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OBJECTIVES
• Identify at risk populations
• Review current literature, both supporting and disputing
the claim that several aspects of anesthesia are altered in
redheads
• Discuss current and future anesthetic implications
• Raise awareness for
Student Registered Nurse Anesthetists
attending Adventist University

CASE SCENARIO
In the midst of a pediatric specialty rotation, the first case of the day was a 6
month old infant scheduled for an inguinal hernia repair.
After an uneventful inhalational induction and subsequent intubation, the
patient was prepped and draped.
After approximately 15 minutes, the surgeon began the procedure.
Despite an end tidal sevoflurane concentration of 3.1% and adequate narcotic
administration, the patient moved significantly to initial incision.
After increasing the anesthetic gas to nearly 4%, and waiting approximately 5
minutes for equilibration, the surgeon continued the procedure uneventfully.

TO WHICH TYPE OF
REDHEADS DO I REFER??

IMPACT OF HAIR COLOR
• Hair color is one of the most conspicuous phenotypes of humans
• Hair color ranges from black, dark brown, brown, light brown,
and blonde to red, with a myriad of hues in each category
• Hair color has tremendous societal and cosmetic impact
• Diversity of hair color arises primarily from the quantity and
ratio of two types of pigment: black to brown eumelanin, and
reddish brown to yellow pheomelanin

THE SCIENCE BEHIND
RED HAIR
Melanin is
synthesized in
follicular
melanocytes within
membrane-bound
organelles called
melanosomes,
which are
transferred to the
keratinocytes that
form the hair shaft.
Melanosomes
contain tyrosinase,
which catalyzes Ltyrosine to Ldopaquinone, the
initial step in
melanogenesis.

“On the other hand,
when L-cysteine is
present at a
sufficient level in
melanosomes, it
interacts with
dopaquinone to give
exclusively the
isomers 5-S- and 2S-cysteinyldopa in a
ratio of 5 : 1. The
oxidation of these
cysteinyldopa
isomers with dopaquinone (hence
dependent on
tyrosinase) leads
eventually to the
production of
reddish brown
pigment
pheomelanin via
benzothiazine
intermediates.”

Image from: Ito, S., Wakamatsu, K. (2011). Diversity of human hair pigmentation as studied by chemical analysis of eumelanin and
pheomelanin. Journal of the European Academy of Dermatology and Venereology, 25, 1369-1380.

THE SCIENCE BEHIND
RED HAIR
Another picture interpreting the interaction of a functional
and non-functional MC1R (also called melanocytestimulating hormone receptor (MSHR)…

Image from:
http://
www.intechopen.com
/books/melanomacurrent-clinicalmanagement-andfuture-therapeutics/
melanomaepidemiology-riskfactors-and-the-roleof-adaptivepigmentation

THE SCIENCE BEHIND
RED HAIR
And another…

Image from: http://cancerlink.ru/
enmelgenetics.html

THE SCIENCE BEHIND
RED HAIR

Image from: http://www.nature.com/jid/journal/v134/n10/fig_tab/jid2014245f1.html

THE SCIENCE BEHIND
RED HAIR

(this is a Jaguarundi…)

Image from:https://afarensis99.wordpress.com/
2012/11/23/mutations-that-affect-phenotype/

THE SCIENCE BEHIND
RED HAIR

From Flanagan et al…

From Ito and Wakamatsu…

THE SCIENCE BEHIND
RED HAIR
That’s nice, but…
What do the melanocortin receptors do?

Melanocortin receptors are actively involved in adrenocortical
steroidogenesis, immune and inflammatory responses,
hypothalamic regulation of food intake, body weight,
exocrine gland function and thermoregulation.

THE SCIENCE BEHIND
RED HAIR

Image from: http://journal.frontiersin.org/article/10.3389/fendo.2013.00009/full

THE SCIENCE BEHIND
RED HAIR

Also nice, but…
What DON’T the melanocortin receptors do??
Melanocortin receptors have nothing to do with beta agonists, beta
antagonists, or acetylcholinesterase inhibitors…

REVIEW OF LITERATURE
Purpose
To ascertain the downstream effects of the MC1R gene
on human pigmentation.

Sample Size
219 individuals from 11 families.

Key thoughts
Most redheads are homozygous or compound heterozygous
for two variant MC1R alleles. The majority of the single variant
redheads have auburn or strawberry blonde hair. Red hair is
usually inherited as an autosomal recessive trait.

REVIEW OF LITERATURE
Purpose
The authors tested the hypothesis that the requirement
for the volatile anesthetic desflurane is greater in
natural redheaded than in dark-haired women.

Sample Size
20 (10 redhead women, 10 dark-haired women).

Results
The volunteers with red hair required significantly more desflurane
(mean, 6.2 [95% CI, 5.9–6.5]) than those with dark hair (mean, 5.2 [95%
CI, 4.9–5.5]; P ︎ 0.0004) (fig. 1). This represents an increase of 19% in
the desflurane partial pressure.

REVIEW OF LITERATURE
Sample Size
40 mice (22 mice with
spontaneous MC1R mutation,
with yellow coats and black
eyes, 18 control mice with
black coats and black eyes).

Major Findings
There was a significant difference between recessive mice that were
homozygous for the MC1R mutation and control mice. This effect was,
however, small with only on average a 5.5% increase in MAC in mutant
compared to control mice. There was no significant genotype/anesthetic
interaction (P ︎ 0.200).

Key thoughts
MC1Rs are mainly found in the
periphery, but they also are expressed
in brain glial cells and in neurons of
the ventral periaqueductal gray, a
region known to modulate nociception
A change in central ︎a-MSH
concentrations in MC1R mutant mice
may be responsible for the increased
MAC.

REVIEW OF LITERATURE
Observer’s assessment of alertness/sedation scale

Purpose
We studied sedation, cognition, and mood
during midazolam infusion in volunteers
with red and non-red (blonde or brown)
hair, to test the hypothesis that patients
with red hair may require more drugs to
attain desired levels of sedation.

Sample Size
39 (20 red and 19 non-red hair subjects).

Key thoughts
15 red-haired volunteers had 28 previous surgical
procedures. Ten of these subjects had 18 general
anesthetics, and ten subjects had 11 maxillary and/or
mandibular nerve blocks for dental procedures. Three redhaired subjects experienced intraoperative awareness, and
four other subjects required repeated injections of local
anesthetics for dental extraction (resistance to loco-regional
anesthesia)… none in the control group experienced any
unusual event.

REVIEW OF LITERATURE

The takeaway? Increased
benzodiazepine requirement in
patients with MC1R variant is primarily
due to the effect of the
α-melanocyte-stimulating
hormone (α-MSH) and
adrenal corticotrophic
hormone (ACTH)…

REVIEW OF LITERATURE
MC1R expression has been identified in the pituitary, glial
cells, and in the periaqueductal gray matter, but
primarily exists peripherally.
As the central nervous system is NOT a major expression site
of MC1R, it remains UNCLEAR why MC1R variance should
alter anesthetic requirement.
A possible explanation?? “MC1R mutation up-regulates
production of the receptor’s primary ligands, melanocortins
including ︎α-melanocyte-stimulating hormone, which also
stimulates other melanocortin receptors— including the
melanocortin-4 receptor that modulates cold and
mechanical allodynia in a rat neuropathic pain model.”
After previous (2004) study was released, Dr. Liem received
more than 100 communications from redheads who claimed
that “anesthesia often failed or that unusually large doses of
local anesthetics were required to achieve adequate
analgesia.”

REVIEW OF LITERATURE

REVIEW OF LITERATURE
Purpose
We examined how the MC1R genotype affects the
chemical phenotype by measuring the contents of
eumelanin and pheomelanin in a Northern British
population (n = 89).

Major Findings
The master regulator of pigment-type switching is the MC1R. When
a-MSH binds to the MC1R on the plasma membrane of
melanocytes, adenylate cyclase is activated through the stimulatory
G-protein, raising levels of the second messenger cAMP, thereby
activating the melanogenic transcription factor MITF.

REVIEW OF LITERATURE
Purpose
There is an anecdotal impression that
redheads experience more perioperative
bleeding complications than do people
with other hair colors. We, therefore,
tested the hypothesis that perceived
problems with hemostasis could be
detected with commonly used
coagulation tests.

Sample Size
51 “healthy” Caucasian females, 25 redheads, 26
women with dark brown or black hair, 18-40 years old.

Key thoughts
Redhead women tended to report a history
of easy bruising, however no change was
noted in typical coagulation studies.

REVIEW OF LITERATURE
Purpose
To assess the association between hair color and vWF
levels in a large cohort of nearly 4000 healthy
individuals.

Findings
Studies performed so far on the association between red hair
and more pronounced bleeding have not yet revealed that this
is caused by changes in coagulation parameters; no clear difference was
observed between the groups.

Key thoughts
Other factors outside the coagulation mechanism may influence the
bleeding risk in individuals undergoing surgery, including vascular factors.
Several studies have reported an increased risk of hernia formation in redhaired individuals, which may be linked to collagen synthesis.

REVIEW OF LITERATURE
Purpose
To examine the effects of hair colour on requirements
and response to general anaesthesia, and on recovery
from anaesthesia, in a cohort study in adults
undergoing general anaesthesia for elective surgery.

Sample Size
Prospective, matched cohort study of 468
healthy adult patients (ASA I or II).

Findings
We found no evidence, that redheads had increased anesthetic
requirement or faster speed of recovery after surgery. Nor was there
any evidence of a difference in pain response (as measured by
morphine requirement), pain intensity (as measured by a numerical
rating scale) or other adverse effects after anaesthesia and surgery.

Key thoughts
Largely disputes claims made by Liem et al., as well as others. And
basically everything I’ve said thus far…

REVIEW OF LITERATURE
Purpose
The red-hair phenotype, which is often produced by mutations in the
melanocortin-1 receptor gene, has been associated with an increase in
sedative, anesthetic, and analgesic requirements in both animal and
human studies. Nevertheless, the clinical implications of this phenomenon
in red-haired patients undergoing surgery are currently unknown.

Sample Size
1914 (319 red-haired patients, 1,595 control patients), matched cohort study.

Findings
There were no demonstrable differences between red-haired
patients and controls in response to anesthetic and analgesic agents
or in recovery parameters. These findings suggest that perioperative
anesthetic and analgesic management should not be altered based
on self-reported red-hair phenotype.

Key thoughts
In this large matched historical cohort analysis, the red-hair
phenotype was not associated with alterations in AWR, anesthetic
management, anesthetic sensitivity, or recovery from general
anesthesia. These findings are clinically important and contrast with
published hypothesis-generating animal research and small proof-ofprinciple human studies.

REVIEW OF LITERATURE
Clonidine
• One of the most commonly used additives to local
anesthetics
• Dosages range from 50-250 mcg
• Mediates most of its effect locally, while most of the
systemic analgesic effect of clonidine was linked to
modulation of cytokines as evidenced by a
reduction in postoperative levels of TNF-α in CSF
or systemic interleukin-6 and CRP
• Addition of clonidine to ropivicaine for brachial plexus
blocks prolonged the duration of the block by 2 hours
Dexmedetomidine
• The addition of dexmedetomidine marginally improved
onset time of levobupivicaine in brachial plexus blocks,
with a mean prolongation of sensory effects by 284 minutes

REVIEW OF LITERATURE

Image from: http://www.hydroassoc.org/research-101-levels-of-evidence-in-hydrocephalus-clinical-research-studies/

REVIEW OF LITERATURE
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FUTURE ANESTHETIC
IMPLICATIONS

FUTURE ANESTHETIC
IMPLICATIONS
Genetic iStat???
• It is possible that in a short amount of time (years?)
we would be able to more accurately tailor anesthetic
(and a myriad of other pharmacological interventions)
levels specific to a given genotype. This presentation
and information has primarily focused on one gene
nearly specific to one phenotype, who represent
approximately 5% of the global population. What if we
find more genetic variability that effects 20, 30, or even
90% of the population???

FUTURE ANESTHETIC
IMPLICATIONS
MAC-Ginger…
If it is in fact true that redheads require more anesthetic, be it
inhalational or local, or greater benzodiazepine requirement,
the astute clinician could take a “mental MAC-Ginger”
approach, such that:
MAC of Sevoflurane MAC-Ginger of Sevoflurane MAC-BAR of Sevoflurane

2.0%

2.38%
(MAC-BAR-Ginger 3.094%!!)

2.6%

MAC of Desflurane

MAC-Ginger of Desflurane

MAC-BAR of Desflurane

6.0%

7.14%

7.8%

QUESTIONS??
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ED SAYS “THANKS FOR
LISTENING”…

Sure Nathan… whatever…

