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Background: Patient selection for headache surgery is an important variable
to ensure successful outcomes. In the authors’ experience, a valuable method
to visualize pain/trigger sites is to ask patients to draw their pain. The authors
have found that there are pathognomonic pain patterns for each site, and
typically do not operate on patients with atypical pain sketches, as they believe
such patients are poor surgical candidates. However, a small subset of these
atypical patients undergo surgery based on other strong clinical findings. In
this study, the authors attempt to quantify this clinical experience.

Methods: Patients were prospectively enrolled and completed pain sketches
at screening. One hundred six diagrams were analyzed/categorized by two
independent, blinded reviewers as follows: (1) typical (pain over nerve distri-
bution, expected radiation); (2) intermediate (pain over nerve distribution,
atypical radiation); or (3) atypical (pain outside of normal nerve distribution,
atypical radiation). Preoperative and postoperative Migraine Headache Index
was compared between subgroups using unpaired ¢ tests.

Results: Migraine Headache Index improvement was 73 + 38 percent in the typi-
cal group, 78 + 30 percent in the intermediate group, and 30 + 40 percent in the
atypical group. There was a significant difference in Migraine Headache Index
between the typical and atypical groups (p = 0.03) and between the intermedi-
ate and atypical groups (p < 0.01). The chance of achieving Migraine Headache
Index improvement greater than 30 percent in the atypical group was 20 percent.
Conclusions: Patient pain sketches classified as atypical (facial pain, atypical pain
point origin, diffuse pain) can predict poor outcomes in headache surgery. As the
authors continue to develop patient selection criteria for headache surgery, patient
sketches should be considered as an effective, cheap, and simple-to-interpret tool
for selecting candidates for surgery. (Plast. Reconstr. Surg. 146: 863, 2020.)

riggersite deactivation surgery has evolved as
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an effective method to alleviate pain in patients
suffering from refractory headaches.' Success-
ful surgery heavily relies on selection of appropriate
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candidates and identification of all trigger sites.** Sev-
eral different screening tools including headache his-
tory, physical examination, validated questionnaires,
and imaging studies are available to aid in choosing
suitable candidates. However, verbal communication
with the patient and written information in the form
of questionnaires often do not accurately reflect com-
plex pain patterns. In our experience, pain sketches
that depict where the pain starts and to where it radi-
ates are a superior patientreported method of visual-
izing pain and identifying trigger sites.

Pain sketches have been used as an easy and
inexpensive tool to illustrate pain in different acute
and chronic conditions.”® Furthermore, clinical
outcomes research in patients undergoing spine
surgery has demonstrated that pain sketches pre-
dict surgical outcomes for lumbar radiculopathy.”"

In our headache patient population, we have
found that there are pathognomonic pain sketch
patterns for each trigger site that correspond with
the anatomical location of affected nerves. Typi-
cally, we do not operate on patients with abnormal
pain sketches, because in our experience they are
not good candidates for surgery and do not display
good outcomes after surgery. Only a small group of
patients with abnormal patterns have undergone
surgery if there were other strong clinical indica-
tions that surgery could be beneficial. This study
describes the different pain patterns headache
patients present with and investigates whether pain
pattern sketches can predict surgical outcomes fol-
lowing triggersite deactivation surgery.

The Massachusetts General Hospital Institu-
tional Review Board approved this study. Patients
who presented to the senior author’s (W.G.A)
outpatient clinic were prospectively enrolled in a
Research Electronic Data Capture database. All
patients were diagnosed with either migraine head-
ache, headache, or occipital neuralgia by a neurolo-
gistand had failed conservative management before
presentation. Patients were instructed to draw a
preoperative pain sketch at screening. (See Figure,
Supplemental Digital Content 1, which shows pain
sketch blank form, http://links.lww.com/PRS/E195.)
Patients drew where the pain originates in black
or as a cross/dot, and where the pain radiates (if
radiating pain is present) in a different color, or
with lines/arrows. Patients who did not complete a
screening pain sketch or did not have at least 1-year
follow-up were excluded. One hundred six patients
met inclusion criteria. Patients subsequently com-
pleted preoperative and postoperative (at 3, 12, and
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24 months) Migraine Headache Index question-
naires to evaluate surgical outcomes. The Migraine
Headache Index is calculated by multiplying head-
ache frequency (days per month) by headache
duration (as a fraction of 24 hours) by headache
intensity (pain on a scale of 0 to 10).

Pain pattern diagrams were analyzed by two
independent reviewers who were blinded to the
identity of the patient, procedure performed, and
the outcome of the patient as a result of surgery.
The reviewers had 7 years and 2 years of clinical
research experience, respectively. Pain diagrams
were analyzed and categorized as follows: (1) typi-
cal (pain over nerve distribution, expected radia-
tion pattern along anatomical nerve course);
(2) intermediate (not atypical, but does not fol-
low the exact nerve distribution); and (3) atypical
(pain outside of normal nerve distribution, atypical
radiation pattern diverting from anatomical nerve
course). Pain sketches did not substitute for preoper-
ative visit/examination, but were used as an adjunct
to evaluate candidacy for surgery. Patients were not
questioned about their sketches unless they had
atypical features. No patients were excluded from
preoperative assessment regardless of atypical pain
sketch features. Patients with atypical sketches were
only considered candidates for surgery if there was
sufficient evidence on preoperative examination
that an intervention may help their symptoms (iden-
tification of trigger sites on examination, improve-
ment of pain after nerve block, and positive Doppler
examination and computed tomography findings).

Improvement in Migraine Headache Index was
compared between groups. Change in Migraine
Headache Index from before triggersite deactiva-
tion surgery to the most recent postoperative follow-
up was calculated and expressed as a percentage
change from baseline. Migraine Headache Index
outcomes were compared using unpaired ¢ tests
between patients in each pain pattern category (i.e.,
typical, intermediate, and atypical). Data were com-
piled with Microsoft Excel (Microsoft Corp., Red-
mond, Wash.). Statistical analysis was performed
with STATA (StataCorp, College Station, Texas).

One hundred thirty-one patients were enrolled
in a prospective fashion and completed a pain
sketch at screening. One hundred six patients
(81.5 percent) had at least l-year follow-up and
were included in the final analysis. Mean follow-up
was 14.1 months. Eighty-two patients (77 percent)
were female and 24 (23 percent) were male. Mean
age at surgery was 45 years (range, 18 to 73 years).
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Typical (pain over nerve distribution, expected
radiation pattern along anatomical nerve course)
and atypical pain patterns (pain outside of nor-
mal nerve distribution, atypical radiation pattern
diverting from anatomical nerve course) were
present for each trigger site. Intermediate pain
patterns (pain over nerve distribution, atypical
radiation pattern diverting from anatomical nerve
course) were present for all triggers except for the
lesser occipital nerve site.

Both reviewers graded 62 pain sketches as typ-
ical (59 percent), 31 as intermediate (29 percent),
and 13 (12 percent) as atypical. Interrater reliabil-
ity was 94.3 percent, with a kappa value of 0.8984.

For patients with typical and intermediate
drawings, the triggers identified on pain drawings
correlated with the clinical examination in 79 cases
(85 percent). In three cases, the rhinogenic trigger
site was not marked on the drawings, although on
examination/imaging, septoplasty was required.
In 10 cases, the pain drawing identified both fron-
tal and occipital trigger sites, but only either the
frontal (n=5) or the occipital site (n=5) was con-
firmed on examination. One patient marked all
known trigger sites on the drawing, but only the
auriculotemporal site was confirmed.

For patients with abnormal pain sketches, 10
out of 13 sketches (77 percent) showed either dif-
fuse pain or pain that did not correlate with spe-
cific trigger sites. Therefore, trigger-site detection
was based on clinical examination findings only.
Three patient pain sketches displayed specific
known trigger sites that correlated with the clini-
cal examination. The drawings were classified as
abnormal because patients also drew facial pain
(e.g., cheek, jaw, anterior neck).

Mean Migraine Headache Index improvement
for patients with typical pain sketches was 73 + 38
percent; for intermediate pain sketches, 78 + 30 per-
cent; and for atypical pain sketches, 30 + 40 percent.
There was no significant difference in percentage
Migraine Headache Index improvement between
classic and intermediate pain sketch patients (p =
0.43). There was, however, a significant difference in
Migraine Headache Index percentage improvement
between the typical and atypical groups (p = 0.03),
and between the intermediate and atypical groups
(p<0.01) (Fig. 1).

The chance of having Migraine Headache
Index improvement greater than 30 percent in
the atypical group was 20 percent. The chance of
having Migraine Headache Index less than 50 per-
cent in the typical and intermediate groups com-
bined was 20 percent.
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Fig. 1. Migraine Headache Index improvement after surgery
between different pain sketch groups. There was no significant
difference in Migraine Headache Index between the typical and
intermediate pain sketch groups (p = 0.43). There was a significant
difference between the typical and atypical groups (p = 0.03), and
between the intermediate and atypical groups (p < 0.01).

Atypical pain patterns were analyzed as a
group to establish more detailed and easier-to-
understand criteria that define atypical sketches.
The criteria for atypical sketches are as follows:

1. Facial pain that is not located at or above
the eyebrows/forehead, temples, or around
the eye (e.g., cheek, jaw, anterior neck).

2. Pain that starts in an atypical location that
does not correspond to a trigger site. Ensure
that the patient does not have nummular
headache by Doppler ultrasound."

a. At the occiput, this is pain that radiates
toward the spine/shoulders/arms and
does not radiate up the head.

b. For the frontotemporal site, refer to
point 1.

3. Diffuse pain that is not localized.

PAIN SKETCH PATTERNS

Occipital Pain Sketches

Greater Occipital Nerve

A typical pain sketch depicts the origin of
pain at the occiput approximately 3 cm below the
occipital protuberance and 1.5 cm lateral to the
midline, which marks the point where the greater
occipital nerve pierces the semispinalis muscle.'
Pain usually radiates toward the forehead (Fig. 2,
above) or to the eye (Fig. 2, second row).
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Fig. 2. (Continued).
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Fig. 3. Frontotemporal pain sketches. (Above, left) Typical frontal pain pattern, with pain origin at the eyebrow radiating across the
forehead. (Above, center) Intermediate pain pattern, with pain that originates at or around the eye with a broad radiation pattern.
(Above, right) Atypical pain pattern, with pain starting broadly and radiating across the face. (Center, left) Typical zygomaticotem-
poral (ZT) and auriculotemporal (AT) pain patterns are drawn at the temple. Intermediate patterns start in the right location but
radiate to an unusual location such as the vertex of the scalp. (Center, center) Abnormal patterns have no clear point of onset and
no clear radiation pattern. Frontal and temporal pain often occurs together (below). Typical pain patterns start over the frontal and
temporal trigger site (below, left). Intermediate patterns start in the correct location, with a broad radiation pattern (below, center),
and abnormal patterns encompass the entire face with no clear onset or radiation pattern (below, right).

Fig. 2. (Continued). Occipital pain sketches. (Above) Typical
pain pattern with pain origin at greater occipital nerve exit from
semispinalis muscle and radiating pain toward the forehead and
(second row) behind the eye. (Third row) Intermediate pain pat-
tern with pain that originates at the greater occipital nerve exit
site with partial radiation along the nerve course, but also radia-
tion toward the neck. (Center) Atypical pain pattern with pain
in atypical anatomical position. (Fourth row, left) Typical lesser
occipital nerve pain sketch drawn more lateral than greater
occipital nerve pain. (Fifth row, center) Atypical lesser occipital
nerve pain radiating to the cheek. (Sixth row) Typical pain sketch
for combined greater and lesser occipital nerves. (Below) Atypi-
cal greater and lesser occipital nerve pain sketch.

Intermediate pain sketches show pain that
originates at the exit point of the greater occipi-
tal nerve from the semispinalis muscle but does
not radiate along the anatomical nerve distribu-
tion, or only partially radiates along the anatomi-
cal course of the nerve (Fig. 2, third row). Atypical
greater occipital nerve pain patterns can be vari-
able. Often, pain sketches depict pain over the
posterior neck that is lower than expected and
may radiate toward the spine/shoulders/arms.
Another atypical pattern is pain that does not start
at a specific location but spreads diffusely across
the occiput (Fig. 2, center).
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Fig. 4. Multiple trigger pain sketches. (Above) Typical pain sketches show pain at different trigger sites with typical radiation pat-
terns. (Below) Atypical sketches depict pain all across the head and neck in nonanatomical locations and radiation patterns.

Lesser Occipital Nerve

Typically, lesser occipital pain is drawn farther
lateral and inferior as compared to the greater
occipital nerve pattern, with radiation toward the ear
and temple (Fig. 2, fourth row, left). No intermediate
sketches were identified for this trigger site. Atypical
lesser occipital nerve pain sketches show either dif-
fuse pain in the back of the head or pain radiating
toward the jaw/arms (Fig. 2, fourth row, center).

Greater and Lesser Occipital Nerve

The above pain patterns may be combined if
both nerves are affected. Examples of typical (Fig. 2,
fifth row) and atypical (Fig. 2, below) greater/lesser
occipital nerve pain are demonstrated in Figure 2.

Frontal/Temporal Pain Sketches

Frontal Supraorbital and Supratrochlear Nerves

Typical frontal pain sketches demonstrate
pain originating at or above the eyebrow radiating
along the forehead (Fig. 3, above, left). Intermedi-
ate pain patterns start at the site of the nerve but
may radiate in a large radius across the front of the
head and/or around the eye (Fig. 3, above, center).

Atypical pain is drawn as broad pain across the
forehead radiating across the face or in an atypi-
cal location (facial pain that is not located at or
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above the eyebrows/forehead or temples, around
the eye) (Fig. 3, above, right).

Temporal: Zygomaticotemporal and
Auriculotemporal Nerves

Both zygomaticotemporal and auriculotem-
poral pain is typically drawn at the temple. Auricu-
lotemporal pain usually occurs superolateral to
zygomaticotemporal pain in the hairbearing area
of the scalp, but patients often consider both types
of pain to occur at the temple (Fig. 3, center, left).
Intermediate pain patterns originate at the temple
and radiate to an unusual location such as the vertex
(Fig. 3, center, center). Atypical pain is drawn at the
temple, with no distinct starting point, and is drawn
diffusely (Fig. 3, center, right).

Frontal and Temporal Pain

Often, frontal pain (supraorbital and supra-
trochlear nerves) and temporal pain occur simul-
taneously. Typical combined pain is drawn as
starting at both frontal and temporal sites and
radiating across the forehead (Fig. 3, below, left).

Intermediate pain patterns originate at the
site of both nerves but radiate in a large radius
across the front of the head or to an abnormal
location (Fig. 3, below, center). Atypical combined
patterns have no starting point and often have
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Fig. 5. PAINS diagram. P, Pain point identifiable with one finger.*%'*¢ Greater occipital nerve (GON): 3 cm caudal to the occipital
protuberance and 1.5 cm lateral to the midline.'>""'? Lesser occipital nerve (LON): variable, lateral and caudal to the greater occipi-
tal nerve.”*?' Supraorbital and supratrochlear nerves: at or above the eyebrow.”** Zygomaticotemporal: non-hair-bearing tem-
ple.*?¢ Auriculotemporal: hair-bearing scalp.”’-* Rhinogenic: behind the eye.”® Nummular: variable, oftentimes parietal scalp."
A, Appropriate symptoms.*'1¢ | Injectables improve pain.**'*'¢ Blue points indicate injection sites. Greater occipital nerve: (1)
point of maximum pain, which may be at or cephalad to the exit site of the greater occipital nerve from the semispinalis muscle;
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multiple starting points across the face, with radia-
tion across the face diffusely (Fig. 3, below, right).

Multitrigger Pain Sketches

Typical multitrigger pain sketches display pain
origin at typical trigger locations with radiation
along the expected anatomical nerve distribution
(Fig. 4, above). Atypical patterns show pain start-
ing in nontrigger locations that is diffuse across
the head and face (Fig. 4, below).

Pain sketches are an important tool for chronic
pain patients to visually express complex pain
conditions, and communicate their symptoms to
health care providers.” Pain diagrams have previ-
ously been used as a screening tool to predict surgi-
cal outcomes in patients undergoing spine surgery
for lumbar radiculopathy."" This is the first time
that this concept has been applied to triggersite
deactivation surgery for headaches. Advantages
of pain drawings include the ability for patients to
independently perform this task free of bias that
can occur at the office visit. Furthermore, drawings
are inexpensive, readily available, and easy to inter-
pret by practitioners with limited experience. They
are a useful supplement to, but not a substitute for,
the triggersite detection algorithm pioneered by
Guyuron et al.**'>!* This algorithm varies per site,
but consists of identification of the headache ori-
gin with one finger, presence of a constellation of
headache symptoms, identification of arterial Dop-
pler signal, and nerve block/chemodenervation of

Fig. 5. (Continued). (2) if continued pain, inject 3 cm caudal to
the occipital protuberance and 1.5 cm lateral to the midline.
Lesser occipital nerve: (1) point of maximum pain, which is
typically higher (dark blue point) than the exit point of the lesser
occipital nerve from the sternocleidomastoid muscle (light blue
point). Supraorbital and supratrochlear nerves: over the bilat-
eral corrugator muscles and the procerus muscle. Again, patient
pain points should guide the surgeon. Zygomaticotemporal and
auriculotemporal nerves: variable, correspond with the specific
site of pain and often a positive Doppler signal. As an anatomical
reference point, the zygomaticotemporal nerve exits the tempo-
ralis fascia 17 mm lateral and 6 mm cephalad to the lateral can-
thus. Similarly, the auriculotemporal nerve crosses the superficial
temporal artery on average 19 mm lateral and 40 mm cephalad
to the external auditory canal. Rhinogenic: lidocaine spray. Num-
mular: point of maximum pain/positive Doppler sign. N, Neu-
rologist diagnosis.**'*'¢ S, Sketch matching.*® As part of patient
screening before the office visit, we find it very helpful to have
patients draw the point where their pain starts and where it radi-
ates. See column 5 for typical sketches per site.
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the trigger site. The authors have developed and
published the PAINS diagram (Fig. 5)*" to sum-
marize the Guyuron triggersite algorithm and
amend the preoperative algorithm to include the
use of pain sketches to identify trigger sites.'*!”

In this study, we demonstrate that three differ-
ent types of pain sketches exist in patients under-
going triggersite deactivation surgery, and we
provide definitions and examples for each trigger
site (Figs. 2 through 4):

1. Typical: Pain origin at the anatomical trig-
ger site with radiation pattern along the
anatomical nerve course.

2. Intermediate: Not atypical, but does not fol-
low the exact nerve distribution.

3. Atypical:

a. Facial pain that is not located at or above
the eyebrows/forehead or temples (e.g.,
cheek, jaw, anterior neck).

b. Pain that originates in an atypical location
that does not correspond to a trigger site.

c. Diffuse pain that is not localized.

Although there are distinct differences between
typical and intermediate pain sketches, surgical
outcomes do not differ between groups (Migraine
Headache Index improvement of 73 + 38 percent
in the typical versus 78 + 30 percent in the atypical
group; p = 0.43). Therefore, there is no need to dis-
tinguish between the two on screening. However, it
is important to detect atypical pain sketches, as sur-
gical outcomes are significantly worse in this group
(30+40percent) ascompared to the typical (p=0.03)
and intermediate (p = 0.01) groups (Fig. 1). Pain
sketch red flags such as facial pain, pain starting at
an atypical location, and diffuse pain should alert
surgeons to consider patient classification as “atypi-
cal.” One limitation of this concept is the subjective
nature of evaluating sketches. However, interrater
reliability was high in our study and specific criteria
for atypical sketches were developed to help clearly
define atypical pain patterns.

Only 20 percent of patients in the atypical
group have a mean Migraine Headache Index
improvement of over 30 percent. Therefore, in
general, we do not operate on patients with atypi-
cal pain sketches in our practice, as we have always
suspected and have now demonstrated that they
are poor candidates for surgery. However, patients
with atypical sketches should not be excluded
from preoperative assessment by a physician. If
there is a compelling reason to operate regardless
of an atypical sketch, it is important to counsel the
patient about lower chances of a positive outcome.
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CONCLUSIONS

Patient pain sketches classified as atypical
(facial pain, atypical pain starting point and radia-
tion, diffuse pain) can predict poor outcomes
in headache surgery. As we continue to develop
algorithms to select patients for headache surgery,
patient drawings should be considered as an effec-
tive, inexpensive, and simple-to-interpret tool for
selecting candidates for surgery.

William Gerald Austen, Jr., M.D.

Division of Plastic and Reconstructive Surgery
Massachusetts General Hospital

15 Parkman Street, WACC 435

Boston, Mass. 02114

wausten@partners.org

@drjayausten
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PATIENT CONSENT

The patient provided written consent for the use of
her images.
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