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Vascular characteristics of port wine
birthmarks as measured by dynamic

optical coherence tomography
Joseph N. Mehrabi, MS,a Jon Holmes, MS,b Michael Abrouk, MD,c Jordan V. Wang, MD, MBE, MBA,d

Hyemin Pomerantz, MD,d Anton M. Palma, PhD, MPH,e Christopher B. Zachary, MBBS,a

Roy G. Geronemus, MD,d Jill S. Waibel, MD,f and Kristen M. Kelly, MDa,g

Irvine, California; Maidenstone, United Kingdom; Miami, Florida; and New York, New York
Background: Port wine birthmarks (PWBs) are congenital capillary malformations. Vessel characteristics,
such as diameter and depth, may impact presentation and outcomes. They can be imaged using dynamic
optical coherence tomography, a high-resolution, noninvasive imaging method.
Purpose:We conducted a cross-sectional observational study to measure in vivo vascular characteristics as
a function of PWB color.
Methods: Patients undergoing treatment for PWB were recruited from 3 sites. PWBs were classified by
color. Dynamic optical coherence tomography images with calculations were obtained.
Results: One hundred eight patients were enrolled. Mean age correlated with PWB color, with birthmarks
being lighter in younger patients and darker in older patients (P\ .01). Mean superficial plexus depth was
significantly shallower in purple PWBs than in pink PWBs. Color was not associated with significant
differences in mean superficial vessel density or diameter. Among pink PWBs, each 10-year increase in age
was associated with a 10.6-�m increase in superficial plexus depth. Among purple PWBs, each 10-year
increase in age was associated with a 16.2-�m reduction in superficial plexus depth. In lesions without
prior treatment, vessel density was 12.7% lower in purple PWBs than in pink PWBs.
Conclusion: Superficial vessels of purple PWBs were significantly closer to the epidermis than those of
pink PWBs, which might impact optimal laser parameters. ( J Am Acad Dermatol 2021;85:1537-43.)

Key words: capillary malformation; color; dynamic optical coherence tomography; imaging; port wine
birthmark; vascular characteristics.
INTRODUCTION
Port wine birthmarks (PWBs) are congenital

capillary malformations.1 They begin as flat pink-
to-red patches and can darken into red or purple
lesions, which have associated nodules and tissue
hypertrophy.2,3 Laser treatment can be challenging,
especially in adults. Vessel size, depth, and density of
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PWBs vary significantly between patients and even
within individual lesions, which may contribute to
variability in color and treatment response.4-6 In
accordance with the theory of selective photother-
molysis,7 laser treatment should be guided by
vessel characteristics including vessel diameter and
plexus depth. Knowledge of vessel characteristics
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associated with different clinical presentations
(including color) may guide treatment parameter
selection.

Previous studies used punch biopsies to deter-
mine the vascular characteristics of PWBs and found
relationships among darker birthmarks, larger vessel
diameters, and advancing age.4,5 Red PWBs had
CAPSULE SUMMARY

d Dynamic optical coherence tomography
measured vascular characteristics of
pink, red and purple port wine
birthmarks (PWBs). Purple PWBs had
shallower superficial plexuses than pink.
Color was not associated with significant
differences in vessel density or diameter.

d Vessel characteristics varied with age and
history of treatment. All measured
birthmarks had plexus depths targetable
by pulsed dye laser.
the shallowest vessels, and
pink PWBs had the smallest
vessels.4,6

Optical imaging has been
used to study PWB vascular
characteristics in a limited
number of patients.8-12

Optical coherence tomogra-
phy (OCT) was adapted for
dermatology in 199713 to di-
agnose nonmelanoma skin
cancers and actinic kerato-
ses, but also can have utility
for the evaluation of cuta-
neous vascular lesions.14

Unlike Doppler OCT, which
is based on phase-sensitive

imaging, dynamic OCT (D-OCT) is based on speckle
variance analysis.15 D-OCT can calculate the charac-
teristics of cutaneous vasculature, such as superficial
plexus depth and diameter, and the density of
superficial blood vessels. D-OCT provides measure-
ments to a depth of approximately 0.5 mm.

Doppler OCT and D-OCT have been used in small
studies to evaluate PWBs. One study of 5 patients
with PWB, in which Doppler OCT was used,
reported vessel diameters ranging from 10 to
474 �m at depths between 108 and 672 �m.10 In
another study, 2 patients with PWBwere observed to
have vessels with diameters between 40 and 90 �m
near the dermoepidermal junction and between 300
and 500 �m up to 1-mm deep.11

The advantage of D-OCT used in this study is the
ability to capture images in a clinical setting and
rapidly calculate vascular measurements, providing
immediate feedback to the treating physician.
Although many lesions may be deeper than 0.5 mm,
treatmentwill be targeting themost superficial vessels
encountered by the laser light, and it is likely that
shallower vessels have a greater impact on PWB
surface appearance and color. D-OCT of 28 patients
with PWB identified vessel diameters ranging from 20
to 160 �m, with the largest vessels of 120-160 �m in
diameter mostly at a depth of 500 �m.9

In this study, we utilized D-OCT at 3 cutaneous
vascular birthmark treatment centers to measure
in vivo vessel diameter, density, and superficial
plexus depth in patients of all ages with PWBs. We
hypothesized that pink, red, and purple PWBswould
have different vessel diameters, densities, and su-
perficial plexus depths.

METHODS
Patients presenting with PWBwere recruited from

3 sites: the University of California, Irvine; Laser &

Skin Surgery Center of New
York; and Miami
Dermatology and Laser
Institute. Approval from the
Institutional Review Board at
each site was obtained and
informed consent was
collected from each patient
and/or parent. Patient base-
line demographic and clin-
ical characteristics were
extracted from medical re-
cords, including age in years
(mean-centered), gender,
Fitzpatrick skin type, PWB
location, and previous treat-
ment. Patients were con-
sented and imaging performed immediately prior
to laser treatment. Enrollment characteristics differed
between sites, but patients of all ages seeking
treatment for PWB were included. At the study visit,
each patient’s PWBwas photographed and classified
as pink, red, or purple by board-certified
dermatologists.

A D-OCT scanner equipped with multibeam
Swept-Source Frequency Domain OCT processing
and software was used (VivoSight Dx, Michelson
Diagnostics Ltd). The device has a field of view of
6 3 6 mm with a resolution of \5 �m axially and
\7.5 �m laterally and a penetration depth of 1-2 mm.
The normal D-OCT imaging mode captures 120
cross-sectional scans with a pixel size of 4.44 �m16

in 30 seconds, from which 6 3 6 mm en face
(horizontal) images can be viewed at any desired
depth. In this device, the superficial plexus depth
(the depth of the top of the plexus) is estimated by
finding the depth at which the blood vessel density
reaches 50% of the maximum. At this depth, modal
vessel diameter and density were calculated by the
device using proprietary algorithms. Calculated re-
sults were checked against manual measurements on
sample images and found to be representative.

No skin preparation was performed prior to
D-OCT. Although 1 or more sites in each PWB could
be imaged, we only used imaging data from each
patient’s first OCT measurement visit. Superficial
plexus depth and vessel diameter and density were
calculated and recorded immediately after each



Abbreviations used:

D-OCT: dynamic optical coherence tomography
OCT: optical coherence tomography
PDL: pulsed dye laser
PWB: port wine birthmark
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image capture. One or more sites were scanned with
OCT in each patient in order to capture vascular
characteristics of multiple portions of the same
birthmark or of multiple isolated birthmarks. Each
individual researcher determined the sites to be
measured.

Demographic and clinical characteristics of study
participants were described using univariate statis-
tics overall and compared between participants with
varying PWB colors using chi-squared and t tests for
categorical and continuous variables, respectively.
To account for multiple OCT measurements per
participant, we performed linear mixed models
with random intercepts for each subject, in order to
assess the mean differences in superficial plexus
depth and vessel density and diameter by PWB color
at this depth. Mean differences were adjusted for age
(mean-centered), sex, previous treatment, and the
other outcomes. As a sensitivity analysis, we also
tested whether associations between color and each
vascular characteristic varied by age or treatment
history by individually including interaction terms
for color*age and color*treatment history. To correct
for multiple comparisons for each pairwise compar-
ison across PWB color, we applied Bonferroni
correction with an a significance level of 0.05/
3 = 0.017. All analyses were conducted using R
v4.0.3 (R Core Team).
RESULTS
A total of 108 patients (40 men, 68 women;

mean 6 SE age, 32.3 6 18.5 years) with PWB were
enrolled (Table I). Of all PWB lesions scanned, 62.3%
(n = 127) were located on the head; 14.2% (n = 29),
on the upper extremities; 8.3% (n = 17), on the lower
extremities; 7.8% (n = 16), on the trunk; and 7.8%
(n = 15), on the neck. The PWB lesions were
classified as pink in 27% (n = 29; mean age,
21.2 years); red in 45% (n = 49; mean age, 32.0 years);
and purple in 26% (n = 30; mean age, 43.5 years). A
sample en face OCT image taken at a depth of
300 �m is shown in Fig 1. Mean patient age
correlated with PWB color, with PWB being pre-
dominantly pink in younger patients and more
purple in older patients (P \ .01). Fitzpatrick skin
types ranged from I to IV. Of all the patients, 57%
(n = 61) reported receiving previous PWB treatment.
Mean superficial plexus depth was marginally
significantly shallower in purple PWBs than in pink
PWBs (mean 6 SE purple vs pink, 209.7 6 13.7 �m
vs 252.4 6 10.2 �m; adjusted mean difference,
�39.1 �m; 95% CI, �80.9 to 2.6). Although there
was a trend toward increasing vessel diameter from
pink to red to purple, PWB color was not associated
with a statistically significant difference in mean
diameter or density of the measured superficial
vessels (Fig 2). Associations between color and
superficial plexus depth, density, and diameter after
controlling for age, sex, previous treatment, and
other PWB characteristics are displayed in
Supplemental Table I available via Mendeley at
http://doi.org/10.17632/rgd8szmks7.1. No differ-
ences in superficial plexus depth were observed
between pink and red PWBs (adjusted mean differ-
ence, 3.6 �m; 95% CI, �30.8 to 37.9). Similarly,
purple and red PWBs had slightly larger diameters,
but these differences were not significant (purple vs
pink: 19.2 �m; 95% CI, �6.6 to 45.0; red vs pink;
13.8 �m, 95% CI, �7.4 to 34.9). PWB density was
marginally lower between purple versus pink PWBs
(purple vs pink: �5.5%, 95% CI, �11.2 to 0.3); and
red versus pink PWBs (�4.4%; 95% CI, �9.1 to 0.3).
Red PWBs were not observed to have statistically
significant differences from pink or purple PWBs for
vessel depth, diameter, or density.

The results of models separately including inter-
action terms between color*age and color*previous
treatment are shown in Supplemental Table I.
Among pink PWBs, each 10-year increase in age
was associated with a 10.6-�m increase in superficial
plexus depth. In contrast, among purple PWBs, each
10-year increase in age was associated with a 10.6 �
26.8 = 16.2-�m reduction in superficial plexus depth.
This interaction was marginally significant (P\.06).
No other significant interaction effects were found
between color and age on vessel density or diameter.

In PWB with no previous treatment, purple PWBs
had, on average, 12.7% lower vessel density than pink
PWBs (P = .02). We observed that in patients with
previous treatment, differences in vessel density be-
tweenpurple andpinkPWBs, and likewise for red and
pink PWB, disappeared; however, these interaction
effectswere not statistically significant (P= .12) (Fig 3).

DISCUSSION
This cross-sectional observational study outlines

vascular characteristics of superficial plexus depth
and vessel density and diameter observed in pink,
red, and purple PWBs, as recorded in vivo by D-
OCT. Purple PWBs are clinically more apparent and
previously noted to be present in older individuals,3

and this predominance with increased age was

http://doi.org/10.17632/rgd8szmks7.1


Table I. Sample characteristics

Variable Overall

Color

P valuePink Red Purple

Total, n (%) 108 (100) 29 (27) 49 (45) 30 (28)
Age (y), mean 6 SD 32.3 6 18.5 21.2 6 17.0 32.0 6 16.1 43.5 6 17.4 \.01
Male, n (%) 40 (37) 13 (44) 18 (37) 9 (30) .50
Previous treatment, n (%) 61 (57) 16 (55) 27 (55) 18 (60) .97
No. of OCT measurements, mean (range) 1.9 (1-10) 1.4 (1-4) 2.2 (1-10) 1.9 (1-7) .11

OCT, Optical coherence tomography.

Fig 1. Sample patient photograph and en face optical
coherence tomography image of a red port wine birth-
mark with a dense network of medium vessels.
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confirmed in our study. D-OCT demonstrated that
purple PWBs are composed of the most superficial,
and although there was overlap in vessel size for
different color PWB, purple PWBs had, in general,
the largest vessels (Fig 2). In contrast, pink PWBs
were determined to have smaller blood vessels and a
wide variation in superficial plexus depth. Waibel
et al9 examined D-OCT of PWBs and noted larger
diameter vessels at shallower depths, which was
consistent with the results of the present study.

Evaluating interaction between color and age
indicated that shallower superficial plexus depths
observed with purple lesions are driven by older
patients. Perhaps with increasing age, larger vessels
are present up into the superficial dermis, creating
more apparent and darker color as well as potential
nodularity. Evaluating the interaction between color
and previous treatment, untreated purple PWBs had
lower density compared to untreated pink PWBs,
whereas treated lesions saw no difference in density
in lesionswith different color. Although these findings
were not statistically significant, this may reflect the
effectiveness of treatment on reducing vessel density
or be the result of self-selection as individuals with
more prominent lesions may be more likely to seek
treatment. Further studies will be required.

To our knowledge, to date, this is the first study to
use in vivo D-OCT to characterize the vascular
characteristics of PWBs of differing colors in over
100 patients. This has been attempted in previous
studies through ex vivo techniques, such as skin
biopsy. The present study documents a correlation
between color and age, with birthmarks in younger
patients being lighter and those in older patients
being darker, which is consistent with a prior study
finding a strong relationship between age and the
deepening of color in 100 patients.5 However,
another study did not identify the same relationship
in a smaller cohort of 30 patients.4 Larger vessel
diameters were found in purple PWBs and smaller
diameters in pink, which is consistent with previous
histologic results4,6; however, this relationship was
not observed to be statistically significant. This was
possibly due to the power of the current study being
too low. This previous study found that red lesions
were shallower than purple and pink lesions, which
was not consistent with our findings. We found that
differences between both pink and purple PWBs



Fig 2. Mean port wine birthmarks superficial plexus depth, density and diameter sorted by
color. The 95% CIs and P values are all adjusted for multiple pairwise comparisons across port
wine birthmark color using Bonferroni correction.

Fig 3. Mean port wine birthmarks superficial plexus depth, vessel density, and diameter sorted
by previously treated and untreated lesions. The 95% CIs and P values are all adjusted for
multiple pairwise comparisons across port wine birthmark color using Bonferroni correction.
N, No; Y, yes.
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were statistically insignificant compared with red
PWBs. Although prior smaller studies noted mean
vessel and lesional depth weakly correlated to PWB
color,4,5 the present study observed statistically sig-
nificant differences in superficial plexus depth only
between purple and pink PWBs.
The superficial plexus depths of the measured
PWB in this study support pulsed dye laser (PDL) as a
first-line treatment. PDL has a wavelength of 585-
595 nm, and remains the gold standard therapy for
themitigation of PWB because of its ability to destroy
superficial blood vessels.17 Superficial plexuses
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measured in this study were observed to be located
less than 600 �m below the skin surface, capable of
being targeted by PDL. Although PDL may be
effective, it is thought that the efficacy of laser
treatment can be impacted by depths, densities,
and diameters of blood vessels, and multiple treat-
ments are often required because of a variety of
factors, including inability to adequately target all
lesional vessels and angiogenesis.17-22 Additional
therapeutic options must be found for birthmarks
resistant to treatment.

Larger blood vessels are known to absorb more
heat and require longer pulse durations for destruc-
tion.23 Based on the D-OCT measurements of this
study, different colors of PWB seemed to have varied
vessel diameters with larger vessels associated more
with darker purple PWBs and smaller vessels more
prevalent in lighter pink PWBs. Therefore, darker
PWBs may warrant the use of longer pulse durations,
and shorter pulse durations may benefit pink PWBs.
Further study is required.

Studies on measurements of the vessel character-
istics of PWBs using reflectance confocal micro-
scopy, an alternative skin imaging method that
compromises the depth of penetration for higher
image resolution,24 have concluded that on
average, larger (diameter z 109 �m) and deeper
(depthz 106 �m) blood vessels were more resistant
to laser therapy; however, vessel density was not a
factor.8 In treatment-responsive PWBs, PDL therapy
resulted in reductions of vessel diameter and density
and increased plexus depths.8 In the present study,
we did not observe statistically significant differences
in vessel characteristics between treated and un-
treated PWBs.

The advantage of D-OCT used in this study is
the ability to capture images in a clinical setting and
rapidly calculate vascular measurements, providing
immediate feedback to the treating physician. The
limitations of this study include the number of
subjects, likely contributing to the lack of statistical
significance for some outcomes. Furthermore,
many of the enrolled patients had undergone
previous laser treatment, achieving substantial
improvement in their lesions prior to their intro-
ductory D-OCT measurements, likely influencing
their PWB vascular characteristics. Lesion thickness
is an important consideration for treatment; how-
ever, it is unable to be measured using D-OCT and
should not be extrapolated from calculations of
superficial plexus depth. Moreover, measured
vessel diameters and densities only reflect the
means of such values in the superficial plexus
and cannot represent the vascular characteristics of
the full thickness of the lesion.
This study not only offers an insight into the
vascular composition of different presentation of
PWBs but also demonstrates that D-OCT offers the
potential to assess the characteristics of vessels in
PWBs. This can be used to guide laser parameter
selection in real time at the bedside. Future studies
could evaluate and compare the vascular character-
istics of PWBs in different body locations (for
example face versus extremity) and potentially
shed further light on the degree of intrapatient and
intralesional variability. Additionally, D-OCT could
be used to evaluate the vascular characteristics of
resistant PWBs and elucidate why PWBs of untreated
infants are often more responsive to laser therapy.
Finally, technologic advancements in D-OCT sys-
tems could provide measurements of deeper vessels
for a more precise and thorough analysis.

CONCLUSION
D-OCT measurements of superficial plexus

depth, density, and diameter of PWB vessels were
found to vary depending on PWB color. The super-
ficial aspect of purple PWBs was significantly closer
to the epidermis than pink PWBs, which might
impact laser parameter selection.
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