CASE REPORT

Localized Heat Urticaria from 95-GHz Millimeter Waves

John A. Gibbons

INTRODUCTION:

Local heat urticaria is a physical urticaria caused by the environmental stimulus of heat. Typically, the resultant lesion,

awheal, is pruritic (itches) and is sometimes accompanied by a burning sensation. It is a self-limited phenomenon that
resolves after 1.5-2 h. The prevalence of local heat urticaria in the general population has been estimated

as 1in 200,000 persons.
CASE REPORT:

The subject, a 39-yr-old active duty man, participated in a test of a 95-GHz energy beam designed to heat the skin. He

had delayed presentation of raised, erythematous, nonpruritic, nonpainful areas at five of the exposure sites where the
skin temperature exceeded 54°C. All wheals resolved within 2 h of the exposures.
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ocal heat urticaria is a physical urticaria caused by the
environmental stimulus of heat. Duke first described local
heat urticaria in the medical literature.” Mast cells within
the outer layers of the skin acutely release histamine and other
proinflammatory mediators. Histamine in turn causes dilation
of the vascular bed between the epidermis and dermis, causing
local erythema and edema (redness and swelling). Typically, the
resultant lesion, a wheal, is pruritic (itches) and is sometimes
accompanied by a burning sensation. It is a self-limited phenom-
enon that resolves after 1.5-2 h. Clinical medical evaluation for
recurrent urticaria associated with local heating includes plac-
ing a test tube containing water or a metal body heated to 44°C
(C) against the skin for 4 to 5 min. Up to 55°C has been recom-
mended by other authors. Wheal formation typically begins
within a few minutes of the heat exposure.® This is differentiated
from angioedema, which results from dilation of the vascular
bed between the dermis and hypodermis, though urticaria is
present with approximately 80% of angioedema occurrences.’
Physical urticaria is present in 20 to 30% of adults with
chronic urticaria, or about 0.2-0.3% of the general population.
Local heat urticaria is rare.® A review of 2310 people with urti-
caria classified 370 with physical urticarias and only 4 with local
heat urticaria.* There are from 100 to 200 case reports of local
heat urticaria in the medical literature, depending upon the
source. Alternately, the prevalence of local heat urticaria in the
general population has been estimated as 1 in 200,000 people or
an incidence of 0.0005%. Angioedema occurs with urticaria in
about 40% of cases. Serious consequences of angioedema can
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occur if the edema involves the respiratory tract.'* Local heat
urticaria of the skin does not carry this risk.

Other forms of physical urticaria include cold, pressure, water,
vibration, cholinergic (or generalized heat), and solar urticarias.
Cholinergic urticaria accounts for about 30% of physical urti-
caria cases. It produces pruritus and wheals in association with a
rise in core body temperature, such as seen with exercise or hot
baths. Solar urticaria has been reported to comprise 0.4-0.5% of
chronic urticaria cases. Solar urticaria can produce pruritus and
wheals after only minutes of sunlight exposure, either direct or
through glass.” Often, a person may have more than one type of
physical urticaria, such as cholinergic urticaria and pressure
urticaria. A detailed history regarding the trigger events plus
focused diagnostic testing may be required to distinguish local-
ized heat urticaria from cholinergic or solar urticaria.'

CASE REPORT

The subject, a 39-yr-old active duty U.S. Air Force man, gave
voluntary informed consent to participate in a research study of
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a 95-GHz energy beam designed to heat the skin. Pre-exposure
evaluation revealed the subject developed erythema, without
edema, after stroking the skin on his posterior thorax with a
blunt tip. He was not taking any medication, prescription or
over-the-counter.

The test plan included 16 exposures to a 95-GHz energy
beam of differing intensity and duty cycle. The beam was con-
figured to expose a 4-cm diameter spot on the skin. Real time
skin temperature monitoring was performed. The subject was
instructed to continue the exposure until the discomfort was
intolerable. All exposures were terminated either by the subject
releasing a handheld switch that stopped the 95-GHz transmis-
sion, the subject moving out of the path of the 95-GHz energy
beam, or automatically by sensing that the exposed skin tem-
perature reached 60°C (140°F) for 3 s.

The subject received a total of 16 exposures during the test-
ing session over approximately 30 min, 8 to the abdomen and
8 to the lumbar region. Erythema was noted at all 16 sites after
completing each exposure. Power density ranged from 3 to 12
W/cm?. Pulse length ranged from 0.1 to 1.3 s. Exposure dura-
tion ranged from 1.3 to 16.5 s. Final skin temperatures ranged
from 49.5 to 58.6°C. Thermal induced skin damage is not a linear
function of temperature. The integral of Cumulative Equivalent
Minutes - 43 (CEM-43) for the peak skin temperature is used
to estimate the thermal dose by calculating the temperature
over time as an equivalence to time at 43°C. CEM-43 values
ranged from 0.7 to 128.8 for the subject.

He had delayed presentation of raised, erythematous, non-
pruritic, nonpainful areas at six of the exposure sites where the
skin temperature exceeded 54°C. CEM-43 values equal to or
greater than 11.1 were associated with development of a wheal.
No wheal was present where the skin was below this tempera-
ture or CEM-43 value. There were no symptoms suggestive of
systemic effect, such as lightheadedness, shortness of breath, or
change in vision. All wheals resolved within 2 h of the expo-
sures. Fig. 1 illustrates some of these wheals in the lumbar
region.

Fig. 1. 95-Ghz exposure sites.
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The subject underwent a thorough medical history and
physical examination to identify any predisposition or other
etiology for the development of urticaria. Medical history was
significant for childhood allergies, including grass, for which he
received immunotherapy shots. He has been asymptomatic since
age 13. His medical history was negative for a previous episode
of urticaria from any cause. Physical examination revealed: 1)
nonexudative degeneration of the OD macula with a small
hypo-pigmented area; 2) a few hypertrophied lymph patches on
the posterior pharyngeal wall without postnasal drainage; and
3) decreased light touch sensation over the lateral aspect of the
superior right thigh. The remainder of the physical examina-
tion was unremarkable. In summary, the subject had a history
of atopy not receiving current medical treatment.

DISCUSSION

Local heat urticaria was reported by Bryce et al. after exposure
to a 95-GHz energy beam. This previous subject developed
extensive erythema across her back and dermatographism that
followed the seams of an overlying sweater.” Immediately post-
exposure, extensive erythema that was mildly tender and moist
appeared on her posterior thorax. Within 20 min, wheals and
most of the erythema resolved. All of the erythema resolved
within 2 h. These are the only two cases of local heat urticaria
after over 13,000 human exposures to 95-GHz energy beams.
Neither developed systemic symptoms or angioedema.

With 95 GHz, tissue heating is dependent upon the amount
of incident energy received. About 87% (1 — 1/e) of the energy
from 95 GHz is limited to the outer 0.3 mm of skin, one wave-
length in depth. Only 0.2% of the incident energy remains at a
depth of three wavelengths, 0.9 mm. The total skin depth of the
epidermis and dermis ranges from 2 mm to 4 mm. Thus, less
than 1% of incident energy reaches the vascular bed between the
dermis and hypodermis. The exposed skin area was 4 cm? for
this individual. The human pain threshold is 43-44°C. Tissue
damage is detectable at 55°C and a second or third degree burn
develops with an exposure to 60°C for 6 s.!8%!

Chang and Zic® presented a case of local heat urticaria.
Chang and Zic’s individual developed urticaria after a warm
bath, or exposure to oven heat or sunlight, supporting a diagnosis
of solar urticaria rather than local heat urticaria. Their accom-
panying literature review found only 47 case reports of this con-
dition. Medical reports were unavailable for nine persons. They
concluded from these references that about 50% of the remaining
38 people with heat urticaria experienced systemic symptoms.®
Systemic symptoms were reported to include syncope, fatigue,
headaches, wheezing, dyspnea, nausea, vomiting, abdominal
cramps, diarrhea, flushing, and fever. Of the 17 total people
reported with systemic symptoms, 10 individuals also had solar
urticaria and/or cold urticaria. Another three persons reported
to have local heat urticaria actually had symptoms only as a
result of sun exposure, a more proper diagnosis being solar
urticaria. Of the 38 people, 4 (< 11%) had isolated local heat
urticaria with systemic symptoms. Michaelsson and Ros reported
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an individual with occasional nausea and fever from prolonged
use of a hair dryer and development of local heat urticaria after
exposure to a temperature of 43°C.!”7 This person’s family had
eight other members with sensitivity to heat, but symptomatol-
ogy was only reported for the case subject. Higgins and Fried-
mann reported an individual with flushing, dizziness, and
syncope after immersion in a hot bath, and development of
local heat urticaria after exposure to a temperature of 42°C.!?
Johansson et al. reported an individual with weakness after a
hot bath and development of local heat urticaria after exposure
to a temperature of 42°C."* Grant reported an individual with
occasional headache, nausea, and lightheadedness with expo-
sure of “larger areas” and local urticaria or angioedema from a
hot water bath at 44°C in the laboratory.!! For three of these
four people, systemic symptoms were secondary to immersion
in hot baths, not from focal exposures.

Since Chang and Zic published their case report, additional
people with local heat urticaria have been reported. Three case
reports describe persons with dizziness and syncope that
occurred after a hot bath or hand washing with hot water."!*!®
Another case report described an individual with dizziness and
syncope after a hot bath, but not local reaction to hand washing
with hot water.”” Three case reports mention people with no
systemic symptoms associated with local heat urticaria.>'** In
summary, systemic symptoms have been associated with local
heat urticaria only after people had prolonged or extensive
exposure, such as during hot baths or showers.

This is the second report of a previously asymptomatic indi-
vidual developing local heat urticaria after a 95-GHz energy
beam exposure, an incidence of <0.02%. The duration of expo-
sure is too short to produce systemic symptoms based upon
existing local heat urticaria clinical case reports. The depth of
skin penetration by 95 GHz is sufficient to dilate the blood
vessels at the epidermal-dermal junction and produce a wheal.
Penetration depth is not sufficient to cause dilation of the
dermal-hypodermal blood vessels and produce angioedema.
The human repel response prevents sufficient exposure duration
for thermal energy to be conducted to the dermal-hypodermal
junction blood vessels and cause dilation or angioedema. It is
possible that a large diameter urticarial reaction where a border
is difficult to perceive may be mistaken for angioedema. To
date, 95-GHz energy has a low incidence of local heat urticaria,
consistent with the incidence of local heat urticaria within the
general population. Research also shows 95-GHz energy has no
systemic effects or long-term sequelae.'®
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