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GENERAL INTRODUCTION AND AIMS OF THE THESIS

INTRODUCTION
In this thesis, therapies are described for scars, benign dermal tumours and port-wine
stains. While these three types of skin conditions could not be more unalike, they have
two things in common. First of all, they can be disfiguring and may affect quality of life.
Secondly, they can be treated with laser therapy.
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Disfiguring skin conditions
Disfiguring skin conditions, whether congenital or acquired, are visible skin conditions
that force a patient to deal with an altered body appearance. In addition to physical
and functional difficulties that may come with skin disorders, a patient may also have
to deal with psychosocial problems.1-3 These psychosocial and psychological problems
can have a major impact on a patients’ quality of life regardless of the type of skin
condition.4 Various studies have been performed to assess the quality of life in patients
with the disfiguring skin conditions that are dealt with in this thesis. 4-10 Especially
for scars and port-wine stains, research on psychosocial problems related to the skin
condition has been done, but also for dermal tumours like fibrofolliculomas, a quality
of life assessment study was performed.11 Nowadays, there is more awareness for the
psychosocial and psychological problems that come with disfiguring skin conditions.
Apart from these quality of life studies, continuous research is performed to improve
the therapeutic options for these skin conditions. Currently, especially laser therapy is
being highlighted as a treatment option.

Laser therapy
Laser is the acronym for Light Amplification by Stimulated Emission of Radiation. While the
theoretic foundations for the laser had already been established by Albert Einstein in 1917,
it was not until 1960 that the first operating laser was actually developed by Theodore
Maiman. He used a ruby crystal to emit red light with a wave length of 694 nm.12 Shortly
after, the first physician to utilize a laser on humans was Goldman in 1963.13 He introduced
the dermatologic application of laser technology, and ever since, a broad variety of
improved and specialized laser types has been developed for a wide range of applications.
In 1983, Anderson and Parrish introduced the concept of selective photothermolysis, a
theory that described target specific destruction with minimal collateral thermal injury and
thus less tissue damage.14 With this concept, cutaneous laser surgery was able to develop
into the therapeutic option that it is for many skin conditions nowadays.
Many different lasers using various wavelengths have been developed in the past
decades. The lasers that are currently being used can be divided into ablative and
non-ablative lasers. The ablative laser used in the research described in this thesis,
is the 10600 nm carbon dioxide (CO2) laser. The CO2 laser was developed in 1964,
making it one of the earliest gas-mediated lasers.15 To this day, the CO2 laser has
proven useful in industrial applications as well as in different types of medical uses. It
operates with infrared light at a wavelength of 10600 nm, which is very well absorbed
by water molecules. Laser energy will convert into heat, which causes evaporation
of the water molecules. This ablative effect makes the laser an accurate surgical
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device. Moreover, coagulation of surrounding tissue limits blood loss. The CO2 laser
can be used in pulsed or continuous wave (CW) mode. The concept of pulsed laser
treatment is to enable the tissue to cool down between pulses, therefore creating less
accumulating heat resulting in less surrounding tissue damage. In 2004, fractional
photothermolysis was introduced. Soon after, ablative fractional laser therapy (AFLT)
was developed. Microscopic treatment zones (MTZ) are created while the tissue
surrounding each column is spared, thus resulting in rapid epidermal repair (within 24
hours) with reduced downtime.16 Since this development, numerous studies on various
skin conditions have been performed using ablative fractional lasers.
The non-ablative lasers that were used in the research for this thesis are the pulsed
dye laser (PDL) at a wavelength of 595 nm, and the neodymium: yttrium-aluminumgarnet (Nd:YAG) laser at a wavelength of 1064 nm. The dye laser was first introduced
in 1966 and in the 1980’s, the first PDL system was introduced.17 With a wavelength
of 577 nm, penetration was only superficial, and in the following decades the 585 nm
and 595 nm PDL systems were developed for deeper tissue penetration. Nowadays,
the 595 nm pulsed dye laser is regarded the gold standard in the treatment of vascular
lesions such as port-wine stains, and is, together with the 585 nm PDL, also the most
frequently used laser in the treatment of hypertrophic scars.18-22
The Nd:YAG laser was developed in 1964 and in the 1980’s it was first used for
dermatologic applications such as pigment and hair removal and for the treatment
of vascular lesions.23 In 2003, the long-pulsed Nd:YAG system was introduced in
the treatment of deeper situated vascular lesions.24 Since then, only a small amount
of studies on the Nd:YAG laser in the treatment of vascular lesions was performed.
Consequently, evidence for this laser in the treatment of port-wine stains is still lacking.25
In the next section of this introduction, the three types of skin conditions dealt with in
this thesis will be described along with their current therapeutic options.

Scars
Scars are commonly seen after healing of skin injury in patients of all ages, and can be
caused by any kind of trauma, including physical trauma, infections, burns or surgery.
Scars can be normotrophic, atrophic or hypertrophic, and often pigmentary changes occur
during scar formation. Although most scars do not pose a health risk, they can be highly
disfiguring resulting in decreased quality of life.5,6 For the improvement of dyschromic
or hairless scars, medical tattooing is described. Also, medical make up can help in the
concealment of scars.26,27 Pruritus, pain and functional impairment are common physical
symptoms of scars and can be a reason for patients to seek treatment.2,3,28
Various therapies have been proposed in the treatment of disfiguring or symptomatic
scars, such as corticosteroids, 5-fluorouracil, bleomycin, silicone gel sheeting, pressure
therapy, radiation, cryotherapy and surgery.29,30 However, little evidence on the efficacy
is available due to a lack of (randomized) controlled trials.
Since the introduction of lasers in dermatology, many uncontrolled studies have
been performed showing lasers to be effective in the treatment of scars.29-34 For the
treatment of hypertrophic scars, pulsed dye laser therapy is still considered to be the
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gold standard. This is also explained by the lack of evidence for other lasers, as only
a few randomized controlled trials have been performed. Recently, a randomized trial
was performed with the non-ablative fractional laser for hypertrophic scars.35 Although
the therapy was safe, no clinical efficacy was shown for this laser on hypertrophic scars.
For atrophic (acne) scars, however, multiple randomized controlled studies have shown
the newer ablative fractional carbon dioxide (CO2) laser to be effective.36-38 This type
of laser is now considered the gold standard for treating (facial) atrophic acne scars
although the most effective settings are still not known. For other scars of different
aetiology, evidence on the effect of ablative fractional laser therapy is still lacking.

1

Benign dermal tumours
Benign dermal tumours appear in various shapes and forms. Trichoepitheliomas
for example are benign neoplasms that usually present as multiple skin-coloured or
translucent papules of 2-5 mm on the face or upper trunk, with a predilection for the
nose, and can also present in multiplicity.39,40 Milia are yellowish to pearly white, benign,
superficial keratinous cysts, that are generally smaller than 3 mm and may arise either
spontaneously (primary milia) or secondary to various processes, usually in the head and
neck area.41,42 Eruptive vellus hair cysts are other cosmetically bothersome skin tumours
which often cause recurrent inflammation. They present as multiple, smooth papules
affecting the mid chest, face, neck, axillae, buttocks and/or extremities. The papules
are small, 1-2 mm, and mostly skin-coloured or variably pigmented.43,44 Syringomas
are benign ductal adnexal tumours. They appear as multiple small, soft papules with a
skin-coloured to slightly yellowish or translucent colour and is usually confined to the
uppermost dermis. Syringomas usually affect the periorbital areas and may be eruptive.40
The presence of these benign but multiple dermal tumours can have a large impact
on a patient’s quality of life.11 The treatment of choice for these tumours is (electro-)
surgery, but also cryotherapy and laser surgery have been proposed as treatment
options for improving the appearance of benign dermal tumours.39,45-47
Especially in patients with a large number of dermal tumours, laser ablation is a
practical alternative for conventional surgery. Advantages are speed of the procedure
and lack of bleeding. By drilling holes with the 10600 nm CO2 laser, dermal tumours
like fibrofolliculomas, eruptive vellushair cysts, syringomas, trichoepitheliomas, milia
and steatocystoma multiplex have been treated, all with varying results.40-42,46 Clinical
results are often disappointing because of post-inflammatory pigmentary changes,
scarring, or due to a high recurrence rate.40,42,47
Conventional laser ablation lacks standardization and results depend largely on the
physicians’ surgical skills. Due to intra- and interphysician treatment differences, the
variation between lesions created with conventional laser drilling, although performed
with the same settings, is too high to result in reproducible results.

Port-wine stains
Port-wine stains (PWS) are benign congenital vascular malformations characterized
by ectatic blood vessels situated mainly in the superficial dermis. These birthmarks
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occur in 0.3-0.5% of infants and initially appear as flat, pink to red patches. Due to
progressive vascular ectasia, they may gradually progress into hypertrophic, red
to purple lesions.48-50 By the fifth decade of life, nearly two-thirds of patients with
PWS develop nodules and hypertrophy, worsening the appearance and occasionally
causing spontaneous bleeding.51,52 Unfortunately, there is no evidence available to
date whether prevention of PWS progression is possible.
Since most port-wine stains seem to occur in the head and neck region, they often have
a stigmatizing effect, and they negatively influence the quality of life, as demonstrated
in several studies.7-10,53 For this reason, treatment is often wanted.
The gold standard for treating port-wine stains is the pulsed dye laser (PDL).
However, multiple treatments are required and only a minority of patients achieves
total clearance of the PWS. Moreover, hypertrophic PWS respond poorly to PDL
treatment.54 To further improve resistant PWS, variation of PDL wavelength and/or
pulse duration has been proposed.55,56 Also, studies have been performed to show
the effectiveness of multiple PDL passes or of different treatment intervals.20,57 For
hypertrophic PWS, multilayer PDL treatment or a combination treatment with PDL
and Nd:YAG laser has been proposed.58-60 No evidence for Nd:YAG laser alone in the
treatment of hypertrophic PWS is available to date.

AIMS OF THE THESIS
Treatment of disfiguring skin conditions remains challenging as long as optimal
improvement is not possible, and patients continue to experience a decreased quality
of life due to their skin disorder. In scars, fractional laser therapy has been proposed as
a treatment option, and in this thesis the effectiveness will be reviewed and assessed.
Furthermore, the lack of standardization in (laser) therapy for benign dermal tumours
impedes reproducibility and comparison of results. In this thesis, an attempt was made
to standardize treatment settings. In port-wine stains, pulsed dye laser therapy has
been the gold standard for many years. In this thesis, innovations in laser therapy for
resistant port-wine stains is debated and investigated.
Laser therapy for the treatment of various types of scars has been a focus of effort since
its introduction in the dermatologic field. Although many studies have been performed
using laser therapy for hypertrophic scars, no systematic review was performed to show
the effectiveness. Chapter 2 is the first study to assess the overall effectiveness of laser
and light therapy in achieving improvement of hypertrophic scars over 6 months of
age, compared to conventional or no treatment. Since the introduction of fractional
photothermolysis, many uncontrolled studies have been performed using ablative or
non-ablative fractional lasers in the treatment of scars. Chapter 3a is the first randomized
controlled trial to assess the efficacy and safety of the ablative fractional 10600 nm CO2
laser compared to no therapy in the treatment of scars. Chapter 3b describes four cases
of adverse events after ablative fractional CO2 laser therapy for atrophic scars.
Although benign, small dermal tumours can be a burden for patients when they are
multiple and located on visible areas such as the face. Ablative laser therapy is a practical
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alternative for conventional surgery and has been described in several case series. To
overcome the lack of standardization of these treatments, timed exposure settings can
be used. In Chapter 4, the histological differences of skin treated with timed exposure
ablative CO2 laser is compared to skin treated with conventional CO2 laser.
Laser therapy has been the gold standard for the treatment of port-wine stains since
the introduction of selective photothermolysis in the early 1980’s. The many different
innovations in laser techniques and applications, and new experimental modalities,
are put down in Chapter 5. One of those innovations in laser techniques is multiple
pass laser therapy. With consecutive passes, or pulse stacking, it was thought that
recalcitrant port-wine stains would better respond to PDL treatment. However, the
few studies describing this technique were inconclusive and no randomized trials were
available. In Chapter 6, a randomized trial comparing single pass to double pass PDL
in the treatment of port-wine stains is presented. For hypertrophic port-wine stains,
other treatment modalities have been proposed since they rarely respond well to PDL
therapy. Little is known about development of hypertrophy in port-wine stains. The aim
of Chapter 7a was to assess the prevalence and patient characteristics of hypertrophic
port-wine stains. In Chapter 7b is discussed if early start of laser treatment and regular
intermittent maintenance of treatment could attribute to the prevention of aesthetically
and mechanically disturbing hypertrophy in port-wine stains. As a treatment option for
deeper situated vascular anomalies the Nd:YAG laser has been described, while it
has also been proposed in the treatment of recalcitrant port-wine stains. The aim of
Chapter 8 was to evaluate the safety and efficacy of the Nd:YAG laser in the treatment
of hypertrophic PWS and to assess the results of Nd:YAG laser therapy on colour and
hypertrophy after a long-term follow up.
In Chapter 9, all chapters of this thesis are summarized. The thesis concludes with a
general discussion on the main findings, and future considerations on the use of lasers
in dermatological practice are discussed (Chapter 10).
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Hypertrophic scars are difficult to improve and remain a therapeutic challenge.
Several lasers and light sources were evaluated in the past decades and showed to
improve hypertrophic scars. However, a systematic review is not available. To assess
current evidence of efficacy of all laser and intense pulsed light therapies used in the
treatment of hypertrophic scars, we performed a systematic review searching electronic
databases MEDLINE, EMBASE and CENTRAL. The quality of the controlled clinical
trials was evaluated according to the Cochrane Collaboration’s tool for assessing risk
of bias. Thirteen articles involving seven different lasers met the inclusion criteria.
Most evidence was found for the pulsed dye laser (PDL) 585 nm (8 studies), followed
by the PDL 595 nm (2 studies), whereas limited evidence (one trial per laser) was
available for fractional non-ablative laser 1540 nm, CO2 laser 10600 nm, low level
laser therapy (LLLT), Nd:YAG laser 532 nm and Erbium:YAG laser 2940 nm. Treatment
recommendations should be formulated with caution as current evidence is insufficient
for comparing the efficacy of different laser therapies. The PDL 585 nm showed a
low efficacy for the treatment of hypertrophic scars. With moderate efficacy, the PDL
595 nm is promising, although more research is necessary. For the efficacy of other
lasers, little evidence was found. Future research, with low risk of bias, well defined
scar characteristics, validated outcome measures, standardized measure methods,
follow up periods of at least 6 months and well defined laser settings, is needed.
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INTRODUCTION
Background
Scars are a common problem as they inevitably develop after cutaneous dermal injury.1
Except for shallow wounds, most wounds will become a visible scar.2 In case of an imbalance
of matrix degradation and collagen biosynthesis, in the wound healing an accumulation
of collagen can cause a hypertrophic scar. A clinical definition has often been used to
distinguish hypertrophic scars from keloids.3 A hypertrophic scar appears as a thickened
area of fibrotic skin limited to the site of the original wound.4 It usually occurs shortly after
injury and may regress in time. In contrast, keloids cross the limits of the site of the original
wound, manifest months to years after injury and do not show any tendency towards
regression. Apart from thickening, a hypertrophic scar can be complicated by erythema,
hyper- or hypopigmentation, pruritus, tenderness, burning, secondary infection, ulceration
and restriction of motion.3,5 Histopathologically, hypertrophic scar tissue shows an increase
in collagen fibres, which is arranged in a wavy pattern, oriented to the epithelial surface
and forms nodular structures.6 The exact pathophysiology of hypertrophic scar formation
is unknown but immunologic mechanisms play an important role.6
Hypertrophic scars are very difficult to treat. Many treatments are available, however
all these treatment methods have their own limitations. Intralesional corticosteroids as
a solitary treatment or in combination with excision or cryosurgery are frequently used
with evidence based softening and flattening of hypertrophic scars. In daily practice
intralesional corticosteroids are the first choice for the treatment of hypertrophic scars
as they are inexpensive and easy to use. Nonetheless, permanent hypopigmentation,
pain and skin atrophy are major side effects.5,7-14 Pressure therapy, which is mainly used
in keloids and fresh scars, results in tissue ischemia, decreasing tissue metabolism
and increasing collagenase activity. Although this treatment has been shown to
be effective, it is uncomfortable in use which limits the compliance. Intralesional
fluorouracil and silicone sheet treatment have limited evidence of efficacy and safety
and are uncomfortable in use as well.5,9,15-21 Although effective, total clearance is rare
for these treatments and they have limitations regarding size and location of the
scars.4,5 To overcome these limitations new treatment modalities based on laser and
light based therapies have been developed.
For more than 25 years laser therapy has been used for the treatment of hypertrophic
scars. Laser therapy based on photothermolysis results in tissue vaporization (ablative)
and/or coagulation (non-ablative) and induces collagen denaturation, neocollagenesis
and dermal remodelling.22,23 The first lasers used in the treatment of hypertrophic scars
were ablative (CO2 laser) and showed recurrence rates of 90% and higher.24-26 Side
effects as temporary erythema, oozing, crusting, ulceration and burning discomfort
were reported. Recently, fractional laser therapy (FLT) has been introduced as a
promising treatment option for hypertrophic scars.27 In FLT treatment effects are limited
to microscopic thermal treatment zones separated by surrounding untreated skin, which
results in rapid re-epithelisation and reduced downtime.23 Intense pulsed light therapy
(IPL) is frequently used in daily practice, although there is lack of evidence for its efficacy.
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Even though laser therapy has been used for many years for the treatment of scars,
the efficacy is still unclear.4 A systematic review on lasers and IPL for the treatment of
hypertrophic scars is not available to date. This review will evaluate current evidence
of efficacy of all lasers and intense pulsed light therapy used in the treatment of
hypertrophic scars.

Objective
To assess current evidence of efficacy of all lasers and intense pulsed light therapy
used in the treatment of hypertrophic scars.

METHODS
Criteria for considering studies for this review
Types of studies:
All controlled clinical trials, whether randomized or not, comparing laser therapy or
intense pulsed light therapy with another treatment or no treatment at all.

Types of patients:
Patients with hypertrophic scars of a mean scar age of at least 6 months and of any
aetiology. A hypertrophic scar is defined as a thickened area of fibrotic skin limited to
the site of the original wound. There were no restrictions regarding age, sex or skin type.

Types of interventions:
All kinds of laser and intense pulsed light (IPL) therapies as a stand-alone treatment or
as an adjunctive to other therapies. Control interventions could be any other therapy
or no treatment at all.

Types of outcome measurement:
There is no uniform approach for measuring outcome in hypertrophic scar literature.
Therefore, both objective and subject measurements, as well as patient related
outcomes and physician related outcomes and validated and non-validated outcome
measurements were eligible.

Search Methods for identification of studies
Electronic search
A medical librarian (JL), employed in the Dutch Cochrane Centre and with experience
in conducting searches for systematic reviews, undertook a systematic search of the
electronic databases MEDLINE (1950 - May 2010), EMBASE (1980 - May 2010) and
the Cochrane Central Register of Controlled Trials (CENTRAL) (up to May 2010) to
identify studies on laser and intense pulsed light therapy of hypertrophic scars. Only
human studies were included. Reference Manager® software (version 11.0) was used
to manage and de-duplicate all identified references.
The search strategy consisted of free-text words and Subject Headings (MeSH, SH) related
to the intervention (laser and intense pulsed light therapy) and the patients (hypertrophic
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or scars). The search was optimized for MEDLINE and then adapted for EMBASE (using
the same text words but EMBASE-specific Subject Headings) and CENTRAL.

Searching other resources
The references from all relevant trials found, were screened for additional eligible trials.

2

Selection of trials
The preliminary selection for eligible trials based on title and abstract was done by two
independent investigators (CV, AMvD). This selection excluded those articles which
did not refer to a controlled clinical trial with a study population of at least 5 patients,
assessing laser or intense pulsed light therapy for the treatment of hypertrophic
scars (see Figure 1). In case of doubt, articles were selected. Full text copies of those
articles were obtained. Subsequently, a second selection based on the full text was
performed. These papers were screened for inclusion by two independent authors
as well (CV, AMvD), based on the criteria for considering studies for this review (see
Figure 1). Any differences were resolved by discussion. For the excluded trials of both
selection procedures the reasons for exclusion were documented. If a study had more
than one reason for exclusion, only the first encountered reason was recorded.

Data extraction
The data from the included trials were extracted by two independent authors using a
tailored data extraction form. As demographic data were extracted: author/year, mean
age (years), male/female ratio, mean scar-age (months), etiology, skintype and treatment
history. Per study, the following data were extracted: first author/country/year, study
design, number of patients, intervention, comparative control, follow up (weeks), outcome
parameters and outcome effect. The effect, as a sum of outcomes of all parameters used,
was categorised in three groups of improvement: low (0-33% improvement), moderate
(34-66% improvement) and high (67-100% improvement). Discrepancies of extracted data
were resolved by discussion or by referral to a third investigator.

Quality assessment
To assess the methodological quality of both randomized controlled trials and
controlled trials the Cochrane Collaboration’s tool for assessing risk of bias was used.
In the risk of bias table adequate sequence generation, allocation concealment,
blinding, incomplete outcome data, selective outcome reporting and other sources
of bias (performance- and detection bias) were evaluated and scored. All key domains
are categorized *yes, *no or *unclear. A low risk of bias was defined as a low risk of
bias scored for all key domains and should be interpreted as a plausible bias unlikely
to seriously alter the results. An unclear risk of bias was defined as an unclear risk of
bias scored for one or more key domains and should be interpreted as a plausible bias
that raises some doubt about the results. A high risk of bias was defined as a high risk
of bias for one or more key domains and should be interpreted as a plausible bias that
seriously weakens confidence in the results.
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Two independent review authors (CV, AMvD) critically appraised the full text of the
included controlled trials. Differences were resolved by discussion.
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RESULTS
Results of the electronic literature search
Figure 1 summarizes the selection process for all studies. The initial search retrieved
1060 records from the three databases searched. After exclusion of duplicates, 718
articles remained. After screening titles and abstracts for eligibility 58 citations were
selected that could not be excluded on title or abstract alone. With full text, 13 articles
were identified that met the inclusion criteria. The reasons for exclusion are represented
in Figure 1. The most frequent reasons to exclude articles in the preliminary selection
were other diseases (370 articles) or review articles (152 articles). In the full text selection,
the lack of a control group was the most frequent reason for the exclusion of articles (19
articles). The reference search yielded no additional publications. No systematic reviews
about laser treatment in non-keloid hypertrophic scars were found.

Description of included studies
A total of thirteen articles with 6 RCTs and 7 CCTs, published between 1998 and 2009
were included in this review.27-39 Patient characteristics are shown in Table 1 and the
trial characteristics are shown in Table 2. The following 7 lasers were evaluated in the
eligible trials:

Pulsed dye laser (PDL) 585 nm
With four RCTs and four CCTs, the PDL 585 nm was the most frequently evaluated
laser therapy in this review.28-32,36,38,39 Three trials28,32,39 had a high risk of bias and five
trials had an unclear risk of bias. Overall the PDL 585 nm showed a low improvement
on hypertrophic scars. The pulse duration differed from 0.0015 ms (2 studies32,38) to
0.45 ms (3 studies29,30,39) In three trials the pulsed duration was not specified.28,31,36 Radiant
exposure differed widely between trials (3-8 J/cm2), but occasionally also within trials.

PDL 595 nm
The treatment with the PDL 595 nm was evaluated in one RCT and one CCT.34,37 The
RCT had a low risk of bias and showed that treatment with 0.45 ms pulse duration was
more efficacious than 40 ms for scar volume and pliability.37 The CCT had a high risk
of bias and reported a moderate improvement for all outcome parameters for the PDL
595 nm with 1.5-10 ms pulse duration. Overall the PDL 595 nm showed a moderate
improvement on hypertrophic scars.

Fractional non-ablative laser 1540 nm
This laser is the only fractional device in this review. One RCT with a low risk of bias
showed a moderate improvement after treatment with this laser.27
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Table 1. Patient characteristics of the included controlled clinical trials
First author/ year

Mean age
Mean scar- age
(years)
M/F
(months)
Aetiology Skintype

Treatment history

28

32

3/19

126

Acne

I-II

No prior treatment

Alster 199829

37

5/15

30

n.s.

I-II

Corticosteroids,
silicone gel, pressure
therapy, excision

Wittenberg 199930

49

5/15

32

Surgical

I-IV

No prior treatment
in past 2 months

Manuskiatti 200131

53

4/6

>6

Surgical

I-III, VI

n.s.

n.s.

n.s.

22

Surgical

II-IV

No prior treatment
or corticosteroids

Alster 1996

Bowes 2002

39

Manuskiatti 200236

49.5

4/6

7

Surgical

I-III, VI

No prior treatment

43

14/13

>6

Surgical +
Burns

n.s.

No prior treatment
in past 6 months

27.2

24/96

8.9

Trauma +
Surgical

III

No prior treatment
in past 6 months

38

14/5

19

Burns

n.s.

Grafts

13.7

8/7

12.3

n.s.

III-IV

Pressure therapy,
corticosteroids,
silicone gel

Manuskiatti 200737

45

9/10

>6

Surgical

III-V

No prior treatment

Ghalambor 200635

n.s.

n.s.

9

Burns

n.s.

No prior treatment

Haedersdal 200927

37

8/9

60

Burns

II-IV

No prior treatment
or grafts

Chan 200432
Omranifard 200738
Gaida 200433
Kono 2005

34

2

n.s. = not specified. Skintype = Fitzpatrick’s phototype skin classification. M/F = male/female.

CO2 laser 10600 nm
The efficacy of the CO2 laser is evaluated in one CCT with, despite a high number of
patients and a long follow-up period, a high risk of bias.35 A moderate improvement
by the CO2 laser was observed on the Vancouver Scar Scale and self assessment scale.

Low level laser therapy 670 nm (LLLT)
LLLT differs from the other lasers as it functions by photobiomodulation instead of
photothermolysis. We identified one CCT33 with a high risk of bias and a moderate
improvement of the LLLT on the Vancouver Scar Scale and Visual Analogue Scale.

Q-switched frequency doubled Nd:YAG laser 532 nm (QS Nd:YAG)
This laser is the only device that specifically targets pigmentation. One CCT with a small
number of patients and a high risk of bias reported low improvement on the Vancouver
General Hospital scale.39 The efficacy of the laser was compared to ‘no treatment’ and
to the PDL 585 nm. The QS Nd:YAG showed results comparable with the PDL 585 nm.
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MEDLINE

Embase

CENTRAL

Hypertrophic scar
AND laser OR IPL

Hypertrophic scar
AND laser OR IPL

Hypertrophic scar
AND laser OR IPL

2
N= 416

Exclude
duplications

N= 561

N= 83

N= 718
Exclusion criteria title/abstract

(N= 342)

o

Inclusion criteria title/abstract
o

Types of patients:
-Hypertrophic scars > 6 months

o

Types of intervention:
-Laser or IPL

o

Type of studies:
-Controlled Clinical Trials
-Study population > 5

o
o

o

Other patients:
o Mean scar age < 6
months (N=13)
o Other diseases/ other
type of scar/ keloids
(N=370)
Other intervention (N=64)
Other studies:
o Etiologic, diagnostic or
prognostic studies
(N=35)
o Preclinical studies
(N=8)
o Reviews (N=152)
Study population < 5 persons
(N=18)

Inclusion criteria full text
o

o

o

o

Types of patients
o Hypertrophic scars
o Mean scar age > 6 months
o No restrictions in aetiology of
the scar
o No restrictions regarding age,
sex or ethnicity
Types of interventions
o Laser or intense pulsed light
treatment
o Comparative control
intervention

No treatment

Other therapy
Types of studies
o RCT
o Controlled Clinical Trial
o Study population > 5
o No restrictions in languages
Types of outcome measures
o All outcome measures

Exclusion criteria full text
N= 58

o

o

o

N=0

Types of patients
o Mean scar-age < 6
months (N=6)
o Other type of scar (N=7)
Types of intervention
o Other intervention type
(N=2)
Types of studies
o Other study type (N=8)
o No control group (N=19)
o Study population < 5
(N=3)

Reference list

N= 13

Figure 1. Flowchart of the search and selection process. IPL, intense pulsed light; RCT, randomized
controlled trial.

Erbium YAG laser 2940 nm (Erb:YAG)
The efficacy of this ablative laser was evaluated in one RCT.38 This trial had a low risk
of bias and showed a moderate improvement of the Erb:YAG on the Vancouver Burn
Scar Assessment Scale.
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Intense pulsed light therapy
No evidence for the efficacy of the intense pulsed light therapy was found as no study
met the inclusion criteria.

Data analysis

2

The laser devices, follow-up periods and outcome parameters differed in a wide range.
In order to pool these heterogeneous data, the most often used outcome parameter
among trials was analysed. As nine trials used ‘erythema’ as an outcome parameter,
we compared the laser devices for efficacy on erythema (Table 3).29-32,34,38 Unfortunately
the methods to measure erythema differed in a wide range and not all trials showed
their figures. Therefore, pooling of the data was not possible and no statistical analysis
was feasible. None of the included trials investigated the effect of treatment using a
validated tool for quality of life.

Risk of bias of included controlled clinical trials
The risk of bias is summarized in Table 4. Where two articles27,37 had a low risk of
bias for the summary assessment across domains, six articles28,32-35,39 had a high risk
of bias. The summary assessment across trials shows an unclear risk of bias as most
information is from trials with high or unclear risk of bias. Except for one38 all trials used
‘within patient’ comparisons.

DISCUSSION AND CONCLUSION
Search and results
In this systematic review current evidence was assessed of the efficacy of all laser and
intense pulsed light therapies used in the treatment of hypertrophic scars. Thirteen
trials met the inclusion criteria of which 6 RCTs and 7 CCTs. The following 7 lasers were
evaluated in the eligible trials: PDL 585 nm (four RCTs and four CCTs28-32,34,36,38) PDL
595 nm (one RCT and one CCT34,37), fractional non-ablative laser (one RCT27), CO2 laser
10600 nm (one CCT35), LLLT 670 nm (one RCT33), QS Nd:YAG laser 532 nm (one CCT39)
and Erb:YAG laser 2940 nm (one RCT38). No studies of IPL met the inclusion criteria.
It is remarkable that most evidence was found for the PDL 585 nm (8 of 13), followed by
the PDL 595 nm (2 of 13). An explanation could be that the PDL 585 nm was one of the
first developed devices of the included lasers. Newer devices like fractional lasers are
therefore less likely to have been studied. Also, availability of laser devices in clinical
practice could have influenced the amount of research done with different lasers.
Only one trial assessed the effect of different pulse durations. Manuskiatti et al.
demonstrated that a pulse duration of 0.45 ms was more efficacious than 40 ms for
the PDL 595 nm. Consequently, future trials should standardize laser settings.

Comparison between lasers
The comparison of results was precluded as the clinical, methodological and statistical
heterogeneity was too high. To compare the efficacy of the different laser devices
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Table 2. Study characteristics of the included studies
First author/ Country/Year

2

Study design

N

Intervention

Alster/ USA/ Dermatol. Surg./ 199829

RCT

20

CO2 10600 nm + PDL 585 nm
Pd=0.45 ms
6.5 J/cm2

Wittenberg/ USA/Arch.Dermatol/ 199930

RCT

20

PDL 585 nm
Pd=0.45 ms
6.5-8.0 J/cm2

Manuskiatti/ USA/ Arch.Dermatol/ 200236

RCT

10

PDL 585 nm
Pd=n.s.
5 J/cm2

Omranifard/ Iran/JRMS/ 200738

RCT*

120

1.PDL 585 nm
Pd=0.0015 ms
7-9 J/cm2
2.Erbium 2940 nm
1 ms; 2 J/cm2

Manuskiatti/ Thailand/ Dermatol. Surg/ 200737

RCT

19

PDL 595 nm
Pd=0.45 ms
7 J/cm2

Haedersdal/ Denmark/ Las Surg Med/ 200927

RCT

17

Fract. Non-abl. 1540 nm
10mm; 70-100 mJ
Pd=15 ms

Alster/ USA/JAAD/ 199628

CCT

22

PDL 585 nm
Pd=n.s.
6-7 J/cm2

Manuskiatti/ USA/JAAD/ 200131

CCT*

10

PDL 585 nm
Pd=n.s.
3,5,7 J/cm2

Bowes/ USA/ Dermatol.Surg/ 200239

CCT

6

1.PDL 585 nm
Pd=0.45 ms
3.5 J/cm2
2.QS Nd:YAG

Chan/ Hong Kong/ Dermatol.Surg/ 200432

CCT

36

PDL 585 nm
Pd=0.0015 ms
8.0 J/cm2

Gaida/ Austria/ Burns/ 200433

CCT

19

LLLT 670 nm

Kono/ Japan/ An.Plast.Surg/ 200534

CCT

5

PDL 595 nm
Pd=1.5-10 ms
9-10 J/cm2

Ghalambor/ Iran/PJMS/ 200635

CCT

200

CO2 10600 nm

CCT = Controlled Clinical Trial, RCT = Randomized Controlled Trial, N = number of patients,
Comp. control = comparative control, PDL = Pulsed Dye Laser. Pd = pulse duration, n.s. =
not specified. VGH scale = Vancouver General Hospital scale. VSS = Vancouver Scar Scale.
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Comp. control

Follow up (weeks)#

Outcome Parameter

Effect (improve-ment) ##

CO2 10600 nm

12

1. Erythema
Global assessment

Moderate

No treatment

16

1. Bloodflow
Elasticity
Volume
Complaints

Low

No treatment

12

1. Erythema
Scar height
Pliability
Self assess

Low

Steroids

4

1. VBSAS
Patient satisfactory

Moderate

PDL 595 nm
Pd=40 ms
7 J/cm2

24

1. Erythema
Scar height
Scar volume
Pliability

Moderate

No treatment

12

1. Erythema
Skin texture
Patient satisfactory

Moderate

No treatment

42

1. Erythema
Skin texture

High

No treatment

12

1. Erythema
Scar height
Pliability
Pt self ass.

Low

No treatment

22

1.VGH scale

Low

No treatment

n.s.

1. Skin texture
Elasticity
Quest
Lightness

Low

No treatment

8

1. VSS
VAS

Moderate

No treatment

4

1. Erythema
Scar height
VGH scale

Moderate

No treatment

156

1. VSS
Pt self ass.

Moderate

2

VAS = Visual Analogue Scale. VBSAS = Vancouver Burn Scar Assessment Scale. Pt self ass =
patient self-assessment. * = 3-arm study. # = period from last treatment till next measurement,
## low = 0-33% improvement, moderate = 34-66% improvement, high = 67-100% improvement.
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the most corresponding outcome measure between trials, ‘erythema’ was used.
However, this outcome parameter is not the most important morphological feature of
a hypertrophic scar and may therefore not be useful to assess efficacy.

2

Potential biases in the review process
Active scars, also referred to as fresh scars, may not only improve spontaneously but
also react differently to certain lasers than non-active scars. Therefore, scars of less
than 6 months (mean) duration were excluded. However, this boundary is arbitrary
since there is no certainty that this boundary excludes all activity. Moreover, we did not
restrict inclusion to certain aetiology of the scar. Evaluating laser therapy according to
aetiology could decrease the risk of bias since burn scars may respond differently to
treatment than traumatic, surgical or acne scars.
As both randomized and non-randomized controlled trials were included there is a variation
in their risk of selection bias, a variation in confounders and a greater risk of other biases
through poor design and execution. In the full text selection we excluded 17 articles based
on the lack of a control group. These articles with a low level of evidence may contain
valuable information about the efficacy of lasers that we therefore lost in this review.

Conclusions and implications
Current evidence is insufficient for comparing the efficacy of different laser therapies
for three reasons. First, the number of included articles was very low, so there is limited
evidence for the efficacy of laser therapy for the treatment of hypertrophic scars.
Secondly, the quality of the included articles was poor. Thirdly, no statistical analysis
was feasible because of the heterogeneity of the data.
Treatment recommendations should be formulated with caution due to the insufficient
evidence. Most evidence was found for the PDL 585 nm indicating that this is the best
investigated device for the treatment of hypertrophic scars. Unfortunately, it shows
low efficacy (0-33% improvement). For the PDL 595 nm a moderate efficacy (34-66%
improvement) was found. Therefore, this laser seems promising, although further research
is recommended. For the other lasers not enough evidence was found to draw conclusions.
Hence, to draw clear conclusions about the efficacy of laser therapy for the treatment of
hypertrophic scars, future randomized controlled trials, with a low risk of bias according to
the Cochrane Collaboration’s tool, are a necessity. Furthermore, to make a comparison
of the efficacy between different laser devices future research need to be more
homogeneous. Therefore, it is strongly recommended to use similar and standardized
methods henceforth. Outcomes of interest for the evaluation of hypertrophic scars are:
scar height, skin texture, pliability and patient reported outcomes. Preferably validated
systems as the POSAS and Vancouver Scar Scale with standardized measure methods
are recommended to evaluate these outcomes. In addition, it might be interesting if
future research assesses subgroups of different skin types.
Furthermore, it is recommended that future research describes well-defined scar
characteristics such as scar type, aetiology, location, size and age with the distinction
between active and non-active scars. Finally, follow-up periods are recommended to
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Erythema
(reflectance spectrometer)

Alster 199829
PDL 585 nm

Erythema
(colori meter 0-10)

Manuskiatti 200236
PDL 585 nm

Erythema
(reflectance spectrometer)

Erythema
(categorical scale 0-10)

Erythema
(VBS assessment scale 0-13)

According to authors significant
p<0.005, mean percentage
erythema elimination 65.3% ± 25.5%

p=0.555, median
(25%-74% percentiles):
0 (0-1) – 0 (0-0)

A. p=0.03 (2.3-1.1=1.2)
B. p=0.032 (2.4-1.15=1.25)

p=0.092 (5.68-4.80=0.88)

According to authors
not significant (FU)

According to authors
not significant (FU)

p<0.002 (3.5-2.5=1.0)

p=0.763 (FU)

No data

Follow up < 6 months

FU = Figures Unknown, p = p-value, VBS = Vancouver Burn
Scar. # low = 0-33% improvement, moderate = 34-66% improvement, high = 67-100% improvement.

Kono 200534
PDL 595 nm

Haedersdal 200927
fractional non-ablative 1540 nm

Omranifard 200738
A.PDL 585 nm
B. Erbium YAG 2940 nm

Erythema
(spectrophotometer Lab system)

Erythema
(colori meter 0-10)

Manuskiatti 200131
PDL 585 nm

Chan 200432
PDL 585 nm

Erythema
(laser Doppler 0-8 ml/min per 100g)

Wittenberg 199930
PDL 585 nm

Alster 1996
PDL 585 nm

Erythema
(reflectance spectrometer)

Outcome parameter
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Author/ year/ laser

Table 3. Results of erythema improvement

No data

No data

No data

No data

No data

No data

No data

No data

p=0.0001 (FU)

Moderate

Moderate

Moderate

Low

Low

Low

Low

Low

High

Follow up ≥ 6 months Effect (improvement)#
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31

32

30

Bowes et al. 2002

yes
unclear
yes

Manuskiatti et al. 200737

Ghalambor et al. 200635

Haedersdal et al. 200927

no
unclear

Kono et al. 200534

unclear

no

unclear

no

unclear

Gaida et al. 200433

Omranifard et al. 200738

Chan et al. 200432

Manuskiatti et al. 200236

39

Manuskiatti et al. 200131

Wittenberg et al. 1999

yes

yes

Alster et al. 1998

no
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Adequate sequence
generation

Alster et al. 199628

Study

yes

unclear

yes

unclear

unclear

unclear

no

unclear

no

no

yes

unclear

no

Allocation
concealment

yes

unclear

yes

unclear

no

unclear

unclear

unclear

yes

unclear

yes

yes

yes

Blinding

yes

unclear

yes

unclear

yes

yes

yes

yes

yes

yes

yes

unclear

yes

Incomplete data
addressed

yes

no

yes

yes

yes

yes

no

yes

yes

yes

yes

yes

yes

Free of selective
reporting

yes

unclear

yes

no

unclear

no

yes

no

no

no

unclear

yes

yes

Free of
other bias

low

high

low

high

high

unclear

high

unclear

high

unclear

unclear

unclear

high

Risk of bias

Table 4. Risk of bias. Scores of the included controlled clinical trials on the key domains of the Cochrane Collaboration’s tool for assessing risk of bias
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be of at least 6 months after the last laser treatment and laser settings should be
well defined. The availability of this homogeneous, high quality research will enable
comparisons and finally improve patient care for hypertrophic scars.
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Background: although ablative fractional laser is the gold standard for acne scars,
evidence is still lacking for other types of scars.
Objectives: to evaluate the efficacy and safety of the ablative fractional 10600 nm CO2
laser in the treatment of various scar types.
Methods: we performed an intra-individual single-blinded randomized controlled split
lesion trial. Adult patients received 3 laser treatments at 8 week intervals for scars
existing at least one year. Primary endpoints were the Physician Global Assessment
(PhGA) and the assessment of adverse effects.
Results: twenty-five consecutive patients with atrophic (52%) or hypertrophic (48%) scars
located mainly on the body (84%) were included in the study. At 6 months follow up of
21 patients, the PhGA showed no statistically significant difference between treated and
untreated side of the scar (p = 0.70). Persistent erythema, post-inflammatory pigmentary
changes, and scarring after ulceration (n=3) were observed as side effects.
Conclusion: in this trial involving various types of scars, the efficacy of ablative
fractional CO2 laser could not be confirmed. We presume that different types of scars
have a different response to treatment. Future studies should aim to identify the type
of scars that may benefit from abltative fractional laser therapy.

ABLATIVE FRACTIONAL LASER FOR VARIOUS SCAR TYPES

INTRODUCTION
Scars are a common phenomenon as they develop after skin injury in patients of all
ages. Although most scars do not pose a health risk, they can be highly disfiguring,
resulting in decreased quality of life. 1,2 Also, pruritus, pain and functional impairment
do occur in certain cases.3-5
Various therapies have been proposed in the treatment of different scar types, such
as corticosteroids, 5-fluorouracil, bleomycin, silicone gel sheeting, pressure therapy,
radiation, cryotherapy and surgery.6,7 However, little evidence on the efficacy is available
due to a lack of (randomized) controlled trials, and outcomes are usually disappointing.
Since the introduction of lasers in dermatology, many studies have been performed
showing lasers to be effective in the treatment of scars.6-11 In the treatment of
hypertrophic scars, most evidence is available for pulsed dye laser therapy, but also
non-ablative fractional lasers have shown efficacy.12-14 For atrophic acne scars, multiple
randomized controlled studies have shown the ablative fractional carbon dioxide (CO2)
laser to be effective.15-17 For the treatment of non-acne scars, evidence for ablative
fractional laser therapy (AFLT) is lacking.12
The aim of our study was to assess the efficacy and safety of ablative fractional
10600 nm CO2 laser therapy in the treatment of various types of scars. We present the
first randomized controlled trial evaluating AFLT versus no treatment, in various scar
types of different etiology encountered in dermatological practice.
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METHODS
Patients
During the period January 2010 – September 2010 consecutive patients with scars
were evaluated for study eligibility and recruited from the outpatient clinic of the
Department of Dermatology and the Netherlands Institute for Pigment Disorders of
the Academic Medical Centre (AMC) Amsterdam.
The study was approved by The Medical Ethical Committee of the AMC, University of
Amsterdam (METC 10/026 # 10.17.0623) and was registered on http://clinicaltrials.gov
(NCT01358838). Written informed consent was obtained from all study participants.
Inclusion criteria were age 18 and older, Fitzpatrick skin types I-IV, scars existing at least
1 year and allowing demarcation of two similar test regions of 2x2 cm, and willingness
and ability to comply with the requirements of the protocol. Exclusion criteria were
keloidal scars, suspected allergy to lidocaine, use of isotretinoin in the past 6 months,
pregnancy or lactation, concomitant skin disease at the site of treatment, high
exposure to sunlight or UV light, and patients not considered to be able to follow the
treatment protocol. Previous scar treatment was not an exclusion criterion. A herpes
simplex infection, formation of blisters larger than 3 mm and clinical deterioration of
the treated scar as a result of the treatment were also exclusion criteria.
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The study was a prospective single (observer) blinded randomized controlled split lesion
trial. Two test regions similar in size and appearance were randomized to receive treatment
or no treatment. For randomization we used a digitally generated random list (Graphpad
Software Inc., La Jolla, CA, USA) executed by an independent individual (EW). Opaque
sealed envelopes containing cards indicating the allocation were numbered and opened
in ascending order. The allocation was only revealed to the physician performing the laser
treatments. This physician was not included in the pre- or post-treatment assessments and
patients were instructed not to inform the assessor which area had been treated.
Before treatment, scars were mapped with a permanent marker on a flexible transparent
sheet using natural landmarks such as moles as reference. A single physician (AMvD)
performed three laser treatments at 8 weeks interval with the UltraPulse Encore 10600 nm
CO2 laser (Lumenis Inc., Santa Clara, CA, USA) using the Deep FX hand piece with a spot
diameter of 120 μm and a scan size of 10 mm. The laser procedure was performed in a
single pass at 600 Hz and with 15% coverage. Microbeam energy used was 40 mJ on
the face and 30 mJ on the body, each lowered with 10 mJ in skin types III and higher.
The skin was prepared with chloorhexidin solution and anesthetized by subcutaneous
infiltration with lidocaine 2% and epinephrine 1:80000. Directly after laser treatment silver
sulfadiazine cream was applied under occlusion. Post treatment care involved thrice daily
application of fucidic acid cream during 5 days and the use of a sunscreen (SPF 50).

Measurements
Primary endpoint was the assessment of the Physician Global Assessment (PhGA)
by a blinded physician (CV or IN). They scored 0-25%, 26-50%, 51-75% or 76-100%
improvement of the scar. The presence of adverse effects like persistent erythema,
hyperpigmentation, hypopigmentation and scarring, was reported by both investigator
and patients. To assess pain, a visual analogue scale (VAS, scale 0-10) was used.
Secondary endpoints were the Patient Global Assessment (PGA), scoring no, moderate,
good or excellent improvement of the scar and the Patient and Observer Scar Assessment
Scale (POSAS).18 This is an evaluation tool in which both patient and assessor score the
appearance of the scar on six dimensions, on a scale of 1-10 with 10 corresponding to
the worst possible scar appearance. The melanin and erythema index, using reflectance
spectroscopy (Derma-Spectrometer, Cortex Technology ApS, Hadsund, Denmark)
were used to quantify pigmentation and vascularization. The mean of three MI and
EI measurements taken from the treated scar, the untreated control, and the normal
surrounding skin was calculated at baseline and 6 months after the final treatment.
Digital photographs were taken for documentation with a Powershot G7 Canon Digital
Camera (Canon Inc., Lake Success, NY, USA). Photos were standardized with respect
to magnification, lighting, exposure and positioning.

Statistical analysis
All data were collected and transferred to Microsoft Excel. The statistical analysis was
performed using Statistical Package for the Social Sciences 19.0 software (SPSS, Chicago,
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IL, USA). Adverse events were described per item. The Wilcoxon matched pair test was
used for two paired comparisons. P values < 0.05 were considered to be significant.

RESULTS
Patient demographics
Twenty-five consecutive patients (36% male, 64% female) visiting our outpatient
department with atrophic (52%) or hypertrophic (48%) scars were included in the study
and received treatment. Most patients had scars located on the body (84%), resulting
from surgery (52%) or trauma (20%). Only two patients had acne scars in the face (Table 1).
Nine patients received only 1 of 3 laser treatments; three of them were withdrawn
because of ulcer formation due to the laser treatment, 1 patient discontinued treatment
because of illness not related to the treatment, and 5 patients discontinued due to a
lack of motivation. A total of 21 patients was seen at 6 months follow up.
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Primary endpoints
At 6 months follow up, according to the PhGA, mild improvement (26-50%) of the
treated side of the scar was found in 7 patients and in 2 of these patients the control
side had improved equally. Two other scars showed mild improvement of the control
side only. One scar had improved with >50% but this was on both sides of the scar.
There was no statistically significant difference (p = 0.70) between treated and
untreated side on the PhGA score (Figure 1).
Thirty percent of patients experienced mild pain during treatment (median VAS score
of 3). Participants reported erythema (87%), crusts (61%), burning sensation (39%),
edema (30%), bruising (30%), and vesicles (22%) in the first 5 days after treatment. At 6
months follow up, persistent erythema (48%), post-inflammatory pigmentary changes
(24%), and scar formation after ulceration (14%) were observed by the physician as
long-term side effects.

Figure 1. Physician Global
Assessment (PhGA). Of 21
patients who completed follow
up, only 8 scars showed mild
to moderate improvement
after laser treatment. Three
scars had equal improvement
of both sides of the scar.
One scar showed moderate
improvement of both sides of
the scar.
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Table 1. Patient characteristics
Patient
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Sex

Skin Scar
Age* type age*

Scar location

Scar etiology

Scar type

Previous
treatment
PDL, PS

1

Female

32

III

20

Right hip

Surgery

Hypertrophic

2

Female

22

III

8

Right cheek

Laser side effect

Atrophic

PDL

3

Female

24

III

6

Forehead

CDLE

Atrophic

Laser

4

Female

32

II

16

Back

Acne

Atrophic

CO2

5

Male

32

III

15

Left forearm

6

Male

25

II

15

7

Female

20

II

4

Left upper arm Auto mutilation Hypertrophic

8

Male

42

IV

11

Right forearm

Burn

Hypertrophic

PS, CO2

9

Male

33

II

15

Back

Acne

Atrophic

No

10

Female

20

II

5

Back

Acne

Atrophic

CO2

11

Female

40

II

2

Left upper leg

Surgery

Atrophic

No

12

Male

22

IV

2

Left cheek

Acne

Atrophic

No

13

Female

26

III

10

Right forearm

Surgery

Hypertrophic

No

14

Male

18

II

3

Back

Acne

Hypertrophic

PDL

15

Female

31

IV

15

Left cheek

Acne

Atrophic

CO2

16

Female

48

III

35

Left upper arm

Surgery

Hypertrophic

No

17

Female

19

IV

6

Right upper arm Auto mutilation Hypertrophic

18

Male

31

III

3

Trunk

19

Female

30

III

1

Right mamma

20

Female

27

III

4

Left mamma

21

Female

27

II

3

Left mamma

22

Male

32

II

5

Right abdomen

23

Female

41

II

26

Left upper arm

24

Male

26

III

9

Left hand

25

Female

34

II

5

Right knee

Surgery

Left ankle

Auto mutilation Hypertrophic
Surgery

Surgery

Hypertrophic

No
No
PS, IC, cryo

IC

Hypertrophic

No

Surgery

Atrophic

No

Surgery

Hypertrophic

PS

Surgery

Atrophic

No

Surgery

Atrophic

No

Surgery

Atrophic

No

Surgery

Hypertrophic

No

Atrophic

No

A total of 16 female and 9 male patients with a median age of 30 years (IQR 23-32.5) participated
in the study. Median scar age was 6 years (IQR 3.5-15). A total of 11 patients had received
previous treatment of their scar. IQR = inter quartile range.
CDLE = chronic discoid lupus erythematosus, PDL = pulsed dye laser, PS = plastic surgery, IC
= intralesional corticosteroids, cryo = cryotherapy, CO2 = fractional CO2 laser, Laser = laser
therapy, not specified, No = no previous treatment
*Age & scar age in years.

Secondary endpoints
At 6 months follow up, the PGA score indicated a significant difference (p = 0.02)
between treated and untreated control sides. Six patients scored moderate to
good improvement on the treated side with no improvement on the control side, 2
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patients scored equal improvement on both sides, and the other patients scored no
improvement on either side of the scar.
Statistical analysis showed no significant difference in the total POSAS score for both
the observer part of the scale (p = 0.09) and the patient part of the scale (p = 0.19).
Also, skin reflectance spectroscopy measurements after 6 months follow up were
not significantly different in treated and untreated control sides for both the melanin
(p = 0.40) and the erythema (p = 0.65) index.
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DISCUSSION
This is the first randomized controlled trial evaluating the effect of ablative fractional
laser therapy in the treatment of scars other than atrophic acne scars.
Strikingly, none of the treated scars in this trial showed good improvement, and
spontaneous improvement of the untreated scars was observed. These findings are not
in line with previous randomized controlled trials on AFLT, where atrophic acne scars
and striae distensae were treated.15-17, 19,20 For AFLT of other types of scars, such as
posttraumatic, postsurgical, and burn scars, only anecdotal reports or uncontrolled trials
are available. Shumaker et al. showed that range of motion and overall skin functionality
of traumatic scars of 4 patients improved after 2-4 treatments with ablative fractional
CO2 laser.5 Haedersdal reported a thermal burn scar to improve after a single session
of AFLT, comparing two different laser settings with no treatment.21 In a non-controlled
study, Weiss et al. treated 15 patients with atrophic postsurgical scars with a fractional
CO2 laser. Six months after the final of 3 laser treatments, skin texture, pigmentation,
atrophy and overall appearance had improved in all scars, as scored by both patients
and investigators.22 Recently, improvement of mature burn scars was reported in 10
patients, 2 months after 3 sessions of fractional CO2 laser treatment, as assessed by
both patients and physician using the Vancouver Scar Scale and POSAS assessment.23
Most of the above mentioned papers with positive results are uncontrolled studies without
blinding of observers. Aside from the difference in study design that may account for
less positive outcomes in our study, other factors may have contributed. Location, type
and scar age can be reasons for the poor improvement. The majority of the scars (84%)
treated in our study was located on the body. We hypothesize that scars located on the
face respond better to treatment than scars on the body.15-17,22 Scar type and etiology
may also influence the outcome. To date, successful AFLT has been reported in atrophic
(acne) scars and burn scars.15-17, 21-23 In our study, only 2 patients with facial atrophic scars
and only one burn scar patient were included. Scar age can influence the results. Fresh
scars are assumed to improve faster and better after laser therapy. Our median scar age
was 6 years with an IQR of 3.5-15 years. Follow up periods of most studies differ from
ours. When follow up is as short as 2 or 3 months, short term side effects like erythema
or hyperpigmentation can be mistaken for repigmentation of hypopigmented scars.
Laser settings may also attribute to poor outcomes, since cautious treatment usually
results in less improvement, while aggressive treatment can cause side-effects. We
used a relatively high energy per microbeam, adjusted for skin type and location. The
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Image 1. Hypertrophic scar located on the left ankle of a male patient. Six months after 3
treatments with the fractional 10600 nm CO2 laser (30 mJ/mb, 600Hz, 15% coverage), this scar
was scored with 51-75% improvement on both sides of the scar. Thickness and pliability of the
scar had improved in particular.

a

b

Image 2. Hypertrophic scar located on the right forearm of a female patient. Six months after 3
treatments with the fractional 10600 nm CO2 laser (30 mJ/mb, 600Hz, 15% coverage), this scar
was scored with no improvement. Post-inflammatory hyperpigmentation on the treated side of
the scar (side A) was still visible at 3 months follow up, but had almost completely resolved at 6
months follow up.

coverage (15%) and the treatment interval (8 weeks) are comparable to other studies.
Ozog et al. and Shamsaldeen et al. used average energy settings of 20 mJ/mb and 18.9
mJ/mb respectively and reported only minor adverse effects of AFLT.23,24
Side effects were frequently reported in our study. Of the patients that developed
post-inflammatory hyperpigmentation, only one had a skin type IV and he was treated
with lower energy settings. The 3 patients who unexpectedly developed a wound all
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had skin types II and were treated with 20-25 mJ/mb. Their scars were located on
the torso and extremities. Previously, ulceration was reported after AFLT in the neck,
which is known to be a susceptible location for side effects.25,26 Recently, Chuang et
al. reported ulceration after non-ablative fractional laser therapy in 2 patients and
suggested that the 1% lidocaine with epinephrine injections were the culprit.27 Other
factors that can account for the side effects in our study, are all of the above mentioned
factors like location, type and age of the scar, and laser settings used.
Patients judged that the treated side of their scar had a significantly better appearance
than the untreated control side, although none of them scored the improvement as
excellent. The positive results scored by one third of our patients, are in contrast
with the results as scored by the physician. This stresses the importance of controlled
studies with blinded observers.
This study is subject to several limitations. First of all, the study population is small.
We included consecutive patients with divergent etiology, location and type of scars.
This resulted in a very heterogeneous patient population. Since the subgroups were
so small, comparison of results in scars of different etiology or different location was
precluded. Also, the number of patients who dropped out after the first treatment was
higher than expected. Reasons for drop out were the lack of direct clinical improvement
and the effort to come to the clinic. The fact that we used semifixed energy settings
may also be regarded as a limitation. If we had used individualized settings, outcomes
might have been better with fewer side effects.
In summary, ablative fractional laser therapy is not effective in every type of scar
encountered in dermatological practice. Optimization of laser settings in the presence
of scar characteristics such as location, age and etiology may improve outcomes and
prevent side effects. More studies with scars of other etiology than acne in higher
patient numbers are necessary to identify the type of scars that may benefit from
ablative fractional laser therapy.
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Under normal conditions, ablative fractional laser therapy (AFLT) restores epidermal
integrity in less than 24 hours, which allows faster healing and thus reduces downtime
and the risk of adverse events. As AFLT is a relatively new modality few complications
are reported. Reporting complications from AFLT is important in order to acknowledge
the limits and improve the safety.
We report four patients who developed wounds after AFLT for atrophic scars on their
extremities. The patients’ photographs and clinical files were carefully reviewed to
search for explanations for the wounds.
This complication could be explained by aggressive treatment in vulnerable areas. As
treatment depth and density, and use of intralesional anesthetics might play a role,
caution is mandatory when treating atrophic scars on the extremities.

COMPLICATIONS OF ABLATIVE FRACTIONAL LASER FOR ATROPHIC SCARS

INTRODUCTION
Ablative fractional laser therapy (AFLT) creates microscopic thermal wounds in both
epidermis and dermis, separated by surrounding untreated skin. The intact, undamaged
tissue around each treated zone acts as a barrier to infections and allows for rapid
reepithelialisation which makes the healing faster and reduces the downtime dramatically.1
In addition, AFLT allows much deeper treatment, up to 2000 microns, than conventional
ablative laser.2 Different types of scars were reported to improve after ablative and
non-ablative fractional laser therapy. Except for transient hyper- and hypopigmentation,
few complications of AFLT have been reported. To improve efficacy and safety of AFLT,
research is needed and complications need to be recognized and reported.
Since 2007, atrophic and hypertrophic scars were treated with AFLT at the outpatient
clinic of the Netherlands Institute for Pigment Disorders (SNIP) of the Academic
Medical Center in Amsterdam. Four of these patients with scars developed wounds
after AFLT and were analyzed to determine the cause of the wound development. The
following three different 10600 nm ablative fractional CO2 lasers were used; the Fraxel
Re:pair (Solta Medical Inc., Hayward, CA), the Ultrapulse Encore Active FX (Lumenis
Inc. Santa Clara, CA, USA) and the Ultrapulse Encore Deep FX (Lumenis Inc. Santa
Clara, CA, USA). The patients’ photographs and clinical files were carefully reviewed
to search for explanations for the complications.
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Case #1: Wound on medial side of the upper leg associated with
Pseudomonas infection after fractional CO 2 treatment
A 40-year-old female with Fitzpatrick skin type III presented with atrophic scars on the
medial side of the left upper leg. The scars resulted from plastic surgery 18 months
ago. Her past medical history was significant for diabetes mellitus type II and coronary
arteries disease. There was no history of abnormal wound healing in the past.
Preoperatively, intralesional xylocaine 2% adrenaline 1:80000 and topical chlorhexidinealcohol was administered. Medications included oral glimepiride, metformine, ascal,
and propanolol. A test region was treated with the Ultrapulse Encore 10600 nm Deep FX
(Lumenis Inc. Santa Clara, CA, USA) at 25 mJ per microbeam and 15% coverage of the
exposed skin. Immediate postoperative treatment included topical use of silversulfadiazin
under occlusion for 1 day followed by thrice daily application of fucidic acid cream. At
2 weeks follow-up both treated and surrounding untreated skin developed a painful
ulcer with yellow exsudate suggestive of a bacterial infection (Figure 1a). Erythromycin
500 mg twice a day was started. When Pseudomonas aeruginosa was cultured from the
wound, the antibiotic was switched to ciprofloxacin 500 mg twice daily and the wound
gradually improved. Seven weeks post treatment the wound was closed.

Case #2: Wound on left forearm after fractional CO 2 laser treatment
A 60-year-old female with Fitzpatrick skin type II presented for treatment of atrophic
burn scars on the left forearm. Preoperatively, intralesional xylocaine 2% adrenaline
1:80000 and topical chlorhexidine-alcohol was administered. Three test regions were
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treated using the Ultrapulse Encore 10600 nm Active FX (Lumenis Inc. Santa Clara,
CA, USA) at 200-225 mJ and 55% coverage of the exposed skin.
Immediate postoperative treatment included topical use of silversulfadiazin under
occlusion for one day followed by thrice daily application of fucidic acid cream. After
treatment all treated areas showed superficial wounds followed by crusts. After 6
weeks all the treated areas were healed.
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Case #3: Wound on medial site of left upper leg after fractional CO 2
laser treatment
A 13-year-old boy with Fitzpatrick skin type II presented with atrophic scars after surgery
on the medial side of the left upper leg. His past medical history was significant for a
rhabdomyosarcoma on the left leg and an attention deficit hyperactivity disorder (ADHD).
Preoperative medications included topical application of eutectic mixture of lidocaine
2.5%/ prilocaine 2.5%, topical chlorhexidine-alcohol, and oral methylphenidate. Five
test regions were marked and treated with the fractional 10600 nm CO2 Fraxel Re:pair
laser. All areas were treated with 4 passes resulting in 45 % coverage of the exposed
skin. Area I was treated with a pulse energy of 10 mJ, area II with 15 mJ, area III with
20 mJ, area IV with 30 mJ and area V was treated with 50 mJ. Immediate postoperative
treatment included topical use of an emollient (cremor cetomacrogolis) and acetic
acid application during 4 weeks. The patient noted pain, especially in area V. Six
weeks post-treatment we saw marked erythema in area IV and V and a wound in area
V (Figure 1c). Two month after treatment, the wound was closed. At one year follow-up
we observed post-inflammatory hyperpigmentation in area IV and V.

Case #4: Wound on right knee after fractional CO 2 laser treatment
A 34-year old woman with Fitzpatrick skin type II presented for the treatment of an
atrophic scar on the upper half of her right knee. This scar was caused by excision of
a melanocytic nevus 5 years previously.
After a test region was marked, preoperative intralesional xylocaine 2% adrenaline
1:80000 and topical chlorhexidine-alcohol was administered, and the scar was treated
with the Ultrapulse Encore 10600 nm Deep FX (Lumenis Inc. Santa Clara, CA, USA) at 20
mJ per microbeam and 15% coverage of the exposed skin. Immediate postoperative
treatment included topical use of silversulfadiazin under occlusion for 1 day and thrice
daily application of fucidic acid cream during 5 days following treatment. The patient
failed to start this treatment until at least 4 days after laser therapy on the scar.
Five weeks post treatment the patient presented with abnormal crusting and bleeding
of the treated area on the right knee. There was a small ulcer with crusting and some
exsudate (Figure 1d). Systemic antibiotics were started (Clarithromycin 500 mg daily
for one week) and local wound treatment was adjusted. Around nine weeks after
treatment the ulcer had completely closed.
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Figure 1. a. Ulcer with yellow exsudate in wound base, 2 weeks after ablative fractional CO2
laser. b. Superficial wound with red wound base and clean wound borders, 4 weeks after ablative
fractional CO2 laser. c. Erythema and a superficial wound, 6 weeks after ablative fractional CO2
laser. d. Ulcer with raised erythematous border, a yellow crust, and some exudation, 5 weeks after
ablative fractional CO2 laser.

DISCUSSION
The purpose of this report is to draw attention to the risk of complications from AFLT
for the treatment of atrophic scars. Wounds following AFLT for the treatment of scars
have not been reported before.
Whereas scarring, hypopigmentations and long recovery periods remain a concern
for conventional ablative laser therapy, AFLT was expected to reduce the risk of
these problems substantially.1,3 However, scarring in the neck after ablative fractional
rejuvenation has recently been reported.4,5 Presumably, thin skin in this area explains
why it is vulnerable for complications. All four cases in this report had atrophic scars
on extremities.
Atrophic scars are characterized by tissue loss and thus could be comparable to areas
with a thin skin, such as the neck area. In addition, atrophic scars lack hair follicles and
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pilosebaceous glands adding to poor wound repair. Moreover, skin on the extremities
has a greater risk of impaired wound healing.
In case 1, the diabetes mellitus could have played a role in prolonged wound healing,
thereby increasing the risk for the Pseudomonas infection. Case 3 shows a dose response
as only the highest pulse energy provoked complications. We assume that the chosen
energy and coverage of the treatment contributed to the development of complications.
To date, there are no accepted laser settings for the treatment of post-traumatic scars.
We used 3 different devices and laser settings that were reported to be effective in facial
acne scars previously. In case 2 and 3 the coverage was rather high (45% and 55%).
However, in case 1 and 4 we used conservative settings for both coverage and density.
Other circumstances that may have played a role are the type of anesthesia and
the after-care. Three of our patients were pretreated with intralesional xylocaine 2%
adrenaline 1:80000 and one patient with a topical anesthetic. Chuang et al. reported
2 cases of ulceration following nonablative fractional lasertherapy.6 They hypothesized
that the intralesional anesthetic (lidocaine/epinephrine) was responsible for the
complications. However, in our practice, intralesional anesthetics are regularly used
as pretreatment of AFLT in the face without such complications. Possibly, there is a
multifactorial pathogenesis with type of scar, location, laser settings, and intralesional
anesthesia all being involved.
In summary, four patients with atrophic scars on the extremities treated with AFLT
developed wounds. These complications could be due to impaired wound repair in
vulnerable areas. Possibly, intralesional anesthetics contributed. For atrophic scars on the
extremity we recommend to use very cautious settings for coverage and energy, to give
preference to topical instead of intralesional anesthesia, and to perform a trial treatment.
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Background: benign dermal tumors often are removed by (electro-) surgery. When
tumors are multiple, ablative laser surgery is an alternative treatment. Results depend
largely on the physicians surgical skills. Carbon dioxide (CO2) lasers with timed
exposure, deliver a fixed number of pulses in a preset interval of a fraction of a second.
These laser settings may diminish variation of outcomes and facilitate standardization.
Objective: to compare shapes and sizes of lesions created by either conventional or
timed exposure CO2 laser drilling in freshly excised human skin.
Methods: five samples of freshly excised human skin were exposed to conventional CO2
laser drilling and timed exposure CO2 laser drilling with six different settings. Histological
changes of the skin were compared in H&E stained slides, and depth, width and ablated
surface area of the lesions were all measured using Leica Qwin software.
Results: the standard deviation of the ablated surface area in all lesions created by
timed exposure CO2 laser drilling was seven times smaller than after conventional CO2
laser drilling. The lesions were less variable in shape and size and had even borders
without irregularities.
Conclusion: timed exposure CO2 laser drilling is characterized by a low variation in
lesion size and shape and offers standardization of treatment and comparison of
results. This makes it a favorable treatment over conventional CO2 laser drilling in
treating multiple benign dermal tumors that are comparable in size.

TIMED EXPOSURE CO2 LASER DRILLING FOR SMALL DERMAL TUMORS

INTRODUCTION
The presence of benign but multiple dermal tumors can have a large impact on a
patient’s quality of life. The treatment of choice for these tumors is (electro-) surgery,
but also cryotherapy and laser surgery have been proposed as treatment options for
improving the appearance of benign dermal tumors.1-4
Especially in patients with a large number of dermal tumors, laser ablation is a practical
alternative for conventional surgery. By drilling holes with either the 2940 nm erbium:
yttrium aluminum garnet (Er:YAG) laser or the 10600 nm carbon dioxide (CO2) laser, dermal
tumors like fibrofolliculomas, eruptive vellushair cysts, syringomas, trichoepitheliomas,
milia and steatocystoma multiplex have been treated, all with varying results.5-11
The conventional drilling technique lacks standardization and results depend largely
on the physicians’ surgical skills. Also, there is the risk of scarring when inadequately
used. The conventional laser technique is handheld and delivered pulse by pulse.
Timed exposure settings limit light emission to a preset interval of a fraction of a
second. Using a pulsed mode, a fixed number of pulses is delivered by the laser in
that time. A short exposure time minimizes motion artifacts. This method facilitates
the standardization of the laser-skin interaction by the assumption of creating uniform,
reproducible columns of ablation independent of the treating physician.
The aim of this study was to compare lesion shapes and sizes after both conventional
CO2 laser drilling and timed exposure CO2 laser drilling in freshly excised human skin.
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METHODS
Laser procedure
Freshly excised human skin samples were obtained from the Department of Plastic
Surgery at the Academic Medical Centre (AMC) Amsterdam after informed consent
from the patient. Within 30 minutes after either mammoplasty or abdominoplasty, skin
samples were collected and transported in an expanded polystyrene box to minimize
temperature loss. In our research department, excess subcutaneous fat was removed
and to prevent dehydration, skin samples were placed between two saline (0.9% NaCl)
soaked 10x10 cm gauze pads on a digital warming plate. When skin samples had
reached a temperature of 37°C (±0.5) at the level of the subcutis, measured through
an incision, upper gauze pads were removed and irradiation with the 10600 nm
Ultrapulse CO2 laser (Ultrapulse Encore, Lumenis, Santa Clara, CA, USA) was started.
With the timed exposure drilling technique, six lesions were created. Using a 1mm spot
size, the laser was set to deliver 16, 21 and 26 pulses of 100 mJ respectively, at a fixed
timed exposure of 100ms. Using a 2 mm spot size, 31, 61 and 91 pulses of 100 mJ were
delivered. With the conventional drilling technique, according to the manufacturer’s
guidelines, the 0.2 mm spot size was used, to create a lesion comparable in size to the
2 mm spot lesions. Each of the seven drilling settings was used on each skin sample
by the same researcher. Laser settings are shown in detail in Figure 1.
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Histological analysis
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Directly after irradiation, 5mm biopsies were taken from the treated areas, as well
as a control biopsy from a non-treated area. The biopsies were fixed in 4% buffered
formalin and paraffin embedded. Between five to eight 3μm sections were cut with
a 100μm distance and mounted on silane coated slides. All slides were stained with
hematoxylin and eosin (H&E) using the Sakura Tissue Tek Stainer and Coverslipper
(Sakura Finetek Europe B.V., Alphen aan den Rijn, The Netherlands). By comparing all
slides macroscopically, a selection of the optimal slides, with the deepest lesion, was
made per modality. Images of these selected slides were taken and lesion dimensions
were measured using a Leica DM LB microscope (magnification 50x), a DC200 camera,
and Leica Qwin Software (Leica Microsystems, Wetzlar, Germany).

Statistical analysis
All measurements were inserted into a Microsoft Office Excel 2003 (Microsoft Corp,
Redmond, WA, USA) database. Results are presented as means with standard deviations.

RESULTS
A total of five different skin samples, Fitzpatrick skin types II-V, was collected directly
after either mammoplasty or abdominoplasty. All were irradiated with the 7 different
settings of the CO2 laser, resulting in 35 different lesions. Histological images of each
modality after H&E staining are shown in Figure 1. All ablated areas had very regular
borders in contrast to those created with conventional CO2 laser drilling. We noticed a
U- or V-shape in lesions created with timed exposure settings that was comparable in
each of the 5 different skin samples. With the conventional drilling however, none of
the five different lesions were comparable in shape to one another.
The variations in the amount of ablated tissue in the five different skin samples are
indicated in Figure 2 for each modality individually. We found a large difference in
the ablated surface areas created with all modalities of timed exposure CO2 drilling
compared to conventional CO2 drilling. The mean ablated surface area for the timed
exposure CO2 drilling lesions is 52 x104 μm2 (with a mean SD ± 9 x104 μm2) and the
mean ablated surface area for the conventional CO2 laser drilling is 145 x104 μm2
(with a SD ± 60 x104 μm2). The standard deviation is seven times smaller for the timed
exposure CO2 drilling lesions.
In Figure 3 the relation between increasing dose and the depth and diameter of lesions
resulting from timed exposure CO2 laser drilling is presented. With the 1mm spot, there
is a partial linear dose-response relation with regard to lesion depth. A mean depth was
reached of 902, 1225 and 1238 μm respectively, with increasing number of pulses. The
width of the lesion hardly increases with increasing dose. With the 2mm spot, there is a
complete linear relation between increasing dose and the depth of the lesions. A mean
depth was reached of 561, 1008 and 1645 μm respectively, with increasing number of
pulses. Again, the width of the lesion hardly corresponds with the increasing dose.
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Figure 1. Histological images (magnification 50x) of H&E stained lesions of all different modalities
of CO2 laser; timed exposure (1-6) and conventional drilling (7). In the legend all different laser
settings are described.

DISCUSSION
For the past decades, ablative lasers have been used to treat a variety of benign
dermal tumors. The conventional drilling technique, using several consecutive ablative
pulses, has been proposed to reach the deeper dermis thus removing the entire
lesion. However, clinical results are often disappointing because of post-inflammatory
pigmentary changes, scarring, or due to a high recurrence rate.5,6,9,12
There is a very small therapeutic window between aggressive ablative laser treatment
with a high risk of scarring, and cautious treatment with a high risk of recurrence.
Due to intra- and interphysician treatment differences, the variation between lesions
created with conventional laser drilling, although performed with the same settings, is
too high for reproducible results.
This is the first study to investigate the possibility of standardization of ablative laser
drilling by using timed exposure, thus making it a reproducible therapeutic option
for skin disorders with multiple benign dermal tumors. We found that the standard
deviation of the ablated surface area after timed exposure CO2 laser drilling is seven
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Figure 2. The mean variations in ablated area of five different skin samples are presented (as
standard deviation) for each modality individually; timed exposure settings with 16, 21, 26, 31,
61 and 91 pulses respectively (numbers 1-6), and the conventional drilling technique (number 7).

times smaller than after conventional laser drilling. Also, the lesions are much more
comparable in shape and size and have even borders with minor irregularities. This
makes lesions after timed exposure laser drilling more comparable to one another,
even when different physicians perform the treatment. Therefore, we propose timed
exposure CO2 laser drilling as a promising option to standardize the treatment of
multiple small dermal tumors of comparable size.
A linear dose-response relation between the energy and the depth of the lesion
was expected but only partially found. Also, we did not find a difference in diameter
between the two spot sizes on a histological level.
These outcomes can be caused by measurement errors. There was only one observer to
perform all measurements. The mismatch between spot size and lesion diameter can be
caused by post-laser contraction, when shrinkage occurs due to skin heating, formalin
fixation, and post-biopsy collapse. All of these post-laser effects may be more pronounced
when higher energy levels are used. Another suggestion for the mismatch between spot
size and lesion diameter are the beam profile and the settings used. A Gaussian beam
profile as present in the used CO2 laser will create smaller lesions than the actual laser
beam, especially with lower energy density as used with the 2 mm spot The fact that we
only used H&E staining can also attribute to measurement errors. Viability assays like LDH
(lactate dehydrogenase) might better differentiate between viable and necrotic tissue.13
Other limitations to this study are the small study population, and the fact that we used
ex vivo skin, which may respond differently to laser irradiation than in vivo skin. However,
Hantash et al. reported a strong agreement between lesions created in ex vivo skin and
in vivo skin. We used an ex vivo skin model comparable to that of Hantash’s ex vivo
study.13,14 A final limitation is that we assessed variance of test spots between different

62

TIMED EXPOSURE CO2 LASER DRILLING FOR SMALL DERMAL TUMORS

4

Figure 3. Depth and width of lesions (ablated tissue alone, or in combination with necrotic tissue)
when using the CO2 laser drilling technique with timed exposure settings, at increasing energy levels.

tissue samples but not within the same tissue sample. Consequently variation may be
overestimated in our study due to unquantifiable differences in substrate.
The benefit of timed exposure settings in CO2 laser therapy is the creation of uniform
lesions in a fraction of a second, making outcomes highly reproducible even between users.
Moreover, once the optimal settings for a certain condition and location are established,
they can be used for other patients as well. Multiple lesions not exceeding the size of 2-3
mm seem best suited for this technique. Except visual removal of the lesion, there are no
useful immediate clinical endpoints for the laser drilling technique. We recommend to
always perform a trial treatment on a few lesions with 2 or 3 different laser settings.
Summarizing, timed exposure CO2 laser drilling offers the prospect to treat deeper
located benign dermal tumors with a low variation in lesion size and shape, thus
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promoting standardization of treatment and comparison of results. Future clinical
research is necessary to determine the appropriate settings for all different indications.

ACKNOWLEDGEMENTS
The authors would like to thank Henk van Veen for his technical assistance and Rosalie
Luiten for her laboratory assistance.

REFERENCES
1.

4
2.

3.

4.

5.

6.

7.

8.

64

Al Aradi IK. Periorbital syringoma: a
pilot study of the efficacy of low-voltage
electrocoagulation Dermatol Surg 2006;
32:1244-50.
Al-Mutairi N and Joshi A. Bilateral
extensive periorbital milia en plaque
treated with electrodesiccation J Cutan
Med Surg 2006; 10:193-6.
Duhra P and Paul JC. Cryotherapy for
multiple trichoepithelioma J Dermatol
Surg Oncol 1988; 14:1413-5.
Alster TS and Kohn SR. Dermatologic
lasers: three decades of progress Int J
Dermatol 1992; 1:601-10.
Sajben FP and Ross EV. The use of the 1.0
mm handpiece in high energy, pulsed CO2
laser destruction of facial adnexal tumors
Dermatol Surg 1999; 25:41-4.
Gambichler T, Wolter M, Altmeyer P,
Hoffman K. Treatment of Birt-Hogg-Dubé
syndrome with erbium:YAG laser J Am
Acad Dermatol 2000; 43:856-8.
Truchuelo MT, Alcántara J, Allende I,
Almazán-Fernández FM, Boixeda P,
González C. Multiple facial papules of BirtHogg-Dubé syndrome treated with a CO2
laser Ann Dermatol 2011; 23:S279-S280.
Kageyama N and Tope WD. Treatment of
multiple eruptive hair cysts with Erbium:YAG
laser Dermatol Surg 1999; 25:819-22.

9.

Fernández-Torres R, del Pozo J, Castiñeras
I, Sacristán F, Mazaira M, Fonseca E.
Treatment of multiple eruptive vellus
hair cysts with carbon dioxide laser
vaporization and manual lateral pressure
Clin Exp Dermatol 2009; 34:e716-8.

10. Voth H, Reinhard G. Periocular milia
en plaque successfully treated by
erbium:YAG laser ablation J Cosmet Laser
Ther 2011; 13:35-37.
11. del Pozo J, Castiñeiras I, Fernández-Jorge
B. Variants of milia successfully treated
with CO2 laser vaporization J Cosmet
Laser Ther 2010; 12:191-194.
12. Coras B, Hohenleutner U, Landthaler
M, Hohenleutner S. Early recurrence of
eruptive vellus hair cysts after Er:YAG laser
therapy: case report and review of the
literature Dermatol Surg 2005; 31:1741-4.
13. Hantash BM, Bedi VP, Chan KF, Zachary
CB. Ex vivo histological characterization
of a novel ablative fractional resurfacing
device Lasers Surg Med 2007; 39:87-95.
14. Hantash BM, Bedi VP, Kapadia B, Rahman
Z, Jiang K, Tanner H, Chan KF, Zachary CB.
In vivo histological evaluation of a novel
ablative fractional resurfacing device
Lasers Surg Med 2007; 39:96-107.

5

AN OVERVIEW OF CLINICAL
AND EXPERIMENTAL
TREATMENT MODALITIES
FOR PORT-WINE STAINS

JK Chen, P Ghasri, G Aguilar, AM van Drooge, A Wolkerstorfer,
KM Kelly, M Heger

Journal of the American Academy of Dermatology 2012; 67:289-304

ABSTRACT

5

68

Port-wine stains (PWS) are the most common vascular malformation of the skin,
occurring in 0.3-2.1% of the population. Non-invasive laser irradiation with flashlamppumped pulsed dye lasers (selective photothermolysis) currently comprises the gold
standard treatment of PWS; however, the majority of PWS fail to clear completely
after selective photothermolysis. In this review, the clinically employed PWS treatment
modalities (pulsed dye lasers, alexandrite laser, neodymium:yttrium-aluminum-garnet
lasers, and intense pulsed light) and techniques (combination approaches, multiple
passes, and epidermal cooling) are discussed. Retrospective analysis of clinical studies
published between 1990-2011 was performed to determine therapeutic efficacies
for each clinically employed modality/technique. In addition, factors that have
resulted in the high degree of therapeutic recalcitrance are identified, and emerging
experimental treatment strategies are addressed, including the use of photodynamic
therapy, immunomodulators, angiogenesis inhibitors, hypobaric pressure, and sitespecific pharmaco-laser therapy.

CLINICAL AND EXPERIMENTAL TREATMENT MODALITIES FOR PORT-WINE STAINS

INTRODUCTION
Port-wine stains (PWS) are congenital vascular lesions characterized by ectatic
capillaries and post-capillary venules (typically 30-300 μm in diameter) in the papillary
and mid-reticular layers of the dermis. These birthmarks occur in 0.3-0.5% of infants
and initially appear as flat, pink to red patches that may gradually progress with age
into hypertrophic, red to purple lesions.1-3 By age 46 years, two-thirds of affected
individuals develop papular or nodular components and soft tissue overgrowth,
causing dysmorphism, asymmetry, and occasional spontaneous bleeding.4-5 In
addition, the aberrant cosmetic appearance of PWS may significantly impede the
patient’s psychosocial development and wellbeing, and because 70 to 80% of these
birthmarks occur in the head and neck regions, many patients seek treatment.6-8
Pulsed dye laser (PDL) therapy remains the gold standard of treatment; however,
despite technological advances, a considerable number of patients with PWS still do
not achieve complete lesion removal with PDL treatment. This overview provides an
update on the current status of light-based PWS treatment strategies and addresses
several experimental modalities that may prove promising in the treatment of
refractory PWS.
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LASER TREATMENT OF PORT WINE STAINS
Current laser systems treat PWS via the principle of selective photothermolysis. PDL
therapy has remained the clinical gold standard, and has inspired the development
of other laser and intense pulse light (IPL) systems as well as ancillary technologies.

Causes of PWS recalcitrance to laser therapy
The efficacy of the PDL and other current laser systems is accorded by the principle
of selective photothermolysis, illustrated in Figure 1, along with the underlying
endovascular laser-tissue interactions and subsequent biological responses that lead
to PWS clearance. Clinically, complete photocoagulation of the target vessels is
associated with good lesional clearance,9 representing approximately 40% of cases.10
Incomplete photocoagulation of PWS vasculature is associated with suboptimal to
no clearance, which prevails in 20 to 46% and 14 to 40% of patients, respectively,
for several reasons.9-12
First, the efficacy of selective photothermolysis depends on the extent of epidermal
pigmentation,13-16 optical shielding by blood and superimposed vessels,9,11,12,17-19 and
PWS vascular anatomy and morphology.9,11,18-21 Generally, factors resulting in decreased
treatment efficacy include those that reduce light penetration, such as superimposed
vasculature, high melanin content, and an increased PWS vascular density, diameter,
or depth.8, 20 PWS vessels have been found in the reticular plexus up to a depth of 3.7
mm, albeit most of the ectatic vasculature is located within approximately 0.6 mm from
the basal membrane.2,11,22,23 Second, angiogenic remodeling is poorly understood.
Lesional clearance requires the replacement of photocoagulated hyperdilated
PWS vasculature by normal-sized, lower-volume capillaries (Figure 1), resulting in a
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reduction in dermal blood content and hence PWS redness. In therapy-recalcitrant
PWS, angiogenesis/neovasculogenesis24 likely occurs too extensively during the shortterm vascular remodeling phase and hampers the reduction in dermal blood content.25

Pulsed dye lasers
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In the 1980s, the clinical introduction of the yellow light-emitting PDL revolutionized
the treatment of PWS. The first PDL system used a wavelength of 577 nm and a
pulse duration ranging from 300 to 400 microseconds.26 The 577-nm wavelength was
selected on the basis of the oxyhemoglobin absorption peak and a lower melanin-tohemoglobin absorption coefficient ratio compared to the wavelengths of the argon
laser (488 nm, 514 nm). To confer target selectivity, the pulse duration was longer than
the thermal relaxation time of the dermal microvessels but shorter than the thermal
relaxation time of PWS vasculature.17 However, the 577-nm PDL did not penetrate
deeply enough into tissue to enable optimal lesion clearance.26-32
In the 1990s, the 585-nm PDL became an attractive clinical alternative with its lower
melanin and (oxy)hemoglobin absorption coefficient.18,33-51 Using an albino pig skin
model, it was shown that the penetration depth could be increased from 0.5 mm
(577 nm) to 1.2 mm (585 nm) below the basal membrane while retaining vascular
selectivity.52 Histologic studies9,11 of human skin have revealed that photocoagulation
occurs to a depth of approximately 0.65 mm after 585 nm PDL treatment at a 0.45
millisecond pulse duration, 5 mm spot size, and radiant exposure of 6 to 8 J/cm2. At
these settings, complete photocoagulation of the vessel lumen occurs in superficial
vessels up to approximately 150 μm in diameter.11 Larger and deeper vessels, however,
remain patent, owing to both shielding by superficial vessels and inadequate penetration
depth.17,53 This, in combination with the greater absorption of light by oxyhemoglobin
at 577 nm, may account for the lack of significant improvement in lesional clearance
rates for the 585-nm PDLs compared to the 577-nm PDLs (see “Status quo” section).
Subsequently, longer PDL wavelengths have been used to further enhance the depth
of photocoagulation and thus lesional clearance. A study by Geronemus et al54 found
that the 595-nm PDL is capable of yielding clearance rates of more than 75% in 62%
of patients after an average of 3.2 treatments, without adverse events. However,
subsequent studies with the 595-nm PDL failed to reproduce these results.55-58
In addition to wavelength, other laser parameters such as pulse duration and spot
diameter have been varied to further improve PWS clearance rates. The implementation
of multiple pulse durations may be especially effective for PWS resistant to treatment
at one particular pulse duration or PWS that are composed of vessels of different
diameters. The ideal pulse duration for blood vessels of 20 to 150 μm has been
suggested to range from 1 to 10 milliseconds, which is considerably longer than the
0.45 millisecond pulse width of initial PDL systems.59 Indeed, an increase in PDL pulse
width from 0.45 milliseconds to 1.5, 3, and 10 milliseconds has been noted to cause
improvement in treatment outcome.55,57,60-62 However, the therapeutic benefit may be
limited to vessels greater than 30 μm in diameter.57 It is also important to note that
higher fluences may be required when using longer pulse durations.63
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With respect to spot size, increasing beam diameters allow greater tissue penetration
to more effectively target larger and deeper vascular structures, and offer more uniform
energy transmission and shorter treatment times.64 Per unit of radiant energy expended,
large spot sizes produce increased volumetric heat production with improved efficiency,
but greatly limit the acceptable maximum fluence. To avoid losing specificity, the spot
size should not be larger than the target lesion, and commonly ranges from 7 to 10 mm.

Alexandrite laser (755 nm)
The 755-nm alexandrite laser has been shown to effectively treat hypertrophic or nodular
lesions, which may be associated with deeper blood vessels.65-68 This laser system has
proven particularly useful in the treatment of hypertrophic and PDL-resistant PWS,65,69
especially when used in conjunction with the PDL. A study on the PDL/alexandrite
laser dual approach (O = undisclosed wavelength/755 nm) demonstrated significant
lightening in all of 3 patients with hypertrophic PWS and moderate lightening in 12 of
17 patients with PDL-resistant PWS.69
The therapeutic efficacy of the alexandrite laser has been attributed to several
factors. First, the 755 nm wavelength falls inside the therapeutic window: with less
absorption by melanin as compared to yellow wavelengths, light is able to penetrate
more deeply into tissue. Second, the 755 nm wavelength is more strongly absorbed
by deoxyhemoglobin than by oxyhemoglobin, and in theory should preferentially
damage venules (ie, PWS vasculature) over arterioles.
It is important to bear in mind that longer wavelength lasers are associated with elevated
risk of adverse events such as pigmentary changes and scarring, owing to the deeper
tissue penetration and decreased absorption by hemoglobin, which necessitates the
use of higher fluences. In the case of the alexandrite laser, it has been recommended
to treat only until achieving a subtle gray-blue darkening of the skin that, within several
minutes, evolves into deeper purpura.70 The fluence threshold for such a response is
best determined in the darkest PWS area, where this threshold is lowest.
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Neodymium:yttrium-aluminum-garnet lasers (1064 nm, 532 nm)
As with other longer wavelength lasers such as the alexandrite laser, the 1064-nm
neodymium:yttrium-aluminum-garnet (Nd:YAG) laser can further reduce optical scattering
and melanin absorption. Promising results have been obtained especially in purple,
hypertrophic, and nodular PWS lesions. Yang et al66 reported that this laser system was
as effective as the PDL for treating PWS when used at the minimal purpura dose, and our
group has achieved relatively high clearance rates in specific patient cohorts.
As with the alexandrite laser, because of the lower hemoglobin absorption and relatively high
water absorption at 1064 nm, higher fluences are required for sufficient photocoagulation,
concomitantly causing nonselective bulk heating. Thus, the 1064 nm Nd:YAG laser can
result in significant scarring when using fluences greater than 1.2 times the minimal purpura
dose.66 This makes safe treatment of anatomically heterogenous vascular lesions such as
PWS difficult. Moreover, the therapeutic response and tolerance varies greatly among PWS
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Figure 1. Overview of endovascular laser-tissue interactions in pulsed dye laser (PDL) treatment
of refractory port-wine stain (PWS) skin. Yellow light-emitting PDL is used to selectively
photothermolyse ectatic venules (blue structures) in predominantly the papillary dermis. Affected
dermal segment is encircled, and acute and chronic responses are depicted in chronological
order in panels from top to bottom. An approximate time frame in which the events occur is
indicated in the upper left corner of each panel. Upon irradiation, photons are absorbed by
hemoglobin-containing erythrocytes and converted to heat, resulting in thermal denaturation of
blood and formation of thermal coagulum (photothermal response).9,11,12,146,148,149 In refractory PWS
vessels, one fraction of the vascular lumen is completely photocoagulated and another fraction
is incompletely occluded by thermal coagula. Thermal coagula in the latter trigger thrombosis
(hemodynamic response).147 It is believed that these processes induce an inflammatory reaction that
culminates in vascular remodeling, whereby completely photocoagulated vasculature is removed
and replaced by normal-sized capillaries through angiogenesis and/or neovasculogenesis.
Because remodeled vasculature contains lower blood volume, PWS either lightens in redness
or disappears entirely. In contrast, the thermal coagula and thrombi in incompletely occluded
structures are thought to be remodeled into a restructured vascular lumen.24 Image of skin and
vascular anatomy courtesy of Libuše Markvart, used with permission.

lesions, which further limits the use of the 1064 nm laser in general practice. Such therapy
is best performed by those with experience with these devices.
Another treatment option is the PDL/Nd:YAG dual laser approach (O = 595 nm/1064 nm):
the initial 595 nm pulse causes a chromic shift from oxyhemoglobin to methemoglobin,

72

CLINICAL AND EXPERIMENTAL TREATMENT MODALITIES FOR PORT-WINE STAINS

which has a significant absorption peak near 1064 nm. Consequently, the Nd:YAG laser
pulse is rendered more effective, whereby the synergistic thermal effect decreases
the amount of fluence necessary for adequate photocoagulation, potentially reducing
bystander tissue damage. This dual laser approach has been successfully used for
recalcitrant and hypertrophic PWS.67
Alternatively, the frequency-doubled 532 nm Nd:YAG laser has been used to induce
homogenous heating of large-diameter blood vessels. It has also been shown to have
some efficacy in pink, flat, PDL-resistant PWS.71 Nevertheless, irradiating skin with
532 nm light is associated with greater risk of adverse effects as a result of predominant
absorption by melanin, despite epidermal cooling.72,73 The clinical applicability of the
532 nm laser may hence be limited.

Intense pulsed light
IPL has also been reported to be an effective alternative to PDL for treatment of
PWS.74 The IPL flashlamps generate noncoherent light with wavelengths between 515
to 1200 nm, while integrated filters remove unwanted wavelengths for more specific
targeting. Although IPL has been shown to be effective in the clearance of pink and red
PWS,74-80 a head-to-head trial comparing the efficacy of IPL against PDL determined
that the median clinical improvement was significantly better for PDL (65%) than IPL
(30%).81 Nevertheless, IPL can be considered for treating PDL-resistant PWS.
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Multiple-pass approaches
The extent of vascular damage may be increased by the use of multiple-pass
techniques, although this has been controversial.82-85 In the treatment of hypertrophic
PWS, the administration of a second pass has been reported to be safe and effective
in 4 patients.82 Another study, however, used the same technique and settings in 33
patients with PWS and could not confirm the benefit of a second pass over conventional
single-pass treatment.83 More recently, a retrospective review of 26 patients, all of
whom had received a minimum of 3 treatment sessions with double pass PDL using an
interpulse interval of 20 to 30 minutes,85 reported clinically significant PWS lightening
in only 5 of 26 patients. Sixteen of the 26 patients developed mild adverse effects
in the form of blisters, dry scabs, and transient hyperpigmentation. Tanghetti et al,84
based on histologic assessment of vascular damage of non-PWS skin, suggested
that multiple pass PDL treatment may be beneficial but stressed the relevance of the
interval between pulses. At minimal purpuric doses, they demonstrated an increase
in the depth of vascular damage from 0.7 to 1.3 mm with an increasing interpulse
interval of up to 60 seconds. Further increase of the interpulse interval to 5 or 30
minutes resulted in a similar depth of vascular injury as single dose treatments. In
contrast, treatment above purpura threshold resulted in increased depth of damage
with increasing interpulse intervals up to at least 30 minutes. All interpulse intervals
were tolerated well with no adverse effects other than transient purpura. Altogether,
multiple passes may be beneficial but further evidence is needed.
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Epidermal cooling
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Epidermal melanocytes constitute a major limitation to laser therapy, as they have the
capacity to absorb a significant portion of the laser energy and mediate laser-induced
scarring and pigmentary damage. Consequently, irradiances must be chosen such that
adequate venular heating is achieved without generating excessive temperatures at
the basal membrane. This has proven rather challenging, as unequivocal objective
parameters to determine the optimal irradiance are currently lacking. With the advent
of epidermal cooling technology, however, it has become possible to minimize
nonselective epidermal thermal injury and concurrently use higher fluences to treat
PWS more effectively.10,14,54-58,86-99 Cooling also has the added advantage of significantly
reducing the patient’s level of pain and discomfort. As a result, the majority of modern
clinical laser systems are equipped with integrated cooling technology.
Primary cooling methods include contact cooling, cold air cooling, and cryogen spray
cooling.100 Cryogen spray cooling is currently the method of choice of the authors, as
we believe it can selectively cool the epidermis and perivascular tissue while minimally
affecting the temperature of the underlying blood vessels.86

Status quo
To compare PWS clearance rates among different laser systems, ancillary technologies,
and treatment modalities, retrospective analysis was performed of clinical studies
published between 1990 and currently, in which patient outcomes were classified
according to putative scoring systems. The data are summarized in Figure 2, and the
complete data set is provided in Table I.10,14,18,26-51,54-58,62,65-69,71-82,86-99,101-112
Review of the literature shows that a large population of patients with PWS responds
poorly to laser treatment, with a range of 12% to 85% of patients achieving less than
50% clearance, regardless of the treatment modality (Figure 2). Despite all advances,
no substantial progress in clinical outcomes has been made over the last 20 years.
Interestingly, the 577 nm and 585 nm PDLs appear to yield better clinical results than
the more modern laser systems, although this may be explained by differences between
populations of patients with PWS and the gradual transition to more objective scoring
methodologies. Nevertheless, there is a clear necessity for the continued development
and implementation of alternative treatment strategies for refractory PWS.

EXPERIMENTAL TREATMENT MODALITIES
There are a number of promising experimental therapies for PWS currently being
investigated. In this section, several of these modalities are addressed, including
photodynamic therapy (PDT), angiogenesis inhibitors, hemodynamic alterations in
PWS vasculature, and site-specific pharmaco-laser therapy (SSPLT).

Photodynamic therapy
Based on the results of a chicken comb model study, in 1990 Orenstein et al113 proposed
the use of PDT to selectively treat hypervascular dermal lesions without inducing
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epidermal damage. In 1994, a 3-year clinical study corroborated that PDT can be
successfully used for the treatment of PWS.114 Since then, many studies have evaluated
the use of PDT for the treatment of PWS, both as a solitary and as a synergistic treatment
modality. Retrospective analysis was performed of clinical studies using PDT for the
treatment of PWS published between 1990 and currently, in which patient outcomes
were classified according to putative scoring systems. The summary of results is
presented in Figure 3 and the complete data set is provided in Table II.115-121
PDT involves the activation of a photosensitizer by visible light. The absorption of light
triggers a photochemical-biological reaction that, in the presence of oxygen, leads to
reactive oxygen species generation that in turn causes direct endothelial cell damage,
thrombosis, and shutdown of vasculature.117 Oxidative cell damage is limited to
those photoilluminated areas containing sufficient photosensitizer concentrations,122
as the short diffusion distance of reactive oxygen species (≤0.1 μm) limits collateral
damage to minimal to none. These aspects impart site specificity to PDT that is
similar to selective photothermolysis. The efficacy of PDT depends on factors such as
wavelength and light intensity, exposure time, and choice of photosensitizer.
It has been suggested that the therapeutic efficacy of PDT is equivalent or even
superior to PDL treatment. One retrospective study of 581 patients compared the 585
nm PDL at 0.45 millisecond pulse duration with PDT using intravenously administered
hematoporphyrin monomethyl ether and the 578 nm copper vapor laser.120 There
was no statistically significant difference in lesional blanching in children, whereas
lesional blanching in adults was achieved in 88.4% of patients treated with PDL and in
94.2% of patients treated with PDT. Near-complete clearance was higher in the PDT
group (37.5%) than in the PDL group (3.1%). Moreover, complications were higher in
the PDL than in the PDT group (24.7% vs 10.2%, respectively), with adverse effects
including phototoxicity, pigmentary changes, crusting or scaling, and scar formation.
All complications were mild, reversible, or both. When treatment responses were
stratified by PWS morphology, PDT proved as effective as PDL in the treatment of pink
flat lesions and more effective for purple flat lesions.
Although PDT has promise as a treatment approach, there are potential limitations. First,
PWS vessels are believed to have a normal endothelial lining, which does not allow for
the selective accumulation of photosensitizing agents within the target vessels. The use
of antibody-labeled photosensitizers for selective targeting is futile without differential
surface antigen expression on the endothelial cells in PWS vasculature. Another major
drawback of PDT is the generalized photosensitivity that persists after therapy.117 With
the currently used photosensitizers, patients are counseled to avoid direct sunlight for
up to 4 weeks after PDT treatment.123 This inconvenience can be partially addressed
by using photosensitizers with shorter circulation half-lives, such as benzoporphyrin
derivative monoacid A, which remains photoactive for no more than 5 days.121 Other
limitations include the long length of treatment and the high costs of photosensitizers.
Further study and careful planning of PDT regimens are required to address these issues.
The combination of PDL and PDT has been proposed to be synergistic. The suggested
mechanism of action entails the administration of an initial, subtherapeutic PDT pulse
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Figure 2. Overview of port-wine stain treatment outcomes achieved by laser and intense pulsed
light (IPL) systems from 1990 to present. Data are categorized by laser treatment modality,
plotted as percentage of clearance (cl) (generally classified into 0-24%, 25-49%, 50-74%, and
75-100% clearance), and color-coded according to the level of clearance. Solid circle on right
side of chart indicates different classification system as described in the legend (top), which has
been color-coded in yellow/orange as indicated in legend. Each horizontal bar set represents
entire patient population of study, referenced on left side of chart, whereby patient percentages
are provided on bottom x-axis. Complete data set is presented in Table I. PDL, pulsed dye laser;
CSC, cryogen spray cooling; Nd:YAG, neodymium:yttrium-aluminum-garnet; o, followed by.
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to create injury to the vascular wall, after which irradiation with the PDL enhances the
PDT-induced vascular damage. Because two methods of injury are used, lower radiant
exposures can be employed for the PDT and PDL components, minimizing adverse
effects such as scarring while inducing more extensive damage to the PWS vasculature.
In a chick chorioallantoic membrane model, the combination of PDT and PDL treatment
yielded significantly more vascular damage than either modality alone.124
In a clinical trial, Tournas et al121 found a favorable dose-dependent treatment outcome
using PDT with benzoporphyrin derivative monoacid ring A (576 nm) followed by 585
nm PDL irradiation. Treatment effects were evaluated by comparison of pretreatment
and posttreatment photographs and chromametric measurements. Treatment efficacy
appeared to improve with increased PDT radiant exposures. Overall, PDT-PDL combination
therapy appears promising, although additional controlled clinical trials are needed to
further evaluate the efficacy, safety, and advantages of the combined therapy.

Angiogenesis inhibitors

5

It has been postulated that angiogenesis plays a critical role in limiting PWS treatment
efficacy via posttreatment vascular repair of PWS vessels.24 Initial interest in angiogenesis
after selective laser injury was generated based on observations that acute vascular
destruction does not necessarily result in PWS lightening.91 Subsequent studies using
laser speckle imaging on a rodent dorsal window chamber model demonstrated an
initial shutdown in blood flow followed by reperfusion and vascular remodeling.125
Serial laser speckle imaging monitoring of patients with PWS has also demonstrated
the dynamic nature of the posttreatment blood flow response in the clinical setting.126

Figure 3. Overview of port-wine stain treatment outcomes achieved with photodynamic therapy
from 1990 to present. Data are plotted as percentages of clearance (cl) classified according to
figure legend. Solid circle on right side of chart indicates type of classification system, which
has been color-coded according to level of clearance as provided behind every legend entry.
Each horizontal bar set represents entire patient population of study, referenced on left side
of chart, whereby patient percentages are provided on bottom x-axis. Abbreviations: PDT =
photodynamic therapy, cl = clearance, CVL = copper vapor laser. Complete data set is presented
in Table II. CVL, copper vapor laser.
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Thus, it has been proposed that PDL treatment of vascular lesions could be enhanced
by antiangiogenesis therapy after photocoagulation/PDT.24

Imiquimod
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Imiquimod is a topically administered immune response modulator approved by
the Food and Drug Administration (FDA) for the treatment of external genital
warts, superficial basal cell carcinoma, and actinic keratosis.127 As such, it is widely
commercially available and its favorable safety profile is well documented.127 Imiquimod
has been proposed to play a role in the inhibition of angiogenesis via: (1) activation
of toll-like receptor 7, which induces the antiangiogenic cytokines interferon-alpha,
interleukin-10, interleukin-12, and tissue inhibitors of metalloproteinases; and (2)
inhibition of proangiogenic factors such as matrix metalloproteinases.128,129 It has been
successfully used for the treatment of vascular proliferative lesions such as infantile
hemangiomas, pyogenic granulomas, Kaposi sarcoma, and hemangiosarcomas.128,130-133
Preliminary data from Tremaine et al134 suggest that imiquimod antiangiogenesis
therapy may enhance the treatment efficacy for PWS when used in conjunction with
selective photothermolysis. In all, 24 healthy subjects with PWS were treated with
PDL and then randomized to apply posttreatment placebo or 5% imiquimod cream
3 times a week for 8 weeks. Chromametric measurements taken at baseline were
compared with measurements taken 8 weeks posttreatment. In comparison with PDL
and placebo, PDL and imiquimod sites showed a statistically significant reduction
in erythema and color improvement. Two patients developed minor erythema and
crusting in the treatment area, but no other adverse effects were noted. After a brief
rest period (1-4 weeks), imiquimod dosing was resumed without sequelae.

Rapamycin
Rapamycin (RPM), an inhibitor of mammalian target of RPM (mTOR), is a naturally occurring
macrolide antibiotic that has been approved by the FDA for use as an immunosuppressant
in organ transplant recipients and as a coronary stent coating to prevent restenosis.135,136 In
addition, RPM has antiangiogenesis properties that appear to be related to a decrease in
both vascular endothelial growth factor production and responsiveness of endothelial cells
to vascular endothelial growth factor.137 Moreover, mTOR is known to be a downstream
target of RAC-alpha serine/threonine-protein kinase (Akt1), the overexpression of which
in endothelial cells causes cutaneous vascular malformations in mice.138 RPM inhibits
Akt1-induced pathological angiogenesis, thereby restoring normal-appearing vascular
morphology.139 In the eye, RPM reduces neovascularization in both laser-induced choroidal
neovascularization and hypoxia-induced retinopathy of prematurity.140
In the skin, studies have suggested that RPM is promising in the treatment of vascular
lesions when used in combination with laser therapy. In 2010, Jia et al25 treated subdermal
blood vessels in a rodent dorsal window model with laser alone versus topical RPM
for 14 days after laser therapy, evaluating photocoagulation and reperfusion with color
digital photography and laser speckle imaging. Whereas 23 of 24 (96%) treated blood
vessels reperfused within 14 days in the group treated with laser alone, the overall
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reperfusion rate was only 36% in the group treated with varying concentrations of RPM.
The reperfusion rate was not directly proportional to the RPM concentration.
Another study by Loewe et al141 found robust expression of the proliferation marker
Ki-67 and the stem cell marker nestin in dermal endothelial cells of PDL-irradiated skin.
RPM administration reduced Ki-67 and nestin expression in dermal endothelial cells
and increased PDL-induced destruction of dermal vessels. Although further studies
are required, the use of RPM after PDL exposure may be a promising new approach to
improve PWS laser treatment outcomes.

Hemodynamic alterations in PWS vasculature
Most approaches to optimizing selective photothermolysis of PWS vasculature have
focused on ways to bring more light to the papillary and upper reticular dermis rather
than on ways to bring more blood to the available light. Recently, several articles were
published on the idea of perioperatively altering the hemodynamics of PWS vasculature
so as to increase susceptibility to photoinduced damage.142-144 The approach is based
on the incongruence between the typical pulse durations used for PWS laser therapy
and the thermal relaxation times of PDL-resistant PWS vasculature.142 The venules in
mild red or faint PWS (which predominate in infants and young children) and in lasertreated patients who have reached a therapeutic plateau have an average diameter
of 10 to 30 μm.33 Most PDLs use 0.5 to 1.5 millisecond pulse durations, which exceed
the thermal relaxation time of this category blood vessels.89 Consequently, the target
vessels are difficult to photocoagulate by selective photothermolysis because the
volumetric heat production is insufficient to adequately heat the entire vessel wall.
One possible approach to increasing the diameter and thermal mass of small venules
is to induce vessel dilation through hemostasis by temporarily obstructing venous
blood flow via a pressure cuff placed on the proximal arm.142 In several studies, it was
demonstrated that low hypobaric (vacuum) pressures (between 17-51 kPa or 5-15 inHg)
applied for only a few (5-15) seconds before 585 nm PDL irradiation were sufficient to
induce more intense purpura on the forearm of normal-appearing (Figure 4, A) and
PWS (Figure 4, B) skin compared to control skin that underwent irradiation at the same
settings but at atmospheric pressure.144 Based on visible reflectance spectrometry
and a diffusion approximation model,142 it was estimated that approximately 35% less
radiant exposure would be required to induce the same degree of purpura 3 days after
laser exposure on subjects with normal-appearing skin. Most importantly, noticeable
blanching of PWS skin, as quantified by visible reflectance spectrometry, was achieved
7 months after laser exposure to single laser pulses.
Although additional work is required to further optimize the modality, several recent
clinical studies have underscored the potential role of local hypobaric pressure in
PWS treatment optimization. For example, a pilot study with 11 patients with PWS
refractory to PDL treatment revealed that hypobaric pressure application improved the
treatment efficacy of the 595 nm PDL in approximately 50% of cases.107 As addressed
previously,142,144 the authors observed that in some cases lower radiant exposures were
sufficient to achieve blanching in otherwise PDL-resistant PWS.
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Figure 4. Pulsed dye laser-induced (585 nm) purpura on inner forearm in absence of and after
application of pressure cuff in healthy volunteer (A) and on back upper aspect of arm in patients
with port-wine stain (PWS) at increasing vacuum pressures and suction times (B). A, Healthy
volunteers with Fitzpatrick skin type II-III were subjected to laser irradiation at radiant exposure as
indicated in legend, and extent of purpura was imaged at indicated times after laser irradiation.
Purpura induced without use of suction device (top row) or obtained after suction device was
applied at 10inHg for 3 minutes before laser irradiation. (bottom row). B, Laser-induced purpura
directly after laser irradiation, 1 day, and 7 months after laser irradiation of PWS skin at 6 J/cm2
radiant exposure. Rows show hypobaric pressures applied before laser irradiation and columns
indicate duration of applied vacuum (see legend). Column right of grid shows induced purpura
without vacuum at same radiant exposure. Note obvious clearing in upper two rows after single
laser pulse. Data modified and used with permission.144 CTRL, control.

Site-specific pharmaco-laser therapy
SSPLT is a development-stage treatment modality that was designed on the basis of
endovascular laser-tissue interactions in incompletely photocoagulated vasculature,
which is thought to be responsible for therapeutic recalcitrance.24,145-147 The laser-tissue
interactions in these blood vessels are characterized by a photothermal response
(thermal coagulation of blood)148,149 and a hemodynamic response (thrombosis followed
by fibrinolysis).146,147,150 The photothermal response is considered a static component,
as thermal coagula do not expand after the laser pulse. Consequently, modulation
of the extent of vaso-occlusion through the photothermal response is difficult.151 In
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Figure 5. Schematic representation of principles of site-specific pharmaco-laser therapy (SSPLT)
for treatment of port-wine stains (PWS). Following intravenous (iv) administration of liposomes
containing prothrombotic and/or antifibrinolytic agents, PWS vasculature will contain liposomal
drug carriers and cells that are instrumental in SSPLT: red blood cells (nucleation centers during
selective photothermolysis, required for triggering hemodynamic response via thermal coagulum
formation) and platelets (mediators of thrombosis, required for targeting of liposomes) (top).
First step of envisaged modality comprises induction of thermal coagulum by laser irradiation
according to current clinical practice. Direction of blood flow (o). This leads to subsequent
induction of thrombosis in semi-photocoagulated blood vessels,147 whereby circulating
liposomes are targeted to activated platelets in developing thrombus (step 2). Subsequently,
irradiation of laser-treated PWS using near infra-red light will locally generate heat that causes
liposomes to release encapsulated pharmaceutical agents (step 3, arrows and dots)153 in
vicinity of laser-induced, semi-obstructive thermal coagulum. Release of prothrombotic and
antifibrinolytic agents promotes hyperthrombosis and deterrence of fibrinolysis, culminating
in thrombotic occlusion and hemostasis of blood vessel that otherwise would have remained
incompletely photo-occluded (—×o). Because this damage profile is comparable to completely
photocoagulated vasculature,24 SSPLT may prove promising in improving lesional clearance rates.
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contrast, the hemodynamic response constitutes a highly dynamic process of thrombus
growth and breakdown that can be modulated pharmacologically.151
The aim of SSPLT is to pharmacologically manipulate the hemodynamic response so
as to cause complete occlusion of targeted vascular lumen that would otherwise only
be partially photocoagulated. Complete occlusion has been associated with complete
lesional clearance.24 The procedure is detailed in Figure 5.
There are numerous classes of pharmaceuticals that modulate the hemodynamic
response via induction of hyperthrombosis (eg, platelet activators, coagulation
agonists) and deterrence of fibrinolysis (eg, plasmin inhibitors). Because such drugs
may produce undesirable adverse effects, the pharmaceuticals are to be encapsulated
in a thermosensitive liposomal drug delivery system and specifically targeted to PDLirradiated vasculature. Liposomes are nanoscopic fat droplets that can encapsulate
water-soluble and lipophilic drugs. Moreover, liposomal encapsulation restricts the
biological activity of the drugs until they are released from the liposomes. Drug release
can be systematically triggered via thermal, oxidative, enzymatic, or chemical processes.
The liposomes for SSPLT are selectively targeted to the thrombus (ie, via antibodies
specific only to receptors on activated platelets involved in thrombosis) (Figure 5,
step 2). Once the liposomes have accumulated in the thrombus, drug release will
be triggered by local generation of heat using a heating pad or near infrared light
(Figure 5, step 3). This will lead to site-specific hyperthrombosis and complete
occlusion of the target vasculature (Figure 5, step 4), effecting the removal of blood
vessels that would have otherwise remained partially patent. SSPLT may be combined
with immunomodulatory and/or antiangiogenic modalities as described above to
further modulate the chronic responses to laser therapy.24
Currently, the prothrombotic and antifibrinolytic liposomal formulations have been
developed and characterized in vitro152 and will be tested in vivo before the end of
2011. Once proof of concept has been established as to their targeting specificity and
pharmacodynamics, and toxicological testing has been completed, clinical phase II
trials will be initiated.

CONCLUSION
Despite innovations in various laser techniques, our retrospective analysis shows that
the number of patients with PWS who do not achieve complete lesion removal with
current treatment modalities remains substantial. Consequently, the exploration and
implementation of alternative therapies is necessary for improvement of therapeutic
efficacy. Treatment failure has largely been attributed to lesional variation, posttreatment
angiogenesis, and limitations in optical penetration depth. Several promising
approaches have been presented that may improve therapeutic efficacy, including PDT,
immunomodulation, antiangiogenesis therapy, hypobaric pressure devices, and SSPLT.
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Lesional size, cm2,
n {mean}

PWS features, n

Prior treatment, n

Received treatment,
n (mean) /interval

Light source

Wavelength, nm

NL

face (6),
trunk (2),
extr. (2)

NL

NL

0

NL

PDL

577

27

69

1

∕36-64

I-III

head/neck (63)
extr. (6)

NL

hypertr.,
nodular
(35)

NL

10-25

PDL

577 and
585

28

83

1

∕24-17

NL

face

<20 (47)
20-40 (24)
>40 (12)

NL

0

5-14

PDL

577 and
585

29

259

1

∕10-70

NL

head/neck

3-200

NL

0

1-8

PDL

577 and
585

30

35

1

∕4-14
{7.2}

NL

head/neck

4-200

macular,
pink-red

0

{6.5}

PDL

577

31

65

5-72

I-IV

face/neck (60),
body (2),
extr. (3)

NL

pale pink
and flat

0

NL

PDL

577

32

52

14-61
{29}

I-IV

face/neck
(34), trunk (8),
extr. (10)

NL

pink-red
(18),
purple (34)

0

NL

PDL

577

NL

0

5-10

PDL

585

Skin type
(Fitzpatrick)

18-50

Age range, y
{mean}

10

Patients, n

26

Reference

Location lesion, n

Table I. Summary of clinical studies performed with laser systems that are based on selective
photothermolysis

PDL – 577 nm

5

PDL – 585 nm

90

33

91

1

∕26-17

I-III

face: forehead <20 (49)
(13),
20-40 (29)
peripheral (39), >40 (13)
central (27),
mixed (12)

34

73

1

∕4-14
{6}

NL

face/neck (66),
trunk (2),
extr. (5)

4-200

red (41),
purple (17),
pink (15)

0

{2}

PDL

557 or
585

35

70

1

∕6-58

NL

face (54),
neck (6),
torso (2),
extr. (8)

NL

pink (4),
red (50),
purple (6)

*1

>1
/3mo/

PDL

585

Radiant exposure,
J/cm2 (mean)

3

6.5-10

100% cl. after multiple treatments at 4-6 wk NL
intervals

0.45

5

5.75-8

significant lightening of PWS after 10-25 Txs cutaneous atrophy (1),
hypopigm. (1),
hyperpigm. (3)

0.45

NL

6-7.5

100% cl. (22%), cl. higher in patients <1 yr
and for lesions <20cm2

0.45

5

0.36

5

6

0.36

5

6-8

0.36

3

6.5-10

0.45

5

Sequelae (n)

Spot diameter, mm

0.30

Outcome

Pulse width, ms
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5

NL

5.75-8.5 centrofacial lesions and lesions involving
transient cutaneous
dermatome V2 in adults and children respond depression,
less favorably than lesions located elsewhere hyperpigm., hypopigm.
on the head and neck, midline lesions respond
very favorably (mean lightening of 92.4%)

6-7.5

0.36
or 0.45

5

5.5-7

0.45

5

5-9

100% cl. after avg. of 6.5 Txs

transient hyperpigm.
(20), cutaneous
depression (2)

100% cl., retention of skin markings/
elasticity/hair follicles

transient hyperpigm. (32),
cutaneous depression (1)

75-100% cl. (44%)
50-74% cl. (29%)
25-49% cl. (19%)
0-25% cl. (8%)

mild epidermal changes,
cutaneous depression, or
pigmentary changes (4)

major factors in predicting treatment response: NL
location > size > age; best response in small
PWS over bony facial prominences in younger
patients; 1st 5 Txs decreased PWS size by 55%
- 2nd set of 5 Txs reduced PWS size by 18%
75-100% cl. (45%)
50-74% cl. (43%)
25-49% cl. (7%)
0-25% cl. (5%)

cutaneous depression (4),
hyperpigm. (16),
hypopigm. (3)

54% had significant improvement; PWSs
on the limbs responded least favorably, red
PWS responded best.

scarring (4),
hypopigm. (1)

91

92

Location lesion, n

Lesional size, cm2,
n {mean}

PWS features, n

Prior treatment, n

Received treatment,
n (mean) /interval

Light source

Wavelength, nm

NL

head/neck

NL

NL

0

{2.8}

PDL

585

∕26-14

II-III

49 PWS:
face (33),
neck (4),
torso (6),
extr. (6)

NL

NL

0

1-11 {4.8}

PDL

585

∕6-58

NL

97 PWS:
face (85),
neck (5),
trunk (3),
extr. (4)

NL

1-8

PDL

585

∕12-71
{14}

I-II

head/neck
(56), trunk (9),
extr. (11)

4-320
{68}

pale pink
to purple

0

2-19 {9.1}
/6-8wk/

PDL

585

133

1-74

I-V

head/neck
(117),
chest/trunk
(4),
extr. (19)

NL

pink (18),
red (93,
purple (29)

*2

1-4
/8-12wk/

PDL

585

41

74

<1->16

NL

face (45),
neck (7),
trunk (6),
extr. (18)

2-500
{30}

NL

0

1-5
/6-8wk/

PDL

585

42

474

>1-85

NL

face (315),
neck (34),
trunk (22),
extr. (103)

NL

NL

0

NL

PDL

585

43

66

4-46
{24}

II-III

face/neck
(58),
other (8)

NL

light
red (64),
blue-red
(2)

*3

1-7
/6-12wk/

PDL

585

44

36

2-53
{26}

NL

NL

NL

pinkpurple,
macularpapular

0

1-4

PDL

585

18

30

15-52
{32}

NL

NL

NL

pinkpurple,
macular

NL

5
/6-8wk/

PDL

585

Patients, n

Age range, y
{mean}
∕ 8- 3∕ 5

Reference

5

Skin type
(Fitzpatrick)

Table I. Continued

36

12

37

43

1

38

93

1

39

76

1

40

1

faint
NL
macules
to nodular

0.45

5

6-7.5

>95% cl. (16%), improvement of cl. of 69%
in incompletely cleared lesions

0.45

5

5-10

excellent or good results in 80% of patients scarring (1),
in all age groups, anatomical locations, and hypopigm. (3)
varying PWS morphologies

0.45

5

6-7.75

0.45

5

6-9

pink color, PWS in the head/neck,
skin types I-III, <10yr of age responded
most favorably to Tx

discoloration/purpura
(133),
crusting (69),
scaling (26), swelling (3),
blisters (2)

0.45

5

6

lightening in 63% of patients after 1 Tx,
gradual improvement in subseq. Txs; no
correlation age and outcome, outcome
head/neck > extr.

transient hyperpigm. (14),
hypopigm. (2),
slight atrophy (2),
mild scarring (1)

0.45

5

<5.75>7.5

near complete cl. (23.4%), considerable cl.
(67.3%), vessel depth indicator of outcome

NL

0.45

5

0.45

5

{6.4}

75-100% cl. (36%), no correlation treatment NL
lesion type or skin color

0.45

5

5.25
6.5
7.75

good cl. (53%)
moderate cl. (27%)
poor cl. (20%)
superficial and larger ø PWS vessels
responded better than deeper and smaller
ø PWS vessels

5.75-6.5 100% cl. (0)
>75% cl. (45%)

Sequelae (n)

5

Outcome

Spot diameter, mm

0.45

Radiant exposure,
J/cm2 (mean)

Pulse width, ms
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transient purpura
and edema
NL

5

>90% cl. (49%), overall 79% lightening of PWS transient hyperpigm. (26)

5.75-7.5 excellent (29%)
good (30%)
fair (21%)
poor (20%)

NL

NL

93

Prior treatment, n

Received treatment,
n (mean) /interval

Light source

Wavelength, nm

pale pink
to dark
purple

NL

1-18

PDL

585

89

0-31

NL

head/neck

71-139

NL

0

3-7
{5}

PDL

585

47

13

3-65

V

face (12), extr.
(1)

NL

NL

*4

3-13
/2-10mo/

PDL

585

48

94

1-58

II-V

face/neck

NL

flat (67), NL
{4}
papular
/8-12wk/
(20),
papulonodular (4),
nodular (3)

PDL

585

49

644

1

∕4-93
{21}

NL

face (353),
neck (60),
trunk (46),
extr. (195)

NL

pinkpurple

*5

{6}-face
{8}-extr.

PDL

585

50

97

6-66
{31.5}

NL

head/neck,
trunk, extr.

NL

NL

0

>1

PDL

585

51

51

12-41
{23}

NL

face/neck

NL

NL

*6

0

PDL

585

46

1

PWS features, n

Lesional size, cm2,
n {mean}
3-500

102

Skin type
(Fitzpatrick)

118 PWS:
face/head
(87),
neck (11),
trunk (9),
extr. (11)

45

Age range, y
{mean}

NL

Patients, n

∕12-66
{20}

Reference

5

Location lesion, n

Table I. Continued

PDL – 585 nm + DYNAMIC COOLING
CRYOGEN SPRAY

94

86

14

NL

NL

NL

NL

NL

NL

1

PDL-CSC

585

87

23

16-59
{31.2}

NL

face (1),
neck (2),
back (5),
chest/trunk (3),
extr. (12)

NL

pinkpurple

0

1

PDL-CSC

585

0.45

5

0.45

5
7
10

0.45

5

4.5-6

0.45

7

1-6

broad PWS required more Txs than narrow NL
PWS; prior Tx increased required no. of PDL
Tx

0.45

7

>5

higher fluence and more Tx sessions lead to hyperpigm. (7),
better Tx outcome
hypopigm. (13), atrophic
scarring (4), hypertrophic
scarring (1)

0.45

5

6-8

PWS darken after Tx, but don’t reach pre-Tx NL
darkness

0.45

5

6-10

CSC did not impede PWS vessel
photocoagulation, protected epidermis,
reduced pain

0.45

5

6

5.5-8.5 90-100% cl. (15.3%), 50-90% cl. (65.3%),
11-49% cl. (17.8%), 0-10% cl. (1.7%); Tx
response depended on location.; fewer
treatments were required for PWS on the
forehead and temple, lateral aspect of the
face, neck, chest, and shoulder.
6-8

Sequelae (n)

5

Outcome

Spot diameter, mm

0.45

Radiant exposure,
J/cm2 (mean)

Pulse width, ms
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NL

40% reduction in PWS color; 7/89 patients few small blisters and
completed study, of which 0% had 100% cl.; crusting
age not determinant of Tx outcome

6-7.25 90-100% cl. (15%)
5.5-7 75-89% cl. (31%)
4.5-4.75 50-74% cl. (31%)
25-49% cl. (8%)
0-25% cl. (15%)
50-100% cl. in 86% of patients

5

transient hyperpigm. (6),
hypopigm. (1),
limited atrophic scarring
(2)
transient hyperpigm. (13)

hypertrophic scarring,
pigmentary changes,
atrophy, and induration
(only in uncooled area)

50-ms cooling pulse reduced pain and time hyperpigm. (13)
of purpura development; >60-ms cooling
pulses and sequential cooling pulses after
Tx reduced cl.

95

Age range, y
{mean}

Skin type
(Fitzpatrick)

Location lesion, n

Lesional size, cm2,
n {mean}

PWS features, n

Prior treatment, n

Received treatment,
n (mean) /interval

35

3-45

NL

head/neck
(21),
extr. (14)

NL

NL

0

131
(total)

89

95

9-74
{34}

NL

head/neck
(66),
trunk (7),
extr. (31)

NL

NL

90

27

8-34
{22}

IV-V

face

4.5-475

14

20

1

∕12-55
{23}

I-IV

face (14),
neck (3),
lip (3)

91

20

11-55
{32}

I-IV

face

13

1
∕2-65
{31.7}

I-III head/neck (7),
extr. (6)

5

Wavelength, nm

Patients, n

88

Light source

Reference

Table I. Continued

PDL-CSC

585

*7

{3.7}
PDL-CSC
/6-10wk/

585

pink (12),
red (12),
purple (3)

NL

2-12
{6}
/4-6wk/

585

NL

NL

*8

1-9
PDL-CSC 585 or
/8-12wk/
595

NL

NL

*9

3-15
PDL-CSC 585 or
{5.4}
595
/8-12wk/

<10 (3),
10-100
(4),
>100 (6)

NL

0

1

PDL-air

585

PDL-CSC

AIR
92

PDL – 595 nm + DYNAMIC COOLING
CRYOGEN SPRAY

96

54

16

{ 1∕ 4}

NL

face

NL

NL

0

{3.2}
/3-6wk/

PDL-CSC

595

55

66

20-73
{39}

II-IV

face/neck
(35), back/
chest (5),
extr. (26)

<20 (13),
20-100
(28),
100-200
(12),
>200 (13)

pink (17),
red (35),
purple
(14),
hypertr.
(10)

NL

4
/8wk/

PDL-CSC

595

56

12

23-68
{49}

NL

face (8),
chest (1),
extr. (3)

NL

NL

*10

1

PDL-CSC

595

1.5

7, 10

no CSC: More cl. in CSC group; CSC Tx better
4.5-8.5; tolerated and lower adverse effects
CSC:
7-13
5-10

Sequelae (n)

7

Outcome

Spot diameter, mm

1.5

Radiant exposure,
J/cm2 (mean)

Pulse width, ms
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blistering more common
in PDL group than in
PDL-CSC group

improvement of PWS cl. by average of 66%; NL
69% decrease in erythema

5
0.45

7

5-7.5

75-100% cl. (18%)
50-74% cl. (30%)
25-49% cl. (30%)
0-25% cl. (22%)

hyperpigm. (7),
hypopigm. (1)

1.5

7/10

6-15

75-100% cl. (20%)
50-74% cl. (30%)
25-49% cl. (20%)
0-25% cl. (30%)

Hyperpigm. (2)

1.5

7/10

8-16

75-100% cl. (15%)
50-74% cl. (10%)
25-49% cl. (15%)
0-25% cl. (60%)

NL

0.45

7

1-6

no difference in cl. (69%), better cl. with
cold air cooling (16%), worse cl. with cold
air cooling (16%); air cooling less painful in
9 patients

purpura, erythema,
edema, hypopigm.,
hyperpigm., and scars
were less marked in the
areas treated with cold air

1.5

7

11-12

>75% cl. (63%)

dermatitis (3)

10

12

7

75-100% cl. (15%)
50-74% cl. (52%)
25-49% cl. (29%)
0-25% cl. (5%)
PWS size, skin type, presence of hypertrophy
was associated with the outcome of Tx

transient purpura and
edema were noted
immediately after each
Tx, but resolved within
a month. Hyper- and
hypopigm. were
infrequently observed

1.5-6

7

12-14

In patients irresponsive to PDL:
75-100% cl. (0%)
50-74% cl. (33%)
25-49% cl. (33%)
0-25% cl. (33%)

hyperpigm. (3),
atrophic scarring (1)

97

Reference

Patients, n

Age range, y
{mean}

Skin type
(Fitzpatrick)

Location lesion, n

Lesional size, cm2,
n {mean}

PWS features, n

Prior treatment, n

Received treatment,
n (mean) /interval

Light source

Wavelength, nm

Table I. Continued

57

40

6-65
{32}

III-IV

NL

NL

NL

*12

4

PDL-CSC

595

58

102

1-67
{25}

III-V

head/neck
(79),
other (23)

<10 (29),
10-100
(60),
>100 (13)

flat/elevated/
nodular;
pink/red/
purple

0

{5.6}

PDL-CSC

595

93

49

< 1∕ 2

NL

face (V1, V2,
V3, scalp)

NL

NL

0

2-16
{9.3}
/4-6wk/

PDL

595

94

13

>18

I-III

face (12),
neck (1),
chest (2),
extr. (1)

NL

NL

0

2
/2 or
6wk/

PDL-CSC

595

95

20

10-68
{38}

NL

head/neck
(13), trunk (2),
extr. (5)

NL

NL

*11

1-7
{3.1}

PDL-CSC

595

96

184

1-40
{18}

III-IV

face (125),
neck (35),
extr. (24)

NL

pink (75),
red (101),
purple flat
(6),
purple
nodular (2)

0

3-6
/4wk/

PDL-CSC

595

5

PDL – COMPARISON STUDIES
DIFFERENT PDL WAVELENGTHS

98

97

62

2-65

I-V

NL

NL

NL

0

1

PDL-CSC 585 vs.
585600

98

64

1

∕4-64

NL

head/neck

NL

flat (31),
hypertr.
(33)

0

1-6

PDL-CSC

585
(n=32)
vs.
595
(n=32)

10

15

11-44
{26}

I-III

head/neck (11),
back (1),
extr. (3)

<10 (4),
10-100
(9),
>100 (2)

pink (4),
red (7),
purple (4)

0

1

PDL-CSC

585
vs.
595

Radiant exposure,
J/cm2 (mean)

7

9-15

75-100% cl. (20.0%)
50-74% cl. (22.5%)
25-49% cl. (27.5%)
0-25% cl. (30.0%)

NL

1.5-6

7-10

6-15

75-100% cl. (12.7%)
50-74% cl. (35.3%)
25-49% cl. (35.3%)
0-25% cl. (16.7%)

transient hyperpigm.
and hypopigm. that
resolved within 1 yr;
cut. atrophy (2) and
hypertrophic scarring (1)

1.5

10

7.75-9.5 PWS <20% body surface area, 90.7% cl.;
PWS >20% body surface area, 85.6% cl.

1.5

7-10

1.5

10

3

7

8-12

0.45
vs.
1.5

7
vs.
5

5.75-7
vs.
11-20

1.5

7

7-10

0.5
vs.
0.5, 20

7

7.5-15

Tx at 2-week intervals produced better
outcomes than Tx at 6-week intervals

7.5-9.5 average cl. was 76%; 64% decrease in
erythema
excellent cl. (62.5%)
good cl. (20.7%)
poor cl. (16.8%)
efficacy was most significant in facial PWS,
albeit complete cl. was difficult to achieve

Sequelae (n)

Spot diameter, mm

1.5-10

Outcome

Pulse width, ms
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5

NL

NL

NL

prominent
hyperpigm. with poor
improvement occurred
in 6.0% of patients and
resolved within 6 mo

>50% cl.: 12 patients (20%) in 585nm group, hyperpigm. and atrophy
30 patients (48%) in 585-600nm group;
(17) with both lasers
no difference in cl. in 20 patients (32%);
results independent of PWS localization and
patient age
585-nm PDL-CSC was quantitatively and
clinically more effective in PWS cl. than
595-nm PDL-CSC

transient hyperpigm. (14)
that resolved within 1
year

5.5
585-nm/0.5-ms PDL and 595-nm/20-ms
vs.
produced similar results in PWS cl.; 5955.5, 13 nm/0.5-ms PDL was less effective

595-nm/0.5-ms yielded
least sequelae (transient
purpura, pain, crusting);
hypopigm. only in 585nm/0.5-ms PDL group (1)

99

Prior treatment, n

Received treatment,
n (mean) /interval

Light source

20 PWS:
face (12),
neck (1),
chest (1),
back (1),
extr. (5)

NL

NL

*13

1

PDL-CSC

585
vs.
595

Wavelength, nm

PWS features, n

I-IV

Lesional size, cm2,
n {mean}

17-59
{35}

Location lesion, n

18

Skin type
(Fitzpatrick)

Patients, n

99

Age range, y
{mean}

Reference

Table I. Continued

5
PDL vs. DIFFERENT LASER/LIGHT SYSTEMS

100

101

28

12-65
{37.9}

NL

face (20),
trunk (5),
extr. (3)

NL

flat (21),
raised (7);
pink (1),
red (21),
purple (6)

NL

1

PDL vs.
Ar-LpDL

585
vs.
585

102

30

14-57
{33}

I-IV

33 PWS:
face (4),
neck (3),
trunk (8),
extr. 18)

NL

pink (11), NL
red (9),
dark red
(8),
purple (5);
hypertr. (5)

1

PDL vs.
Ar-LpDL

585
vs.
585

103

107

12∕3-68
{23.9}

III-IV

face

NL

3-12
{6.1}

PDL
vs.
Nd:YAG
vs.
PDL+
Nd:YAG
*14

585
vs.
532
vs.
585+
532

104

43

2-59
{24}

I-III

head/neck
(28),
trunk (5),
extr. (10)

NL

light pink NL
(2),
pink (6), red
(22), dark
red (7),
purple (6)

1

PDL
vs.
Nd:YAG

585
vs.
532

62

22

18-68
{40}

I-IV

head/neck
(15),
trunk (3),
extr. (4)

NL

pink (12), *15
purple (10);
small
macular
to large
hypertrophic

1

PDL-CSC
vs.
Nd:YAG

595
vs.
532

NL

0

15

Sequelae (n)

7

Outcome

Radiant exposure,
J/cm2 (mean)

1.5
vs.
1.5, 6,
20

Spot diameter, mm

Pulse width, ms
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With the 595 nm PDL, there was a significant
advantage of using 1.5 ms pulse width over
6 ms pulse width (p<.05). There was no
significant advantage of using longer pulse
width of 20 ms over 1.5 ms with the 595
nm PDL. Lastly, there was no statistically
significant advantage of 595-nm PDL over
585-nm PDL with identical pulse widths
(1.5ms), spot size, fluence, and CSC settings

crusting in 6 areas:
585 nm (n=1),
595 nm for 1.5 ms (n=2),
595 nm for 20 ms (n=3).
Atrophic scarring
in 2 areas:
585 nm (n=1),
595 nm for 1.5 ms (n=1)
(1)

0.45
vs.
90-120

5
vs. ≥ 26

6-7.5
vs.
16-24

PWS cl.: PDL>Ar-LpDL (45%), PDL=Ar-LpDL atrophic and hypertrophic
(40%), PDL<Ar-LpDL (15%)
scarring were infrequently
observed for both
modalities; Ar-LpDL
resulted in higher rate of
hyperpigm.

0.45
vs.
70-190

5
vs.
1

5-7.5
vs.
11-29

76% of PWS showed better result and more NL
cl. with the PDL treatment than with the
Ar-LpDL treatment

0.45
vs.
.002-.01
vs.
0.45+
.002-.01

3
vs.
2-4
vs.
3+2-4

7-10
vs.
8-22
vs.
7-10+
8-22

Subjective degree of clearing: 100% cl. (0%)
75-99% cl. (7.5%)
50-74% cl. (14%)
25-49% cl. (41.1%)
0-25% cl. (37.4%). There was no significant
difference in the subjective assessment of
clearing between different forms of laser
treatments.

pigmentary changes
(18),
textural changes (6),
scar (12)

0.45
vs.
5-50

7
vs
4

6
vs.
5-15

no significant differences in clinical outcome
between the two laser systems, other than
poor results with the Nd:YAG laser at 5ms
and 5.5J/cm2

scar formation in 3% of
patients treated with
the PDL and in 18% of
patients treated with the
Nd:YAG laser

1.5, 10
vs.
2, 10

7
vs.
3

15
vs.
7, 16

5 patients had further lightening with the
NL
595-nm PDL or the 532-nm Nd:YAG laser (1
PWS was purple, 4 were pink)

5

101

Location lesion, n

Lesional size, cm2,
n {mean}

I-IV

forehead (2),
cheek (7),
neck (2),
back (3),
extr. (2)

>5

65

11

1-47

III-IV

NL

NL

81

20

6-56
{26}

I-III

face (15),
trunk (4),
extr. (1)

105

43

11-47
{22}

NL

head/neck
(27),
trunk (3),
extr. (13)

3

PDL-CSC
vs.
Nd:YAG

595
vs.
1064

NL

1

PDL
vs.
AlexL

595
vs.
755

NL

pale red, *16
macular (5),
red macular
(6),
purple
macular (7),
purple,
thickened
(2)

1

PDL
vs.
IPL

595
vs.
500670 and
8701400

NL

macular
pink to
pink-red
(23),
macular
red to
red-purple
(20)

1

PDL
vs.
CVL

585
vs.
578

NL

thick purple *17
patches
with
violacious
nodules

3-5
/6-8wk/

PDL

1st pass:
590600, 2nd
pass:
585

NL

recalcitrant *19
PWS

2-7
/6-8wk/

PDL o
Nd:YAG

595 o
1064

PWS features, n

Wavelength, nm

Skin type
(Fitzpatrick)

18-52

Light source

Age range, y
{mean}

16

Received treatment,
n (mean) /interval

Patients, n

66

Prior treatment, n

Reference

Table I. Continued

pink, red, NL
purple; flat
to hypertr.

NL

5

0

PDL – COMBINATORIAL MODALITIES
MULTIPLE PDL WAVELENGTHS
82

4

49-61

NL

face

PDL + OTHER LASER/LIGHT SYSTEMS
67

102

25

2-75
{21}

I-III

trigeminal
region (19),
extr. (6)

8
Nd:YAG laser Tx at 3-15-ms pulses is safe
vs.
and as effective as PDL when used at
40-130 the minimal purpuric dose; Nd:YAG laser
caused greater perivascular and epidermal
injury than PDL

hyperpigm. with PDL (2),
hypertr. scarring with
Nd:YAG laser (1)

3
vs.
3

7
vs.
8

13-15
vs.
35-50

both PDL and AlexL resulted in significant
lightening of PWS; AlexL works best with
hypertr., purple PWS, PDL works best with
flat, pink PWS

hyperpigm. (2),
hypopigm. (1)

0.45-1.5
vs.
5-10

7-14
vs.
22-46

7-12
vs.
22-46

median clinical improvements were better
for PDL (65%) than IPL (30%); higher
proportion of patients obtained good
or excellent cl. rates with the PDL (75%)
compared to IPL (30%)

NL

0.45
vs.
50

5
vs.
1

6.5
vs.
18.2

the PDL produced significantly more cl.
than the CVL

slight atrophy (4) and
moderate atrophy (1)
with CVL; slight atrophy
with PDL (1);
hyperpigm. with CVL (4)
and PDL (4);
hypopigm. with PDL (1)

1st pass: 1st pass: 1st pass: After 3-5 treatment sessions consisting
1.5, 2nd 5/7, 2nd 7.5-9, of two passes each, all 4 patients had
pass:
pass: 2nd pass: complete cl. of their PWS
0.45
7
5.5-7.5

mild transient blistering
(3)

6/10 o
10-20

transient erythema,
edema, and mild
purpura

NL

6.5-9
{7.78} o
30-50
{32.3}

75-100% cl. (0%)
50-74% cl. (0%)
25-49% cl. (48%)
1-25% cl. (52%)

Sequelae (n)

7
vs.
5-7

Outcome

Spot diameter, mm

1.5
vs.
3-15

Radiant exposure,
J/cm2 (mean)

Pulse width, ms
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5

103

cheek (4),
postauricular
(1),
nose (1),
perioral (1),
forehead (1),
eyelid (1)

NL

recalcitrant *18
PWS

1-3
/6wk/

diode
laser o
PDL

585 o
800

∕2.4-59

I-III

majority
in V1, V2
dermatomes

NL

hypertr. (3), *20
recalcitrant
PWS (17)

2-4
vs.
2-45

AlexL
vs.
AlexL+
PDL

755
vs.
755+
595

16-47

NL

NL

NL

1

PDL o
Nd:YAG
vs. PDL
o PDL

595 o
1064
vs.
595 o
595

NL

NL

NL

1

NL

0

Wavelength, nm

NL

Light source

Received treatment,
n (mean) /interval

5

Prior treatment, n

106

3-56
{26}

PWS features, n

20

Lesional size, cm2,
n {mean}

69

Location lesion, n

9

Skin type
(Fitzpatrick)

68

Age range, y
{mean}

Patients, n

5

Reference

Table I. Continued

VACUUM PRESSURE
107

15

NL

recalcitrant *21
1-4
PDLPWS
/5-20wk/ vacuum

595

PDL + PHARMACOLOGICAL INTERVENTION (Imiquimod cream 5%)
108

20

3-56

NL

NL

NL

NL

NL

1

PDLpharm

585

∕2-58
{21}

NL

face (28),
other (5)

4-100
{16}

pale-pink
to purple

*22

1-4

Nd:YAG

532

NL

*23

1-8

Nd:YAG

532

1-12
/2mo/

Nd:YAG

532

Nd:YAG LASER

104

1

71

33

72

54

{20}

NL

74 PWS:
head (45),
neck (11),
trunk (5),
extr. (13)

NL

73

89

2-49
{21}

I-IV

face: V1 (4),
V2 (29),
V3 (6),
V1-V2 (42),
V2-V3 (1),
V1-V3 (1),
neck (6)

NL

pink-red NL
(25),
red-purple
(36),
purplecavernous
(28)

6-9 o
17-30

3

8-12

75-100% cl. (33%)
50-74% cl. (33%)
25-49% cl. (23%)
0-25% cl. (11%)

35-100 lightening of hypertr. PWS after AlexL+PDL
Tx; majority of PDL-resistant PWS showed
moderate lightening after Tx with AlexL or
AlexL+PDL

0.5-40 7-10 o 8-12 o best results achieved with PDL pulses
o 10-15 7-10
30-60 <10ms, use of the 10-mm spot, and a 2nd
vs.
vs.
vs. 8-12 pass with PDL only
0.5-40 o 7-10 o o 8-12
0.5-40
7-10

Sequelae (n)

0.5 o
30

Outcome

Radiant exposure,
J/cm2 (mean)

NL

Pulse width, ms

Spot diameter, mm
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NL

transient purpura,
edema, erythema,
mild-to-moderate pain

5

NL

1.5-3

7

10-14

higher efficacy obtained in 63% of patients
who had previously been resistant to PWS
Tx

purpura (9)

1.5

7

10

cl. for PDL-pharm superior to PDL alone;
less revascularization in PWS after 12mo in
PDL-pharm group vs. PDL alone

transient hyperpigm.
in PDL-pharm (2)
and PDL (8)

7/10

3/4

5-12

95-100% cl. (2%)
75-94% cl. (26%)
50-74% cl. (50%)
25-49% cl. (15%)
0-24% cl. (7%)

erosion in the treated
area (2)

2-10

2-4

8-20

75-100% cl. (5%)
50-74% cl. (10%)
25-49% cl. (5%)
0-24% cl. (81%)

hypopigm. (3),
hyperpigm. (1),
textural changes (3)

15-50

2-6

9.5-20

75-100% cl. (13%)
transient hyperpigm. (2),
50-74% cl. (38%)
hypopigm. (1),
25-49% cl. (44%)
hypertr. scarring (1)
0-24% cl. (5%)
no correlation PWS location and Tx outcome

105

Age range, y
{mean}

Skin type
(Fitzpatrick)

Location lesion, n

Lesional size, cm2,
n {mean}

PWS features, n

Prior treatment, n

Received treatment,
n (mean) /interval

10

14-66

III-IV

lips

NL

hypertr.

0

4

Nd:YAG
-CSC

1064

110

19

9-43
{27.1}

II-III

head/neck
(17),
other (2)

<10 (4),
10-100
(13), >100
(2)

NL

NL

{2.9}

Nd:YAG

1064

1-4
{2.2)

KTP

532

1

KTP
vs.
KTP+
Nd:YAG

532
vs.
532+
1064

5-7
/3-4wk/

IPL

550,
570,
590

4
/2mo/

IPL

555950

5

Wavelength, nm

Patients, n

109

Light source

Reference

Table I. Continued

KTP LASER
111

30

11-63
{35}

I-IV

face (21),
chest (1),
abdomen (1),
extr. (7)

NL

pink (2),
*24
red (10),
red-purple
(10),
purple (8)

112

10

4-36
{16}

II-III

cheek (3),
forehead (2),
nose (2),
neck (3)

NL

pink, red,
purple

74

22

6-45
{22}

III-IV

head/neck
(15),
extr. (7)

NL

pink (3), NL
red (12),
purple (7);
nodular (2)

75

15

18-61
{31}

I-II

face (9),
neck (4),
trunk (1),
extr. (1)

76

12

20-63

NL

neck (1),
chest (1),
back (3),
extr. (7)

>200

pink (4),
red (4),
purple (4)

NL

2-9

IPL

5501100

77

12

19-44
{26.3}

II-IV

head/neck

5-15

pink to
dark redpurple

0

3-6
/4-6wk/

IPL

585

0

IPL

106

15-30 (7),
pink (4),
*26
35-60 (6),
red (1),
>90 (2) purple (10)

10-30

5-7

Sequelae (n)

3

Outcome

Spot diameter, mm

10-20

Radiant exposure,
J/cm2 (mean)

Pulse width, ms
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80-100 75-100% cl. (30%)
50-74% cl. (50%)
25-49% cl. (20%)
0-24% cl. (0%)

NL

60-120 75-100% cl. (15.8%)
50-74% cl. (47.4%)
25-49% cl. (21.0%)
0-24% cl. (15.8%)

atrophic scarring (3)

scarring (2),
hyperpigm. (3)

>50% cl. (17%)
>25% cl. (53%)

5

9-14

NL

18-24

25

3

10-14
vs.
10-14+
10.8-18

2.5-5

NL

35-75

75-100% cl. (9.1%)
50-74% cl. (31.8%)
25-49% cl. (50.0%)
0-24% cl. (9.1%)

transient swelling (6)

8-30

10×48
mm

13-22

75-100% cl. (40.0%)
50-74% cl. (6.7%)
25-49% cl. (0%)
0-24% cl. (53.3%)

long-term hypopigm. (3),
hyperpigm. (1)

10

1×1,
2.5×1,
5×1cm2

16-44

4 patients (33.3%) with pink PWS: 0% cl.;
long term hypopigm.
66.6% had mean cl. of 22.5-85%; optimum and scarring (1)
Tx parameters were 28–32J/cm2 at 2 pulses
with 10-ms delay and 26–34J/cm2 at 4
pulses with a 10-ms delay

2-10

1×1,
2.5×1
cm2

18-28

100% cl. (8.3%)
75-99% cl. (11%)
50-74% cl. (47.1%)
25-49% cl. (27.7%)
0-24% cl. (5.5%)

addition of 1064-nm irradiation to the
atrophic scarring in the
KTP laser increased the Tx efficacy when
KTP+Nd:YAG group (2)
compared to KTP laser Tx alone at the same
pulse duration and 532-nm radiant exposure

hypertr. scarring (2)

107

NL

79

18

{32.1}

I-IV

face (3), neck
(2), chest (4),
extr. (10)

NL

80

37

1-68

I-III

40 PWS:
face (20),
neck (6),
trunk (6),
extr. (8)

NL

5

Wavelength, nm

100 PWS:
cheek (42),
midface (13),
forehead (6),
mental region
(8),
temple (12),
neck (17),
extr. (2)

Light source

NL

Received treatment,
n (mean) /interval

∕12-50
{17}

Prior treatment, n

Lesional size, cm2,
n {mean}

1

1-5
/1-2mo/

IPL+
synchr.
cooling

560,
590,
640

NL

3-4

IPL
*28

500670,
8701400

pink (14), *25
red (15),
purple (11)

2-4

IPL

5001000

PWS features, n

Location lesion, n

72

Skin type
(Fitzpatrick)

Patients, n

78

Age range, y
{mean}

Reference

Table I. Continued

pink (31), *27
purplered (32),
thickening
(9)

NL

Notes/abbreviations in order of appearance: Tx = treatment, n = number, NL = not listed, PDL =
pulsed dye laser, extr. = extremities, pigm. = pigmentation, cl. = clearance, periorb. = periorbital, lat.
= lateral, cut. = cutaneous, hypertr. = hypertrophic, CSC = cryogen spray cooling, Ar-LpDL = argon
laser-pumped dye laser, AlexL = alexandrite laser, IPL = intense pulsed light, CVL = copper vapor
laser, o = followed by, pharm = pharmaceuticals, synchr. = synchronous.
*1 Several patients had been treated previously with an argon laser.
*2 Prior treatment in 46 patients: argon laser (n=37), cryotherapy (n=5), tattooing (n=4), electrolysis
(n=1), sclerotherapy (n=1).
*3 Prior treatment with phosphor radiation, argon laser, or CO2 laser (n=6).
*4 Prior treatment with argon laser (n=2).
*5 Argon laser (n=43), CO2 laser (n=4), other (i.e., excision, cryotherapy, radiation).
*6 Average of 5 treatments during original study; median of 7 treatments before follow-up study.
*7 Mean of 7.7 prior treatments with 585-nm, 0.45-ms PDL in 21 patients.
*8 Prior treatment with either the PDL without CSC or KTP laser (n=6).
*9 Prior treatment in 8 patients.
*10 >3 treatments with 585-nm, 0.45-ms PDL.
*11 3-24 prior treatments with the 585-nm, 1.5-ms PDL.
*12 8-32 prior treatments with 585-nm PDL.
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5-20

0.5-30

16-29
(single
pulse),
17-23
(double
pulse),
18-22
(triple
pulse)

75-100% cl. (9.7%)
50-74% cl. (27.7%)
25-49% cl. (38.9%)
0-24% cl. (23.6%)

1.5×1
cm2

20-40

75-100% cl. (22%)
50-74% cl. (38%)
25-49% cl. (34.4%)
0-24% cl. (5.6%)

8x35
mm

24-60

70-100% cl. (70%); on average, pink PWS
purpura (72%, superficial
required 4 Txs for complete cl., red PWS
blisters (8%), crusting
required 1.5 Txs, purple PWS required 4.2 Txs. (20%),

Sequelae (n)

NL

Outcome

Radiant exposure,
J/cm2 (mean)

6-14
(single
pulse),
3.5-4
(double
pulse),
3.0-4.0
(triple
pulse)

Spot diameter, mm

Pulse width, ms
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transient blisters or
moderate to severe
purpura (20),
mild to moderate
hyperpigm (10),
mild hypopigm. (12),
slight atrophic scar
formation (1)

5

transient purpura (1)

*13 Median of 14 prior treatments with 585 nm PDL (n=18), median of 4 treatments with 595 nm PDL
(n=4), 532 nm Nd:YAG (n=5), argon laser (n=2), superficial X-ray (n=2), copper vapor laser (n=1),
thorium X (n=1).
*14 PDL (n=36), Nd:YAG (n=40), PDL+Nd:YAG (n=31).
*15 >15 treatments with 585-nm, 0.45-ms PDL.
*16 Prior treatment with 585-nm PDL (n=10), copper vapor laser (n=1), Ellipse IPL (n=1).
*17 Prior treatment with argon laser (n=1).
*18 4-27 prior treatments with a 585-nm PDL.
*19 11-32 prior treatments with PDL; mean of 16.9 treatments.
*20 2-45 prior treatments with PDL.
*21 1-57 prior treatments with PDL.
*22 Prior treatment with argon or argon-pumped dye laser (n=33).
*23 Prior treatment with 585-nm, 0.45-ms PDL (n=27).
*24 >5 prior treatments with the 585-nm PDL (n=30).
*25 Prior treatment with argon laser (n=11) and cryotherapy (n=1).
*26 Mean of 4.5 prior treatments with PDL.
*27 Prior treatment with variable pulse 532-nm laser (n=25), long pulse 1064-nm Nd:YAG laser (n=1),
isotope treatment (n=1).
*28 Used with vascular-specific handpiece.
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Skin type
(Fitzpatrick)

Location lesion, n

Lesional size, cm2,
n {mean}

PWS features, n

Prior treatment, n

Received treatment,
n (mean) /interval

Photosensitizing
agent/light source

118

3-65

NL

neck/face

7-13
{9.8}

NL

0

1-2

PST-007/
CVL

116

238

2-56

NL

face (n=184),
neck (n=40),
extr. (n=14)

NL

pink (n=20),
red (n=44),
dark red (n=99),
purple (n=51),
nodular or
hypertr. (n=24)

*1

1-4

PST-007/
CVL

117

75

5-42
{19.8}

NL

77 PWS: Forehead and
temple (n=26),
zygomatic region (n=28),
buccal region (n=15),
cervical region (n=2),
extr. (n=6)

NL

pink or bright
red (n=35),
purple (n=40)

*2

1-4

PST-007/
CVL

NL

Face

NL

NL

NL

NL

PST007/532nm
laser

NL

NL

NL

4/4
wk/

5-ALA/PDL

Patients, n

115

Reference

Age range, y
{mean}

Table II. Summary of clinical studies performed with laser systems that are based on photodynamic therapy

PDT + CVL

5

PDT + 532nm LASER
118

31

NL

PDT – COMPARISON STUDIES
PDT with PDL as a light source vs PDL or PDT alone
119

110

8

19-42
{31}

NL

Leg (n=6), trunk (n=2)

Spot diameter, mm

Radiant exposure,
J/cm2 (mean)

NL

NL

NL/
40-90/

510.6
and
578.2

NL

0.2-1.0

510.6
and
578.2

20-40 20-80

532

NL

NL

585

.45

7

Sequelae (n)

Pulse width, ms

578

Outcome

Wavelength, nm
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98.3% of patients had varying degrees of cl. No occurrence
after one-time treatment:
of pigmentary
excellent (27.1%)
changes or
good (46.6%)
scarring
fair (24.6%)
poor (1.7%)

160Retrospective analysis:
260/70- excellent (28.6%)
100/ good (31.9%)
fair (36.6%)
poor (2.9%)

Phototoxicity
(n=1), transient
hyperpigm.
(n=172)

5

16094.67% of patients responded to treatment; Transient
360/80- complete cl. (57.33%.). Majority of complete pigmentary
100/ cl. PWSs were pink or bright red.
changes (n=7)

NL

Authors used fluorescence spectroscopy to
NL
provide semi-quantitative measures of the local
concentration of the photosensitizing agent,
and correlated the measured fluorescence
signals with the therapeutic effect of PDT. They
showed a positive correlation with treatment
outcome, and proposed that real-time
fluorescence measurements may enhance
individualized PDT treatment strategies
by adjusting the photosensitizer dose and
administration method in each patient.

6.5/40- The PWS improved to a slight degree in all
NL
90/
patients, however there was no significant
difference in PWS lightening or incidence of
adverse effects between the treatment arms.
Authors concluded that there was no evidence
of overall increased efficacy of PDT using PDL
as a light source compared to PDL alone.
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Received treatment,
n (mean) /interval

0

1-5/ HMME/CVL
>2
(n=306)
mo./
vs PDL
(n=275)

Photosensitizing
agent/light source

Prior treatment, n

PWS features, n

Lesional size, cm2,
n {mean}

Location lesion, n

Skin type
(Fitzpatrick)

Age range, y
{mean}

Patients, n

Reference

Table II. Summary of clinical studies performed with laser systems that are based on photodynamic therapy

PDT with CVL vs PDL
120

5

581 Children
(n=210):
3-10;
adults
(n=371):
18-30

NL

Children: cheek; adults: 5-78 Children: pink,
temple, cheek, neck
flat; adults:
purple, flat

PDT with Ar-LpDL o PDL vs PDL or PDT alone
121

8

19-53

II-III

Trunk, extr.

NL

NL

NL

NL

BPD/
Ar-LpDL o
PDL vs PDL
or PDT

Notes/abbreviations in order of appearance: Tx = treatment, n = number, NL = not listed, PDT
= photodynamic therapy, CVL = copper vapor laser, PST-007 = photocarcinorin, PDL = pulsed
dye laser, 5-ALA = 5-aminolaevulinic acid, HMME = hematoporphyrin monomethyl ether,
Ar-LpDL = argon laser-pumped dye laser, BPD = Benzoporphyrin derivative monoacid ring A,
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Sequelae (n)

Outcome

Radiant exposure,
J/cm2 (mean)

Spot diameter, mm

Pulse width, ms

Wavelength, nm
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CVL:
CVL: CVL:
CVL: Retrospective analysis: In the children group,
510.6
50
0.6/ 140-240, at least partial blanching was achieved in
and
ns; PDL: 5
PDL: 95.5% of patients treated with PDL and 88.8%
578.2; PDL:
4.8of patients treated with PDT (P = 0.901). Of
PDL: 585 .45
6.5/80- those, near-complete cl. was higher in the PDT
100/ group (23.5%) than the PDL group (16.1%). In
the adult group, at least partial blanching was
achieved in 88.4% of patients treated with PDL
and 94.2% of patients treated with PDT (P <
0.001). Of those, near-complete cl. was higher
in the PDT group (37.5%) than the PDL group
(3.1%). Furthermore, complications were higher
in the PDL group (24.7%) than in the PDT
group (10.2%). Authors concluded that PDT is
as effective as PDL for pink flat lesions and is
more effective than PDL for purple flat lesions.

PDL: hyperpigm.
(n=16),
hypopigm.
(n=11), mild
fibrosis (n=35),
scar (n=6); PDT:
hyperpigm.
(n=22),
hypopigm. (n=3),
mild fibrosis
(n=0), scar (n=13)

Ar-LpDL:
576;
PDL: 585

No serious adverse
events; scabbing
and transient mild
hyperpigm. at
PDL-treated sites.
No photosensitive
reactions were
reported

NL

PDL: 7

15At PDT radiant exposures of 15 and 30 J/
90/100/ cm2, blanching was similar at the PDL and
PDT + PDL sites. Starting at a PDT radiant
exposure of 75 J/cm2 however, improved
efficacy was noted at the PDT + PDL site.
Authors concluded that PDT + PDL could be
a potentially efficacious option for treatment
of PWS with no long-term adverse effects.

5

extr. = extremities, pigm. = pigmentation, cl. = clearance, hypertr. = hypertrophic, o = followed by.
*1 Prior treatment in 39 patients; radiation (n=23), cryotherapy (n=13), chemical peeling (n=3)
*2 Prior treatment in 22 patients: isotope (n=12), cryotherapy (n=6), CO2 laser (n=4)
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DOUBLE PASS 595 NM
PULSED DYE LASER AT
A 6 MINUTE INTERVAL
FOR THE TREATMENT
OF PORT-WINE STAINS
IS NOT MORE EFFECTIVE
THAN SINGLE PASS

*AM van Drooge, *MAD Peters, A Wolkerstorfer, MJC van Gemert,
JPW van der Veen, JD Bos, JF Beek
*in alphabetical order; both authors contributed equally to this paper
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ABSTRACT
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Background: Pulsed dye laser (PDL) is the first choice for treatment of port-wine stains
(PWS). However, outcome is highly variable and only a few patients achieve complete
clearance. The objective of the study was to compare efficacy and safety of single pass
PDL with double pass PDL at a 6 minute interval.
Methods: We conducted a randomized within-patient controlled study on PWS resistant
to multiple single pass PDL treatments. In each patient two similar PWS areas were
randomly allocated to PDL treatment (595 nm, 7 mm spot size, 1.5 ms pulse duration)
using, as a control treatment, a single pass (12 J/cm2) or, as a new treatment, a double
pass PDL (11 J/cm2, second pass 6 minutes after the first pass). Both test areas were
treated two times, 8 weeks apart. PWS clearance was assessed by two blinded
dermatologists, and by color measurement (L*a*b) using reflectance spectroscopy, at
3 months follow-up.
Results: Sixteen out of 17 included patients completed follow-up. The mean number
of treatments before inclusion was 15. Overall color assessed by spectrophotometer
showed no improvement for either single or double pass PDL. Blinded Physician Global
Assessment and Patient Global Assessment showed a high variability in outcome, with
mostly only moderate improvement of the PWS for either single pass or double pass
PDL. Furthermore, there was no significant difference in any of the outcomes between
single pass and double pass PDL.
Conclusion: At the chosen settings and after two treatment sessions, double pass PDL at
a 6 minute interval does not result in improved clearance of PWS as compared to single
pass treatment.

DOUBLE PASS PULSED DYE LASER FOR PORT-WINE STAINS

INTRODUCTION
Port-wine stains (PWS) are benign congenital vascular malformations characterized by
ectatic blood vessels situated mainly in the superficial dermis.1 They afflict 0.3% of all
newborns.2 A negative effect of PWS on the quality of life has been demonstrated in
several studies.3-5 The pulsed dye laser (PDL) is the standard of care for the treatment
of PWS.1,6,7 The goal of this laser treatment is to cause irreversible thermal damage to
vessels while sparing adjacent tissues.8 In recent years, the 595 nm PDL has become
the laser of choice for the treatment of PWS. However, multiple treatments are required
and only a minority of patients achieves total clearance of the PWS. 9,10
Reasons for poor response of PWS to laser treatment may be subcritical fluence rates
at the target vessels, due to the depth and/or the size of these vessels, or shadow
effect of other than the target vessels.10 The depth of PWS vessels varies from 100 to
1000 μm, and the diameter of PWS vessels ranges from 10 μm to 300 μm.11 Vessels
smaller than approximately 20 μm will pose a problem to any type of laser as the heat
generated by absorption of laser light is insufficient to cause vessel destruction.12
Furthermore, deeper situated large diameter vessels will only be partially damaged by
laser therapy and recover soon after treatment.13
One way to increase vascular damage is the use of multiple pass techniques. Verkruysse
et al. showed a PWS model in which the multiple-pulse laser irradiation favors damage
to PWS blood vessels. They therefore suggested multiple-pulse dye laser as an
alternative therapy for PWS that fail to respond to single-pulse dye laser treatment.14
In one such technique, referred to as pulse stacking, 2 to 4 sequential pulses with
relatively short pulse intervals are applied to every treated spot. Pulse stacking has
been shown to be safe and effective in the treatment of superficial telangiectasia.15 In
the treatment of hypertrophic PWS a second pass has been reported to be safe and
effective in four patients.16 However, Lorenz et al., using exactly the same technique
and settings in 33 patients with PWS, could not confirm the benefit of a second pass
as compared to conventional single pass treatment.17
Based on histological assessment of vascular damage of non-PWS skin, Tanghetti et
al. suggested that multiple pass PDL treatment may be beneficial but stressed the
relevance of the interval between pulses.18 They found that a double pass resulted
in a monotonic increase in the depth of vascular injury when increasing the interval
between passes up to 30 minutes. Koster et al. found that overlapping pulses on
normal skin enhances the depth of vascular damage by approximately 30%.19
In pulse stacking this interval is approximately 1 second. A longer interval may be
more effective as thrombus formation is a dynamic process evolving for an extended
period after the laser pulse. In laser-induced thrombus formation in isolated hamster
dorsal skin fold venules, the maximum size of the thrombus is reached at a 6 minute
interval.20 The absorption of coagulated blood is higher than non-coagulated blood.21
Consequently, a second laser pulse after 6 minutes can generate more heat than
the first one. Thus, it can accumulate damage within the partially blocked vessels
attempting to totally occlude these vessels. The clinical effect of a second laser pulse
after 6 minutes on the improvement of PWS has not been evaluated yet.
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The purpose of this study was to assess the efficacy and safety of double pass PDL in
resistant PWS at a 6 minute interval as compared to single pass PDL.

METHODS
Patients

6

Patients with a PWS located in the face or trunk, who attended the laser department of
the Netherlands Institute of Pigment Disorders (SNIP) at the Academic Medical Center
Amsterdam (AMC), were recruited between March and December 2007. We included
all patients above 17 years of age, with at least 3 previous PDL treatments of their PWS
with insufficient improvement, and a PWS large enough to mark two comparable areas
of 2x2 cm with at least 0.5 cm in between. The location of the two areas was accurately
documented on transparent sheets and on photographs. The PWS were classified
according to color (pink, red, purple, and dark purple). Subjects were excluded if the
PWS was hypertrophic or dark purple to help create a homogeneous group of PWS
patients. For the power analysis, we estimated that double pass PDL will lead to 15%
more PWS clearance after 2 treatments, when compared to single pass PDL. Previous
clinical studies on double pass PDL treatment were not controlled, and therefore no
reliable clearance outcomes were available. From a clinical point of view, we considered
a difference of 15% to be relevant. A sample size of 16 patients would have a power of
80% with an alpha of 0.05 to detect a difference in PWS clearance of 15%.
This study was given approval by the Medical Ethical board of the AMC and written
informed consent was obtained from all patients.

Intervention
Two similar colored areas of the PWS measuring 2x2 cm were randomly allocated to either
a single pass or two subsequent passes with the PDL (6 minute interval). The randomization
procedure involved sealed envelopes in which the allocation was indicated. The sealed
envelopes were numbered from 1-16. Envelopes were opened in ascending order. The
random allocation sequence was created using a digital randomization program (Graphpad
Software Inc.). For the treatment we used a 595 nm PDL (V-beam, Candela Corporation
Inc., Wayland, MA) with a 7 mm spot size, 1.5 ms pulse duration, 30 ms spurt duration
of dynamic cooling and 20 ms spurt-pulse interval, with 10% overlapping of spots. The
radiant exposure per pulse was 12 J/cm2 for single pass PDL and 11 J/cm2 for double
pass. The settings for single pass PDL are regularly used for the treatment of PWS at our
institute and have been used previously in several trials with PWS.22,23 The optimal radiant
exposure for double pass treatment is unclear. To minimize the risk of side-effects such
as scarring, we decided to lower the energy in the double pass test areas. Furthermore,
each patient waited in the same temperature-controlled room at 21°C for 30 minutes
prior to treatment to reduce error from sympathetic stimulation and vasodilatation of the
capillaries.23,24 Eight weeks (± 2 weeks) after the first treatment both selected regions were
again treated with the same laser settings. During the study, patients were advised to
avoid sun exposure and were encouraged to use topical sun protection (SPF> 30).
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Measurements
Three months after the second treatment, the clearance of the PWS was assessed
using both clinical assessment and color measurement.
The clinical assessment of the treatment response was performed by 2 blinded
dermatologists using the Physician Global Assessment (PhGA). They evaluated digital
photographs taken before treatment (baseline) and at 3 months after the second treatment.
All photographs were taken under standardized conditions for background, position of
patient, light source and exposure as applied in other studies.25,26 All photographs were
inserted into a PowerPoint file with standardized conditions for background and position.
The blinded dermatologists assessed improvement using a visual analogue scale (VAS)
ranging from 0 to 10 (0 = worsening or no improvement at all, 10 = complete clearance).8
Patients were also asked to evaluate the improvement of their PWS by using the
Patient Global Assessment (PGA). They were asked to score the improvement on a
scale of 1-4 (1 = poor, 2 = moderate, 3 = good, 4 = very good).
The color measurement was performed with a reflectance spectrophotometer (Microflash
200 d, Datacolor International, Lawrenceville, USA) before and 3 months after the
second treatment. This instrument determines color by measuring the intensity of
reflected light of particular wavelengths. Previously, color measurement has been found
to be an objective, useful and non-invasive technique.6,27 The results are expressed in
terms of Commission International d’Eclairage (CIE) Lab system, in which any color can
be described by three values: L*, the lightness; a*, the amount of green or red; and b*,
the amount of yellow or blue. We calculated the mean values of three measurements
obtained from the darkest area of the PWS test regions and assessed the values from
surrounding normal skin to correct for spontaneous variation in chromophores not
related to laser treatment (e.g. pigmentation and spontaneous change in dermal blood
flow). 'E* is another outcome measure from the reflectance spectrophotometer and
indicates the difference in overall color between PWS and normal skin by integrating
the values of L*, a* and b* of both normal and PWS skin. 'a* indicates the difference
in amount of redness between PWS and normal skin. At baseline, at 8 weeks and at
16 weeks, the adverse effects, including hypopigmentation, hyperpigmentation and
scarring, were recorded by the investigators to ensure the safety of the patients.

6

Data analysis
For all data the means, standard deviations, and paired Wilcoxon signed-rank test
were calculated in patients who complied with the protocol, using Statistical Package
for the Social Sciences 16.0 (SPSS, Chicago, IL). For the clinical assessment, the mean
scores of the two blinded investigators were used.

RESULTS
From the 23 consecutive patients who met the inclusion criteria, 6 patients declined
the offer to participate. Seventeen patients (11 female; 6 male) were included between
March 2007 and December 2007. One patient was unable to attend his second
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treatment due to personal reasons not related to the treatment, and was excluded
from analysis. The second treatment was performed after a mean of 9 weeks. The
color of the PWS was purple in 13 patients, red in 3 patients and pink in 1 patient.
The mean age was 39.5 years and the Fitzpatrick skin type was II (n=9) or III (n=8). The
mean number of treatments prior to this study was 15.4 ± 11.6. Patients characteristics
are all summarized in Table 1.
Blinded dermatologists judged that double pass resulted in better clearance in 3
patients while single pass was judged to be better in 7 other patients. In the remaining
6 patients no treatment was judged better than the other. In one patient of these 6
patients, the dermatologists judged that the results after treatment for both test areas
were worse than pre-treatment (patient 6 in Figure 1, Physician Global Assessment).
The Patient Global Assessment (PGA) indicates that a majority of the patients assessed
the outcome as poor or moderate (9 out of 16), while one patient rated the outcome of
the double pass PDL better than the single pass. For both the PGA and PhGA there was
an overall minor improvement of the PWS in both treated spots. However, there was no
significant difference between single and double pass treatment.

Table 1. Patient characteristics
Sex

Age

PWS
Site

PWS
Color

Number of earlier
treatments

1.

F

41

back

purple

2.

F

32

back

purple

3.

F

46

back

purple

4.

M

38

face

red

5.

M

31

face

6.

F

39

face

7.

F

55

face

purple

8.

M

43

face

purple

9.

F

53

face

10.

M

20

face

11.

F

20

12.

M

22

13.

F

14.

F

15.

Skin
type

Weeks to 2nd
treatment

30

II

10

20

III

11

15

II

11

15

III

9

red

14

III

9

purple

10

II

8

16

II

7

3

III

9

purple

24

II

8

purple

3

II

7

face

purple

19

III

9

face

purple

20

III

8

67

face

purple

8

III

9

54

face

purple

50

II

10

F

22

trunk

purple

5

II

8

16.

F

53

neck

red

3

III

11

17*

M

36

face

pink

7

II

-

Patient

Mean ± SD

39.5 ± 13.6

* = patient excluded from analysis.
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15.4 ± 11.6
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Figure 1. Physician Global Assessment. The figure shows the improvement of the PWS in both
test areas assessed by two blinded dermatologists. In patient 6, no improvement was found.
(*VAS=Visual Analogue Scale).

Concerning the objective color measurements using a spectrophotometer, one patient
could not be evaluated due to technical reasons. For this patient we only performed the
clinical assessments (PGA and PhGA). For the remaining 15 patients we found a significant
improvement of ∆a* (difference in the amount of redness between PWS and normal skin)
for the single pass but not for the double pass treatment (p=0.01 respectively p=0.14;
Wilcoxon signed-ranks test). No significant change was found for ∆E* (difference in overall
color between PWS and normal skin) for both the single pass (p=0.26) and the double
pass (p=0.36) PDL nor was there a difference in results between both modalities.
Side effects at 3 months follow-up were noticed in 5 patients. Two patients developed
hypopigmentation at both the single and the double pass site. Three patients
developed hyperpigmentation at both sites. One patient with hyperpigmentation at
both sites also developed a slightly atrophic scar on the double pass site. This scar
was still present at one year follow-up. Hyperpigmentation and hypopigmentation
resolved spontaneously during follow-up. Side effects according to the patient
were assessed by telephone one week after treatment. These side effects included
temporary edema, crusts and oozing, and were similar for the test areas with single
pass and the test areas with double pass in 11 patients. Side effects were more severe
in the test area with double pass in 4 patients. There was no patient reporting more
severe side effects for the single pass test area.
Furthermore, in this study it appeared that skin type, gender or number of treatments
prior to this research did not affect the outcome.

6

DISCUSSION
We demonstrate that double pass PDL treatment at a 6 minute interval does not result in
improved clearance compared to single pass treatment in PWS. This is the first randomized
controlled trial assessing the effect of a second pass in PDL-treatment of PWS. Other,
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non-controlled studies have been performed in the past with various outcomes. In the
treatment of hypertrophic PWS, Bencini et al. reported a second pass with a flashlamp
pumped PDL to be safe and well tolerated in four patients (first pass with a 590-600 nm
FLPP dye laser 5 or 7 mm spot size, at 7.5-9.0 J/cm2 fluence, 1.5 ms pulse duration, and
second pass with a 585 nm FLPP dye laser 7 mm spot size, at 5.5-7.5 J/cm2 fluence,
0.45 ms pulse duration).16 Lorenz et al. on the other hand, did not see any improvement
in a study of 33 patients, using exactly the same multilayer technique.17 McGill et al.
investigated the treatment of resistant PWS and found that the PWS of 5 out of 16
patients improved by double pass PDL, and 3 out of 16 by single pass PDL. However,
objective color measurements showed no difference in color response.28
Several limitations to our study need to be addressed. In the present study we used fixed
settings for spot size, dynamic cooling, pulse duration, and radiant exposure. Choosing
settings individually for each patient and each PWS may result in better outcomes.
Possibly, in other conditions, or at a different inter pass interval, a double pass may be
more effective. Furthermore, the small number of participants needs to be mentioned.
While the sample size seems small to draw firm conclusions, there was not even a trend
that favored the double pass PDL in any of the outcome measures. Another limitation is
the highly selected population that comprised patients with non-hypertrophic resistant
PWS who already had had many laser treatments before. Perhaps, hypertrophic PWS
may benefit from a double pass while non-hypertrophic do not.
The interval of 6 minutes between passes was selected as a result of a previous study
showing that the laser induced thrombus reaches its maximum size after 6 minutes.20
The interval between passes may be crucial in determining the vascular response. In
the treatment of teleangiectasia, pulse stacking with 2 to 4 consecutive pulses (with a
595 nm pulsed dye laser 10mm spot size, at 7.5 J/cm2 fluence, 10 ms pulse duration
and 30-20 cooling device setting) was reported to increase efficacy.15 In the treatment
of PWS there are no data available on the effect of pulse stacking. Tanghetti et al.
found a monotonic increase in depth of vascular injury for intervals between pulses up
to 30 minutes (with a 595 nm pulsed dye laser 7mm spot size, at 2-7 J/cm2 fluence,
0.5 ms pulse duration).18
According to these data it is unlikely that a shorter interval between passes would
result in a better outcome. However, observations by Tanghetti et al. were made in
normal skin, which may show a different laser tissue interaction than PWS skin. McGill
et al. found that some of the PWS improved by double pass PDL and some by single
pass PDL (with a 585 nm pulsed dye laser 7mm spot size, at 7 J/cm2 fluence, 0.45 ms
pulse duration). They were using a 30 second interval between passes.28 Results from
a recent retrospective study suggested that a second pass after 20 to 30 minutes with
PDL (595 nm 7mm spot size, 9.5-15 J/cm2 fluence, or 10mm spot size, 8-10 J/cm2
fluence, 0.45-3.0 ms pulse duration and 30-20 or 40-20 cooling device setting) can
further lighten some PWS, which are resistant to conventional single pass treatment.29
Conclusions were that only 5 out of 26 patients had significant lightening of the PWS
after a minimum of three double-pass PDL treatments.
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These studies all show variable outcomes. None of the studies used a control group.
In some of these studies an extra benefit of a second pass is described, although most
PWS show only minor improvement using different intervals between passes. Also, the
optimal interval between passes remains unclear.
Response to treatment is a multifactorial phenomenon, with capillary depth, capillary
diameter, capillary flow rates, and epidermal melanin concentration all interacting
to influence (non-)response to treatment.23 Consequently, prediction of the optimal
treatment parameters is difficult. Variation of wavelength and/or pulse duration
has been proposed to further improve resistant PWS.23,30,31 The comparison of PDL
treatment at 585 nm versus 595 nm and 1.5 ms versus 0.45 ms provided inconsistent
results which may indicate that settings have to be chosen individually.25,32,33
There are several theoretical reasons to explain the lack of efficacy of a second
pass. Although a thermal coagulum can generate more heat by absorbing light,
this coagulum may also cause optical shielding to underlying vessels. Moreover,
extravasation of hemoglobin may also cause optical shielding. Secondly, the absence
of hemoglobin in thrombocyte aggregates may result in insufficient absorption of light
to cause photocoagulation; also, the blood flow in the remaining lumen may be too
fast to allow formation of a permanent thermal coagulum.
Other modalities that have been proposed for the treatment of resistant PWS are the
combination of PDL and 1064 nm Nd:YAG laser, and PDL and 755 nm Alexandrite
laser.34,35 Experimental approaches like topical application of antiangiogenic drugs
after PDL, a combination of treatment with prothrombotic or antifibrinolytic drugs
encapsulated in liposomes, and the combination with photodynamic therapy are new
leads in future research on this topic.20,36,37
In conclusion, at the chosen settings, double pass PDL at a 6 minute interval does not
result in improved clearance of PWS compared to single pass laser treatment. PWS
resistant to conventional PDL treatment remain a therapeutic challenge urging further
research in double pass PDL therapy using various inter-pass intervals.
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Background: Port-wine stains (PWS) may thicken and darken with age. Little is still
known on pathogenesis and epidemiology of hypertrophy in PWS due to the lack of
large studies.
Objective: To assess prevalence and characteristics of patients with hypertrophic PWS.
Methods: Medical records and clinical photographs of all patients with PWS visiting
our outpatient clinic between 2005 and 2009 were examined to identify hypertrophy.
Patients were sent questionnaires regarding their hypertrophic PWS.
Results: 335 patients (0-81 years; 69% female) with PWS were included. Hypertrophy
was found in 68 patients (20%; 32 male, 36 female) and was classified as thickened
(5.1%), nodular (8.1%), or both (7.2%). Color of hypertrophic PWS was mainly red
(50%) or purple (44%). Patients with hypertrophy in their PWS were mostly (68%) over
40 years, and rarely (7%) under the age of 20. Above the age of 50, 71% of all patients
had hypertrophy in their PWS. Median age of onset of PWS hypertrophy was 31 years
(12 years for thickened, 39 years for nodular hypertrophy).
Limitations: This was a retrospective study in a selected population.
Conclusion: Hypertrophy is an important feature in the development of PWS which
affects a majority of patients above 50 years of age. Color of the PWS is associated
with hypertrophy, whereas location and size of the lesion appear not to be related.
More attention should be drawn to therapy and prevention of hypertrophic PWS. Also,
diffuse thickening and nodules should be differentiated, as a different age of onset
indicates different pathomechanisms.

HYPERTROPHY IN PORT-WINE STAINS

INTRODUCTION
Port-wine stains (PWS) are congenital capillary malformations seen in approximately
0.3% of newborns.1 They are frequently located on the face and neck, but can present
anywhere on the body. While generally flat and pink in infancy, PWS may thicken and
darken in color during adult life due to progressive vascular ectasia.2,3
Treatment of PWS has improved since the introduction of the pulsed dye laser (PDL)
in the 1980’s.4,5,6 Despite adjustments in technique over the years, the results of laser
therapy are unsatisfactory in 20% of patients.7 PWS often lighten in color with laser
therapy, but rarely disappear completely. Blue-purple, hypertrophic PWS in particular
do not respond well to treatment with the pulsed-dye laser.
Little is known about development of hypertrophy in PWS. Finley et al. reported
hypertrophy in 2 of 500 patients with PWS, referring to a cobblestone pattern; in
5 additional patients, they observed tumors consisting of proliferating vessels.8
Geronemus and Ashinoff determined that nearly two-thirds of patients with PWS
develop nodules and hypertrophy by the fifth decade of life. 9
Dermatology textbooks cite two studies.10,11 Mills et al. reported 31 (10%) cases
of PWS with hypertrophy in a demographic study of 283 patients.12 Klapman et al.
described the prevalence (40%) and characteristics of thickening and nodules in 173
PWS patients.13 The peak age of onset of hypertrophy was between of 20-39 years and
the prevalence of nodules increased with age.
Port-wine stains are known to have a negative influence on psychological wellbeing.7,14-16 The aim of our study was to assess the prevalence and characteristics of
patients with hypertrophic PWS.
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METHODS
Patients
This study cohort comprised all patients with a PWS who consulted the Netherlands
Institute for Pigment Disorders between September 2005 and March 2009. Patients
were eligible for inclusion if they had a PWS recorded in their medical file and digital
photographs. Patients with Klippel-Trenaunay syndrome were not present in our
database. Records were reviewed for gender, age, hypertrophy, color of the PWS,
location on the body, and details of previous treatments. Hypertrophy was identified
by a physician and classified as either nodular, describing papules and nodules arising
in the PWS, or as diffuse thickened, describing both larger plaques and deeper
thickening of underlying structures (Figure 1). Characteristics of patients with flat PWS
were compared to those of patients with hypertrophic PWS.
A questionnaire was sent to patients who appeared to have a hypertrophic PWS with
questions regarding color change, thickening and/or nodules, age at onset of these
changes, the main reasons for initiation of laser therapy, and the impact on their daily
life. Adult patients were asked to complete and return the questionnaire. Patients
under 18 years of age completed the questionnaire with the help of their parents.
Similar questionnaires were sent to an age-matched control group with flat PWS.
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Statistical analysis
We chose to analyze all questionnaires and entered them into a Microsoft Office Excel
2003 database together with the characteristics of every patient. Statistical analysis
was performed using SPSS software version 16.0 (Statistical Package for the Social
Sciences. Chicago, IL, U.S.A. SPSS Inc.). Continuous variables were presented as
medians with interquartile ranges. The proportions were presented as percentages
with a 95% confidence interval (CI). We used multivariate logistic regression models
to quantify the risk factors for hypertrophic PWS. Potential confounding factors were
evaluated based on a significant outcome (95% CI) in the univariate regression analysis.

RESULTS
Patient characteristics
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We identified 342 patients with PWS of which 7 were excluded due to absence of digital
photographs in the file. The remaining 335 patients were included and analyzed. The
majority was female (231 patients, 69%). The median age at the time of database screening
was 22 (0-81 years, interquartile range 14-41 years). The most common PWS location was
the face (68%) with the majority on the cheeks. The color of the PWS was usually red (49%).
Sixty-eight of 335 patients (20%; 95% CI=16.0-24.6%) had hypertrophic PWS (Table 1).
There was an equal male-female ratio (32 male, 36 female). The median age of this
subgroup at the time of database screening was 50 years (12-81 years, interquartile
range 32-57 years).
The most common location for hypertrophic PWS was the face (79%) with hypertrophy
involving the cheeks in the majority of cases. There were less hypertrophic PWS on
the extremities (10%). The pattern of distribution on the face was similar between
hypertrophic and all PWS. The color of the lesion was often red (50%), and few were
pink. Hypertrophy was classified as thickened (25%), nodular (40%), or both thickened
and nodular (35%). Both types of hypertrophy were present in equal proportions on
the body and on the face (Table 1).
In the univariate regression analyses, size of the PWS and location were hardly or
not at all significantly associated with hypertrophy. Older age was highly associated
with hypertrophic PWS (OR=1.09 per year; 95% CI=1.065-1.108). In the multivariate
regression analysis that adjusted for other significant risk factors such as sex, color of
the PWS and location on the face, neck or upper extremities, age remained associated
with a higher risk of hypertrophic PWS (OR=1.1 per year; 95% CI=1.072-1.124).
Dividing all PWS according to age we noticed that hypertrophic PWS were rarely seen
in patients under the age of 20 (7%), and mostly above the age of 40 years (68%)
(Figure 2). Only 48 (14%) of the 335 patients were over 50 years of age. Thirty-four
(71%; 95% CI=56.9-82.3%) of these 48 patients had PWS hypertrophy. We found diffuse
thickening of the PWS in all age groups, whereas nodular and combined (diffuse and
nodular) hypertrophy was mostly seen in patients between 41-60 years of age (Figure 3).

HYPERTROPHY IN PORT-WINE STAINS
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Figure 1. Examples of hypertrophy in port-wine stains (PWS). A. diffuse thickened PWS on the
back of the head of an elderly male patient. B. diffuse thickened PWS (thickening of underlying
structures) on the upper lip of a child. C. nodular hypertrophy in a PWS on the upper left leg of a
female patient. D. nodular hypertrophy in a PWS on the left cheek of a male patient.

Questionnaires
Sixty-three of 68 patients with hypertrophic PWS returned completed questionnaires
(93% response). Control patients (63) with flat PWS were also sent a questionnaire, of
which 75% were returned. Matching by age was not possible as there were hardly any
elderly patients with a flat PWS.
The median age at onset of hypertrophy in the PWS was reported to be 31 (0-65)
years. The median age at onset of nodules and diffuse thickening was 39 (11-50) and
12 (0-65) years respectively. Forty-four patients answered this question.
The main reasons given for starting laser treatment in flat PWS patients were the color
(72%) and the impossibility of camouflaging the PWS (53%). The main reasons for
starting laser treatment in patients with hypertrophic PWS were also color and inability
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Table 1. Characteristics of all port-wine stains and of hypertrophic port-wine stains specifically
All PWS (n=335)

Hypertrophic PWS (n=68)

Location#
Face

228

68%

54

79%

Neck

57

17%

21

31%

Torso

38

11%

10

15%

Upper extremities

35

10%

2

3%

Lower extremities

48

14%

5

7%

Size*
< 0.5%

93

28%

17

31%

0.5-2.0%

152

45%

27

49%

>2.0%

90

27%

24

20%

Pink

96

29%

4

6%

Red

165

49%

34

50%

74

22%

30

44%

None

267

80%

Thickened

17

5.1%

17

25%

Nodular

27

8.1%

27

40%

Thickened + nodular

24

7.2%

24

35%

Color

7a

Purple
Hypertrophy

This table shows all characteristics of port-wine stains explored in our study population by
reviewing the records and photos of port-wine stain patients. PWS = port-wine stain
#
Patients can have PWS in more than one location
* Size of the PWS given in percentage of total body surface as measured by the rule of nines

to camouflage the lesion (66% and 35% respectively), but hypertrophy was also of
importance; 27% of patients reported PWS thickening and 31% reported nodules as
a reason to start laser treatment. Thirty percent of patients with hypertrophic PWS
identified irritation of clothing and bleeding of the hypertrophic facial PWS when
shaving or combing hair as reasons for seeking laser treatment.
Thirty-one percent of patients with flat PWS reported use of cosmetic camouflage on
a daily basis, with moderate to good results. Of patients with hypertrophic PWS, only
11% applied camouflage therapy on a daily basis, also with moderate to good results.
Among flat PWS patients, 31% experienced some impact on daily life due to the
PWS, mostly because of feelings of shame. Thirty-seven percent of patients with
hypertrophic PWS reported an impact on daily life, their main complaints being
feelings of depression and shame, and remarks from other people. Five percent of
patients with hypertrophic PWS tended to stay at home due to their PWS.
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Figure 2. Distribution of port-wine stain (PWS) patients in different age groups. Dividing all PWS
in different age groups, most patients with PWS are fairly young. However, when dividing patients
with hypertrophic PWS into the same age groups, only a small percentage is younger than 20
years old. Most patients with hypertrophic PWS were over 40 years old. The figures indicate the
percentages of the whole PWS group and percentages of the hypertrophic PWS group.
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Figure 3. Distribution of types of hypertrophy in port-wine stains (PWS). Dividing the different types
of hypertrophy in age groups, diffuse thickened hypertrophy is seen in all age groups. Nodular
hypertrophy, and the combination of the both types, is mostly seen in patients over 40 years old. The
figures indicate the percentages of the whole nodular PWS group, percentages of the whole diffuse
thickened PWS group and percentages of the whole group with combined hypertrophic PWS.

DISCUSSION
In this study, we show that hypertrophy is a common development in PWS, affecting
20% of all PWS patients and 71% of patients above 50 years of age. Increasing age
was significantly associated with hypertrophy. Previous studies on hypertrophic PWS
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show numbers that differ widely. Age may partly account for these differences, since
Klapman et al. found the highest percentage of hypertrophy (40%) in a relatively older
population (median age of 29 years).13 In contrast, Mills et al. investigated a population
of approximately 22 years of age and reported hypertrophy in only 10% of patients.12
Previous studies did not report the age of onset of hypertrophy. The median age of
onset reported by our patients was 31 years (0-65), which is at variance with the general
opinion that hypertrophy usually does not occur until the 4th or 5th decade of life.9
While the first signs of hypertrophy seem to appear early, it is obvious that hypertrophy
becomes a major issue above the age of 50 years, affecting 71% of patients. These
high figures suggest that eventually almost all PWS become hypertrophic. Minkis et al.
suggested that late and inadequate laser treatment of PWS may increase the risk for
hypertrophy.17 Due to inadequate matching of our patients and unreliable information
on previous laser therapy, it was not possible to assess a preventive effect of previous
laser therapy on the development of hypertrophy.
It is not clear whether location is of importance for development of hypertrophy. In our
population, PWS on the extremities seemed to be less predisposed to hypertrophy.
However, it is difficult to draw conclusions when the numbers are so small (Table 1).
In the multivariate analysis, only PWS on the neck seemed to have a higher risk for
hypertrophy. We found that hypertrophy is more common on the face than elsewhere
on the body, but PWS in general are more commonly seen on the face. Other studies
show the same figures for location of PWS.12,13
Color seems to be related to the occurrence of hypertrophy as 94% of hypertrophic
PWS were red or purple. Hardly any of the hypertrophic PWS were pink, as was
reported in previous studies.13 On the other hand, only 39% of all purple PWS were
hypertrophic. In the multivariate analysis, purple and red PWS were at a significantly
higher risk for hypertrophy compared to pink PWS.
We classified hypertrophy as either thickened or nodular, as did Klapman et al.13 In 1984,
Finley et al. differentiated a cobblestone pattern (thickened PWS) from localized tumor
formation (nodules).8 Other nomenclature used to denote nodular hypertrophy has
included blebbed or papular PWS.12,18 We observed nodules mostly in patients over 30
years. Diffuse thickened hypertrophy (mostly deeper thickening; Fig 1b) was present at a
younger age, as was also observed in Klapman’s study. Finley et al. described nodules in
the flat PWS of young patients as well as in the thick PWS of older patients.13,18 Remarkably,
we found a differential median age of onset for thickened PWS (12 years) and nodular PWS
(39 years) which may imply a different pathophysiology. To date, little is known about the
mechanisms involved. According to the literature, the term diffuse thickening describes
both larger plaques and deeper situated thickening of underlying structures. These two
categories could represent different forms of diffuse thickening. Future studies on the
pathophysiology of hypertrophic PWS should differentiate between diffuse thickened and
nodular PWS, and perhaps also between the two variants of diffuse thickened hypertrophy,
as different pathomechanisms may require a different therapeutic approach.
As seen in other studies, we found an almost equal male-female distribution in
hypertrophic PWS, while there was a female preponderance (69%) in the whole study
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population. We believe this female preponderance is because women may be more
likely to seek treatment for cosmetic reasons. Hypertrophic PWS may be regarded as
a problem for both men and women.
We expected hypertrophy to have an additional negative impact on daily life for PWS
patients. Many patients complained of discomfort or even bleeding, when shaving
their beard in the hypertrophic part of the PWS, or when combing their hair if the scalp
was involved. Although 1/3 of patients reported some impact on daily life, there was
little difference between PWS patients with or without hypertrophy (37% versus 31%).
There are some limitations to the present study. First of all, the figures are biased
as our data came from a tertiary laser centre. Selection of the more difficult to treat
hypertrophic PWS may have occurred. The female preponderance was probably also
the effect of selection bias. Secondly, the retrospective design is a limitation. Historical
data regarding details of treatment and onset of hypertrophy in the PWS relied on the
memory of patients and could be inaccurate.
Pulsed dye laser therapy is the standard of care for PWS. Hypertrophy, however,
does not respond satisfactorily to treatment with this laser. Previous studies have
investigated the response of hypertrophic PWS using different settings of PDL, longpulsed Nd:YAG, CO2 and (long-pulsed) alexandrite lasers, with various outcomes.18-23
Patients should be informed about the natural course of PWS and more attention
needs to be drawn to therapy and prevention of hypertrophic PWS.
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PORT-WINE STAIN
PROGRESSION:
IS PREVENTION BY PULSED
DYE LASER THERAPY
POSSIBLE?

AM van Drooge, MA de Rie, JPW van der Veen, A Wolkerstorfer

European Journal of Dermatology 2013; 23:282-3

ABSTRACT
Port-wine stains (PWS) are capillary malformations that are generally pink and flat at
birth. Progression into purple, thickened and nodular PWS is part of the natural course.
Although many experts assume that the development of hypertrophy can be stopped
by adequate pulsed dye laser (PDL) therapy, good evidence is lacking.
We present three adult patients, who received only partial treatment of their port-wine
stain. They all developed hypertrophy predominantly in the untreated part of their
PWS. These observations provide circumstantial evidence that adequate treatment
may delay or even prevent the progression of PWS.
We hypothesize that frequent PDL treatment with optimal individualized settings not only
can attribute to blanching PWS but also can prevent or delay PWS hypertrophy in later
life. Since age of onset of hypertrophy is reported to be around 30 years, we suggest
treatment should start well before that age. Regular intermittent maintenance of treatment
could attribute to the prevention of aesthetically and mechanically disturbing hypertrophy.

7b

140

PREVENTION OF PORT-WINE STAIN PROGRESSION

INTRODUCTION
Port-wine stains (PWS) are capillary malformations that are generally pink and flat
at birth. Progression into purple, thickened and nodular PWS is part of the natural
course.1,2 Seventy percent of patients over 50 years of age show PWS with hypertrophy.3
Although many experts assume that the development of hypertrophy can be inhibited
by adequate pulsed dye laser (PDL) therapy, evidence is lacking.4 In this report, we
present three adult patients, who received only partial treatment of their port-wine stain.
They all developed hypertrophy predominantly in the untreated part of their PWS.
Patient 1, a 54-year old man, presented in 2009 with hypertrophy in a previously partially
treated PWS on the right side of the neck and scalp. Between 1996 and 2004, he had
received 23 treatments with the 585 nm PDL with moderate improvement of the colour
of the lesion. The PWS located on the scalp was never treated. In the following 5 years
without therapy, 1-2 mm large nodules arose in the previously treated part of the PWS on
the neck, and bigger 5-15 mm large nodules appeared in the untreated part of the PWS.
Patient 2, a 64-year old woman, presented in 2008 with hypertrophy in a previously
partially treated PWS on the right side of the face and the scalp. In childhood, the
PWS had been treated with radiotherapy and with the argon laser. Between 1998 and
1999, she had received 2 treatments with the 585 nm PDL, and 2 with the 1064 nm
Nd:YAG laser for some thickened parts of the PWS on the face. Between 2002 and
2004, another 5 treatments with the PDL and 2 treatments with the Nd:YAG laser were
received. There was some improvement of colour and of thickening located on the ear
and in the area around the nose. The part of the PWS located on the scalp was never
treated. In the following 4 years without therapy, insignificant hypertrophy appeared
in the face while larger nodules arose on the scalp.
Patient 3, a 60-year old woman, presented in 2006 with hypertrophy in a previously
treated PWS on right side of the face and scalp. In childhood, the PWS had been
treated with radiotherapy and with 5 sessions of argon laser. Between 1997 and
2004 she had received 27 treatments with the 585 nm PDL and 9 treatments with the
Nd:YAG laser for some thickened parts of the PWS on the face. There was moderate
improvement of colour and thickening. The PWS located on the scalp was never
treated. In the following years without therapy, parts of the PWS became darker again
and 5-10 mm large nodules arose in the PWS located on the scalp.
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DISCUSSION
In the cases presented, we observed development of hypertrophy mainly in the
untreated parts of the PWS. These observations provide circumstantial evidence
that adequate treatment may delay or even prevent the progression of PWS. In all
three patients, the untreated region was the scalp. In a previous study, we found that
localization of the PWS was not associated with hypertrophy. Therefore, PWS on the
scalp are not at higher risk to develop hypertrophy.3
In the past, several treatment options for PWS were proposed with only moderate results.4
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Figure 1. (a) Previously treated PWS in the neck with moderate improvement of colour. The non-treated
part on the scalp shows darkening and large nodules. (b) Previously treated PWS on the right side of
the face with moderate improvement of colour and hypertrophy. Larger nodules are visible in the
non-treated part on the scalp. (c) Previously treated PWS on the right side of the face with moderate
improvement of colour. Larger nodules and darkening is seen in the non-treated part on the scalp.

We hypothesize that frequent PDL treatment with optimal individualized settings not
only can attribute to blanching PWS but also can prevent or delay PWS hypertrophy
in later life. However, as direct evidence is lacking, there is a need for future studies
to investigate the effect of PDL on PWS progression. Previously, Huikeshoven et al.
reported that redarkening of PWS occurs when PDL therapy is not maintained.5 Since
age of onset of hypertrophy is reported to be around 30 years, we suggest treatment
should start well before that age.3 Accordingly, early treatment at a macular stage has
the objective of decreasing the size and quantity of vessels in order to decrease the
progress to a more ecstatic state. Regular intermittent maintenance of treatment could
attribute to the prevention of aesthetically and mechanically disturbing hypertrophy.

142

PREVENTION OF PORT-WINE STAIN PROGRESSION

REFERENCES
1.

2.

3.

Jacobs AH, Walton RG. The incidence
of birthmarks in the neonate. Pediatrics
1976; 58:218-222.
Barsky SH, Rosen S, Geer DE, Noe JM.
The nature and evolution of port wine
stains: a computer-assisted study. J Invest
Dermatol 1980; 74:154-157.
van Drooge AM, Beek JF, van der Veen
JPW, van der Horst CMAM, Wolkerstorfer
A. Hypertrophy in port-wine stains:
prevalence and patient characteristics in a
large patient cohort. J Am Acad Dermatol
2012; 67:1214-1219.

4.

5.

Minkis K, Geronemus RG, Hale EK. Port wine
stain progression: a potential consequence
of delayed and inadequate treatment?
Lasers Surg Med 2009;41:423-6.
Huikeshoven M, Koster PHL, de Borgie
CAJM, Beek JF, van Gemert MJC, van der
Horst CMAM. Redarkening of Port-Wine
Stains 10 Years after Pulsed-Dye–Laser
Treatment. N Engl J Med 2007; 356:123540.

7b

143

8

LONG-PULSED 1064 NM
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ABSTRACT
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Background: Hypertrophic PWS usually respond poorly to pulsed dye laser (PDL)
treatment. The long-pulsed 1064 nm Nd:YAG laser can target deeper situated vessels
and may therefore be more effective.
Objective: to evaluate the efficacy and safety of the Nd:YAG laser for the treatment of
hypertrophic PWS.
Methods: in a retrospective cohort study, all hypertrophic PWS patients treated
with the Nd:YAG laser between 2005 and 2011, were invited for follow up. Clinical
improvement was assessed using Physician Global Assessment (PhGA) and Patient
Global Assessment (PGA).
Results: assessment was obtained in 32 out of 44 eligible patients (mean age 51.4
years), after a mean of 2.8 (SD ± 2.1) Nd:YAG laser treatments. Good or excellent
improvement of hypertrophy was found in a majority of patients, both by PhGA
(91%) and PGA (93%). Good or excellent improvement of colour was found in 63%
of patients by PhGA, and in 87% by PGA. Recurrence of hypertrophy was seen in 3
patients. All but two patients would recommend Nd:YAG treatment to other patients.
Mild to moderate scars were seen in 7 patients, hypopigmentation in 14 patients.
Conclusion: the 1064 nm Nd:YAG laser is highly effective in the treatment of
hypertrophic PWS with only a few treatments needed. Mostly mild side effects were
seen in half of all patients. Hypertrophy seems to respond better than colour. To
further improve colour, a combination with PDL treatment is advisory. Observation of
immediate clinical endpoints is important when using the Nd:YAG laser, to optimize
outcomes and reduce side effects.
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INTRODUCTION
Port-wine stains (PWS) are congenital capillary malformations occurring in 0.3% of
all newborns.1 Being often pink and flat at birth, PWS darken and become thicker
and more nodular over time due to progressive ectasia.2-4 For the treatment of PWS,
pulsed dye laser has been the standard of care since its introduction in the early
1980’s.5 Clinical studies have shown the 585 nm and the 595 nm pulsed dye laser (PDL)
to be effective in the treatment of especially flat and pink or red PWS.6-8 However, PDL
treatment tends to be less effective in hypertrophic PWS.9-11
Reasons for this ineffective response may include the impossibility to reach deeper
situated vessels due to optical shielding of overlying superficial vessels, and the fact
that light emitted by PDL has a limited penetration depth. PWS vessels have been
found in the reticular plexus up to a depth of 3.7 mm.12 Histologic studies of human
skin after 585 nm PDL irradiation, show complete photocoagulation of vessels of
approximately 150 μm in diameter, up to a depth of approximately 0.65 mm.13,14
To reach deeper situated vessels, or to target smaller vessels, variation of PDL
wavelength and/or pulse duration has been proposed.15,16 Also, studies have been
done to show the effectiveness of multiple PDL passes.17,18 As a treatment option for
deeper situated vascular lesions, Groot et al. described the 1064 nm Nd:YAG laser.19
In 2005, Yang et al. performed a study in which 17 patients with PWS were treated
with either PDL or Nd:YAG laser.11 They found that selective photothermolysis of
microvessels can be achieved at a much greater depth by 1064 nm Nd:YAG laser.
However, it was difficult to use effective irradiation without causing scars.
PDL-treated PWS can redarken in the course of time.20-22 The long-term effect of Nd:YAG
treatment has not been evaluated yet. The aim of our study was to evaluate the safety
and efficacy of Nd:YAG laser treatment in hypertrophic PWS and to assess the results of
Nd:YAG laser therapy on colour and hypertrophy after a long-term follow up.
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METHODS
Patients
In this retrospective cohort study, we identified all patients with hypertrophic PWS
visiting the Netherlands Institute for Pigment Disorders between September 2005 and
June 2011. Of these, we selected all patients who were treated at least once with the
long pulsed 1064 nm Nd:YAG laser in the hypertrophic part of the PWS. Patients were
eligible when pre-treatment photographs were available and when a follow up period
of at least 6 months since last Nd:YAG treatment had passed.
All eligible patients were invited by a letter to visit our outpatient clinic for follow up.
Case charts were reviewed for history of the PWS, for previous laser treatments and
number of laser treatments of the hypertrophic part of the PWS with the Nd:YAG laser.
Also, other treatments performed on the hypertrophic part of the PWS since the last
Nd:YAG laser treatment were registered.
Hypertrophy was classified as either nodular, describing the papules and nodules
arising in PWS, or as diffuse thickened, describing the larger plaques in PWS.23
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Intervention
A long-pulsed 1064 nm Nd:YAG laser (Mydon, Quantel-Derma, Erlangen, Germany)
was used in all patients for the hypertrophic part of their PWS. Epidermal cooling was
achieved by a stainless steel handpiece with an optically clear sapphire window in
which a cooling liquid circulates. Cooling is improved by application of gel.
Treatment was performed with a 5 mm spot size, a pulse duration of 30 ms and a fluence
between 100-240 J/cm2. In two patients we used a different pulse duration (15 ms and
40 ms) and in one patient we used a 7 mm spot size. In larger hypertrophic PWS, test
spots were performed before starting treatment. Full treatment was started 10 to 12
weeks later. We used immediate clinical endpoints to adjust radiant exposure. Mild to
moderate purpura indicated a proper tissue reaction while a greyish colour indicated
overtreatment and risk of scarring. We strived for a treatment without overlap of pulses.

Outcome measures

8

The clinical assessment of the treatment response was performed by an investigator
not committed to the previous treatment, using the Physician Global Assessment
(PhGA). Digital photographs of the PWS taken before treatment were evaluated and
compared to current clinical appearance of the lesion. Improvement was assessed by
using a scale from 0-3 (0 = no improvement, 1 = moderate, 2 = good, 3 = excellent)
and side effects (hyper- and hypopigmentation, scarring) were also assessed by using
a scale from 0-3 (0= no side effects, 1= mild side effects, 2= moderate, 3 = severe).
Also, the type (nodular, diffuse thickened, or a combination of the both) and the
degree (mild, moderate, severe) of hypertrophy was assessed.
Patients were asked to evaluate the improvement of the hypertrophic part of their
PWS by using the Patient Global Assessment (PGA). They were asked to score the
improvement for colour and thickening on a scale from 0-3 (0 = no improvement, 1 =
moderate, 2 = good, 3 = excellent).
All outcomes refer specifically to the hypertrophic parts in the PWS that were treated
with the Nd:YAG laser.

Statistical analysis
Continuous variables were presented as means with standard deviations. For the correlation
between type and degree of hypertrophy and the improvement after laser therapy, we
used the Fisher’s exact test. For the statistical analysis of our results we used SPSS software
version 16.0 (Statistical Package for the Social Sciences. Chicago, IL, U.S.A. SPSS Inc.).

RESULTS
Of all 70 patients with hypertrophic PWS known in our institute, 44 patients had
received Nd:YAG laser treatment. Of these, five patients refused to participate in our
study for unknown reasons, two patients had moved abroad, and three patients were
not able to visit us due to personal reasons not related to the previous laser treatment.
Of two other patients we did not have the current address or telephone number, they
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could therefore not be invited to participate in this study. In summary, a total of 32
patients (73%) were able to participate.
Eleven male and twenty-one female patients were recruited (ratio 1:1.9), with
Fitzpatrick skin types I-III and a mean age of 51.4 (SD ± 16.4) at time of follow up.
Before Nd:YAG laser treatment was started, other laser treatment had been performed
in 24 patients, of which 18 received more than three treatments. One patient only
received radiotherapy in the past, and 7 patients did not receive any treatment.
The hypertrophic port-wine stains treated with the Nd:YAG laser were mainly located on
the face (20 patients), followed by neck in 7 patients, trunk in 3 patients and extremities in 2
patients. Hypertrophy was mostly of the nodular type (in 20 patients); diffuse thickening was
seen in 8 patients and a combination of the both in 4 patients. The degree of hypertrophy
was classified as mild in 9 patients, moderate in 18 patients and severe in 5 patients.
The mean number of Nd:YAG laser treatments of the hypertrophic part of the PWS
was 2.8 (SD ± 2.1) and in 13 cases only one treatment was sufficient. The shortest
follow up period since the last Nd:YAG treatment was 6 months, the longest follow up
period was 71 months (mean follow up was 37 months, SD ± 20).
The Physician Global Assessment showed good or excellent improvement of the
hypertrophy in 29 out of 32 patients (91%), good or excellent improvement of colour
of the hypertrophy was scored in 20 out of 32 patients (63%). Mild or moderate
hypopigmentation after laser irradiation was reported in 14 patients and scarring
in 7 patients, of which 5 also had hypopigmentation (Table 1; Figure 1-2). Radiant
exposure in patients with side effects (a mean of 144 J/cm2) was comparable to that
in patients without side effects (a mean of 157 J/cm2).
There was no correlation between types of hypertrophy (nodular, diffuse thickened
or a combination of the both) and the improvement of hypertrophy and colour after
Nd:YAG laser therapy (p=0.18 and p=0.33 respectively; Fisher’s exact test). Also
the correlation between degree of hypertrophy (mild, moderate, severe) and the
improvement of hypertrophy and colour after Nd:YAG laser therapy was not significant
(p=0.24 and p=0.53 respectively; Fisher’s exact test).
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Table 1. Physician Global Assessment
n=32

-

+

++

+++

Colour

5

7

12

8

Hypertrophy

0

3

6

23

Hyperpigmentation

32

0

0

0

Hypopigmentation

8

12

2

0

Scarring

25

6

1

0

These are the scores given by an independent investigator.
( - : no improvement or absence of adverse reaction, + : mild improvement or mild adverse
reaction, ++ : good improvement or moderate adverse reaction, +++ : excellent improvement
or severe adverse reaction)
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Figure 1. Pre- and posttreatment photos. Severe diffuse hypertrophy in large PWS on neck and head.
Five Nd:YAG treatments (100 and 160 J/cm2) on the upper part of neck and head showed good
improvement of the hypertrophy and mild improvement of colour. Also, mild hypopigmentation
and mild scarring was seen. Photo b shows results 29 months after last treatment.

a

b

8

Figure 2. Pre- and posttreatment photos. Mild nodular hypertrophy in peri-orbital PWS. One
Nd:YAG treatment (120 and 180 J/cm2) per nodule showed excellent improvement of the
hypertrophy and mild improvement of colour of the hypertrophic parts. Mild hypopigmentation
was seen. Photo b shows results 66 months after last treatment.

Patients scored good or excellent improvement of the hypertrophic port-wine stain
in 26 out of 30 cases (87%). Two patients were not able to score the improvement of
their PWS because it was located on the back of their body. Particularly improvement
of the hypertrophy itself was scored positively (93% of patients) but also colour had
improved after Nd:YAG laser treatment, according to 26 out of 30 (87%) patients.
Six patients reported mild hypopigmentation or mild scarring as an adverse reaction of
the laser irradiation (Table 2). This was also objectified by the physician. Two patients
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Table 2. Patient Global Assessment
n=30*

-

+

++

+++

Colour

2

4

12

12

Hypertrophy

1

1

10

18

Hyperpigmentation

30

0

0

0

Hypopigmentation

26

4

0

0

Scarring

28

2

0

0

These are the scores given by each patient.
* = 2 out of 32 patients could not assess the improvement of their PWS due to the location of
the lesion.
( - : no improvement or absence of adverse reaction, + : mild improvement or mild adverse
reaction, ++ : good improvement or moderate adverse reaction, +++ : excellent improvement
or severe adverse reaction)

would not recommend this therapy to other patients with hypertrophy in their PWS.
Both patients were the only two to report mild scarring after laser therapy.
After a follow up period of 27, 30 and 42 months respectively, three patients found
that the previously treated hypertrophy had recurred to some degree. Also, one other
patient found new nodular hypertrophy in his PWS where Nd:YAG laser was never
used, 48 months after his final laser treatment.
In the follow up period after the final Nd:YAG laser treatment, eight patients had
received 1 treatment with a 595 nm PDL on the hypertrophic part of the PWS to further
improve colour of the PWS. Two other patients had received 3 treatments, one patient
4, and two patients 6 PDL treatments post Nd:YAG (mean number of treatments is 2.3,
SD ± 1.9). Of these 13 patients, 100% had scored a good or excellent improvement
of hypertrophy and 79% had scored a good or excellent improvement of colour, in the
period after Nd:YAG laser treatment. Of the other 19 patients, who did not receive
any other treatment of the PWS after the last Nd:YAG laser treatment, 84% had scored
a good or excellent improvement of hypertrophy and 53% had scored a good or
excellent improvement of colour, in the period after Nd:YAG laser treatment.
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DISCUSSION
This is the first large case series showing the long term effect of the long-pulsed
1064 nm Nd:YAG laser on hypertrophic PWS. We demonstrate that hypertrophic PWS
respond favourably to Nd:YAG laser therapy. This result was achieved after a mean of
only 2.8 treatments, which is clearly less than the number of treatments that are usually
necessary with the PDL.
Consistently, both PhGA and PGA showed excellent results for the improvement of
hypertrophy, and good results for the improvement of colour. The physician found a
greater improvement of hypertrophy than of colour. A previous study comparing Nd:YAG
laser with PDL, also showed that improvement of hypertrophy had been promising
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after Nd:YAG treatment while improvement of colour had been comparable to PDL
treatment.11 For an optimal treatment of hypertrophic PWS, the combination of both
Nd:YAG laser for the hypertrophy, and the PDL for the colour, should be considered.
Our patients were very satisfied with the results of the Nd:YAG laser on the hypertrophic
part of their PWS and all but two patients would recommend this treatment to others.
Only six patients reported minor side effects. The physician however reported minor
side effects in 16 patients. An explanation for this large difference can be the expertise
of the physician to observe hypopigmentation and/or scarring, or perhaps the fact
that patients were so satisfied with the improvement of colour and/or hypertrophy
that they ignored the side effects arisen in the treated area. In the study by Yang et al.
only 1 out of 17 patients developed scarring after Nd:YAG treatment. However, only
minimal purpura dose was used to determine the minimal effective radiant exposure
(40-250J/cm2). Also, only 2 out of 17 patients had hypertrophic PWS. We believe that
hypertrophic PWS are at a higher risk for adverse reactions after Nd:YAG treatment.
In our study, careful observation of the immediate clinical tissue response was necessary
to adjust radiant exposure in each patient individually. Moreover, we adjusted the radiant
exposure even at one single session to account for intralesional heterogeneity. We
increased radiant exposure until mild to moderate purpura were seen. Generally, more
hypertrophic parts with more target were treated with a lower radiant exposure (120-160J/
cm2). Parts with less target were treated more aggressively (160-240 J/cm2).We intended
to treat each patient with 30 ms pulse duration and a 5 mm spot size. There is no evidence
from the literature to indicate the optimal pulse duration in the treatment of hypertrophic
PWS with a Nd:YAG laser. In order to facilitate the evaluation of the immediate clinical
endpoints as a function of radiant exposure, we chose a fixed pulse duration.
In the treatment of PWS with the long-pulsed Nd:YAG laser, there is a very small
therapeutic window. With only little alteration of fluence, hypopigmentation or scarring
can occur. In our study, this was seen in 16 patients, which is a number that should
not be ignored. We did not see any relation between radiant exposure and adverse
effects, which underlines that there is no safe threshold for the long-pulsed Nd:YAG
laser. Reasons why some PWS patients did develop scarring or hypopigmentation
and others did not, can involve the oxygenation of the PWS, perfusion rate, vessel
density or vessel depth, or perhaps the size or location of the PWS. Also, the patients’
skin type can attribute to these adverse effects. In this study, a long mean follow up,
exceeding three years, was attained. In this period, only three patients had recurrence
of their hypertrophy (after a follow up period of 27, 30 and 42 months). None of these
three patients had received any treatment since their last Nd:YAG treatment. Of the
other patients, 13 did receive one or more PDL treatments in the area previously
treated with Nd:YAG. All these patients scored a good or excellent improvement of
hypertrophy and colour after a long follow up period in the PhGA. Consequently,
one or more PDL treatments after the last Nd:YAG laser treatment in the previously
hypertrophic part of the PWS may prevent early recurrence of the hypertrophy.
There are some limitations to this study. First of all, this cohort study has partly
retrospectively generated data that may be unreliable. Secondly, a selection bias
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caused by the fact that data come from a tertiary laser centre, results in the inclusion
of more difficult to treat hypertrophic PWS that did not respond to previous PDL
therapy. The female preponderance is probably also the effect of a selection bias.
There was only one observer to score the improvement in our patients. Perhaps, a
second observer would have reduced any bias. Also, standardized conditions were
lacking in all baseline photographs. Therefore, improvement of the PWS in clinical
appearance may have been difficult to score. Another limitation is the fact that not all
patients treated with the Nd:YAG laser participated in this study (12 patients, 27%).
Although the reasons for not participating were clearly not related to laser treatment
in 7 out of 12 patients, we can not exclude some kind of selection with regard to
treatment response. Finally, a significant part of the patients (41%) was treated with a
PDL in the follow up period, which may have accounted for part of the improvement.
However, most of these patients received only one single PDL treatment.
Previous studies have investigated the treatment of hypertrophic PWS using different
settings of PDL, long-pulsed Nd:YAG laser, CO2 laser, (long-pulsed) alexandrite laser
and photodynamic therapy (PDT), all with various outcomes.9-11, 24-26 Recently, also the
combination of a 595 nm PDL and 1064 nm Nd:YAG laser (dual layer technique) has
been proposed in the treatment of recalcitrant and hypertrophic PWS. Alster et al.
found a further improvement of darker, thicker and/or nodular PWS after a series of
treatments with the combined laser.27 A histochemical study of five patients showed
better results after a dual approach (PDL and Nd:YAG laser) than PDL alone.28 Both
studies however found an increased risk of unwanted thermal injury of the skin. A very
recent in vivo study on selective photothermolysis comparing oxyhemoglobin with
deoxyhemoglobin as target chromophores, showed that the 1064 nm Nd:YAG laser
tends to be more selective for arterial blood.29 This implies that overall blood flow to
the skin is targeted by the laser, and that not only photothermolysis of the target of
interest occurs. Extreme caution is necessary due to a higher tendency for scarring. 29
In 2011, Chang et al. reported four patients with nodular hypertrophy in their PWS
to respond well to a total of three treatments with the 1064 nm long-pulsed Nd:YAG
laser. However, they did not report any follow up in time.30
In conclusion, the 1064 nm Nd:YAG laser is highly effective in the treatment of
hypertrophic PWS with only a few treatments needed. However, mostly mild side
effects were seen in half of all patients. To further improve the colour of both the
hypertrophic part of the PWS and the surrounding macular PWS, a combination with
PDL treatment is advisory. Furthermore, PDL treatment of the PWS after complete
clearance of the hypertrophy by the 1064 nm Nd:YAG laser, might prevent recurrence
of hypertrophy in the PWS. We do want to stress the importance of the observation
of the immediate clinical endpoints while using this laser with a small therapeutic
window, to optimize outcomes and reduce side effects.
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In this thesis, laser treatment options for disfiguring skin conditions are discussed
and evaluated. The main goal was to evaluate the efficacy and the safety of lasers in
the improvement of different skin conditions. This was assessed by both patients and
physicians. A minor part of this thesis covers the costs and benefits of laser therapy
and also, patient quality of life is addressed briefly. The first part of the thesis focuses
on the treatment of scars, the next chapter on benign dermal tumours, while the
remaining chapters evolve around port-wine stains.
The general introduction in Chapter 1 provides a brief overview of the three
dermatologic conditions discussed in this thesis. Also, an introduction on lasers used
in the dermatologic practice was given.
In the absence of a consensus on which laser or light therapy was most effective in
the treatment of hypertrophic scars, we performed a systematic review. In Chapter 2,
electronic databases were searched for articles on this topic. The quality of all controlled
clinical trials was evaluated according to the Cochrane Collaboration’s tool for assessing
risk of bias. Thirteen articles involving seven different lasers met the inclusion criteria.
Most evidence for efficacy was found for the 585 nm pulsed dye laser (8 studies),
followed by the 595 nm pulsed dye laser (2 studies), whereas limited evidence (one trial
per laser) was available for low level laser therapy, the fractional non-ablative laser, CO2
laser, Nd:YAG laser and Er:YAG laser. Treatment recommendations however should be
formulated with caution as current evidence is insufficient for comparing the efficacy
of different laser therapies. Although most evidence is available for the 585 nm pulsed
dye laser (PDL), trials showed low efficacy for the treatment of hypertrophic scars. For
the efficacy of other lasers, little evidence was found. Future research on promising
techniques such as fractional lasers, with low risk of bias, well defined scar characteristics,
validated outcome measures, standardized measure methods, follow up periods of at
least 6 months and well defined laser settings, is needed.
Chapter 3a is an answer to the lack of randomized controlled trials on laser therapy
for scars. In order to evaluate the efficacy and safety of the ablative fractional 10600
nm CO2 laser in the treatment of various scar types, we performed an intra-individual
single-blinded randomized controlled split lesion trial. Adult patients received three
laser treatments for scars existing at least one year. Primary endpoints were the
Physician Global Assessment (PhGA) and the assessment of adverse effects.
Twenty-five consecutive patients with atrophic (52%) or hypertrophic (48%) scars located
mainly on the body (84%) were included in the study. Twenty-one patients completed
the 6 month follow up. The PhGA showed 26-50% improvement of the treated site of
the scar in 7 patients and in 2 of these patients the control side had improved equally.
Two other scars showed improvement of the control side only. One scar had improved
with >50% on both sides of the scar. There was no statistically significant difference
between treated and untreated side on the PhGA score (p = 0.70). Short and long
term erythema, post-inflammatory pigmentary changes, and scar formation after
ulceration (n=3) were reported as side effects. In this trial involving various types of
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scars, the efficacy of ablative fractional CO2 laser could not be confirmed. We presume
that different types of scars have a different response to treatment in general and to
ablative fractional laser therapy in particular. More research is necessary to provide
evidence for this laser in the treatment of non-acne scars.
The ulcers seen in patients participating in our randomized controlled trial demonstrate
the risk of significant side effects from ablative fractional laser therapy for non-acne
atrophic scars. In Chapter 3b three cases of adverse events after ablative fractional
CO2 laser therapy for atrophic scars on the extremities are described. We recommend
not to use ablative fractional lasers for atrophic scars located on the extremities.
Conventional surgery of benign, small dermal tumours gives variable results depending
on the performing physician. When lesions are multiple, the ablative CO2 laser is an
alternative treatment option. In Chapter 4, we compared shapes and sizes of lesions
created by either conventional or timed exposure CO2 laser drilling in freshly excised
human skin. Five samples of freshly excised human skin were exposed to both drilling
techniques with six different settings. Histological changes of the skin were compared
in H&E stained slides. We found that the variation in the amount of ablated tissue in
all lesions created by timed exposure CO2 laser drilling was seven times smaller than
after conventional CO2 laser drilling. The lesions were less variable in shape and size
and had borders without irregularities.
We concluded that timed exposure CO2 laser drilling is characterized by a low variation
in lesion size and shape and offers standardization of treatment and comparison of
results. This makes it a favourable treatment over conventional CO2 laser drilling for
multiple benign dermal tumours of comparable size. Future research is necessary to
find the appropriate laser settings, and to evaluate the efficacy of this technique, for
tumours of different etiology and location.
Port wine stains (PWS) are the most common vascular malformation of the skin, with noninvasive laser irradiation with pulsed dye lasers as the gold standard treatment. However,
the majority of PWS fail to clear completely. Chapter 5 provides an overview of the
clinically employed treatment modalities (pulsed dye lasers, Nd:YAG lasers, alexandrite
lasers, and intense pulsed light) and several techniques (combinatorial laser pulses, pulse
stacking, epidermal cooling) are discussed. We performed a retrospective analysis of all
clinical studies published between 1990-2011 to determine the therapeutic efficacy for
each of these modalities and techniques. Also, factors that contribute to the high degree
of therapeutic recalcitrance were identified, on the basis of which emerging experimental
treatment strategies, such as the use of photodynamic therapy, immunomodulators,
angiogenesis inhibitors, hypobaric pressure, and site-specific pharmaco-laser therapy
were addressed. We concluded that most evidence for efficacy and safety is still available
for the pulsed dye laser in the treatment of PWS. Unfortunately, the number of patients
who do not achieve complete lesion removal with this technique remains substantial.
One of the treatment alternatives to overcome resistance to pulsed dye laser therapy
is the use of a second pass. In Chapter 6 we performed a randomized trial comparing
single pass to double pass PDL in the treatment of port-wine stains. In each patient with
a PWS resistant to multiple single pass PDL treatments, two similar areas were randomly
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allocated to either single pass 595 nm PDL treatment, or a double pass (6 minutes after
the first pass) treatment. Both test areas were treated two times, 8 weeks apart. PWS
clearance was assessed by two blinded dermatologists, and by colour measurement
using reflectance spectroscopy, at 3 months follow up. Sixteen patients with a mean of 15
previous treatments completed follow up. Overall colour assessed by spectrophotometer
showed no improvement for either single or double pass PDL. Blinded PhGA showed
a high variability in outcome, with mostly only moderate improvement of the PWS for
either single pass or double pass PDL. Furthermore, there was no significant difference
in any of the outcomes between single pass and double pass PDL. The conclusion of this
study was that in PWS resistant to multiple single pass PDL treatments, double pass PDL
at a 6 minute interval, at the chosen settings and after two treatment sessions, does not
result in improved clearance as compared to single pass treatment.
Treatment of PWS is disappointing in a fair amount of patients. Blue-purple,
hypertrophic PWS in particular do not respond well to treatment with the pulsed
dye laser. Little is known about the development of hypertrophy in PWS. Chapter 7a
provides the prevalence and characteristics of patients with hypertrophic port-wine
stains. We examined medical records and clinical photographs of all patients with
PWS visiting our outpatient clinic between 2005 and 2009 to identify hypertrophy. A
total of 335 patients (0-81 years; 69% female) was included. Hypertrophy was found in
68 patients (20%). Colour of hypertrophic PWS was mainly red (50%) or purple (44%).
Patients with hypertrophy in their PWS were rarely (7%) under the age of 20. Above
the age of 50, 71% of all patients had hypertrophy in their PWS. Median age of onset
of hypertrophy was 31 years (12 years for thickened, 39 years for nodular hypertrophy).
We concluded that hypertrophy is an important feature in the development of PWS.
Age and colour of the PWS are associated with hypertrophy, whereas location and size
of the lesion appear not to be related. More attention should be drawn to therapy
and prevention of hypertrophic PWS. Also, diffuse thickening and nodules should be
differentiated, as a different age of onset indicates different pathomechanisms.
In Chapter 7b we discussed if early start of laser treatment and regular intermittent
maintenance of treatment could attribute to the prevention of aesthetically and
mechanically disturbing hypertrophy in port-wine stains. Three patients with hypertrophy
only in the non-treated part of their PWS were presented to illustrate this hypothesis.
Clinical studies have shown the pulsed dye laser to be effective in the treatment of
especially flat and pink or red PWS. However, PDL treatment tends to be less effective
in hypertrophic PWS. In Chapter 8 we evaluated the efficacy and safety of the Nd:YAG
laser for the treatment of hypertrophic PWS. In a retrospective cohort study, all
hypertrophic PWS patients treated with the Nd:YAG laser between 2005 and 2011
were invited for follow up. Assessment was obtained in 32 of 44 eligible patients
(mean age 51.4 years). Good or excellent improvement of hypertrophy was found
in a majority of patients, both by PhGA (91%) and PGA (93%) after a mean of 2.8
treatments. Good or excellent improvement of colour was found in 63% of patients
by PhGA, and in 87% by PGA. Recurrence of hypertrophy was seen in three patients.
Mild to moderate scars were seen in seven patients, hypopigmentation in 14 patients.

9

161

We concluded that the 1064 nm Nd:YAG laser is highly effective in the treatment of
hypertrophic PWS, with only a few treatments needed. Side-effects were mostly mild
and seen in half of all patients. Hypertrophy seems to respond better than colour.
In future treatments of hypertrophic PWS, Nd: YAG lasers deserve a place. To further
improve colour, a combination with pulsed dye laser treatment is advisory. Observation
of immediate clinical endpoints is important when using the Nd:YAG laser, to optimize
outcomes and reduce side-effects.
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In dit proefschrift worden laserbehandelingsopties voor ontsierende huidaandoeningen
besproken en beoordeeld. Het doel van dit proefschrift was om de effectiviteit en de
veiligheid van lasers in de verbetering van verschillende huidaandoeningen te evalueren.
Dit is gedaan aan de hand van beoordelingen van patiënten en artsen. Een klein deel
van dit proefschrift behandelt de kosten en baten van lasertherapie en ook komt de
kwaliteit van leven van de patiënt kort aan bod. Het eerste deel van dit proefschrift richt
zich op de behandeling van littekens, het volgende hoofdstuk gaat over goedaardige
huidtumoren, terwijl de resterende hoofdstukken het onderwerp wijnvlekken beslaan.
De algemene introductie in Hoofdstuk 1 geeft een kort overzicht van de drie
huidaandoeningen besproken in dit proefschrift. Ook wordt een introductie gegeven
over lasers die worden gebruikt in de dermatologische praktijk.
Aangezien consensus over de effectiviteit van laser- of lichttherapie in de behandeling
van hypertrofische littekens ontbrak, voerden we een systematische review uit. Voor
Hoofdstuk 2 werd in elektronische databanken gezocht naar artikelen over dit onderwerp.
De kwaliteit van alle gevonden gecontroleerde klinische studies werd geëvalueerd aan
de hand van de Cochrane Collaboration’s tool voor de beoordeling van het risico op bias.
Dertien artikelen, waarin zeven verschillende lasers werden gebruikt, voldeden aan de
inclusiecriteria. Het meeste bewijs voor de effectiviteit werd gevonden voor de 585 nm
pulsed dye laser (8 studies), gevolgd door de 595 nm pulsed dye laser (2 studies) , terwijl
beperkt bewijs (één studie per laser) beschikbaar was voor low level laser therapie, voor
fractionele non-ablatieve lasers, en voor CO2, Nd:YAG en Er:YAG lasers. Aanbevelingen
ten aanzien van de behandeling moeten echter voorzichtig worden geformuleerd,
aangezien het huidige bewijs onvoldoende is voor het vergelijken van de effectiviteit
van de verschillende laserbehandelingen. Hoewel er wel het meeste bewijs beschikbaar
is voor de 585 nm pulsed dye laser (PDL) , toonden studies met deze laser een lage
effectiviteit in de behandeling van hypertrofische littekens. Voor de werkzaamheid
van de andere lasers werd weinig bewijs gevonden. Toekomstig onderzoek naar
veelbelovende behandeltechnieken zoals fractionele lasers, evenals studies met een
laag risico op bias, met goed gedefinieerde litteken karakteristieken, met gevalideerde
uitkomstmaten, met gestandaardiseerde meetmethoden, met een follow-up periode
van minimaal 6 maanden en met goed gedefinieerde laserinstellingen, zijn nodig.
Hoofdstuk 3a is een antwoord op het gebrek aan gerandomiseerde gecontroleerde
studies betreffende lasertherapie voor littekens. Om de effectiviteit en veiligheid van de
ablatieve fractionele 10600 nm CO2 laser voor de behandeling van verschillende soorten
littekens te beoordelen, voerden we een intra-individuele eenzijdig geblindeerde
gerandomiseerde split-lesion studie uit. Volwassen patiënten ondergingen drie
laserbehandelingen voor littekens die ten minste één jaar bestonden. Primaire eindpunten
waren de Physician Global Assessment (PhGA) en de beoordeling van bijwerkingen.
Vijfentwintig opeenvolgende patiënten met atrofische (52 %) of hypertrofische (48 %)
littekens voornamelijk op het lichaam gelokaliseerd (84 %) werden geïncludeerd in de
studie. Eenentwintig patiënten voltooiden de 6 maanden follow up periode. De PhGA
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liet 26-50 % verbetering zien van het behandelde deel van het litteken bij 7 patiënten,
maar bij 2 van deze patiënten was de controle kant evenveel verbeterd. Twee andere
littekens toonden verbetering van alleen de controle kant. Eén litteken was verbeterd
met > 50 % in beide delen van het litteken. Er was geen statistisch significant verschil
tussen behandelde en onbehandelde kant van de littekens op de PhGA score (p = 0.70).
Erytheem, post-inflammatoire pigmentveranderingen en littekenvorming na ulceratie
(n = 3) werden als korte en lange termijn bijwerkingen gezien. In dit onderzoek met
verschillende soorten littekens kan de effectiviteit van de ablatieve fractionele CO2
laser niet worden bevestigd. We veronderstellen dat verschillende soorten littekens
een verschillende respons hebben op behandeling in het algemeen en op ablatieve
fractionele laserbehandeling in het bijzonder. Meer onderzoek is nodig om bewijs voor
deze laser in de behandeling van non-acne littekens te verschaffen.
De ulcera die werden gezien bij patiënten die deelnamen aan onze gerandomiseerde
studie illustreren het risico op significante bijwerkingen van de ablatieve fractionele laser
bij non-acne atrofische littekens. In Hoofdstuk 3b worden drie gevallen beschreven van
bijwerkingen die optraden na ablatieve fractionele CO2 laser therapie voor atrofische
littekens gelokaliseerd op de extremiteiten. We raden daarom af ablatieve fractionele
lasers te gebruiken voor de behandeling van atrofische littekens op de extremiteiten.
Conventionele chirurgie van goedaardige, kleine huidtumoren geeft wisselende
resultaten, afhankelijk van de uitvoerende arts. Wanneer er multipele laesies zijn, is de
ablatieve CO2 laser een alternatieve behandelmogelijkheid. In Hoofdstuk 4 vergelijken
we de vormen en maten van laesies die gemaakt zijn door middel van drilling met de
conventionele of de timed exposure CO2 laser in vers geëxcideerde menselijke huid.
Vijf preparaten werden blootgesteld aan beide drilling technieken, en zes verschillende
instellingen werden gebruikt. Histologische veranderingen van de huid werden
vergeleken in H & E gekleurde coupes. We vonden dat de variatie in de hoeveelheid
verdampt weefsel in alle laesies die met timed exposure CO2 laser drilling waren
gemaakt zeven keer kleiner was dan met de conventionele laser drilling techniek. De
laesies waren minder verschillend in vorm en grootte en hadden gladde randen zonder
onregelmatigheden. Wij concludeerden dat timed exposure CO2 laser drilling wordt
gekenmerkt door een lage variatie in de grootte en vorm van laesies en dat het daarmee
een gestandaardiseerde behandeling levert met reproduceerbare resultaten. Dit maakt
het een gunstige behandeling ten opzichte van conventionele CO2 laser drilling wanneer
er sprake is van multipele goedaardige huidtumoren van vergelijkbare grootte. Verder
onderzoek is nodig naar de juiste laserinstellingen en naar de effectiviteit van deze
techniek voor tumoren van verschillende etiologie en op verschillende locaties.
Wijnvlekken zijn de meest voorkomende vasculaire malformaties van de huid,
waarbij non-invasieve behandeling met de pulsed dye laser de gouden standaard
is. Toch verdwijnen de meeste wijnvlekken niet helemaal. Hoofdstuk 5 geeft een
overzicht van de behandelmodaliteiten die gebruikt worden in de dagelijkse praktijk
(pulsed dye lasers, Nd:YAG lasers, alexandriet lasers en intense pulsed light) en
daarnaast worden verschillende technieken besproken (combineren van laserpulsen,
pulse stacking, epidermale koeling). We voerden een retrospectieve analyse uit
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van klinische studies, gepubliceerd tussen 1990-2011, om de therapeutische
effectiviteit te bepalen voor elk van deze modaliteiten en technieken. Ook worden
factoren die bijdragen aan de hoge therapeutische weerspannigheid, waarop
nieuwe experimentele behandelingsstrategieën worden gericht, geïdentificeerd.
Voorbeelden van deze behandelstrategieën zijn het gebruik van fotodynamische
therapie, immunomodulatoren, angiogeneseremmers, hypobare druk en site-specific
farmacolasertherapie. Wij concludeerden dat het meeste bewijs voor de effectiviteit
en veiligheid in de behandeling van wijnvlekken nog steeds alleen beschikbaar is voor
de pulsed dye laser. Helaas blijft het aantal patiënten zonder complete verdwijning
van de wijnvlek met deze techniek nog aanzienlijk.
Een van de behandelalternatieven voor pulsed dye laser therapieresistente
wijnvlekken is het gebruik van een tweede pass. In Hoofdstuk 6 voerden we een
gerandomiseerde trial uit waarin single pass PDL therapie werd vergeleken met een
dubbele pass. Bij iedere patiënt die een wijnvlek had die resistent bleek te zijn tegen
meerdere single pass laserbehandelingen, werden twee vergelijkbare gebieden in de
wijnvlek willekeurig toegewezen aan ofwel single pass 595 nm PDL behandeling, of
een dubbele pass (6 minuten na de eerste pass) behandeling. Beide proefgebieden
werden twee keer behandeld, met 8 weken interval. Wijnvlekverbetering 3 maanden na
de laatste behandeling werd beoordeeld door twee geblindeerde dermatologen, en
door kleurmetingen met behulp van reflectance spectroscopie. Zestien patiënten, die
gemiddeld al 15 voorgaande behandelingen hadden gehad, rondden de gehele studie
af. De overall kleur van de wijnvlek, gemeten met de spectrophotometer, toonde geen
verbetering voor de single of de dubbele pass laserbehandeling. Geblindeerde PhGA
toonde een hoge variatie in uitkomst, met meestal slechts een matige verbetering van
de wijnvlek voor zowel single pass als dubbele pass PDL therapie. Bovendien was er
geen significant verschil in de uitkomstmaten tussen de single pass en dubbele pass
laserbehandeling. De conclusie van deze studie is dat in wijnvlekken die therapieresistent
zijn voor single pass PDL behandelingen, double pass PDL behandeling met 6 minuten
interval met de gekozen laserinstellingen en na twee behandelingen, niet kan leiden tot
een verbetering van de wijnvlek in vergelijking met single pass behandeling.
Behandeling van wijnvlekken is teleurstellend bij een behoorlijke hoeveelheid van de
patiënten. Blauwpaarse, hypertrofische wijnvlekken met name reageren niet goed op
behandeling met de pulsed dye laser. Er is weinig bekend over de ontwikkeling van
hypertrofie in wijnvlekken. Hoofdstuk 7a voorziet in de prevalentie en karakteristieken
van patiënten met hypertrofische wijnvlekken. We onderzochten medische dossiers
en klinische foto’s van alle patiënten met een wijnvlek die onze polikliniek bezochten
tussen 2005 en 2009 om hypertrofie te identificeren. Een totaal van 335 patiënten
(0-81 jaar; 69 % vrouw) werd opgenomen in de studie. Hypertrofie werd gevonden in
68 patiënten (20 %). De kleur van hypertrofische wijnvlekken was vooral rood (50 %) of
paars (44 %). Patiënten met hypertrofie in hun wijnvlekken waren zelden (7 %) jonger
dan 20 jaar. Boven de leeftijd van 50 jaar, had 71 % van de patiënten hypertrofie in
hun wijnvlek. De mediane leeftijd bij het ontstaan van de hypertrofie was 31 jaar (12
jaar voor diffuse hypertrofie, 39 jaar voor nodulaire hypertrofie). We concludeerden
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dat hypertrofie een belangrijk aspect is in de ontwikkeling van wijnvlekken. Leeftijd
en kleur van de wijnvlek zijn geassocieerd met hypertrofie, plaats en grootte van de
laesie lijken echter geen verband te hebben met de ontwikkeling van hypertrofie.
Er moet meer aandacht worden besteed aan de behandeling en de preventie van
hypertrofische wijnvlekken. Ook zouden diffuse verdikking en nodulaire verdikking
van elkaar moeten worden onderscheiden, aangezien de verschillende leeftijd van
ontstaan een aanwijzing lijkt te zijn voor verschillende pathomechanismen.
In Hoofdstuk 7b discussieerden we of een vroege start van de laserbehandeling en het
continueren van regelmatige intermitterende behandelingen zou kunnen bijdragen
aan de preventie van esthetisch en mechanisch storende hypertrofie in wijnvlekken.
Drie patiënten met hypertrofie alleen in het niet behandelde gedeelte van hun wijnvlek
werden gepresenteerd om deze hypothese te illustreren.
Klinische studies hebben aangetoond dat pulsed dye laser behandeling effectief
is, vooral bij de behandeling van vlakke en roze of rode wijnvlekken. Echter, PDL
behandeling lijkt minder doeltreffend te zijn bij hypertrofische wijnvlekken. In
Hoofdstuk 8 evalueerden we de effectiviteit en veiligheid van de Nd:YAG laser voor
de behandeling van hypertrofische wijnvlekken. In een retrospectieve cohortstudie
werden alle hypertrofische wijnvlekpatiënten die behandeling met de Nd:YAG laser
hadden ondergaan tussen 2005 en 2011 uitgenodigd voor follow up. Een beoordeling
werd uitgevoerd in 32 van de 44 geschikte patiënten (gemiddelde leeftijd 51,4
jaar). Goede of uitstekende verbetering van de hypertrofie werd beoordeeld in
een meerderheid van de patiënten, op basis van zowel de PhGA (91 %) als de PGA
(93 %) na een gemiddelde van 2,8 Nd:YAG behandelingen. Goede of uitstekende
verbetering van de kleur werd beoordeeld in 63 % van de patiënten op de PhGA,
en in 87 % op de PGA. Een recidief van de hypertrofie werd waargenomen bij drie
patiënten. Milde tot matige littekens als gevolg van de behandeling werden gezien bij
zeven patiënten, hypopigmentatie bij 14 patiënten. Wij concludeerden dat de 1064
nm Nd:YAG laser zeer effectief is voor de behandeling van hypertrofische wijnvlekken,
waarbij slechts een paar behandelingen nodig zijn. Bijwerkingen waren meestal mild
en werden gezien bij de helft van alle patiënten. Hypertrofie lijkt beter dan kleur
te reageren op de behandeling. In de toekomstige behandeling van hypertrofische
wijnvlekken verdient de Nd:YAG laser een plaats. Om de kleur van een wijnvlek verder
te verbeteren, is een combinatiebehandeling met de pulsed dye laser aan te raden.
Observatie van de directe klinische eindpunten is van belang bij het gebruik van de
Nd:YAG laser, om zo de resultaten te optimaliseren en de bijwerkingen te verminderen.

10

GENERAL
DISCUSSION

GENERAL DISCUSSION

LASERS IN PAST AND PRESENT
Since their introduction in dermatology, lasers have become a welcome addition to the
therapeutic armentarium for disfiguring skin conditions. Although most skin conditions are
not a health risk, the urge for treatment can be high. One of the reasons for an increasing
demand for treatment is that patients nowadays ask for treatment options that can improve
the medical aspects of a skin condition as well as the appearance that comes with it.
For scars, many different laser devices have been proposed. Ablative fractional lasers seem
to be the best therapeutic option for acne scars, and the results of our review showed most
evidence for the efficacy and safety of pulsed dye lasers in the treatment of hypertrophic
scars. Recently, a non-ablative fractional laser has been proven effective for hypertrophic
scars. Evidently, different types of scars ask for different types of laser therapy. In this thesis,
we did not find enough evidence for the efficacy of ablative fractional laser in the treatment
of various scar types. Also, it should be noted that significant side effects have occurred
in patients treated with ablative fractional lasers. Scars have always been a therapeutic
challenge. With the arrival of fractional lasers, an extra tool in this difficult to treat skin
condition is available. Clearly, more research should be done to improve and expand the
utilization of (ablative fractional) lasers in the treatment of these disfiguring skin conditions.
Although dermal tumours are benign, they may occur in high numbers and when they
do, surgery is not an option. With the arrival of lasers, multiple tumours can be easily
treated in very little time. When timed exposure settings are used in ablative lasers,
patients are offered a simple and fast treatment with uniform results, regardless of
the person that controls the laser. The histological findings in this thesis complement
the clinical results of timed exposure ablative laser therapy, seen in our daily practice.
However, results should first be confirmed in a clinical randomized controlled trial
before it can be recommended as a treatment option.
There is still room for expansion and improvement of lasers in the treatment of
disfiguring skin conditions. For the treatment of PWS however, sufficient evidence
has been provided that lasers can now be regarded as the gold standard. The pulsed
dye laser is used for improvement of port-wine stains according to the principle of
selective photothermolysis. Since a considerable number of port-wine stains still does
not respond to this treatment, parameters have been varied and other lasers have
been proposed in the past decades. Until now, no laser has surpassed the pulsed dye
laser in the treatment of port-wine stains, although the Nd:YAG laser is a good option
for the treatment of hypertrophy in port-wine stains.
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FUTURE CONSIDERATIONS
Unquestionably, lasers have found their way into the field of dermatological treatment.
And although laser dermatology is a field with a rapidly growing number of laser
devices with many possible indications and many claims, there are few proofs of
efficacy and safety of these devices. For some skin conditions lasers have been the
gold standard for decades now, for other skin conditions the necessity of randomized
controlled trials is evident since these can support the efficacy of laser therapy.
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Although lasers can be an expensive purchase, more and more hospitals and
private institutions proceed to the acquisition of one ore more laser systems. These
expenses can be covered by the earnings of the cosmetic laser treatments, to which
is an increasing demand. The pitfall of this demand is that the treatments are often
performed by physician assistants or poorly educated physicians. When they proceed
to the treatment of dermatological skin conditions, their lack of experience may result
in higher numbers of side effects. In order to prevent this, more academic centres
should incorporate laser dermatology into their educational program. With more
educated dermatologists working with lasers, more experience will be gained. If this
experience will lead to more research on laser therapy in dermatology, then ultimately,
more success will be achieved in the treatment of disfiguring skin conditions.
Hopefully, this thesis will contribute to the expansion of research on laser dermatology
by clearing the road for future researchers.
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begeleiding voorafgaand aan en tijdens de start van mijn opleiding tot dermatoloog.
Dr. J.P.W. van der Veen, mijn co-promotor. Beste Wietze, hartelijk dank voor de
mogelijkheid om binnen de SNIP te promoveren. Ik heb het zeer gewaardeerd hoe jij
mij de gelegenheid gaf om het onderzoek te combineren met de patiëntenzorg. Ook
veel dank voor je adviezen ten aanzien van het opstellen van de klinische trials. De
laatste maanden van mijn onderzoek was jij bezig met nieuwe plannen, en daarmee
wil ik je veel succes wensen.
Dr. A. Wolkerstorfer, mijn co-promotor. Beste Albert, ik kan je niet genoeg bedanken.
Zonder jou was ik nergens geweest. Letterlijk, want hoe vaak lieten de treinen mij weer
in de steek en bood jij me een lift aan. Jouw enthousiasme voor lasers is besmettelijk
en op deze manier zullen er heel wat laserspecialisten ontstaan! Ontzettend veel dank
voor je uitleg, je begeleiding, je ideeën, de koffie, de chocola, en de tripjes naar het
buitenland waarbij de congressen natuurlijk het belangrijkst waren, maar de uitstapjes
er om heen ook zeker bijdroegen aan een gunstig promotieklimaat…Ik hoop de
komende jaren nog veel met je samen te mogen werken!
Prof. dr. M.J.C. van Gemert, Prof. dr. M. Haedersdal, Prof. dr. R. Hoekzema, Prof. dr.
C.M.A.M. van der Horst, Prof. dr. E.P. Prens, leden van mijn promotiecommissie. Ik wil
u allen danken voor uw deelname aan de commissie en voor het kritisch beoordelen
van het manuscript. I would like to thank you all for your participation in the doctoral
opposition and for the critical assessment of the manuscript.
Prof. dr. J.D. Bos. Aan het begin van mijn promotietraject kon ik bij u terecht voor
vragen en adviezen. Ook recent nog kreeg ik een enthousiast bericht van u. Deze
steun waardeer ik zeer.

&

Dr. J.F. Beek. Beste Johan, ik wil je graag bedanken voor je niet te temmen
enthousiasme waarmee je mij begeleidde tijdens mijn wetenschappelijke stage. Jouw
kritische blik maakt elk manuscript tot een waar kunstwerk.
Mijn SNIP collega’s.
Inka, bedankt voor je enthousiasme ten aanzien van de patiëntenzorg, en ook voor het
scoren van de zoveelste assessment. Je hulp heb ik altijd zeer gewaardeerd.
Bas en Marije, in één adem te noemen! Dank voor al jullie hulp aan het begin van
mijn promotietraject, voor het beantwoorden van mijn herhaaldelijke vragen, voor alle

183

koffie breaks, voor het helpen scoren, voor de gezelligheid op de assistentenkamers,
voor alle gedeelde patiëntenzorg, en natuurlijk voor de onvergetelijke tripjes naar
Dallas, naar de kroeg en naar het Gelredome. Onvergetelijk…
Emma, dat werken en feesten heel goed samen gaat heb ik met jou ervaren! Dank
voor al je hulp bij mijn onderzoek en bij de reguliere patiëntenzorg. En meer dank nog
voor alle mooie avonden die we hebben meegemaakt.
Arne, Charlotte, Lisa en Silke. Bedankt voor een gezellige tijd op de SNIP en
daarbuiten. Hopelijk straks allemaal gepromoveerd en/of in opleiding!
Renée, Bianca, Karin, Alisa, Selma, Francisca, Mimjo, Angabeen, Daphne, Carmen
en Bernice. Zoveel vrouwen bij elkaar en altijd gezellig! Heel veel dank daarvoor, het
was een geweldige tijd op de SNIP en zo zal het nooit meer worden. Ik denk nog
regelmatig terug aan alle etentjes, borrels en bioscoopbezoekjes!
Gabrielle – Bedankt voor het altijd klaarstaan en meehelpen met technische en
laboratorische zaken. Je hebt een pittige tijd achter de rug en toch ben je op het werk
altijd bereid te helpen. Super! Berber – Dankzij jou kon ik in korte tijd twee studies
tegelijk uitvoeren en afronden. Bedankt! Een mooie eerst publicatie voor jou, en die
tweede komt er aan! Succes met je verdere coschappen. Charlotte – Bedankt voor
het opzetten van de RCT. Je zult maar een litteken hebben…Het heeft even mogen
duren maar die publicatie is in zicht! Succes met het afronden van jouw proefschrift.
Marieke – Jouw studie werd mijn studie. Bedankt voor alle bergen die je hebt verzet.
Het was een eer om daar een artikel over te mogen schrijven. Thanks! Michal – Waar jij
alle energie vandaan haalt…bedankt voor het mogen meewerken aan twee prachtige
publicaties en bedankt voor je uitleg over de basale laserzaken. Het blijft ingewikkeld!

&

Sanna, dankjewel voor mijn generale repetitie! En meer dank nog voor het geven
van alle tips and trics die een promovenda nodig heeft! Bas, Mandy en Lidian,
jullie ook bedankt voor alle hulp die ik in de afrondende fase nodig had! Elsa, wat
vond ik het fijn om tijdens familieweekenden even met jou te sparren over het hele
promotiegebeuren. Zelfs toen jij al klaar was, vond je het nog steeds leuk om met mijn
boekje mee te denken. Dankjewel!
Veel dank ook aan mijn collega’s. Het was best pittig om het begin van mijn opleiding
te combineren met het eind van mijn promotie. Dank voor jullie begrip!
Lisa, lieve SNIP collega, lieve borrelmaat, lieve paranimf! Je hebt je taak als paranimf
vanaf dag één heel serieus genomen en daar ben ik je heel dankbaar voor! Of het nou
ging om de kroeg waar het feest gehouden moet worden of om de voorkant van mijn
boekje, ik kon steeds weer bij jou terecht en je hielp me graag! Jouw gedrevenheid is
motiverend; is het daarom dat mijn onderzoek opeens veel sneller verliep vanaf de dag
dat jij mijn collega-promovenda werd? Ik heb een geweldige tijd gehad op de SNIP.
Succes met het afronden van jouw proefschrift en hopelijk snel weer opnieuw collega’s!
Sofie, lief vriendinnetje sinds een eeuwigheid. Op de dag dat ik met mijn promotieonderzoek begon stond voor mij vast dat jij ooit mijn paranimf zou worden. Samen de
middelbare school doorlopen, allebei geneeskunde studeren, allebei coschappen op

184

DANKWOORD

Curaçao lopen, allebei dermatoloog worden…het was onvermijdelijk dat jij die dag
naast mij zou komen te staan. Onze vriendschap is onvoorwaardelijk, en ik ben blij dat
je weer in de Randstad bent komen wonen zodat we elkaar vaker kunnen zien! Over
een paar jaar allebei klaar en dan?
Clubbies, bedankt voor de afgelopen jaren waarin we elkaar gelukkig nog steeds
heel veel zien. Werken en promoveren is helemaal niet erg als er elk weekend
weer gezelligheid is. Ik geniet van alle borrels, etentjes, vakanties, verjaardagen,
housewarmings, huwelijken en babyfeestjes die we gehad hebben en kijk uit naar
degenen die nog gaan komen! We’re what?
Rob en Tila, jullie waren altijd belangstellend en vroegen regelmatig naar mijn
promotiedatum. Nu dan eindelijk! Bedankt voor jullie interesse en voor het begrip
dat jullie toonden toen ik tijdens onze skivakantie regelmatig aan het werk moest. Ik
verheug me op komende gezellige weekenden en vakanties zonder laptop!
Papa en mama, nu is het dan echt zover! Ongemerkt rondde ik mijn onderzoek op de SNIP
af, en dat terwijl ik bezig was met een start in het AMC. Dank voor jullie steun in de fase
voorafgaand aan de start van mijn opleiding. Jullie hadden zelf genoeg andere dingen aan
je hoofd maar waren nooit te beroerd om samen met mij de opties door te nemen. Papa, jij
bent zo stoer! Mama, als jij nooit had gezegd dat de dermatologie misschien wel iets voor
mij was…Dankjewel! Jan en Pieter, lieve broers, daar staat je zusje dan. Ik weet dat jullie er
helemaal niets van snappen maar dat hoeft ook niet! Dank voor alle weekenden thuis thuis,
die liever niet nodig waren geweest maar die wel heel gezellig waren!
Diederik, de traditie wil dat ik jou als laatst bedank. Dankjewel voor al die heerlijke
zondagavonden, waarop jij het magische woord uitsprak zodat ik het minder erg vond
dat de nieuwe werkweek weer begon. Dankjewel dat ik thuis gewoon thuis kon zijn,
zonder me druk te maken over werk of promotie. Dankjewel ook voor alle autoritjes,
zowel die naar werk als die voor de gezelligheid. En dankjewel voor de afgelopen
jaren samen. Met jou durf ik alles aan, en ik kijk dan ook uit naar de jaren die gaan
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