
otulinum toxin (BTX), injected into the ipsilateral
medial rectus muscle, has been advocated in the
management of acute traumatic sixth nerve palsy or

paresis.1-6 Scott and Kraft2 suggested that in conservative-
ly managed cases, contracture of the medial rectus muscle
may prevent complete resolution of diplopia despite com-
plete recovery of lateral rectus muscle function. They pos-
tulated that botulinum toxin reduces contracture of the
medial rectus muscle and allows for more complete
restoration of ductions.2

In a previous prospective, multicenter, data collection
study,7 we reported a high spontaneous recovery rate in
acute traumatic sixth nerve palsy. We continued our mul-

ticenter, nonrandomized, data collection study to evaluate
recovery rates in additional cases of acute traumatic sixth
nerve palsy or paresis treated either conservatively or with
BTX.

METHODS
All members of the American Association for Pediatric
Ophthalmology and Strabismus (AAPOS) and the North
American Neuro-Ophthalmology Society (NANOS) were
invited to enroll patients with acute traumatic sixth nerve
palsy during a 2-year period (between March 1996 and
February 1998). The results of the conservatively man-
aged cases have been previously reported.7,8 Inclusion cri-
teria were chosen to parallel those that might be used for
a future randomized treatment trial (Table 1). Although a
history of head trauma was a required inclusion criterion,
the physical nature of the trauma was not recorded. The
enrollment window was within 2 months of injury for the
first year of the study7 and was extended to within 3
months of injury in the second year of the study. Forty-
five patients were enrolled in the first year and 54 in the
second year. Comparison of the patient demographics
(age, race, sex) and palsy characteristics (severity, laterali-
ty, time to presentation) revealed no clinically meaningful
differences between patients according to enrollment
year8; therefore, these data were combined for analysis.

Botulinum Toxin Treatment Versus
Conservative Management in Acute

Traumatic Sixth Nerve Palsy or Paresis
Jonathan M. Holmes, BM, BCh,a Roy W. Beck, MD, PhD,b Kevin E. Kip, PhD,b Patrick J. Droste, MD,c
David A. Leske, BS,a and the Pediatric Eye Disease Investigator Group (PEDIG)

Purpose: Botulinum toxin (BTX), injected into the ipsilateral medial rectus muscle, has been advocated for the man-
agement of acute traumatic sixth nerve palsy or paresis. We conducted a multicenter, nonrandomized, data collec-
tion study to evaluate recovery rates of patients treated with either conservative measures or BTX. Methods: All
members of the American Association for Pediatric Ophthalmology and Strabismus and the North American Neuro-
Ophthalmology Society were invited to enroll patients with acute traumatic sixth nerve palsy or paresis during a
2-year period (between March 1996 and February 1998). The BTX group was defined as patients who received
a BTX injection within 3 months of injury. Recovery at 6 months from injury was defined as absence of diplopia in
the primary position and a distance esotropia of no more than 10 PD in the primary position. Nonrecovered patients
with less than 6 months of follow-up (n = 15) were excluded. Results: Eighty-four eligible patients were enrolled by
46 investigators. Sixty-two patients (74%) were treated conservatively and 22 (26%) with BTX. Sixty-two patients
(74%) had unilateral palsy, and 22 (26%) had bilateral palsy. Recovery rates were similar between BTX and conser-
vatively treated patients (overall: 73% vs 71%, P = 1.0; unilateral: 81% vs 83%, P = 1.0; bilateral: 50% vs 38%, P = 0.66,
respectively). Conclusions: In this prospective multicenter study of acute traumatic sixth nerve palsy or paresis,
patients treated with either BTX or conservative measures had similar high recovery rates. (J AAPOS 2000;4:145-9)

From the Department of Ophthalmology, Mayo Clinic, Rochester, Minnesotaa; JAEB
Center for Health Research, Tampa, Floridab; and Michigan State University, Grand
Rapids, Michigan.c
Presented in part at the 25th Annual Meeting of the American Association for Pediatric
Ophthalmology and Strabismus, Toronto, Ontario, Canada, April 15-18, 1999.
Supported by the National Institutes of Health grant EY11578 (J.M.H.), Research to
Prevent Blindness, Inc, and the Mayo Foundation.
Submitted April 22, 1999.
Revision accepted September 15, 1999.
Reprint requests: Jonathan M. Holmes, BM, BCh, Department of Ophthalmology, W7,
Mayo Clinic, Rochester, MN 55905 (e-mail: holmes.jonathan@mayo.edu).
Copyright © 2000 by the American Association for Pediatric Ophthalmology and
Strabismus.
1091-8531/2000/$12.00 + 0 75/1/103875
doi:10.1067/mpa.2000.103875

Journal of AAPOS June 2000 145

B

Major Articles



The BTX group was defined as patients who received an
injection within 3 months of injury. The dose of BTX was
5 IU per injection in all but 4 patients; 3 patients received
2.5 IU and 1 patient 10 IU per injection. Patients who
received BTX after 3 months (n = 5) were considered “con-
servatively managed” and classified as “nonrecovered.”

Data collected at enrollment included the date of injury,
age, gender, ethnicity, degree of abduction deficit, and
angle of deviation (in PD measured by simultaneous prism
and cover test in the primary position at a distance of 6 m).
Abduction deficit was recorded on the scale described by
Scott and Kraft2: zero (normal), –1 (to 75% full rotation),
–2 (to 50% full rotation), –3 (to 25% full rotation), –4 (to
midline), and –5 (inability to abduct to the midline). A
“complete” palsy was defined as –4 or –5 abduction deficit
and “incomplete” as –1, –2, or –3. For purposes of analysis
in bilateral cases, the severity of the palsy was defined as
the abduction deficit of the worst eye.

A reminder was sent to each participating investigator
at 6 months after injury to obtain follow-up data on
diplopia, abduction deficit, and angle of deviation. No
defined “window” was specified, except that the examina-
tion should be as close to, but not less than, 6 months after
the injury. Investigators arranged intervening follow-up
visits according to their usual routine. Recovery was
defined as the absence of diplopia in the primary position
and a distance esotropia of no more than 10 PD in the pri-
mary position. The latter criterion was used to prevent
patients with residual moderate esotropia but suppression
(ie, no diplopia) from being classified as “recovered.” If
recovery, as defined above, had been documented before 6
months from injury, follow-up was considered “complete,”
and the patient was classified as “recovered.”

Of 99 initially eligible patients, 15 nonresolved patients
had less than 6 months of follow-up and were excluded
from further analysis. Eight of these excluded patients
were seen only at enrollment, 3 had less than 1 week of fol-
low-up, 3 had less than 1 month of follow-up, and 1 had 4
months of follow-up. No patients underwent eye muscle
surgery during the 6 months of follow-up.

Proportions were compared by using Fisher exact tests;
exact 95% CIs of proportions were calculated by using
StatXact software version 4.01 (Cytel Software Corporation,
Cambridge, Mass). Unadjusted and adjusted (single covari-
ate) risk ratios of recovery between BTX and conservative-

ly treated patients were estimated by the Mantel-Haenszel
method by using SAS software version 6.12 (SAS Institute
Inc, Cary, NC). In addition, multivariable (≥ 2 covariates)
adjusted odds ratios and exact 95% CIs were estimated
with LogXact software version 2.1 (Cytel Software
Corporation). Because the study outcome (recovery) was
common, odds ratios were subsequently corrected to more
closely approximate risk ratios.9

Institutional review board approval was obtained by the
principal investigator (J.M.H.) at the data coordinating
center (Mayo Clinic, Rochester, Minn). Data that could be
used to identify a specific patient were confidential and
not transmitted from the study ophthalmologist to the
data coordinating center.

RESULTS
Description of the Cohort

Eighty-four eligible patients with complete follow-up (as
defined earlier) were enrolled by 46 investigators. Ages
ranged from 2 to 79 years (median, 20 years); 37% of
patients were female, and 65% were white (Table 2). 

There were no clinically meaningful differences in
demographic or palsy characteristics when the 84 patients
with complete follow-up were compared with the 15
excluded patients. Specifically, 26% of the included patients
received BTX compared with 20% of the excluded patients;
60% of the included patients had a complete palsy (–4 or
–5) compared with 67% of the excluded patients.

Patients were initially seen by the ophthalmologist inves-
tigator between 0 and 85 days from the date of injury (medi-
an 26 days, Table 2). The outcome examination for “nonre-
covered” patients was performed within 174 days and 261
days from injury. In 49 of 60 patients classified as “recov-
ered,” the outcome examination was performed within 6
months from injury (no additional follow-up data were
requested on these patients). For the 11 “recovered” patients
who were seen after 6 months of injury, the outcome exam-
ination was performed between 191 and 336 days.

Treatment Groups

According to our study criteria, 62 of the 84 patients
(74%) were classified as having been treated conservative-
ly and 22 (26%) as having been treated with BTX. Patients
in the BTX group tended to have more severe abduction
deficits and larger angles of esotropia at the time of initial
examination, and this was controlled for in the analysis
(Table 2). 

For the BTX-treated patients, there was a median delay
of 22 days between the first visit and the BTX injection
(range, 0 to 68 days; quartiles, 0 and 29 days). Nine of the
22 patients were treated within a week of initial presenta-
tion, 7 of these on the day of presentation. Twenty of the
22 BTX patients received a single injection; 1 patient
received 2 injections, and 1 patient received 3 injections.

The overall patient recovery rate was 71% (95% CI,
61%-81%), occurring in 16 of 22 BTX cases (73% [95%
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TABLE 1. Inclusion criteria

Initial exam within 3 months of injury (2 months during first year of enrollment)
Inability to fully abduct one or both eyes
History of head trauma
Diplopia in the primary position
Visual acuity at least 20/200 in each eye
Distance esotropia at least 10 PD
Absence of a third nerve palsy
No previous treatment with botulinum toxin or surgery 



CI, 50%-89%]) and 44 of 62 conservatively managed cases
(71% [95% CI, 58%-82%]; P = 1.0, Table 3). Compared
with the conservatively treated group, the risk ratio for
recovery with BTX was 1.03 (95% CI, 0.73-1.39; Table 3)

and did not appreciably change after adjustment for sever-
ity of abduction deficit on presentation, esotropia on pre-
sentation, or time from injury to initial examination (Table
3). When we adjusted simultaneously for severity, laterali-
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TABLE 2. Patient characteristics according to treatment group

Overall (n = 84) Conservative treatment (n = 62) Botulinum treatment (n = 22)

Age in years [median (quartiles)] 20 (12.5, 34.5) 18 (13, 36) 24.5 (12, 33)
Female [No. (%)] 31 (37%) 26 (42%) 5 (23%)
Race

African American 8 (10%) 3 (5%) 5 (23%)
American Indian 1 (1%) 0 (0%) 1 (5%)
Asian 3 (4%) 2 (3%) 1 (5%)
White 55 (65%) 45 (73%) 10 (45%)
Hispanic 5 (6%) 5 (8%) 0 (0%)
Other 4 (5%) 2 (3%) 2 (9%)
Unknown 8 (10%) 5 (8%) 3 (14%)

Time from injury to first exam (%)
0-7 d 18 (21%) 13 (21%) 5 (23%)
8-14 d 11 (13%) 6 (10%) 5 (23%)
15-31 d 18 (21%) 14 (23%) 4 (18%)
32-61 d 32 (38%) 27 (43%) 5 (23%)
>61 d 5 (6%) 2 (3%) 3 (14%)

Bilateral palsy (%) 22 (26%) 16 (26%) 6 (27%)
Severity of abduction deficit in worst affected eye (%)

–1 7 (8%) 7 (11%) 0 (0%)
–2 8 (10%) 6 (10%) 2 (9%)
–3 19 (23%) 15 (24%) 4 (18%)
–4 26 (31%) 18 (29%) 8 (36%)
–5 24 (29%) 16 (26%) 8 (36%)

Esotropia* (%)
10-19 PD 18 (24%) 16 (30%) 2 (10%)
20-29 PD 16 (22%) 13 (24%) 3 (15%)
30-39 PD 19 (26%) 13 (24%) 6 (30%)
40-49 PD 7 (9%) 4 (7%) 3 (15%)
≥50 PD 14 (19%) 8 (15%) 6 (30%)

*Missing cases (conservatively treated group = 8, BTX group = 2).

TABLE 3. Recovery by treatment group 

Conservative treatment BTX treatment

No. of recovered No. of recovered
Total No. patients (%) Total No. patients (%) Risk ratio (95% CI)

Overall 62 44 (71%) 22 16 (73%) 1.03 (0.75, 1.39)
Baseline abduction deficit*

Incomplete (–1 to –3) 28 26 (93%) 6 6 (100%) 1.08 (0.87, 1.34)
Complete (–4 to –5) 34 18 (53%) 16 10 (63%) 1.18 (0.70, 1.98)
Adjusted — — — — 1.14 (0.83, 1.55)

Baseline esotropia†
<50 46 38 (83%) 14 12 (86%) 1.04 (0.79, 1.36)
≥50 8 2 (25%) 6 2 (33%) 1.33 (0.24, 7.40)
Adjusted — — — — 1.06 (0.79, 1.43)

Time from injury  to first exam
0-7 d 13 11 (85%) 5 4 (80%) 0.95 (0.59, 1.53)
8-30 d 18 14 (78%) 9 7 (78%) 1.00 (0.65, 1.53)
>30 d 31 19 (61%) 8 5 (63%) 1.02 (0.55, 1.89)
Adjusted — — — — 0.99 (0.74, 1.34)

*Severity for the bilateral cases was defined as the abduction deficit of the worst eye.
†Esotropia data missing for 10 patients (conservatively treated = 8, BTX = 2).



ty, and time to presentation, the adjusted risk ratio for
recovery with BTX was 1.14 (95% CI, 0.70-1.35).

Separate analysis of patients with unilateral and bilater-
al palsy revealed similar recovery rates in BTX and con-
servatively managed cases (unilateral: 81% vs 83%, P = 1.0;
bilateral: 50% vs 38%, P = 0.66, respectively).

DISCUSSION 
In this prospective multicenter study of acute traumatic sixth
nerve palsy or paresis, the recovery rate was high and similar
in patients who received BTX within 3 months of injury
(73%) and in those who were treated conservatively (71%).

Potential biases to consider in the interpretation of the
results include: (1) selection of patients for BTX treatment
based on factors that might be associated with the proba-
bility of recovery, (2) lack of masking in assessing recovery,
and (3) exclusion of patients with incomplete follow-up.
None of these seem to be likely explanations for our fail-
ure to detect a benefit for the BTX treatment.

Although patients in the BTX group tended to have more
severe nerve palsies, there was no indication of confounding
caused by this or any other measured variable when assessed
in the analysis. However, deferral of BTX treatment by the
investigator to determine whether the patient would show
signs of spontaneous recovery could bias against finding a
treatment effect, in that such patients may have a lower
probability of recovery. Although there was a delay from the
time of the first examination until the injection of BTX for
most patients in the treatment group, there was no indica-
tion that this was a source of appreciable bias. Patients treat-
ed within 1 week of the initial examination showed no better
recovery than patients treated later (78% [7 of 9] versus 69%
[9 of 13], respectively, P = 1.0). Nevertheless, such a com-
parison is limited by low statistical power.

If bias is present from lack of masking of outcome
examinations, we speculate that it typically favors the
active treatment group. We therefore suggest that lack of
masking is an unlikely source of bias in our reporting of
comparable recovery rates between groups.

There were 15 patients whom we excluded because of
incomplete follow-up. If we assumed that all such patients
failed to return for follow-up because of the resolution of
their symptoms, then the recovery rate would be 76%
(95% CI, 55%-91%) in the BTX group and 76% (95% CI,
64%-85%) in the conservatively treated group (P = 1.0).

We previously reported a high spontaneous recovery
rate of acute traumatic sixth nerve palsy or paresis in a sub-
set of the current cohort.7 This high spontaneous recovery
rate had not been previously described.1,10-12 As we have
discussed,7 the discrepancy between our study and other
studies is most likely due to incomplete follow-up or inclu-
sion of nontraumatic cases in the previous series.

This high spontaneous recovery rate compromised the
ability of our study to evaluate the benefit of treatment. If
our finding of a spontaneous recovery rate of 70% is a good
estimate of the true rate, then we had 80% power to detect
only a true recovery rate with BTX of close to 100%.

Although we have not shown a benefit to BTX treat-
ment for acute sixth nerve palsies, there may be clinical
settings in which it might be of value. It is plausible that
injection of BTX might be indicated in young children to
allow binocularity and prevention of amblyopia. It is pos-
sible that earlier binocularity and reduction of diplopia
would improve the visual function and quality of life of
adult patients. It is also possible that some nonrecovered
patients might benefit from BTX treatment because it
allows for a simpler surgical procedure to take place, such
as a horizontal rectus muscle procedure rather than a
transposition procedure, as suggested by others.2,13

This study confirms our previous conclusions7 regard-
ing the lack of feasibility for a randomized treatment trial.
Although there is a great deal of interest in the use of bot-
ulinum toxin in acute traumatic sixth nerve palsy, a
prospective randomized study is not feasible because of the
large numbers of patients that would be needed to give the
study acceptable statistical power.
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