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ORIGINAL ARTICLE

Ultrastructural changes seen after ALA-IPL photorejuvenation: A pilot
study
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Abstract
Background. Intense pulse light (IPL) treatment currently represents one of the most popular non-ablative photodamage
skin treatments. Recent anecdotal evidence suggests that aminolevulonic acid (ALA) photodynamic therapy using IPL as a
light source is superior to IPL alone for photorejuvenation.
Methods. Seven adult subjects (six women, one man) with minimal photodamage were treated with full face IPL treatment.
Half of the face was pre-treated with topical ALA. Pre-and post-treatment biopsies were analyzed for changes in collagen by
electron microscopic ultrastructural analysis.
Results. An increase in type I collagen fibers was seen after treatment in all subjects. There was a greater increase in type I
collagen formation in those subjects who were pre-treated with topical ALA.
Conclusion. This small pilot study is the first to focus on the ultrastructural changes seen after ALA-IPL photorejuvenation.
We found a greater shift toward type I collagen synthesis in the ALA-IPL group compared to the IPL group. The addition of
ALA to IPL treatment for photorejuvenation may be superior to IPL alone.

Key words: Photorejuvenation, ALA-IPL, PDT, photodynamic photorejuvenation, intense pulsed light, photodynamic
therapy

Introduction
Intense pulse light (IPL) treatment currently represents one of the most popular non-ablative skin
treatments. IPL has now been used to treat all
aspects of photodamage including early rhytides,
skin coarseness, dyschromia, and telangiectasias (1–
6). Unlike conventional ablative treatments, IPL
treatment results in significant visible improvement
with minimal downtime and a minimal risk of
scarring. IPL light sources have also been used for
photodynamic therapy in the treatment of actinic
keratoses. Recent anecdotal evidence suggests that
aminolevulonic acid (ALA) photodynamic therapy
using IPL as a light source is superior to IPL alone
for photorejuvenation (7).
Intense pulse light is a noncoherent, nonlaser,
filtered flashlamp emitting high intensity, broadband
visible light (500–1200 nm). Like laser light sources,
IPL employs the principle of selective photothermolysis to deliberately heat and destroy target chromophores. Because different structural targets absorb
light at different wavelengths, various cut-off filters

can be used to allow a defined wavelength spectrum
to penetrate. For example, melanin absorbs throughout the entire visible spectral range (400–750 nm)
whereas hemoglobin has several absorption peaks.
Using selected filters, IPL therapy can deliver a
range of different wavelengths.
Photodamage has now been be classified into
three categories (8). Type I photodamage includes
pigmentary and vascular changes such as lentigenes,
telangiectasias, increased skin coarseness, and symptoms of rosacea. Type II photodamage includes
structural changes involving the dermis such as the
loss of collagen seen with early rhytides. Type III
photodamage combines types I and II as well as precancerous actinic keratoses and non-melanoma skin
Table I. Types of photodamage (8).
Type I
Type II
Type III

Lentigenes, telangiectasias, increased coarseness,
symptoms of rosacea
Rhytides, laxity, dermatochalasis
Actinic keratoses, seborrheic keratoses,
non-melanoma skin cancers
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cancers (Table I). IPL, as well as many other
treatments, such as topical glycolic acids, retinoids,
anti-oxidants, dermabrasion, microdermabrasion,
and laser skin resurfacing have been shown to
improve photodamage (9–14). All of these modalities address types I and II photodamage,
However, there is now early anecdotal evidence that
IPL plus ALA photodynamic photorejuvenation
may address all three types of photodamage (1).
Topical ALA is a precursor of protoporphyrin-IX
(PpIX) in the heme biosynthesis pathway. ALA is
preferentially absorbed by rapidly dividing cells in
the epidermis and the superficial dermis. PpIX has a
maximum absorption at 410, 630, and 690 nm (7)
(Figure 1). With light activation, PpIX produces free
radicals that cause cellular destruction. This process
is called photodynamic therapy and has been FDA
cleared for the treatment of actinic keratoses.
Currently, topical ALA used in PDT is being studied
for the treatment of actinic damage, non-melanoma
skin cancer, and moderate to severe acne using 560–
1200-nm light sources (15). Therefore, ALA has an
established role in the treatment of type III photodamage. This study compared the potential differences in ultrastructural evidence of new collagen
formation when one side of the face was treated with
IPL alone while the other side was treated with
ALA-IPL.

Materials and methods
Seven adult subjects (six women, one man) with
minimal clinical photodamage and minimal
erythema, with a mean age of 51 years (ages 34–58
years), and skin phenotypes I–V were included in the
study. The entire sun exposed facial skin was treated
with IPL (Photoderm VL, Lumenis, Santa Clara,
CA), plus right or left side of the face was treated
with topical ALA (Levulan, Dusa Pharmaceuticals,
Wilmington, MA). Exclusion criteria included a
history of photosensivity reactions, lupus erythematosus, Fitzpatrick skin type VI, or other ablative or
nonablative facial procedures within one year.

The study protocol and informed consent were
approved by the Investigational Review Committee
of Pascack Valley Hospital, Westwood, NJ.
Informed consent of all participants was obtained
and the study sites were photographed. The patients
were randomly assigned to which side (left versus
right) of the face would receive treatment with IPL
alone versus IPL plus ALA. Two treatments were
given at a 1-month interval with follow-up 1 month
and 3 months after the second treatment.
ALA was applied to one side of the face 1 hour
prior to treatment. A thin layer of transparent gel
was used for cooling and skin hydration. Contact
cooling (24˚C) was provided via incorporation of a
cooling chamber head attached to the IPL handpiece.
The subjects’ facial skin was irradiated with an
intense pulse light source using a 550 nm filter at
24 J/cm2, T152.4 msec, T256.0 msec pulse durations, with a 20–30 msec delay. Single passes were
carried out over the entire study site. Punch biopsies
(2 mm) were taken both before treatment and at 3
months after final treatment for analysis of electron
microscopic ultrastructural changes in collagen
fibers.
Evaluation of the changes in dermal collagen fiber
diameter was undertaken by two independent
observers. Electron microscopic sections were evaluated for collagen fiber diameter. Each section was
taken at a 1mm depth in the tissue specimen. Ten
sections per specimen and ten collagen fibers per
section were evaluated using a magnifying loupe.
One hundred fibers per specimen were grouped into
populations based on size (nm). These were plotted
on a graph where the x-axis is collagen fiber size and
the y-axis is the number of fibers. Since new collagen
is in the form of type III collagen, it is smaller in
diameter than type I collagen. A change in size of
collagen fibers toward a smaller caliber would
indicate early collagen synthesis whereas a change
in size of collagen fibers toward a larger caliber
would indicate increased type I collagen.
Subjective patient reports and adverse effects were
also recorded at each follow-up visit.

Results

Figure 1. PpIX absorption spectrum.

All patients completed pre- and post-treatment
biopsies. Ultrastructural analyses showed a shift
toward type I collagen in the post-treatment specimens in the IPL group (Figure 2). An even greater
shift toward type I collagen is seen in the posttreatment specimens in the ALA-IPL group
(Figure 3).
All seven patients reported a subjective improvement in skin quality. In no patients was there a
reported difference between the IPL versus the IPL
plus ALA study sites.

Ultrastructural changes
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Figure 2. IPL pre- and post-treatment collagen fiber diameter.
There is an increase in number of post-treatment type I collagen
fibers.

Figure 3. IPL pre- and post-treatment collagen fiber diameter.
There is an increase in number of post-treatment type I collagen
fibers. The increase is even greater than that seen in the IPL only
treated group.

Side effect profiles in this study were minimal. No
dyspigmentation, blistering, or crusting occurred.
Transient, mild erythema and burning which
required no additional therapy and resolved within
24 hours after treatment was reported on both sides
of the face.
Discussion
There is anecdotal evidence that ALA-IPL is superior to IPL alone for facial rejuvenation. In addition,
there is strong evidence that IPL causes thermal
damage to collagen and stimulates new collagen
synthesis, first in the form of type III collagen and
collagen precursors that later become cross-linked to
form type I collagen (4). The results of this study
show a slight shift toward increased type I collagen in
the ALA plus IPL group.
Theoretically, thermal damage from IPL plus free
radical destruction from ALA-PDT might lead to
greater dermal remodeling than from IPL treatment
alone. Our results show a trend towards even greater
formation of type I collagen when IPL treatment is
augmented by the addition of topical ALA. The
results may have been much more marked had we
chosen subjects with significant actinic damage—a
group known to respond well to PDT treatment for
actinic keratoses (16).
Whether this trend toward greater type I collagen
formation after ALA-IPL treatment will become

23

statistically significant requires larger scale studies.
With only seven subjects, statistical significance in
the present small study is difficult to establish.
Another limitation in establishing a more dramatic
trend may lie in the mechanism of action of ALAPDT. Since ALA is preferentially taken up into
rapidly dividing cells of the epidermis and superficial
dermis, it requires sufficient actinic damage or
metabolic activity to work. An intact stratum
corneum inhibits maximum penetration of the
ALA into the collagen fibers of the superficial
dermis. Our results may reflect the limited ability
of the ALA to penetrate significantly into the dermis
in patients with only minimal photodamage. This
may introduce a selection bias because our study
population may have had insufficient actinic damage
to benefit maximally from ALA-photodynamic
photorejuvenation.
This small pilot study is the first to focus on the
ultrastructural changes seen after ALA-IPL photorejuvenation. We found a greater shift toward type I
collagen synthesis in the ALA-IPL treatment group
compared to the IPL-only treatment group. Our
patients reported an overall subjective improvement
in the quality of their skin without the adverse effects
of more invasive technologies. Future larger studies
are required to establish a precise role for the
addition of ALA photodynamic therapy in IPL
photorejuvenation.
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