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Objective: We wished to determine the effectiveness of horizontal rectus tenotomy in changing the nystag-
mus of patients with congenital nystagmus and, secondarily, how their visual function changed.

Design: This was a prospective, noncomparative, interventional case series.
Participants: Ten adult patients with varied associated sensory defects and oculographic subtypes of

congenital nystagmus (including asymmetric periodic or aperiodic alternating nystagmus) and no nystagmus
treatment options.

Methods: By using standard surgical techniques, simple tenotomy of all four horizontal recti with reattach-
ment at the original insertion was accomplished. Search-coil eye movement recordings and clinical examinations
were performed before and 1, 6, 24, and 52 weeks after surgery.

Main Outcome Measures: The primary outcome measure was the expanded nystagmus acuity function,
obtained in “masked” fashion directly from ocular motility recordings. Secondary outcomes included breadth of
null zones, preoperative and postoperative masked measures of visual acuity (Early Treatment Diabetic Reti-
nopathy Study [ETDRS] chart), and the National Eye Institute Visual Function Questionnaire (NEI-VFQ-25).

Results: At 1 year after tenotomy and under binocular conditions, 9 of 10 patients had persistent, significant
postoperative increases in the expanded nystagmus acuity function of their fixing (preferred) eye; 1 remained
high, and 1 was not tested under the same conditions. Average foveation times increased in all 9 fixing (preferred)
eyes. Binocular visual acuity measured with the ETDRS chart increased in 5 patients and was unaffected in five,
whereas the NEI-VFQ-25 showed an improvement in vision-specific mental health in 9 patients. There were no
adverse events. Tenotomy also radically changed the periodicity of one patient’s asymmetric periodic or
aperiodic alternating nystagmus.

Conclusions: In 9 of 10 adult patients with clinical and oculographic variations in their congenital nystag-
mus, tenotomy resulted in significant improvements in a nystagmus measure and subjective visual
functions. Ophthalmology 2003;110:2097–2105 © 2003 by the American Academy of Ophthalmology.

Congenital nystagmus (CN) is an ocular–motor disorder of
unknown etiology that presents at birth or early infancy and
is clinically characterized by involuntary oscillations of the
eyes. Estimations of the incidence of CN vary enormously
from 1 in 350 to 1 in 20,000, although the generally quoted
figure is an incidence of 1 in 6550, or 0.015%.1 Other
clinical characteristics with variable association include in-
creased intensity with fixation that is decreased with sleep
or inattention, variable intensity in different positions of
gaze (null positions), changing direction in different posi-
tions of gaze (neutral positions), decreased intensity with
convergence (damping), anomalous head posturing, strabis-
mus, and the increased incidence of significant refractive
errors. CN can also occur in association with congenital or
acquired defects in the visual sensory system (e.g., albinism,
achromatopsia, congenital cataracts, and optic nerve or fo-
veal hypoplasia).2

Patients with CN usually also have significantly dimin-
ished visual acuity. The visual acuity may be inversely
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related to the intensity of the nystagmus in those patients
whose ocular motor system can take advantage of reduced
intensity to improve the CN waveform and in whom no
other sensory defect is present (e.g., foveal or optic nerve
hypoplasia) and contributes to further visual loss in patients
in whom sensory defects are present.3 Some patients with
CN exhibit adaptive mechanisms to improve their CN
waveforms and, thereby, their vision. They can adopt an
anomalous head position to shift the null position (area of
minimal oscillation and better vision) to straight ahead,
stimulate convergence, and, sometimes, adapt by a purpo-
sive esotropia, albeit at the expense of binocularity.4

One of the most common features of the CN waveforms
is segments of the slow phase, wherein the eyes remain at or
close to the point of desired fixation, with little or no
movement.5 These foveation periods have been shown to
enhance visual acuity. The accuracy and duration of fove-
ation have been directly linked to visual acuity.6,7 If these
periods can be lengthened or increased by the patient (ad-
aptation) or by therapeutic interventions, the patient’s visual
acuity will be increased.

There is no cure for CN or many of the visual sensory
system deficits that are associated with CN. One goal of any
treatment directed specifically at CN should be to reduce the
intensity of the nystagmus, thereby increasing the potential
for more gaze angles during which foveation could take
place, increasing foveation periods in the null position, or
decreasing slow-phase velocities during foveation periods.
All these changes would act to increase the patient’s visual
acuity or other visual functions. This applies to patients both
with and without associated sensory-system defects. These
benefits are observed in patients who have undergone the
Anderson–Kestenbaum (AK) surgical procedure, although
the procedure’s primary purpose is to decrease torticollis in
patients whose nystagmus intensity is least in gaze angles
away from the primary position. It was originally designed
to straighten these patients’ face turn or head turn, which
they were performing to maximize their visual acuity.8–10

The discovery of the beneficial secondary effects of the
AK11 effects led to the hypothesis that the same broadening
and damping could be achieved by performing a variation of
the AK procedure without the resection or recession12—that
is, simply tenotomizing the four horizontal recti and reat-
taching them at their original insertions. For 12 years from
the initial clinical and electrophysiologic observations of the
beneficial secondary effects, an animal model was sought on
which the hypothetical procedure could be tried. In 1991,
such a model appeared in achiasmatic members of a family
of Belgian Sheepdogs.13,14 Studies of the eye movements of
the affected dogs in this family revealed horizontal (and
sometimes vertical) CN plus a congenital see-saw nystag-
mus. It was shown in this animal model that tenotomy alone
duplicated the damping effects first documented in human
patients after they underwent the full AK procedure.15

Study Design and Methods

This study was approved by the National Eye Institute (NEI),
Institutional Review Board and Data Safety Monitoring Commit-

tee (protocol no. 99-EI-0152). After undergoing an initial screen-
ing examination, satisfying inclusion/exclusion criteria, and sign-
ing informed consent, the subjects underwent a full initial-protocol
ophthalmic examination, baseline oculographic evaluation fol-
lowed by tenotomy surgery, and follow-up ophthalmic and oculo-
graphic examinations. Data collection included historic informa-
tion, sex, ethnicity, age at diagnosis of CN, prior ophthalmic
treatments (spectacles, prisms, or orthoptics), prior medical treat-
ments (acupuncture, biofeedback, medicines, and so on), other
ocular conditions and treatments, significant medical illnesses,
history of other surgical procedures, and allergies to medicines or
environmental agents.

For inclusion in the study, the patient must have had a clinical
and oculographic diagnosis of CN, had binocular best-corrected
visual acuity of 20/400 to 20/50, been able to understand and sign
informed consent, undergo a complete ophthalmic evaluation, un-
dergo standard eye movement recording, undergo extraocular mus-
cle surgery, and have been available for 1 year of follow-up.

Exclusion criteria for patients included prior extraocular mus-
cle surgery; other treatment options available for their nystagmus
(specifically those CN patients with an eccentric null position or
convergence damping of their nystagmus); other indications for
extraocular muscle surgery (e.g., a significant head posture or
strabismus requiring surgical correction); a null position �10°
from the primary position horizontally, 5° vertically, or 5° torsion-
ally; systemic medication known to affect ocular oscillations;
concurrent medical conditions or known risks that would increase
their chance of an adverse event due to general anesthesia (greater
than an American Society of Anesthesiologists class I); and a
family history of malignant hyperthermia.

The NEI Data and Safety Monitoring Committee (DSMC) was
responsible for reviewing the study design and, as appropriate,
recommending design changes. In addition, the Data and Safety
Monitoring Committee assessed study data, particularly for ad-
verse or beneficial effects of experimental treatment. The Data and
Safety Monitoring Committee convened before the initiation of the
trial to review the protocol, reviewed accumulated data on a
regular basis, and met ad hoc to address any significant problem
related to patient safety brought to its attention by any study
patient or investigator.

Ophthalmic examinations were performed 3 times within a
3-month period before tenotomy and at 1, 6, 24, and 52 weeks after
tenotomy and included Early Treatment Diabetic Retinopathy
Study visual acuity by certified, masked technicians; pupillary
examination; ocular motility examination; nystagmus pattern in all
fields of gaze, as well as response to convergence, cover, and the
presence and amount of any head posturing at distance and 33 cm;
stereo testing with the Wirt stereo test; slit-lamp biomicroscopy of
the lids and anterior segments; cycloplegic refraction; and dilated
examination of the retina and optic nerves with indirect ophthal-
moscopy.

Eye movement recordings were performed by two investigators
(EJF and DY) not involved with the clinical examination or
surgery 3 times within a 3-month period before tenotomy and at 1,
6, 24, and 52 weeks after tenotomy. Eye-movement data were
collected by using the magnetic induction and scleral search-coil
technique in all patients. Calibration was accomplished by using
targets placed horizontally at 0° and �15°, 20°, 25°, and 30°.
Eye-position signals were digitized on-line at 1000 Hz and stored
on a computer for later analysis.

Surgery was performed by one investigator (RWH) on all
patients under general anesthesia. With use of standard strabismus
surgical techniques, all 4 horizontal rectus muscles were identified
and isolated, and a suture was placed through the tendon. The
tendon was cut off of the surface of the globe and immediately
reattached at the original insertion site. The wounds were closed in
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standard fashion, and antibiotic/steroid ointment was then placed
in the eyes. Standard postoperative care consisted of daily appli-
cation of antibiotic/steroid drops 4 times daily for 7 days and
follow-up examinations at 1 day, 1 week, 6 weeks, 6 months, and
1 year.

Eye-movement data were analyzed in a masked fashion by one
investigator (LFD) not involved with the clinical examination,
eye-movement recording, or surgery. Data from each recording
session (identified only by a random number) before and after
tenotomy were analyzed in random order after being resampled at
200 Hz. The primary outcome measure was the eXpanded Nys-
tagmus Acuity Function, (NAFX).16 The Nystagmus Acuity Func-
tion (NAF) and, later the NAFX, originated from the Nystagmus
Foveation Function.7,17,18 The NAF was developed to provide an
objective measure of the quality of a nystagmus waveform, to
predict best-corrected visual acuity in CN patients under benign
conditions, and to assess the effects of treatments on the CN
oscillation. The NAF is a function that predicts the best-corrected
visual acuity possible in subjects with nystagmus on the basis of
objective measurements from eye movement recordings of their
waveform characteristics during fixation of a small, light-emitting
diode. It combines the foveation time per cycle and the standard
deviations of both eye position and velocity during target foveation
into a function that is linearly proportional to best-possible visual
acuity.

The NAFX incorporates the time intervals of foveation periods
and their position and velocity standard deviations (SD) into a
measure of the quality of a CN waveform (i.e., how likely it was
to allow good acuity). It assesses the upper limits of the acuities of
individuals with poor foveation capabilities. Neither the NAFX nor
the NAF, which it includes, depends on the methodology of data
collection (e.g., infrared, video, or magnetic search coil), the type
of nystagmus (CN, latent/manifest latent nystagmus, and so on), or
the particular nystagmus waveform.

In this study, NAFX values (the primary outcome measure)
calculated for fixation intervals from each recording session were
averaged, and it is those average NAFX values that appear in the
figures. For patients with CN plus asymmetric (a)periodic alter-
nating nystagmus (APAN), the NAFX values used were for fixa-
tion during the best portions of the APAN cycle in each direction.
In addition, peak-to-peak CN amplitudes and foveation-period
durations were calculated as secondary outcome measures.

The NEI Visual Function Questionnaire (VFQ-25) is a survey
that measures the dimensions of self-reported vision-targeted
health status that are most important for persons who have chronic
eye diseases.19,20 Because of this goal, the survey measures the
influence of visual disability and visual symptoms on generic
health domains, such as emotional well-being and social function-
ing, in addition to task-oriented domains related to daily visual
functioning. The VFQ-25 consists of a base set of 25 vision-
targeted questions representing 11 vision-related constructs, plus
an additional single-item general health rating question. The
VFQ-25 contains the single general health rating question that has
been shown to be a robust predictor of future health and mortality
in population-based studies.19,20 All items are scored so that a high
score represents better functioning. Each item is then converted to
a 0- to 100-point scale so that the lowest and highest possible
scores are set at 0 and 100 points, respectively. The overall score
is the mean of all responses to all 12 domains and represents a
global estimate of a patient’s visual function. The composite score
is best used in situations in which an overall measure of vision-
targeted health-related quality of life is desired—for example, in
studies in which it is not clear what the specific effect of ocular
disease or a new treatment might be, such as this tenotomy study.

Results

Table 1 contains the age, sex, and associated eye disease of the 10
enrolled patients. The average age of the patients at the time of
surgery was 36.4 years (median, 37.5 years; range, 19–55 years).
Seven patients were white, one was Hispanic, and 2 were black.
Seven were men. Five patients had albinism, one patient had
achiasma, 4 patients had APAN, one patient (with achiasma) also
had see-saw nystagmus, and 7 patients had associated childhood
strabismus and no indication for surgical treatment of their stra-
bismus. There were no adverse events secondary to surgery or the
examination techniques.

Primary Outcome Measure

For each patient, the NAFX values calculated during fixation in
primary position were averaged in each session and plotted for
both preoperative sessions and each postoperative recording
session. Figure 1 is a representative output of the NAFX pro-
gram for fixation intervals taken from both the pretenotomy and
posttenotomy data for subject 2. The waveforms in the post-
tenotomy data had lower amplitudes (7.4°–4.8° peak to peak,
�35.1%), more (5–11 in this 4-second period, �120%) and
longer (24 –37 msec, �54.2%) foveation periods, and lower
position (SD, 1.34°) and velocity (SD, 2.97°/second) variation
of the foveation periods. Tenotomy resulted in a 52.4% increase
in the NAFX (from 0.332 to 0.506), despite the higher fre-
quency of CN, and a cosmetic improvement (lower-amplitude
CN).

Figure 2 is a representative output of the NAFX program for
fixation intervals taken from both the pretenotomy and postteno-
tomy data for subject 3 (measured at 20° left gaze). Unlike the
previously described case, the waveforms in the posttenotomy data
had similar amplitudes and a similar number and length of fove-
ation periods but had much lower position (SD, 0.28°) and velocity
(SD, 2.91°/seconds) variation of the foveation periods. Tenotomy
resulted in a 30.5% increase in the NAFX (from 0.338 to 0.441),
despite the clinically indistinguishable CN.

Figure 3 shows the average NAFX values during the course
of this study for the 5 patients with CN (top) and the five with
CN and APAN (bottom). We fitted the data for each subject
with logarithmic curves and also plotted and curve-fitted the
average NAFX for all patients (heavy dashed curve). All pa-
tients except subjects 6 and 7 (dashed curves) showed an

Table 1. Clinical Characteristics

Patient
No.

Age (yrs)/
Sex Clinical Notes

1 39/M Albinism, CN, ET, OS preference
2 30/M Albinism, CN, ET, OS preference
3 39/M Idiopathic CN, Ortho, no preference
4 49/M Albinism, CN/APAN, ET, OS preference
5 39/M Idiopathic CN/APAN, Ortho, no preference
6 28/F Albinism, CN, ET, OS preference
7 39/M Idiopathic CN/APAN, XT, OS preference
8 20/M Achiasma, CN/SSN, ET, HT, OS preference
9 55/F Idiopathic CN/APAN, Ortho, OD preference

10 34/F Albinism, CN/APAN, ET, OD preference

APAN � asymmetric (a)periodic alternating nystagmus; CN � congen-
ital nystagmus; ET � esotropia; F � female; HT � hypertropia; M � male;
OD � right eye; Ortho � orthotropia; OS � left eye; SSN � see-saw
nystagmus; XT � exotropia.

Hertle et al � Horizontal Rectus Tenotomy in Patients with Congenital Nystagmus

2099



immediate increase in the NAFX and retention of that increase
after 1 year; subject 7 began with a high NAFX (0.755). The
average NAFX values increased from 0.334 to 0.404 (a poten-
tial increase of 1 Snellen line) for the CN group and from 0.450
to 0.689 (a potential increase of 2.5 Snellen lines) for the APAN
group. In Figure 4, we plotted the percentage increase in the
NAFX values during the course of the study for the 2 groups.
These data, along with the average NAFX increase for all
patients (heavy dashed curve), were fitted with logarithmic
curves. After 1 year, the average increase was approximately
28% (individual ranges were �14.2% to 80.2%) for the CN
group and approximately 58% (individual ranges were 1.4%–
108.1%) for the APAN group.

Secondary Outcome Measures
Visual Acuity. Table 2 shows visual acuity and Early Treatment
Diabetic Retinopathy Study total letter change measured before
and at 52 weeks after tenotomy. Five of 10 patients had a �5-letter
increase, corresponding to at least a 1-line improvement in best-
corrected acuity.

National Eye Institute Visual Function Questionnaire. Table 3
shows results of the NEI-VFQ-25 at 52 weeks after tenotomy.
Nine of the 10 adult patients showed an increase in overall

VFQ-25 score. Patient 8 was the lone exception, with a baseline
score of 78 and a 1-year score of 68.

CN Amplitude. Three patients had significant damping
(�25%) after 1 year, one had slight damping (2.5%), and the
amplitude for subject 3 increased a few tenths of a degree (�7%)
(see Discussion). The average damping was approximately 16%.

Primary and Secondary Outcome Measures

Table 4 shows the relationship between the NAFX-predicted vi-
sual acuities and the measured acuities before and 52 weeks after
tenotomy. For the 7 subjects with predicted increases in their
potential best-corrected visual acuities, five showed measured in-
creases of one or more Snellen lines (including two [subjects 1 and
2] with albinism), and 2 (subjects 4 and 10, both with albinism)
showed no changes. The 2 subjects whose NAFX changes (�10%)
predicted no change in potential acuities showed no measured
changes (one, subject 7, had a predicted preoperative acuity of
20/20, and the other, subject 8, had achiasma). Finally, the only
subject (subject 6, also with albinism) whose NAFX values pre-
dicted slightly lower acuity after tenotomy showed no measured
change.

Figure 1. Expanded Nystagmus Acuity Function (NAFX) outputs for preoperative and postoperative data from patient 2 (S2). As a result of the tenotomy,
the congenital nystagmus (CN) amplitude decreased, the number and length of foveation periods increased, and the position and velocity variations
decreased. The net result was an increased NAFX.
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Discussion

Numerous treatments have been described for CN. These
include dietary manipulation, drugs, contact lenses, prisms,
biofeedback, intermittent photic stimulation, acupuncture,
transcutaneous vibratory or electronic stimulation of the
face and neck, injection of botulinum toxin, and a variety of
surgical procedures.8,21–27 Excepting those treatments that
directly improve visual acuity (spectacle and contact lens
correction of refractive errors), all these treatments have in
common a desired effect of reducing the nystagmus inten-
sity directly or indirectly, thus allowing for an increase in
visual acuity. In a review of 361 patients undergoing sur-
gical repositioning of the eyes for congenital nystagmus
from 21 reports in which vision was measured both before
and after surgery, 273 (76%) had improved vision after the
surgery.28 Most of these studies were retrospective reviews
and did not use objective eye movement recordings before
and after treatment of the nystagmus.

Surgical treatment of nystagmus has a long and well-
documented history. Surgery is usually indicated in patients
with CN and an anomalous head posture due to an eccentric

null gaze position, those with strabismus, or those who have
good binocular function and whose nystagmus decreases
and vision improves during convergence (convergence
damping). Those patients who have good binocular func-
tion, do not damp with convergence, exhibit no null posi-
tion, or have a null gaze in primary position are not nor-
mally surgical candidates. In 1953, Kestenbaum9

recommended surgery on one eye, with surgery on the
second eye after a period of stabilization. Anderson,8 about
this time, presented 4 patients in whom he recessed the recti
muscles in the direction of the slow phase of the nystagmus.
In both sets of patients, the head position and vision im-
proved. Many authors have reported on series of patients
for whom surgical repositioning of the extraocular mus-
cles has improved head positioning, nystagmus intensity,
and vision.21,24,29 –33 In 1979, Dell’Osso and Flynn11

examined eye movements with infrared oculography and
documented the effect of this type of procedure on pa-
tients with CN. They reported the unusual and unpre-
dicted, but beneficial effects of broadening the null zone,
improved foveation in the null zone and increasing the
range of gaze positions over which foveation improved

Figure 2. Expanded Nystagmus Acuity Function (NAFX) outputs for preoperative and postoperative data from patient 3 (S3). As a result of the tenotomy,
the congenital nystagmus amplitude decreased, the length of foveation periods increased, and the position and velocity variations decreased. The net result
was an increased NAFX.
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and the nystagmus intensity diminished. There was no
ready explanation for these observed effects, which could
be related to simply mechanically shifting the positional
bias of the eyes.

As Figures 1 and 2 show, four-muscle tenotomy im-
proved the CN waveforms and, therefore, the potential
visual acuities of these patients. The improvement was
immediate (as we documented in the canine model, 1 day
after tenotomy15) and was maintained throughout the 1-year
study. Because the secondary effects of the AK procedure
were shown to persist for 5 years,34 we conclude that
stability has been reached and that the waveforms may be
permanently improved.

Coincident with the NAFX improvements were increases
in the average foveation periods of those patients with CN
and no APAN. Foveation-period duration improvement was
expected. However, as has been demonstrated else-
where,16,35 CN amplitude is not a good indicator of visual
acuity. Here, one of the patients (subject 3) did not show
damping of the CN waveform, despite an improved NAFX.

The data in Figures 1 and 2 point out the importance of
evaluating the quality of the CN waveforms rather than
merely the amplitudes or frequencies. As the data in Figure
1 show, subject 2’s CN amplitude decreased significantly as
a result of the tenotomy, whereas, as Figure 2 shows, subject
3�s amplitude was less affected and less clinically obvious.
Also, subject 3�s CN frequency increased, allowing more
foveation periods per second; this was conducive to higher
acuity. Thus, despite variable effects on CN intensity, teno-
tomy allowed both patients to achieve waveform improve-
ments that resulted in large increases in their NAFX and
potential visual acuities.

There are differences in the outcome data, as illustrated
in Table 4, which compares the primary outcome measure
(NAFX) with the measured change in Early Treatment
Diabetic Retinopathy Study visual acuity, a secondary out-
come measure. The relationship among Snellen visual acu-
ity, nystagmus, and other sensory visual functions is com-
plex. Some of our patients’ Snellen acuities did not increase
in proportion to their NAFX. We anticipated this possibility

Figure 3. Plots of NAFX data for five patients (subjects 1–3, 6, and 8)
with CN (top) and five (subjects 4, 5, 7, 9, and 10) with CN plus APAN
(bottom) over the 1-year study. APAN � asymmetric (a)periodic alter-
nating nystagmus; Avg � average of patients in each graph; CN �
congenital nystagmus; Log. � logarithmic curve fits of the NAFX vs.
postoperative time data; NAFX � eXpanded Nystagmus Activity Func-
tion; S1, S2, S6 and S8 � subjects 1, 2, 6, and 8 at 0°; S3 � subject 3 at
left 20°; S4JR, S5JR, S7JR � subjects 4, 5, and 7 during jerk right; S9JL
and S10JL � subjects 9 and 10 during jerk left.

Figure 4. Plots of NAFX percent change for five patients (subjects 1–3, 6,
and 8) with CN (top) and five (subjects 4, 5, 7, 9, and 10) with CN plus
APAN (bottom) over the 1-year study. APAN � asymmetric (a)periodic
alternating nystagmus; Avg(2) � average of patients in each graph; CN �
congenital nystagmus; Log. � logarithmic curve fits of the NAFX vs.
postoperative time data; NAFX � eXpanded Nystagmus Activity Func-
tion; S1, S2, S6 and S8 � subjects 1, 2, 6, and 8 at 0°; S3 � subject 3 at
left 20°; S4JR, S5JR, S7JR � subjects 4, 5, and 7 during jerk right; S9JL
and S10JL � subjects 9 and 10 during jerk left.
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in the design of this study; that is why we used ocular
motility recordings of the nystagmus as the primary out-
come measure. Our hypothesis was that the tenotomy sur-
gery would change the nystagmus. The effect on vision of
changing a patient’s nystagmus is related to a number of
unknown, unpredictable variables, including, but not lim-
ited to, patient age, underlying visual sensory system dis-
ease, associated strabismus, associated amblyopia, uncor-
rected refractive errors, and associated central nervous
system disease.

Subject 7, whose best preoperative APAN waveform
resulted in an NAFX of 0.755, did not show improvement as
a result of the tenotomy. This may indicate an upper bound
beyond which no waveform improvement should be ex-
pected; more data are needed to support this speculation. If
that is the case, and we exclude subject 7 from our calcu-
lations, the average NAFX improvement for the APAN
group increases from approximately 58% to 68%, as is
shown by “Avg2” (heavy, short-dashed line) in Figure 4
(bottom). Subject 6 had a decrease in her postoperative
NAFX. This may be due to some as yet undefined clinical

variables in some patients who have the CN waveform. We
did look at this subject specifically to try to answer this
question. She had oculocutaneous albinism with a small-
angle esotropia and a refractive error of �4.50 � 5.00 � 30
(right eye) and �6.00 � 5.00 � 60 (left eye), which was
uncorrected for ocular motor recordings after surgery, but
not before surgery. The difference in her vision during these
postoperative recording sessions could explain the persis-
tent decrease in her NAFX.

Tenotomy had a dramatic effect on the periodicity of
subject 10’s CN. The preoperative data did not show direc-
tion reversals during fixation in primary position, even
during a 5-minute continuous recording. However, the post-
tenotomy data showed classic APAN. It was not until the
data were unmasked that this was appreciated and the pre-
operative data had to be reanalyzed as APAN data. Thus, as
Shallo-Hoffmann et al36 and Shallo-Hoffman and Riordan-
Eva37 have pointed out, APAN with long periods may easily
be missed and is more common than the literature suggests.
In this case, despite multiple clinical examinations and
recording sessions, CN reversal was only seen in preoper-
ative data during far right gaze, and the diagnosis was
missed until after the tenotomy surgery exposed the APAN.

The integrity of the afferent visual system may ulti-
mately determine the mature clinical characteristics and
waveform quality in any one patient.38 A sensitive measure
of the afferent system is represented in motility recordings
by foveation periods. One of the most common features of
the CN waveforms is the presence in segments of the slow
phase wherein the eyes remain at or close to the point of
desired fixation with little or no movement. These foveation
periods have been shown to enhance visual acuity. The
accuracy and duration of foveation have been directly
linked to visual acuity, especially in those CN patients in
whom no other sensory system disease can be
found.5,17,39,40

There is abundant basic science and some clinical evi-
dence supporting a hypothesis that central nervous system

Table 2. Secondary Outcome Measure: Acuity Change

Patient
No.

Age
(yrs)

VA OU
PRE

VA OU
POST

ETDRS
Letter

1 39 20/160 20/125 �8*
2 30 20/63 20/50 �6*
3 39 20/40 20/25 �6*
4† 49 20/100 20/100 �3
5† 39 20/40 20/32 �7*
6 28 20/80 20/80 �3
7† 39 20/50 20/50 �3
8 20 20/80 20/80 �3
9† 55 20/50 20/40 �6*

10† 34 20/80 20/80 �2

ETDRS � Early Treatment Diabetic Retinopathy Study; OU � both eyes;
POST � 52 weeks after tenotomy; PRE � before tenotomy; VA � visual
acuity.
*Patients with increased measured visual acuity.
†Congenital nystagmus plus asymmetric (a)periodic alternating nystagmus.

Table 3. Secondary Outcome Measure: NEI-VFQ* Change

Patient
No.

Age
(yrs)

PRE-
VFQ

POST-
VFQ

1 39 48† 64†

2 30 63† 83†

3 39 83† 85†

4‡ 49 77† 79†

5‡ 39 79† 95†

6 28 77† 88†

7‡ 39 62† 74†

8 20 78 71
9‡ 55 78† 82†

10‡ 34 81† 93†

*National Eye Institute Visual Function Questionnaire test score before
tenotomy (PRE-VFQ) and 52 weeks after tenotomy (POST-VFQ).
†Patients who reported increased visual functioning.
‡Congenital nystagmus plus asymmetric (a)periodic alternating nystagmus.

Table 4. Primary and Secondary Outcome Measures*

Patient
No.

Age
(yrs)

VA
OU
PRE

NAFX
PRE

VA
OU

POST NAFX POST

1 39 20/160† 0.243† 20/125† 0.437 (0.425)†

2 30 20/63† 0.330† 20/50† 0.458 (0.430)†

3 39 20/40† 0.327† 20/25† 0.402 (0.440)†

4‡ 49 20/100 0.463 20/100 0.744 (0.770)
5‡ 39 20/40† 0.275† 20/32† 0.573 (0.480)†

6 28 20/80 0.436§ 20/80 0.374 (0.365)§

7‡ 39 20/50 0.755 20/50 0.765 (0.730)
8 20 20/80 0.336 20/80 0.350 (0.405)
9‡ 55 20/50† 0.379† 20/40† 0.664 (0.730)†

10‡ 34 20/80 0.380 20/80 0.697 (0.620)

*Binocular visual acuity (VA OU) and eXpanded Nystagmus Acuity
Function (NAFX) values measured before (PRE) and 52 weeks after
(POST) tenotomy. Values in parentheses are from fitted curves.
†Patients with increased NAFX and measured visual acuity.
‡Congenital nystagmus plus asymmetric (a)periodic alternating nystagmus.
§The only patient whose NAFX decreased.
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gain/modulation of the oscillation may be due to afferent
changes from the extraocular muscles after the procedure.15

The primary afferent neurons providing sensory innervation
of the mammalian extraocular muscles are located in the
trigeminal ganglion.41 Afferent fibers from V1 (the ophthal-
mic branch of the trigeminal nerve) either directly connect
to or influence the brainstem and the cerebellar and cortical
areas associated with eye-movement control.42,43 Recently
discovered nerve endings in the extraocular muscles at the
tendino-scleral interface (its “enthesis” ) may shed light on a
further mechanism of action of tenotomy surgery.44

Given these numerous studies, it is likely that afferent
information from the extraocular muscles (either as propri-
oceptive signals or as other sensory information) serves as a
continuous and long-term calibration signal. The underlying
pathophysiology of congenital nystagmus has been attrib-
uted to and modeled as a high-gain instability in the pursuit
system.35,45,46 The clinical and electrophysiologic conse-
quences of extraocular muscle tenotomy in patients with CN
may be due to interruption of the afferent proprioceptive
loop, producing a damped peripheral ocular–motor response
to the nystagmus signal.

In conclusion, we have demonstrated that in 9 of 10 adult
patients (including 5 with albinism and 1 with achiasma)
with clinical and oculographic variations in their CN, teno-
tomy resulted in significant improvements in their nystag-
mus, along with improvements in subjective visual function.
In 8 of the 10 patients, their NAFX increased significantly
(20%–90%), allowing greater potential acuity; in 1, it was
unchanged (�3%); and in 1 it decreased slightly. In 4 of the
5 patients with constant CN (i.e., no APAN), the CN am-
plitude decreased; the latter results in a cosmetic improve-
ment in addition to the acuity improvement. It is likely that
these effects may be even greater if the procedure is per-
formed on a less mature visual system; this second phase of
our study is nearing completion and will be the subject of a
future report.
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