
UC Irvine
UC Irvine Previously Published Works

Title
Cryogen spray cooling and pulsed dye laser treatment of cutaneous hemangiomas.

Permalink
https://escholarship.org/uc/item/9mq0z0r6

Journal
Annals of plastic surgery, 46(6)

ISSN
0148-7043

Authors
Chang, CJ
Kelly, KM
Nelson, JS

Publication Date
2001-06-01

DOI
10.1097/00000637-200106000-00001

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9mq0z0r6
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Cryogen Spray Cooling and Pulsed
Dye Laser Treatment of Cutaneous
Hemangiomas

Cheng-Jen Chang, MD*
Kristen M. Kelly, MD†
J. Stuart Nelson, MD, PhD†‡

When a cryogen spurt is applied to the skin surface for tens of
milliseconds, cooling remains localized in the epidermis, leaving
the temperature of deeper hemangioma vessels unchanged. The
objective of this study was to compare the efficacy and safety of
noncooled laser treatment (NC-LT) vs. cryogen spray cooling plus
laser treatment (CSC-LT) for cutaneous hemangiomas in a large
series of patients. A retrospective review was conducted of 164
patients treated with the pulsed dye laser (l 5 585 nm; tr 5 450
msec) over an 8-year period. Eighty-two patients received NC-LT
using light doses of 5.5 to 8 J per square centimeter. Subse-
quently, 82 patients received CSC-LT using light doses of 9 to 10
J per square centimeter. The primary efficacy measure was
quantitative assessment of improvements in lesional volume,
texture, and color. Safety was evaluated for each treatment group
by monitoring for adverse effects. Based on chi-squared analysis,
there were clinical and significant differences in the number of
treatments (p 5 0.001), and improvement in volume (p 5 0.008)
and texture (p 5 0.001) of the CSC-LT group compared with the
NC-LT group. Permanent adverse effects were not observed in
either group. In conclusion, CSC permitted the use of higher
incident light doses for treatment of cutaneous hemangiomas,
resulting in fewer treatments required and better improvement in
lesional volume and texture.
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Hemangioma of infancy is a common birthmark
that presents the plastic surgeon with one of the
most difficult therapeutic dilemmas in medicine.
Typically, hemangiomas appear a few days to
weeks after birth. Initially, lesions may be small
red spots or nodules. Subsequent proliferation
during the first year of life may lead to a large
and/or disfiguring birthmark.

Traditional conservative management of hem-

angiomas is based on the assumption that these
birthmarks will involute spontaneously by the
age of 3 to 7 years.1,2 However, symptomatic
problems such as ulceration, infection, bleeding,
obstruction of a vital organ, or psychosocial fac-
tors may be indications for urgent medical inter-
vention.3,4 A variety of modalities including
carbon dioxide snow, liquid nitrogen,5 and radi-
ation therapy have been used for treatment of
hemangiomas.6 Steroid therapy has been advo-
cated for palliation of symptomatic hemangio-
mas.7 Surgical intervention is limited primarily
to patients in whom function is impaired.

Apfelberg and colleagues8 and Hobby9 first
reported using the argon laser (l 5 488 and 514
nm) for treatment of hemangiomas in early in-
fancy. However, because of the relatively shallow
penetration of argon laser light, the therapeutic
effect was limited to superficial lesions. The KTP
laser, with a wavelength of 532 nm, is an alter-
native choice in some circumstances.

For thick hemangiomas, the Nd:YAG laser has
been shown to be effective because of the deep
penetration of 1,064-nm light.10–12 More re-
cently, the Nd:YAG laser has been used for in-
tralesional photocoagulation.13–15

Although the use of lasers for the treatment of
hemangiomas has resulted in some success, there
is a substantial risk of nonspecific, thermally
induced damage to the epidermis and papillary
dermis.16 To decrease this risk, clinicians have
used the flash lamp-pumped pulsed dye laser
(PDL; l 5 575–600 nm), which emits light that is
absorbed preferentially by hemoglobin (the major
chromophore in blood) in the cutaneous ves-
sels.17–19 Radiant energy is converted to heat,
causing thermal damage and thrombosis in the
target vessels while minimizing absorption in the
epidermis. However, the epidermis is not spared
completely because of the partial absorption of
energy by melanin, which presents an optical
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barrier through which light must pass to reach
the underlying blood vessels. Absorption of laser
energy by melanin causes localized heating in the
epidermis, which may, if not controlled, produce
permanent complications such as hypertrophic
scarring. Furthermore, epidermal melanin re-
duces the light dose reaching the blood vessels,
thereby decreasing the amount of heat produced
in the targeted hemangioma and leading to sub-
optimal improvement of the lesion.

Skin cooling can be used to minimize further
epidermal injury. Ice or chilled water has been
used in conjunction with laser irradiation.20–22

However, computed temperature distributions af-
ter sustained cooling with these modalities show
that in addition to cooling the epidermis, the
temperature of subjacent blood vessels is also
reduced.23 Thermal energy removed to protect
the epidermis from injury is offset by the addi-
tional laser energy required to heat blood vessels
to a sufficiently high temperature for destruction.

Spatially selective photocoagulation is the term
used to describe the concept of providing epider-
mal protection while still achieving thermal in-
jury in the upper dermis. In 1994, Nelson and
associates24 described a novel and efficient
method of achieving spatially selective photoco-
agulation with “dynamic” or cryogen spray cool-
ing (CSC). When a cryogen spurt is applied to the
skin surface for an appropriately short period of
time (on the order of tens of milliseconds), cool-
ing remains localized in the epidermis, leaving
the temperature of deeper blood vessels
unchanged.25–27

We compare the efficacy and safety of non-
cooled laser treatment (NC-LT) vs. CSC-LT for
cutaneous hemangiomas in a large series of pa-
tients. The primary efficacy measure was the
quantitative assessment of improvements in vol-
ume, texture, and color of the NC-LT treatment
group compared, on a blinded basis, with the
CSC-LT group. Safety was evaluated for each
treatment group by monitoring for adverse effects.

Patients and Methods

A retrospective review was conducted of 164
patients with 168 cutaneous hemangiomas
treated with the PDL (l 5 585 nm; tr 5 450 msec)

over an 8-year period (January 1991–January
1999). Subject age ranged between 1 month and
43 years (average age, 2 years 11 months). There
were 118 female and 46 male patients (an approx-
imate ratio of 2.6:1), all of whom were Asian. All
patients received laser treatment with periods
ranging from 3 months to 3 years 11 months
(mean, 24 months). All were followed for a min-
imum of 1 year after their last treatment.

Treatments were performed using the Candela
(Wayland, MA) model SPTL-1b flash lamp-
pumped PDL (l 5 585 nm; tr 5 450 msec). During
January 1991 to June 1995, 82 patients received
NC-LT using light doses of 5.5 to 8 J per square
centimeter. For the subsequent period of July
1995 to January 1999, 82 patients received
CSC-LT using light doses of 9 to 10 J per square
centimeter. Laser energy was delivered to the
skin through an optical fiber and lens, which
focused the beam onto a 7-mm-diameter spot on
the hemangioma.

For the CSC-LT group, 1, 1, 1, 2-tetrafluoroethane
C2H2F4 (R134a; ICE KLEA, Wilmington DE; boiling
point 5 226.2°C)—an environmentally compati-
ble, nontoxic, nonflammable, Food and Drug Ad-
ministration-approved refrigerant—was used as the
cryogen. Cryogen spurts (tc 5 50 msec) were
sprayed onto the hemangioma through an electron-
ically controlled solenoid valve positioned approx-
imately 10 mm from the skin surface. The spurt
covered a nearly circular 10-mm-diameter area.
The duration of cryogen spurt (50 msec), and the
delay between cryogen delivery and laser illumina-
tion (10 msec) were controlled by a programmable
digital delay generator.

Each patient was evaluated by chart review.
Information regarding the following variables
was extracted: age, gender, anatomic location,
involved area of hemangioma, complications
noted at time of consultation, number of treat-
ments, hemangioma texture and color, and im-
provement after laser therapy. All pre- and
posttreatment photographs were taken under
standardized conditions for film, light source,
and exposure.

Clinical outcomes were assessed by three plas-
tic surgeons knowledgeable of and experienced
in laser treatment, but not involved previously in
the study. On a blinded basis, each evaluator was
given pre- and posttreatment photographs of each
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patient’s lesion. The primary efficacy measure
was the quantitative assessment of improvements
in lesional volume, texture, and color. The out-
comes were evaluated on the following scale: 1,
poor (0–25% improvement); 2, fair (26–50% im-
provement); 3, good (51–75% improvement); and
4, excellent (76–100% improvement). Results for
each of the three parameters (volume, texture,
and color) of the NC-LT treatment group were
compared with the CSC-LT group. Differences
between the mean scores for both groups were
determined, and a chi-squared analysis was
performed.

Results

Information regarding the variables of age, gen-
der, anatomic location, hemangioma volume, and
complications at first consultation was obtained
for statistical comparison. The mean ages for the
NC-LT and CSC-LT groups were 2.5 years and 3.4
years respectively. The male-to-female ratios for
the corresponding groups were 22:60 and 24:58
respectively. The majority of hemangiomas (N 5

126) were found on the head and neck (74.3%),
with 16 lesions (9.8%) on the trunk, 17 lesions
(10.4%) on the extremities, and only 9 lesions
(5.5%) in the genital area. Hemangioma volumes

for the NC-LT and CSC-LT groups ranged from 1
to 400 cm2 and 1 to 500 cm2 with averages of 14.5
cm2 and 16.0 cm2 respectively. Complications at
first consultation (Table 1) involved obstruction
of orifices in 66 patients (40.2%). Ulceration was
seen in 7 patients (4.3%), and 3 patients (1.8%)
gave a history of bleeding. Infection occurred in 1
patient (0.6%) and was secondary to previous
ulceration. Two patients (1.2%) had persistent
pain resulting from massive ulceration. The two
treatment groups exhibited nonsignificant differ-
ences with regard to patient age (p 5 0.3352),
gender (p 5 0.861), hemangioma volume (p 5

0.2454), and number of complications at first
consultation (x2 5 5.819, p 5 0.213).

The number of PDL treatments for the NC-LT
and CSC-LT groups are listed in Table 2. The
mean number of PDL treatments for the corre-
sponding groups were 2.27 and 1.33 respectively.
This difference was significant (x2 5 37.176, p 5

0.001), and indicates that improvement was
greater in the CSC-LT group, and thus fewer
treatments were required.

The final outcomes and comparison of the
NC-LT and CSC-LT groups for each of the three
efficacy parameters are summarized in Table 3
and Figures 1 and 2). All patients achieved good
or excellent improvement in volume reduction,

Table 1. Complications at First Consultation

Complication
NC-LT Group
(N 5 82)

CSC-LT Group
(N 5 82)

Total (N
5 164)

Obstruction of orifices 30 36 66
Ulceration 5 2 7
Bleeding 3 0 3
Infection 1 0 1
Pain 1 1 2

Total 40 39 79

x2 5 5.819, p 5 0.213.
NC-LT 5 noncooled laser treatment; CSC-LT 5 cryogen spray cooling and laser treatment.

Table 2. Number of PDL Treatments in 164 Patients With Cutaneous Hemangiomas

Group

No. of Treatments

Total1 2 3 4 5 6

NC-LT, N (%) 30 (36.59) 21 (25.61) 18 (21.95) 5 (6.10) 8 (9.76) 0 (0) 82 (100)
CSC-LT, N (%) 63 (76.83) 15 (18.29) 2 (2.44) 1 (1.22) 0 (0) 1 (1.22) 82 (100)
No. of patients 93 36 20 6 8 1 164

x2 5 37.176, p 5 0.001.
NC-LT 5 noncooled laser treatment; CSC-LT 5 cryogen spray cooling and laser treatment.
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texture, and color. The mean response scores
were 3.84 and 3.96 for the NC-LT treatment group
compared with the CSC-LT treatment group re-
spectively, indicating enhanced volume reduc-
tion in the CSC-LT group. This difference was
significant (x2 5 6.926, p 5 0.008). For the
quantitative assessment of texture improvement,
the mean response scores were 3.57 and 3.90 for
the two groups respectively, indicating an en-
hanced response in the CSC-LT group. This dif-
ference was also significant (x2 score 5 22.978, p
5 0.001). For the quantitative assessment of color
improvement of NC-LT compared with CSC-LT,

the mean response scores were 3.98 and 4.00
respectively. These data indicate an enhanced
clinical response in the CSC-LT group but this
was not significant (x2 5 2.025, p 5 0.155). No
permanent adverse effects were reported in either
group.

Discussion

The clinical objective in the laser treatment of
patients with cutaneous hemangiomas is to max-
imize thermal damage to targeted blood vessels

Fig 1. A 3-month-old Asian boy with extensive hemangioma on the face. (A) View before laser treatment. (B) View 4
months after two treatments with cryogen spray cooling and the pulsed dye laser using an energy density of 9 J per
square centimeter. The result was evaluated as an excellent response.

Table 3. Response in Lesion Volume Reduction, Texture, and Color by Treatment Group

Response Parameter
Mean Score
NC-LT Group

Mean Score
CSC-LT Group p-Value

Volume 3.84 3.96 0.008, significant
Texture 3.57 3.90 0.001, significant
Color 3.98 4.00 0.155, not significant

NC-LT 5 noncooled laser treatment; CSC-LT 5 cryogen spray cooling and laser treatment.
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while minimizing nonspecific injury to the over-
lying epidermis. A potential technique to achieve
this objective is to cool selectively the most
superficial layers of the skin. To be used success-
fully in combination with laser treatment of these
lesions, any cooling modality must adhere to two
constraints: Cooling must produce a rapid, sub-
stantial reduction in skin surface temperature,
and it must provide a spatially selective epider-
mal temperature reduction, leaving the tempera-
ture of the deeper blood vessels unchanged.

In patients with cutaneous hemangiomas un-
dergoing laser treatment, optimal clinical results
should be obtained when the ratio of heat gener-
ated in the blood vessels is high compared with
that in the epidermis. When the skin surface
temperature exceeds 70°C immediately after
pulsed laser exposure (,1 msec), epidermal ne-
crosis results. CSC permits safe and effective
treatment of cutaneous hemangiomas by raising
the threshold for epidermal damage.28 During
CSC, the skin surface temperature is reduced as a
result of supplying latent heat to the liquid cryo-
gen droplets that strike the skin. The maximum
surface temperature achieved immediately after
laser exposure is lower on CSC-LT sites com-
pared with NC-LT sites (in some cases by as
much as 40°C). After laser irradiation, cryogen
remaining on the skin continues to evaporate and
remove residual heat. As a result, the temperature
of the postirradiated epidermis decreases more
rapidly on the CSC-LT sites compared with the
NC-LT sites. Cooling remains localized to the

epidermis, whereas the temperature of the hem-
angioma vessels, located at a depth of more than
250 mm, remains unchanged. The time delay
before the cold front produced by CSC reaches
the most superficial layer (250 mm) of hemangi-
oma vessels is on the order of 100 msec. There-
fore, in the current study we chose a cryogen
spurt duration of 50 msec to permit selective
photothermolysis of hemangioma blood vessels.

Results of our study demonstrate that CSC in
conjunction with PDL therapy allows the use of
higher light doses to achieve, in fewer treatments,
more rapid and complete involution of cutaneous
hemangiomas. Based on chi-squared analysis,
there were clinical and significant differences in
the number of treatments (p 5 0.001), and im-
provements in lesional volume (p 5 0.008) and
texture (p 5 0.001) of the CSC-LT group com-
pared with the NC-LT group.

The quantitative assessment of color improve-
ment of the NC-LT group compared with the
CSC-LT group was not significant (x2 5 2.025, p
5 0.155). This may be the result of limited
influence of the PDL on the deepest vessels of the
hemangioma. Lastly, and most importantly, de-
spite the higher fluences, there were no adverse
effects reported in the CSC-LT group.

Conclusion

Our clinical study demonstrates the feasibility of
selective epidermal cooling while achieving pho-

Fig 2. A 4-month-old Asian girl with obstructive hemangioma of her genital area. (A) View before laser treatment. (B)
View 6 months after two treatments with cryogen spray cooling and the pulsed dye laser using an energy density of 9
J per square centimeter. The result was evaluated as an excellent response.
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tothermolysis of blood vessels during pulsed laser
treatment of cutaneous hemangiomas. Currently,
all patients are treated with CSC spurt durations
and light doses based on the clinical judgment of
the physician without taking variations in the bio-
physical, structural, optical, and thermal properties
of human skin and hemangiomas into consider-
ation. Ideally, these parameters should be deter-
mined individually for each patient based on
knowledge of vessel depth and distribution, and
work is currently underway in our laboratory to
achieve this goal. In addition, several key technical
issues need to be addressed in regard to the devel-
opment of the cooling device: (1) distance between
the valve and skin surface, (2) boiling point of the
cryogen, (3) velocity of the cryogen before striking
the skin surface, (4) orientation of the valve with
respect to the skin surface, (5) the maximal depth
that cryogen can reach, and (6) delay between
cryogen delivery and laser irradiation. Evaluation
of these issues may optimize further CSC for use
during laser treatment of cutaneous hemangiomas
and other indications.
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