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Long-term Outcome of Selective Neurectomy for Refractory

Periocular Synkinesis
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Objective: The objective of this study was to investigate the long-term effect and treatment stability of selective neurec-
tomy for refractory periocular synkinesis.

Methods: We performed a retrospective review of all patients treated with highly selective neurectomy for refractory
periocular synkinesis between August 2009 and August 2015. Primary outcome was time to recommencing treatment for
periocular synkinesis. Palpebral fissure width was measured preoperatively, postoperatively, and at long-term (> 2.5 years)
follow-up. Mean units of botulinum toxin used pre- and postoperatively were compared.

Results: Of the 12 patients, 10 could be included. Only one was free of treatment for periocular synkinesis at a follow-
up of 3.5 years. The other nine patients recommenced treatment with botulinum toxin after a median time of 1.2 (interquar-
tile range 0.6–2.6) years. Palpebral fissure width while smiling was significantly different between the pre- and postoperative
(P5 0.008) and preoperative and long-term (P5 0.008) measurements. Postoperatively, previously refractory patients demon-
strated good response to botulinum toxin treatments.

Conclusion: This study demonstrates that most patients require renewed pharmacological treatment of periocular syn-
kinesis after neurectomy. Although the effect of neurectomy in the treatment of refractory synkinesis does not appear to be
sustained, patients usually experience a symptom-free interval and demonstrate larger palpebral fissure width at long-term
follow-up compared to preoperative measurements.
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INTRODUCTION
Varying degrees of synkinesis are common following

Bell’s palsy, the most common facial nerve disorder,
affecting 25 to 32 per 100 thousand individuals each
year.1,2 Approximately 10% to 20% of Bell’s palsy
patients will develop synkinesis, although the severity is
usually mild.1 Synkinesis causes impairment and dis-
ability in facial functioning and decreases quality of
life.3 We have recently studied the health utility deficit
of synkinesis and found it to be equal to that of flaccid
facial paralysis and worse than monocular blindness.

After severe injury to the facial nerve, Wallerian
degeneration occurs distal to the site of injury, and each
injured axon subsequently sprouts into multiple growth

cones. Each damaged axon may sprout down several endo-
neurial tubules, eventually innervating motor end plates in
multiple facial muscles.4 This aberrant axonal regeneration
leads to unwanted co-contraction of different facial muscles,
commonly known as synkinesis. One of the most common
patterns of synkinesis is oral-ocular synkinesis, which is
defined as involuntary closure of the eye when smiling.5

Patients with refractory oral-ocular synkinesis are among
some of the most difficult synkinesis patients to treat.

First-line treatment for synkinesis is chemodenerva-
tion with botulinum toxin combined with physical therapy,
which generally achieves good results.6–8 However, a sub-
set of patients does not respond to this approach or develop
resistance to botulinum toxin after years of treatment. For
these refractory patients, several surgical techniques have
been described, including neurectomy, myectomy, and
nerve transfers.9–13 Although neurectomies have been used
in the treatment of synkinesis for more than half a cen-
tury, relatively little is known about long-term outcomes
and the stability of these treatments over time.14 We have
previously described the two-step highly selective neurec-
tomy (2HSN) for refractory periocular synkinesis.15 The
aim of this study was to investigate the long-term out-
comes and treatment stability of this procedure.

MATERIALS AND METHODS
Institutional review board approval was obtained, and

patients treated with the 2HSN for periocular synkinesis from
August 2009 to August 2015 were included. Patients who had
other surgical treatment for periocular synkinesis after 2HSN,
a subsequent episode of facial palsy, or less than 2.5 years
follow-up were excluded.
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Data Collection and Analysis
A retrospective review was performed to obtain demo-

graphic and treatment data. Preoperative, postoperative, and
long-term follow-up (defined as more than 2.5 years after
2HSN) photographs were collected for analysis. Patients were
interviewed to determine if they had received botulinum toxin
treatments elsewhere.

The primary outcome was the time until return of periocu-
lar synkinesis, defined as restarting treatment for periocular
synkinesis after 2HSN. Secondary outcomes were palpebral fis-
sure width (PFW) differences measured as a percentage of the
unaffected side during maximal smile effort at the preoperative,
postoperative, and long-term follow-up time points. Facial land-
marking software was used to analyze photographs and calcu-
late PFW on the affected side, expressed as a percentage of the
healthy side.16 Additionally, the mean units of botulinum toxin
used for treating periocular synkinesis pre- and postoperatively
were compared. All brands of botulinum toxin were standard-
ized to units of onabotulinumtoxinA/Botox (Allergan, Inc.,
Irvine, CA) (abobotulinumtoxinA/Dysport (Ipsen Biopharma-
ceuticals, Inc., Basking Ridge, NJ) conversion ratio 1:317 and
rimabotulinumtoxinB/Myobloc (Solstice Neurosciences, LLC,
Louisville, KY) conversion ratio 1:52.318).

Statistical Analysis
All data are presented as medians and interquartile

ranges (IQR) due to nonnormality. Differences between the pre-
operative, postoperative, and long-term follow-up time points
were analyzed with Friedman tests and post-hoc Wilcoxon
signed rank tests. Correlation between PFW and follow-up time
was analyzed with Spearman correlation. Mean units of botuli-
num toxin were compared using a Wilcoxon signed rank test. A
statistical significance level of P<0.05 was used; for the post-
hoc tests, a Bonferroni correction for three tests was used,
resulting in a significance level of P<0.017.

RESULTS
Twelve patients suffering from refractory periocular

synkinesis underwent the 2HSN procedure between
April 2010 and April 2015. Of those, two patients were
excluded from analysis: one patient developed a third

episode of facial palsy postoperatively and one patient
only had 6 months follow-up. No postoperative photo-
graphs were found in one patient. We were not able to
reach one patient. These patients were excluded from
PFW analysis but included in all other analyses.

The median (IQR) age at the time of presentation
was 52 (36; 58) years. The most common etiology leading
to refractory periocular synkinesis was Bell’s palsy.
2HSN was performed after a median time of 3.4 (1.4;
5.2) years following the onset of facial palsy. One patient
remained free of treatment for periocular synkinesis 3.5
years after 2HSN. The remaining nine patients recom-
menced botulinum toxin therapy after a median time of
1.2 (0.6; 2.6) years (Table I).

Palpebral Fissure Width Analysis
All postoperative photographs were taken within

the first postoperative month, and long-term photo-
graphs were taken after a median (IQR) time of 4.4 (3.6;
6.4) years after 2HSN. PFW while smiling was found to
be statistically significantly different for the three time
points (P< 0.001) (Table II) (Fig. 1). In post-hoc tests,
the preoperative–postoperative and the preoperative–
long-term measurements differed significantly (P 5 0.008
and P 5 0.008, respectively). PFW while smiling
decreased for all but two patients from the postoperative
to the long-term time point; however, it was not statisti-
cally significant (P 5 0.055). Long-term PFW was not
correlated to the duration of follow-up (P 5 1.000, Spear-
man correlation). An example of patient photographs is
shown in Figure 2. No significant difference in median
PFW was detected at rest (P 5 0.061) (Table II).

Postoperative Botulinum Toxin Requirements
All but one patient recommenced with botulinum

toxin treatment for periocular synkinesis. Median (IQR)
units of botulinum toxin (standardized to units of
BotoxA) used preoperatively were 36.9 (19.7; 47.3);

TABLE I.
Patient Characteristics.

ID
Age at Presentation

(yr) Sex Diagnosis
Time Until
2HSN (yr)

Time to Restart
Treatment (yr)

Type Restart
Treatment

Long-term
Follow-up (yr)

1 62 M Bell’s palsy 0.6 – – 3.5

2 51 F Bell’s palsy 1.5 1.2 Botox 2.6

3 52 F Bell’s palsy 4.5 1.9 Botox 4.4

4 58 M Bell’s palsy 3.5 3.3 Botox 4.3

5 33 F TMJ surgery 2.5 5.6 Botox 6.5

6 58 F Paraganglioma
resection

1.0 0.4 Botox 7.5

7 58 F Pregnancy-
associated Bell’s

palsy

3.3 0.5 Botox 1 PT 3.2

8 39 F Ramsay Hunt 9.4 1.2 Botox 1 PT 5.0

9 29 F Acoustic
neuroma
resection

6.2 0.9 Botox 5.7

10 45 F Bell’s palsy 4.8 0.7 Botox 3.2

2HSN 5 two-step highly selective neurectomy; F 5 female; ID 5 identification; M 5 male; PT 5 physical therapy; TMJ5 temporomandibular joint; yr 5 years.
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postoperatively, a median of 18.3 (15.4; 58.3) units of
botulinum toxin were used. This difference was not sta-
tistically significant (P 5 0.813, Wilcoxon signed rank
test).

DISCUSSION
Although the vast majority of synkinesis in our

practice can be effectively managed with physical ther-
apy and botulinum toxin, we have developed experience
with surgical treatment of refractory synkinesis. Of
roughly 300 patients receiving botulinum toxin for syn-
kinesis annually at our center, we perform 15 platysmec-
tomies, four depressor anguli oris muscle resections, and
two 2HSN procedures. Chemodenervation with botuli-
num toxin remains first-line treatment of synkinesis in
facial palsy.6–8

Selective neurectomy has been described for the
treatment of facial synkinesis over half a century ago.14

Recently, there has been renewed interest among facial
nerve specialists in the surgical treatment of synkinesis,
although this is unsupported by long-term data.
Whereas early results clearly can be immediate and dra-
matic, little is known about the long-term effects of neu-
rectomy, particularly with regard to its treatment

stability over time. We have performed 2HSN in a small
subset of refractory periocular synkinesis patients who
either never responded to treatment with botulinum
toxin and physical therapy, or who developed botulinum
toxin resistance after years of treatment.

Patients were evaluated after a long-term follow-up
of 4.7 years. Only one of 10 patients remained free of
botulinum toxin treatment for periocular synkinesis
after 3.5 years of follow-up. All other patients recom-
menced botulinum toxin injections after a median of 1.2
(0.6; 2.6) years. Time to renewal of treatment was highly
variable, ranging from as short as 4 months to as long
as 5.6 years. All patients did have a symptom-free
interval.

The effectiveness operation was demonstrated by
significantly different PFW with smile. The preoperative
measurements differed significantly from the postopera-
tive and long-term measurements. PFW of all but one
patient decreased from the postoperative to the long-
term point in time, although the difference was not sta-
tistically significant. Long-term measurements were still
larger than the preoperative measurements in all
patients. Additionally, most long-term photographs were
taken at an appointment for botulinum toxin treatment.
The effect of previous botulinum toxin treatment has
generally diminished around the time of new treatment.
Hence, PFW at the moment of maximum botulinum
toxin effectiveness is probably larger than PFW pre-
sented in this study. A relationship between the duration
of long-term follow-up and PFW did not seem to be pre-
sent, again indicating that the disease course of synkine-
sis might be highly individual.

Interestingly, the indication for surgery was patients
who are unresponsive or have never responded to botuli-
num toxin treatment. Patients underwent a treatment-
free interval after surgery and then became responsive to
botulinum toxin. No increase in the mean units of botuli-
num toxin necessary for treatment was seen. All patients
that recommenced botulinum toxin treatment are now
treated as general synkinetic patients.

Published studies of surgical treatment for synkine-
sis are relatively scarce and vary widely in surgical tech-
niques described, suffer from small sample sizes, and
include a wide variety in types of synkinesis. Studies of
surgical treatment of ocular synkinesis specifically are
even scarcer. A relatively recent study describing a tech-
nique for combined neuromyectomy for periocular synki-
nesis reported long-term results after 1 to 4.8 years,
after which a reduction in synkinesis was found as

Fig. 1. Boxplots representing preoperative, postoperative, and
long-term palpebral fissure width measurements. Preoperative–
postoperative and preoperative–long-term measurements are sig-
nificantly different at the Bonferroni-corrected P<0.017 level.
PFW 5 palpebral fissure width.

TABLE II.
Palpebral Fissure Widths With Smile and at Rest on the Three Time Points.

PFW, Percentage of Unaffected Side (median (IQR)) Overall P-Value*

Preoperative Postoperative Long-term

Smile 43.5 (7.0–61.3) 111.5 (83.4–149.0) 81.0 (73.3–94.6) <0.001

At rest 74.0 (65.8–90.5) 95.0 (91.8–117.3) 89.6 (77.0–98.5) 0.061

*Determined by Friedman tests.
IQR 5 interquartile range; PFW 5 palpebral fissure width.
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measured by the Sunnybrook Facial Grading System.10

The author states that some synkinesis returns 6
months after surgery. During the synkinesis-free period,
the lower eyelid was virtually paralyzed. Our results
concur that there is a recurrence of synkinesis. However,
we did not see any temporary paralysis of the lower eye-
lid, as supported by stable PFW at rest over the three
time points.

In another report, the authors describe their experi-
ence with a more extensive technique in which a nerve
transfer is performed.9 The zygomatic branch of the
facial nerve is transected and coapted to the ipsilateral
masseteric nerve, and in some cases it is combined with
a cross-face nerve graft. Although only four of the 14
patients included suffered from oral-ocular synkinesis
(the other 1 have ocular-oral synkinesis), the authors
report an improvement of facial function in every patient.
Their study is limited in various ways: the authors use
the House-Brackmann scale, which does not take synki-
nesis into account19; no additional objective analysis of
synkinesis is performed; and the follow-up is only 12
months. The further disturbing of natural emotional
expression and introduction of flaccidity to the midface
that is inherent to the procedure, which the authors
acknowledge, dampens enthusiasm for this approach.

One of the premises of our technique for 2HSN is
that the actual transection of the facial nerve branches
is performed while the patient is awake. This approach
minimizes the risk of under- or over-resection. Perform-
ing concurrent neurectomy and myectomy under general
anesthesia carries the risk of flaccid lower eyelid paraly-
sis and exposure keratopathy. Because botulinum toxin
injections are sufficient treatment for most patients, sur-
gical treatment of synkinesis should be reserved for
refractory cases and performed in an extremely judicious

fashion. This report provides separation of direct postop-
erative and long-term measurements, allowing study of
the postoperative disease course.

Among limitations of the current study, only 10
patients were included. Additionally, the retrospective
nature of our study may have introduced some bias, most
notably in determination of recurrence of periocular syn-
kinesis. As an estimation of this time point, the primary
outcome measure chosen was the time to recommencing
treatment for periocular synkinesis. Patient preference,
or reluctance to restarting botulinum toxin treatment,
may vary considerably along with the preferences of clini-
cians in other centers. Our secondary outcome measure
was defined as the palpebral fissure width calculated as a
percentage of the unaffected side during maximal smile.
This measurement is also subject to error related to maxi-
mal effort. Of patients who were unable to present to our
center for long-term photographs to be made, we used
facial photographs taken by the patients. Lastly, we did
collect long-term Synkinesis Assessment Questionnaire
(SAQ) data for all patients but did not include our results
in the present study due to absence of preoperative data.
Prospective enrollment and baseline SAQ scores are
required to measure the patient-reported effectiveness of
interventions to treat synkinesis.

CONCLUSION
Selective neurectomy for periocular synkinesis

turns refractory patients into botulinum toxin respond-
ers. Long-term follow-up showed return of synkinesis
after neurectomy after a variable symptom-free interval;
however, an overall improvement in PFW was universal
with early chemodenervation re-commencement. Given
the recent trend toward surgical management of synki-
nesis and the complete lack of long-term surgical follow-

Fig. 2. Patient photographs of palpebral fissure width with maximal smile effort. All three patients presented with right-sided synkinesis.
[Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]
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up data, we advocate caution and informed decision mak-
ing in addressing this difficult problem. Our findings high-
light the importance of prospective enrollment and ongoing
follow-up following neurectomy or myectomy procedures to
more fully understand their effect in the long-term.

BIBLIOGRAPHY

1. Peitersen E. Bell’s palsy: the spontaneous course of 2,500 peripheral
facial nerve palsies of different etiologies. Acta Otolaryngol Suppl 2002:
4–30.

2. Katusic SK, Beard CM, Wiederholt WC, Bergstralh EJ, Kurland LT. Inci-
dence, clinical features, and prognosis in Bell’s palsy, Rochester, Minne-
sota, 1968–1982. Ann Neurol 1986;20:622–627.

3. Beurskens CH, Heymans PG. Physiotherapy in patients with facial nerve
paresis: description of outcomes. Am J Otolaryngol 2004;25:394–400.

4. Husseman J, Mehta RP. Management of synkinesis. Facial Plast Surg
2008;24:242–249.

5. Beurskens CH, Oosterhof J, Nijhuis-van der Sanden, MW. Frequency and
location of synkineses in patients with peripheral facial nerve paresis.
Otol Neurotol 2010;31:671–675.

6. Cooper L, Lui M, Nduka C. Botulinum toxin treatment for facial palsy: a
systematic review. J Plast Reconstr Aesthet Surg 2017;70:833–841.

7. Hadlock TA, Greenfield LJ, Wernick-Robinson M, Cheney ML. Multimo-
dality approach to management of the paralyzed face. Laryngoscope
2006;116:1385–1389.

8. Cecini M, Pavese C, Comelli M, et al. Quantitative measurement of evolu-
tion of postparetic ocular synkinesis treated with botulinum toxin type
A. Plast Reconstr Surg 2013;132:1255–1264.

9. Biglioli F, Kutanovaite O, Rabbiosi D, et al. Surgical treatment of synkine-
sis between smiling and eyelid closure. J Craniomaxillofac Surg 2017;
45:1996–2001.

10. Yoshioka N. Selective orbicularis neuromyectomy for postparetic periocular
synkinesis. J Plast Reconstr Aesthet Surg 2015;68:1510–1515.

11. Terzis JK, Karypidis D. Therapeutic strategies in post-facial paralysis syn-
kinesis in adult patients. Plast Reconstr Surg 2012;129:939e.

12. Guerrissi JO. Selective myectomy for postparetic facial synkinesis. Plast
Reconstr Surg 1991;87:459–466.

13. Zhang B, Yang C, Wang W, Li W. Repair of ocular-oral synkinesis of post-
facial paralysis using cross-facial nerve grafting. J Reconstr Microsurg
2010;26:375–380.

14. Marino H, Alurralde A. Spastic facial palsy; peripheral selective neuro-
tomy. Br J Plast Surg 1950;3:56–59.

15. Hohman MH, Lee LN, Hadlock TA. Two-step highly selective neurectomy
for refractory periocular synkinesis. Laryngoscope 2013;123:1385–1388.

16. Guarin DL, Dusseldorp J, Hadlock TA, Jowett N. A machine learning approach
for automated facial measurements in facial palsy. JAMA Facial Plast Surg
2018. doi: 10.1001/jamafacial.2018.0030. [Epub ahead of print]

17. Dashtipour K, Chen JJ, Espay AJ, Mari Z, Ondo W. OnabotulinumtoxinA
and AbobotulinumtoxinA dose conversion: a systematic literature
review. Mov Disord Clin Pract 2016;3:109–115.

18. Blitzer A. Botulinum toxin A and B: a comparative dosing study for spas-
modic dysphonia. Otolaryngol Head Neck Surg 2005;133:836–838.

19. House JW, Brackmann DE. Facial nerve grading system. Otolaryngol
Head Neck Surg 1985;93:146–147.

Laryngoscope 00: Month 2018 van Veen et al.: Neurectomy for Periocular Synkinesis

5

Laryngoscope 128: October 2018 van Veen et al: Neurectomy for Periocular Synkinesis

2295




