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Figure 2. Composite of representative clinical findings from patient 8. A, Fundus photograph from the right eye obtained at the initial visit showing an
inferotemporal optic disc pit associated with a large, round area of inferotemporal retinal elevation from optic disc (arrowheads). Before surgery, the best-corrected
visual acuity (BCVA) was 20/17. B, Optical coherence tomography (OCT) scan obtained at the initial visit revealed a multilayered inner retinoschisis-like
separation (#) with internal limiting membrane (ILM) detachment (arrow) connected to the optic disc pit. There was not retinal detachment. C, Preoperative
photograph obtained at 2 months after the initial visit showing enlargement of retinal elevation beyond macula and appearance of round macular detachment
(white open arrowheads). Tiny outer retinal break (blue arrows) and small area of shallow retinal with ILM separation (white arrow) were observed. The BCVA
decreased to 20/50. D, Preoperative OCT scan revealing the development of retinal detachment (*) around the fovea and increased outer nuclear separation (#)
with inner multilayers and retinoschisis-like separation between the optic disc and macula. E, Fundus autofluorescence image obtained 14 months after vitrectomy
showing diffuse faint granular hyperfluorescence at the previous retinal detachment area. The BCVA was 20/20. F, Optical coherence tomography scan obtained
14 months after surgery showing improved complete retinal reattachment with tiny defect of the inner segment/outer segment line of the fovea.

Figure 1. Composite of representative clinical findings from patient 7. A, Photograph of left fundus before surgery showing a temporal optic disc pit associated with a
large, round area of macular detachment (white open arrowheads). After surgery, the best-corrected visual acuity (BCVA) was 20/70. B, Preoperative fundus
autofluorescence (FAF) image showing hypofluorescence in the area of retinal detachment. C, Optical coherence tomography scan obtained before surgery revealing a
multilayered inner retinoschisis-like separation with internal limiting membrane (ILM) detachment (white solid arrow) and retinal detachment (*) present from the
margin of the optic disc pit. D, Optical coherence tomography scan obtained on postvitrectomy day 1 showing a markedly decreased retinal detachment (*) and a
shallowing of the retinoschisis-like separation next to the optic disc. The BCVA was 20/200. E, Optical coherence tomography scan obtained 6 months after vitrectomy:
the retinoschisis-like separation and retinal detachment (*) were much decreased, but the ILM detachment between disc and macula remained (arrow). The BCVA was
20/70. F, Fundus autofluorescence image obtained 12 months after vitrectomy showing diffuse granular hyperfluorescence within the area of retinal detachment. G,
Optical coherence tomography scan obtained 12 months after vitrectomy showing only a persistent shallow macular detachment. The outer segments of photoreceptors
were thickening within the subfoveal lesion. Shallow [LM separation (arrow) beside the optic disc remained. The BCVA was 20/70. H, Fundus photograph obtained 16
months after surgery showing complete retinal reattachment with a clearer margin of optic disc pit. The BCVA was 20/30. I, Fundus autofluorescence image obtained
16 months after surgery showing fine granular hyperfluorescence at the site of previous retinal detachment. J, Optical coherence tomography scan obtained 16 months
after surgery showing improvement in outer retinal anatomic features with a persistent defect in the inner segment/outer segment line at the fovea.
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reattachment (Figs | and 2). The degree of excavation of the pits
was not obvious before surgery; however, after surgery as the
retina reattached, the pits were observed easily as being darker and
deeper compared with the surrounding areas. The OCT images
confirmed the increased depth of the excavation at the optic disc
pit after vitrectomy in patients 1 and 7. Even after complete retinal
reattachment, fine ILM elevation beside the optic disc remained in
some eyes.

Visual Acuity Results

Preoperative and final BCVA are shown in Table 1. Despite
evidence of some residual shallow schisis-like separation and
some persistent macular detachment, the BCVA started to improve
within a few months in all 7 successful eyes. This generally
corresponded with reduced macular elevation and a better appear-
ance of the photoreceptor outer segments on OCT. All eyes with
retinal reattachment, except for patient 6 who needed additional
treatment, had a postoperative BCVA of 20/30 or better. Although
3 eyes had a postoperative BCVA of 20/20 or better, a mild central
scotoma or metamorphopsia remained. The BCVA of 1 eye (pa-
tient 6) started to improve after additional laser therapy and even-
tually reached 20/50.

Fundus Autofluorescence Findings

The FAF findings were obtained both before and after surgery in
3 eyes (patients 6, 7, and 8) and only after surgery in 1 eye (patient
4). Preoperative FAF images showed a prominent hypofluores-
cence corresponding to a high retinoschisis-like separation or
macular detachment and a slight hypofluorescence corresponding
to a shallow retinoschisis-like separation. After surgery, there was
an increase in granular hyperfluorescence in FAF images accom-
panied by an increase in the amount of subretinal precipitates (Figs
1 and 2). This corresponded to a thickening of photoreceptor outer
segments on OCT. Even after complete retinal reattachment, hy-
perfluorescence at the site of previous retinal detachment persisted
through the most recent visit. In patient 6, the FAF images dem-
onstrated an increase in granular hyperfluorescence with reduction
of macular detachment after additional laser treatment (Fig 3).

Discussion

In this study, induction of a PVD without a gas tamponade
seemed to be as effective as doing the same with a gas

tamponade.'® Optical coherence tomography revealed a re-
duction in the abrupt retinal elevation adjacent to the optic
disc as well as a decrease in the inner retinoschisis-like
separation in the early postoperative period. After reduction
of the retinoschisis-like changes, there was a slow decrease
in the macular retinal detachment, with complete resolution
in 7 of 8 eyes within 16 months (average, 12 months; Figs
1 and 2). This pattern of improvement of macular elevation
is similar to what was noted in a previous treatment using a
gas tamponade.'®

Bonnet'® previously reported that none of the eyes with
macular detachment in her series had evidence of a PVD
and that the 2 eyes that demonstrated spontaneous reattach-
ment did so after a PVD developed. In addition, Theodos-
siadis et al'® described vitreous abnormalities such as vit-
reomacular traction and vitreous strands over the optic disc
associated with optic disc pit maculopathy. In the current
series, the sharp retinal elevation adjacent to the optic disc
and inner retinoschisis-like separation immediately de-
creased after surgery, suggesting that traction on the peri-
papillary retina may be a trigger of optic disc pit maculopa-
thy. Vitreoretinal traction is an important factor in the
pathogenesis of optic disc pit maculopathy.

Recent advancements in OCT technology show that
retinoschisis-like retinal separation is most prominent in the
outer nuclear layers and frequently is combined with mul-
tiple shallow inner retinal separations.”®! A prominent
elevation of the ILM has been reported in some eyes,?” and
a large, spontaneous separation of the ILM was observed
before surgery in 1 eye (patient 8) in the current series. After
surgery, shallow ILM detachment adjacent to the optic disc
remained after complete retinal reattachment in some eyes.
Similar to the original hypothesis of Lincoff et al,’ in some,
eyes schisis-like retinal separation preceded frank macular
detachment with reduced vision. .

Internal limiting membrane removal was performed in
only 1 eye in this series. That eye (patient 8) had a sponta-
neous ILM detachment at presentation. There are some
reports suggesting that ILM peeling is indicated during
vitrectomy for optic disc pit maculopathy.?*~>* Internal lim-
iting membrane removal ensures complete hyaloid removal.
A partially separated ILM or ILM with cellular proliferation
on its surface may contribute to peripapillary traction. Mac-

Figure 3. Composite of representative clinical findings from patient 6 (unsuccessful case). A, Right fundus photograph obtained before surgery showing an
inferotemporal optic disc pit associated with a large, round macular elevation connected to the optic disc (large, solid arrows) and higher elevated macular
detachment (white open arrowheads). The patient reported metamorphopsia, and the best-corrected visual acuity (BCVA) was 20/25. B, Preoperative optical
coherence tomography (OCT) scan revealing a high separation of retinal detachment (*) with outer nuclear schisis-like separation (#) and shallow internal
limiting membrane elevation connected to the optic disc pit. C, Optical coherence tomography scan obtained 12 months after vitrectomy, when the patient
reported decreased vision, revealing recurrence of retinoschisis-like separation at the outer nuclear layer (#) and the worsening of retinal detachment (*). The
BCVA decreased to 20/50. D, Fundus photograph obtained after additional treatment of gas tamponade and drainage of subretinal fluid, which did not work. Gas
tamponade and laser photocoagulation were added to a small area beside the vessel in the peripapillary region (white open arrowheads). At 20 months after initial
vitrectomy, subretinal fluid moved upward after laser treatment and decrease of macular detachment. The BCVA was 20/70. E, Fundus autofluorescence image
obtained after the additional treatments at 20 months after initial vitrectomy revealing the laser spots around intentional break for the drainage of subretinal fluid
(arrow) and beside the optic disc (white open arrowheads). The area of macular detachment started to increase the hyperfluorescence corresponding to the
reduction of macular detachment and enlargement of hypofluorescence at the upper posterior retina corresponding to the high retinal elevation. F~G, Optical
coherence tomography scan obtained during the follow-up after the additional treatment showing the subretinal space (*) connected to the perivascular space
(yellow arrows) beside the retinal vessels (red arrows), especially around the optic disc. Laser scar next to the optic disc pit attached with neural retina (blue

arrows). H-I, At 7 months after photocoagulation, (H) the image of FAF was the increase of hyperfluorescence (I) corresponding to macular reattachment by
the OCT finding. The BCVA was 20/50.

815



Ophthalmology  Volume 119, Number 4, April 2012

Table 1. Preoperative Clinical Characteristics

Preoperative Duration of Outer Layer
Patient Age Refractive Best-Corrected Symptoms Schisis-like
No. (yrs) Gender Eye Error (D) Symptom Visual Acuity Pit Location (mos) Separation
1 41 M L —-2.75 Central scotoma 20/300 Inferotemporal 35 ++
2 12 M R 0 Decreased BCVA 20/40 Inferotemporal 28 ++
3 20 M L 0 Central scotoma 20/100 Temporal 10 -
4 56 M L —5.25 Central scotoma 20/100 Temporal 15 +
5 36 F L -1.25 Metamorphopsia 20/40 Temporal 3 ++
6 47 F R +0.5 Metamorphopsia 20/25 Inferotemporal 18 +
1 8 M L -1.0 Decreased BCVA 20/70 Inferotemporal 2 +
8 38 M R 0 Decreased BCVA 20/50 Inferotemporal 3 ++
BCVA = best-corrected visual acuity; D = diopters; F = female; ILM = internal limiting membrane; L = left; M = male; R = right; + = present; ++

= remarkable finding; — = absent.
*Based on only time-domain optical coherence tomography observation.
"After first operation.

“First, gas tamponade; second, internal limiting membrane peeling + subretinal fluid drainage + gas tamponade; third, laser (application).

ular schisis without an optic disc pit or resulting from high
myopia has been reported,”>° suggesting that in some
cases, vitreomacular traction can cause macular elevation
resembling that resulting from optic disc pit maculopathy.
The high degree of success noted in this series with careful
and complete hyaloid removal as visualized with triamcin-
olone acetonide, however, suggests that ILM peeling is
probably not essential in the treatment of most cases of optic
pit maculopathy.

Previously, the authors reported that infrared and fundus
autofluorescent images in optic disc pit maculopathy reflect
the changes in the schisis-like separation and macular de-
tachment corresponding with anatomic recovery,”® Similar
to Spaide,®! it was found that FAF images developed
brighter areas with increased granular hyperfluorescence
corresponding to a thickening of photoreceptor outer seg-
ments on OCT after vitrectomy. This hyperfluorescence
persisted for an extended period even after complete retinal
reattachment. This FAF pattern during resolution of the
macular detachment after vitreous surgery is very similar to
the FAF images of chronic central serous choriodopathy.?

The BCVA started to improve after surgery despite the
continued, albeit decreased, presence of schisis-like separa-
tion and foveal detachment. Optical coherence tomography
images suggested that the main difference in the macular
detachment after surgery compared with before surgery was
a more regular appearance of the photoreceptor outer seg-
ments, corresponding to areas of hyperfluorescence on FAF
images. If the source of intraretinal or subretinal flaids
derives from the optic disc pit, fluid currents should be
necessary to separate the intraretinal and subretinal spaces.
Vitrectomy to remove the traction around the entrance cav-
ity may decrease fluid currents and better allow remodeling
of photoreceptor outer segments and, ultimately, better vi-
sual function.

In 1 of 8 eyes in this series (patient 6), macular reattach-
ment with vitrectomy alone failed. Revision of vitrectomy
with ILM peeling and subretinal fluid drainage with gas
tamponade was not sufficient to reattach the macula, and
local laser treatment to a small area beside the vessel in the
peripapillary region was added. This reduced the macular
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detachment and shifted the subretinal fluid to the superior
area around superior arcade. This suggested that the fluid
may have come along the vessels from the optic disc into
the intraretinal areas. The perivascular space at the optic
disc may be connected to the subarachnoid space, just like
Virchow-Robin spaces in the brain,® and the eyes with
optic disc pit maculopathy may have enlarged perivascular
spaces. The fluid flow around the perivascular space is
consistent with the induction of a dome-shaped ILM eleva-
tion in patient 8 and in previously reported cases.?®??
Histopathologic analysis of optic disc pits reveals
perineural herniation of poorly differentiated retinal tissue
combined with vitreous collagen around the optic nerve into
the subarachnoid space.®* In our cases, vitrectomy with
induction of a PVD led to deepening of the excavation of
the pit. There may be transparent neural tissue in the pit
separating the vitreous cavity from the subarachnoid
space.®> The pit is porous because of the disorganized
tissue, and the lamina cribrosa also is defective within the
pit.** Intracranial pressure and intraocular pressure both
fluctuate, although intraocular pressure is usually greater
than intracranial pressure. When intraocular pressure is
greater, vitreous fluid moves into the pit sac. When intra-
cranial pressure is greater, depending on the body position,
for example, some fluid in the sac may be pushed back into
the eye through the pit. However, some fluid in the sac also
could move into the retina, leading to a retinoschisis-like
separation. The authors believe that this dynamic fluid
movement in the pit sac like is an eddy where there is
turbulent flow. The turbulent flow contributes to the en-
largement of the pit sac or perivascular spaces and is the
cause of the schisis-like separation. When there is posterior
hyaloid traction caused by age-related vitreous liquefaction
or trauma, it pulls on the optic disc pit. Because the pit is
pulled up like a tent by vitreous traction, the turbulent flow
may have increased access around the vessels to the in-
traretinal space. This traction affects the peripapillary retina,
especially around the pit. This further facilitates intraretinal
fluid accumulation. When a PVD occurs, the anterior trac-
tion is released. The pit decompresses and moves down-
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and Outcomes of Vitrectomy

Posterior Most Recent

Inner Layer Retinal Outer Layer Vitreous Time to Macular ~ Additional  Best-Corrected  Follow-up

Separation  Detachment  ILM Detachment Break Detachment  Attachment (mos) Treatment  Visual Acuity (mos)
“w + — + 14 - 20/17 35
+ ++ - + 10 - 20/17 46
- + - - 10 - 20/30 10
+ + - + 15 - 20/30 35
—* - - - 6 - 20/25 18
+ ++ - — 24% +(3 times)* 20/50 24
+ ++ + - 16 - 20/30 20
+ + + + 12 - 20/20 16

ward, and access to the subretinal space becomes limited.
Any traction on the peripapillary retina also is released.

During induction of a PVD, a tight adhesion of the
posterior hyaloid or abnormal membrane, such as anoma-
lous Cloquet’s canal, to the margin of the disc pit has been
reported.”®?” The authors have observed during surgery a
posterior hyaloid strand tightly attached to the optic disc pit
using triamcinolone acetonide that was sucked into the pit
as a PVD was created,’® suggesting that the unusual move-
ment of fluid between the vitreous cavity and subarachnoid
space and traction around the posterior hyaloid may con-
tribute to the pathogenesis of this disease.

In conclusion, vitrectomy with induction of a PVD with-
out a gas tamponade or laser photocoagulation allows res-
olution of optic disc pit maculopathy in most cases. Treat-
ment without a gas or silicone oil tamponade avoids
intraoperative and postoperative complications related to
the tamponading agent.'®%3° This study suggests that peri-
papillary vitreous traction is the trigger of the schisis-like
separation and that the perivascular space around the optic
disc pit allows for the passage of fluid into the retina
associated with optic disc pit maculopathy.

References

1. Wiethe T. Ein Fall von angeborener Difformitat der Sehner-
venpapille. Arch Augenheilkd 1882;11:14-9.

2. Kranenburg EW. Crater-like holes in the optic disc and central
serous retinopathy. Arch Ophthalmol 1960;64:912-24.

3. Brown GC, Shields JA, Goldberg RE. Congenital pits of the
nerve head: II. Clinical studies in humans. Ophthalmology
1980;87:51-65.

4. Sobol WM, Blodi CF, Folk JC, Weingeist TA. Long-term
visual outcome in patients with optic nerve pit and serous
retinal detachment of the macula. Ophthalmology 1990;97:
1539-42.

5. Lincoff H, Lopez R, Kreissig I, et al. Retinoschisis associated
with optic nerve pits. Arch Ophthalmol 1988;106:61-7.

6. Rutledge BK, Puliafito CA, Duker JS, et al. Optical coherence
tomography of macular lesions associated with optic nerve
head pits. Ophthalmology 1996;103:1047-53.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Krivoy D, Gentile R, Liebmann JM, et al. Imaging congenital
optic disc pits and associated maculopathy using optical co-
herence tomography. Arch Ophthalmol 1996;114:165-70.

. Lincoff H, Kreissig I. Optical coherence tomography of pneu-

matic displacement of optic disc pit maculopathy. Br J Oph-
thalmol 1998;82:367-72.

. Gass JD. Serous detachment of the macula: secondary to

congenital pit of the optic nervehead. Am J Ophthalmol 1969;
67:821-41.

Gass JD. Stereoscopic Atlas of Macular Diseases: Diagnosis
and Treatment. 3rd ed. vol II. St. Louis, MO: Mosby; 1987:
728-33.

Tobe T, Nishimura T, Uyama M. Laser photocoagulation for
pit-macular syndrome [in Japanese]. Ganka Rinsho Iho 1991;
85:124-30.

Cox MS, Witherspoon CD, Morris RE, Flynn HW. Evolving
techniques in the treatment of macular detachment caused by
optic nerve pits. Ophthalmology 1988;95:889-96.

Postel EA, Pulido JS, McNamara JA, Johnson MW. The
etiology and treatment of macular detachment associated with
optic nerve pits and related anomalies. Trans Am Ophthalmol
Soc 1998;96:73-88.

Theodossiadis GP. Treatment of maculopathy associated with
optic disk pit by sponge explant. Am J Ophthalmol 1996;121:
630-7.

Lincoff H, Yanuzzi L, Singerman L, et al. Improvement in visual
function after displacement of the retinal elevations emanating
from optic pits. Arch Ophthalmol 1993;111:1071-9.

Hirakata A, Okada AA, Hida T. Long-term results of vitrec-
tomy without laser treatment for macular detachment associ-
ated with an optic disc pit. Ophthalmology 2005;112:1430-5.
Sakamoto T, Miyazaki M, Hisatomi T, et al. Triamcinolone-
assisted pars plana vitrectomy improves the surgical proce-
dures and decreases the postoperative blood-ocular barrier
breakdown. Graefes Arch Clin Exp Ophthalmol 2002;240:
423-9.

Bonnet M. Serous macular detachment associated with
optic nerve pits. Graefes Arch Clin Exp Ophthalmol 1991;
229:526-32.

Theodossiadis PG, Grigoropoulos VG, Emfietzoglou J, Theo-
dossiadis GP. Vitreous findings in optic disc pit maculopathy
based on optical coherence tomography. Graefes Arch Clin
Exp Ophthalmol 2007;245:1311-8.

817



Ophthalmology  Volume 119, Number 4, April 2012

20. Imamura Y, Zweifel SA, Fujiwara T, et al. High-resolution
optical coherence tomography findings in optic pit maculopa-
thy. Retina 2010;30:1104-12.

21. Lalwani GA, Punjabi OS, Flynn HW, et al. Documentation of
optic nerve pit with macular schisis-like cavity by spectral do-
main OCT. Ophthalmic Surg Lasers Imaging 2007;38:262-4.

22. Georgalas I, Petrou P, Koutsandrea C, et al. Optic disc pit
maculopathy treated with vitrectomy, internal limiting mem-
brane peeling, and gas tamponade: a report of two cases. Eur
J Ophthalmol 2009;19:324 6.

23. Spaide RF, Fisher Y, Ober M, Stoller G. Surgical hypothesis:
inner retinal fenestration as a treatment for optic disc pit
maculopathy. Retina 2006;26:89-91.

24. Ishikawa K, Terasaki H, Mori M, et al. Optical coherence
tomography before and after vitrectomy with internal limiting
membrane removal in a child with optic disc pit maculopathy.
Jpn J Ophthalmol 2005;49:411-3.

25. Yamada N, Kishi S. Tomographic features and surgical out-
comes of vitreomacular traction syndrome. Am J Ophthalmol
2005;139:112-7.

26. Gallemore RP, Jumper JM, McCuen BW 11, et al. Diagnosis of
vitreoretinal adhesions in macular disease with optical coher-
ence tomography. Retina 2000;20:115-20.

27. Spaide RF, Costa DL, Huang SJ. Macular schisis in a patient
without an optic disk pit optical coherence tomographic find-
ings. Retina 2003;23:238-40.

28. Takano M, Kishi S. Foveal retinoschisis and retinal detach-
ment in severely myopic eyes with posterior staphyloma.
Am J Ophthalmol 1999;128:472—6.

29. Ikuno Y, Sayanagi K, Ohji M, et al. Vitrectomy and internal
limiting membrane peeling for myopic foveoschisis. Am J
Ophthalmol 2004;137:719-24.

Footnotes and Financial Disclosures

30. Hiracka T, Inoue M, Ninomiya Y, Hirakata A. Infrared and
fundus autofluorescence imaging in eyes with optic disc pit
maculopathy. Clin Experiment Ophthalmol 2010;38:669-77.

31. Spaide R. Autofluorescence from the outer retina and subreti-
nal space: hypothesis and review. Retina 2008;28:5-35.

32. Kon Y, lida T, Maruko I, Saito M. The optical coherence
tomography-ophthalmoscope for examination of central se-
rous chorioretinopathy with precipitates. Retina 2008;28:
864-9.

33. Doubal FN, MacLullich AMJ, Ferguson KF, et al. Enlarged
perivascular spaces on MRI are a feature of cerebral small
vessel disease. Stroke 2010;41:450~4.

34. Irvine AR, Crawford JB, Sullivan JH. The pathogenesis of
retinal detachment with morning glory disc and optic pit.
Retina 1986;6:146-50.

35. Johnson TM, Johnson MW. Pathogenic implications of
subretinal gas migration through pits and atypical colobo-
mas of the optic nerve. Arch Ophthalmol 2004;122:1793-
800.

36. Hirakata A, Hida T, Wakabayashi T, et al. Unusual posterior
hyaloid strand in a young child with optic disc pit maculopathy:
intraoperative and histopathological findings. Jpn J Ophthalmol
2005;49:264-6.

37. Akiba J, Kakehashi A, Hikichi T, Trempe CL. Vitreous find-
ings in cases of optic nerve pits and serous macular detach-
ment. Am J Ophthalmol 1993;116:38—-41.

38. Kuhn F, Kover F, Szabo I, Mester V. Intracranial migration of
silicone oil from an eye with optic pit. Graefes Arch Clin Exp
Ophthalmol 2006;244:1360-2.

39. Pendergast SD, McCuen BW 1I. Visual field loss after macular
hole surgery. Ophthalmology 1996;103:1069-77.

Originally received: April 27, 2011.
Final revision: August 14, 2011.
Accepted: September 14, 2011.

Available online: January 14, 2012. Manuscript no. 2011-642.

! Department of Ophthalmology, Kyorin University School of Medicine,
Tokyo, Japan.

2 Department of Ophthalmology, Duke University School of Medicine,
Durham, North Carolina.

Presented in part at the XX VII Meeting of the Club Jules Gonin, November
2010, Tokyo, Japan; and at the Annual Meeting of the Retina Society,
September 2008, Scottsdale, Arizona.

818

Financial Disclosure(s):
The author(s) have no proprietary or commercial interest in any materials
discussed in this article.

Correspondence:

Akito Hirakata, MD, Department of Ophthalmology, Kyorin University
School of Medicine, 6-20-2 Shinkawa, Mitaka, Tokyo 181-8611 Japan.
E-mail: hirakata@eye-center.org.



KHOO ET AL. W
ﬁ

Low-Frequency Subthalamic
Nucleus Stimulation in
Parkinson’s Disease:

A Randomized Clinical Trial

Hui Ming Khoo, MD," Haruhiko Kishima, MD, PhD,'*
Koichi Hosomi, MD, PhD, "2 Tomoyuki Maruo, MD, PhD, 2
Naoki Tani, MD, PhD,® Satoru Oshino, MD, PhD,’

Toshio Shimokawa, PhD,* Masaru Yokoe, MD, PhD,?®
Hideki Mochizuki, MD, PhD,® Youichi Saitoh, MD, PhD'+?
and Toshiki Yoshimine, MD, PhD'

"Department of Neurosurgery, Osaka University Graduate School of
Medicine, Osaka, Japan ?Department of Neuromodulation and Neu-
rosurgery, Osaka University Office for University-Industry Collabora-
tion, Osaka, Japan °Department of Neurosurgery, Otemae Hospital,
Osaka, Japan “Department of Ecosocial System Engineering, Gradu-
ate School of Medicine and Engineering, University of Yamanashi,
Yamanashi, Japan °Department of Neurology, Osaka University
Graduate School of Medicine, Osaka, Japan

4 )
ABSTRACT

Background: Low-frequency, bilateral stimulation of
the subthalamic nucleus can improve axial symptoms
of advanced Parkinson’s disease (PD), but it is not par-
ticularly effective for segmental symptoms.

Methods: The optimal contacts for low-frequency (60
Hz) and high-frequency (130 Hz) single monopolar
stimulation were determined. Then, in a randomized,
double-blind, prospective crossover manner, 60-Hz
and 130-Hz stimulations via the respective optimal
contacts were compared for immediate efficacy in
improving the motor function of patients with PD.
Results: The optimal contacts for 60-Hz stimulation
were situated more ventrally than those for 130-Hz
stimulation (P =0.038). Under the respective optimal,
single monopolar stimulation, 60 Hz provided superior
efficacy over 130 Hz in improving the total Unified Par-
kinson’s Disease Rating Scale motor score (P<0.001)
and the akinesia (P=0.011) and axial motor signs
(P =0.012) subscores without compromising the thera-
peutic effect on tremor and rigidity.

Conclusions: Low-frequency stimulation via the opti-
mal contacts is effective in improving overall motor
function of patients with PD. © 2014 International Par-
kinson and Movement Disorder Society

Key Words: Parkinson’s disease; deep brain stimula-
tion; subthalamic nucleus; low-frequency stimulation;
motor function

L o

Subthalamic nucleus (STN) deep brain stimulation
(DBS) is a well-established treatment aimed at control-
ling motor symptoms of Parkinson’s disease (PD).
Over the long term, however, axial symptoms (gait,

postural stability, and speech) worsen in 60% to 80%
of patients treated by STN-DBS.! Recent studies have
suggested that STN stimulation at relatively low fre-
quency (ie, 60-80 Hz) may be beneficial in controlling
axial symptoms that continue to deteriorate under
high-frequency  stimulation.>® However, findings
regarding the effect on segmental symptoms (tremor,
rigidity, and bradykinesia) have been somewhat incon-
sistent. Although it has been reported that the dorsal
STN is the ideal target for high-frequency STN-
DBS,*” ventral contacts were used in the majority of
patients in a study that reported satisfactory effects
with low-frequency 60-Hz STN stimulation.> These
observations prompted us to postulate that the opti-
mal contact sites differ for high-frequency stimulation
and relatively low-frequency stimulation. In a single-
center, randomized, double-blind, crossover study, we
tested the efficacy of relatively low-frequency stimula-
tion via its optimal contacts for improving overall
motor function of patients with PD who were treated
with bilateral STN-DBS.

Patients and Methods

The study was conducted in 2 stages. Stage 1 was a
double-blind study performed before randomization to
determine the optimal contacts for each of the rela-
tively low-frequency 60-Hz stimulation and the high-
frequency 130-Hz stimulation. Optimal contacts were
defined as single monopolar contacts that yielded the
best Unified Parkinson’s Disease Rating Scale motor
examination (UPDRS-III) score. Stage 2 was a
randomized, double-blind, crossover study to assess
the immediate effects of 60-Hz and 130-Hz stimula-
tion via the respective optimal contact sites (hereafter
called optimal-60-DBS and optimal-130-DBS, respec-
tively). Patients were randomly assigned to undergo
assessments in 1 of 2 treatment sequences. In sequence
A, patients were treated under optimal-130-DBS for 1
hour. After the first evaluation, the treatment condi-
tion was changed to optimal-60-DBS, and a second
evaluation was conducted 1 hour later. In sequence B,
the order of the treatment condition was reversed
(Supporting Fig. 2). For a detailed description of the

Additional Supporting Information may be found in the online version of
this article.
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L 60-HZ STN-DBS IN PARKINSON'S DISEASE
TABLE 1. Results of analysis of test scores under optimal-60-DBS and optimal-130-DBS
Maximum Carry-Over
Outcome Measures Possible Score’ Optimal-130-DBS Optimal-60-DBS Effect: P Value Difference’ P Value
Primary outcome measure: Mean + SD°
UPDRS-IIl total score 108 16.0 6.9 14+72 0.603 46+4.0 < 0.001°
Secondary outcome measures: Median [IQR]"
UPDRS-IIl subscores
Axial motor signs 16 4.5 [1.5-5] 3.5 [1-4] 0.825 1 [0-1] 0.012°
Akinesia 32 7 [5.25-9] 7 [2-6.5] 0.153 2 [1.25-4] 0.011°
Tremor 28 0 [0-1] 0 [0-1] 0.368 0 [0] 1.000
Rigidity 20 2 [2-3.75) 2 [2-2.75] 0.387 0 [0-1] 0.214
Timed 10-meter walk test
Completion time(s) — 9.5 [8.6-10.9] 9.3 [8.5-10.3] 0.755 0.7 [0.2-1] 0.006°
No. of steps — 19 [18-23] 19 [16-22] 0.755 1 [0.5-1.5] < 0.001°
Freezing of gait — 0[0] 0 [0] — 0 [0] —
Berg Balance Scale’ 56 50 [46.5-52) 51 [49-55) 0.918 1.8 [0-2.4] 0.062

2Higher scores on the Berg Balance Scale represent better function. Higher scores on all other items represent worse function.
®The differences between scores under optimal-130-DBS and optimal-60-DBS were assessed for each patient. The numbers shown are absolute values of the

mean =+ SD or the median [IQR].

°Because the UPDRS-III total scores were normally distributed according to the Shapiro-Wilk W test, this analysis was by t-test.

YThese are statistically significant P values.

°Secondary outcome measures were analyzed using the Mann-Whitney U test.
Because 1 patient did not complete the Berg Balance Scale assessment, the analysis was based on data from 13 patients.

Abbreviations: Optimal-130-DBS, 130-Hz (high-frequency) deep brain stimulation at the optimal contact site; Optimal-60-DBS, 60-Hz (low-frequency) deep
brain stimulation at the optimal contact site; SD, standard deviation; UPDRS, Unified Parkinson’s Disease Rating Scale; IQR, interquartile range.

study protocol, including the method of active con-
tacts optimization, see the Supporting Information and
Supporting Figures 1 and 2.

The study was conducted with patients taking their
usual antiparkinsonian medications. To minimize
symptom fluctuation due to medication, each assess-
ment session started at least 1.5 hours after adminis-
tration of the usual levodopa dose and ended before
the next dose (Supporting Fig. 2).%° Each session
lasted approximately 3 hours and was conducted in a
single morning or afternoon to minimize circadian
fluctuation. The off-medication state was not assessed
for the patients’ safety and comfort.

Study recruits were independent, ambulating
patients with advanced PD who were treated with
bilateral STN-DBS. For details of the inclusion crite-
ria, see the Supporting Information. The Ethics Com-
mittee of Osaka University Hospital approved the
protocol (approval no. 11256). All study patients
provided written informed consent for their
participation.

The primary outcome measure was the difference in
total UPDRS-III score between the two stimulation
conditions. Secondary outcome measures were
UPDRS-III subscores, gait evaluated by means of the
10-meter timed walk test at preferred pace,'® and pos-
tural stability evaluated by the Berg Balance Scale
(BBS).'! See Supporting Information for details of the
outcome measures, assessments, and statistical analy-
sis, according to the Consolidated Standards of
Reporting Trials (CONSORT) guidelines.

Results

Sixteen patients were assessed for eligibility. One
patient did not meet the inclusion criteria, and 1
patient who withdrew during the first stage 1 session
was reluctant to participate in the 3-hour assessment.
The remaining 14 patients were randomized and com-
pleted the study (Supporting Fig. 1). Patient character-
istics and DBS settings are summarized in Supporting
Tables 1 and 2, respectively.

Stage 1: Optimal Contacts for 60-Hz
and 130-Hz Stimulations

Group analysis revealed a significant difference in
the optimal contact positions between 60-Hz and 130-
Hz stimulations (P = 0.038), with the optimal contacts
for 60-Hz stimulation being more ventrally distributed
(Supporting Fig. 3A,B). Individual analyses revealed
that the optimal contact positions varied with respect
to stimulation frequency in § of the 14 patients (Sup-
porting Fig. 3C,D). Optimal contacts for 130-Hz and
60-Hz stimulations are shown for each patient in Sup-
porting Table 3.

Stage 2: Immediate Effects of Optimal-60-DBS

Optimal-60-DBS yielded a mean UPDRS-III score of
4.6 points (standard deviation, 4.0 points) less than
that of optimal-130-DBS (P <0.001). No significant
carry-over effect (P =0.603) confounded the treatment
effect (Table 1).
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FIG. 1. (A-E) These scatter plots illustrate scores under 60-Hz and 130-Hz stimulation via the respective optimal contacts (“optimal-60-DBS” and
“optimal-130-DBS”, respectively). In A through D, the dashed lines correspond to the 30% score reductions produced by optimal-60-DBS. In E, the
dashed-and-dotted lines correspond to the cutoff score of 47 for identifying patients who were at risk of falling.'?

With respect to UPDRS-III subscores, optimal-60-
DBS, compared with optimal-130-DBS, yielded sig-
nificantly less severe axial motor signs (P =0.012)
and akinesia scores (P =0.011). However, no signifi-
cant difference between the 2 DBS conditions was
observed in tremor (P = 1.000) or rigidity (P = 0.214)
(Table 1). Optimal-60-DBS resulted in statistically

significant less time (P =0.006) and fewer steps
(P <0.001) needed to complete the 10-meter walk.
No freezing of gait was observed under either DBS
condition (Table 1), although most patients exhibited
freezing of gait in the OFF-DBS condition. The BBS
score tended to be higher under optimal-60-DBS
(P =10.062).

272 Movement Disorders, Vol. 28, No. 2, 2014



On an individual level, a good response (>30%
score reduction) to optimal-60-DBS was observed in 7
of the 14 patients in terms of total UPDRS-III score
(Fig. 1A), in S patients in terms of axial motor signs
(Fig. 1B), in 8 patients in terms of akinesia (Fig. 1C),
but in only 3 patients in terms of rigidity (Fig. 1D).
Slight tremor was observed in 5 patients, but the
tremor subscores did not vary with the stimulation
conditions (data not shown). Patients with PD who
had a BBS score <47 reportedly are at risk of fall-
ing.'? In our patient series, optimal-60-DBS, versus
optimal-130-DBS, tended to result in fewer patients at
risk of falling (Fig. 1E). Stimulation settings are shown
for each patient in Supporting Table 3.

Adverse Effects

No serious or prolonged adverse effects attributed
to the adjustment of stimulation settings were seen.
Adjustment was frequently associated with transient
paresthesia and mild dyskinesia in stage 1 (Supporting
Table 4). No adverse effects were reported in stage 2.

Discussion

In this study, optimal-60-DBS had an immediate,
positive effect on overall motor function in patients
with PD. The 4.6-point improvement observed in this
study is clinically important, because the minimal clin-
ically important change in the UPDRS-III total score
ranges from 2.3 to 5.0.'* In terms of UPDRS-III
subscores, optimal-60-DBS was better for controlling
axial symptoms and akinesia and was equally as effec-
tive as optimal-130-DBS for controlling rigidity and
tremor. On an individual level, optimal-60-DBS was
more effective in improving total motor function in
half of the patients and was comparable to optimal-
130-DBS in the other half.

Optimal-60-DBS significantly reduced the time and
number of steps required to complete the 10-meter
walk. However, the importance of a 1-step/10-meter
reduction and a 0.7-second/10-meter reduction is
undetermined, because data substantiating the minimal
clinically important change in these measures are lack-
ing for PD patients.”> Considering that most patients
reported ease of walking during assessments under
optimal-60-DBS (data not shown), we concluded that
these relatively small differences are potentially sub-
stantial to improve gait in these patients. Although
optimal-60-DBS was not superior for improving pos-
tural stability, it is potentially beneficial for reducing
the risk of falling in patients with advanced PD.

Another important result is the difference in optimal
contacts between 60-Hz and 130-Hz stimulations. The
difference was observed in 36% of the patients, and the
optimal contacts for 60-Hz stimulation were always
relatively ventral whenever the difference in optimal
contacts between frequencies was observed. This is

{ 60-HZ STN-DBS IN

PARKINSON’'S DISEASE

interesting and worth further study, because the dorso-
lateral STN has long been recognized as the ideal target
for DBS.” In fact, optimal-60-DBS similarly improved
the UPDRS-III score in patients with more ventrally sit-
uated contacts and in patients with contact sites identi-
cal to the optimal-130-DBS contact sites. This was
considered a result of the active contact optimization.
Therefore, we believe that optimizing the active con-
tacts with respect to frequency is very important in aug-
menting the beneficial effect of 60-Hz stimulation.

Because the study was not conducted under the off-
medication condition and assessments were performed
1 hour after the change in stimulation, there was
potential for a carry-over effect arising from the medi-
cation or first stimulation. However, the crossover
design allowed for an analysis of any carry-over effect,
which would manifest as a difference in the baseline
measures within the time interval between the first
and the second stimulations; no significant carry-over
effect was found (Table 1). Thus, neither the timing of
assessments relative to that of drug administration nor
the short-term nature of the observations critically
affected our results. Our study showed only the imme-
diate effects of 60-Hz stimulation via the single
monopolar contacts. It is very common for patients to
have a transiently improved response to a change in
stimulation. Despite the small sample size, which was
another study limitation, optimal-60-DBS led to a sig-
nificant improvement in the therapeutic effect of STN-
DBS on motor symptoms. Overall, it will be important
to test the long-term effects in controlled trials incor-
porating large numbers of patients and to test the
effects using stimulation with more complex configu-
rations, such as bipolar, tripolar, or multiple cathodes.

This study highlights the efficacy of relatively low-
frequency stimulation via the optimal contacts in
improving the overall motor function of patients with
advanced PD who receive bilateral STN-DBS. This
stimulation strategy improves axial symptoms without
compromising the effect on segmental symptoms.
Thus, the strategy is a potential option for patients
who suffer axial symptoms despite successful STN-
DBS. @
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