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Chapter 1 

General introduction. 

A port-wine stain (PWS) is a vascular birthmark, consisting of ectatic dermal blood 
vessels. The affected vessels can show a progressive ectasia, which sometimes leads to 
nodularities and a cobblestone pattern in the skin (1). These birthmarks occur in 
approximately 0.3-0.6% of newborns with an equal sex distribution (2). The stigma of a 
disfiguring facial birthmark may have a substantial effect on social and psychosocial 
development in children and adults (3). Bleeding either spontaneous or because of 
pyogenic granulomas can occur in adults. Early treatment of the PWS, when leading to 
disappearance or diminishment of the size and color of the lesion could improve 
psychological development of the children and may prevent progression of the lesion. 

Definition 

'Port-wine stain' is a generally used name for a capillary vascular malformation, present 
at birth and persistent through life. This stain is also called: nevus flammeus. The 
malformation is growing commensurately with the child. Patient history and appearance 
make a distinction possible between hemangioma, which is not present at birth and 
shows a fast growth, followed by almost complete resorption. Stork bites and salmon 
patches are capillary malformations present at birth on specific areas (glabella, nape of 
the neck, eyelids) which fade away during the first years of life (4,5). 
Throughout life distention of these vessels of a PWS can lead to thickening of the 
malformation. Associated hypertrophy of the affected area can be present from the start. 
In a facial PWS the ipsilateral eye and brain may be involved. Such a combination is 
called the Sturge- Weber syndrome (6,7). 

Etiology 

Vascular malformations consist of a group of inborn errors of vascular morphogenesis, 
which include any type of venous and lymphatic malformation, telangiectasias, and 
capillary malformations such as salmon patches, stork bites, and PWS (5). All capillary 
malformations exhibit mature, ectatic capillaries with flat endothelium in the dermis, 
primarily in the superficial plexus. It has been suggested that PWS are caused by a 
disturbance of the neural crest (8): normally neural crest cells give rise to vasomotor 
nerve cells, which were shown to be lacking in the perivascular tissue in PWS (9, 10). 
Hence, innervation is altered, which is supposed to cause a dysfunction in 
vasoconstriction, and, so, to lead to vasodilatation. This was confirmed in other studies, 
which showd a reduced response of PWS to both vasodilating and vasoconstricting 
stimuli (11). In the other capillary malformations as salmon patches and stork bites, the 
cause is suppsed to be a defect in maturation of the cutaneous sympathetic innervation 
(12). Familial occurence of PWS has been infrequently reported (13-17). 
There is no clue whatsoever for its molecular genetic background. 



Psychology 

There is evidence that, in general, an attractive appearance is associated with social 
competence and interpersonal ease. This notion is present in the "What is beautiful is 
good" theory of Dion and Berscheid (18). The cultural ideal of physical attractiveness 
and fitness is still spreading (19). In these times where 'everything' seems available, 
having a visible stigma can be experienced as unacceptable. Psychological morbidity in 
adult patients with PWS is often mentioned in the literature. However, standard 
psychological screening has not shown any difference compared to controls. 

Therapeutic modalities 

Many methods have been used to reduce the visibility of the birthmark. Ionizing 
radiation has been used without positive effects. Unfortunately for patients, treated with 
this modality we now see skin carcinomas develop in the formerly treated area (20). 
Cryotherapy did not have the intended effects and caused scarring. After operative 
removal of PWS recurrent vessels were often seen in the edges of the former excision. 
Reconstruction of the defect created after excision was done with skin grafts and/or free 
flaps which both have their own drawbacks, especially in the face, like (hypertrophic) 
scarring and color difference to surrounding skin. Tattooing of PWS leads to a static 
color without the possibility of adaptation to the environment (blush). It is an option for 
some patients with PWS but cannot be used to hide the cobblestone appearance. In the 
1980s the argon laser became the laser of choice for treatment of adult patients (21). In 
children, however, serious scarring was reported with this technique (22). Children with 
a PWS under 18 years of age could not be treated until the development of the flash-
lamp-pumped pulsed-dye laser. This laser was introduced in 1985. The flash-lamp-
pumped pulsed-dye laser was the first laser specifically designed for cutaneous vascular 
lesions. It is based on the principles of selective photothermolysis: the wavelength of 
the laser and the duration of the pulse were chosen to produce thermal injury that 
remains confined to the targeted PWS vasculature (23). 

Treatment of PWS with the flash-lamp-pumped pulsed-dye laser was now available for 
children. Better results with early treatment were reported by some, but not 
unequivocally confirmed by others (24). It was hypothesized that in young children the 
skin was thinner than in adults, and the size of the PWS was relatively smaller. As a 
consequence fewer treatments were thought to be necessary to achieve optimal 
clearance.Yet there, there are also disadvantages in treating early. The flash-lamp-
pumped pulsed-dye laser treatment can be experienced as painful. The sensation of one 
pulse on the skin is described as "when someone lets go a rubber band against your 
skin". In general 50-100 pulses per treatment session are given. These treatments of the 
complete stain have to be repeated 10-20 times to get optimal clearance (25). Pain is 
reduced with eutectic mixture of lidocaine and prilocaine (Emla© creme), applicated 
one hour before treatment, with nerve block and cooling. Increasing anxiety in children 
made sedation and/or general anesthesia inevitable (26). 



Since the first results of port-wine stain treatment in children with the tunable flash-
lamp-pumped pulsed-dye laser were described in 1989, we were often confronted with 
parents applying for treatment of their new born children with a facial PWS. We had 
some experience in this form of laser treatment since 1990. Confronted with a young 
patient population we had questions that were not answered in textbooks or literature 
on the subject at that time. 

Aim of the thesis 

The aim of this thesis is to address the following questions: 
1. Is there evidence for a family tendency for PWS ? 
2. Is treatment of PWS at a young age more effective than treatment at an older 

age? 
3. Is there a relation between location of the PWS and occurrence of 

ophthalmologic and or neurologic problems in patients with a facial PWS. Until 
when and how often should ophthalmologist and /or neurologist check patients 
at risk ? 

4. When trying to find the right age to treat patients with PWS, psychosocial 
adjustment in different age groups is an important issue. Is there a difference in 
adjustment between children and adults? 

5. Complete clearance of PWS through flash-lamp-pumped pulsed-dye laser 
treatment is seldom achieved. Treatment has to be repeated several times, can be 
painful, or has to be performed under general anesthesia. How do children and 
their parents appraise the flash-lamp-pumped pulsed-dye laser treatment? 

Outline of the thesis 

Chapter 1 gives a definition of PWS as described in this study. Background on 
treatment and history of treatment options are given. 

Chapter 2 reviews the results of a search for a positive family history for PWS 
among 280 consecutive patients enrolled with a port-wine stain. 

Chapter 3 describes the design, conducting and results of a prospective study of 100 
patients with a facial port-wine stain treated with the flash-lamp-pumped 
tunable pulsed-dye laser. 

Chapter 4 focuses on ophthalmologic and /or neurologic pathology related to PWS 
in the head and neck region among our patients who presented 
themselves for laser treatment. 

Chapter 5 discusses the results of a questionnaire answered by children (parents of 
children) and adults with a facial port-wine stain. The questionnaire 
contained questions about psychological and social items concerning 
patients' appearance. 



Chapter 6 describes the answers on a questionnaire where satisfaction with the 
results of laser treatment and treatment itself were evaluated. 

Chapter 7 reports on a group of patients who were referred for dye laser treatment. 
These patients had a different diagnosis and were not eligible for pulsed 
dye laser therapy. Seven patient histories and their diagnostic work-up 
and treatment are reported. 

Chapter 8 presents summary and conclusions of our study and indicates directions 
for further research. 
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Abstract 

Patients with a port-wine stain applying for laser treatment often mentioned to have a 
member in the family with a similar birthmark. Of 280 consecutive new patients with a 
port-wine stain 55 mentioned to have relatives with the same anomaly. Family tendency 
(19.6%) for vascular malformations in our group was significantly higher than 
mentioned by others. Pedigrees were made of 32 families with two or more affected 
members, including probands. We present 9 representative pedigrees of families with 
three or more members affected by PWS. In these families no clear mode of inheritance 
can be discerned. Genetic linkage studies identified causative gene defects in certain 
venous malformations and Rendu-Osler- Weber disease. Knowledge of new theories on 
angiogenesis and molecular genetics has to be linked to our patients with familial PWS. 

Keywords: Port-wine stain; Family tendency; Genetics; Vascular malformations. 
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Introduction 

Vascular birthmarks including stork bites, salmon patches and PWS are frequently 
found in the newborn (1,2). Osburn et al. mention 53% of 830 and Tan quotes 27% of 
1000 newborns with stork bites and salmon patches (2,3). The incidence of PWS is 
stated as 0.3%-0.6% (1,2). 
In several syndromal conditions a combination with vascular anomalies is mentioned 
(4). Unfortunately, because the distinction between hemangiomas and vascular 
malformations as proposed by Mulliken et al. is not consistently used, interpretation of 
data from literature is difficult (5). Burns and Mulliken reclassified syndromes and 
vascular anomalies and made the subdivision "macular stains" next to hemangiomas 
and vascular malformations (6). Macular stains (stork bite, salmon patch) are thought to 
be transient lesions, occurring in the glabellar region, eyelids, nape of the neck and alae 
nasi. They published a list of syndromal associations with macular stains, hemangiomas 
and vascular anomalies. In hemangiomas a female predilection was found, while in 
malformations males and females were equally affected (7). 

In spite of the relative frequent occurrence of PWS, only a few reports on familial 
aggregation are found in literature (8,9,10,11,12). Some authors suggest a positive 
family history of 10% of either PWS, nape and neck lesions or strawberry hemangiomas 
(13,14). A family with evidence of autosomal dominant inheritance in Klippel-
Trenaunay syndrome was identified and in families with this syndrome different 
members with birthmarks were found (15,16). Blei at al. identified and presented 6 
pedigrees of kindred's in which multiple members were affected by hemangiomas, 
some in combination with vascular malformations (17). Leblanc et al. mention a 
relation between vascular malformations in the skin and cerebrum in two families (18). 
Glomangiomas, which clinically resemble venous malformations are sometimes 
hereditary (19). 
As part of an investigation on efficacy of the flash-lamp-pumped pulsed-dye laser for 
treatment of PWS we included in the patients medical history inquiries about vascular 
malformations in relatives (20). Familial occurrence of PWS in these series of these 
patients was further studied by designing pedigrees. Our goal was to find out about 
possible familial aggregation. This could be the first step in the search for genetic 
mechanisms responsible for the development of PWS. 

Methods 

All patients applied for laser treatment at the division of Plastic and Reconstructive 
Surgery of the Academic Medical Center, Amsterdam. At first consultation we inquired 
if these patients had other relatives affected by PWS or other vascular malformations. 
A PWS is a capillary vascular malformation. These vascular anomalies are by definition 
present at birth, grow commensurate with the child, and do not show progression or 
regression (5). Some relatives were described as having hemangiomas which were 
diagnosed by medical history and time course of the complaints (hemangiomas are 
vascular lesions that grow after birth or sometimes are present from birth and show 



regression in infancy (5)). The presence of hemangiomas was not recorded in our 
patients. 
After finishing treatment we contacted again those patients who mentioned a positive 
family history for PWS during their first visit for validation of the family history. Then 
a thorough medical history of all family members over three generations was obtained. 
Localization of the vascular malformation was noted and pedigrees were constructed of 
all families with two (including proband) or more affected members. 

Results 

In a four years period (1992-1996) we saw 280 consecutive new patients with a port-
wine stain (PWS). Of the 280 patients 55 mentioned to have one or more family 
members with a vascular malformation. Three times two different members of the same 
family applied for treatment. Unfortunately, not all patients with a positive family 
history could be contacted again: 20 patients were lost to follow-up. We were able to 
draw 32 pedigrees over three generations. Analysis of these 32 pedigrees showed 85 
individuals with a vascular malformation, among a total number of 1460 family 
members. The male (n=23) to female (n=62) ratio of PWS was 1: 2.7 in this group. 
In the group where extensive pedigrees could be drawn, probands presented themselves 
25 times with a PWS in the face, two times with their stain on a leg, three times on the 
arm, one on the trunk, one on the lateral side of the body. Their relatives had PWS 
localized in the face (22), arm (8), trunk (6), leg (7), or multiple localization's (10) (table 
1). In two cases near family members presented themselves with facial venous 
malformations. Of the 9 families with at least three affected members representative 
pedigrees with accompanying clinical descriptions are presented below. 

Table 1 Relation of location of port-wine stain in proband to location of port-wine 
stains in relatives. 

Face 

Leg 

Arm 

Trunk 

Lateral side body 

Location in proband (n) 
25 

Location in family (n) 
Face: 20 Leg: 5 Arm: 6 Trunk: 
5 
Face: - Leg: - Arm: 1 
Trunk: 1 
Face: 1 Leg: 1 Arm: 1 
Trunk: 1 
Face:- Leg: 1 Arm:- Trunk:-
Multiple locations : 10 
Face: 
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Legends to pedigrees 

Fig 1: In this family (NL 060) mother (II-1 ) has several PWS, on the inside of her 
hand, left arm, foot and neck. She has two affected daughters: (III-l) having a PWS on 
the trunk, (III-2) on the upper-leg, and one unaffected son. Two of her brothers and 
three of her sisters have PWS: (II-2) on both upper extremities and neck, (II-3) on left 
leg and right arm, (II-4) on head and back, (II-5) multiple small PWS all over her body, 
(11-10) on one arm and on her face. Grandmother (1-1) has multiple small patches on her 
trunk. Girl (III-5) has small stains in her neck, on both legs and on her trunk, boy (III-6) 
has PWS on his abdomen, neck and under his eye, boy (III-7) has a small spot in the 
face. Unaffected family members never had affected children. 

Fig 2: This family (NL 086) has affected members in the maternal and paternal 
branches of the pedigree. Proband (V-5) has a large facial PWS as has (V-4), the son of 
his father's brother. Grandfather from fathers' side (III-2) has multiple stains all over his 
body. From the side of the probands mother (III-8) has a stain in the neck. 

Fig 3: Several affected members are detected in this family (NL 204). Proband (III-56) 
has a large facial PWS, niece (III-l8) has a PWS on her leg, niece (III-42) has a small 
stain on her face, niece (III-54) has a venous malformation of her face while her brother 
(III-55) has a huge PWS on his arm. 

Fig 4: Proband (III-8) in family (NL 223) has a PWS in his face. His aunt (II-l) and 
grandfather (1-1) from father's side have a PWS on neck and face, respectively. His 
niece (V-3) has a stain on arm and upper leg. Father of the proband has a pigmented 
stain on his thigh. 

Fig.5: This female (III-l) in family (NL 190) presented herself with a facial PWS. Two 
daughters of her uncle from mother's side do have a PWS on their hand (III-5) and back 
(III-6). 

Fig 6: Proband (III-6) in family (NL 156) has a facial PWS with neurological 
symptoms. Her father (II-5) has a stain on his trunk. Her fathers' sister (II-4) has a 
PWS on her neck. 

Fig 7: This boy (III-l) in family (NL 237)) has a nephew (III-5) and niece (III-4) with 
an capillary anomaly on head and ear respectively. 

Fig 8: In family (NL 110) three generations each have an affected female. Proband 
(III-l) has a facial PWS, her mother (II-l ) has a small stain on her neck and her 
grandmother (1-1) has a PWS on the left side of the face. 

Fig 9: These data resemble data in the pedigree of Fig. 8. Proband (III-l) has a large 
PWS on her arm, her mother (II-l) has a stain on her foot, as has her grandmother. 

13 



In one family (NL 204) a patient with a PWS mentioned a family member with a 
venous malformation. Another family (NL 084) was identified (not reported in this 
series), in which a brother of the proband with a PWS had a venous malformation in the 
floor of his mouth. 

Discussion 

Our careful patient inquiry showed familial tendencies for vascular malformations in 55 
among 280 new patients (19.6%). This is significantly more than generally suggested 
(0.3% -0.6% incidence) and even more than twice the incidence mentioned by Mills et 
al.(1,2,14). These last authors mentioned a positive family history on PWS in 22 of 283 
patients (8%). 
Relatively many parents of young children applied for treatment. When a child with a 
PWS is born, one tends to recall other affected family more easily. This may explain our 
higher percentage of positive family histories. 
In some of our families autosomal dominant segregation was obviously (family NL 60) 
(Fig 1) suggestive. In other pedigrees the mode of inheritance was less clear. 
Our protocol did not include systematic questions regarding other (non) pigmented 
lesions, nevi anemic, or hemi-hypertrophy, although these lesions were mentioned to 
occur in some relatives of patients in our group. Also other authors mentioned such 
lesions which often seem to be related to PWS (14). We identified a pedigree (NL 223) 
where one member has a pigmented nevus (Fig 4) and another family (NL 35) where a 
family member has a nevus anemicus. However we believe that these data are not 
conclusive for a relation between (non) pigmented and vascular lesions. 
Nevus flammeus or PWS has been shown to be derived from a progressive ectasia of 
the superficial vascular plexus of the skin. The cause of this progressive vascular 
dilatation remains unclear. Rosen and Smoller documented a marked decrease in nerves 
associated with these abnormal vessels compared to normal (21). They mentioned lack 
of sympathetic nerves to regulate blood flow as the cause of the progressive vascular 
ectasia. Earlier immunofluorescence studies of fibronectin, factor VIII and collagenous 
basement membrane-type IV collagen did not show abnormalities in the vessel wall 
(22). In ultrastructural observations of PWS various alterations of the intervascular 
connective tissue were found (23). However, recent histopathologic investigations did 
not reveal new insights on the etiology of vascular malformations. 
On the other hand the genetic basis of several diseases associated with vascular 
malformations have been elucidated in the past few years. In a mini review, Folkman et 
al. went into the molecular basis of blood vessel formation (24). Endoglin, a TGF-beta 
binding protein for endothelial cells, has been shown to be the gene for hereditary 
hemorrhagic teleangiectasia (Rendu-Osler-Weber disease) (25). In a second form active 
receptorlike kinase -1 gene is mutated (26,27). A missense mutation resulting in an 
arginine-to tryptophan substitution at position 849 in the kinase domain of receptor 
tyrosine kinase, TIE 2 segregates with dominantly inherited venous malformations 
(28,29). These authors conclude that the TIE 2 signaling pathway is critical in the 
endothelial-smooth muscle cell interaction in venous morphogenesis, leading to defects 
in the differentiation of mesenchymal cells into pericytes and smooth muscle cells, and 
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to insufficient matrix deposition. Of course, much attention is paid to inherited 
intracerebral vascular malformations where linkage was shown to chromosome 7q (30). 

Conclusion 

The understanding of the etiology of vascular malformations is changing. Genetic 
linkage has been successful in identifying specific genetic defects. Detection of families 
affected by vascular malformations (in casu PWS) is the first step towards a molecular 
analysis. Next step will be to go for DNA material in search for candidate genes. 
However therapeutic consequences are unlikely to be expected in the near future. 
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Abstract 

Background 
Port-wine stains can be treated with a flash-lamp-pumped pulsed-dye laser, but it is 
uncertain whether this treatment is more effective if administered early in life, when the 
skin is thinner and the lesion is smaller. 
Methods 
We prospectively studied 100 patients with a previously untreated port-wine stain of the 
head and neck. They were treated with the flash-lamp-pumped pulsed dye- laser and 
divided in four age groups (0 to 5, 6 to 11, 12 to 17, and 18 to 31 years). The outcome 
measure was lightening of the port-wine stain (reduction in the difference in color 
between the skin with the stain and contralateral healthy skin) as measured with a 
colorimeter after an average of five treatments (range, three to seven) of the entire 
lesion. 
Results 
Of the 100 patients, 11 could not be included in the analysis because they had received 
fewer than three or more than seven treatments, had an erroneous base-line color 
measurement, or were lost to follow-up. The sizes, locations, and colors of the port-
wine stains were similar among the groups. When all 89 patients were analyzed 
together, the average reduction in the difference in color between the skin with the port-
wine stain and contralateral healthy skin was 40 percent. The differences between age 
groups in the average reduction in color differences were not significant (P=0.26). By 
the end of the study, only 7 of 89 patients had completed laser therapy, and in no case 
was clearance complete. Treatment was discontinued in all seven because the last three 
treatments did not lead to further lightening 
Conclusions 

We found no evidence that treatment of port-wine stains with the flash-lamp-pumped 
pulsed-dye laser in early childhood is more effective than treatment at a later age. 
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Introduction 

Port-wine stains are congenital vascular malformations that occur in an estimated 3 
children per 1000 births.1 The stigma of a disfiguring facial birthmark may have a 
substantial effect on a child's social and psychosocial adjustment. Many methods have 
been used to reduce the visibility of port-wine stains - ionizing radiation, cryotherapy, 
tattooing, and surgery - but all with unfavorable results. In the 1980s argon-laser 
therapy became the treatment of choice for adult patients. In children, however, serious 
scarring was reported with this technique, making it a less attractive alternative. '7 In 
1985 the flash-lamp-pumped pulsed-dye laser was introduced. This laser was especially 
advocated for the treatment of port-wine stains in children because of its high specificity 
and safety. The wavelength of the laser and the duration of the pulse are chosen to 
produce thermal injury that remains confined to the targeted port-wine-stain vasculature 
(selective photothermolysis).8 Consequently, the scarring of skin seen with other lasers 
does not occur. Treatment with a flash-lamp-pumped pulsed-dye laser was hypothesized 
to be more effective in children than adults because the skin in children is thinner and 
the size of the port-wine stain is smaller: fewer treatments would therefore be necessary 
to achieve optimal clearance.3'4'9'12 These are all arguments to initiate treatment at an 
early age. 

Better results with early treatment were reported by Tan et al.3 but were not 
unequivocally confirmed by others.I3"16 However, these studies were all retrospective 
and none used objective measurements to assess the results. 
In a prospective study we investigated whether treatment of a port-wine stain at a young 
age would yield better results than treatment at an older age. We assessed the degree of 
lightening of the port-wine stain by measuring the reduction in the difference in color 
between the skin with the port-wine stain and the contralateral healthy skin with a 
colorimeter. 

Methods 

One hundred patients with a previously untreated port-wine stain of the head and neck 
were treated with the flash-lamp-pumped pulsed-dye laser. The study protocol was 
reviewed and approved by the local hospital review committee. Patients 31 years of age 
or younger who had no prior treatment of their port-wine stain were eligible. 
Consecutive patients who met the entry criteria were seen in the Academic Medical 
Center in Amsterdam between December 1991 and March 1995. Oral informed consent 
was obtained from the patients or their parents or guardians. Almost all patients referred 
themselves after learning about the laser treatment through the media. During the first 
consultation, the extent and location of the port-wine stain were recorded as well as the 
presence of hypertrophy, neurologic and ophthalmologic symptoms. Patients were 
divided into four age groups, consisting of 25 patients each: 0 to 5 years, 6 to 11 years, 
12 to 17 years and 18 to 31 years. Enrollment in an age group ended as soon as 25 
consecutive patients had entered the group. All patients were treated with a Candela 
flash-lamp-pumped pulsed-dye laser (model SPTL-1) with a wavelength of 585 nm, a 
pulse duration of 0.45 msec, a spot size of 5 mm, and a level of radiant exposure of 6 to 
8 J per square centimeter. The pulses overlapped slightly. Each port-wine stain was 
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cooled during treatment with gauze dressings drenched with ice water. After treatment, 
no antibiotic creams were used. Treatment of the same area was repeated at intervals of 
at least eight weeks. 
Laser therapy was provided in an outpatient setting. Most port-wine stains could be 
treated partially at each visit, especially in children. Several visits were necessary to 
treat the entire port-wine stain once. A series of treatments of the entire port-wine stain 
was required to achieve optimal clearance. If necessary, pain was reduced with a 
eutectic mixture of lidocaine and prilocaine (Emla, a mixture whose melting point is 
lower than the melting points of either lidocaine or prilocaine), nerve block, or both. 
The need for repeated visits caused increasing anxiety in children, which sometimes 
forced us to add midazolam or sedation. If this was insufficient, subsequent therapy was 
performed with the patient under general anesthesia. 

Before the first treatment, slides were taken by a professional photographer in a 
photostudio under standardized conditions of illumination and with the same type of 
camera, diaphragm, enlargement, film and processing technique for each patient. Color-
control patches (Eastman, Kodak) were photographed at the end of each series of slides. 
Photographs were taken in full view, profile, and Vt position. Copies of all slides were 
kept in the photographic department, a procedure that allowed patients to be positioned 
in the same way during each photographic session. 
Color was measured with a Minolta chromometer (model CR-300). This hand-held, 
microprocessor-controlled, operator-independent reflectance photometer with a digital 
^/readout uses a measuring area 8-mm in diameter and diffuse daylight illumination 
(standard illuminant, D65). The perceived color of the skin is fully quantified on the 
basis of the proportions of red, green, and blue present in the spectral skin reflectance. 
The approach of this method is equivalent to the way in which the human eye perceives 
light. The chromometer uses the L*a*b* system, devised in 1976 by the "Commission 
Internationale de l'Eclairage" to ensure that equal distances on a chromaticity diagram 
correspond to equal perceived differences in color. In this system, L* denotes lightness, 
representing the object's reflectance relative to a 100 percent ideal reflecting diffuser 
(on a scale of 0 to 100, in which 0 represents black and 100 white), a* denotes values 
from green to red (negative values indicate green, and positive values red); and b* 
denotes values from blue to yellow (negative values indicate blue, and positive values 
yellow).18 The difference in color between the skin with the port-wine stain and 
contralateral healthy skin was calculated from the standard equation: 

sJ{AL*) 2 + (Aa*) 2 + (Ab*) 2 , 

where AL*,Aa* and Ab* represent the difference in the respective measured L*a*b* 
values. Color variables (i.e., L*, a*, b* and their differences) have no physical unit, 
because reflection coefficients as well as their primary color contents are dimensionless. 
As an example, the L*a*b* values for the dark-red port-wine stain shown on the left 
hand side of Figure 1A are 48.4 for L*, 32.8 for a*, and 11.8 for b*. For the 
contralateral healthy skin, the respective values are 56.4, 18.6, and 13.3. Therefore AL* 
equals 8, indication that the port-wine stain is darker than the healthy skin; Aa* equals 
14.2, indicating that the stain is much redder than the healthy skin; and Ab* equals 1.5, 
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indicating that the skin with the lesion is slightly less yellow than the healthy skin. The 
difference in color is thus 16.4, which is large relative to just perceivable differences in 
color, with values about 0.5 to 1. 
We analyzed the reproducibility of the color measurements by measuring the same 
location twice in a single session in each patient before treatment and calculating the 
intraclass correlation coefficient1 (the contribution of the true variance to the total 
variance of measurements). This coefficient was 0.98 for the total patient population (95 
percent confidence interval: 0.98-1.0), implying that the reproducibility of results was 
good. Most of the color measurements were performed by the same treating physician, 
but some were made by two other therapists. The digital readouts of color 
measurements were stored in a computer in combination with the localizations of the 
measurements. For each patient subsequent color measurements were made at the same 
location. 

After an average of five treatments (range, three to seven) of the entire port-wine stain, 
color measurements and standardized photography were repeated at least eight weeks 
after the last visit. Treatment was discontinued if either the port-wine stain had 
disappeared or the three previous consecutive treatments had not resulted in any further 
lightening. 
The outcome measure in each age group was the average reduction in the difference in 
color between the skin with the port-wine stain and the contralateral healthy skin after 
an average of five treatments of the entire lesion. We used one-way statistical analysis 
of variance to compare the distribution of and reduction in color differences between the 
four age groups.19 All calculations of P-values were two-tailed. 

Results 

Eleven of the 100 patients could not be included in the analysis. Three patients (12 to 17 
years of age) received fewer than three treatments, and none had complete clearance of 
the port-wine stain. One patient (in the group of patients who were 12 to 17 years of 
age) was lost to follow-up after four treatments without complete clearance and without 
a final color measurement having been obtained. One patient in the oldest age group 
had her pretreatment color measurement when there was a technical problem with the 
equipment. The problem was discovered after laser treatment had been started, so the 
measurement could not be repeated. The other six patients had received more than seven 
treatments; they had had no color measurement between treatments 3 and 7, but none 
had complete clearance: of the port-wine stain. Four of the six were in the group that 
was 0 to 5 years of age (8, 8, 9 and 9 treatments), one in group that was 6 to 11 years of 
age ( 10 treatments), and one in group that was 18 to 31 years of age (8 treatments). The 
base line characteristics of the 89 patients included in the analysis are shown in Table 1. 
There were more females than males in every age group. The mean size of the lesion 
was largest in the oldest age group, although there was no significant difference in the 
size fo the lesion between the groups (P=0.39 Kruskall-Wallis test:). The locations of 
the port-wine stains were similar among the four groups. The cheek was the area most 
often involved. The pretreatment color measurements were similar among groups. 
Treatment characteristics, complications and results are given in Table 2. Examples of 
the clinical results are shown in Figure 1. General anesthesia had to be used in 16 of the 
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45 children in the youngest age groups. In the absence of general anesthesia in these two 
groups fewer pulses could be given per visit. With the use of anesthesia, the mean 
number of pulses per visit was similar in the four groups. There were few local 
complications. The blue discoloration of the skin that occurred during the first 7 to 10 
days after treatment was perceived as annoying. Small blisters or crusting was reported, 
but in no case resulted in scarring or infection. Eighteen patients reported headaches 
after treatment that in some cases mimicked migraine headaches. No patient required 
hospitalization because of complications. 
At the time of evaluation only 7 out of the 89 patients had completed laser therapy. In 
no patient did the difference in color between the skin with the lesion and the 
contralateral healthy skin reach a value of zero. All seven discontinued therapy because 
no further clearance of the port-wine stain had been achieved in the last three 
treatments. Four of these seven patients perceived the level of clearance as adequate: 
one (in the group 12 to 17 years of age) after four treatments, one after three treatments, 
one after five treatments, and one after seven treatments (all three in the group 18 to 31 
years). Three of the seven patients had incomplete clearing: of the port-wine stain: one 
(in the group 6 to 11 years of age) after seven treatments, one (in the group 12 to 17 
years of age) after five treatments, and one (in the group 18 to 31 years of age) after six 
treatments. Analysis of variance showed that the differences among age groups in the 
average reduction in the difference in color between the skin with the port-wine stain 
and the contralateral healthy skin were not significant (P=0.26). When all patients were 
analyzed together, the average reduction in the difference in color was 40 percent. 

Discussion 

We did not confirm the hypothesis that treatment of port-wine stains at an early age is 
more effective than treatment at a later age. After an average of five treatments (range, 
three to seven) of the entire port-wine stain in 89 patients, the difference in color 
between the skin with the port-wine stain and contralateral healthy skin was reduced by 
40 percent on average, regardless of age. Some port-wine stains require far more than 7 
treatments, in some cases as many as 25, to achieve the best possible clearance.20 It is 
therefore likely that with further therapy a higher average rate of clearance would have 
been achieved. The rates of clearance, which were based on objectively measurements, 
were relatively low as compared with some previously published data. However, the 
earlier studies were all retrospective and used subjective methods of evaluation.3' 10"16 

Furthermore, recent data suggest that a small port-wine stain or a superficial location of 
vessels with large diameters correlates with a good response to treatment with the flash-
lamp-pumped pulsed-dye laser.21'22 Often, the size of the lesion was either not 
reported" " or smaller than in our series,'6,20 or more treatments were given at the time 
of evaluation.'6'20 

Tan et al. treated 35 children and reported a fast response and high clearance rates, 
especially in those under seven years of age. However, they used a wavelength of 577 
nm and included only patients with light (pink-red) stains, a combination that is 
generally found to have the best response to treatment with the flash-lamp-pumped 
pulsed-dye laser therapy.23,24 We used a laser wavelength of 585 nm, and the number of 
patients with light and with dark stains were equally distributed among the four age 
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groups. Reyes and Geronemus9 reported fast rates of clearance of port-wine stains 
among children, but their laser values were not specified (a wave length of either 577 
ran and a pulse duration of either 0.36 or 0.45 msec.) Alster and Wilson,16 without 
specifying the initial color of the lesion and with lesions of smaller average size than in 
our study, reported that the number of treatments necessary to clear port-wine stains in 
children 9 to 16 years of age and patients over 16 years of age was not greater than the 
number required to treat port-wine stains in infants (0 to 2 years of age) and children 
who were less than 9 years of age. Ashinoff and Geronemus,12 studying a group of only 
12 infants under seven months of age who mainly had pale-pink port-wine stains, 
reported that results were optimal when treatment was begun before the age of seven 
months. We cannot compare our data with theirs, because only five children in our 
study were younger than seven months at the beginning of treatment. These children did 
not finish treatment early. 

General anesthesia was necessary in 36 percent of the children who were under 12 years 
of age. Although some investigators reported they did not use general anesthesia,3'4'16 

our experience has been confirmed by others."'25 

Only 7 of the 89 patients completed treatment during the study. This confirmsl6'20,22 that 
the number of treatments required for maximal clearance of port-wine stains is more 
than previously reported. 
Our results have implications for the timing of therapy in children. Although facial port-
wine stains can be treated effectively and safely early in life, treatment at a later age 
leads to similar results. Therefore, the age at which therapy is initiated should be based 
on a careful weighing of the anticipated benefit,26 and the discomfort of treatment. 
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Addendum 

Fig. 1. Examples of Clinical Results. 

The reported degree of lightening is measured with a colorimeter. Panel A (page 30) shows a 
three-year-old child before treatment (left-hand side) and 2'/2 years later, after six treatments 
(right-hand side). The degree of lightening is 48 percent. Panel B (page 31) shows a 17-year-
old patient before treatment (left-hand side) and 1 Vi years later, after six treatments (right-
hand side). The degree of lightening is 84 percent. 
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Table 1. Base-Line Characteristics of the 89 Patients.* 

Characteristic 0-5 6-11 12-17 18-31 
Yr of Age 

(N=21) 
Yr of Age 

(N=24) 
Yr of Age 

(N=21) 
Yr of Age 

(N=23) 

Sex - M/F 7/14 10/14 6/15 8/15 
Age - yr 2.1±1.9 7.6±1.6 14.9±1.7 22.7±3.3 
Port-wine stain 

Absolute surface area - cm 71 ±63 123±147 99±79 139±172 
Location - no. of patients 

Left side 4 11 9 15 
Right side 
Left and right sides 

15 
2 

9 
4 

11 
1 

5 
3 

Hypertrophy - no. of patients (%) 
Ophthalmologic disorders - no. of patients (%) 

t 
Neurologic disorders - no. of patients (%)\ 

4(19) 
2(10) 
0 

9(38) 
3(12) 
2 (8) 

4(19) 
0 
0 

4(17) 
3(13) 
2(9) 

*Plus-minus values are means ± SD. 
fThe disorders consisted of elevated eye pressure and glaucoma. 
JThe disorders consisted of epileptic insults and hemiplegia. 

Table 2. Treatment Characteristics and the Average Difference in Color before and after an Average of 
Five Treatments of the Entire Port-Wine Stain in the Four Age Groups.* 

Characteristic 

Average number of visits per patient! 
Level of radiant exposure (J/cm") 
Number of pulses per visitf 
General anesthesia (no. of patients) 
Headaches after treatment (no. of patients) 
Completed treatment (no. of patients) 

With adequate clearance 
Difference in color between port-wine 
stain and contralateral healthy skin 

Before treamentj: 
After treatment^ 
Improvement! 
Relative improvement (%) 

0-5 6-11 12-17 18-31 
Yr of Age Yr of Age Yr of Age Yr of Age 

(N=21) (N=24) (N=21) (N=23) P Valu 

10±4 11±5 10±6 9±5 __ 
6.5±0,4 6.7±0.4 6.9±0.4 6.9±0.5 -

200±276 217± 33 223±156 227±175 — 
11 5 0 0 — 
4 4 3 7 — 
0 1 2 4 — 
0 0 1 3 -

14.5=4.2 16.7=4.6 16.1±5.5 14.6±5.9 0.39 
9.5±4.3 9.5±4.2 8.6±4.2 9.0±4.3 0.86 
5.0±4.1 7.2±3.5 7.6±5.4 5.7±4.4 0.19 
33±26 43±17 45±20 37±23 0.26 

*Plus-minus values are means ± SD 
fDuring each visit the largest possible area of the port-wine stain was treated; several visits were 

required to treat the entire port-wine stain. 
tThe values were obtained with the L*a*b* system as described in the Methods section. 

32 



References 

1. Jacobs AH, Walton RG. The incidence of birthmarks in the neonate. Pediatrics 
1976;58:218-22. 

2. Lanigan SW, Cotterill JA. Psychological disabilities amongst patients with port 
wine stains. Br J Dermatol 1989;121:209-15. 

3. Tan OT, Sherwood K, Gilchrest BAA. Treatment of children with port wine stains 
using the flash-lamp-pulsed dye laser. N Engl J Med 1989;320:416-21. 

4. Morelli JG, Weston WL. Pulsed dye laser treatment of port wine stains in children. 
In Tan OT (ed.) Management and treatment of benign cutaneous vascular lesions. 
New York; Lea & Febinger, 1992. 

5. Heller A, Rafman S, Zvagulis I, Pless IB. Birth defects and psychosocial 
adjustments. Am J Dis Child 1985;139:257-63. 

6. Noe JM, Barsky SH, Geer DE, Rosen S. Port wine stains and the response to argon 
laser therapy: successful treatment and the predictive role of color, age, and biopsy. 
Plast Reconst Surg 1980;65:130-6. 

7. Dixon JA, Huether S, Rothering RH. Hypertrophic scarring in argon laser treatment 
of port wine stains. Plast Reconstr Surg 1984;73:771-9. 

8. Anderson RR, Parish JA. Selective photothermolysis: precise microsurgery by 
selective absorption of pulsed radiation. Science 1983;220:524-7. 

9. Reyes BA, Geronemus R. Treatment of port-wine stains during childhood with the 
flashlamp-pumped pulsed dye laser. J Am Ac Dermatol 1990;23:1142-8. 

10. Goldman MP, Fitzpatrick RE, Ruiz-Esparza J. Treatment of port-wine stains 
(capillary malformation) with the flash-lamp-pumped pulsed-dye laser. J Pediatr 
1993;122:71-7. 

11. Goldman MP, Fitzpatrick RE. Treatment of cutaneous vascular lesions. In: Goldman 
MP, Fitzpatrick RE, eds. Cutaneous laser surgery: the art and science of selective 
photothermolysis. St Louis: Mosby-Year Book Inc., 1994: 19-105. 

12. Ashinoff R, Geronemus RG. Flaslamp-pumped pulsed dye laser for port wine stains 
in infancy: earlier versus later treatment. J Am Acad Dermat 1991;3:467-72. 

13. Garden JM, Polla LL, Tan OT. The treatment of port-wine stains by the pulsed dye 
laser; analysis of pulse duration and long term therapy. Arch Dermatol 
1988;124:889-96. 

14. Achauer BM, Vander Kam VM. Clinical experience with the pulsed-dye laser in the 
treatment of capillary malformations (port-wine stains): a preliminary report. Ann 
Plast Surg 1990;25:344-52. 

15. Onizuka K, Tsuneda K, Shibita Y, Ito M, Sekine I. Efficacy of flashlamp-pumped 
dye laser therapy for port wine stains: clinical assessment and histopathological 
characteristics. Br J Plast Surg 1995;48:271-9. 

16. Alster TA, Wilson F. Treatment of port-wine stains with the flashlamp-pumped 
pulsed dye laser: extended clinical experience in children and adults. Ann Plast Surg 
1994;32:478-84. 

17. Westerhof W, Hasselt BAAM van, Kammijer A A. Quantification of UV-induced 
erythema with a portable computer controlled chromameter. Photodermatol 
1986;3:310-4. 

33 



18. Wyszecki G, Stiles WS. Color science: Concepts and methods, quantitative data and 
formulae. John Wiley and Sons, Inc., New York, 1982 (2nd edition),130-73. 

19. Altman DG. Practical statistics for medical research. London: Chapman & Hall, 
1991. 

20. Kauvar ANB, Geronemus RG. Repetitive pulsed dye laser treatments improve 
persistent port-wine stains. Dermatol Surg 1995;21:515-21. 

21. Fiskerstrand EJ, Svaasand LO, Kopstad G, Dalaker, Norvang LT, Volden G. Laser 
treatment of port wine stains: therapeutic outcome in relation to morphological 
parameters. Br J Dermatol 1996;134:1039-43. 

22. Morelli JG, Weston WL, Huff C, Yohn JJ. Initial size as a predictive factor in 
determining the response of port-wine stains in children treated with the pulsed dye 
laser. Arch Pediatr Adolesc Med 1995:149; 1142-4.Garden JM, Burton CS, 
Geronemus R. Comment on Dye-laser treatment of children with port-wine stains. N 
EnglJ Med 1989;321:901-2. 

23. Gemert MJC van, Smithies DJ, Verkruysse W, Milner TE, Nelson JS. Wavelengths 
for port wine stain laser treatment: influence of vessel radius and skin anatomy. 
Phys Med Biol 1997;42:41-50. 

24. Scheepers JH, Quaba AA. A two-year review of pain control during laser therapy 
using the flashlamp pulsed dye laser. Br J Plast Surg 1994;47:112-6. 

25. van der Horst CMAM, de Borgie CAJM, Knopper JL, Bossuyt PMM. Psychosocial 
adjustment of children and adult patients with port wine stains. Br J Plast Surg 
1997;50:463-7. 

34 



Comments on: Treatment of Port-Wine Stains. 
NEngl J Med 1998; Vol 339 (9):635-636. 

To the editor. 

Van der Horst et al. (April 9 issue)1 report no additional benefit from early treatment of 
port-wine stains with the pulsed-dye laser, which is in contradiction to our experience2 

and that of others. Several issues should be raised about the methods of the study, which 
may account for the unexpected results. 
The authors enrolled consecutive patients in their treatment groups without controlling 
for the types or locations of the lesions. There were more "hypertrophic" lesions in the 
younger treatment groups (29 percent) than in the older treatment groups (18 percent). 
Hypertrophy of port-wine stains in childhood has not been reported previously, 
suggesting that lesions with an arterial or venous component may have been treated. 
Such lesions are known to be poorly responsive to pulsed-dye laser treatment. Van der 
Horst et al. also failed to control for the location of lesions on the head and neck, which 
we have reported3 to affect the response to pulsed-dye laser treatment. 
The use of ice cubes to cool lesions during treatment may have led to chilling of dermal 
vessels in younger patients, who have thinner skin, thereby interfering with the efficacy 
of laser treatment. By treating port-wine stains only partially at each visit and by 
requiring several sessions to treat the entire port-wine stain, van der Horst et al., 
provided few complete treatments early on, potentially missing a therapeutic window of 
opportunity, when the skin is thinner and the stain smaller. 

The treatment technique and technology that were used are outdated. Improved 
therapeutic outcomes4 have been demonstrated with the use of larger spot sizes - 7 to 10 
mm - rather than the 5-mm spot size used by van der Horst et al. Additional benefit has 
been derived from the use of longer wavelengths (595 nm, as compared with 585 nm) 
and longer pulse durations (1.5 msec, as compared with 0.45 msec), in particular for 
hypertrophic lesions. Selective epidermal cooling can be achieved with cryogen-spray 
cooling, which is now being utilized in conjunction with 585-nm and 595-nm pulsed-
dye laser treatment, decreasing the pain of treatment and the time needed for recovery.3 

Arielle N.B. Kauvar, M.D. 
Roy G. Geronemus, M.D 
317 E, 34th St. 
New York, NY 10016. 

1. Van der Horst CMAM, Koster PHL, de Borgie CAJM, Bossuyt PMM, van Gemert 
MJC. Effect on the timing of treatment of port-wine stains with the flash-lamp-
pumped pulsed-dye laser. N Engl J Med 1998;338: 1028-33. 

2. Ashinoff R, Geronemus RG. Flashlamp-pumped pulsed dye laser for port-wine 
stains in infancy: earlier versus later treatment. J Am Acad Dertmatol 1991;24:467-
72. 

3. Renfro L, Geronemus RG. Anatomical differences of port-wine stains in respnse to 
treatment with the pulsed dye laser. Arch. Dermatol 1993;129:182-8. 
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4. Kauvar ANB, Waldorf HA, Geronemus RG. Effect of 7 mm vs 5 mm spot size on 
puslded dye laser treatment of port wine stains and hemangiomas. Laser Surg Med 
1995;Suppl 7:56. Abstract. 

The authors reply: 

To the editor. 

At the start of our study it was clear from other series involving small numbers of 
patients that port-wine stains in children could be treated safely with the flash-lamp-
pumped pulsed-dye laser.1 Our prospective study, using objective color measurements 
and validated instruments to measure disfigurement, tested the hypothesis that port-wine 
stains in children could be treated more effectively than those in adults.2'3 

We included patients with capillary malformations alone. We defined hypertrophic port-
wine stains in this population as lesions that were abnormally swollen in comparison 
with the healthy skin on the contralateral side. Patients with combined malformations 
(venous, arteriovenous, and lymphatic) were excluded. In our opinion, patients with 
Sturge-Weber syndrome have capillary malformations, and there is no evidence that 
treatment of port-wine stains that are part of such a syndrome is less effective than 
treatment of port-wine stains that are not part of a syndrome. 
Before beginning treatment, we recorded the extent and location of the port-wine stain 
in each patient. We made an anatomical diagram of the face and neck in 64 regions and 
then regrouped these regions into 18 principal regions. We evaluated the response to 
treatment of the port-wine stain in relation to these regions within the age groups. We 
did not observe differences in responses that were related to the anatomical locations of 
the port-wine stains. In determining the response to treatment, we found that the initial 
size and depth of the lesion were more important predictive factors than the location of 
the lesion. 
We only used gauze drenched in ice water, not ice cubes, for a short period after the 
laser pulses. The question is whether the vascular response to this type of pain relief 
differs from the vasoconstriction induced by a eutectic mixture of lidocaine and 
prilocaine (Emla cream), which is not known to interfere with the efficacy of treatment.4 

Therapy was standardized; therefore, we did not change the laser settings during the 
study period.5 The use of a faster laser with a larger spot size (7 mm) would not have 
influenced the use of general anesthesia in our youngest age groups. In children with 
port-wine stains that could be treated partially during one visit, the entire lesion was 
treated within six to eight weeks. We included only a few children under the age of one 
year, therefore, it is still unclear whether such patients will ultimately have better 
treatment results than those treated at an older age. The additional benefit of the use of 
longer wavelengths and pulse durations remains to be established. Nonetheless, our 
main conclusion - that treatment of port-wine stains in early childhood is effective, but 
not more so than treatment at a later age - is unlikely to change. 

Chantai M.A.M, van der Horst, M.D. 
Corianne A.J.M, de Borgie, M.Sc. 
Patrick M.M. Bossuyt, PH.D. 
Academic Medical Center, Amsterdam. 
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Abstract 

Objective 

Children with a facial port-wine stain (PWS) are supposed to run the risk of 
ophthalmologic and neurologic symptoms. The reported incidence of neuro-
ophthalmologic complications in patients with facial PWS varies per author from 8-80 
percent. Recommendations for screening diverge according to frequency and duration. 
Methods 

Among a group of 198 consecutive patients between 0-30 years of age neuro-
opthalmologic medical history was obtained. Children younger than 6 years were 
referred for opthalmologic and neurologic screening, when not checked earlier. 
Location and extent of the port-wine stain were recorded according the division of the 
trigeminal and cervical nerves. Involvement of the eyelids was separately recorded. 
Results 
Overall 31 patients (16 %) had neuro-ophthalmologic sequelae. When the port-wine 
stain was located on both upper and lower eyelid 55 percent had involvement of the 
accompanying eye. No eye problems were seen when the eyelid was free of this 
birthmark. In 46 percent (6/13) of our patients with a port-wine stain extending over 
Vl,2,3 neurologic problems were seen, while in 61.5 percent eye anomalies were 
diagnosed. Location of the PWS in V3 and CI,2 was never accompanied with eye or 
neurologic pathology. Seizures were almost always present before the age of one year. 
Eye involvement was diagnosed, from glaucoma suspect to glaucoma, from birth to 28 
years. 
Conclusions 
These results make it likely those recommendations for screening and follow-up should 
depend on location and extent of the port-wine stain. 
Screening should start in the first year of life. This counts for ophthalmologic and 
neurologic sequelae. Eye check- ups have to be repeated depending on pathology found 
at first consultation. 
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Introduction 

Port wine stains (PWS) are congenital vascular malformations, present at birth and 
persistent through life. In the face they can occur as isolated birthmarks or be associated 
with abnormal vessels in eye and/or brain. 
Sturge was in 1879 the first to describe the combination of abnormal vessels in the 
facial skin, retina and choroid of the ipsilateral eye and fits of the contralateral side of 
the body (1). Weber, in 1922, reported the radiologic appearance of the syndrome with 
calcifications of the brain in a typical case (2). Since then this combination of symptoms 
has been described by several authors. In this paper we use the name Sturge-Weber 
syndrome when all three components are present: facial capillary malformation (port-
wine stain), neurologic as well as eye involvement (3). 

The introduction of the flash-lamp-pumped pulsed-dye laser offered the possibility to 
treat children with PWS at a very young age, starting immediately after birth (4). Before 
initiation of treatment it is mandatory to know which children are at risk for acquiring 
ophthalmologic and/or neurologic complications.To detect primary pathology these 
children have to be under close surveillance. 
The reported incidence of neuro-ophthalmologic complications in patients with facial 
PWS varies per author from 8-80 percent (4,5,6,7). There is no consensus how often 
and up to what age these children should be monitored. 

In this study 198 consecutive patients with a PWS in the head and neck were examined. 
Our aims were to obtain information on occurrence and age of onset of eye and/or 
neurological symptoms in relation to location of the PWS and to develop 
recommendations for screening and evaluation. Our results will be compared with the 
literature published on the subject. 

Methods 

The study was performed at the Academic Medical Center of the University of 
Amsterdam, as corollary of a study on effectiveness of the flash-lamp-pumped pulsed-
dye laser (8). Patient with a PWS applied for treatment at the Department of Plastic 
Surgery. Patients were self-referrals who learned from the possibility to treat facial 
PWS with the flash-lamp-pumped pulsed-dye laser through publicity in the media. 
Eligible for enrollment in this prospective cohort study were all consecutive patients 
with PWS in the head and neck area, under the age of 30 years. Informed consent was 
obtained. 
During the first consultation location and extent of the PWS were noted. Location was 
registered according to the distribution in one or more of the branches of the trigeminal 
nerve and or neck: VI, ophthalmic branch of trigeminal nerve, including upper eyelid, 
V2 maxillary branch including lower eyelid, and V3 mandibular branch. In the literature 
different definitions have been used for the areas innervated by the branches of the 
trigeminal nerve, causing different outcomes in frequency of involved areas. We follow 
Moores' (9) leading anatomical textbook according to which the upper eyelid is 
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innervated by the first branch of the trigeminal nerve and the lower eyelid by the second 
branch (Fig 1). 

Photographs were made in a standardized way: full face, profile and 3/4 position. 
Since laser treatment can be experienced as painful and repeated treatments had to be 
given, young children had to be treated under general anesthesia. 
All patients were asked for their medical history, including ophthalmologic and 
neurological disorders in a structured way. If patients were under medical supervision in 
another institution data were obtained from their treating physician. All patients under 6 
years of age were advised to see an ophthalmologist and neurologist. 

Ophthalmologic examination 

Patients who were checked by our ophthalmologist were screened in an outpatient 
setting or during general anesthesia given for laser treatment. Routine ophthalmologic 
examination included splitlamp examination of the anterior segment, fundoscopy with 
dilated pupils and intraocular pressure measurement. In selected cases gonioscopy was 
performed. When abnormalities were seen patients were referred for further routine 
ophthalmologic examination including vision, visual fields, and follow-up appointments 
were made. 

Neurologic examination 

In the department of pediatric neurology children under the age of 6 years were checked 
for neurologic deficits. Electroencephalography was performed routinely and above the 
age of 3 years an X-ray of the skull was made. Children older than 5 years of age were 
only further investigated when there were signs of neurologic deficits. Children older 
than 6 years and adults were only referred if they had been experienced symptoms. 

Results 

In our group of 286 patients, 198 had a PWS in the head and neck area and were 
younger than 30 years. Their age ranged from 2 months to 30 years; the average age 
was 5 years 5 months. There were 125 females and 73 males. Sixty-one children were 
younger than 6 years. 

In 23 patients the PWS was localized only in the area of the ophthalmic branch of the 
trigeminal nerve (VI), 91 patients had involvement only in the maxillary branch (V2), 
28 PWS were in the mandibular/ branch only (V3) (Fig.l). Thirty-one patients had à 
stain extending in VI and V2. In 13 patients VI, 2, 3 were involved of whom five 
patients had a bilateral stain. Twelve patients had involvement of their neck only. 

Abnormalities of the eye were seen in 26 (13.1%) patients and neurologic problems 
were diagnosed in 13 (6.6%)patients. In this group 8 persons had a PWS together with 
eye- and brain anomalies: only they fulfilled all three diagnostic criteria for Sturge-
Weber syndrome (3). 
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Eye- in volvem ent 

Ophthalmologie screening was performed in 53 patients: 22 persons were checked in 
our hospital, the other 31 patients were seen by an ophthalmologist in another medical 
center. Fourteen persons had their eye anomalies diagnosed before they applied for laser 
treatment in our unit. Among the 22 patients screened by the ophthalmologist, 12 had 
abnormalities. None of these patients was aware of these problems. All, except one, 
were under the age of 8 years. In total, in 26 cases (13 %) eye pathology was diagnosed. 

Localization of the PWS on the eyelids in relation to involvement of the eye itself is 
noted in table 1. In 40 persons with a PWS the upper- as well as the lower eyelid, 22 
had involvement of the accompanying eye. 
Eye symptoms diagnosed were in the full spectrum of abnormal vessels in the eye 
which eventually can lead to glaucoma: retina detachment, increased corneal diameter, 
optical nerve cupping, visual field defects or hemianopsia (when the occipital cortex is 
involved). 
In the 31 patients with involvement of VI and V2: 14 (45%) had eye anomalies. Of 13 
patients with a PWS in VI-2-3, eight had eye involvement. A number of 23 PWS in VI 
correlated to 1 eye-involvements (4.3%) and 91 stains in V2 related to 3 glaucomas 
(3.3%). Localisation of the PWS on eyelids is often related to eye problems (table 2). 
Extensive stains involving two or more dermatomes were frequently related to eye 
anomalies. 

Neurologic symptoms 

In this group of 198 patients, 13 (6.6%) persons mentioned neurologic problems: 12 
reported neurologic symptoms like seizures and transitory hemiparesis; one developed a 
subdural haemorrhage. All children with brain involvement, except one, had developed 
their neurologic sequelae before the age of one year. All of these participants applied for 
laser treatment after the diagnosis of neurologic impairment had been made. 
A neurologist checked 20 patients without complaints. Twelve children electively seen 
by our pediatric neurologist were found normal as were 8 patients checked by 
neurologists in another hospital. In these 20 children no abnormalities were seen in 
electroencephalogram and X-rays of the skull made at consultation. 
The association between location of their port-wine stain and their neurologic symptoms 
was examined (Table 2). 
Nine of the 44 patients with at least VI and V2 involvement had neurologic problems 
(20 %), versus 3 of the 23 patients with a port-wine stain in VI (13%) and only one of 
91 (1%) patients with V2 involvement. Six of 13 patients (46%) with involvements of 
VI, 2, 3 had neurologic pathology. 
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Discussion 

In this study we found that in 55 % of the patients with a PWS on upper as well as 
lower eyelid the accompanying eye showed pathologic features. No eye problems were 
seen when the eyelids were free of birthmark. 
Patients with a PWS extending over the area innervated by VI,2,3 of the trigeminal 
nerve had in 46% neurologic and in 61.5% eye pathology. 

In 198 patients referred for treatment of their facial PWS 6.6% had neurologic 
symptoms and 13.1% had eye-involvement. Overall 31 (16%) had neuro-ocular 
sequelae, which confirms Enjolras findings: 15% with neuro-ocular symptoms among 
106 patients with a facial PWS (3). Her study was retrospective, from an 
interdisciplinary working group on vascular anomalies. In Tallmans series 8% of 274 
patients (recruted from the laser centre) with PWS in trigeminal location had evidence 
of eye and/or central nervous system involvement (5). Bebin et al. however described 
seizures in 75% of their group of 102 patients (retrieved under mainly neurologic 
diagnostic labels) (6). Sujansky et al. mentioned 80% seizures in 171 patients (recruted 
among members of the Sturge-Weber foundation), 48% of them having glaucoma (7). 
The figures quoted by Bebin and Sujansky differ probably from Enjolras, Tallmans and 
our results because their patients were selected from a group with neurologic disorders. 
Uram et al. states that the extent of the PWS does not relate to neurologic disease, but 
this is not confirmed in our study (10). 

Stevenson and Morin evaluated 50 patients with nevus flammeus in the face and 
concluded that a nevus in the first and second branch of the trigeminal nerve gave a 
15% chance of definite glaucoma and 30 % chance of diagnosing a glaucoma suspect 
(11). In our group of 26 eye involvements (13%) we diagnosed the complete spectrum 
of bupthalmus, enlargement of episcleral and conjunctival vessels as well as retina 
detachment. Bupthalmus was the first manifestation in 7 patients at birth. Ocular 
manifestations were diagnosed only when the eyelids were involved (table 1). Large 
PWS (extending over two or three 'V' areas) were more related to ocular pathology 
than the small stains which confirms Mulliken findings (table 2)(12). 

Controversy exists as to how often ophthalmologic and/or neurologic control should 
take place and untill what age problems can be expected. 61% of Sujanskys' patients 
had their glaucoma diagnosed during the first year of life and 72% at the age of 5 years, 
the oldest patient having onset of symptoms at the age of 38 years (7). In Iwachs group 
of patients 56% had been diagnosed as having glaucoma before the age of 4 years, all 
others before the age of 20 years (13). In our patients eye symptoms were seen develo
ping from more episcleral vessels and excavation of the pupil to glaucoma during the 
years of follow-up. The oldest patient with eye symptoms not known until ophthalmo
logic examination was 28 years. Fredrick et al. and Goldman et al. recommend 
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reexamination of the eye every 3-4 months when no glaucoma is found, (14,15), 
whereas Mulliken sees a need for examination by an ophthalmologist every 6 months 
up to 2-3 years of age (12). Depending on localization (involvement of both eyelids) 
and extent (more than one trigeminal area involved) we would refer patients for 
ophthalmologic screening, in a frequency depending on diagnosed eye pathology at first 
consultation (from once every 3 months to once a year). 

Glaucoma caused by vascular problems as seen in combination with port-wine stains is 
often difficult to treat with conventional treatment. Hopefully timely detection will give 
these patients a better chance to keep their vision. 

The age of onset of seizures in our patients ranged from birth to 7 years, almost all 
before the age of one year. Sujansky et al. gave the age of onset of seizures in 133 
patients ranging from birth to 23 years, median 6 months. Ninety-five percent of those 
with seizures had an onset before the age of 5 years. Roach recommends a CT scan for 
patients at risk without defining this risk and states that epileptic seizures developed 
during the first 2-3 years of life (16). In all our patients neurologic investigations were 
started after onset of seizures. No abnormalities were found in the electively screened 
group. 
Based on our results and those available in the literature, we feel that the following 
recommendations can be made. The pediatric neurologist should see children with large 
PWS preferably in the first year of life, since most complications are seen before the age 
of one year. Screening on neurologic abnormalities has to be continued until 6 years of 
age. After that age the risk of neurologic impairment is small but not zero. It has to be 
seen if an extensive work-up with CT, MRI, angiography and Spect enables us to detect 
children at neurologic risk before neurologic damage is caused. Extensive screening of 
all PWS patients, regardless facial extent of the PWS and age of the patient seems 
overdone. 
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Fig 1 : Distribution of innervation of the face by branches of the ophthalmic nerve 
(V1,V2,V3) (9).Next to it the number of patients in our study having their port-
wine stain in a certain dermatome. 

VI 23 
V2 91 
V3 28 
V1-2 31 
Vl-2-3 13 
C2-3 (neck) 12 
Total 198 
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Table 1 

Location of PWS on eyelids in relation to eye pathology 

Upper eyelid Lower eyelid Upper and 
lower eyelid 

No eyelid 
involvement 

Eye problems 1 (5.9%) 3(7.1%) 22 (55%) 0 (0%) 

No eye problems 16(94.1%) 39 (92.9%) 18(45%) 99(100%) 

Total 17 42 40 99 

Table 2 
Eye 
problems 

Neurologic 
problems 

Eye plus neurologic 
problems 

V 1 ( n=23) 1 (4.3.%) 3 (13%) 1 (4.3%) 
V2(n=91) 3 (3.3.%) 1 (1.1%) 0 (0%) 
V 3 ( n=28) 0 (0%) 0 (0%) 0 (0%) 
V l-2(n=31) 14 (45.2%) 3 (9.7%) 2 (6.5%) 
Vl-2-3(n=13) 8 (61.5%) 6 (46.1%) 5 (38.4%) 
C2-3(n=12) 0 (0%) 0 (0%) 0 (0%) 
Total 198 26(13.1%) 13 (6.6%) 8 (4.0%) 

Location of PWS according their distribution and related to ophthalmo-neurologic 
problems (V1,V2,V3 according branches of the trigeminal nerve). 
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Abstract 

Objectives 

To assess the impact of a facial port-wine stain on behavioural problems in children and 
on health related quality of life in adults applying for laser treatment. 
Design 

A survey by questionnaire of patients with port-wine stains not previously treated. 
Outcome measures 

Two standard general instruments and a more specific port-wine stains questionnaire 
were used. Adolescents and adults (13-31 years) received a short version of the RAND 
Health Insurance Questionnaire from the Medical Outcome Study (MOS-24). 
Children's (4-12 years) parents received the Child Behaviour Checklist (CBCL). A 
specific port-wine stains questionnaire was sent to both age groups. 
Analysis 

The results of the MOS-24 were compared with those of a reference population without 
chronic illness. Observed behaviour in children was compared with data from a Dutch 
reference group, from children with constipation and from another group of children 
with a port-wine stain. 
Results 

41 MOS-24 and 41 CBCL were returned (91% and 95% response rates, respectively). 
Adolescents and adults reported little effect on the role and social functioning, but 
showed low scores for mental health, self-perceived health and vitality/health. 
Children's parents reported no clinically significant problem behaviour (T-score>70). 
Adults experienced more negative psychosocial consequences of having a port-wine 
stain than children (specific port-wine stains questionnaire). 
Conclusions 
Children with port-wine stains do not show significant problem behaviour. Adolescents 
and adults reported less vitality/energy then was expected in this age group. Adolescents 
and adults showed statistically significant negative consequences of their port-wine 
stains in social contacts compared to children (p<0.01, Mann-Whitney). 
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Introduction 

Port-wine stains (PWS) are congenital malformations occurring in 3 per thousand 
births' and are most common in the face and neck. Port-wine stains can have significant 
adverse psychosocial effects. The stigma of a disfiguring facial birthmark may disturb 
psychosocial and social adjustment. This may not be just a matter of subjective 
perception by persons having a port-win stain. There is evidence that, in general, an 
attractive appearance is associated with social competence and interpersonal ease.2"4 It 
has been observed that the face is synonymous with the person and inextricably linked 
with social interaction.' The widespread cultural ideal of physical attractiveness and 
fitness sets a standard that people with visible disabilities find difficult to meet. The 
psychological burden and socially incapacitating nature of PWS warrant treatment. 
According to some authors, treatment should start as early in life as possible, in order to 
prevent social discrimination and its consequences in later childhood and adolescence. 
In addition, the children themselves will remain free of the psychosocial consequences 
of the PWS.7' In order to understand the nature and extent of distress and stigmatisation 
suffered by patients with a disfiguring birthmark, we evaluated children whose parents 
had applied for laser treatment of their child's PWS as well as adults. Standard 
questionnaires were used to document the effect on behaviour in the children and health 
related quality of life in adults. 

Patients and methods 

Patients 

One hundred consecutive children and adults with facial PWS, which had not been 
previously treated, were initially considered for this study. The children's parents and 
the adults had applied for pulsed-dye laser treatment, after having learned of this 
treatment from publicity in the media. Patients were seen in the Department of Plastic 
and Reconstructive Surgery, Academic Medical Center, University of Amsterdam, 
between December 1991 and December 1994. Children under the age of 4 years were 
excluded from the study, because of the unavailability of standardised measurement 
instruments for this age group. Participants with insufficient understanding of the Dutch 
language were also excluded. 

Instruments 

Patients were divided into two age groups: children, ranging in age from 4 to 12 years, 
and adolescents and adults (13 to 31 years). The adolescents and adults and the 
children's parents received by mail a set of questionnaires, completed by themselves in 
the early phase of treatment. Each set consisted of a standardised general instrument and 
a more specific PWS questionnaire. The adolescents and adults received a short version 
of the RAND Health Insurance questionnaire. This instrument consists of the 20-item 
form of the Medical Outcome Study (MOS-20) from the original RAND questionnaire, 
to which four questions on vitality and energy were added. This list will be referred to 
as the MOS-24. The MOS-24 produces a description of health related quality of life on 
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the following seven categories: physical function, role limitations due to physical and 
emotional problems, social function, mental health, health perception, bodily pain and 
vitality/energy. 

Children's parents received the Child Behaviour Checklist (CBCL).10 The CBCL is a 
validated and reliable instrument, containing 118 items, to record and describe problem 
behaviour and skills in children from the age of 4 years, as reported by their parents or 
guardians. A behavioural checklist was chosen for this study because a suitable 
instrument to document quality of life in children was not available at the start of the 
study. The CBCL produces scores for the following eight categories: withdrawn, 
somatic complaints, anxious/depressed, social problems, thought problems, attention 
problems, delinquent and aggressive behaviour. In addition, scores for internalising and 
externalising problem behaviour can be obtained. The second form in each set was a 
questionnaire on more specific consequences of having a PWS. This questionnaire 
contained 12 items, derived from a series of 12 semi-structured interviews with PWS 
patients, between the ages of 4 and 31 years. Each item consisted of a statement derived 
from these interviews. In this questionnaire, patients or parents could indicate on a 5-
point scale the degree to which they found that these statements were applicable to their 
own situation. Versions for the children's parents and for the adolescents and adults 
were comparable. They expressed similar experiences, with the items for the parents 
referring to the children (e.g. "Having a PWS makes my child feel different from other 
people") and the items in the adult form expressed in the first person (e.g. "Having a 
PWS makes me feel different from other people"). As some of these patients were using 
camouflage for their PWS, participants were explicitly requested to answer the 
questions by imagining they did not use anything to cover up the PWS. 

Analysis 

For each patient over 12 years old, scores for each category of the MOS-24 were 
obtained and transformed to a common 0-100 scale, with higher scores indicating better 
quality of life. The mean MOS-24 scores were compared with reference data from 2595 
patients without chronic illnesses."'12 These patients (mean age 46 years) were seen in a 
specialist practice because of acute medical problems, such as infections or allergic 
reactions, for a general medical check-up, or because of depression and family 
problems. Results of adolescents (13-17 years) were compared with those of adults 
(18 years or older). 
Data from the CBCL were analysed as follows: scores for each subject were compared 
with age- and sex- specific data from a Dutch reference population to produce 
standardised T-scores.13 A T-score of 70 or higher indicates clinically significant 
problem behaviour. T-scores of 50 or lower indicate no behavioural problems. T-scores 
of between 51 and 69 indicate borderline problem behaviour. In addition, overall scores 
for internalising and externalising problem behaviour were calculated from the CBCL 
results. The mean CBCL scores were compared with reference data from 135 children 
aged 5-14 years with constipation14 and data from 21 children aged 7-15 years with a 
facial PWS, applying for laser treatment.15 Replies to the items in the specific PWS 
questionnaires were tabulated and compared between adolescents/adults and children. 
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Answers were grouped into "agree" (4 or 5 on the 5-item scale), "slightly agree" (3 on 
the scale) and "not agree" (1 or 2 on the scale). The significance of differences between 
the two unrelated samples were assessed using the Mann-Whitney U test. 

Results 

Twelve patients had to be excluded from the study: 9 children were under 4 years of 
age, 2 patients did not have a sufficient understanding of the Dutch language and 1 
patient, a psychology student, had actively contributed to the construction of the 
specific PWS questionnaire. Eighty-eight patients or parents received the respective set 
of two questionnaires, of which 82 (92%) were returned. General details of the 82 
patients are given in Table 1. The MOS-24 was sent to 45 patients and returned by 41 
(91%). Figure 1 shows the mean total scores for the seven categories of quality of life. 
The results of the adolescents (13-17 years) did not differ significantly from those of the 
adults. Compared to the reference group, PWS patients scored lower for mental health 
and perception of their own health. Patients' scores for vitality/energy were also low; 
reference data were not available for this category. The CBCL was sent to the parents of 
43 children and answered by 41 (95%). Figure 2 shows the mean T-scores for each 
category of the CBCL. Problem behaviour was not reported by any of the parents for 
any of the categories. The mean sex- and age- specific scores did not differ significantly 
from those of the Dutch reference population. The mean T-scores in the study group 
were similar to those of the reference group of children with a PWS («=21) (Fig. 2). 
Children with a PWS have fewer behavioural problems than children with constipation 
(Fig. 2) Tables 2 and 3 summarise the replies to the specific PWS questionnaire. 
Negative psychosocial consequences of having a PWS were reported more frequently 
by patients aged 13 years or older, compared to the parents of the children in this study. 
The older group reported more impact of their PWS in making new contacts 
(/>< 0.001), entering a public place (P < 0.01), at birthdays/visits from relatives 
(P = 0.01) and finding friends/partner ( P = 0.01). 

Table 1 General characteristics 

Male/female 
Age (years) ' 
Surface facial port-wine stain 
(cm2) ' 
(range) 
Number of patients using 1 14 
camouflage 

' mean (standard deviation) 

Children 
N=41 

(Young) adults 
n=41 

15/26 
6.4(2.9) 
98.2(120.9) 
(4 - 600) 

11/30 
19.2(5.0) 
108.9(116.1) 
(2 - 625) 
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Table 2 Psychosocial aspects related to a port wine stain 
Parents of children (4-12 year) Not agree Slightly Agree 
n=41 (%) agree 

(%) 
(%) 

The life of my child would have been 22 50 28 
completely different without having a 
port wine stain 
Having a port wine stain makes my 39 44 17 
child feel different from other people 
My child is stared at 17 46 37 
My child is especially bothered by 
her/his port wine stain when: 
At school 58 30 13 
Walking in the street 42 43 15 
Playing sports 72 25 3 
Making new contacts 60 28 12 
Entering a public place 67 20 13 
At birthdays/visits from relatives 79 18 3 
Finding friends 79 13 8 

(Young) adults (13-31 year) Not agree Slightly Agree 
n=4l (%) agree (%) (%) 
My life would have been completely 17 45 38 
different without having a port wine 
stain 
Having a port wine stain makes me 25 45 30 
feel different from other people 
I'm stared at 20 28 52 
I'm especially bothered by my port 
wine stain when: 
At work/school 45 39 16 
Walking in the street 28 41 31 
Playing sports 54 28 18 
Making new contacts 13 54 33 
Entering a public place 33 36 31 
At birthdays/visits from relatives 54 33 13 
Finding a partner, boy or girlfriend 31 36 33 
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Discussion 

This study was set up to document the behavioural problems in children having a PWS 
and the impact on health related quality of life in adolescents and adults applying for 
treatment. Although children's parents reported negative effects in reply to PWS-
specific questions, no clinically significant problem behaviour was found. Adolescents 
and adults reported little effect on role and social functioning, low scores for mental 
health, self-perceived health and vitality/energy. The low scores for these categories in 
this relatively young age group surprised us. The findings are in accordance with the 
results of an other study in which older respondents with a PWS showed less 
acceptance. 
Although the literature on PWS mentions psychological morbidity in adult patients, 
standard psychological screening has not shown any difference compared to controls.16 

Studies on children with craniofacial deformities suggest no serious psychological 
problems but demonstrate problems in social relationships and assume a more subtle 
manifestation of distress than can be proven by general questionnaires.15 These findings 
are in line with the results from our specific PWS questionnaire. (Table 2). Social 
situations like visiting someone and finding friends are more problematic in the older 
age group. Because of the design of our study, the results cannot unconditionally be 
generalised to all subjects with a PWS. All study participants applied for treatment. It is 
conceivable that people who experience little or no psychosocial consequences of 
having a PWS did not apply for treatment. As a result, the study results will have a 
negative bias when compared to the general population of subjects with a PWS. Results 
may differ slightly for the children. The children's parents made the decision to apply 
for treatment. Parents' decisions may have been influenced both by their current 
experience of the impact of the PWS on their children, as well as by the expected future 
social discrimination and anticipated consequences when their children will be entering 
puberty and adolescence. The parents' opinion on the impact of a PWS have biased the 
answers given. Campis et al.17 noted that mothers' emotional adjustment and 
perceptions are a more important predictor of children's emotional adjustment than the 
severity of the disorder. A comparison of the behavioural checklist (CBCL) with those 
of the quality of life questionnaire (MOS-24) is not straightforward. Patients completing 
the MOS-24 were answering questions about them selves. In contrast, the parents 
answered questions about their child's behaviour. It is possible that the children did 
experience an impaired quality of life but that this was not expressed in problematic or 
erratic behaviour. The advent of new instruments to document children's health status -
some of them by using children's own responses - will make it possible to document the 
presumably complicated relations between perceptions, limitations and behaviour. 
Outcomes have to be seen in relation to other factors like family adversity, insecure 
attachment or compromised child characteristics.18 Therefore an improved 
understanding of problems related to having a PWS has to be developed with respect to 
disfigurement as a risk factor in the context of family, socio-environmental and 
temperamental variables. ". 

It remains to be seen whether or not pulsed dye laser treatment, which can be long 
lasting and therefore quite a burden, will contribute to the prevention or reduction of 
psychosocial problems. 
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Summary 

Background 
The flash-lamp-pumped pulsed-dye laser (FPDL) has been introduced as the treatment 
of choice for port-wine stains in childhood. This new treatment option has mostly been 
evaluated in terms of clearance. In this study we assess the consequences of the 
introduction of laser therapy in childhood. 
Methods 
We prospectively studied 43 consecutive patients (aged 4-12) with a facial port-wine 
stain. Two separate evaluation questionnaires, completed by the children's' parents, 
were distributed. 
Results 
Response rates were 38 (88%) and 41 (95%) respectively. Children went through a 
mean treatment period of 2.5 years. They had gained 38% reduction in the difference in 
color between the skin with the port-wine stain and the contralateral healthy skin. 
Thirteen (32%) children could not be treated without general anesthesia. Parents 
reported an extra time-investment in the week following treatment. Most children (95%) 
missed two days of school for each visit. Only a small number of parents did not 
perceive the laser treatment as painful; 50% of the parents felt the treatment to be a 
burden for their child. Eighty percent reported that their child shuddered when thinking 
of the laser treatment. Most respondents experienced purpura as a stigma. Overall, 
parents (85%) felt that it took a long time to gain optimal clearance. 
Conclusions 
The decision to apply children for FPDL therapy should not only be based on clearance 
or long-term psychological benefits. It is necessary to consider pain management, the 
impact of repetitive treatments, discomfort, anxiety, burden of treatment and the 
motivation of the child. 
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Introduction 

Laser surgery has been introduced as a treatment of cutaneous vascular lesions. 
Advances in laser surgery in the last decade, particularly the development of the flash-
lamp-pumped pulsed-dye laser (FPDL), have allowed children with a PWS (PWS) to 
have reconstructive and aesthetic therapeutic intervention during infancy. There is no 
clinical evidence of serious complications in children treated with the FPDL, in contrast 
with older techniques like the argon laser.1"3 FPDL is felt to be a low-risk procedure, 
even in patients with PWS who need multiple treatments.4 

Several retrospective studies have reported on the FPDL treatment of children.1'3'4'8 

These studies did not unequivocally confirm better treatment results at early ages. We 
recently showed in a prospective study that children ( 0 - 1 8 year) did not show faster 
clearance of their PWS than adults (18-31 year).9 Since the FPDL came into use it has 
been assumed that infants and children can be treated safely, effectively and probably 

«- • *l 1,4,5,10 
even more efficiently. 
It has been hypothesized that children with a PWS can develop emotional and 
behavioral disorders.' '"' '2 These children are perceived to be at risk for psychosocial 
problems because of their physical appearance and the effects of their congenital 
disfigurement on family functioning or child/caretaker interaction. Therefore it seems 
important to treat children as early as possible.n'12 

It is increasingly realized that the evaluation of new medical strategies in plastic and 
reconstructive surgery should be grounded on an evidence based approach.13"15 

Outcomes of surgical therapies must also evaluate patient experience, emphasizing the 
patient's perspective and quality assessment.15 Therefore the choice whether to use laser 
therapy in children with a facial PWS should not be centered on clearance of the PWS 
or on psychological distress alone. If limited clearance is reached other effects and more 
general remains of treating PWS in childhood become important. 
It was our purpose to evaluate several specific issues of FPDL treatment procedure in 
children and the consequences for parents and children of the introduction of PWS 
treatment at early ages. The rationale for early treatment of PWS should be supported 
by an appraisal of these consequences. We will describe observed medical 
complications, additional medical care, days of absence from school of the children or 
work of the parents related to the laser treatment. We also evaluated, from a parent's 
perspective, pain during treatment, anxiety of the children before treatment, the impact 
of postoperative purpura, burden of treatment and time needed to complete therapy. 

Material and methods 

Patients 

Consecutive children (aged 4 to 12) with a previously untreated facial PWS were 
included in this prospective evaluation study. Parents applied their children for the 
FPDL treatment, after having learned from the new treatment option from the media. 
All patients were treated in the department of Plastic and Reconstructive Surgery in the 
Academic Medical Center at the University of Amsterdam, the Netherlands, between 
December 1991 and March 1995. Oral informed consent of the parents was obtained. 
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Treatment 

Patients were treated with a Candela SPTL-1 flash-lamp-pumped pulsed-dye laser 
(Candela Corp., Wayland, MA), an emission wavelength of 585 nm, a pulse duration of 
0.45 ms, a repetition rate of 1 pulse per 3 seconds (0.33 Hz) and a circular 5 mm spot. 
Treatments were performed with a maximum spot overlap of 20% across the affected 
area. During each visit the largest possible area of the PWS was treated. In most 
pediatric patients a single treatment of the entire PWS required a number of visits. 
Within the 3.5 years study period, there was an average interval period of 8.6 weeks (sd 
3.0) between consecutive visits. 
All patients were initially treated in an outpatient setting. Prior to the actual start of 
treatment, a visit with an instructor was scheduled to explain the laser procedure to the 
children and to treat a test patch on the PWS to ascertain clinical response. Written 
information, including an explanation of the entire treatment was provided. Parents of 
patients participated in the process of choosing appropriate pain control, in which 
prevention of pain was the basic goal. During treatment of children a eutectic mixture of 
prilocaine and lidocaine (Emla -cream) and/or nerve blocks were used. Emla® was 
applied by the parents to their children's PWS one hour before the procedure. If those 
local analgesic methods were insufficient, midazolam (Dormicum®) was added for 
sedation. General anesthesia in a day-care unit was used if children became highly 
anxious or pains sensitive. 

Treatment was to be discontinued if the PWS had reached total or optimal clearance. 
Optimal clearance was defined when three consecutive treatments did not result in 
further clearance. The difference in color between the healthy skin and the PWS was 
measured with a colorimeter. All measurements were performed with a Minolta 
chromameter type CR-300.16 Color measurements were taken before laser treatment 
started and after each following treatment of the entire PWS. Color differences were 
estimated, based on the color measurement of two identical areas in the face: one on the 
PWS and one on the contralateral healthy skin.9 

Instruments 

The childrens' parents received by mail two separate PWS specific questionnaires, to be 
completed by themselves. The use of parent/patient-based self-report follow-up 
questionnaires was thought to provide a reflection of the parents' view of the laser 
treatment. In addition, questionnaires were to provide information on the medical care 
their children had received, independent of clinical opinion. Completion of both 
questionnaires required between 15 to 30 minutes. Both questionnaires were distributed 
to parents between January and May 1994. Initial non-responders were sent another 
questionnaire after 6 weeks. 

With the first questionnaire data were gathered on the appearance of blisters, crusting 
and infections after treatment, and on extra medical care needed. Parents were asked to 
record time spent to take care of their children and days of absence and leave of parents 
and children related to treatment. 

60 



Additional data regarding parents' and patients' views of the FPDL treatment were 
collected through a second questionnaire. This instrument contained 6 items, each 
expressing an opinion on a specific issue of the treatment. These opinions were derived 
from semi-structured interviews with parents and patients having a facial PWS, 
conducted in a separate sample of patients and parents. The items covered the following 
subjects: pain during and following laser treatment, anxiety of the child, burden of 
treatment, stigma of the treated PWS area and the time span needed to finish treatment. 
Parents were asked to indicate their assessment on a five-point Likert scale anchored as 
"strongly agree", "agree", "not sure", "disagree" and "strongly disagree". 

Analysis 

Responses on both questionnaires were tabulated and evaluated using descriptive 
statistics. For the children the average number of days of absence from school or day
care was listed. For the parents the average time-investment and days absent from work 
due to one visit were recorded and reported. Responses to the five-point scale items of 
the second questionnaire were re-grouped into positive (4 or 5 on the used five item 
scale), intermediate (3 on the scale) and negatively (1 or 2 on the scale) answers. 

Results 

Patients 

Forty-three consecutive children (aged 4-12) were approached for this study. Forty-one 
responded 15 male patients and 26 female patients. At the start of treatment the mean 
age of the included children was 6.4 years (sd 2.9); the mean surface area of their facial 
PWS was 98 cm2 (sd 121). 

Treatment 

On average these children went through a treatment period of 2.5 years. The mean 
number of visits in this time period was 15 (sd 6), during which an average of 9 
treatments (sd 3) of the entire PWS was performed. Overall patients gained a relative 
color improvement of their PWS of 38% (sd 24). None of the patients had completed 
therapy within the study period. 
Figure 1 shows the decrease over time of the color difference between the PWS and 
contralateral healthy skin for two representative pediatric patients; both treated under 
general anesthesia. Treatment procedures and treatment outcome within these patients 
did not differ from the other children. Color differences were measured and determined 
after each treatment of the entire PWS. In both patients a non-linear relationship 
between PWS clearing and the number of treatments of the entire PWS could be 
observed. These two patients reached 57% and 59% clearance, respectively, each after 
13 treatments of the entire PWS. The greatest decrease in color difference was achieved 
in the first five treatments of the entire PWS. 

Thirteen children (32%) had to be treated with general anesthesia. Prior to treatment all 
other children had EMLA® applied to their PWS, occluded with Tegaderm®. 
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Table 1 represents the treatment characteristics of the children treated with and children 
treated without anesthetics. General anesthesia was introduced because some children 
became very frightened or sensitive to pain during the FPDL treatment and were already 
apprehensive upon arrival at the clinic for a repeat procedure. Parents actively 
participated in helping the child; by attending the introduction of general anesthesia and 
the recovery period. Additional hospitalization due to treatment did not occur. The 
introduction of general anesthesia made the treatment of the PWS in children more 
efficient. With the use of general anesthesia a larger number of pulses could be achieved 
and the whole PWS could be treated during 1 visit. The number of pulses given per 
minute during general anesthesia was approximately twice the number of pulses 
possible when treating without general anesthesia. (Table 1) 

Questionnaires 

The first questionnaire was returned by 38/43 (88%) parents of children and the second 
questionnaire by 41/43 (95%), All parents who responded to the first questionnaire also 
responded to the second questionnaire. 
On most visits both parents accompanied their child. During the first 24 hours after 
treatment parents attended their children and gave them extra care. For this purpose 
39% of the mothers and 77% of the fathers took on average one day off from their work, 
mostly the day of therapy. In the week following treatment parents reported a mean 
extra time-investment of 40 minutes per day (sd 20) to give extra attention to the child 
and to take care of the treated PWS. 
Most parents (95%) reported that their children missed day care or (nursery) school 
after a visit. On average children were kept at home for 1 day after each visit. The 
parents of five young children (aged 4 to 5) reported additional medical care between 
two visits. They consulted their general practitioner, an ophthalmologist or a plastic 
surgeon because of blisters or vesicles on the treated area of the PWS. Two patients 
needed extra pain medication in the week following treatment. 
Table 2 contains the response frequencies on the second questionnaire. Despite the use 
of EMLA® and general anesthesia, only a small number of parents (8%) saw the laser 
treatment as not painful. Fifty percent felt the laser treatment to be a burden for their 
child. Despite the careful introduction of the laser treatment and a preventive pain 
policy, 23% of the parents reported that their child was nervous before each visit. 
Eighty percent felt that their child disliked the idea of laser treatment. Most parents 
experienced the blue-grey discoloration of the PWS after each visit as a stigma for 
which the child is stared at. Purpuric areas were noted immediately after treatment and 
remained for 7 to 10 days, after which the skin returned to its former (red) color. 
Overall, 85% of the respondents felt that it took a long time until their child had gained 
optimal clearance and completed treatment. 

Discussion 

In this prospective study of children we found that the FPDL treatment of children 
(aged 4 to 12 years) with a facial PWS was not as easy, effective and efficient as has 
been hypothesized in the literature. '"3'5'7 Treatment required pain management, 
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sometimes necessitating general anesthesia, and multiple treatments for optimal PWS 
clearing. After each visit, temporary postoperative purpura was observed on the treated 
skin. 
Our results may not unconditionally be generalized to other patients and settings. In this 
study, all children were submitted to treatment by their parents. This might have caused 
a selective referral bias. Mostly, parents decided how, when and where to seek therapy, 
often based on their personal anxiety level some felt they would have denied their child 
the possibility of medical care by not applying for treatment.1 Parents who are more 
concerned and involved or more distressed are more likely to refer a child with a PWS. 
Therefore a difference in parental coping may exist between referring and non-referring 
families. 
It is difficult to evaluate objectively the pain in infants and children experienced during 
treatment. Behavioral observations, parents' reports of children's' pain as well as 
children's' own reports can be used to assess the amount of pain. Unfortunately, little is 
known about the reliability of the cues parents use to assess pain. Although most parents 
are concerned that their children suffer pain, they may underestimate the amount of pain 
actually experienced by their children. 
We found it necessary to use general anesthesia in 32% of the children. These children 
either became too frightened or experienced too much pain during treatment. General 
anesthesia made it possible to treat a larger surface area of the PWS during a single 
visit. A similar preventive pain management was reported by Rabinowitz et al.. In 
contrast, Tan et al.1, Morelli et al.10 and Alster et al.21 saw no need for general 
anesthesia when treating young children. 
Our study shows that numerous visits are needed to treat PWS in children. None of the 
forty-three children achieved complete clearance of their PWS within 2.5 years of 
therapy and multiple treatments. The outcome of treatment and the prognostic value of 
age, color, anatomical side, mean depth of the vessels and skin type, is still rather 
unpredictable." In our study the largest degree of fading was seen in the beginning of 
treatment. Thereafter the additional color reduction in the relative difference between 
the stain and the contralateral side gradually decreased. 
Although it is stated that children with a facial PWS have an increased likelihood of 
developing emotional or behavioral disorders, there are still no longitudinal studies that 
demonstrate benefits of treatment to psychosocial functioning in the long-term. ' 
Results of recent studies suggest that children with PWS are not psychosocial^ 
maladjusted compared to nondisfigured children.18'23 Unfortunately the effect of a facial 
PWS on early socialization in childhood is still unknown.18 Compensatory parental 
coping may adjust the deficits of disfigurement, at least for the younger child. 
Further advances in laser technology could increase the efficacy of treatment. New 
lasers will administer more pulses per minute, each pulse covering a larger surface area 
(7mm). This may substantially shorten the duration of treatment and diminish the 
number of visits needed in the long-term. However the preventive pain policy in 
children will not be influenced by using a faster and more effective laser; general 
anesthesia will still be necessary. 
We feel that our findings pose a challenge to people responsible for the decision 
whether or not to start treatment in children with PWS. The extended duration of 
treatment, requiring multiple painful visits, might be particularly stressful for children. 
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Due to their age, children may be difficult to motivate to act as a willing participant of 
therapy.24 Most young children are incapable of staying still for painful procedures, 
even if they have the procedure explained. There is evidence that children can suffer 
long-term emotional consequences from successive painful medical procedures.25 The 
decision whether to use anesthesia in children requires a careful balancing of two 
drawbacks within optimal pain management: a long and possible painful treatment 
duration without anesthesia versus a shortened treatment process involving the repeated 
use of anesthetics. 
The goal of treating children with the FPDL should be to remove the PWS without 
causing physical scars or emotional trauma. Therefore the age at which therapy should 
be initiated must not be based on clinical outcome only but also on a considerate 
weighing of the expected psychological benefit and the discomfort of treatment.13,23 

This will without doubt require careful investigation of the interplay between the PWS 
as a risk factor, and family, socio-environmental, and temperamental variables as 
protective factors. Consequently the question to treat or not to treat is not that simple. If 
the child becomes unmanageable during treatment or experiences (extreme) anxiety in 
the days surrounding the procedure due to the laser treatment or the use of anesthetics 
further therapy should be re-evaluated. Treatment of the PWS might even be delayed 
until it is important for the child itself, without pressure from parents or a referring 
doctor. 
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Table 1 Treatment characteristics. 

With general Without general 
anaesthesia anaesthesia 
n=13 n=28 

Visits per patient' 12(4) 16(6) 

Time per visit (minutes) ' 85 (44) 24(11) 

Number of pulses per visit ' 709 (606) 123(105) 

Average number of pulses per minute' 12 (4) 5 (3) 

1 mean (standard deviation)," preparation time included, preparation time excluded 

Table 2 Parent evaluation flash-lamp-pumped pulsed-dye laser treatment. 

Parents of children (n=41) Not Slightly Agree 
agree agree 
(%) (%) (%) 

The laser treatment is quite painful 8 50 42 
A few days before the laser treatment my child is getting 52 25 23 
nervous 
My child shudders to think of the laser treatment 20 42 38 
My child feels stared at with the blue-grey colour of the PWS 8 2 90 
after treatment 
The laser treatment is not a burden for my child 50 10 40 

It takes too long until my child has completed treatment 15 57 28 
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Figure 1 Color differences versus treatment of the entire PWS. 
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Aged 7, surface area PWS 20 cm , treated between January '92 and February '95. 

+ Aged 10, surface area PWS 150 cm2, treated between June '92 and March '95. 

O No color measurement. The first measurement was taken before onset of treatment. 
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Introduction 

Sinus pericranii was described in 1885 by Mastin as a venous blood tumor of the vault 
of the cranium communicating with the intracranial venous circulation, especially 
through the medium of the superior sagittal sinus. Mastin collected several descriptions 
from authors in the German and French literature starting in 1826, who mentioned 
similar findings (1). 
The diagnosis of sinus pericranii is made when a combination of clinical and 
radiological features exists. A blue discoloration is present, sometimes with a swelling 
on the outside of the central forehead or the lateral side of the skull, which disappears 
under manual compression and aggravates during exercise, crying, coughing and head 
down position (2,3,4). Its appearance can be as a local varix or a considerable swelling 
sometimes with additional capillary malformation (port-wine stain). Patients can 
complain about discrete headaches or are seen in the neurosurgical department with 
convulsions (6,7). However, most patients with sinus pericranii are without symptoms. 
They present themselves with a cosmetic wish for removal of the blue color and /or 
swelling on their forehead. 
We describe seven patients who presented themselves with a sinus pericranii at the 
plastic surgical office or in our working group for vascular anomalies during the last 
five years. This rare anomaly is less well known. Standard angiography will not 
visualize the perforators through the skull. Special instructions have to be given when a 
sinus pericranii is suspected. Therapeutic management can be easy in case the problem 
is properly delt with. 

Casel 

A 6 weeks old baby girl was admitted with a blue discoloration of her forehead, 
extending from the bridge of the nose into the hair bearing area in a parasagittal 
direction. Pregnancy and birth were uneventful. A bony irregularity was palpable in the 
affected region. Crying and horizontal position of the head caused considerable 
swelling. No neurologic symptoms were diagnosed. The swelling was compressible and 
no souffle was heard. At the age of 6 months angiography showed an intracranial 
venous malformation, draining through the frontal bone to a superficially located huge 
vein. A secondary outflow of the venous malformation was to the medial cerebral vein. 
CT-scan did not show a bony defect. No intervention was planned because of fear of a 
cerebral frontal infarct when the superficial vein would be occluded. At the age of 8 
years she came back because of increased swelling of her forehead. Her development 
was normal. She had no complaints about her forehead except a cosmetic problem. 
A new angiography was performed through the internal and external carotid artery. 
Visualization of vessels was performed in a head down position, with and without 
compression of the malformation. The malformation and transosseous connections were 
as well visualized through direct puncture venography. Only with compression of the 
malformation a normal drainage to the superficial sagittal sinus could be shown. An 
additional brain scan (Spect) was performed with and without compression of the 
malformation. Perfusion of the frontal lobes was identical in both situations. 
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Through a sagittal incision of the forehead the dilated veins were visualized. The 
affected skin was simultaneously excised. Three passages through the frontal bone were 
identified, two perforating veins were ligated, a third teared at the transition to the 
frontal bone, where the hole in the diploe was recorded on plain X-ray. All perforating 
holes were filled with bone wax. The outcome was uneventful with a good cosmetic 
result. The girl could be discharged two days after the operation and is well now, half a 
year later. 

Case 2 

This boy was first seen at the age of 6 years with a blue swelling on his forehead, 
present since birth, and growing commensurate with the child. An attempt to remove the 
swelling elsewhere ended in massive blood loss without removing the malformation. He 
had no complaints, however his parents requested removal because of cosmetic reasons. 
Internal carotid angiography showed an intracerebral venous malformation (Fig 1). At 
first through the arterial route no venous malformation on the forehead could be 
visualized under hypotensive general anesthesia. Again, head down position and 
normotension showed a connection between the transverse sinus to the superficial 
system on the forehead. The intracerebral venous outflow was normal. CT scan showed 
no bony defects. 
During operation the majority of the affected skin could be removed as well as the 
dilated veins. Perforators were ligated and bony defects were filled with bone wax. 
Healing was uneventful. The edge of affected skin still looks like a blue ribbon on the 
forehead, which he wants to have removed before going to high school. No swelling of 
the forehead was seen after the operation, with a follow up of 2 years. 

Case 3 

A 4-years old boy was seen with a red/blue discoloration of his nose and forehead, 
present since birth. No trauma or infection was known. Development was uneventful. 
The impression was one of a capillary malformation of the nose. No pulsations were felt 
or heard. Above his right eye dilated veins were visible. Angiography showed a 
capillary malformation of nose and left maxillary sinus. Intracranially, a very broad, 
pathologic venous sinus was seen at the skull base. The dilated vein on his forehead 
drained an intracranial venous anomaly in the roof of the orbit and lamina cribrosa (Fig 
3). To our opinion, embohsation had a risk of intracerebral damage and would almost 
certainly result in a recurrence. No therapeutic intervention was undertaken. This patient 
is unavailable for follow up. 

Case 4 

A 13 year old boy had since birth a blue discoloration of the left side of the skull, 
extending in the lateral side of his upper eyelid and the sclera of his left eye (Fig. 2a 
During childhood the affected area showed increasing swelling during strenuous 
activities. The malformation bled several times during the last year before presentation 
in our hospital. Phleboliths could be palpated in the affected area. The boy was checked 
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neurologically because of headaches. Physical examination, electroencefalogram, CT of 
the skull did not show any intracerebral defect. The extracranial swelling seen on 
contrast-enhanced CT scan (Fig. 2d) was confirmed with angiography. This 
investigation showed the venous outflow going from the intracranial to the extracranial 
veins (Fig 2b,c). 
To prevent bleeding events of his eye, the patient was operated on his left eye, eyelid 
and left temporal region by an ophthalmologist and a plastic surgeon in a single session. 
During the same session some vessel mass in his ptotic upper eyelid was surgically 
removed. The vascular mass in his left temporal area was treated with a Nd-Yag laser, 
initially with good success. Slowly recurrent swelling on the forehead was noticed after 
5 years. 

Case 5 

An 8 year old girl with a history similar to case two. She has been operated without 
problems with a follow-up of 4 years. On and around her nose and forehead 
telangiectasia remained which will be treated with the flash-lamp pulsed-dye laser. 

Case 6 

A 28 years old female had a similar history and appearance as case two. She was known 
with a blue discoloration on the forehead since birth. There were never health problems. 
The woman only wanted to know what the cause of the discoloration was and if this 
abnormality contained health risks for her. Because she decided not to have any 
treatment, no further investigations were performed. She felt relieved to hear a proper 
diagnosis and explanation of the anomaly. 

Case 7 

An 8 years old girl who was seen with an blue swelling on the bridge of her nose, 
extending to the right orbit, present since birth. Angiography showed distension of the 
ophthalmic vein developing after sinus thrombosis. Redistribution of flow through the 
veins and drainage of the cerebral vessels through the ophthalmic vein, were responsible 
for the extracerebral blue swelling. No therapeutic intervention was planned. 

Pathologic examination of tissue removed from the operated patients (case 1,2,4,5) 
showed normal endothelial lining of the vessels. 
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Leg ends to 

Fig. la: 

Fig. lb: 

Fig. 2a: 

Fig. 2b: 

Fig. 2c: 

Typical aspect of sinus pericranii with swelling on forehead and capillary 
malformation on right side of swelling. 

Angiography: developmental venous anomaly intra cerebral of the same 
patient. 

Lateral sinus pericranii extending from left eyelid and left parietal region 
to the vertex. 

Shows angiographical findings with sinus on vertex. 
Inset: Location of venous drainage. 

CT scan with extracranial swelling with Phlebolith. 
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Discussion 

We report on seven patients with a sinus pericranii who presented themselves with a 
cosmetic wish for removal. They were all seen in a period of five years in one hospital. 
Since we are a referral center for vascular malformations, this may account for the high 
incidence. More patients were seen than expected, in view of the sporadicly published 
case histories. In five patients an additional intracerebral vascular malformation was 
seen. An extracranial operation was performed successfully in four patients. 

Etiology 

Both a congenital and a traumatic origin of the pericranial sinus have been proposed (8). 
Foetal injury during labor can be classified as trauma of the head. However, since 
several congenital cases are diagnosed in combination with congenital intracerebral 
malformations a pure traumatic origin seems unlikely (9). All our cases were considered 
to be congenital, except case 7. 
Although most facial vascular malformations are not associated with intracerebral 
developmental anomalies, some authors mention relations to intracerebral 
malformations (6,8). In cases 1 and 2 in our series distended veins were associated with 
intra cerebral developmental anomalies. Case 3 presented with a capillary malformation 
of nose and maxillary sinus. Other associations with genetic implications are described: 
sinus pericranii in a Crouzon patient, sinus pericranii in another craniosynostosis 
patient, sinus pericranii in combination with blue-rubber bleb nevus syndrome or sinus 
pericranii with systemic angiomas (10,11,12,13,14). 

Diagnosis 

Analysis of the localization of the affected sites shows that the frontal region is most 
frequently involved (13). This is also the case in our patient series. When a midline 
frontal venous malformation is diagnosed and treatment is considered, an internal 
carotid angiographic evaluation must be performed. Through this procedure can be 
determined whether there is a pathologic communication between vascular malforma
tion and intracerebral vessels. When an abnormal communication exists, it is of vital 
importance to find out whether this sinus drains normal brain and if drainage is 
guaranteed when these communicating veins are obliterated. Angiography is certainly 
advised when there is an association between an extracranial vascular swelling in 
combination with neurological symptoms (6,7) 
All our patients were without neurological symptoms, although one boy (case 4) 
complained of headaches. This confirms data from others (13). 
It is not always easy to visualize the vascular communication between the extracranial 
region and the underlying dural sinus during carotid angiography. X-rays taken in head 
down position or direct injection of contrast medium into the malformation make it 
possible to assert the diagnosis of sinus pericranii as we described in our first case. 
Kurosu et al. mentions a patient with hypoplastic veins (11). In case 2 normal venous 
outflow of the brain could only be visualized when the malformation was compressed 
externally. Without compression inadvertently a diagnosis of hypoplastic intracerebral 
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veins would have been made. It has to be brought under discussion whether Kurosu's 
patient really had hypoplastic veins or if the same phenomenon (case 2) led to a false 
diagnosis (11). 
CT scan did not give additional information in our patient group. The diameter of the 
skull perforating holes, as confirmed in our patients during operation was 1-2 mm. 

Therapy 

Surgical removal is performed easily most of the time. All our cases were treated 
through a extracranial approach. Blood loss was minimal. In our series the operation in 
another hospital of one patient had to be stopped because of a tremendous blood loss, 
which is also mentioned by others. Careful preparation of the intervention seems 
mandatory. Packing of the sinus with bone wax was sufficient in our cases. Removal of 
the affected bone as suggested by Beers and Spector seems unnecessary to us (2,15). 
Until now most reports on sinus pericranii are presented in neurosurgical or radiological 
journals. All our patients presented themselves at a plastic surgical unit or outpatient 
clinic for vascular anomalies. 
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Discussion 

Port-wine stains (PWS) occur mostly as a solitary capillary malformation. However, 
they can also be seen in the skin overlying a venous, arterio-venous or lymfatic 
malformation, and thus be part of a combined malformation. Response to treatment is 
supposed to be less favorable when the PWS is part of such a complex vascular 
anomaly. However, incomplete information on factors influencing treatment outcome is 
currently available. For example, we don't know anything on flow characteristics in 
capillary malformations. Does flow influence the reaction on treatment? 

Distended capillaries in facial skin, in the eye and cerebrum at the same side in one 
person, as seen in the Sturge-Weber syndrome suggest failure of formation in the 
embryonal period, may be facilitated by a genetic predisposition. 
Genetic research showed normal endothelium in certain congenital vascular malforma
tions, but the muscular wall and matrix surrounding the endothelium was deficient. Is 
something similar responsible for the development of PWS? 

By the end of the study on 100 consecutive facial PWS patients no one had finished 
treatment. In seven patients laser therapy was discontinued because there was no further 
lightning in the last three treatments. These results show that some degree of clearance 
can be achieved. Although our data are less favorable than results mentioned by others 
( 1 ), it is uncertain how much lightening we could have reached for the whole group and 
in how many sessions if we had extended treatment. 
In the correspondence to the editor Kauvar mentioned the high percentage of 
hypertrophy of PWS in our study (2). It is interesting to know whether this subgroup of 
our PWS patients reacts differently on flash-lamp-pumped pulsed-dye laser treatment. 
Biopsies taken from patients who sustained a lip reduction because of hypertrophy show 
abnormal vessels into the subcutaneous fat and the musculature. This finding suggests 
that in some PWS patients, not only skin but also deeper tissue layers be affected by a 
capillary malformation. 

Psychological impact of having a PWS is confirmed in our study, as described in 
chapter 5. In a future study it has to be shown whether treatment can prevent the 
psychosocial problems to occur. 

Treatment of PWS has always been part of the activities of the plastic surgeon as well 
as of the dermatologist. When the new option of flash-lamp-pumped pulsed-dye laser 
treatment became available for PWS, once again basic questions were asked on source 
and development of these birthmarks. This thesis is a reflection of research on basic 
questions regarding PWS, performed in collaboration between plastic surgeons and 
various specialisms. With departments of laser medicine, epidemology, dermatology, 
ophthalmology, neurology, psychology, genetics and radiology mutual questions were 
formulated and worked out. 
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Summary 

Chapter 1 

This chapter gives a definition of port-wine stain (capillary vascular malformation) and 
describes how patient history and time course can distinguish a PWS from a 
hemangioma. Psychosocial mechanisms are identified which may have an impact on 
persons with a visible anomaly. An overview is given of treatment options for vascular 
birthmarks including their disadvantages and the view on flash-lamp-pumped pulsed-
dye laser treatment at the beginning of our study. 

Chapter 2 

Questioning of patients applying for laser treatment on prevalence of vascular 
malformations in their family showed a much higher family tendency (19.6%) for port-
wine stains (PWS) than could be expected, based on PWS incidence studies (0.3-0.6%). 
Interesting pedigrees of affected families could be drawn. However, clear patterns of 
inheritance could not be found in most instances. These data are put in the context of 
new developments in the field of angiogenesis and genetics. Genes are detected which 
show the defect in the origin of vascular anomalies in Rendu-Osler-Weber disease and 
certain venous malformations where the endothelium seems normal but the coding of 
muscular wall and matrix is insufficient. Our next step has to go in the direction of 
DNA material in search of candidate genes. 

Chapter 3 

We prospectively studied 100 previously untreated patients with a PWS in head or neck. 
They were divided in four age groups (0-5, 6-11, 12-17, 18-30 years), before treatment 
with the flash-lamp-pumped pulsed-dye laser. The outcome measure was lightening of 
the PWS (reduction of difference in color between the skin with the stain and 
contralateral healthy side skin) as measured with a colorimeter after an average of five 
treatments (range, three to seven) of the entire lesion. 
Of the 100 patients, 11 could not be included in the analysis. The average initial sizes, 
locations, and colors of the PWS were similar among the groups. When all 89 patients 
were analyzed together, the average reduction in color between the skin with the PWS 
and contralateral healthy skin was 40 percent. Difference between age groups in the 
average reduction in color differences were not significant (P=0.26). 
We did not confirm the hypothesis that treatment of PWS at an early age is more 
effective than laser treatment at a later age. 

Chapter 4 

Children with a facial PWS can be treated with the flash-lamp-pumped pulsed-dye laser. 
We addressed the following questions: which newborns are at risk to develop 
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ophthalmologic and neurologic symptoms and at what age can these problems be 
expected? 
Among a group of 198 patients between 0-30 years of age medical history was obtained. 
Children < 6 years of age were referred for ophthalmologic and neurologic screening, 
when not checked earlier. Location and extent of the PWS were recorded according the 
division of the ophthalmic and cervical nerves. Involvement of the eyelids was 
separately noted. 
Overall, 31 patients had neuro-ophthalmologic sequelae. When the PWS was localized 
on both upper and lower eyelid 55 percent had involvement of the accompanying eye. 
No eye problems were seen when the eyelid was free of this birthmark. Patients with a 
PWS extending over VI,2,3 had in 46% neurologic problems. When the PWS was 
located in V3 and C2,3 eye pathology was never seen. Seizures were almost always 
present before the age of one year. Eye involvement was diagnosed from birth to 28 
years of age. 
Advise for screening and follow up should be given depending on location and extent of 
the PWS. This counts for ophthalmologic and neurological sequelae. 
Unfortunately we were not able to follow patients from birth until adulthood. Only a 
very long follow up can give the exact answer on the above-mentioned question when 
eye pathology will develop. 
Data regarding prevalence of neurologic pathology may be influenced by the fact that 
parents of children with a bad neurologic prognosis already from birth are less likely to 
present their children for tunable-pulsed-dye laser therapy. 

Chapter 5 

To assess the impact of a facial PWS on behavioral problems in children and on health 
related quality of life in adults a survey by questionnaire was done. All patients applied 
for treatment with the flash-lamp-pumped pulsed-dye laser and were not treated before. 
Two standard general instruments were used, as well as a more specific PWS 
questionnaire. Children's (4-12 years) parents received the Child Behavior Checklist 
(CBCL). Adolescents and adults (13-31 years) received a short version of the RAND 
Health Insurance Questionnaire from the Medical Outcome Study (MOS-24). A specific 
PWS questionnaire was sent to both age groups. 
The results of the CBCL were compared to a Dutch reference group, from children with 
constipation and compared to another group of children with a PWS. The results of the 
MOS-24 were compared with those of a reference population without chronic illness. 
Children's parents reported no significant problem behavior. Adults reported low scores 
for mental health, self perceived health and vitality/health. Adolescents and adults 
showed statistically significant negative consequences of their PWS in social contacts 
compared to children (PO.001, Mann Whitney). 
This study confirms the presence of psychological problems in patients with a PWS. 

Chapter 6 

Introduction of the flash-lamp-pumped pulsed-dye-laser has mostly been evaluated in 
terms of clearance. We assessed the consequences of the introduction of laser therapy in 



childhood. A study was performed in 43 consecutive patients (aged 4-12) with a facial 
PWS who started treatment. Two separate evaluation questionnaires, completed by the 
children's parents, were distributed. 
Response rates were 88% and 95% respectively. Children went through a mean 
treatment period of 2.5 years. Thirteen (32%) children could not be treated without 
general anesthesia. Parents reported an extra time-investment in the week following 
treatment. Most children (95%) missed two days of school for each visit. Only a small 
number of parents did not perceive the laser treatment as painful; 50% felt the treatment 
to be a burden for their child. Purpura after treatment were experienced as a stigma. 
Overall, parents (85%) felt it took a long time to gain optimal clearance. When 
considering laser treatment for a child, one can not neglect by the additional 
consequences: pain management, the impact of repetitive treatments, discomfort, 
anxiety, and the motivation of the child. 

Chapter 7 

A group of seven patients is described which were all referred for flash-lamp-pulsed 
dye-laser treatment. At examination, these patients had capillary-venous malformations 
known as: sinus pericranii. This entity is made up by a combination of certain features: 
extracerebral vascular malformation, with intracerebral vascular connections. An 
intracerebral venous malformation can be coexistent. Diagnostic procedures and 
therapeutic options are described. 
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Nederlandse samenvatting 

Hoofdstuk 1 

geeft een bruikbare definitie van de diagnose "wijnvlek", namelijk een capillaire 
malformatie. Hierbij wordt de indeling volgens Mulliken gevolgd, die vasculaire 
malformaties indeelt naar soort vaten uit welke de malformatie bestaat: capillair, 
veneus, arterieel, lymfatisch, of een combinatie van deze. Door middel van een 
adequate anamnese en het beloop van de aandoening in de tijd kan een wijnvlek van een 
haemangioom worden onderscheiden. Psychosociale mechanismen worden genoemd 
die een rol blijken te spelen bij personen met een zichtbare afwijking. 
Een overzicht wordt gegeven van behandelingsmogelijkheden voor wijnvlekken evenals 
de voor- en nadelen hieraan verbonden. Daarnaast worden de meningen ten aan zien 
flash-lamp-pumped pulsed-dye laser behandeling beschreven zoals in zwang aan het 
begin van deze studie. 

Hoofdstuk 2 

Patiënten, die zich aanmelden voor behandeling van hun wijnvlek, werd gevraagd naar 
het voorkomen van aangeboren vaataandoeningen in de familie. Hierbij kwam een veel 
hoger percentage van patiënten met een positieve familieanamnese voor (19.6%) dan op 
grond van incidentie studies kon worden verwacht (0.3-0.6%). Stambomen van 
aangedane families werden ontworpen. Eenduidige overervingpatronen konden niet 
worden gesignaleerd. Onze bevindingen worden geplaatst naast nieuwe gegevens van 
het terrein van de angiogenesis en genetica. Genetische studies hebben het gen defect 
aangetoond verantwoordelijk voor het ontstaan van de vaatafwijkingen bij de ziekte van 
Rendu-Osler-Weber en enkele veneuze vaatanomalieën. Het endotheel blijkt hier 
normaal, maar spieren en matrix van de vaatwand blijken onvoldoende ontwikkeld. Na 
het onderzoek naar het voorkomen van wijnvlekken binnen families, moet de volgende 
stap zijn het verzamelen van DNA materiaal van patiënten met en zonder wijnvlek in 
deze families. Hopelijk leidt dit dan tot de vondst van een candidaat-gen. 

Hoofdstuk 3 

Wij hebben een prospectieve studie verricht bij 100 patiënten met een wijnvlek in hals 
en gelaat. Deze patiënten werden niet eerder behandeld. Er werden vier leeftijdsgroepen 
geformeerd (0-5, 6-11, 12-17, 18-30) waarover de patiënten verdeeld werden voor 
behandeling met de flash-lamp-pumped pulsed-dye laser. De uitkomstmaat was het 
opbleken van de wijnvlek (vermindering in kleurverschil tussen de huid met de 
wijnvlek en de contralaterale gezonde huid). De kleur werd gemeten met een kleurmeter 
na gemiddeld vijf behandelingen (spreiding, drie tot zeven) van de gehele laesie. 
Van de 100 patiënten konden 11 niet worden opgenomen in de uiteindelijke analyse, 
omdat ze minder dan drie of meer dan zeven behandelingen hadden gehad ten tijde van 
de analyse, of een verkeerde uitgangs-kleurmeting hadden, of niet bereikbaar waren 
voor follow-up. De grootte, lokalisatie en kleur van de wijnvlek waren voor alle 
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groepen gelijk. Bij analyse van alle 89 patiënten tezamen was de gemiddelde reductie in 
kleur tussen de huid met de wijnvlek en de contralaterale gezonde huid 40 procent. Het 
verschil in gemiddelde reductie in kleurverschil tussen de leeftijdsgroepen was niet 
significant (p=0.26). Aan het einde van de studie hadden slecht 7 van 89 patiënten de 
behandeling afgesloten. Bij geen van deze patiënten werd volledige opbleking bereikt. 
De behandeling werd bij alle beëindigd omdat tijdens de laatste drie behandelingen geen 
verdere opbleking werd bereikt. 
Wij hebben niet aangetoond dat behandeling van wijnvlekken op jonge leeftijd meer 
effectief is dan behandeling op latere leeftijd 

Hoofdstuk 4 

Kinderen met wijnvlekken in het gelaat kunnen vrijwel direct na de geboorte behandeld 
worden met de flash-lamp-pumped pulsed-dye laser. Sommige van deze kinderen 
hebben kans op neurologische afwijkingen en /of ophthalmologische problemen, die 
zich pas in de loop van de tijd openbaren. 
Van een groep van 198 patiënten tussen 0-30 jaar werden de relevante medische 
gegevens verzameld. Kinderen onder de zes jaar werden verwezen voor onderzoek door 
neuroloog en oogarts. Lokalisatie en uitbreiding van de wijnvlek werden genoteerd 
volgens het verloop van de takken van de nervus trigeminus en de cervicale zenuwen. 
De aanwezigheid van een wijnvlek op de oogleden werd separaat genoteerd. 
In de hele groep werden bij 31 patiënten neuro-ophthalmologische afwijkingen 
gevonden. Bij patiënten met een wijnvlek op zowel onder- als bovenooglid bleek in 55 
% het oog zelf aangedaan. Wanneer de oogleden vrij waren van wijnvlek bleek het oog 
nooit afwijkingen te vertonen. Bij patiënten waarbij de wijnvlek zich uitstrekte over de 
eerste, tweede en derde tak van de nervus trigeminus (VI, V2, V3) werd in 46 % 
neurologische afwijkingen gevonden en in 61 % oogafwijkingen. Een wijnvlek in V3 en 
Cl,2 ging nooit gepaard met oogpathologie. Epileptische insulten werden vrijwel altijd 
gesignaleerd voor het einde van eerste levensjaar. Oogafwijkingen werden gediagnos-
tiseerd vanaf de geboorte tot de leeftijd van 28 jaar. Afhankelijk van lokalisatie en 
uitbreiding van de wijnvlek zou het advies moeten worden gegeven de patiënt met de 
wijnvlek te laten screenen door neuroloog en oogarts. 

Hoofdstuk 5 

Ten einde de impact vast te stellen van het hebben van een wijnvlek in het gelaat op 
eventueel probleem gedrag bij kinderen en op kwaliteit van leven in jong volwassenen, 
werd een onderzoek verricht middels vragenlijsten. Alle patiënten meldden zich aan 
voor behandeling met de flash-lamp-pumped pulsed-dye laser. Geen van hen was 
eerder behandeld. Als uitkomstmaat dienden twee algemene standaard instrumenten en 
een meer specifieke PWS vragenlijst. Ouders van kinderen (4-12 jaar) ontvingen de 
Child Behaviour Checklist (CBCL). (Jong) volwassenen (13-31 jaar) ontvingen een 
verkorte versie van de RAND Health Insurance Questionnair uit de Medical Outcone 
Study (MOS-24). Een specifieke wijnvlek-vragenlijst werd naar beide leeftijdsgroepen 
verzonden. 



De resultaten van de CBCL werden vergeleken met die verkregen in een Nederlandse 
referentiegroep, bestaande uit kinderen met constipatie, en met de gegevens van een 
andere groep kinderen met een wijnvlek. De resultaten verkregen met de MOS-24 
werden vergeleken met die van een referentie populatie "zonder chronische ziekten". 
De ouders van de kinderen met een wijnvlek rapporteerden geen significant 
probleemgedrag. Volwassenen meldden lage scores aangaande geestelijke gezondheid, 
gezondheid zoals door hen zelf ervaren en vitaliteit/gezondheid. Bij adolescenten en 
volwassenen werd statistisch significant, meer negatieve gevolgen gezien van het 
hebben van een wijnvlek bij het leggen van sociale contacten, dan bij kinderen 
(PO.001, Mann Whitney). 

Hoofdstuk 6 

De introductie van de flash-lamp-pumped pulsed-dye laser wordt meestal geëvalueerd 
ten aanzien van opbleking van de wijnvlek. We hebben gekeken naar de gevolgen van 
de introductie van deze laserbehandeling op de kinderleeftijd. Hiertoe werd een groep 
van 43 opeenvolgende patiënten (leeftijd 4-12 jaar) bestudeerd, die zich met een 
wijnvlek in het gelaat voor behandeling meldden. Twee aparte vragenlijsten ter 
evaluatie werden gedistribueerd. Deze vragenlijst werd ongevuld door de ouders van de 
kinderen. De kinderen werden gemiddeld gedurende 2.5 jaar behandeld. Dertien (32%) 
kinderen konden niet worden behandeld zonder algehele anesthesie. De ouders meldden 
een extra tijdsinvestering in de week volgend op de behandeling. De meeste kinderen 
(95%) misten twee dagen school na elke behandeling. Slechts een klein aantal ouders 
ervoer de laserbehandeling als niet-pijnlijk: 50% vond de behandeling een aanzienlijke 
belasting voor zijn kind. Purpura (blauw-zwarte verkleuring) na de behandeling werden 
als een stigma ervaren. In het algemeen vonden de ouders het lang duren voor optimale 
opbleking werd bereikt. 
Wanneer flash-lamp-pumped pulsed-dye laser behandeling van een kind wordt 
overwogen, kan men de bijkomende consequenties niet negeren: behandeling van pijn, 
de gevolgen van het herhaaldelijk moeten behandelen, de onaangename ervaring, angst 
en de motivatie van het kind. 

Hoofdstuk 7 

Een groep van zeven patiënten wordt beschreven, die alle verwezen werden voor 
behandeling met de flash-lamp-pumped pulsed-dye laser. Zij hadden echter een 
capillair-veneuze malformatie die bekend staat als: sinus pericranii. Deze aandoening 
bestaat uit een extracerebrale vaatmalformatie met intracerebrale vasculaire 
verbindingen. Een intracerebrale veneuze malformatie kan hierbij aanwezig zijn. 
Diagnostische procedures en therapeutische mogelijkheden worden besproken. 
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Curriculum vitae 

Chantal van der Horst werd geboren op 10 maart 1953 in Eindhoven. Lagere school 
(Ursula) en middelbare school (Catherinalyceum, Gymnasium ß) werden in Eindhoven 
doorlopen, op wat destijds nog meisjesscholen waren. In 1971 werd de medische studie 
aangevangen in Utrecht. Na het behalen van het kandidaatsexamen werd deze studie 
voortgezet aan de VU Amsterdam. Hier werd in juni 1979 het artsexamen behaald. In 
oktober 1979 werd de opleiding heelkunde aangevangen in het Lucasziekenhuis te 
Amsterdam (opleider dr. J.N. Keeman) welke met ingang van 1.1.1985 werd gevolgd 
door de plastisch chirurgische opleiding in het Dijkzigt/Sophia ziekenhuis in Rotterdam 
(opleider prof. dr. J.C. van der Meulen). Vanaf 1.1.1988 tot 30.3.1989 werkte zij als 
staflid plastische chirurgie in het Sophiakinderziekenhuis en op de brandwonden
afdeling van het Zuiderziekenhuis. Vanaf 1.4.1989 is zij werkzaam als staflid op de 
afdeling Plastische Reconstructieve en Handchirurgie van het Academisch Medisch 
Centrum (AMC), Amsterdam. Al voor aanvang van de werkzaamheden in het AMC 
werd het eerste contact gelegd met prof.dr. M.J.C, van Gemert, resulterend in een 
oriënterend bezoek aan het toenmalige laser-"mekka" van prof.dr. O.T.Tan in Boston. 
De basis van dit proefschrift was gelegd. 
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Dankwoord 

Aan de totstandkoming van dit proefschrift is een leven voorafgegaan. Vele mensen 
hebben mij de gelegenheid geboden te groeien en te ontwikkelen. Allereerst noem ik 
mijn ouders, die me altijd alle kans hebben gegeven te gaan waar ik wilde gaan en dat 
nog steeds doen. 

Hans Keeman en Hans Dicke wil ik danken voor de geweldige tijd en saamhorigheid in 
het Lucasziekenhuis. 

Mijn 'plastische opleider' prof.dr. van der Meulen dank ik voor de fantastische blik op 
het vak die hij me heeft gegund. Jouw kritische vragen over het waarom van 
aandoeningen op ons vakgebied, je inventieve oplossingen en brede blik op het plastisch 
chirurgisch handelen, hebben grote invloed op mij gehad. 

Mijn 'baas' Kurt Bos, hoe kan ik je danken voor je zeer loyale, immer stimulerende 
houding. Dat gedurende zovele jaren. Al lagen mijn interesses op een geheel ander vlak 
dan waar jij je bewoog, je was altijd geïnteresseerd en gelukkig kritisch. Dat ben je 
gebleven, ook bij het schrijven en de beoordeling van dit proefschrift. 

Martin van Gemert, belangrijk bij de opstart van het laserproject en zeer belangrijk bij 
de ontstaan en afronding van dit proefschrift. Talrijke (telefoon)gesprekken hebben mij 
over de eindstreep getrokken: één uur na fax of e-mail kwam de gecorrigeerde versie 
weer retour. Ik kan me van je afgelopen jaren alleen positieve gesprekken en een goed 
humeur herinneren. Die Trappist, daar zal ik nu aan moeten! 

Patrick Bossuyt, jou wil ik danken voor je wijze en geduldige vasthoudendheid bij de 
uitvoering van het ontwikkelingsgeneeskunde project en bij het totstandkoming van de 
artikelen voor dit proefschrift. Ik heb veel van je geleerd. En ik weet, het kan altijd 
beter! 

Bij de opstart van de laserbehandelingen in het AMC zijn velen betrokken geweest: 
Simon, jouw goede ideeën stonden aan de bakermat. Petra en Jokelies hebben de 
enorme patientenstromen met grote zorg behandeld en gegevens verwerkt. Dit laatste 
geldt zeker ook voor Corianne. Anne, je technische ondersteuning was van onschatbare 
waarde. De woensdagmiddagbesprekingen met jullie en daarbij met Geert, Ken, Wim 
en Gerald zijn al weer een hele tijd geleden, maar niet vergeten. Dank jullie allen voor 
jullie bijdragen. 

Dames en heren van de polikliniek plastische chirurgie, dank voor alle hulp bij 
verwerken van de patiëntenstroom die we opeens kregen. Verzekeringssores, afzeggen 
van poli's wanneer het laserapparaat het begaf ! Na een diepe zucht, losten jullie 
het toch weer met een lach op. 
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Assistenten en collegae van de afdeling Plastische Chirurgie, met jullie is het altijd 
prettig werken. Veel plezier in en op je werk, maakt dat er ook veel gedaan kan worden. 
Zo, heb ik dat al die jaren ervaren in de samenwerking met jullie, dank. 
Ook de vele collegae in huis die meegedacht hebben in ons project, dank daarvoor. 

Aanmoedigingen en steun van de secretaresses van de verschillende betrokken 
afdelingen, Lizetta, Noor en Joye, waren er altijd en waren zeer welkom. Bovenal 
natuurlijk Ans, veel dank, immers 'ons' proefschrift is af 

En dan is er gelukkig altijd mijn gezin dat maakt dat ik beslommeringen in de juiste 
proporties kan zien. Lieve Doudouce, Simon en Dieuwertje, jullie zijn de zonnetjes in 
mijn leven. Lieve Jan, als een proefschrift al een prestatie is, dan is dit onze prestatie. 
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