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Incidence of side effects after
laser hair removal
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Background: Despite the widespread use of lasers for hair removal there are few data published on the
incidence of side effects from this treatment.

Objective: The aim of this study was to generate data on a large number of patients receiving laser hair
removal 1o obtain an accurate assessment of the incidence and type of side effects resulting from treatment.

Methods: A multicenter prospective study of patients presenting for laser hair removal was conducted 1o
determine incidence of side effecis in relation to skin type and laser or lasers used.

Results: Laser hair removal is associated with a low incidence of side effects that are self-limiting in the
majority of cases. The highest incidence of side effects was seen in patients with darker skin treated with
the long-pulsed ruby laser. '

Conclusions: Laser hair removal is inherently safe. For darker Fitzpatrick skin types the long-pulsed
neodymium:yttrium-aluminum-garnet laser is preferred to the ruby laser. (J Am Acad Dermatol 2003;49:

J 882-6)

here has been an explosive increase in the

use of lasers for hair removal since the first

lasers were approved in 1096. Currently most
devices target melanin in the hair follicle with milli-
second-long pulse durations to produce, to some
degree, selective photothermolysis of hair follicles.
These lasers are the ruby, alexandrite, diode, and
neodymium:yttriun-aluminum-garnet  (Nd:YAG).
The ruby laser with a wavelength of 694 nm has the
shortest penetration depth and the most selective
absorption by melanin. The Nd:YAG laser, emitting
in the infrared at 1064 nm, has the deepest depth of
penetration but the least selective absorption. The
alexandrite (755-nm) and diode (810-nm) lasers sit
between these extremes. Adverse reactions associ-
ated with laser-assisted hair removal are primarily
related to unwanted epidermal damage after partial
absorption of the laser energy. More absorption will
occur in darker skin types and tanned skin. To
reduce side effects, treatment ¢can be performed with
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concurrent epidermal cooling or selection of the
appropriate wavelength, ie, longer wavelengths (eg,
Nd:YAG laser) for darker skin types. Although laser
hair removal is considered a safe procedure, previ-
ous studies have reported the incidence of side ef-
fects; but they have involved relatively few patients
and treatment episodes.>? The exception has been
the study by Nanni and Alster? who, in a retrospec-
tive chart review, analyzed the side effects from 900
laser hair removal treatments. Side effects observed
were all of short duration and they concluded that
laser-assisted hair removal is a safe procedure. Even
in this large study the true incidence of uncommon
complications such as scarring can not be deter-
mined with confidence. The aims of this investiga-
tion were to undertake a prospective multicenter
study to assess a large number of patients receiving
laser-assisted hair removal to determine the inci-
dence of side effects and relate these to skin type
and laser used.

MATERIAL AND METHODS

Lasercare clinics were established in the United
Kingdom in 1990 and are one of the largest provid-
ers of skin laser treatment, both private and National
Health Service, in the United Kingdom. In all, 11
clinics are in operation with laser hair removal pro-
vided by both doctors and trained nurses following
protocols, Lasers used are the long-pulse ruby
(Lambda, United Kingdom), lone-nulse alexandrite
(LPIR, Cynosure, Chelmsfora, Mass) (1 clinicy,
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Table I. Patient details
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Table III. Laser treatment by skin type

No. of patients 480

Mean age, y (range) 36.2 (8.82)

Skin type (%)
] 41 (8.5)
Ii 204 (42.5)
i 123 (25.6)
v 78 (16.2}
v 25(5.2)
vi 6(1.2)
Not stated 3{0.6)

Table II. Treatment details

Total No. of treatments 3143
Median {range) 5(1-29)
Body site treated
Face 373
Bikini 28
Legs 23
Back 20
Chest 17
Abdomen 10
Upper limb 9
Scalp 1
Not stated 4
No. of patients treated by laser
Ruby 322
Alexandrite 74
Nd:YAG 224

Nd:YAG, Neodymium:yttrium-aluminum-garnet.

Gentlelase (Candela, Wayland, Mass) (3 clinics), and
Apogee (Cynosure) (1 clinic) using parameters as
recommended by the manufacturers to produce
mild nerifollicular erythema, and Lyra (Laserscope,
“San Jose, Calif) long-pulsed Nd:YAG laser at 1064
nm, pulse width 50 milliseconds, and fluences up to
50 Jem™. The alexandrite and Nd:YAG lasers are
used in combination with a variety of epidermal
cooling devices (gels, cold air, cryogen spray, or
cold contact plates) as appropriate.

For a 3-month period commencing October 1,
2001, all patients attending the clinics for laser-as-
sisted hair removal who had had at least 1 previous
laser treatment were assessed for the presence of
side effects. If the patient had experienced side ef-
fects, the nature, duration, and responsible laser was
recorded. In all patients seen, age, skin type, body
area treated, number of treatments, and laser or
lasers used were recorded. '

RESULTS
Details of the patients and their treatment are
shown in Tables I to III. Some patients, over a period

Skin type No. Laser Percentage No.
| (41) Ruby 30 54
Alexandrite 10 18
Nd:YAG 15 27
] (204) Ruby 161 58
Alexandrite 40 14
Nd:YAG 77 28
Ht (123) Ruby 109 71
Alexandrite 10 6
Nd:YAG 34 22
v (78) Ruby 18 18
Alexandrite 13 13
Nd:YAG 66 68
V' (25) Ruby 3 1
Alexandrite 1 3
Nd:YAG 24 86
Vi 6) Nd:YAG 6 100

Nd:YAG, Neodymium:ytirium-aluminum-garnet.

of time, had treatment with different lasers and some

-patients had more than 1 body site treated. The

incidence ‘'and details of side effects are shown in
Tables IV and V. :

A small atrophic scar - developed on the face of a
27- yeé}jold woman with Fitzpatrick skin type III
after her third treatment with the ruby laser with a
fluence of 23 Jem™. The scar has almost completely
cleared and she has had 12 further treatments with-
out sequelae.

An area of supertficial thrombophlebitis devel-
oped on the side of the chin submentally in a 29-
year-old woman after 1 of 7 treatments with ruby
and long-pulsed Nd:YAG lasers; the area persisted
for 7 days. One other case of thrombophlebitis as a
result of Nd:YAG laser hair removal has been seen
and this may represent a previously unrecognized
side effect of this laser.

It is possible to derive some indication of risk of
side effects after laser hair removal but this is de-
pendent on skin type and laser used. For skin types
I to 11, the ruby laser was used in 191 patients and
produced blistering in 13 (6%). The alexandrite was
used in 50 patients and produced blistering in 1
(2%). The Nd:YAG laser was used in 92 patients and
produced blisters in 2 (2%). The incidence of hy-
popigmentation and hyperpigmentation in these
skin types with ruby laser treatment was 1.6% and
1.0%, respectively.

For skin type 111, the incidence of blistering with
the ruby, alexandrite, and Nd:YAG lasers was 4.5%,
0%, and 8.8%, respectively. For hyperpigmentation
the incidence with each laser was 2.8%, 0%, and 3%,
respectively. Hypopigmentation developed in only 1
patient after Nd:YAG laser therapy.
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Table IV. Incidence of side effects after laser-assisted hair removal in 480 patients

Median duration,

Side effect No. Percentage 95% confidence interval days (range)
Blistering 33 6.9 4.9-9.8 5(2-10)
Hyperpigmentation 10 20 0.9-3.8 28 (7-180)
Scabbing 6 12 0.5-29 2(1-7)
Hypopigmentation 6 1.2 0.6-3.2 120 (21->180)
Scar* 1 0.02 0.06-1.2 >180
Thrombophlebitis* 1 0.02 0.06-1.2 7
*See text for details.
: . millisecond-long (as opposed to nanosecond-long)
Table V. Side effects by skin type and faser pulses, hair follicles and the shaft are thermally in-
Skin type jured in preference to epidermal melanosomes. This
(o) Side effect (No.) Laser (No.) is because the longer pulse of the delivered light will
H4n Blisters (2) Ruby (1) allow cooling of smaller structures such as melano-
. . NA:YAG (1) somes without heat accumulation. However, there
Hypopigmentation (1)  Ruby (1) . . . .
i 204) Blisters (14) Ruby (12) Alex (1) will be some absorption of the laser light by epider-
NA:YAG (1) mal melanin and this will be more significant in
Hyperpigmentation (2)  Ruby (2) darker skin types and suntanned skin. This light
Hypopigmentation (2}  Ruby (2) absorption will induce thermal changes that can
i (123) E{"Sters.(s) con g”g}’ (? ggxg (-:’) result in adverse reactions including blistering, hy-
Scygzgiygmentatlon( ) Rﬁbz 51; YAG(T) popigmentation, hyperpigmentation, and, if exten-
Thrombophlebitis (1) Nd-YAG (1) stve, even scarring. Hyperpigmentation is usually
Hypopigmentation (1)  Nd:YAG (1) reversible and results from a stimulation of melanin
IV (78) Blisters (5) Ruby (3) Nd:YAG (2) production from epidermal melanocytes similar to a
Hyperpigmentation (1}  Ruby (1) UV-induced suntan. Hypopigmentation may be per-
Hypopigmentation (1)  Ruby (1) manent and results from thermally induced destruc-
ves Bhsters' () . Nd:YAG (1) tion of melanocytes. The long-pulsed ruby laser, the
Hypoplgmentatlon (1}  Nd:YAG(1) first widel d L for hai L dl
Hyperpigmentation (2)  Nd:YAG (1) Ruby (1) y used faser for hair removal, is avidly
Vi (6) Blisters (3) Nd:YAG (3) absorbed by melanin and studies with this laser have
Hyperpigmentation (1)  Nd:YAG (1) been predominantly in lighter skin types.67 Where a
Not stated range of skin types have been treated, adverse re-
3 actions have occurred more frequently in darker

Alex, Alexandrite; Nd:YAG, neodymium:yttrium-aluminum-garnet.

Combining all patients with skin types IV to VI
(109 patients) the incidence of blistering was 14.9%
with the ruby laser and 5% with the Nd:YAG laser.
For hyperpigmentation the incidence was 9.9% with
the ruby and 2.1% with the Nd:YAG laser. The over-
all incidence of all side effects in skin types IV to VI
treated with the Nd:YAG laser was 9.4%, and 29.9%
in those treated with the ruby laser.

DISCUSSION

This is the largest study to date to investigate the
frequency and nature of side effects of laser-assisted
hair removal. Lasers effect hair removal by photo-
thermolysis of hair follicles, which is selective to
some degree.> The wavelength of light is selected to
target melanin in hair follicle epithelium. By using

skin.1.38

Other lasers have been developed for hair re-
moval. With progressively longer wavelengths there
is less avid absorption of the light by melanin both
within the hair follicle and the epidermis. Higher
fluences are required and, to minimize epidermal
injury, a variety of surface cooling devices are used.
In addition to the ruby the most widely used lasers
are the long-pulsed alexandrite (755-nm), the long-
pulsed diode (800-nm), and the long-pulsed Nd:
YAG (1064-nm). The Nd:YAG laser will have the
deepest depth of penetration and least selective ab-
sorption by melanin. A number of studies have dem-
onstrated the efficacy of these longer wavelength
lasers in hair removal,>4 and that both diode and
Nd:YAG lasers are efficacious in patients with dark
skin.15-16

Effective laser-assisted hair removal will result in
some perifollicular erythema and edema, which will
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resolve in a few hours. These effects are a necessary
part of laser photothermolysis and are not side ef-
fects. However, unwanted adverse effects of laser-
assisted hair removal are recognized, the majority
being a result of epidermal injury with blistering,
fine epidermal crusting, or both reported in 10% to
15% of patients with both ruby and alexandrite la-
sers.’” These are significantly more common in
darker skin types or tanned skin.

With the exception of Nanni and Alster,® previous
studies on the side effects of laser hair removal have
been on the basis of relatively few patients, treat-
ment episodes, or both. Campos et al? reviewed the
side effects after ruby laser hair removal. Transient
pigmentary disturbance developed in 29% of pa-
tients. Pigmentary changes developed in 5 of 6 pa-
tients with skin type IV. No permanent side effects
Or scarring was seen.

Bjerring et al” treated 133 patients from Scandi-
navia with a long-pulse ruby laser. Of their patients,
14.3% reported hyperpigmentation and 9.8% re-
ported hypopigmentation. Wimmershoff et al® in
treating 74 patients with a long-pulse ruby, reported
hypopigmentation in 3%, hyperpigmentation in 5%,
and atrophic scars in 3%. Scars were only seen in
darker skin types. All patients with hypopigmenta-
tion had Fitzpatrick skin type 1 to IV.

The alexandrite laser has now been widely used
for hair removal and is recognized as efficacious and
generally safe.2%17 Nanni and Alster” report that
blistering, crusting, and pigmentary alteration may
occur in darker skin types even when cooling de-
vices are used. Using a 3-millisecond cryogen-
cooled alexandrite laser in 89 patients, Eremia et al18
reported postinflammatory hyperpigmentation in
10%, burn with blister in 1%, and postinflammatory
hypopigmentation in 2%.

In a study from Saudi Arabia on 150 patients of
Fitzpatrick skin types IV to VI treated with an alex-
andrite laser, complications occurred in 2.7% of
body locations.? Axillae and bikini line sites were at
risk of complications. Two patients with skin type VI
had adverse reactions; in one blistering was severe.
The authors comment that for this skin type residual
hypopigmentation or hyperpigmentation is the rule,

In the first clinical study of the long-pulsed Nd:
YAG laser for hair removal’® the authors reported
complete epilation in 4 to 6 sessions in 208 patients.
There was no blistering, hypopigmentation, or hy-
perpigmentation. These results have not been
matched in subsequent studies. However, this laser
has been confirmed as being effective in darker skin
types and most suitable for these patient groups.16.12

In a study from Washington, DC,3¢ 20 patients
with skin types IV to VI were successfully treated
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144
121
10-

i il 1] v Vv
Fig 1. Side effects by skin types. Green, Blister, dark blue,

hypopigmentation; fight blue, hyperpigmentatior; gray,
scabbing.

with a 50-millisecond pulsed Nd:YAG laser. Side
effects were mild and short-lived with hyperpigmen-
tation in 5% lasting an average of 4 weeks.

It is clear from the published literature that laser-
assisted hair removal can be associated with a num-
ber of side effects including crusting, blistering, hy-
popigmentation, hyperpigmentation, and scarring
(atrophic). The incidence of side effects varies but is
generally uncommon and short-lived in the majority
of patients. With the exception of the long-pulsed
Nd:YAG laser, side effects of laser-assisted hair re-
moval in darker skin types appears to be more
common and may be relatively more severe.

In the chart review of 900 laser treatments by
Nanni and Alster and this current prospective study
of 480 patients receiving 3143 treatments, a clear
indication of side effects from treatment can be ob-
tained. Because of the large number of patients and
treatments studied it has also been possible to strat-

_ify risk both by skin type and laser used. The 2

studies confirm the low incidence of side effects in
skin type I regardless of the laser used. The inci-
dence of side effects increases with skin type but is
still approximately 12% in skin type TIL. In this cur-
rent study, 60% of side effects in this skin type were
caused by the ruby laser.

In the study by Nanni and Alster? the incidence of
side effects with the ruby, alexandrite, and Nd:YAG
lasers in skin type IV was 18.7%, 18.2%, and 10%
respectively. For skin type V for the same lasers the
rates were 37.8%, 37.7%, and 25%, respectively. In
this current study, figures for type IV are 0%, 0%, and
2%, respectively. For skin types V and VI they are
3%, 0%, and 20%, respectively. The major difference
in the lasers used was that Nanni and Alster? used a
Q-switched Nd:YAG in combination with a patented
carbon solution (Soft Light, Thermolase Corp, La
Jolla, Calif) compared with the long-pulsed Nd:YAG
laser used in this study.
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These data will be influenced, however, by the
tendency to select lasers appropriate for the patients’
skin type. In our study there was a tendency to treat
patients with darker skin types with the Nd:YAG
laser. As patient numbers become smaller, the true
incidence of side effects becomes more difficult to
predict. It is of value, however, to compare the
overall incidence of side effects in skin types IV to VI
(109 patients) treated with the ruby laser (29.9%)
with the Nd:YAG laser (9.4%), which are 3 times
higher.

This large prospective study has confirmed that
laser-assisted hair removal is safe with a very low
incidence of persisting side effects. The increased
incidence of side effects in darker skin types has also
been confirmed, particularly when treated with the
ruby laser. It is recommended that the ruby laser
should not be used for dark skin types when alter-
natives such as the Nd:YAG laser can be used con-
siderably more safely.

This study has not addressed the association be-
tween clinical efficacy and incidence of side effects.
It has not been possible in a study of this nature to
link clinical outcomes with the data recorded. Clin-
ical experience would indicate that higher fluences,
in general, are associated with better epilation rates
but may be more prone to generate temperature-
dependent side effects. The treatments performed in
this clinic follow protocols with fluences recom-
mended by the laser manufacturers or those recom-
mended in existing publications. Internal audit pro-
cedures have confirmed appropriate parameter laser
selection and outcomes as expected.

It can be assumed, therefore, that side effects -

encountered in this study and their incidence accu-
rately reflect current practice and clinicians can not
only reassure their patients of the safety of this
procedure but also appraise them of the likely risks
of the treatment on the basis of the patient’s skin
type and laser used.

I am grateful to all the Lasercare Clinic staff who col-
lected the. data used in this study.

REFERENCES
1. Sommer S, Render C, Burd R, Sheehan-Dare R. Ruby laser treat-

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

J AM ACAD DERMATOL
Novemser 2003

ment for hirsutism: clinical response and patient tolerance. Br J
Dermatol 1998;138:1009-14.

. Garcia C, Alamoudi H, Nakib M, Zimmo S. Alexandrite laser hair

removal is safe for Fitzpatrick skin types W-Vi. Dermatol Surg
2000;26:130-4.

. Campos VB, Dierickx CC, Farinelli WA, Lin T-YD, Manuskiatti W,

Anderson RR. Ruby faser hair removal: evaluation of long-term
efficacy and side effects. Lasers Surg Med 2000;26:177-85.

. Nanni CA, Alster TS. Laser-assisted hair removal: side effects of

Q-switched Nd:YAG, long-pulsed ruby, and aléxandrite lasers.
J Am Acad Dermatol 1999;41:165-71.

. Grossman MC, Dierickx CC, Farinelli W, Flotte T, Anderson RR.

Damage to hair follicles by normal-mode ruby laser pulses. J Am
Acad Dermatol 1996;35:889-94.

. Lask G, Elman M, Slatkine M, Waldman A, Rozenberg Z. Laser

assisted hair removal by selective photothermolysis. Dermatol
Surg 1997;23:737-9.

. Bjerring P, Zachariae H, Lybecker H, Clement M. Evaluation of

the free-running ruby laser for hair removal: a retrospective
study. Acta Derm Venereol {Stockh) 1998;78:48-51.

. Wimmershoff MB, SchererK, Lorenz S, Landthaler M, Hohenleut-

ner U. Hair removal using a 5-msec long pulsed ruby laser. Der-
matol Surg 2000;26:205-9.

. Finkel B, Eliezri YD, Waldman A, Slatkine M. Pulsed alexandrite

faser technology for non-invasive hair removal. J Clin Laser Med
Surg 1997;15:225-9.

Nanni CA, Alster TS. Long pulsed alexandrite laser assisted hair
removal at 5, 10 and 20 millisecond pulse durations. Lasers Surg
Med 1999;24:332-7.

Lou WW, Quintana AT, Geronemus RG, Grossman MC. Prospec-
tive study of hair reduction by diode laser {800nm) with long
term follow up. Dermatol Surg 2000;26:428-32.

Handrick C, Alster TS. Comparison of long-pulsed diode and
long-pulsed alexandrite lasers for hair removal: a long-term clin-
ical and histologic study. Dermatol Surg 2001;27:622-6.

Bencini PL, Luci A, Galimberti M, Ferranti G. Long-term epilation
with fong-pulsed neodymium: YAG laser. Dermatol Surg 1999;
25:175-8.

Goldberg DJ, Samady JA. Evaluation of a long-pulse Q-switched
Nd: YAG laser for hair removal. Dermatol Surg 2000;26:109-13.
Greppi 1. Diode laser hair removal-of the black patient. Lasers
Surg Med 2001;28:150-5.

Alster TS, Bryan H, Williams CM. Long-pulsed Nd: YAG laser-as-
sisted hair removal in pigmented skin: a clinical and histological
evaluation. Arch Dermatol 2001;137:885-9.

Nanni CA, Alster TS. A practical review of laser-assisted hair re-
moval using the Q-switched Nd: YAG, long-pulsed ruby, and
long-pulsed alexandrite lasers. Dermatol Surg 1998;24:
1399-405.

Eremia S, Li CY, Umar SH, Newman N. Laser hair removal: long-
term results with a 755nm alexandrite laser. Dermatol Surg
2001;27:920-4.

Liew SH. Laser hair removat: guidelines for management. Am J
Clin Dermatol 2002;3:107-15.






