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Background: This study was designed to assess whether preoperative trigger-site
confirmation using botulinum toxin type A injections significantly improved
migraine surgery outcomes.
Methods: The medical charts of 335 migraine surgery patients were reviewed.
Patients who received stepwise diagnostic botulinum toxin type A injections were
placed in the botulinum toxin type A group (n � 245). Patients who did not
receive botulinum toxin type A or received only therapeutic botulinum toxin
type A were placed in the control group (n � 90). The preoperative and
12-month postoperative migraine headache frequency, duration, and intensity
were compared to determine the success of the operations.
Results: Seventy-two of 90 control patients (80 percent) experienced a signif-
icant improvement (a decrease of at least 50 percent in migraine headache
frequency, duration, or intensity) at 12 months after surgery, with 29 (32 per-
cent) reporting complete elimination. Of the 245 botulinum toxin type A
patients, 207 (84 percent) experienced a significant improvement, with 89 (36
percent) experiencing complete elimination. The surgical success rate of the
botulinum toxin type A group was not significantly higher than that of the
control group (p � 0.33).
Conclusions: Confirmation of trigger sites using botulinum toxin type A does
not significantly improve the outcome of migraine surgery. Although botulinum
toxin type A can be a useful diagnostic tool, this study demonstrates that there
is no statistically significant difference between the injection of botulinum toxin
type A and the use of a constellation of symptoms to identify trigger sites. (Plast.
Reconstr. Surg. 129: 413, 2012.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, III.

Migraine headaches affect over 35 million
Americans, or approximately 17 percent
of women and 6 percent of men in the

United States.1–4 Approximately one-fourth of all
households has one member who suffer from mi-
graine headaches.1 The symptoms commonly in-
terfere with daily function and include unilateral
or bilateral throbbing pain, nausea, vomiting,
photophobia, and phonophobia.5 Most migraine
headache sufferers manage their symptoms with a
combination of nonpharmacologic treatment

(e.g., avoiding environmental triggers) and phar-
macologic interventions (e.g., acute abortive,
acute analgesic, and prophylactic medications).2,3

It is estimated that the annual cost for these med-
ications alone is $1.5 billion and the overall cost of
treatment of migraine headaches is $13 billion.6

Although there is no widely accepted cure at
this time, the senior author (B.G.) has developed
surgical interventions for long-term amelioration
and elimination of migraine headaches by deac-
tivating migraine trigger sites.7 These operations
were shown to be significantly more successful
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at reducing migraine headaches than sham
operations,8 and results have been replicated by
other research teams.9,10

Migraine surgery can be performed at four
common trigger sites: trigger site I, frontal trig-
gers, where glabellar muscles or vessels accompa-
nying the nerves may irritate the supratrochlear
and supraorbital nerves to cause frontal head-
aches; trigger site II, temporal triggers, where the
temporalis muscle or the vessels adjacent to the
nerve may cause inflammation of the zygomatico-
temporal branch of the trigeminal nerve to induce
temporal headaches; trigger site III, rhinogenic
triggers, where intranasal abnormality (e.g., devi-
ated septum, spurs, contact between the turbi-
nates and the septum, concha bullosa, septa bul-
losa) may irritate the trigeminal end branches to
cause paranasal and retrobulbar headaches; and
trigger site IV, occipital triggers, where the semi-
spinalis capitis muscle or the occipital artery can
irritate the occipital nerve to cause occipital
headaches.

Localized botulinum toxin type A injections
have been used to detect and confirm suspected
trigger sites I, II, and IV in migraine headache
patients before surgery. Botulinum toxin type A is
a 1295–amino acid neurotoxin derived from the
bacterium Clostridium botulinum, and acts to inter-
rupt neuromuscular transmission by blocking the
presynaptic release of acetylcholine.11 The onset
of action of botulinum toxin type A begins after 3
to 4 days, and the neuromuscular junction typi-
cally regains its full function 3 to 4 months after
initial injection. Injections are targeted directly
into muscle, where nerve terminals reside, to
weaken the musculature. Aside from diagnostic
purposes, botulinum toxin type A injections have
also been approved by the U.S. Food and Drug
Administration for temporary reduction of mi-
graine headaches.12

Therapeutic botulinum toxin type A injections
are administered in multiple sites per visit in the
head and neck to induce maximal effect on mi-
graine headaches.12 In contrast, preoperative di-
agnostic botulinum toxin type A injections are
administered at one trigger site per visit, starting
with the most common and severe trigger site
based on the patient’s constellation of symptoms.
If necessary, subsequent trigger-site injections are
given 1 month apart, up to a maximum of three
sites, until all trigger sites are confirmed.13 A po-
tential benefit of testing with botulinum toxin type
A is that it may complement and/or confirm sus-
pected trigger sites. The shortcoming of testing
with botulinum toxin type A is the lengthy diag-

nostic period, which may significantly delay sur-
gical intervention. Diagnostic trigger-site injection
may take up to 3 months, as only one trigger site
is injected per month. In addition, surgery cannot
be performed within 3 months of injections into
the corrugator site, as these muscles atrophy sig-
nificantly after injection, making resection ex-
tremely difficult. Furthermore, this method of de-
tection of the trigger sites is not convenient for
out-of-town or out-of-country patients, who will
have to travel several times to the site where the
treating team resides.

Over the past 5 years, the senior author has
gradually reduced the diagnostic use of botulinum
toxin type A in his migraine surgery patients be-
cause the majority of his patients were from out-
side the greater Cleveland, Ohio, area. It is sus-
pected that the analysis of the patient’s
constellation of symptoms and the physical exam-
ination can be as effective at predicting migraine
trigger sites as preoperative testing with botuli-
num toxin type A. The constellations of symptoms
for each trigger site are listed in Tables 1 through
4. The purpose of this study is to evaluate whether
preoperative trigger-site detection with botulinum
toxin type A significantly increases migraine sur-
gery success.

PATIENTS AND METHODS
Patient Selection

Institutional review board approval was ob-
tained for this retrospective chart review study.
The subjects consisted of patients who had un-
dergone migraine surgery performed by a single
surgeon (B.G.) between January 1, 2001, and
March 31, 2010, had been followed for at least 1
year, and had completed a 12-month follow-up
survey. There were 335 patients who fit these in-

Table 1. Constellation of Symptoms Related to the
Frontal Migraine Headache

The pain starts above the eyebrows
The pain usually starts in the afternoon
There is strong corrugator muscle activity causing deep

frown lines on animation and repose
The points of emergence of the supraorbital and

supratrochlear nerves from the corrugator muscle or the
foramen are tender to the touch

Patients commonly have eyelid ptosis on the affected side
at the time of active pain

Pressure on these sites may abort the MH during the
initial stages

Application of cold or warm compresses on these sites
often reduces or stops the pain

The pain is usually imploding in nature
Stress often can result in triggering MH
MH, migraine headache.
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clusion criteria. All patients completed a baseline
Migraine Headache Questionnaire before surgery
and at 12 months after surgery. These self-re-
ported questionnaires assess the frequency (mi-
graines per month), duration (in days), and in-
tensity (based on a visual analogue scale from 1 to
10, with 10 being the most severe) of migraine
headaches experienced by each patient before
and after surgery.

Patients were grouped into either the botuli-
num toxin type A group or the control group. The
patient’s medical records indicated whether the
patient had received preoperative diagnostic bot-
ulinum toxin type A injections performed at sus-
pected trigger sites. Although many migraine pa-
tients received multiple head and neck botulinum
toxin type A injections for therapeutic purposes,
these generalized injections were not site-specific
and did not contribute to the localization of trig-
ger sites. Only the patients who received diagnos-
tic, stepwise, single-site botulinum toxin type A
injections strictly for trigger-site determination
were grouped into the botulinum toxin type A
group. The control patients either never received
botulinum toxin type A or had received multiple-
site botulinum toxin type A injections purely for
therapeutic purposes.

Surgical Procedures
Surgery was performed on one or any combi-

nation of trigger sites in the same setting: trigger
site I (frontal trigger site), removal of the glabellar
muscle group (corrugator supercilii, depressor su-
percilii, and the lateral portion of procerus mus-
cles) to decompress the supraorbital and su-
pratrochlear nerves; trigger site II (temporal
trigger site), avulsion of the zygomaticotemporal
branch of the trigeminal nerve; trigger site III
(rhinogenic trigger site), septoplasty and turb-
inectomy; and trigger site IV (occipital trigger
site), removal of a small segment of the semispi-
nalis capitis muscle to decompress the greater oc-
cipital nerve or remove the occipital artery. Sur-
gery was performed in the same way for both the
botulinum toxin type A and control groups. A
more in-depth description of the above proce-
dures can be found in our previously published
reports.13–20

Statistical Analysis
The migraine headache index was calculated

by multiplying the frequency, duration, and in-
tensity of migraine headaches. A 50 percent or
greater reduction in migraine headache index at
12 months indicated a successful operation. Two-
tailed, two-sample homoscedastic t tests were used
to compare 12-month success rates of the botuli-
num toxin type A and control groups. The mean
migraine index, frequency, duration, and inten-
sity at 12 months after surgery and baseline were
also compared within and between the botulinum
toxin type A and control groups. The surgical
success at specific trigger sites was also analyzed. A

Table 2. Constellation of Symptoms Related to the
Temporal Migraine Headache

The pain starts in the temple area approximately 17 mm
lateral and 6 mm cephalad to the lateral canthus

Patients usually wake up in the morning with pain after
clenching or grinding their teeth all night

Often, the pain is associated with tenderness of the
temporalis or masseteric muscle

One may see wearing of the dental facets
Rubbing or pressing the exit point of the

zygomaticotemporal branch of the trigeminal nerve from
the deep temporal fascia can stop or reduce the pain in
the beginning

Application of cold or warm compresses to this point may
reduce or stop the pain

The pain is characterized as imploding
Stress can trigger MH in this site
MH, migraine headache.

Table 3. Constellation of Symptoms Related to the
Rhinogenic Migraine Headache

The pain starts behind the eye
Patient commonly wakes up with the pain in the morning

or at night
Commonly, the MH is triggered by weather changes
Rhinorrhea can accompany the pain on the affected side
This type of MH can be related to the nasal allergy

episodes
Menstrual cycles can trigger MH
The pain is usually described as exploding
Concha bullosa, septal deviation with contact between the

turbinates and the septum, septa bullosa, and Haller’s
cell can be seen on the CT scan

MH, migraine headache; CT, computed tomographic.

Table 4. Constellation of Symptoms Related to the
Occipital Migraine Headache

The pain starts at the point of exit of the greater occipital
nerve from the semispinalis capitis muscle (3.5 cm
caudal to the occipital tuberosity and 1.5 cm off the
midline)

There is no specific starting time for the pain
The patients may have a history of neck splash
The neck muscles are usually tight
Heavy exercise can trigger MH
Compression of this site can stop the pain in the early

stage, whereas at the later stage, this point is tender
Application of cold or heat at this site may result in some

improvement in the pain
Stress can be a trigger for occipital MH
MH, migraine headache.
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value of p � 0.05 was considered significant. Fur-
thermore, a comparison of success rates by year
was determined to elucidate whether an improve-
ment in surgical technique over time had contrib-
uted to the success rates obtained. All statistical
analyses were completed using Microsoft Excel
2007 Data Analysis Tool (Microsoft, Inc., Red-
mond, Wash.), and JMP8 (SAS Institute, Inc.,
Cary, N.C.).

RESULTS

Overall Surgery Outcome: Botulinum Toxin
Type A versus Control

Of the 335 patients included in this study, 245
received diagnostic stepwise injections of botuli-
num toxin type A (botulinum toxin type A group)
and the remaining 90 patients either never re-
ceived botulinum toxin type A or previously re-
ceived nondiagnostic multiple-site botulinum
toxin type A injections for therapeutic purposes
only (control group). Of the 245 botulinum toxin
type A patients, 207 (84 percent) experienced a
greater than or equal to 50 percent reduction in
migraine index, with 89 (36 percent) experienc-
ing complete elimination of migraine headaches.
Of the 90 patients in the control group, 72 (80
percent) experienced a greater than or equal to 50
percent reduction in migraine index, with 29
(32 percent) reporting elimination. The surgery
success rates (percentage of patients who experi-
enced �50 percent reduction in migraine index)
of the botulinum toxin type A group (84 percent)
and control group (80 percent) were not signifi-
cantly different (p � 0.33). The percentage of
migraine elimination in the botulinum toxin type
A group (36 percent) and the control group (32
percent) were also not significantly different (p �
0.49). The mean reduction in migraine index was
72.9 � 57.1 percent in the botulinum toxin type
A group compared with 68.4 � 51.2 percent in the
control group (p � 0.51).

Surgery Outcome by Migraine Variable
In the control group, all measured variables

improved significantly at 12 months (Table 5).
The mean migraine frequency was 17.3 � 9.5 at
baseline compared with 7.3 � 9.1 at 12 months
(p � 0.0001). The mean migraine duration was 1.0
� 1.1 days at baseline compared with 0.6 � 1.2
days at 12 months (p � 0.002). The mean migraine
intensity at baseline was 8.5 � 2.3 compared with
4.7 � 3.6 at 12 months (p � 0.0001). The mean
migraine index at baseline was 91.2 � 94.5 com-
pared with 7.1 � 13.2 at 12 months (p � 0.0001).

In the botulinum toxin type A group, all mea-
sured variables also improved significantly at 12
months (Table 5). The mean migraine frequency
was 11.7 � 8.2 at baseline compared with 3.8 � 5.4
at 12 months (p � 0.0001). The mean migraine
duration was 1.1 � 1.8 days at baseline compared
with 0.4 � 0.9 day at 12 months (p � 0.0001). The
mean migraine intensity at baseline was 7.7 � 1.9
compared with 4.0 � 3.5 at 12 months (p �
0.0001). The mean migraine index at baseline was
96.2 � 132.4 compared with 23.7 � 45.9 at 12
months (p � 0.0001).

At baseline, the mean migraine frequency was
significantly higher in the control group than in
the botulinum toxin type A group (p � 0.0001).
The mean baseline migraine intensity was also
significantly higher in the control group than in
the botulinum toxin type A group (p � 0.001).
There was no significant difference between the
mean migraine duration in the control and bot-
ulinum toxin type A groups at baseline (p � 0.73).

Surgery Outcome by Trigger Site: Botulinum
Toxin Type A versus Control

The success rates for all operations that in-
cluded trigger site I were not significantly different
in the botulinum toxin type A (87 percent) and
control (90 percent) groups (p � 0.53). The suc-
cess rates for all operations that included trigger
site II were also not significantly different between

Table 5. Surgery Outcome at 12 Months

BTA Control

Variable Baseline 12 Mo p* Baseline 12 Mo p*

Frequency (MH/month) 11.7 � 8.2 3.8 � 5.4 �0.0001 17.3 � 9.5 7.3 � 9.1 �0.0001
Duration (days) 1.1 � 1.8 0.4 � 0.9 �0.0001 1.0 � 1.1 0.6 � 1.2 0.0015
Intensity (analogue scale, 0–10) 7.7 � 1.9 4.0 � 3.5 �0.0001 8.5 � 2.3 4.7 � 3.6 �0.0001
Migraine index

(frequency � duration � intensity) 96.2 � 132.4 23.7 � 45.9 �0.0001 91.2 � 94.5 7.1 � 13.2 �0.0001
BTA, botulinum toxin type A; MH, migraine headaches.
*p values obtained from two-sample homoscedastic t tests.
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botulinum toxin type A (87 percent) and control
(86 percent) groups (p � 0.83). Furthermore, the
success rates for trigger site III operations were not
statistically different between botulinum toxin
type A (85 percent) and control (81 percent)
groups (p � 0.50). Finally, the success rates for
trigger site IV operations were not statistically dif-
ferent between botulinum toxin type A (90 per-
cent) and control (81 percent) groups (p � 0.14).
These results are summarized in Table 6.

Surgery Outcome by Year
The practice of using botulinum toxin type A

testing as a diagnostic tool for trigger-site confir-
mation decreased steadily each year starting in
2006 (Table 7). By 2010, botulinum toxin type A
testing was used on 17 percent of migraine surgery
patients, compared with 86 percent in 2001 (p �
0.0001). However, the surgical success in 2010 (67
percent) was not significantly lower than in 2001
(81 percent) (p � 0.37). The most significant de-
crease in botulinum toxin type A testing began in
2009. Botulinum toxin type A testing was used in
only 20 percent of patients in 2009 and 2010,
compared with 81 percent from 2001 to 2008 (p �
0.0001). The surgery success rate of all patients in

2009 and 2010 was 73 percent compared with 85
percent from 2001 to 2008 (p � 0.06). The surgery
success rate of control patients in 2009 and 2010
was 72 percent compared with 85 percent from
2001 to 2008 (p � 0.14). The surgery success rate
of botulinum toxin type A patients in 2009 and
2010 was 78 percent compared with 85 percent
from 2003 to 2008 (p � 0.57).

DISCUSSION
An increase in the number of patients travel-

ing long distances along with development of the
constellation of the symptoms that were associated
with specific trigger sites compelled the senior
author to rely on the symptoms along with com-
puted tomographic scan findings (only for the
rhinogenic migraine headaches) in detecting the
trigger sites. The absence of a statistical difference
between surgical success rates in botulinum toxin
type A and control groups in this study suggests
that testing with botulinum toxin type A is not
always necessary for the localization of migraine
trigger sites. Although both groups had success
rates greater than 80 percent, there was still a small
contingent of patients whose symptoms were not
significantly alleviated by surgery. It is the senior
author’s belief that the failure to detect and de-
activate the trigger sites contributed substantially
to this suboptimal success rate. One has to con-
sider that in our previous studies, approximately
10 percent of the patients were excluded based on
the lack of response to the injection of botulinum
toxin type A. It is difficult to ascertain whether this
contributed to a slight but statistically nonsignif-
icant reduction in the success rate. Furthermore,
11 percent of patients who underwent surgery at
all four trigger sites did not respond positively,
suggesting the presence of additional trigger sites.
Less common trigger sites have been discovered
over the past 11 years, including the auriculotem-
poral branch of the trigeminal nerve and the lesser

Table 6. Surgery Outcomes at Specific Trigger Sites

Trigger
Site*

BTA Control

p†No.
Success

Rate (%) No.
Success

Rate (%)

I 186 87 67 90 0.53
II 164 87 70 86 0.83
III 124 85 68 81 0.50
IV 86 90 57 81 0.14
BTA, botulinum toxin type A.
*Trigger site indicates all operations that included the indicated
trigger site (e.g., trigger site I includes surgery at site I only and
surgery at site I with any combination of other trigger sites).
†p values were obtained from two-sample homoscedastic t tests com-
paring success rates between botulinum toxin type A and control.

Table 7. Botulinum Toxin Type A Testing and Surgery Outcome by Year

Year
Total

Operations
Successful
Operations

Total
Success (%)

% in
BTA Group

BTA
Success (%)

% in
Control Group

Control
Success (%)

2001 21 17 81 86 78 14 100
2002 90 80 89 97 89 3 100
2003 46 40 87 72 88 28 85
2004 40 34 85 82 82 18 100
2005 42 36 86 83 83 17 100
2006 18 12 67 72 62 28 80
2007 16 12 75 56 100 44 43
2008 17 16 94 47 100 53 89
2009 33 25 76 21 71 79 77
2010 12 8 67 17 100 83 60
BTA, botulinum toxin type A.
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occipital nerves. The surgical intervention for
these additional trigger sites has been discussed in
previous publications.7,21

The data also indicate that the mean baseline
frequency and severity of migraine headaches ex-
perienced by patients in the control group were
higher than in the botulinum toxin type A group.
This trend correlates with the increase in the com-
plexity of cases in recent years. As knowledge of
the pathophysiology of migraine headaches and of
anatomical variations has grown, so has the com-
plexity of patient cases—patients who would have
been rejected for surgery several years ago are now
accepted. Many of these complex control cases
included patients who were unresponsive to bot-
ulinum toxin type A injections. Despite the higher
baseline migraine frequency and intensity in con-
trol patients, they experienced essentially the
same average reduction in migraine index as the
botulinum toxin type A patients, indicating that a
higher baseline migraine index does not hinder
the success of the operations.

Testing with botulinum toxin type A has been
a part of the diagnostic protocol for migraine sur-
gery since 2000, when the senior author first used
surgical techniques for migraine management.
However, stepwise testing with botulinum toxin
type A requires multiple visits at 1-month intervals
and is not feasible for out-of-state or out-of-country
patients, who must travel long distances for single-
site botulinum toxin type A injections in multiple,
consecutive months. Furthermore, botulinum
toxin type A may also be ineffective in some in-
dividuals who develop blocking antibodies to the
toxin, leading to false-negative results for trigger-
site identification.22–24 Although the prevalence of
botulinum toxin type A resistance is less than 5
percent,25 testing with botulinum toxin type A in
these patients may actually hinder the correct di-
agnosis of trigger sites. In addition, botulinum
toxin type A injection adds to the cost of migraine
care that may not be reimbursed by a third party.

If the patient’s constellation of symptoms does
not clearly indicate a specific trigger site, single-
site phased injection of botulinum toxin type A or
a nerve block can abet the confirmation. Unlike
botulinum toxin type A, local anesthetics such as
lidocaine have a fast onset of less than 90 seconds
and a short half-life of less than 2 hours,26 allowing
almost immediate relief from migraine headache
symptoms if injected into the correct trigger
site(s). However, a nerve block is only helpful
when applied in patients who present with mi-
graine headaches at the time of the office visit.

We believe the trigger site can be reliably
identified by analyzing each patient’s symptoms,
physical examination, and computed tomo-
graphic scan without the necessary use of pre-
operative botulinum toxin type A injections.
The most reliable of these symptoms is the pre-
cise location of the pain at the beginning of
migraine headaches. However, botulinum toxin
type A injection was extremely helpful in the
development of Tables 1 through 4. Thus, we
recommend injection of botulinum toxin type A
or nerve blocks to confirm the trigger sites for
those surgeons who are in their early stages of
serving these patients, until they develop the
necessary level of comfort and expertise.

CONCLUSIONS
This study confirms that the use of stepwise

botulinum toxin type A injections at potential trig-
ger sites before migraine surgery does not signif-
icantly improve surgical outcome. Trigger sites
can be successfully determined using the patient’s
constellation of symptoms alone.

Bahman Guyuron, M.D.
29017 Cedar Road

Cleveland, Ohio 44124
bahman.guyuron@gmail.com
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