight eyes
in non-CRA group had nonischemic CRVO. This may
explain the difference in the preoperative AT, between
both groups. Friedman and associates'? reported that two
patients who developed CRAs after the RON were classi-
fied as nonischemic. Garcia-Arumi and associates!t re-
ported that five (83%) of six eyes that developed CRAs
were classified as nonischemic CRVQ. CRA may develop
more frequently in nonischemic CRVO than in ischemic
CRVO, but the mechanism of this process is unknown.

In only one (Patient 13) of eight patients without
CRAs, ATy was shortened after RON. This change may
be due to decompression by RON or spontaneous improve-
ment. Considering that AT, increased in most of the eyes
without CRA, RON may be harmful to the retinal circu-
lation in eyes with no postoperative CRAs. Further studies
with larger sample sizes are needed to determine whether
RON without postoperative CRA development is harmful.

The videoangiography and dye dilution method has
been used widely in studies on retinal circulation.'8.25-30
Because ATsy shows the highest reproducibility as a
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parameter to evaluate the mean retinal circulation time
using the dye dilution method!® and has beenn used in
several studies on ocular circulation,26:29.3¢ we measured
this retinal circulation time and used it as a parameter to
evaluate the effece of RON on retinal circulation. In
fluorescein angiography, papilloedema and retinal hemor-
thage and edema block fluorescence intensities in major
retinal vessels. In contrast, ICG angiographic images of
rerinal vessels are influenced much less by papilloedema,
retinal hemorrhage, and retinal edema. We thus used ICG
videoangiography for the measurement of retinal circula-
tion times.

To assess the difference in retinal circulation between
the superior region and the inferior region, the measure-
ment points were selected in both the temposuperior and
tempoinferior regions. There was no difference in ATy
between two regions. Thus, we assessed changes in retinal
circulation with the mean of ATg; in the temposuperior
region and that in the tempoinferior region.

In the original report by Opremcak and associates,!?
best-corrected visual acuity improved in eight (73%) of 11
eyes with a mean gain of 5 Snellen lines. In our study,
best-corrected visual acuity improved in 10 {67%) of 15
eyes with a mean gain of 4.7 Snellen lines. Garciia-Arumii
and associates'* described that the median postoperative
visual acuity was better in eyes with newly formed CRAs
than in the remaining eyes without them (20/60 vs
20/110). In our study, the mean postoperative logMAR
visual acuity in the group with CRA was better than that
in the group without CRA (0.68 vs 1.17). There was a
statistically sipnificant difference between preoperative
and postoperative logMAR visual acuity in the 8 eyes that
showed shortening in retinal circulation times (ATsp), and
there was no significant difference between them in the
remaining 7 eyes without reduced retinal circulation times.
These results suggest that the development of CRAs may
lead to improvement in retinal circulation and resule in
visual improvement after RON. Methods to increase the
incidence of CRA, such as the surgery at an early stage of
the disease or pleural radial cuts on the nasal aspect of the
optic disk, should be considered.

Regarding postoperative complications, peripapillary
retinal detachment extending from the RON site has been
reported.!’ We had no severe complications such as retinal
detachment, laceration of major retinal and optic vessels,
or postoperative vitreous hemorrhage. The only complica-
tion that we experienced was a small subretinal hemor-
rhage located nasally to the optic disk in 2 eyes, but this
disappeared spontaneously within 2 months after surgery.

In conclusion, some degree of improvement in retinal
circulation after RON occurred in approximately half of
our patients, which appears to correlate with the postop-
erative development of CRA. RON does not appear 10
decompress the central retinal vein directly. Further re-
search, including randomized conmrolled studies, are

618 AMERICAN JOURNAL OF QPHTHALMOLOGY

needed to confirm the effect of RON on anatomic and
functional improvement.
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Evaluation of Arteriovenous Crossing
Sheathotomy for Branch Retinal Vein
Occlusion by Fluorescein Videoangiography
and Image Analysis

HIDETAKA YAMAJI, MD, FUMIO SHIRAGA, MD, YOZO TSUCHIDA, MD,
YOSHIHIRO YAMAMOTO, MD, AND HIROSHO! OHTSUKI, MD

¢ PURPOSE: We quantitatively evaluated the effects of
arteriovenous (A/V) crossing sheathotomy on retinal
circulation in patients with branch retinal vein occlusion
(BRVQ)} accompanied by macular edema.

* DESIGN: Interventional case series.

¢ METHODS: In 18 consecutive patients (18 eyes) with
BRVO accompanied by macular edema who underwent
A/fV crossing sheathotomy between August 1999 and
April 2002, changes in retinal circulation after the
surpery were evaluated by fluorescein videcangiography
with 2 scanning laser ophthalmoscope and by imagpe
analysis using dye dilution technique. At a venule distal
to the responsible AfV crossing site and a normal venule,
the circulation time {T50) from the beginning of filling to
50% filling of the peak intensity was calculated. The time
difference (AT50) between T50 at the point on the
affected venule and that at the point on the normal
venule, which tepresents the filling delay at the venule
distal to the AV crossing site, was compared between
before and early after the surgery.

® RESULTS: The preoperative AT50 was 1.36 + 1.15
seconds (mean * SD), and the postoperative AT50 was
0.72 * Q.77 seconds (P = .035, paired ¢ test). In 11 of
the 18 eyes, AT50 decreased by 20% or more after the
surgery. In the other 7 eyes, AT50 was unchanged or
slightly increased after the surgery.
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® CONCLUSIONS: Although a randomized controlled
study is needed to confirm the effectiveness of A/V
crossing sheathotomy on visual function, this technique
could be effective for improving the delay in perfusion in
the affected venule. {Am ] Ophthalmol 2004;137:
834—-841. © 2004 by Elsevier Inc. All rights reserved.)

ACULAR EDEMA IN BRANCH RETINAL VEIN OC-
M clusion is considered to be caused by circulatory

impairment in the arterial system due to stagna-
tion of venous blood resulting from venous compression at
an arteriovenous (A/V) crossing site.! Release of venous
compression at the AfV crossing site may be effective for
improving macular edema. Indeed, Opremcak and associ-
ates? reported the effectiveness of AfV crossing sheatho-
tomy for decreasing macular edema and hemorthage and
improving visual acuity. However, improvement in macu-
lar edema and visual acuity is often encountered in the
natural course and is observed after laser photocoagulation
or vitrectomy.3-6 Therefore, to confitm the effectiveness of
AJV crossing sheathotomy, improvement in retinal circu-
lation should be clarified early after this technique.
Optremecak and associates? reported imptovement in ve-
nous perfusion during the operation and also improvement
in findings of flucrescein angiography bur did not guanti-
tatively evaluate the improvement in the perfusion. There
have been no studies that quantitatively evaluated im-
provement in circulation so far. Therefore, the effective-
ness of this technique for improving venous perfusion early
after operation has not been demonstrated. Thus, we
quantitatively studied improvement in the delay in perfu-
sion in the occluded venule after AfV crossing sheatho-
tomy using fluorescein videoangiography and an image
analysis.

0002-9394/04/$30.00
doi:10.10164.2j0.2003.11.071
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METHODS

THE SUBJECTS WERE 18 CONSECUTIVE PATIENTS (18 EYES)
consisting of seven males and 11 females with BRVO
accompanied by macular edema who underwent vitreous
surgery with AfV crossing sheathotomy at the Ckayama
University Hospital between August 1999 and April 2002.
All patients enrolled gave informed consent. The 18 eyes
met the following criteria: 1) presence of blood flow
(including backflow) observed in venules proximal to the
AfV crossing site by preoperative fluorescein videoangiog-
raphy, 2) preoperative best-corrected visual acuity of 0.5 or
worse, 3) absence of apparent collateral circulation, and 4)
dilation and tortuosity of venules distal to the AfV crossing
site. The mean age of the patients was 63.3 years, with a
range of 47 to 84 years.

Three-port pars plana vitrectomy was performed, and
the posterior vitreous cortex was removed. An incision was
made using a bent microvitreoretinal blade (Alcon Labo-
ratory, Fort Worth, Texas) at the vicinity of the responsi-
ble AfV crossing site, which was identified using
fluorescein videoangiography. The incision was continued
parallel to and slightly under the retinal arteriole with a
gentle lifting motion until the A/V crossing site was
encountered. The purpose of the operation was the sepa-
ration of the arteriole from the venule at the responsible
AV crossing site.

* QUANTIFICATION OF DELAY IN PERFUSION: Fluores-
cein Videoangiography Within 72 hours before the surgery
and within 7 days after the surgery, fluorescein videoan-
giography was performed with a scanning laser ophthalmo-
scope (SLO, Rodenstock Instrument, Munich, Germany)
using argon blue (wavelength 488 nm), and serial images
{30 frames/second) were recorded on S-VHS videotapes.
The gain was set at 7, and early phase of the angiography
was observed with a 40-degree field size. Five ml of 10%
fluorescein sodium (Alcon, Fort Worth, Texas) was in-
jected into the antecubital vein. To more sharply cbtain
an ascending part of the dye dilution curve, this solution
was pushed into the antecubital vein by flash of 10 ml
saline so that a bolus of ICG dye could reach the ocular
fundus.

Image Analysis Obtained fluorescein videcangiographic
images were captured with an analog-digital converter
board (Dig98; Ditect, Tokyo, Japan) loaded into a com-
puter (PC9821Xa; NEC, Tokyo, Japan). Two measure-
ment points were selected, one on a venule distal to the
responsible AfV crossing site and the other on a normal
venule, so that their distances from the optic disk become
similar (Figure 1, A). At each site, fluorescence intensities
were serially measured. To minimize the distortion of
dilution curves due to spatial distribution and time varia-
tion of fluorescein, the flucrescent intensity was collected
with a round configuration with a diameter slightly arger
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than the diameter of the venule.? When established
measurement points moved due to ocular movements, the
position was manually corrected. The upper limit of
measurement intensities was 255 pixels, and there was no
case in which the intensity exceeded this value.

Fluorescence intensity at each point in each frame (I)
was plotted on the ordinate, and time (t) on the abscissa.
With a program of least-square fitting running on the
computer, the data were regressed to the following theo-
retical function, and typical dye dilution curves were
obtained.

[ = K + IpEXP[ — aflog{T — To/Tp — To)2}

K = Background intensities before appearance of the dye
in blood vessels;

Ip = Peak fluorescence intensities;

a = Coefficients;

To = Times at the beginning of the regression eurves;

Tp = Times at which peak intensities were reached;

EXP = Exponent with e as the base.

With respect to differences in fluorescence intensity
beeween the systolic and diastolic phase, a robust estima-
tion method was applied to measurement values.®

In the dye dilution method, because the circularion
time (T50) from the baseline of the ascending part of the
dye dilution curve to 50% of the peak has the highest
reproducibility among circulation time parameters,® the
time difference (AT50) between T50 at the normal site
and that at the point distal to the AfV crossing site was
calculated (Figure 1, B), and delay in venular perfusion was
compared between before and after the surgery.

RESULTS

THE DATA ON ALL EYES ARE SHOWN IN TABLE 1.

The duration from the onset of visual impairment due to
BRVO to surgery was 2 to 9 months {mean, 4.2 months).
Posterior vitreous detachment was already present before
the operation in two eyes. In all eyes, the arteriole could be
separated from the venule at the responsible A/V crossing
site. In one eye, hemorrhage due to retinal vascular damage
was observed during A/V crossing sheathotomy but could
be immediately stopped by high perfusion pressure. No
severe intra- and postoperative complications, such as
vascular rupture, vitreous hemorrhage, or retinal detach-
ment, were observed.

The mean preoperative AT50 was 1.36 %= 1.15 seconds
{mean = 3D), and the mean postoperative AT50 was 0.72
* (.77 seconds. There was a significant difference (P =
035, paired ¢ test) between them. In 11 of the 18 eyes,
AT50 decreased by 20% or more after the surgery. Five of
the 11 eyes showed recovery to an almost nomal state
(Figures 2, 3). However, AT50 was unchanged or slightly
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FIGURE 1. (A) Measurement points on fluorescein videoangiograms. Two points were established, one on a venule distal to the
responsible arteriovenous crossing site (closed circle) and the other on a normal venule (open circle). {B) Dye dilution curves at
the two points. The circulation time (T50)} from the beginning of filling to 50% filling of the peak was calculated, and the time
difference (ATS50) between T50 at the point on the affected venule (red) and that at the point on the normal venule {blue) was
obtained.
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