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Background: The use of local anesthesia has allowed for the excision and repair of
lesions of the head and neck to be done in an office-based setting. There is a gap
of knowledge on how surgeons can improve operative flow related to the onset of
action. A prospective trial was undertaken to determine the length of time for full
anesthesia effect in the head and neck regions.

Methods: Consecutive patients undergoing head and neck cutaneous cancer resec-
tion over a 3-month period were enrolled in the study. Local anesthesia injection
and lesion excision were all done by a single surgeon. All patients received the
standard of care of local anesthesia injection.

Results: Overall, 102 patients were included in the prospective trial. The upper
face took significantly longer (153.54 seconds) compared with the lower face and
ears (69.37 and 60.2 seconds, respectively) (P < 0.001) to become fully anesthe-
tized. In addition, there was no significant difference found when adjusting for the
amount of local anesthesia used, type, and size of lesion (P> 0.05). Using the time
to full anesthesia effect for each local injection, a heat map was generated to show
the relative times of the face and scalp to achieve full effect.

Conclusions: This prospective trial demonstrated that for the same local anesthetic
and concentration, upper forehead and scalp lesions take significantly longer to
anesthetize than other lesions in the lower face and ear. This can help surgeons
tailor all aspects of their practice, which utilizes local anesthesia to help with pa-
tient satisfaction and operative flow. (Plast Reconstr Surg Glob Open 2019;7:¢2243; doi:

10.1097/GOX.0000000000002243; Published online 16 May 2019.)

The excision and repair of cutaneous cancers of the
head and neck is predominantly performed in office-
based procedure rooms under local anesthesia. The
appeal of using local anesthesia is due to the minimal
downtime and avoidance of postoperative hospitalization
or observation. In addition, the benefits of local anesthe-
sia include ease of administration, rapid onset of action,
and do not require the services of an anesthesiologist. De-
spite the low rate of complications and well-studied safety
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profile, its administration is a source of significant anxiety
to patients.! In some cases, even more than the procedure
itself. Both patients and surgeons equally wish to ensure
adequate anesthesia for the entire duration of the proce-
dure.

To this effect, a breadth of evidence exists that is dedi-
cated to the art and science of local anesthesia to increase
its effectiveness and duration while minimizing the pain
of injection.? This includes, but is not limited to, buffering
the anesthetic solution, adding epinephrine, warming the
anesthetic, and patient distraction on injection, thereby
leveraging the gate theory of pain.** A recurrent topic of
discussion in the literature is improving the time of onset,
thereby improving operative flow and avoiding the need
to have significant blocks of time dedicated to reassessing
the anesthesia. Certain regional blocks in the head and
neck can be quite difficult to perform, especially if the
clinician is not familiar with the complex anatomy. With
this in mind, surgeons often perform a ring block: using
infiltrative local anesthesia around and beneath the lesion
in the subdermal/adipose plane.

The trigeminal nerve contributes a majority of the ro-
bust sensory nerve distribution to the face and scalp.* The
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trigeminal nerve yields 3 branches: the ophthalmic nerve
(V1), the maxillary nerve (V2), and the mandibular nerve
(V3).* Recently, with the advent of migraine surgery and
improved techniques in facial reconstruction and rejuve-
nation, the trigeminal nerve has been extensively studied,
yielding new branches and cutaneous nerves that were not
previously identified, such as the accessory nerves of the
forehead.” Through anatomical studies, it has been shown
that the volume and quantity of main branches of the tri-
geminal nerve decrease in the cranial direction.”® Build-
ing on this concept, when performing head and neck
cutaneous cancer excisions, the authors of the present
study noticed that lesions in the mid-forehead and scalp
took significantly longer for the local anesthesia to take
effect. The question became, why did lesions in this region
take longer to achieve anesthesia?

To address this clinical question and attempt to opti-
mize local anesthesia administration in this patient pop-
ulation, the authors designed a prospective trial of head
and neck cutaneous cancer patients undergoing an exci-
sion under local anesthesia. Armed with this information,
surgeons will be better suited to tailor the anesthetic de-
mands of procedures in this anatomical region.

Comparison Trial

To assess the effectiveness of local anesthesia in the
face and scalp region, consecutive patients undergoing
head and neck cutaneous cancer resection over the pe-
riod of 3 months (October 2017-December 2017) were
enrolled into a prospective trial. The administration of
local anesthesia and all surgeries were performed by a
single surgeon. All patients were made aware of the trial
and received the standard of care for local anesthesia ad-
ministration. Data collected included type of lesion, age
of patient, location of lesion, amount of local anesthesia
injected, and time to adequate anesthesia. Given the in-
herent interest in the location of each lesion, 3 groups
were created. Patients were divided into the ear category,
lower face, and upper face. The temple region lateral to
the lateral canthus was considered lower face, given the
distribution of cutaneous nerves to that area are derived
from the midface.* Upper face was limited posteriorly by
the occipital scalp.

Anesthesia

Lidocaine 1% with epinephrine (1:100,000) was used
for all procedures. The lidocaine was buffered with sodi-
um bicarbonate (8.4% solution) by combining 20 cc of
lidocaine with 2 cc of the sodium bicarbonate solution. Le-
sions were first prepared and marked, followed by a single
injection in the subdermal/subcutaneous plane, using a
Q-tip distractor, until the infiltrative anesthesia was visible
for 5mm surrounding the lesion. The 5mm of infiltrative
anesthesia was common for all lesions in the study, and all
infiltrations were performed with one introduction of the
needle under the lesion. Time began once the injection
was started for all lesions.
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Timing

Timing would begin on injection and would end with
sufficient anesthesia of the lesion. To test sufficiency, after
injection, the surgeon would test pin-prick sensation at 5
points around the lesions: centrally and at each quadrant
just outside the markings of the lesion. If any patient re-
quired additional local anesthesia throughout the exci-
sion, the patient was excluded from the prospective study,
given the inability to compare data.

Data Collection and Synthesis

Analysis of data was performed using SPSS v.22 (IBM
Corp., Armonk, N.Y.). Outcomes were compared using a
¢ test. All calculated P values were 2-tailed and considered
significant for values of P<0.05.

Patient Demographics

Between October 1, 2017, and December 1, 2017, 114
patients underwent face and scalp cutaneous cancer exci-
sion. Twelve patients (all with lesions in the scalp) were
excluded for having required additional anesthesia. In
all, 102 patients were included in the prospective study.
Among the patients included, 61.8% (n = 63) were men
and 38.2% (n = 39) women. The average age of patients
included was 74.3 years old (n =102).

Location of Lesions

Lesions were mainly found in the lower region, the face
(60.8%; n = 62), followed by the upper region (29.4%; n
= 30), and finally the ear (9.8%; n = 10). Of the lesions
included, 72.5% (n = 74) were confirmed by pathology
to be basal cell carcinomas (BCC), 26.5% (n = 27) were
squamous cell carcinomas (SCC), and 0.01% (n =1) were
lentigo maligna (LM).

Amount of Local Anesthesia Injected

When comparing the amount of local anesthesia in-
jected, there were no significant differences between any
of the groups (P> 0.05). The upper face required a mean
of 6.06 cc (n = 30), the lower face required 4.74 cc (n = 62;
P=0.08), and the ear required 3.76 cc (n = 10; P=0.12)
of local anesthesia. Additionally, there was no significant
difference between amount injected and the type of lesion
(comparing SCC, BCC, and LM; P> 0.05).

Size of Lesion

When comparing the average size of lesions between
anatomical regions, there was no significant difference
between the sites (P> 0.05). Upper face had a mean size
of 253.2mm? (n = 30), lower face 187.23 mm? (n = 62;
P=0.2), and ear 199.9 mm? (n = 10; P=0.2).

Time to Anesthesia

When comparing time to anesthesia for types of le-
sions, there was no significant difference between SCC,
BCC, and LM (P> 0.05). There was, however, a significant
difference between upper face (mean, 153.54 seconds)
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Table 1. Time to Block and Amount Injected Per Lesion
Type

Local
Time to Anesthesia
Lesion Type Block (s) Injected (cc) n
SCC 112.2 6.4 27
BCC 86.3 4.6 74
LM 60.0 2.3 1

Table 2. Time to Block and Amount Injected Per Anatomical
Location

Local
Time to Anesthesia
Location Block (s) Injected (cc) n
Upper 153.5 6.057 30
Lower 70.8 4.74 62
Ear 60.2 3.74 10

and both lower face (mean, 69.37 seconds) (P < 0.001)
and ears (mean, 60.2 seconds) (P < 0.001). There was,
however, no difference when comparing lower face with
ear group (P = 0.2). A full breakdown of results can be
seen in Tables 1-3.

This prospective trial looking at the speed of onset of
local anesthesia was successful in demonstrating a signifi-
cant difference in time of onset between upper and lower
regions of the face, when controlling for concentration
and type of anesthesia. The upper face took significantly
longer time (153.54 seconds), than both lower face (69.37

Table 3. Time to Block and Amount Injected Per Specific
Anatomical Location

Local
Time to Anesthesia

Location Block (s) Injected (cc) N

Upper face Occipital scalp 210.0 11.5 2
Vertex scalp 70.0 6.8 2

Mid-scalp 123.3 6.7 6

Parietal scalp 210.0 4.3 2

Upper forehead 170.2 6.8 5

Mid-forehead 97.6 3.92 5

Lower forehead 251.3 6.9 7

Glabella 100.0 3.2 1

Lower face Temple 80.0 8.0 9
Eyebrow 30.0 1.5 1

Medial canthus 60.0 4.3 2

Lower eyelid 52.5 2.9 4

Nasal dorsum 57.7 4.2 3

Upper nose 42.5 2.5 2

Nasal tip 80.8 3.3 9

Nasal ala 62.6 4.5 7

Cheek 75.9 5.4 15

Lip 75.0 2.5 1

Chin 67.3 5.0 3

Mandible 60.0 4.0 2

Upper neck 73.8 5.8 4

Ear Preauricular 71.0 5.2 5
Postauricular 62.0 4.2 1

Helix 47.5 1.3 2

Ear lobule 45.0 24 2

seconds) and ear (60.2 seconds), although showing no dif-
ferences in amount injected nor type and size of lesions.
In addition, the 12 patients who were excluded for having
required additional anesthesia were all located in the up-
per face group. This would have further emphasized the
longer time to full anesthetic effect. In demonstrating that
more time is needed for adequate anesthesia in certain
areas of the face and scalp, surgeons can better plan any
local procedure for patients. This is the first study of its
kind, comparing the speed of onset of local anesthesia in
this anatomical region. Currently, surgeons will resort to
overinjecting areas that are consistently difficult at becom-
ing anesthetized. This has been hypothesized to possibly
distort the anatomical plane and risk the surgeon losing
their planned margins.”®

Using the time to full anesthesia effect for each injec-
tion for all 102 patients, the authors were able to gen-
erate a heat map showing the distribution of timing for
local anesthesia (Fig. 1). As mentioned previously, the
forehead and upper scalp areas took significantly lon-
ger for full anesthesia effect, whereas regions adjacent
to these areas took a moderate amount of time for full
anesthesia effect relative to the rest of the face. The rest
of the face took significantly shorter to full anesthesia
effect compared with the longer times of the forehead
and upper scalp.

Local anesthesia is the mainstay of minor procedures
and is consistently used as an adjunct in multimodal anal-
gesia.! Understanding the pharmacology and mechanism
of action of these medications can significantly help the
surgeon to tailor their administration, understand how to
improve the medication response, and help improve the
patient’s experience.

As an overview, local anesthetic agents reversibly dis-
rupt the sodium ion channels in the neuron cell mem-
branes, which inhibit the function of sodium channels.®
This inhibition decreases both the rate of repolarization
and depolarization of the nociceptive (pain) receptors.®
The local anesthetic diffuses into cells via a gradient ex-
plained by the difference in pH. To diffuse into the neu-
ronal cells, the chemical anesthetic needs to be in the
proximity.® In the present study, the only factor that dif-
fered between the patients was anatomical location. With
the advent of new imaging technology and increased ac-
cess to cadavers, our ability to accurately map out and
understand facial anatomy has increased dramatically.”
Based on facial anatomy, the authors of the present study
postulate 3 anatomical differences between the facial re-
gions that can help explain the difference in time to ad-
equate anesthesia.

First, the anesthetic agent works by diffusion into the
receptors in an inverted relationship with the radius of
the cross-section of the nerve. The smallest and fastest
receptor to be anesthetized is the C fibers, which trans-
mit pain.® The goal of local anesthesia administration is
to inhibit these fibers; however, it must be explained to
the patient that pressure sensation is not always affected.
In vivo, different tissue layers diffuse the agent longer
than others. If a major nerve crosses deep to the injec-
tion, it may take a longer amount of time to diffuse in
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Fig. 1. Heat map of anesthetic timing (average seconds required for adequate anesthesia).

proximity to the nerve for depolarization. This is one of
the major factors that the authors have postulated in ex-
plaining the findings of this prospective study. The more
layers impeding its diffusion the longer its onset of ac-
tion. What differs in the upper region of the face is the
trajectory the nerves travel. The forehead and scalp are
innervated by V1 (supratrochlear and supraorbital), V2
(auriculotemporal), and the greater occipital nerve (C1
and C2).*%% As an example, the supratrochlear nerve
emerges at the frontal notch, approximately 1cm from
midline, and supplies the conjunctiva and the skin of the
upper eyelid, then curves up on the forehead, beneath
the corrugator supercilii and frontalis muscles.'" At this
point, the supratrochlear nerve then ascends beneath
the corrugator and the frontal belly of occipitofrontalis
before dividing into branches that pierce these muscles
to supply the skin of the lower forehead near the mid-
line.*s The supraorbital nerve pierces through mainly
the supraorbital notch, in 90% of cases, and supplies
palpebral filaments to the upper eyelid and conjuncti-
va.*121 It ascends on the forehead with the supraorbital
artery and divides into medial (superficial) and lateral
(deep) branches that supply the skin of the scalp as far
back as the lambdoid suture.! These branches are at
first deep to the frontal belly of occipitofrontalis. The
medial branch perforates the muscle to reach the skin,
whereas the lateral branch travels deep to the frontalis,
without reliable branching patterns.® Both these major
branches to the skin in the upper forehead run deep to
muscle, and in some cases just along the border of the
periosteum. The local anesthetic, injected into the der-
mal/subcutaneous plane, needs to diffuse downwards
through fascia and muscle to arrive at the main cutane-
ous nerve. In addition, if injected in the sub/supraperi-
osteal plane, the local anesthesia can be dispersed and
lost through plane hydrodissection, missing the nerves
completely, given that they are all found above the gale-
ae plane. In contrast, the infraorbital nerve, for midface
sensation, exists from the infraorbital foramen, which
lies between levator labii superioris and levator anguli
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oris.* Here, it becomes very superficial and branches into
palpebral branches, nasal branches, and superior labial
branches.* These branches are both superficial and very
small in caliber compared with their counterparts from
the forehead. Both these factors can lead to differences
in time to anesthesia, given the superficial nature of the
main branches and small caliber of sensory nerves, which
helps improve diffusion.

Second, vascularity is a major factor in determining
the effectiveness and longevity of local anesthesia. When
local anesthesia is absorbed into the blood stream, it is
ushered away from its primary site of action and unable
to exert its effect on the target nerves. To counteract this
effect, many have used epinephrine in their solution to
cause vasoconstriction and thus an increase in the dura-
tion of onset. As Taylor et al. have demonstrated in their
study of angiosomes, there is an abundance of vascular
channels and vasculature in the scalp compared with
other area of the head and neck.!” The authors of the
present study have hypothesized that the high density
of vessels can actually lead to the increase in absorption
and thus lower the effective concentration of anesthetic
that can be left to diffuse into the nerves. The authors
of this study used epinephrine in entire local anesthe-
sia, instead of plain lidocaine, to better control for this
increased vascularity and achieve hemostasis during the
procedure.

Finally, pain receptors (C fibers) are joined by a multi-
tude of other receptors that transmit information, such as
vibration, pressure, and temperature. These receptors are
arranged within the dermis of the skin and transmit their
respective information to the main nerve in their proxim-
ity. These mechanoreceptors, however, have been showed
to have different dispersion across the body. Although
pain receptor distribution itself has not been studied,
there have been many articles examining 2-point discrimi-
nation differences and other sensation differences in the
body and face. The forehead, when compared against the
facial locations, has been shown to be the least sensitive
while using a pressure-specified sensory device.'®In addi-
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tion, when testing 2-point discrimination, the forehead
compared with the rest of the face had the highest static,
moving, and vibratory 2-point discrimination. This differ-
ence has been explained by relative differences in mecha-
noreceptor distribution. Many studies have compared the
lips and nose to be the most sensitive areas of the body,
comparable to the tips of the fingers."” The authors hy-
pothesize that this difference in the concentration of
mechanoreceptors correlates with a decrease in pain re-
ceptor endings, and thus less receptors to be acted on by
the local anesthetic.

In all, these factors play important roles for any sur-
geon. Operative flow and patient preparation can be sig-
nificantly impacted by organizing patients based on their
anesthetic needs and potential for further interventions
to ensure adequate anesthesia. By simply being conscious
of certain anatomical variations as seen in this article,
the surgeon can be more aware of which patients may re-
quire additional time before surgery. In addition, looking
at these results, patients with lesions in the upper face,
mainly the scalp and upper forehead, may simply benefit
from a regional block in addition to the regular infiltrative
anesthesia.

This study is not without its limitations: first, the small
sample size was unable to elicit a more precise and signif-
icant topographic map of particular areas of anesthetic
difficulty. Instead, the study simply categorized the pa-
tients into upper face, lower face, and ear. This speci-
fication could allow the surgeon to better understand
specific nerve distributions that may be less susceptible
to infiltrative anesthesia and would rather opt for a re-
gional block. Second, each patient has different patient-
specific factors that could have impeded the result. For
example, some patients when feeling pressurized, may
have opted for more anesthesia saying that it was in fact
painful. Lastly, certain patient comorbidities, such as
poorly controlled diabetes mellitus and smoking status,
could have had an influence on the result.* The mean
age of the patients was 50 years or older, which has been
shown in prior literature to have a negative effect on sen-
sation and nervous distribution.?” These patients and fac-
tors could have conflicted some of the stats; however, the
sheer statistical significance of the results is quite favor-
able for the result obtained nonetheless. Finally, another
nondocumented factor was patients having red hair. This
phenomenon has been shown in trials compared with
non-redheads, where they required significantly more
anesthesia (both inhalational and local) for the same
clinical effect.?’?

In conclusion, the effectiveness of local anesthesia is
determined by a wide array of specific anatomical consid-
erations. This article was successful in showing, through
a prospective trial, that for the same local anesthetic and
concentration, upper forehead and scalp lesions take sig-
nificantly longer to anesthetize than other lesions in the

lower face and ear. This phenomenon is hypothesized to
be due to the deeper nerve route in the upper face and
scalp, increased vascularity for absorption of the anesthesia,
and decreased concentration of mechanoreceptors moving
cranially in the head and neck regions. This study will prove
useful for surgeons who have office-based surgical proce-
dures to help improve flow and patient outcomes.
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